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This year marks the 35th anniversary of the Chernobyl accident (April 26,
1986) and the 10th anniversary of the Fukushima accident in Japan (March
11, 2011), two largest nuclear accidents in history whose causes and
consequences for human health are still the subject of scientific research
and controversy. This is an opportunity to remind ourselves once again of
% how to use the acquired knowledge and experience in improving the
| existing preparedness and plans for disaster management.

Ove godine navrSava se 35 godina od Cernobiljskog akcidenta (26. april
1986) i 10 godina od akcidenta u oblasti FukuSima, Japan (11. mart 2011),
ljudsko zdravlje jo§ uvek predmet naucnih istrazivanja i polemika. Ovo je
prilika da se jo§ jednom podsetimo kako iskoristiti ste¢eno znanje i
iskustvo u poboljSanju postojece pripremljenosti i planova za upravljanje
katastrofama.

Monument to the Chernobyl victims in front of the
Chernobyl Nuclear Power Plant (Ukraine)

Spomenik Zrtvama Cernobiljskog akcidenta ispred nuklearne
elektrane u Cernobilju (Ukrajina)
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Anti-inflammatory effect of amalgam on periapical lesion cells in

culture

Anti-inflamacijski efekat amalgama na celije iz periapeksne lezije u kulturi

Mile Erakovi¢*, Milo§ Duka*', Marina Beki¢?, Marijana Milanovi¢',
Sergej Tomié¢*, Dragana Vuéevi¢'™, Miodrag Coli¢'*

Military Medical Academy, *Clinic for Stomatology, Belgrade, Serbia; University of
Defence, TFaculty of Medicine of the Military Medical Academy, Belgrade, Serbia;
*Institute for the Application of Nuclear Energy, Belgrade-Zemun, Serbia; University of
East Sarajevo, SFaculty of Medicine, Fo¢a, Republic of Srpska, Bosnia and Herzegovina

Abstract

Background/Aim. Amalgam has been used for years in
dentistry, but the controversy on its adverse effects, both on
local oral/dental tissues and systemic health, still exists.
When used for retrograde filling in apical surgery, amalgam
comes in close contact with the periapical tissue, and it is
sometimes responsible for the induction of periapical lesion
(PL) or its exacerbation. Therefore, the aim of the study was
to examine the effect of amalgam on cytotoxicity and pro-
duction of pro-inflammatory cytokine by cells isolated from
PL. Methods. Conditioned medium from freshly prepared
amalgam (ACM) was performed according to the ISO
10993-12 by incubating the alloy in RPMI medium (0.2
g/mL) for 3 days at 37°C. Cells were isolated from 20 hu-
man PLs after apicoectomy by collagenase/DNA-ase diges-
tion and cultured with different dilutions of ACM. Cytotox-
icity was determined by MTT assay (n =7 cultures) and
apoptosis/necrosis assays (n = 8 cultures), whereas cytokine
production was measured by a Flow Cytomix Microbeads
Assay (n = 8 cultures). Results. Undiluted (100%) and 75%
ACM was cytotoxic due to induction of apoptosis of PL
cells. Non-cytotoxic concentrations of ACM (50% and
25%) inhibited the production of pro-inflammatory cyto-
kines (TNF-a, IL-18, IL-6, and IL-8), concentration-
dependently. Conclusion. For the first time, our results
showed an unexpected anti-inflammatory property of amal-
gam on PL cells, which could be beneficial for PL healing
after apicoectomy.

Key words:

dental amalgam; periapical tissue; cytokines;
cytotoxicity, immunologic; inflammation;
apicoectomy.

Apstrakt

Uvod/Cilj. Amalgam se godinama kotisti u stomatologiji, ali
i dalje postoje kontroverze o njegovim nezeljenim efektima
na lokalno oralno/dentalno tkivo i sistemsko zdravlje. Kada
se koristi za retrogradno punjenje u apikalnoj hirurgiji, amal-
gam dolazi u blizak kontakt sa periapeksnim tkivom, sto je
ponekad povezano sa indukcijom periapeksne lezije (PL) ili
njenom egzacerbacijom. Zato je cilj ovog rada bio da se ispita
efekat amalgama na citotoksicnost 1 produkciju pro-
inflamacijskih citokina od strane Celija izolovanih iz PL.
Metode. Od sveze napravljenog amalgama pripremljen je
kondicionirani medijum (ACM) inkubiranjem legure na 37°C
u RPMI medijumu u toku 3 dana (0.2 g/mL) kako je pred-
loZeno standardom ISO 10993-12. Celije su izolovane iz 20
humanih PL nakon apikoektomije, digestijom tkiva pomocu
kolagenaze/DNA-aze, a zatim su koti$¢ene za kulturu u pri-
sustvu razlicitih razblazenja ACM. Citotoksi¢nost je ispitivana
pomoéu MTT testa (n= 7 kultura) i detekcijom apop-
toze/nekroze (n = 8), dok je nivo produkovanih citokina me-
ren simultano pomocu eseja sa mikrokuglicama uz pomo¢
protocne citomettije (n = 8). Rezultati. Nerazblazen ACM
(100%) 1 onaj od 75% pokazali su citotoksicni efekat, in-
dukujuéi apoptozu PL éelija. Necitotoksicne koncentracije
ACM (50% i 25%) inhibirale su produkciju pro-inflamacijskih
citokina (TNF-a, IL-18, IL-6 i IL.-8) na dozno-zavisan nacin.
Zakljucak. Nasi rezultati po prvi put pokazuju neocekivano
antiinflamacijsko svojstvo amalgama na PL celije, sto moze
biti korisno za zarastanje lezije nakon apikoektomije.

Kljucne redi:

amalgam, stomatoloski; periapeksno tkivo;
citokini; citotoksi¢nost, imunoloska; zapaljenje;
apikoektomija.
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Introduction

Dental amalgam is one of the most versatile restorative
materials that has been used in dentistry for about 170 years,
particularly as the first choice for restoring posterior teeth.
However, it has myriads of uses, including root-end filling in
periapical surgery ¥, This procedure prevents the invasion of
irritants from infected root canals into the periapical tissues.
The advantage of using amalgam for retrograde filling for such
a long period of time is its self-sealing capacity, easy
manipulation, radio-opacity, and insolubility in tissue fluids 2
The preferred amalgam is a high copper-zinc-free amalgam,
composed of silver 40%—-70%, tin 12%-30%, and copper
12%—-24%. However, it has many disadvantages, such as the
production of corrosive by-products * 5, cytotoxicity of
mercury and other dissolved metal ions, moisture sensitivity,
and staining of hard and soft tissues » & 7. There is a possibility
of releasing non-resorbable scattered particles during amalgam
manipulation, which may be difficult to retrieve 2 Moreover,
amalgam does not properly seal the root end three-
dimensionally, has poor marginal adaptation, and does not
prevent the leakage of microorganisms and their products in
the peri-radicular tissue 2. However, despite these disadvan-
tages and evidence of a decrease in its use, amalgam’s cost,
durability, and ease of manipulation have persuaded many
dentists to continue to use it, and amalgam remains a standard
to which other materials are compared 28,

The major concern for using amalgam in dentistry is its
cytotoxic effect, which has been documented in many human
and animal cells as well as in established cell lines in vitro &%,
In the past few decades, however, potential systemic and local
toxic effects have been described in vivo 231213, Patients may
suffer from hypersensitivity reactions to mercury or other
amalgam components. Other reactions to amalgam with a
variety of clinical symptoms, collectively termed “amalgam
disease, have been reported, including adverse
immunological effects and autoimmune phenomena 2 1415,

Clinical and histopathological studies show that
amalgam, implanted subcutaneously or in the bone, is well
tolerated & Y7, This is in contrast with some studies showing
the capability of amalgam particles to cause periapical
lesions ® and to cause a cytotoxic effect on periodontal
ligament cells and periodontal fibroblasts 2. However, there
is no study investigating the effect of amalgam on human
periapical lesion (PL) cells in vitro, which was the main goal
of our study. This knowledge is important since the alloy
communicates with the periapical tissue for a long period of
time. Our results showed for the first time an unexpected anti-
inflammatory effect of amalgam on PL cells which could be
beneficial for PL healing.

Methods
Periapical lesion samples

Human PLs (n = 20) were extracted during apicoectomy
at the Department of Oral Surgery, Clinic for Stomatology,
Military Medical Academy (MMA), Belgrade, Serbia. The

study was approved by the Ethics Committee of the MMA,
followed by informed consent from patients. The exclusion
criteria included the following: patients with malignant,
autoimmune, and other chronic inflammatory diseases, as well
as those on immunosuppressive/immunomodulatory therapy.
The patients included had not been treated with antibiotics for
one month prior to the PLs excision. PLs were diagnosed by
clinical and radiographic criteria. No distinction was made
between age, sex, tooth type, size, and clinical presentation of
PLs. After extraction, PLs were immediately placed in a
medium consisting of RPMI-1640 (Sigma, Munich, Germany)
and antibiotics/antimycotics and transported to the laboratory.

Isolation of cells from PLs

The cells from PLs were isolated by a procedure that has
been previously introduced by our research group %. Briefly,
periapical tissue was placed in a Petri dish containing 1 mL
RPMI-1640 medium and cut into 2-3 mm diameter pieces
using a scalpel. The tissue was then digested for 20 min with
0.05% collagenase type IV (Sigma) and 0.02% DNA-ase
(Sigma) dissolved in RPMI-1640 medium in a cell incubator at
37 °C. After that, the tissue was pressed through a stainless-
steel mesh using a syringe plunger, filtered, and resuspended
in RPMI-1640 medium containing 1 mM EDTA. The released
cells were pooled, washed twice by centrifugation in the RPMI
medium at room temperature (400 g for 10 min), and counted.
The viability of cells, determined by Trypan Blue dye, was
93% + 3%. The cells were used for in vitro experiments. Eight
periapical lesions were used to study cytokine production and
apoptosis/necrosis. Twelve PLs containing either a larger
number of cells (higher than 2.0 x 10° cells; n= 4 PLs) or
pooled PLs from the same donors (n =8 PLs from 3 patients)
were used for the MTT assay. The total number of individual
cultures for this assay was 7.

Preparation of conditioned medium

Amalgam, consisting of the encapsulated alloy
(Extracap) and mercury, was purchased from Galenika,
Belgrade, Serbia. One-gram (g) powder of the alloy contained
silver (500 mg), tin (299 mg), and cooper (201 mg). The alloy
mass was 0.360 g, and the mercury mass was 0.400 g.
Amalgam specimens were prepared by triturating amalgam
alloy powder with pure mercury in an amalgamator, and after
the mixture, disc-form specimens, diameter around 10 mm,
thickness about 1-2 mm, were prepared. The freshly prepared
amalgam discs were used for the preparation of amalgam
conditioned medium (ACM) by placing the amalgam disc in a
glass tube containing RPMI-1640 medium with an addition of
antibiotics/antimycotics. The mass of amalgam to the volume
of RPMI medium was 0.2 g/mL according to ISO 10993-5 and
ISO 10993-12. The conditioning lasted for 3 days. Control
CM was prepared by incubating control inert material,
polystyrene, under the same conditions. ACM and control (C)-
CM were supplemented with 10% FCS. There was no need for
pH adjustment, which remained 7.4. Such prepared CM were
further used for PL cell culture experiments.
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Cell cultures

The cells isolated from PLs were cultivated in 96-wells,
with round-bottomed plates (ICN, Costa Mesa, CA) (1x10°
cells/well, 200 pL) in the complete culture medium consisted
of RPMI-1640 medium supplemented with 10% fetal calf
serum (FCS) (Sigma) and standard culture solutions of
antibiotics ?2. The cultures were treated with different dilutions
of ACM or C-CM. Undiluted CM was considered 100% CM.
After 24 h, the cell supernatants were collected, centrifuged,
and frozen at -70°C until the levels of cytokines were
determined. The cells were used for apoptosis/necrosis assay.

MTT assay

PL cells were cultivated in 96-well plates (1x10%/well;
triplicates) in either fresh complete RPMI medium, different
dilutions of ACM or C-CM. After a 24-hour incubation
period, the plates were centrifuged, and the medium was
carefully removed. The solution of 3-[4,5-dimethyl-2-
thiazolyl]-2,5-diphenyl tetrazolium bromide (MTT) (Sigma)
(100 pL/well, final concentration 100 pg/mL), was added.
Wells with an MTT solution without cells served as blank
controls. The plates were incubated with MTT for 3 hours in
an incubator at 37 °C. Dissolution of formazan was done by
incubating the MTT-treated cultures with 0.1N HCI/10%
SDS (sodium dodecyl sulphate) (100 pL/well) overnight.
The next day, the optical density (OD) of the developed
colour was read atw 570/650 nm (ELISA reader, Behring II).
The results were expressed as the relative metabolic activity
compared to the metabolic activity of control cultures.

The relative metabolic activity was calculated as
follows: metabolic activity (%) = (OD of cultures with
ACM/OD of cultures with control fresh medium) x 100.

Apoptosis/necrosis assay

Apoptosis/necrosis was detected by Annexin-V-
fluorescein isothiocyanate (FITC) and Propidium iodide (PI)
staining kit (R&D), following the manufacturer’s protocol.
Briefly, cultivated PL cells were collected, washed with

1007 T

504

relative metabolic activity (%)

FM 100% 75%

S0%

binding buffer, followed by incubation with Annexin-V-
FITC and PIl. The labeled cells were analyzed on a flow
cytometer (Partec, Cube 6). Annexin-V-FITC* cells were
recognized as primary apoptotic cells (early phase of
apoptosis), PI* cells were primary necrotic cells, whereas
double-positive cells were apoptotic/secondary necrotic cells
(late phase of apoptosis).

Cytokine assays

The concentrations of interleukin (IL)-1B, IL-6, IL-8,
and TNF-a in culture supernatants were detected by a
FlowCytomix Microbeads Assay. This is a bead-based
ELISA-like assay optimized for flow cytometry, allowing the
simultaneous detection of several cytokines in a volume of
samples (50 pL). The inflammation Kkit, containing
microbeads coupled with antibodies to pro-inflammatory
cytokines, was purchased from Biolegend. The levels of
cytokines were determined by constructing standard curves
based on the known concentration of these cytokines.

Statistical analysis

The Student’s t-test was used for comparison of parametric
variables between two groups. The Friedman’s test (paired one-
way ANOVA) was used for comparison between groups for
non-parametric variables with Dunn's multiple comparison post-
test. The values of p <0.05 were considered to be statistically
significant. Software SPSS version 23.0 (IBM, Armonk, New
York, USA) was used to analyze the data.

Results

The first aim of this study was to examine the
cytotoxicity of ACM on PL cells in culture. By using the
MTT test (Figure 1), we showed that only concentrated
(100%) and 75% ACM significantly reduced the viability of
PL cells (p<0.001 and p<0.01, respectively). The

cytotoxicity was due to the induction of apoptosis (Figures
2A and 2B). Figure 2B shows that ACM increased the
proportion of

late apoptotic/secondary necrotic cells.

E C-CM
Hl ACM

25% 12.5% 6.25%

Fig. 1 — Cytotoxicity effect of amalgam on periapical lesion cells (PL) in culture. PL cells,
prepared as described in Materials and methods, were cultured with different dilutions of
amalgam conditioned medium (ACM) for 24 hours. The viability of PL cells was determined
by the MTT test, as described. Values are given as mean = SD (n = 7 cultures) of relative
metabolic activity of cells. **p < 0.01; ***p < 0.001 compared to control cultures.

FM — fresh medium; C-CM - control-conditioning medium.
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Fig. 2 — Effect of amalgam on apoptosis of periapical lesion (PL) cells in culture. PL
cells, prepared as described in Materials and methods, were cultured with different
dilutions of amalgam conditioned medium (ACM) for 24 hours. The apoptosis of PL
cells was determined by the Annexin V-FITC/ Pl assay, as described.
A) Values are given as mean + SD (n = 8 cultures) of apoptotic cells
(*p < 0.05; **p < 0.01 compared to control cultures).
B) Representative histograms showing that ACM accelerate apoptosis of PL cells,
manifested by an increase of late apoptotic/secondary necrotic cells.
CM — control medium.

The second aim was to investigate the effect of ACM  and 25% concentrations of ACM suppressed the production
on the production of pro-inflammatory cytokines (IL-1B, of all four cytokines dose-dependently (Figure 3), whereas

TNFa, IL-6, and IL-8) by PL cells. We used non-cytotoxic  the 12.5% concentration did not show any modulatory effect
concentrations (50%, 25%, and 12.5%) of ACM. The 50%  (data not shown).
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Fig. 3 — Effect of amalgam on the levels of pro-inflammatory cytokines in the culture of
periapical lesion (PL) cells. PL cells, prepared as described in Materials and methods, were
cultured with different dilutions of amalgam conditioned medium (ACM) for 24 hours. The

levels of pro-inflammatory cytokines in culture supernatants were determined by Flow Cytomix

Microbeads Assay. Values are given as mean + SD (n= 8 cultures) levels of cytokines (*p < 0.05;

**p < 0.01; ***p < 0.001 compared to control cultures or compared to 50% ACM, indicated by
corresponding bars). CM — control medium.
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Discussion

The first aim of this study was to examine the
cytotoxicity in vitro of a copper-zinc-free amalgam, which is
the oldest root-end filling material in apical surgery.
Apicotomy is a common procedure for removing periapical
lesions (granuloma or cysts) when the conventional
endodontic treatment is not efficacious. Amalgam is still
used for this purpose because of its self-sealing capacity,
radio-opacity, insolubility in tissue fluids, and low price.
However, since amalgam does not properly seal the root-end
three-dimensionally, has poor marginal adaptation, and does
not prevent the leakage of microorganisms in the peri-
radicular tissue successfully > 2, we hypothesized that
amalgam, due to its cytotoxic effect, could aggravate
periapical inflammation. Therefore, cells isolated from PLs,
which are dominantly composed of infiltrating inflammatory
cells 22 2 were the most suitable target to test this
hypothesis, and this was our original approach.

Before starting with crucial experiments, it was
necessary to determine the cytotoxicity of amalgam by using
this culture model. Up to now, many different tests have
been used for assessing amalgam cytotoxicity, but MTT,
based on the evaluation of cellular metabolic activity, is the
most acceptable as a first screening assay °. It is known that
amalgam causes cytotoxicity either in direct contact with
examined cells or indirectly by metallic ions released from
the alloy 2 5 °. We decided to study the effect of amalgam
indirectly by analyzing the effect of ACM in which its
leachable products are present and which are considered
dominant cytotoxic factors ® 2. The study was conducted
exactly as recommended by the ISO 10993-5 standard. We
showed that only high concentrations of ACM (concentrated
and 75%) were cytotoxic for PL cells due to apoptosis
induction, suggesting that amalgam is generally cytotoxic
alloy as similarly shown on other target cells. A relatively
high proportion of apoptotic cells were also observed in
control PL cell cultures, and the most sensitive cells were
granulocytes, followed by macrophages, whereas lymphoid
cells were more resistant (data not shown). These
observations are in line with the already known facts about
the high apoptotic rate of extravasated neutrophils as
terminally differentiated cells 2.

We did not examine the concentrations of released ions
from amalgam because this has been extensively investigated
and published 5 ®. In fact, all metal ions can be released in
CM from amalgam, such as mercury, silver, copper, and thin.
Out of them, cooper is the most cytotoxic, but it can be
hypothesized that other ions act synergistically in inducing
cytotoxicity 1 2589 This hypothesis was based on previous
publications which thoroughly investigated the release and
cytotoxicity of metal ions from amalgams of different
composition. In this context, Kaga et al. ® have demonstrated
that pure copper showed the highest cytotoxicity among the
metals tested in zinc-free amalgams. Silver and mercury
showed reduced cytotoxicity, while tin was non-cytotoxic. In
contrast, zinc-containing amalgams are more cytotoxic due
to the easy release of Zn ions. The toxic effects of mercury
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are believed to exist due to the high reactivity of mercury
species toward thiol-groups and other functional groups,
notably in proteins #. It has been shown that both organic
and inorganic mercury induce apoptosis of different cells,
including human lymphocytes 2" %,

The second part of this study was related to the effect of
ACM on the production of pro-inflammatory cytokines by
PL cells. We tested non-cytotoxic concentrations of ACM
because toxic concentrations would not be relevant for a
proper conclusion, partly due to the spontaneous release of
cytokines from dead cells. We observed an unexpected result
where ACM at non-cytotoxic concentrations significantly
inhibited the secretion of pro-inflammatory cytokines (IL-18,
TNFa, IL-6, and IL-8). Therefore, our hypothesis was
rejected.

The anti-inflammatory effect of ACM is contrary to the
data published on the proinflammatory effect of amalgam
particles which could induce the PL development if released
into the periapical tissue during endodontic surgery .
Similarly, amalgam has been found to cause an inflammatory
response in the dental pulp, which is transitory and
significantly decreased in due time 2. These differences
(pro-inflammatory versus anti-inflammatory properties of
amalgam) can be explained by the difference in setting
experiments. Namely, cytotoxic effects of amalgam on
periodontal tissue in vivo can provoke an inflammatory
reaction due to direct contact, where, in the vicinity of the
alloy, relatively high concentrations of cytotoxic metallic
ions can be released. This effect dominates over anti-
inflammatory effects seen at non-cytotoxic concentrations of
leachable amalgam components.

No one has ever published a study related to amalgam
nor examined the changes of multiple pro-inflammatory and
other cytokines. The most relevant paper is the one published
by Schedle et al. %, who investigated the effects of dental
amalgam on cytokine production by human peripheral blood
mononuclear cells (PBMC) from healthy donors. To induce
cytokine production, they stimulated PBMC in culture with
lipopolysaccharide, phytohemagglutinin, or staphylococcal
enterotoxin A in the presence of fresh amalgam, aged
amalgam, or ACM prepared from fresh amalgam. They
showed that freshly prepared amalgam, as well as ACM,
reduced the production of interferon-y (IFN-y) and IL-10 but
increased the levels of TNF-a. Both fresh amalgam and
ACM had no effects on the levels of IL-2, IL-6, or
granulocyte-macrophage colony-stimulating factor. Amal-
gam aged for 6 weeks did not modulate the concentrations of
any of the above cytokines. To investigate which heavy
metal cations released from amalgam caused the observed
immunomodulatory effects, Cu?*, Hg*", and Sn%, which
were detected in ACM, were added as salts to PBMC
cultures. Cu?* and Hg* decreased the IFN-y and IL-10
levels. However, Hg?" increased TNF-o concentrations,
whereas Sn?* had no modulatory effect.

It is evident that our results, showing a decrease in
TNF-a production, are opposite. The difference could be due
to the following reasons, respectively: different concen-
trations of ACM (concentrated vs. diluted ACM); different
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cells (stimulated PBMC vs. non-stimulated PL cells);
different mass/volume ratio for ACM preparation (1.92 g/mL
vs. 0.2 g/mL); different incubation time for cell cultures (48
h vs. 24 h). Some other studies investigated the effect of
mercury. In this context, Soleo et al. 3 showed an increase in
the number of CD4" cells in peripheral blood of subjects
exposed to mercury from dental amalgam together with a
decrease of serum IL-8 levels. Podzimek et al. 32 examined
cytokine production (IL-1B, IL-4, IL-6, TNF-a, and IFN-y)
by human lymphocytes in cultures treated with mercury and
found increased production of TNF-o and IFN-y. Ilday et
al. 3 observed reduced clinical periodontal findings in
patients after overhang amalgam restoration removal, but
these findings did not correlate with the changes in the levels
of IL-6, IL-8, and TNF-a in the gingival crevicular fluid.
This is in contrast with another study, published previously,
which showed that removal of dental amalgam restorations
was associated with decreased concentrations of Thl-type
pro-inflammatory cytokines in serum, supporting the
hypothesis that amalgam could be responsible for stimulating
the Th1-type response in vivo *.

It is known that cytokines play a key role in the
pathogenesis of PLs . Pro-inflammatory cytokines, such
as IL-1, IL-6, IL-8, and TNF-a, orchestrate the recruitment
and activation of innate immune cells, presumably
neutrophil granulocytes and monocytes in the early
inflammatory phase and T and B cells in the later
inflammatory phase, respectively. In this context, cytokines
of T cells are the main controllers of the
immune/inflammatory reactions. T-helper 1 (Th1) cells and

Th-17 cells, by producing interferon-y (IFN-y) and IL-17,
respectively, are involved in the progression of PLs and
bone destruction, whereas T-helper 2 (Th2) cytokines, such
as interleukin 4 (IL-4), IL-5, IL-10, and IL-33, are involved
in the humoral immune response and attenuation of the
tissue damage 2% 3% 3%, Therefore, further experiments
investigating the effect of amalgam on this panel of
cytokines could make a much better conclusion.

Conclusion

By using inflammatory cells isolated from human PL,
we showed, for the first time, a potent anti-inflammatory
effect of non-cytotoxic concentrations of ACM. This finding
is in contrast with the previous findings, which state that
particular amalgam particles released during retrograde
filling can cause chronic apical periodontitis. Our results
suggest that, in contrast to the high release of toxic ions from
amalgam, slow release of leachable components from this
amalgam, by down-modulating the production of pro-
inflammatory cytokines, may control an excessive
inflammation and promote PL healing.
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Abstract

Background/Aim. In recent yeats, bimaxillary surgery has
widely been accepted as an effective surgical procedure for
the correction of mandibular prognathism. The aim of this
study was to determine how bimaxillary surgical correction
can change the skeletal dimensions and relations typical of
mandibular prognathism and whether the postoperative re-
sults can be compared with biometric values of these dimen-
sions in subjects with normal occlusion. Methods. The study
included 50 subjects divided into two groups. The analyzed
group consisted of 20 patients with mandibular prognathism,
mean age 19.8 & 5.3 years. The control group consisted of 30
subjects with skeletal class I and normal occlusion, mean age
21.5 £ 3.5 years. Cephalometric studies were conducted on
70 lateral cephalograms made on subjects of the analyzed
group before and after surgery and in controls. All radio-
graphs were transformed into a digital form. Using the com-
puter program "Dr. Ceph", 30 linear and angular skeletal vari-
ables were analyzed and compared on each radiograph. The
values of examined variables in the analyzed group were
compared before and after surgery and with the values of the
same variables in the control group. Results. Bimaxillary os-
teotomies changed most of the variables that characterize the

Apstrakt

Uvod/Cilj. Poslednjih godina bimaksilarna hirurgija je
siroko prihvacena kao efikasna hirurska procedura u kot-
igovanju mandibularnog prognatizma. Cilj rada bio je da
se utvrdi na koji nacin bimaksilarne hirurske korekcije
menjaju skeletne dimenzije i odnose tipi¢ne za mandibu-
larni prognatizam i mogucnost poredenja postoperativnih
rezultata sa biometrijskim vrednostima tih dimenzija kod
osoba sa normookluzijom. Metode. U studiju je bilo
ukljuceno 50 ispitanika koji su bili podeljeni u dve grupe.
Analiziranu grupu je cinilo 20 ispitanika sa mandibu-
larnim prognatizmom, prose¢ne starosti 19,8 *£ 53

mandibular prognathism. Changes in the sagittal plane were
reflected in a significant increase of angles SNA (by 4° on the
average), ANB (6°), and a significant reduction in angles SNB
(3°), AtGoMe (8°), NGoMe (6.2°), Bjork’s sum (7°) and the
angle of skeletal convexity NAPg (2°). Changes in vertical re-
lationships were reflected in a significant reduction in overall
anterior face height N-Me (by 5 mm on average), the lower
anterior face height ANS-Me (4 mm), in a significant increase
in the total posterior face height S-Go (2.5-3 mm), lower
posterior face height PNS-Go (4 mm), in a significant reduc-
don of the basal angle PP/MP (5°) and angle that mandibular
plane closes with the antetior cranial base NS/MP (4°).
Comparison of investigated variables in the analyzed group
after surgery with the same values in the control group
showed that they were significantly closer to biometric stand-
ards. Conclusion. Bimaxillary surgery significantly alters the
skeletal relationships and facial dimensions typical of man-
dibular prognathism and normalizes the skeletal profile and
appearance in operated patients.

Key words:

malocclusion, angle class III; cephalometry; oral
surgical procedures; orthognathic surgical procedures;
treatment outcome.

godine. Kontrolnu grupu je cinilo 30 ispitanika sa I skel-
etnom klasom i normookluzijom, prosecne starosti 21,5
+ 3,5 godine. Rendgenkraniometrijska istrazivanja su
obavljena na 70 profilnih telerendgenskih snimaka glave
nacinjenih kod ispitanika analizirane grupe pre i nakon
operacije 1 kod ispitanika kontrolne grupe. Pomocu
kompjuterskog programa "Dr Ceph", na svakom snimku
vrednovano je 30 linearnih i ugaonih skeletnih varijabli.
U analiziranoj grupi uporedene su vrednosti ispitivanih
varijabli pre i nakon operacije, a, takode, te vrednosti su
uporedene i sa vrednostima istih varijabli u kontrolnoj
grupi. Rezultati. Bimaksilarne osteotomije su promenile
veéinu varijabli koje karakteriSu mandibularni prognati
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zam. Promene u sagitalnim odnosima ogledale su se u
znacajnom povecanju uglova SNA (za 4°), ANB (za 6°) i
znacajnom smanjenju uglova SNB, ArGoMe, NGoMe,
Bjorkovog poligona i ugla skeletnog konveksiteta lica
NAPg. Promene u vertikalnim odnosima ogledale su se u
znacajnom smanjenju ukupne prednje visine lica N-Me
(za 5 mm), donje prednje visine lica ANS-Me (za 4 mm),
znacajnom povecanju ukupne zadnje visine lica S-Go
(oko 3 mm), donje visine lica PNS-Go (4 mm),
znacajnom smanjenju bazalnog ugla SpP/MP (5°) i ugla
koji mandibularna ravan zaklapa sa prednjom kranijal-
nom bazom NS/MP (4°). Poredenje vrednosti ispitivanih

varijabli u analiziranoj grupi nakon operacije sa istim
vrednostima u kontrolnoj grupi pokazalo je da su se one
znacajno priblizile biometrijskim standardima.
Zakljucak. Bimaksilarne osteotomije znacajno menjaju
skeletne odnose i dimenzije lica tipicne za mandibularni
prognatizam i normalizuju skeletni profil kod operisanih
pacijenata.

Kljucne reci:

malokluzija, klase III; kefalometrija; hirurgija, oralna,
procedure; hirurgija, ortognatska, procedure; lecenje,
ishod.

Introduction

Mandibular prognathism is among the most serious
genetic disorders of growth and development of the
craniofacial skeleton. The deformity is manifested fully in
the most sensitive age, the adolescent period, endangering
the basic functions of the orofacial system, the appearance
of the young persons, their psychological health, and
quality of life. These are usually the basic motives why
these patients seek orthognathic surgery.

Literature data indicate that severe forms of
dentofacial deformities occur in 0.5% of people in the
general population. The fact is, however, that of all
patients requiring orthognathic surgery, 28%-34% are
with mandibular prognathism 2.

Diagnosis and treatment of severe craniofacial
disharmonies require a multidisciplinary approach and
teamwork. The base of each treatment is a detailed
analysis of the orofacial complex that provides objective
information on the severity and phenotypic characteristics
of the existing deformity. In the majority of cases, class
111 deformities are combined by maxillary retrognathia,
mandibular prognathism, and varying degrees of vertical
discrepancies 2.

During the past few decades, various surgical
procedures have been advocated for the correction of
these deformities. Until the 1980s, the surgical correction
of mandibular prognathism has been mainly performed by
isolated operations on the mandible 52, Nowadays, it is
clear that such operations, in most cases, cannot
normalize the skeletal relationships and achieve the
optimal aesthetic results °'2. Clinical experience and
numerous scientific references suggest that correction of
skeletal disharmonies, harmonization of occlusion, and
correction of facial appearance in patients with severe
mandibular prognathism can only be achieved by
bimaxillary surgery, ie. by planned surgical reposition of
both jaws 11-16,

The aim of this study was to determine to what
extent and in what way bimaxillary surgical correction
can change the skeletal dimensions and relations typical
of mandibular prognathism and whether the postoperative
results can be compared with biometric values of these
dimensions in subjects with normal occlusion.
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Methods

The sample of the study was comprised of two groups —
the analyzed and the control group. The analyzed group
consisted of 20 patients admitted to the Department of
Maxillofacial Surgery, Faculty of Dental Medicine in
Belgrade for surgical correction of mandibular prognathism
from 2003-2013. There were ten female and ten male
patients, mean age of 19.8 + 5.3 years. The control group
consisted of 30 young persons, mean age of 21.5 + 3.5 years,
with normal occlusion. For the purposes of cephalometric
research, a total of 70 lateral cephalometric radiographs were
made and divided into three groups: Group A consisted of 20
lateral cephalometric radiographs derived from the patients
of the analyzed group before surgery and before orthodontic
preparation; Group B consisted of 20 lateral cephalometric
radiographs derived from the same patients of the analyzed
group 6 months to a year after bimaxillary surgical
correction of mandibular prognathism; Group C consisted of
30 lateral cephalometric radiographs made in the control
group. This collection was selected from the files of our
dental school (archive of the author).

Lateral cephalograms are made in the Plan-Meca
Radiological Center and the Center for the Head and Neck
Radiology at the Faculty of Dental Medicine in Belgrade
with a special apparatus, “ORTOCEPH” (Siemens,
Bensheim, Germany). The recordings were made by standard
techniques at a voltage of 65 to 80 kV and a strength of 20
mA, and the exposure was from 1 to 1.5 sec. The recording
was performed on the X-ray film 18 x24 cm. All
radiographs were scanned and transformed into digital form.

The choice of operative technique

Each patient of the analyzed group was subjected to
special consultative review and selected for these
investigations based on a precise analysis of the phenotypic
characteristics of present deformity. The patients were sent
to orthodontic preparation for a year and a half and then
subjected to surgical correction. The surgical procedure was
performed by a successive bimaxillary approach that
involves LeFort | osteotomy of the maxilla and bilateral
sagittal split ramus osteotomy of the mandible. The rigid
fixation (mini titanium plates and screws) was used to fix the
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bone fragments. A combination of solid and elastic
intermaxillary immobilization was applied for 6-8 weeks
after surgery 1718,

Cephalometric research

All lateral cephalograms made in the analyzed group
before and after surgery, as well as in the control group, were
subjected to cephalometric analysis. For this purpose, a
special computer program, "Dr. Ceph" (FY1 Technologies,
GA, USA, last revised edition, version 9.7), was used (Figure
1). This version allows the use of over thirty well-known
cephalometric analyses, as well as adaptation of any analysis
to the specific needs of the research. Using this program on
each cephalogram of A, B, and C groups, the values of 30
linear and angular skeletal variables were recorded and
evaluated.

Examined skeletal variables

a) Examined linear variables were (Figure 2): 1. N-Se —
length of the anterior cranial base; 2. N-Me - total anterior
face height; 3. N-ANS — upper anterior face height; 4. ANS-
Me - lower anterior face height; 5. S-Go — total posterior
face height; 6. S-PNS — upper posterior face height; 7. PNS-
Go — lower posterior face height; 8. S-Ar — the length of the
posterior cranial base; 9. Ar-Go — the length of the ramus;
10. Co-Go - the height of the ramus; 11. PNS-A - the length
of the maxillary body; 12. Go-Me - the length of the
mandibular body.

b) Examined proportions of linear variables were: 1. S-
Go/N-Me — the relationship of anterior and posterior face
heights; 2.N-ANS/ANS-Me - the ratio of upper and lower
anterior face height; 3. N-ANS/N-Me - the ratio of the upper
anterior face height to total anterior face height; 4. ANS-
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Fig. 1 — Cephalometric analysis of parameters by “Dr. Ceph” computer software.

Fig. 2 — Examined linear skeletal variables.
1. N-Se - length of the anterior cranial base; 2. N-Me — total anterior face height;
3. N-ANS — upper anterior face height; 4. ANS-Me - lower anterior face height;
5. S-Go - total posterior face height; 6. S-PNS — upper posterior face height;
7. PNS-Go - lower posterior face height; 8. S-Ar — the length of the posterior cranial base;
9. Ar-Go - the length of the ramus; 10. Co-Go - the height of the ramus;
11. PNS-A - the length of the maxillary body; 12. Go-Me — the length of the mandibular body.
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Fig. 3 — Examined angular skeletal variables.

1. SNA - anteroposterior position of the maxilla relative to the anterior cranial base;
2. SNB - anteroposterior position of the mandible relative to the anterior cranial base;
3. ANB - the relationship of the maxilla and mandible in the sagittal plane;

4. N-S/PP - the inclination of the maxilla to the anterior cranial base;

5. N-S/MP - the inclination of the mandible to the anterior cranial base;

6. FH/MP — the relationship between the Frankfurt plane and mandibular plane;

7. PP/MP - the relationship between the basic jaw planes;

8. ArGoMe — gonial angle by Bjork; 9. ArGoN — upper part of the gonial angle;

10. NGoMe - the lower part of the gonial angle; 11. NSAr — the angle of the saddle by Bjork;
12. SArGo - articular angle by Bjork.

Me/N-Me - the ratio of the lower anterior face height to the
total anterior face height.

c) Examined angular skeletal variables were (Figure 3):
1. SNA - anteroposterior position of the maxilla relative to
the anterior cranial base; 2. SNB — anteroposterior position
of the mandible relative to the anterior cranial base; 3. ANB
— the relationship of the maxilla and mandible in the sagittal
plane; 4. N-S/PP — the inclination of the maxilla to the
anterior cranial base; 5. N-S/MP - the inclination of the
mandible to the anterior cranial base; 6. FH/MP - the
relationship between the Frankfurt plane and mandibular
plane; 7. PP/MP — the relationship between the basic jaw
planes; 8. ArGoMe — gonial angle by Bjork; 9. ArGoN -
upper part of the gonial angle; 10. NGoMe - the lower part
of the gonial angle; 11. NSAr — the angle of the saddle by
Bjork; 12. SArGo - articular angle by Bjork; 13. Bjork's sum
— the sum of the angles NSAr, SarGo, and ArGoMe; 14.
NAPg — the angle of facial skeletal convexity.

Numerical values of the examined skeletal variables
were subjected to statistical analysis and compared. Due to
surgical correction, the values of selected skeletal variables
were compared before surgery and 6 months to a year after
surgery to verify the changes in skeletal relationships.

The comparison of investigated variables between the
analyzed group after surgery and the control group was used
for objective evaluation of the success of bimaxillary surgery
in correcting the mandibular prognathism.

Statistical analysis was performed using the computer
programs MS Excel, MedCalc (MedCalc ver. 11.4 Software,
Belgium), and SPSS ver. 18 (SPSS Inc, Chicago, IL). The
comparison of two groups of independent data was
performed using Student's t-test. Comparison of three sets of

Sinobad V, et al. Vojnosanit Pregl 2021; 78(3): 296-303.

data was performed using the parametric analysis of variance
(ANOVA) with Tukey-Snedecor post hoc test. The shape of
data distribution was examined using the Kolmogorov-
Smirnov test. This test showed that all variables had a
normal distribution, and in the further course of data
processing, they were portrayed as means, standard
deviations, minimum and maximum values, and coefficients
of variation (in %). The minimum requirement for a
statistically significant difference was when the significance
level (p) was less than or equal to 0.05.

Results

Comparison of values of linear skeletal variables in the
analyzed group before and after surgery revealed a number
of changes in their values. However, the only variables that
showed significant differences between the situation before
and after the operation were the following: N-Me, ANS-Me,
Go-Me, PNS-A, S-Go, PNS-Go, S-Ar, and S-Go/N-Me
(Table 1).

After surgery, the total anterior face height N-Me was
reduced by 5 mm on average, the lower anterior face height
ANS-Me by 4 mm on average, and the length of the
mandible Go-Me for 3-3.5 mm. On the contrary, the values
of the total posterior face height S-Go increased by 2.5-3
mm on average, and of the lower face height PNS-Go by 4
mm. The relationship between the posterior and anterior total
face height changed in favor of the posterior face height. The
effective maxillary length increased by 3-3.5 mm on average
as a result of it shifting forward during surgery.

The surgery did not affect the length of the anterior
cranial base N-S, nor the values of the anterior upper face
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Table 1

The values of linear skeletal variables in the control group and the experimental
group before and after surgery

Experimental group

Variables Control group before operation  after operation P
N-Se 63.7 £ 6.37 66.8 + 4.75* 66.8 + 4.5* <0.05
N-Me 1149 +8.57 124.0 + 6.89™" 118.9 +7.83% <0.001
N-ANS 50.3 +4.62 53.0+3.21" 52.1+5.11 <0.05
ANS-Me 64.5+5.79 71.0 £ 6.45%** 66.7 + 6.498 <0.001
S-Go 78.5+5.91 76.6 £5.20 79.3 £7.108 <0.05
S-PNS 44,0 £ 3,42 449 £3.72 44,7 £ 4.06 ns
PNS-Go 444 +4.15 38.9 £4.48™" 42.8 +5.87%8 <0.001
S- Ar 36.1+3.68 304 £5.59™  31.2+5.077"%8  <0.001
Ar-Go 46.5+4.76 52.8 +6.49™" 52.9 £5.24™ <0.001
Co- Go 57.9+5.03 61.8 +4.51™ 62.0 +£5.91" <0.001
S-Go/ N-Me 0.685+0.0436  0.627 +0.05™" 0.660 + 0.0658 <0.001
N-ANS/ANS-Me  0.779 £ 0.0710 0.756 £0.10 0.773+0.10 ns
N-ANS/N-Me 0.438 £ 0.0256 0.430 £0.03 0.436 £0,03 ns
ANS-Me/ N-Me  0.562 + 0.0256 0.571+0.03 0.564 +0.03 ns
PNS-A 445 £ 3.43 43.6 £3.56 46.7 £3.95 ns
Go-Me 70.2 £5.57 776+6.53™  747+6.26*%  <0.001

N-Se — length of the anterior cranial base; N-Me — total anterior face height;

N-ANS — upper anterior face height; ANS-Me — lower anterior face height;

S-Go - total posterior face height; S-PNS — upper posterior face height;

PNS-Go - lower posterior face height; S-Ar — the length of the posterior cranial base;
Ar-Go - the length of the ramus; Co-Go - the height of the ramus; PNS-A — the length

of the maxillary body; Go-Me — the length of the mandibular body.
- ™™ p <0.05,0.01, 0.001 vs. control, &8 858 p < 0.05,0.01, 0.001 vs. analyzed
group before operation; ns — non significant (ANOVA test and post hoc Tukey test).

height N-ANS, posterior upper face height S-PNS, length of
ramus Ar-Go, and height of ramus mandible Co-Go.

Relations between the upper and lower anterior face
height N-ANS/ANS-Me, the upper anterior and total anterior
face height N-ANS/N-Me, and the relationship of the lower
anterior to the total face height ANS-Me/N-Me were
changed after the operation, but the differences were not
significant.

Comparing linear skeletal variables in the analyzed
group after surgery with the values of the same variables in
the control group revealed that most linear variables after
surgery returned to the level in controls (Table 1). This
especially applied to the values of total anterior face height
N-Me and the lower anterior face height ANS-Me which
were significantly reduced by surgery, then to the values of
the total posterior face height S-Go, the lower posterior face
height PNS-Go, and their relationship, which significantly
increased after surgery.

However, even after surgery, the posterior cranial base
S-Ar remained considerably lower than in the control group,
while the length and height of the ramus and even the length
of the body of the mandible were significantly longer
compared to their values in the control group.

Comparison of values of angular skeletal variables in
the analyzed group before and after surgery revealed
statistically significant differences in the following variables:
SNA, SNB, ANB, NS/MP, FH/MP, PP/MP, ArGoMe,
NGoMe, Bjork's sum, and NAPg (Table 2).

Due to maxillary advancement during Le Fort |
osteotomy, the value of SNA angle increased to 4° on

average. On the contrary, the values of the basic features of
mandibular prognathism decreased significantly. The values
of SNB angle decreased by an average of 3°, NS/MP angle
by an average of 4°, FH/MP angle by an average of 4.7°,
PP/MP angle by an average of 5°, ArGoMe angle by an
average of 8°, NGoMe by an average of 6.2°, and Bjork's
sum by an average of 7°.

The ANB angle with a high negative value before
surgery (X = -4.7 + 3.04°), became positive (X = 1.3 + 1.22°)
after surgery and significantly approached biometric
standards (around £ 2°). The difference between the values
of ANB angle before and after operation amounted to 6°.

The comparison of angular skeletal variables in the
analyzed group after surgery with the values of the same
variables in the control group showed that the majority of
them approached the biometric norms (Table 2). This is
especially true for angles SNA, SNB, NS/PP, NS/MP,
FH/MP, PP/MP, ArGoN, and Bjork's sum. As the modified
values of these angles are the main indicators of maxillary
retrognathia and/or mandibular prognathism with a vertical
type of growth, normalization of their values after surgery
changed the progeny skeletal assembly in operated patients.

However, even after surgery in the analyzed group, the
values of gonial angles ArGoMe and NGoMe and the angle
of facial skeletal convexity NAPg remained significantly
higher compared to their values in the control group, while
the average value of the articular angle SarGo was
significantly lower. The value of the ANB angle, which
significantly increased after surgery (by 6° on the average),
was still different from its value in the control group.
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Table 2
The values of angular skeletal variables in the control group and
the experimental group before and after surgery
. Experimental group
Variables Control group before operation after operation P
SNA 81.4+3.38 79.2 + 4.66 83.7 +5.60%88 ns
SNB 79.3 £3.06 84.0 £4.38™" 82.7 +4.72% <0.001
ANB 2.1+1.30 4.7+3.04™ 1.3+£1.22% 56 <0.001
N-S/PP 8.2 +3.53 8.8 +4.68 9.2+5.63 ns
N-S/MP 30.6 £5.56 37.1+£7.30™ 33.3+7.248 <0.001
FH/MP 23.3+5.57 28.9+7.81™" 24.2 + 6.44%8 <0.01
PP/MP 22.9+558 28.2 +8.00™ 23.4 +8.77%8 <0.01
ArGoMe 123.0+£ 591 135.5 +10.85™" 127.5 +7.43" 588 <0.001
ArGoN 49.9+3.20 51.3+8.76 50.8 £5.61 ns
NGoMe 73.0£4.58 82.4+7.79™ 76.6 + 4.45™ 888 <0.001
NSAr 123.5 + 6.66 125.1+10.83 1253 +8.51 ns
SArGo 144.3 +6.32 138.3 £11.92" 139.3 £10.63" <0.05
Bjork's sum 390.9 £5.31 398.8 £9.91™ 392.1 +5.97% <0.001
NAPg 176.8 + 1.86 172.0+5.70 ™ 170.7 £ 6.39™" <0.001

SNA - anteroposterior position of the maxilla relative to the anterior cranial base;

SNB - anteroposterior position of the mandible relative to the anterior cranial base;

ANB - the relationship of the maxilla and mandible in the sagittal plane;

N-S/PP - the inclination of the maxilla to the anterior cranial base; N-S/MP — the

inclination of the mandible to the anterior cranial base; FH/MP - the relationship

between the Frankfurt plane and mandibular plane; PP/MP — the relationship

between the basic jaw planes; ArGoMe — gonial angle by Bjork; ArGoN — upper part

NSAr — the angle of the saddle by Bjork; SArGo — articular angle by Bjork; Bjork's sum —

the sum of the angles NSAr, SarGo, and ArGoMe; NAPg — the angle of facial skeletal convexity.
p-"""""p<0.05,0.01, 0.001 vs. control, $ 8888 p<0,05,0.01, 0.001 vs. analyzed group before
operation; ns — non significant (ANOVA test and post hoc Tukey test).

Discussion

The main objectives of the surgical treatment in patients
with mandibular prognathism are to normalize the facial
profile, harmonize the occlusion, and rehabilitate the basic
functions of the orofacial system. Correction of the main
skeletal parameters within the normal range of values is
usually regarded as the main aim of the treatment.

Choosing a surgical technique is certainly one of the
key factors for a successful realization of these objectives.
Bearing in mind the extreme variability of the craniofacial
morphology in patients with mandibular prognathism 2, it is
clear that the modality of surgical treatment must be
appropriate to the basic phenotypic characteristics of the
present deformity 15,

The modality of surgical treatment in this study was
determined after a detailed clinical and cephalometric
analysis in each subject. In all subjects of the analyzed
group, the Le Fort | maxillary advancement is associated
with mandibular setback osteotomy * 17 18,

The evaluation of certain skeletal variables in the
experimental group before surgery revealed that 40% of
subjects had a significantly decreased SNA angle in relation
to biometric standards and that maxillary length was
decreased in 55% of subjects. In 85% of subjects, the
relationship of the mandible to the anterior cranial base
(NS/MP angle) was typical of mandibular prognathism
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associated with vertical discrepancies. The average value of
ANB angle in the analyzed group before the operation
amounted to -4.7 + 3.04°. In 75% of subjects in this group,
the deformity was a combination of maxillary retrognathia
and mandibular prognathism °.

A comparative analysis of the selected skeletal
variables in the analyzed group, 6 months to one year after
surgery with the values of the same variables before surgery,
showed that bimaxillary operations changed more linear and
angular  dimensions, characteristic  for  mandibular
prognathism. This operative procedure significantly altered
the position of the maxilla and mandible in the sagittal plane,
and vertically the length of the mandible and its relation to
the anterior cranial base. The total anterior and lower anterior
face height were reduced by 5 mm on average. The
specificity of this operation is a significant increase of total
posterior and lower posterior face height (by 3-4 mm on
average) and the length of the posterior cranial base S-Ar.
These alterations normalized the relationship between the
anterior and posterior face heights and led to the
harmonization of facial dimensions in operated patients.
These results are consistent with the results of numerous
studies which indicate the significant harmonization of facial
dimensions after bimaxillary operations 11-16:19. 20,

The significant increase of posterior face height in
operated patients, especially the increase of lower posterior
face height, and the posterior cranial base is a result of the
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anterior rotation of the proximal segment of the mandible
during the bilateral ramus osteotomy, which is necessary in
order to establish normal occlusal relationships.

Introducing Le Fort | osteotomy in the operative
procedure significantly changed the values of SNA, SNB,
ANB angles, and the angle of skeletal convexity NAPg. In
that manner, bimaxillary surgery significantly altered the
typical imbalance in anterior-posterior skeletal relationships
in patients with mandibular prognathism. After the operation,
the SNA angle increased by 4° on average, which is the
specificity of bimaxillary surgical correction of mandibular
prognathism. SNB angle after surgery was reduced on
average by slightly more than 2° but is still higher than the
biometric standard. The values of ANB angle in the analyzed
group after operation increased by 6° on average, but they
are still below optimum. Johnston et al. '° also stated that
values of SNA, SNB, and ANB angles after bimaxillary
surgery showed significant improvement, but in 54% of
treated patients, ANB angle values are still below the ideal,
while 52% of patients still have great values of SNB angle.

Bimaxillary surgery also reduced the most vertical
components of mandibular prognathism. Significant
reduction of NS/MP, FH/MP, ArGoMe, ArGoN angles,
and Bjork's sum normalized the positions of maxilla and
mandible to the anterior cranial base and the mutual
relation of the jaws vertically, as confirmed by other
StUdieS 14-16, 19, 20'

According to the literature, the efficiency of an
operation has been expressed in the percentage of patients
who have certain cephalometric dimensions brought into the
framework of ideal or acceptable norms %, In the context of
this study, the efficacy of bimaxillary surgery has been
evaluated by comparing the tested skeletal parameters in the
analyzed group after surgery with the values of these
parameters in the control group.

These analyses revealed that values of most examined
variables after surgery were significantly closer to their
values in subjects of the control group. This is especially true
for the values of the total anterior and posterior face heights,

and the angles SNA, NS/PP, NS/MP, FH/MP, PP/MP,
ArGoN, and Bjork's sum. These changes significantly altered
the typical skeletal assembly of mandibular prognathism and
contributed to the overall physiognomic effect in operated
patients. Similar results were reported by Johnston et al. %°,
Marsan et al. 1, Jakobsone et al. ¢, Al-Gunaid et al. *, and
Aydemir et al. 2.,

However, the operation did not remove all skeletal
features of prognathism. The lengths of anterior and
posterior cranial bases, the length of the ramus, and to some
extent the length of the mandibular body after surgery are
characteristic of mandibular prognathism. The values of the
angles SNB, ANB, ArGoMe, NgoMe, and NS/MP even after
surgery differ from their values in the control group. These
findings are consistent with the results of Johnston et al. 19,
Al-Gunaid et al. **, and Sinobad et al. °, who also found that
surgical treatment did not lead to the full normalization of
these skeletal dimensions.

Conclusion

Investigations in this study have confirmed that
bimaxillary surgery significantly altered the large number of
linear and angular dimensions that characterize mandibular
prognathism. They normalized the overall anterior and
posterior face heights in operated patients and their
relationships. The maxillary advancement accompanied by
mandibular setback osteotomy significantly altered the
sagittal jaw relationship and normalized the overall skeletal
facial convexity. The results of this study confirmed the
reduction of most vertical components of mandibular
prognathism. Reducing the angular values NS/MP, FH/MP,
ArGoMe, ArGoN, and Bjork's sum normalized the positions
of maxilla and mandible to the anterior cranial base and the
mutual relation of the jaws vertically. After bimaxillary
operations, the values of most linear and angular skeletal
variables were significantly closer to or even completely
identical with the values of these variables in patients with
normal occlusion.
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How to assess chest wall deformity in children with pectus excavatum —
evaluation of the agreement among methods

Kako izvrsiti procenu deformiteta grudnog kosa kod dece sa pectus-om
excavatum-om — procena podudarnosti metoda
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Abstract

Background/Aim. Pectus excavatum (PE) is the most
common deformity of the frontal aspect of the chest wall in
children. A particular dilemma arises about the degree of
deformity that should be subjected to surgical treatment.
The aim of this study was to compare several morphological
methods of evaluating the degree of deformity and
determine the matching among them, as well as to
determine the connection between the functional and
morphological ~ abnormalities  of  echocardiography.
Methods. The study included 35 patients with PE, aged
between 7 and 15 years. A noninvasive evaluation of chest
deformity was carried out in all patients by photographic
method (surrogate of clinical examination), native X-ray
imaging, and computed tomography (CT), as well as by
echocardiographic examination. Results. In our group of
patients, males were more common (67.5%), as well as
children with the Haller index (HI) > 3.5 [represented in
most children (86.7%)]. A significant correlation of the
index of the affected sternum segment (ASt) and the total
length of the sternum (ASt/LSt) determined by the

Apstrakt

Uvod/Cilj. Pectus excavatum (PE) je najéeséi deformitet
frontalnog aspekta zida grudnog kosa kod dece. Posebnu
dilemu predstavlja stepen deformiteta koji treba da bude
podvrgnut hirurskom lecenju. Cilj rada bio je da se uporedi
vise morfoloskih metoda procene stepena deformiteta i ut-
vtdi podudarnost izmedu njih, kao i povezanost izmedu
funkcionalnih i morfoloskih abnormalnosti na ehokardio-
grafiji. Metode. Ispitivanjem je obuhvaceno 35 bolesnika sa
PE, uzrasta od 7 do 15 godina. Kod svih bolesnika je
sprovedena neinvazivna procena deformiteta grudnog kosa

photographic method with that determined by the CT scan
of the chest was established (p = 0.001). In addition, the
correlation between HI, determined by the X-ray method
and CT images was presented (p =0.012). In contrast,
despite  the high
abnormalities (69%), those were not mutually correlated

frequency of echocardiographic
with the degree of pronounced morphological deformities
of the chest Conclusion. A detailed clinical
examination and  photographic method,
combined with the X-ray method, can determine the
severity of deformity with a high degree of agreement with
the CT chest findings. In this way, it is possible for children
with PE, who are not candidates for surgical treatment, to

wall.
evaluation

be spared from repeated CT scans that are carried out in
order to monitor the development of chest deformities with
growth. Echocardiographic evaluation remains an integral
part of the assessment of children with PE.

Key words:

child; echocardiography; funnel chest; methods;
radiography; severity of illness index; tomography, x-
ray computed.

fotografskom metodom (surogat klinickog pregleda), na-
tivnom radiografijom (RTG) i kompjuterizovanom tomo-
grafijom (CT), kao i ehokardiografskim pregledom. Re-
zultati. U ispitanom uzorku ¢esée je bio zastupljen muski
pol (67,5%), kao i deca sa Halerovim indeksom (HI) > 3,5
(86,7% dece). U cilju procene podudarnosti metoda, ut-
vrdena je znacajna korelacija indeksa aficiranog segmenta
stetnuma (ASt) i ukupne duZine sternum LSt (ASt/LSt) od-
redivanog na fotografiji sa onim koji je odredivan na CT
snimku grudnog kosa (p = 0.001). Pored toga, pokazana je i
korelacija izmedu HI odredenog putem RTG i CT snimka
(p =0.012). Suprotno navedenom, uprkos visokoj
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ucestalosti ehokardiografskih abnormalnosti (69%) one nisu
bile u korelaciji sa stepenom izrazenosti morfoloskih de-
formiteta zida grudnog kosa. Zaklju¢ak. Detaljnim klin-
ickim pregledom i fotografskom metodom procene, zajedno
sa RT'G metodom, moze se utvrditi tezina deformiteta sa vi-
sokom podudarno$éu u odnosu na CT grudnog kosa. Na
ovaj nacin, moguce je decu sa PE koja nisu kandidati za hi-
rursko lecenje postedeti od ponavljanja CT pregleda grud-

nog kosa koji se sprovode u cilju pradenja razvoja de-
formiteta tokom rasta deteta. Ehokardiografska procena
ostaje neophodni i sastavni deo procene stanja dece sa PE.

Kljucne reci:

deca; ehokardiografija; pektus ekskavatum; metode;
radiografija; bolest, indeks teZine; tomografija,
kompjuterizovana, rendgenska.

Introduction

Pectus excavatum (PE) is the most common deformity of
the frontal aspect of the chest wall . It is characteristic of the
expressed depression of the sternum, as well as the lower
costal cartilage, which disrupts the human figure and
consequently leads to a person's withdrawal and development
of complexes. With its complexity, PE deformity leaves its
pressure and effects on the heart. It could also reduce the
volume of the chest, which, as a consequence, has an impact
on the respiratory system. Thus, the most common application
for treatment of the deformity is surgical, which is the most
acceptable solution for its correction 2.

The key problem in solving PE is in defining the
morphology and severity of the deformity, after which it is
necessary to determine precise indications for treatment and
assess the risk.

The aim of this study was to describe the dysmorphia
and anatomical deformity of PE, comparing the different
diagnostic methods that are currently being applied.

Methods

Patients

Thirty-five patients with anatomical deformity of PE,
referred to our Clinic in the period between March 2008 and
March 2016, were included in the study regarding the evaluation
aimed at the optimal approach to treat this deformity.

The study protocol was approved by the Ethics Committee
of the University Children’s Hospital — TirSova, Belgrade,
Serbia, and written informed consent was obtained prior to study
engagement from each patient’s legal representative (in all
cases, they were parents or closest relatives).

The overall evaluation of this category of patients
included history, physical examination, photographs, but also
particularly important procedures of thoracic imaging —
native chest X-ray, computed tomography (CT) chest scan,
and echocardiographic examination 2.

Photographs were made by a digital camera at a
distance of 1 m in order to indicate the median or sternal line
of the chest, the vertical length of the affected sternum (ASt),
the total vertical length of the sternum (LSt), and the vertical
deformation length (LDEF) (Figure 1).

CT chest scans were conducted by Siemens Somatom
Emotion 16-slice, with a mediastinal and bone window (on 5
mm display) with reconstructions and 3D display.
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Fig. 1 — Photographic evaluation of
chest wall deformity.

A - medial sternal line, length of sternum (LSt);
B - the length of the affected sternum (ASt)
C - a form of deformity; D - length of
deformity (LDEF).

Echocardiographic examinations were performed by the
Philips Sonos 7500. Standard echocardiographic techniques
were applied, including two-dimensional echocardiography
(2D mod), M-mode, and Color Doppler echocardiography.
The echocardiographic analysis included the detection of any
change in the morphology and function of the heart,
particularly the valves, a type of syndrome prolapse, mitral
valve dysplasia, mitral valve regurgitation, pulmonary artery
dilatation truncus. The values of the longitudinal movements
of the mitral annular (MAPSE) and the tricuspid valve
(TAPSE) were also determined by the M-mode technique.

The description of dysmorphology in our patients was
largely based on Cartoski et al. * (Nuss’s group, Children's
Hospital of King's Daughters, London, UK). Thus, the
following indices were calculated: from photographs —
ASt/LSt index = B/A x 100; symmetry index left =
[L/(L+R) x 100]; symmetry index right = [R/(L+R) x 100];
ASY/LDEF index = B/D x 100; LSt/ LDEF index = A/D x
100). Then, from native X-ray (Figure 2) following indices
were calculated: the Haller index (Hi) = T/A (right-side
view); Hi = T/A (left-side view). And finally, from CT
scans (Figure 3) following indices of sternal angle were
calculated (at the level of the  measured
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Fig. 2 — Native chest radiograph: illustrative case of a patient with pectus excavatum:
A) transversal diameter (arrow);
B) the shortest distance between the sternum and the front end of vertebrae (arrow).
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Fig. 3 — Computed tomography (CT) chest scan of a child with pectus excavatus deformity:
A - the shortest distance between the sternum and the front end of vertebra; T — transversal diameter Sternal angle;
R — the largest distance of the right hemi-thorax in the anterior-posterior direction; L — the largest distance of the left
hemi-thorax in the anterior-posterior direction; LSt - vertical length of sternum; ASt — length of affected sternum.

Hi):  Hi = T/A; asymmetry index left = (L/R x 100);
asymmetry index right = (R/L x 100); chest shape index
(right-side view) = T/R x 100; chest shape index (left-side
view) = T/L x 100; ASt/ LSt index.

The severity of pectus deformity was determined in
accordance with the HI, according to which deformity levels
are divided into: mild < 3.20; moderate: between 3.21 and
3.50; and severe: > 3.51. Normal HI considered values
between 2.5-2.7 °.

Concerning the degree of sternal torsion severity, which
is usually graded as large, i.e., pronounced (> 30°) or small
(<30°), we decided, based on the clinical judgment, to
expand this division introducing the medium degree of this
deviation (transitional form), in order to provide additional
precision. Therefore, our division in this study implied three
levels of sternal torsion severity: small (<20°), medium
(20-29°), as a transitional form, and large (> 30°).

Statistical analysis

Descriptive statistics were generated for all variables.
The correlation of the findings with the use of different
evaluation techniques was evaluated by the Pearson’s
correlation coefficient. The Student's t-test and Mann-
Whitney U-test were used to test the differences when
appropriate; significance level was set at the p < 0.05 level.
The SPSS for Windows (release 16.0; SPSS, Chicago, IL,
USA) was used to perform the statistical analysis.

Results

During the study, we evaluated 35 children with
anatomical deformity of PE, at the age of 12.5+ 2.4 years
(range 7-15). According to age, in order to evaluate the
growth effect on the development of PE deformities, patients
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were further divided into age groups of 7-9 (19.4%), 10-12
(22.6%), and 13-15 (58.1%) years. In our sample, the male
group was almost twice as big as the female group (65.7%
males vs. 34.3% females).

Clinical and diagnostic characteristics of PE chest
deformities are shown in Table 1.

Table 1

Clinical and diagnostic characteristics of pectus
excavatum chest deformity

Parameter Mean £ SD
Photographic method
ASt/LSt index 47.11+7.68
symmetry index R 48.34+5.14
symmetry index L 51.62 +5.11
ASt/LDEF index 60.71 £9.56

LSt/LDEF index 131.44 + 26.75

Radiographic method

HIR 455+ 1.30
HI L 447 +1.08
Computed tomography
sternal angle 2217 +11.74
HI 493 +1.69

asymmetry index R 101.43 +10.44

asymmetry index L 99.55 +9.99

chest shape index (right-side view)  176.31 +23.58
chest shape index (left-side view) 177.36 £ 17.56
ASH/LSt index 46.04 £ 12.50

ASt — affected sternum; LSt — length of sternum;
L — left; R — right; LDEF - length of deformity;
HI - Haller Index; SD - standard deviation.

According to the HI value, one patient (3.3%) had a
mild degree of chest deformity (< 3.2), 3 patients (10%) had
a moderate degree (3.2-3.5), and 26 patients (86.7%) had a
severe degree of deformity (> 3.5).

In the present sample, we determined a significantly higher
incidence of patients, 86.7% of subjects (p = 0.004), with a
severe degree of chest wall deformity (according to the HI),
which is the expected distribution for tertiary health centers.

Further analysis within the group of patients with the most
severe degree of chest deformity (HI > 3.5) showed that most
patients belong to the age group from 13-15 years (61.5%).

The angle of sternal torsion was changed in a similar
way as the age-related increase of the HI, thus a high degree
of rotation was observed in all subjects with the HI > 3.5 in
the age group from 13-15 years.

Comparing various methods of evaluating PE
deformities, it was found that the ASt/LST index,
determined by the photographic method, significantly
correlated with the same index (r = 0.608, p = 0.001) when
determined with CT.

Furthermore, considering the HI as the most widely
accepted indicator of chest deformity, a consistent
correlation was shown between the index determined by the
X-ray method (right profile) and the one obtained by
measuring by the CT scan (r = 0.528, p = 0.012) (Figure 4).

Similar correlation was established between the X-ray-
determined HI (right profile) and ASt/LSt index measured by
CT scan (r = 0.536, p = 0.012).
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Fig. 4 — Line graph shows correlation between the Haller

index measured by computed tomography (CT) scan and

native radiography of the chest (right profile) in children
with pectus excavatus deformity.

Since the asymmetry of chest cavity forms is a very
common finding in children with PE deformity, defining the
correlation is of particular importance. Therefore, if the
irregularity of the chest cavity is considered, the right-side
chest shape index (CT parameter) showed a high correlation
with the asymmetry indices for the right (r = -0.618, p =
0.001) and left half (r = 0.696, p = 0.001) of the chest, CT
measured as well (Figure 5).
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Fig. 5 — Line graphs show correlation of asymmetry
indices and chest shape index (right profile blue, left
profile red) in children with pectus excavatum deformity
[both measured by computed tomography (CT) scan].

The right asymmetry indices were in a negative
correlation, which means that the higher index value
corresponded to the lower values of the right side of the
chest shape index and vice versa. Contrary to that, the left
asymmetry index was in a high positive correlation, which
means that the higher index value corresponded to the higher
values of the right side of the chest shape index.

Echocardiographic examinations in our sample of
patients showed a high incidence of abnormalities (69%).
The most common abnormalities were elongation, dysplasia,
and mitral valve prolapse, with very frequent findings of
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Table 2
Echocardiographic findings in children with pectus excavatum chest deformity
Variables Children
n (%)
Elongation of the mitral valve 14 (56.0)
Dysplasia of the mitral valve 6 (24.0)
Prolapse of the mitral valve 6 (25.0)
Combined prolapse and dysplasia of the mitral valve 8(33.3)
Pressure 3(12.5)
Regurgitation 11 (45.8)
Combined prolapse and dysplasia of the mitral valve with regurgitation 10 (41.7)
combined abnormalities (Table 2). Contrary to that, the least  significance of these indices in the preoperative

common disorder in our group of subjects was the pressure
on the right ventricle or the atrial septum (12.5%).

Comparison of morphological abnormalities evaluated
by different photographic or radiological parameters with
functional findings defined by echosonography revealed the
existence of only one relevant connection; both indices of
asymmetry (photographically determined), right-sided (r = -
0.412; p=0.045) and left-sided (r=0.420; p=0.040),
showed an association with the findings of a mitral valve
prolapse in PE patients.

Discussion

The key findings of this study indicate that there is a
significant correlation in the application of clinical
assessment by the photographic method with radiological
methods (X-ray and CT scan) of the chest dysmorphism in
children with PE.

The distribution of the male sex in our sample was
almost twice greater than the female sex (65.7% vs. 34.3%),
which is common in this type of chest wall deformity.

In our study, the male sex was prevalent, but not with a
statistically significantly higher incidence of PE. However,
studies of other authors show that the incidence of this
disease is higher (3- 5 times) in males ®°, and according to
some authors, even 80% of patients are male °. Therefore,
the comparability of data is limited due to the specificity of
our sample.

The chronological course of the disease shows that the
symptoms are less pronounced in early childhood, but they
increase with age . The prenatal diagnosis of PE was
seldom reported ‘2. PE is more frequently present at birth,
but in large series, only one-third of patients have
deformities clearly expressed in early childhood & *3. In most
cases, greater deformation is observed in puberty, when
otherwise there is a rapid increase.

In our patient sample, the correlation between the
degree of PE deformity, expressed by the HI, concerning
the subject’s age did not show statistical significance,
even though the HI in the majority of patients (16/18), in
the oldest age group (13-15 years), was higher than 3.5.
In contrast, the angle of rotation of the sternum showed a
positive correlation with age in our sample of patients. All
the remaining CT parameters applied in this study did not
show a significant linear connection either with age or
with the HI value, resulting in a dilemma about the

assessment of patients.

However, as we already stated, the high degree of
agreement of the HI measured on CT scan images and
photographic analysis of radiographic images from the
profile are even more important for the concept of this
research.

In terms of the cut-off HI values from which the
indication for operative treatment is derived, Kilda et al. 4
state that changes in the HI values, comparing the values
before and after the surgery, were not observed if the
preoperative value was 3.12. From this observation, they
suggest that surgical interventions are conducted in
children whose degree of deformity measured by the HI
exceeds 3.1.

Furthermore, Potts > believes that the surgical attitude
for surgical treatment of PE is somewhere between the two
extremes, from having to operate on the vast majority of
children with PE to not having to operate on any child at all.
Patients selected for surgical treatment should have at least
two or more defined criteria, which include the HI. Yoshida
et al. 16 suggest that the progression of asymmetry on the
right side occurs in children aged 10-12 years and that after
13 vyears, half of the children with PE have serious
asymmetries. Based on these results, they decide upon the
optimal period for performing the surgical treatment.
However, several authors suggest that the time for surgery is
problematic in younger children. They advocate that
deformation correction should be carried out at a later stage
of teenage growth, allowing the patient to complete growth
and reduce the possibility of recurrence or damage 2.
Young children with severe cardiopulmonary symptoms may
also be candidates for the implementation of an operative
procedure. However, a corrective surgery at premature age
may result in an inappropriate growth of the chest wall and
other complications, including recurrence 2224,

Many patients with PE have noticed decreased physical
abilities, as well as minor chest pains, which is one of the
indications for these major thoracic surgeries, for ensuring
normal cardiac function "%,

Cardiological examination of patients with PE is
important because of the presence of a significant
percentage of patients with right ventricular compression
as well as mitral valve prolapse. In different studies,
mitral valve prolapse was present in 17%-65% of
patients, in contrast to the normal population where it was
present in only 1% of patients 1 2. 27 Therefore, prolapse
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of the mitral valve in PE cases could be a direct
consequence of compression. Cardiac conduction
disorders, such as first-degree atrioventricular block, right
bundle branch block, and Wolff-Parkinson-White
syndrome, were present in up to 16% of patients 2,

The majority of children in our study had some form of
cardiac abnormality with the highest incidence of elongation,
dysplasia, and prolapse of the mitral valve. In an attempt to
determine the relationship  between indicators of
morphological abnormalities of the chest wall and
echocardiographically defined disturbances, the only
correlation was found between the index of symmetry
obtained by the photographic method and the frequency of
mitral valve prolapse.

Conclusion

According to our experience and the results of this study, it
can be suggested that the optimal algorithm evaluation, that
takes into account the rationality and reliability of diagnostic
approaches, includes detailed clinical examination. The
examination is further documented by standardized photographs
of the chest, followed by either unavoidable native X-ray, while
the CT scan is reserved for children for which the possibility of
operative treatment is considered with a high level of suspicion.
In our opinion, due to the high incidence of abnormal findings
and because of the noninvasive examination, the
echocardiographic examination should be an integral and
indispensable part of the evaluation of this category of patients.
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Primena kalcijum-hidroksiapatita i faktora rasta u endodontskoj terapiji
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Abstract

Background/Aim. Hydroxyapatite (HAp) is one of the most
commonly used calcium phosphate bioceramics with osteocon-
ductive properties. Growth factors are capable of directly induc-
ing morphological and functional differentiation of neodonto-
blasts. The aim of this study was to investigate the effectiveness
of HAp-based biomaterial in combination with transforming
growth factor-31 (TGF-B1) in the creation of new dentine and
obturation of the root canal apex in the teeth of an experimental
animal model. Methods. Rodent (rabbit) teeth were used as the
expetimental animal model. After pulp removal with a pulp ex-
tirpator in vital pulpectomy, the biomaterial was applied using a
Lentulo spiral in the apex portion at the level of the physiological
foramen apicale. The experiment was performed in general anesthe-
sia. Animals were kept alive for 3, 6, and 12 months after the
treatment. The extracted teeth were analyzed by scanning elec-
tron microscopy (SEM). Results. Using SEM, it was found that
the number of teeth with newly created dentine and apex canal
obturation was greater 12 months after the treatment. Conclu-
sion. Apex obturation of the dental root canal with newly creat-
ed dentine took place in our experimental groups treated by bi-
omaterial with or without TGF-31.

Key words:

odontoblasts; endodontics; dentin; biocompatible
materials; transforming growth factors; tooth root;
rabbits.

Apstrakt

Uvod/Cilj. Hidroksiapatit (HAp) je jedna od najcesée
koriséenih kalcijum fosfatnih biokeramika koja ispoljava os-
teokonduktivna svojstva. Faktori rasta direktno indukuju
morfolosku i funkcionalnu diferencijaciju neodontoblasta. Cilj
rada je bio ispitivanje efikasnosti biomaterijala na bazi HAp u
kombinaciji sa faktorom rasta-31 (TGF-81) u stvaranju novog
dentina i zatvaranju apeksa kanala korena na zubima eksperi-
mentalnog modela. Metode. Kao eksperimentalni animalni
model koriséeni su zubi glodara (zeceva). Nakon uklanjanja
pulpe zuba pulpekstirpatorom kod vitalne pulpektomije, u
apeksnom delu na nivou fizioloskog apikalnog foramena, len-
tulo spiralom aplikovan je biomaterijal. Ekspetiment je
obavljen u opstoj anesteziji. Zivotinje su odrzavane u Zivotu
3, 6 1 12 meseci posle tretmana. Ekstrahirani zubi su ana-
lizirani pomocu scanning elektronske mikroskopije. Rezultati.
Scanning elektronskom mikroskopijom dokazano je da je broj
zuba sa novostvorenim dentinom i apeksnom opturacijom
kanala veéi 12 meseci nakon tretmana. Zaklju¢ak. Utvrdeno
je da je u eksperimentalnim grupama tretiranim biomaterija-
lom, sa ili bez TGF-81, doslo do apeksne opturacije kanala
korena zuba novostvorenim dentinom.

Kljucne reci:

odontoblasti; endodoncija; dentin; biokompatibilni
materijali; faktori rasta, transformis$udi; zub, korenski
kanal; zecevi.

Introduction

A diagnosis of the pulp inflammation degree is essential
in the attempts to preserve pulp vitality by appropriate
strategies whenever possible.

It is generally accepted that the prognosis of dental root
canal treatment largely depends on the quality of the root
canal filling X. The apical third of the canal deserves special
attention in the mechanical preparation since it is the most
sensitive zone that communicates with the vital tissue, which
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is most important for the healing process. A provision of
biologically acceptable sealing of the apical portion of the
root canal before the definitive filling has urged many
authors to consider the issue of apical barrier formation
during the root canal treatment. This would prevent material
crossing over during the obturation on the one hand and
provide high quality, compact, and airtight canal filling on
the other 2. An apical plug would prevent the occurrence of
adverse effects associated with the material used for
definitive canal filling in the periapical area *.

Teodorovié¢ ! has combined hydroxyapatite powder with
35% of calcium sulphate and successfully used it for the
formation of apical plugs in endodontically treated teeth with
completed root growth.

There are a few materials capable of inducing the
creation of hard tissues, especially the cement tissue, and
even able to stimulate bone reparation if large defects have
occurred 4,

Over the years, various materials have been
investigated as potential therapeutic agents in vital
pulpectomy. Calcium hydroxide has been most extensively
studied and used. Despite all of its positive properties, it is
not an ideal biological material for apical sealing, and many
authors think that its stimulative effects have not been
sufficiently elucidated yet -5,

Gollmer 8 was the first author who created an apical
plug out of dentine chips, believing that successful healing
after pulpectomy could not be expected without an effective,
biocompatible apical “sealant”, which would prevent an
irritative contact of the used filling materials with periapical
tissue.

Dianat et al. ” used dentine plugs to create an apical seal
in their experiment conducted on monkey teeth. The results
of their study demonstrated solid tissue (osteodentine)
creation at the interface of dentine powder and the remaining
vital pulp stump after vital pulpectomy. The studies by
Jacobsen et al. 8 contested the positive results obtained by the
use of dentine plugs on account of significant apical
“leakage” after such obturation. Recent studies in both
medicine and dentistry have attempted to identify synthetic
materials which would not act as antigens and which would,
at the same time, be able to successfully replace the bone
tissue, i.e. have an osteoconductive effect % Ceramic
biomaterials based on hydroxyapatite (HAp) or three-
calcium phosphate are most similar to inorganic bone tissue
components by their chemical composition and structure °.
Some studies have investigated the use of biomaterials such
as hydroxyapatite for pulp therapy within the techniques of
direct pulp capping -3, amputation of the coronal portion of
the pulp 14, and for endodontic treatment of the teeth with
completed root growth as a material for apical barrier
formation *°. Hydroxyapatite is one of the most commonly
used calcium phosphate bioceramic materials with
osteoconductive properties . As a potentially good
growth factor delivery vehicle (scaffold), calcium phosphate-
based materials have been suggested, whose porous structure
enables gradual release and diffusion of growth factors 8,

Miti¢ A, et al. Vojnosanit Pregl 2021; 78(3): 310-316.

Based on the aforementioned studies, Pissiotis and
Spangberg °* concluded that due to tissue reaction,
predictability, and stability of both HAp and its mixture with
collagen, the “plug”, created by the compression of crystals
of these materials, could represent an optimal solution for
apical plug formation. These authors also suggested that
clinical problems associated with the manipulation and
application of HAp crystals into the apical third of the dental
root canal warranted further extensive studies.

According to Grossman %, the ultimate goal of dental
root canal therapy is an airtight (hermetic) filling of the canal
space.

Sugawara et al. 2 have investigated in vivo the use of
calcium phosphate ceramic as a material for the definitive
dental root canal filling on canine teeth. They proved that the
material was compatible with periapical tissue and capable of
binding and forming a solid mass in the presence of tissue
fluids.

Mongiorgi et al. 2 have studied the new alloplastic
bioceramic material formulations, but with a new cement
composition for the definitive dental root canal filling
(Proendo, Vebas, Italy). Based on the obtained results, the
authors concluded that the material was biocompatible,
osteoconductive, non-toxic, with good adhesive properties,
and that it provided good apical sealing. The sealing
prevented percolation and transit of both bacteria and their
products along the endodontically processed/prepared and
definitively filled dental root canals.

There have been attempts of using hydroxyapatite and
growth factors for the same purpose, although with very low
success rates. These studies are still very attractive, though.

The results of the above studies have shown that using
some of the growth factors, especially transforming growth
factor-beta  (TGF-B), can  stimulate  odontoblast
differentiation and induce the release of endogenous growth
factors contained in the organic dentine matrix, which
additionally stimulates dentinogenesis 2%. Recent insights into
the role of growth factors in dental tissue reparation, whether
it is reactive or reparative dentinogenesis, could represent the
basis for a different approach to pulp treatment. Naturally,
nowadays, therapeutic procedures involving teeth with
incomplete root growth are being rationalized, and the time
required for a therapeutic procedure is getting increasingly
shorter 2.

Some clinical studies have shown that the use of
platelet-rich plasma has beneficial effects on the reparation
processes, while other studies do not report such an effect.
These conflicting data can be perhaps explained by different
methods of preparation and, consequently, different PRP
concentrations. In fact, the issue of PRP concentration,
which is optimal for tissue reparation and regeneration, is
still unresolved %,

The aim of this study was to investigate the
effectiveness of calcium HAp and growth factors as
medicaments on the creation of new dentine and apical
dental root canal obturation in vital pulp extirpation on the
teeth of our experimental model.



Page 312

VOJINOSANITETSKI PREGLED

Vol. 78, No 3

Methods

The study was performed at the Institute for Biomedical
Research, Faculty of Medicine in Ni§, and the Faculty of
Medicine in Kosovska Mitrovica, with the approval of the
Ethics Committee of the Faculty of Medicine in Nis.

Three 6-month-old chinchilla rabbits, 3-4 kg of body
weight (BW) each, were included in the experiment. The an-
imals were anesthetized by intramuscular administration of
combination of toletamine and zolazepam (Zoletil 100°, Vir-
bac S.A., France) at a dose of 10 mg/kg BW and ketamine
hydrochloride (Ketlar®, Pfizer, UK) at a dose of 1-4.5 mg/kg
BW. After pulp space trepanation, in samples for vital extir-
pation, the pulp was removed using a pulp extirpator, and the
biomaterial was applied with Lentulo spiral up to the level of
the physiological apical foramen. FlexoFile® endodontic files
(Maillefer, Switzerland) were used for biochemical canal
processing. Definitive canal obturation was performed with
Lentulo spiral again, with an AH Plus® (combination of cal-
cium tungstate and zirconium oxide) root canal sealer and
gutta percha points. All the cavities were definitively capped
with a glass ionomer cement (GIC) and dental amalgam.

In this study, we wused calcium hydroxyap-
atite/poly(lactide-co-glycolide) — HAp/PLGA and recombi-
nant human TGF-B1.

The teeth were divided into three groups. The first ex-
perimental group (n = 15), composed of lower jaw teeth on
the left side (incisors, premolars, molars), into which calcium
HAp/PLGA biomaterial was applied. The second experi-
mental group (n = 15), composed of upper jaw teeth on the
right side (incisors, premolars, molars), into which calcium
HAp/PLGA biomaterial was applied, combined with TGF-.
Calcium HAp/PLGA biomaterial served as the delivery ve-
hicle, 80 : 20 (0.5 g) (product of the Institute of Technical
Sciences of the Serbian Academy of Sciences and Arts, Bel-
grade). The third group (n = 15) composed of intact teeth in
the left upper jaw and right lower jaw (incisors, premolars,
molars) from the same sacrificed animals (control group).

Table 1

After this initial part of the study, the animals were kept
alive for 3, 6, and 12 months, and after that, they were sacri-
ficed with a lethal dose of Ketalar®. Jawbones were disar-
ticulated, and each tooth was extracted separately. Material
preparation involved the storage of teeth in sterile saline at
40°C, without any fixing agents.

All the samples were processed by a single operator.
Occlusal 2-3 mm thick surfaces (dental crowns) were cir-
cularly cut with the finest fissure diamond burs. Dental
roots were incised longitudinally with dental separator
discs in order to provide adequate separation into the oral
and vestibular halves. Each half of the sample was mounted
onto an appropriate stand, and thus the samples fixated
were gold evaporated in a vacuum evaporator and observed
under a scanning electron microscope (SEM) JEOL-JCM-
5300.

Data entry and tabular data representation were done
using the MS Office Excel software, and calculations were
made using the 2007 SPSS, version 15.0.

The differences between the parameters of interest
among the groups, as well as within the groups, were estab-
lished using the Mantel-Haenszel chi-squared test or Fisher’s
test of the exact probability of the null hypothesis (when
some of the expected frequencies were below 5).

Results

Obtained results are presented in Tables 1 and 2. In
total, 45 teeth from 3 sacrificed experimental animals
(chinchilla rabbits) were included in the investigation. Vital
pulp extirpation (VPE) was performed in both experimental
groups on the same number of teeth (15 teeth from each
group). In the control group, there were no teeth with dental
root canal obturation. Comparing the groups with TGF-f1 +
HAp/PLGA and HAp/PLGA after 12 months, the greatest
difference in the number of teeth with obturated canals was
found, but the difference did not reach the level of statistical
significance (p = 0.30).

Total number of treated teeth in experimental groups and the
control group

Animal number

Number of treated teeth

Control TGF-B1+HAp/PLGA HAp/PLGA
| 5 5 5
1l 5 5 5
11 5 5 5
Total number of teeth 15 15 15

TGF-p1- transforming growth factor- §;
HAp/PLGA - hydroxyapatite/poly (lactide-co-glycolide)

Table 2

Dental root canal capping during vital pulp extirpation in
experimental groups and the control group

Period
Group n 3 months 6 months 12 months
n (%) n (%) n (%)
(TGF-B + HAp/PLGA) 15 3(20.0) 3(20.0) 4 (26.7)
(HAp/PLGA) 15  0(0) 1(6.7) 1(6.7)
(Control) 15 0 (0) 0(0) 0 (0)

For abbreviations see under Table 1.
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The results obtained 3, 6, and 12 months after applying
TGF-p1 + HAp/PLGA and HAp/PLGA by SEM
microscopy for vital pulp extirpation (VPE) are shown in

Figures 1-8.

Fig. 1 — TGF-B1 (scanning electron microscopy):
Incomplete apical sealing with newly formed
dentine (3-month observation period).

For abbreviations see under Table 1.

T . S
Fig. 2 - HAp/PLGA (scanning electron
microscopy): Incomplete apical sealing
with newly formed dentine (3-month

observation period).

For abbreviations see under Table 1.

T2EBE683

electron microscopy): Complete root canal
obturation with newly formed dentine (6-month
observation period).
For abbreviations see under Table 1.

Miti¢ A, et al. Vojnosanit Pregl 2021; 78(3): 310-316.

Fig. 4 - HAp/PLGA (scanning electron

microscopy): Irregular dentine (6-month
observation period).

For abbreviations see under Table 1.

Fig. 5 - TGF-p1+HAp/PLGA (scanning electron
microscopy): Complete apical obturation with
newly formed dentine (12-month

observation period).
For abbreviations see under Table 1.

e - ~ r B

Fig. 6 - HAp/PLGA (scanning electron microscopy):
Apical obturation with newly formed dentine
(12-month observation period).
For abbreviations see under Table 1.

1\':!,";3»:«- 1Z88031

Fig. 7 - TGF-p1 +HAp/PLGA (scanning electron
microscopy): Complete apical obturation with
newly formed dentine (12-month observation period).

For abbreviations see under Table 1.
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Fig. 8 — Control group — intact tooth (scanning electron
microscopy): a) open dental root canal apex; b) regular dentine.
Discussion Petrovi¢ et al.*, using synthetic HAp in their study

The results of the study showed that apical obturation of
dental root canal occurred in our experimental groups.

In order to objectively evaluate and interpret these
results clinically in a valid way, we should review the
methodology employed in the study. Rodent (rabbit) teeth
were used as an animal model, although frequently regarded
as inappropriate for such experiments due to their specificity
reflected in constant growth and wear (which refers
especially to front teeth) . Nevertheless, many authors
dispute such an attitude, emphasizing that the rodent pulp-
dentine complex has a significant potential for studying
many aspects of reactive dentinogenesis 2%, as well as for
observing pulp reactions to bioactive molecules ’.

The interaction between the material and the injured
pulp tissue, as well as the pathways of initiation and
progression of healing and regeneration processes, are still
insufficiently understood. There are numerous hypotheses
about that, but the latest studies have paid significant
attention to growth factors and their roles in angiogenesis,
progenitor cell mobilization, differentiation, and, finally,
biomaterial-supported mineralization %,

In all samples studied, the application of HAp and
growth factors produced complete apical dental root canal
obturation with newly formed dentine in the period of 12
months.

Many authors have also noticed the difficulties in
clinical manipulation, application, and retention of material
at the application site, especially with high pulp amputations
and deeper material placements into the root canal. These
authors,  therefore, recommended a collagen-HAp
combination, with satisfactory results in laboratory animals
and pre-prosthetic preparation of the alveolar process *°.

Calcium phosphate vehicles/scaffolds for growth
factors have also been suggested as potentially good (which
agrees with our study). They enable gradual release and
diffusion of growth factors due to their porous structure. In
our study, HAp was a good growth factor delivery vehicle.

Our results also corroborate other authors’ findings in
studies with dogs, which demonstrated stability and
osteoconduction using calcium phosphate ceramic as a
definitive filling material %°.

(with an average particle size of 100 um) on laboratory
animals — dogs, applied the material on the pulp of young
teeth with incomplete root growth. In one part of the study,
in addition to the tested material (HAp), they also applied an
autogenic growth factor originating from platelet-rich plasma
in amputations and high amputations of the pulp. All the
samples were radiographically controlled and compared to
contralateral untreated teeth. Based on the analysis of dental
X-rays, it was found that root apex formation continued in all
the studied samples.

Teodorovi¢ and Martinovi¢ ¥ combined HAp powder
with 35% of calcium sulphate and used it successfully as a
paste for the formation of apical plugs in endodontically
treated teeth with completed root growth. In addition to
biocompatibility, the studies have shown that HAp is a stable
and osteoconductive material. The results of the histological
analysis showed adequate stability, evidenced by the
presence of HAp in the period of 24 experimental weeks
without any signs of resorption. Furthermore, other authors’
results agree with these results, demonstrating stability and
osteoconduction in their experiments on dogs, using calcium
phosphate ceramic as a definitive root canal filling material.
The studies have shown that all the reactions between hard
tissues (dentine, cement) and HAp take place at their
interface (contact surfaces).

As some studies have demonstrated, HAp is applicable
in clinical practice in the formation of apical plugs, but care
should be taken regarding the type of material for definitive
root canal filling, which covers the placed biological plug. At
the end of the 12-month observation period, the results were
identical for both samples, those treated with HAp and those
treated with HAp and platelet-rich plasma. This suggests that
growth factors influenced more rapid healing, i.e. dentine
bridge creation and complete apical dental root canal
obturation with newly formed dentine 3, which agreed with
our findings.

In recent years, much attention has been paid to growth
factors and their role in the initiation of reparation processes
in pulp damage, which constituted a part of our study as
well. These bioactive molecules promote proliferation and
differentiation of cells, matrix synthesis, and angiogenesis.
Very attractive are also the studies, both preclinical and
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clinical, whose results indicate that the use of growth factors
can provide a favorable prognosis regarding bone,
periodontium, and cement regeneration ’.

The results by Tziafa et al. 2° have shown that the use of
some of the growth factors, especially TGF-B, is able to
stimulate odontoblast differentiation and lead to the release
of endogenous growth factors contained in the dentine
organic matrix, which additionally stimulates dentinogenesis.

A strictly applied contemporary conception of the root
canal treatment enables and facilitates healing processes in
the apical periodontium, which is the principal goal of a
successful endodontic treatment 2. Apical barrier formation
during the treatment is especially important in specific
clinical situations. The barrier, i.e. the apical “plug”, plays
multiple roles, opposing toxic actions at the interface of the
definitive filling material and vital periapical tissue and
enabling high quality and complete, airtight dental root canal
filling . Apical plug formation and “microleakage”

problems have not been solved by the attempts with calcium
hydroxide, nor with the use of dentine chips °.

Sugawara et al. 2, Teodorovié¢ »°, and Teodorovi¢ and
Martinovi¢*® have reported that ceramic biomaterials are
capable of binding and forming a solid mass in the presence
of tissue fluids following a definitive root canal filling.

In the era of regenerative endodontics, the introduction
of new procedures and materials is expected to take place as
both biological treatment and for the purpose of tooth
revitalization 3.

Conclusion

Based on the facts stated above, a conclusion may be
drawn that new dentine was indeed created and apical root
canal closure has occurred in the experimental groups.
HAp/PLGA was shown to be a good growth factor delivery
vehicle.
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Segementni prelomi tibije leceni fiksatorom po Ilizarov-u
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Abstract

Background/Aim. Segmental fractutes represent com-
plex tibial injuries, featuring a unique fracture type that is
most commonly caused by high-energy trauma. These
fractures are considered to be a treatment challenge for or-
thopaedic surgeons due to their sporadic presentation,
wide zone of soft tissue injury, and increased rate of com-
plications. They are characterized by a highly unstable in-
termediary segment and a high rate of open fractures. The
method of Ilizarov with its characteristics could offer
many advantages over the existing operative techniques.
This method, using a percutaneous approach, minimizes
the intraoperative trauma and avoids the additional com-
promising of the biological environment at the fracture
site. The aim of this study was to evaluate the results of
the Ilizarov fixator in the treatment of segmental tibial
fractures. Methods. We analyzed 30 patients treated with
the Ilizarov fixator between 2012 and 2017. The average
age of patients was 36 years (from 24 to 65). The most
common mechanism of injury was a road traffic accident.

Apstrakt

Uvod/Cilj. Segmentni prelomi tibije predstavljaju kom-
pleksne povrede koje se karakterisu slozenim obrascem pre-
loma i uglavnom su posledica sila visokog intenziteta. Ove
povrede predstavljaju izazov u izboru nacina lecenja usled
svoje sporadi¢ne prezentacije, obimne zone znacajno
ostecenog mekog tkiva i povecane stope komplikacija. Od-
likuju se izuzetno nestabilnim intermedijarnim fragmentom i
visokom ucestalo$¢u otvorenih preloma. Ilizarovljev metod
svojim karakteristikama nudi mnoge prednosti nad ostalim
postoje¢im  hirurskim tehnikama. Ovaj metod, svojim
perkutanim pristupom, znacajno smanjuje traumu opera-
tivnog polja, ¢ime se izbegava dodatno narusavanje bioloske
sredine na mestu preloma. Cilj ovog rada je analiza rezultata

Open fractures were noted in 22 cases. All fractures were
reduced using indirect percutaneous techniques with a
great focus on achieving the correct length, rotation, and
axial alignment of fragments. All patients were advised to
bear weight as tolerated from the second postoperative
day. Bone healing and functional results were evaluated
according to the criteria established by the Association for
the Study and Application of the Method of Ilizarov. Re-
sults. Bone healing was achieved in all patients. The aver-
age time to union was 25 weeks (19 to 36 weeks). Bone
results were excellent in 23 patients, good in five, and fair
in two patients. Functional results were excellent in 22
cases, good in 5, and fair in three cases. Eight patients had
minor pin-tract infections, successfully treated with oral
antibiotics. Patients were without any major complica-
tions. Conclusion. The Ilizarov method is a safe and effi-
cient treatment modality for segmental tibial fractures.

Key words:
tibial fractures; external fixators; ilizarov technique;
recovery of function.

le¢enja segmentnih preloma tibije metodom Ilizarova.
Metode. Analizirali smo podatke od 30 bolesnika lecenih
metodom Ilizarova u periodu od 2012. do 2017. godine.
Prosecna starost bolesnika iznosila je 36 godina (24 do 65
godina). Najces¢i mehanizam povredivanja bio je
saobracajni traumatizam. Otvorene prelome imalo je 22
bolesnika. Prelomi su reponirani perkutanom tehnikom, sa
velikom paznjom na uspostavljanje adekvatne duzine, rota-
cije i osovine potkolenice. Svim bolesnicima je bio
dozvoljen oslonac od drugog postoperativnog dana. Re-
zultati su procenjivani prema kriterijumima Asocijacije za
proucavanje i primenu metode Ilizarova. Rezultati. Kosta-
no zarastanje ostvareno je kod svih bolesnika. Prose¢no tra-
janje primene aparata po Ilizarovu iznosilo je 25 nedelja (19
do 36 nedelja). Kostani rezultati bili su odlicni kod 23

Correspondence to: Dusan Saponjskj, Clinical Centre of Serbia, Centre for Radiology and MRI, Cara Dusana 31, 11 080 Belgrade,

Serbia. E-mail: saponjski.d@gmail.com



Page 318

VOJINOSANITETSKI PREGLED

Vol. 78, No 3

bolesnika, dobri kod pet i umereni kod dva bolesnika.
Funkcionalni rezultati bili su odli¢ni kod 22 bolesnika, dobri
kod pet i umereni kod tri bolesnka. Kod osam bolesnika
konstatovana je infekcija oko igala aparata, koja je uspesno
tretirana oralnom antibiotskom terapijom. Nisu uocene
druge znacajne komplikacije. Zaklju¢ak. Metoda po Iliza-

rovu predstavlja bezbedan i efikasan modalitet lecenja seg-
mentnih preloma tibije.

Kljucne reci:
tibija, prelomi; fiksatori, spoljni; ilizarov tehnika,
funkcija, povratak.

Introduction

Segmental tibial fractures are very complex injuries.
They are characterized by a unique fracture pattern with an
intermediate fragment separated from the rest of the tibia
with two different fracture lines . In some cases, bone
comminution is present, which additionally contributes to the
severity of the injury 2. Although tibia fractures are a
frequent topic of scientific papers, little attention is given to
treating exclusively segmental fractures of this bone 3. This
type of fracture is often caused by high-energy trauma. It
mostly occurs in road traffic accidents, of which the most
serious injuries are among motorcyclists 4.

Due to low incidence, specific fracture pattern,
extensive soft tissue damage, and a significant degree of
complications, these fractures represent a great challenge in
treatment 5. Out of many operating techniques in the
literature, most attention is given to intramedullary nailing ©.
However, due to the unstable intercalary segment, fracture
reduction is mainly the main concern of this method and may
require the use of additional implantation material *. Many
authors  suggest high complication rates following
intramedullary nails, including osteomyelitis (up to 47%),
nonunion (up to 29%), and subsequent amputation (up to
7%). Despite numerous studies, there is no consensus on the
question of surgical treatment, and the optimal treatment
modality of these injuries remains the topic of debate ’.

The anatomical localization of the tibia and its
subcutaneous position with a poor soft tissue cover on the
medial side are the cause of the high incidence of open
fractures & °. The naturally scarce vascularization of the tibia,
in particular at the juncture of its distal and medial third, is
additionally disrupted in the case of fracture. The effort to
maintain vascularisation of fracture fragments represents a
determining factor in the healing of these fractures. The
exposure of the fracture site leads to disturbance of the
biological environment which has a negative effect on the
bone union. All of the above-mentioned factors lead to a
greater tendency towards the onset of the infection,
dehiscence of the wound, compartment syndrome, and
nonunion 11, The complications are often not isolated, they
consist of a combination of infection, nonunion, bone and
soft tissue defects *2,

The method of llizarov with its characteristics could
offer many advantages over the existing operative
techniques. This method, using a percutaneous approach,
minimizes the intraoperative trauma and avoids the
additional compromising of the biological environment at the
fracture site. Such surgical doctrine aims to utilize the
complete potential of bone and soft tissue in the attainment

of angiogenesis and induction of osteogenesis 3. Indirect
closed reduction is made possible by using a circular frame
with thin tensioned wires. An important advantage is the
possibility of achieving multiplanar and multilevel stability 7.
The sturdy construct, provided by such an external fixator,
enables, at the same time, dynamic functional axial loading
of the injured leg. The importance of the early weight-
bearing and the initiation of movements in adjacent joints are
well established in the literature °, One of the essential
characteristics of this method is its modularity which allows
the construction of a frame specific to each patient and
according to each fracture pattern. This modularity also
enables treatment for potential bone defects, as well as
possible leg length discrepancies 4.

The aim of this study was to evaluate the results of the
llizarov fixator in the treatment of segmental tibial fractures.

Methods

This retrospective study was conducted at the Institute
for Orthopaedic Surgery "Banjica” on 30 patients with
segmental tibial fractures treated with the llizarov external
fixator from 2012-2017. The age range was 24 to 65 years
with an average of 36 years; 6 patients were female, and 24
were male. All fractures analyzed in this study were defined
as tibial fractures with intermediary fragments separated by
two completely distinct fracture lines, type 42-C2 according
to the AO/Orthopaedic Trauma Association (AO/OTA)
classification °. Segmental fractures of the tibia were further
classified according to Melis et al. . There were no
multisegmental fractures with four or more segments in our
patient sample.

The mechanism of injury was a road traffic accident in
23 cases, falling from height in 4, and direct trauma in 3
cases. The left leg was injured in 11 and the right limb in 19
patients. Eight patients had closed fractures, and the
remaining 22 patients had open tibial fractures. The open
fractures were Gustilo—Anderson 7 type | in three cases, type
Il in four, type Illa in eleven, and type Illb in four cases.
Five out of 8 closed fractures had grade Il, and three were
classified as grade | of soft tissue injuries according to the
classification of Oestern and Tscherne 18,

Calcaneal skeletal traction was applied to the injured
leg in order to maintain leg length and alignment of bony
fragments until definitive surgery was performed. All open
injuries were initially treated with meticulous debridement
and irrigation followed by plastic surgical management, if
needed, in order to achieve appropriate soft tissue closure.

The soft tissue condition had a crucial role in planning
the definitive operation moment. The Ilizarov frame
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application was dependent on soft tissue swelling degree and
healing of the soft tissue reconstruction in conjunction with
the plastic surgery department. Prophylactic first generation
cephalosporin antibiotics were administered intravenously in
all cases for three days, with additional aminoglycoside
antibiotics, in cases of open fractures for five days.
All operations were performed by the same surgical team
under spinal or general anaesthesia. Thromboprophylaxis
with low-molecular-weight heparin was carried out for four
weeks after the initial trauma. The fractures were reduced
with the indirect percutaneous technique with a great focus
on gaining the correct length, rotation, and axial position of
the fragments. The Fracture was stabilized with one or two
rings per segment depending on its length in a ‘near-far’
pattern. The intermediate fragment was reduced and fixated
using the opposed olive wires technique.

The postoperative care consisted of daily performed
pin-site dressing and passive knee and ankle motion
exercises in addition to isometric quadriceps strengthening.
All patients were advised to bear weight as tolerated from the
second postoperative day. The patients were evaluated
clinically and radiographically using standing radiographs

once a week for the first six weeks and then in one-month
intervals. The external fixator was removed when mature
bridging callus on anteroposterior and lateral radiographs
was established, and patients achieved painless full-weight
bear walking. An example is illustrated in Figure 1. Bone
healing and functional results were evaluated according to
the criteria established by the Association for the Study and
Application of Method of Ilizarov (ASAMI) *°,

For data description, we use a measure of central
tendency (arithmetic mean) and measures of variability
(minimum and maximum value).

Results

The patients were followed up for 14 months on
average (range from 12 to 21 months). The time that passed
from the injury until surgery was 7 days in most cases (4 to
12). The individual preoperative details and surgery
outcomes for all patients in this study are shown in Table 1.

Twenty-nine fractures healed completely following the
initial application of the llizarov frame without the necessity
for any bone healing stimulating procedure. One patient that

Fig. 1 — A 46-year-old man with closed segmental tibial
fracture: (a) Initial anteroposterior and lateral radiographs;
(b) After application of the llizarov fixator; (c) Radiographic

and (d) clinical appearance six months after the removal of the
frame showing complete bone union with fragments in
residual recurvatum and varus position.
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Table 1
Preoperative patient details and surgery outcome
Gender/ . Type Melis  Fixator time ASAMI
Case age Injury . score
(Gustilo) class. (weeks) -

(years) bone function

1 M/61 RTA llla 1 30 Excellent Good
2 M/33 DT Close 11 24 Excellent  Excellent
3 F/24 RTA | 1 25 Excellent  Excellent

4 M/49 Fall 1o | 36 Fair Fair
5 M/52 RTA Close | 25 Excellent  Excellent
6 M/27 RTA Ia v 27 Excellent  Excellent
7 M/48 RTA Ia ] 26 Good Excellent
8 M/26 RTA 1 | 21 Excellent  Excellent
9 F/42 DT I1b | 30 Good Excellent
10 M/28 RTA Close | 19 Excellent  Excellent

11 M/31 Fall llla \V4 26 Excellent Good
12 M/24 RTA | | 20 Excellent  Excellent
13 F/36 RTA Close ] 21 Excellent  Excellent

14 M/43 RTA Ia ] 25 Good Good
15 M/34 RTA ] 11 23 Excellent  Excellent
16 M/40 RTA llla 1 29 Excellent  Excellent
17 M/35 DT Close 1 22 Excellent  Excellent
18 M/29 RTA | | 25 Excellent  Excellent

19 M/65 RTA Ib 1l 30 Good Fair
20 F/34 Fall Ia ] 27 Excellent  Excellent
21 M/26 RTA ] v 25 Excellent  Excellent

22 M/25 RTA Ia ] 29 Excellent Good
23 M/46 RTA Close | 19 Excellent  Excellent
24 F/31 RTA llla | 28 Excellent  Excellent

25 M/26 RTA Ib 1l 30 Good Fair
26 M/27 RTA 1 11 19 Excellent  Excellent
27 M/40 Fall Close \V4 22 Excellent  Excellent

28 F127 RTA Ia 1l 25 Fair Good
29 M/29 RTA Close 11 20 Excellent  Excellent
30 M/45 RTA Ila [\ 29 Excellent  Excellent

M - male; F — female; ASAMI — Association for the Study and Application of the
Method of llizarov; RTA —road traffic accident; DT - direct trauma.

had open type IlIb fracture showed no signs of the union
after a prolonged period of time due to frame loosening and
required new frame application. The patient was
successfully treated as stiff nonunion with distraction-
compression osteogenesis 2° at the fracture site with the
eventual union after 36 weeks. The bone healing time was
defined as the time from operation to the removal of the
fixator. In our study, bone union time was 25 weeks on
average (19 to 36 weeks). Proximal callus formation was
observed between the second and fifth week. The time
needed for distal callus formation was a little longer and
ranged from 3 to 7 weeks.

The open fracture wounds were all localized in the
anterior aspect of the lower leg. Five patients had partial-
thickness soft tissue defects without exposed bone. They
were all treated by a plastic surgeon with a split-thickness
skin graft. Four patients had exposed bone with full-
thickness soft tissue defects that needed coverage with
adequate flaps.

No major complications, such as osteomyelitis or
amputation, occurred in any of the patients. None of the
patients required blood transfusion. In our study, there were
no cases of pulmonary embolism, deep vein thrombosis, soft
tissue necrosis, or palsy of the peroneal nerve. There were no

signs of compartment syndrome in any patient before or after
the surgery. Three patients had breakage of the frame wire
that required replacement, and eight patients had minor pin-
tract infections, successfully treated with oral antibiotics.
Signs of deep infection were not observed in any patient
secondary to pin-track infection. Patients analyzed in this
study did not have any other skeletal injuries or injury to
other organs or organ systems.

An adequate tibial alignment was noted on standing
radiographs in 28 cases. Two patients had residual valgus
and antecurvatum of 15°. No rotational deformities were
observed. None of the patients required treatment for tibial
axis malalignment.

The bone results were excellent in 23 cases, good in
five, and fair in two cases. Out of two patients with fair bone
results, one had shortening of the lower leg with additional
valgus deformity more than 7°, and one patient had
shortening of the lower leg with associated antecurvatum
deformity of more than 7°. The functional results were
excellent in 22 patients, good in 5, and fair in three patients.
Among the three patients with fair functional results, one
patient had knee pain and reduced ankle dorsiflexion with
consequent limping, and the other two patients had knee pain
with extension deficit and limping.
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Discussion

Segmental tibial fracture is described by many
studies as a unique type of injury associated with a high
complication rate ®. Woll and Duwelius 2 described
segmental tibial fractures as “an extremely high-risk
injury”. They noted postoperative complications more
frequently than in any other category of the tibia
fracture.

The optimal treatment of segmental tibial fractures
represents a very complex surgical problem. Reduction and
fixation pose a significant challenge with fracture patterns
featuring great axial and rotational instability 2. The results
of conservative treatment are negligible to have any value
and be further considered in the treatment of these types of
fractures. Intramedullary stabilization is the most frequently
analyzed method in previous stud-ies® 22 Many
disadvantages and problems were reported by various
authors using this method. Both reaming and non-reaming
techniques have their drawbacks, such as decreasing cortical
circulation of an intermediary fragment, endosteal necrosis,
and increased infection rate when used in open fractures 224,
The llizarov external fixator is a commonly used method for
treating complications after failed internal fixation of the
tibia ®.

High-energy mechanisms of injury are commonly
followed by severe soft tissue defects. As a result of the
damage to the surrounding soft tissues, approximately 53—
80% of segmental tibia fractures are open injuries 2.
Following trauma, both endosteal and periosteal blood
supply of the intermediate segment are damaged. As this
circulation is naturally precarious, any sustained damage
additionally compromises the healing potential °. The ideal
treatment of the fracture should avoid additional disturbance
to the soft tissues and bone, strive to preserve the remaining
blood supply, and provide a structured environment that
stimulates osseous biological processes toward bone union ©.
Taking these aims into consideration, the llizarov method
should meet all those requirements 6.

All patients in this study with closed fractures show
excellent bone results. In contrast, most of the patients
with open injuries had lower grades of final bone and
functional results. Only one of four patients in this study
with type Illb open fractures achieved excellent bone
results. Patients with closed and open fractures were
analyzed in the same sample group. The reason was that
the aim of the research was not to compare these two
types in terms of treatment methods and outcomes, which
is one of the drawbacks of the study.

In our study, functional results were excellent in 22, good
in 5, and fair in 3 patients, which corresponds to the findings
of Oztiirkmen et al. 8. The physiological bone alignment was
shown on all radiological evaluations, except in two patients
with valgus and antecurvatum of no more than 15°.

All patients in our study achieved bone union. One
of the possible reasons for such a high healing rate is the
preservation of the local blood supply and initial
biological environment. Only one patient required
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additional surgery in terms of reapplication of fixator
after aseptic loosening. A similar union rate is reported in
other smaller series ® 27 28, Three studies that analyze the
value of the llizarov method in treating segmental tibia
fractures have shown consistently high rates of the
primary union of at least 90%, with very low rates of
complication & 2" 2 The series described by Oztlirkmen et
al. ¢ demonstrated that 22 out of 24 cases healed without
further intervention; Tilkeridis et al. #' reported 30 out of
33, and Giotakis et al. 2 18 out of 20 patients achieving
satisfactory union.

In the research of Foster et al. 7, the average time to
union was 23 weeks, and Giotakis et al. ?® present their
results with the median time to union of 21.7 weeks
(range 12.8-31 weeks). Our findings correlate highly with
those studies. In our research, we saw that the distal callus
took an extended time to be formed (3-7 weeks)
compared to the proximal fracture site, where the time
range was 2-5 weeks. Oztiirkmen et al. ® propose that the
fixation at the distal fracture site be as firm as possible
because the distal tibial shaft has a natural tendency of
showing prolonged union. As opposed to this, Giotakis et
al. 28 reported no difference in bone union time observed
between the proximal and distal fracture levels.

In order to promote fracture healing, modifications of
the fixator are possible at any point of treatment. Trauma-
induced bone defects, concomitant rotational or angular
malalignment can be easily corrected by frame adjustments.
This advantage of the llizarov fixator reduces the need for
possible additional operations used to correct the resulting
deformities. One of the significant problems is the
achievement of adequate rotational stability of the distal part
of the tibia. According to Audigex et al. %, the distal fracture
site is usually more unstable than the proximal one. Even in
cases where the distal fragment is short, the Ilizarov method
ensures its stable fixation 2.

Most patients with severe soft tissue injury require
reconstructive surgical techniques, such as skin grafts or
flaps, which may prolong the time until definitive bone
fixation 7. In our series, the maximal waiting time for the
operation was twelve days which did not decrease
reduction ability and the bone union potential. By
utilizing bone compression and distraction, the Ilizarov
method has the effect on increasing the bone and the
surrounding soft tissue blood supply ® On routine
radiographic follow-up, we noticed callus being formed
earlier on the posterolateral aspect than on the
anteromedial cortex of the tibia. These observations
emphasize the significance of soft tissue coverage and
blood supply preservation.

Pin-track infections and patient intolerance to
wearing the external device are some of the most
common drawbacks of this method. Despite this, pin-
track infection is easily treated with regular pin-site
dressing and oral antibiotics 7. Eight patients in our
study had minor pin-tract infections successfully treated
with oral antibiotics, without any serious complications
in terms of osteomyelitis.
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Conclusion functional outcomes. Low incidence of soft tissue complications,
early mobilization, and weight-bearing, as well as good functional

The llizarov method is a safe and efficient treatment  recovery, all correlate amiably with other literature results

modality for segmental tibial fractures. This surgical technique
could provide a high rate of bone union with predictable
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Abstract

Background/Aim. Diabetes mellitus (DM) can be associ-
ated with numerous skin diseases. This study aimed to de-
termine the pattern and incidence of skin manifestations in
patients with type 2 DM and their link to glycemic control.
Methods. This cross-sectional study was conducted at the
Skin and Venereal Diseases Clinic, University Clinical Cen-
tre of the Republic of Stpska in Banja Luka, Bosnia and
Herzegovina, from January 2016 to January 2018. Adult pa-
tients of both genders suffering from type 2 DM and cuta-
neous manifestations participated in the study. Glycemic
control was assessed according to the values of glycated
hemoglobin (HbAlc) of 7%. Results. The mean age of 105
study participants (46% male and 54% female) was 68.4 +
10 years, while the mean HbAlc was 8.3 = 1.6%. Unsatis-
factory glycemic control was found in 74.3% of patients
with the mean HbAlc at 8.9 + 1.4%, while satisfactory gly-
cemic control was found in 25.7% of patients, with the
mean HbAlc at 6.7 £ 0.2% (p < 0.001). Infections were the
most frequent skin diseases (43.9%). Bacterial infections
were most common (26.7%), followed by fungal infections
(24.8%), xerosis (17.1%), psoriasis (15.2%), fibroma molle
(14.3%), diabetic ulcer (7.7%), prurigo (6.7%), and stasis
dermatitis (5.7%). Other skin manifestations were found at
a lower rate. A significant association was found between
unsatisfactory glycemic control and skin infections (p =
0.009). Conclusion. The most common skin manifestations
in patients with type 2 diabetes are infections. They oc-
curred more often in patients with unsatisfactory glycemic
control.

Key words:
diabetes mellitus, type 2; skin manifestation; blood
glucose; bosnia and herzegovina; infection.

Apstrakt

Uvod/Cilj. Dijabetes mellitus (DM) moze biti udruzen sa
brojnim koznim bolestima. Cilj nase studije bio je da se
ustanovi uzorak i frekvencija koznih manifestacija kod
bolesnika sa DM tipa 2 i njihova povezanost sa glikem-
ijskom kontrolom. Metode. Ova studija preseka
sprovedena je na Klinici za kozne i polne bolesti, Univer-
zitetskog Klinickog centra Republike Strpske, Banja Luka,
Bosna i Hercegovina, u periodu od januara 2016. do januara
2018. godine. U studiju su bili ukljuceni odrasli bolesnici
oba pola koji su imali kozne bolesti i DM tip 2. Glikemijska
kontrola posmatrana je prema ciljnoj vrijednosti glikolizir-
anog hemoglobina (HbAlc) od 7%. Rezultati. U studiju je
bilo uklju¢eno 105 bolesnika (46% muskaraca i 54% zena),
stednje dobi od 68,4 + 10 godina, sa prosecnom vrednosti
HbAlc od 83 £ 1,6%. Nezadovoljavajuéa glikemijska
kontrola utvrdena je kod 74,3% bolesnika koji su imali
prosec¢nu vrednost HbAlc 8,9 £ 1,4%, a zadovoljavajuca
kod 25,7% bolesnika sa prose¢cnom vrednosti HbAlc 6,7 £
02% (p < 0,001). Medu koznim manifestacijama
najzastupljenija je bila infekcija (43,4%). Bakterijska infekcija
je bila najcesca (26,7%), a zatim gljivicna infekcija (24,8%),
kseroza koze (17,1%), psorijaza (15,2%), meki fibromi
(14,3%), dijabeti¢no stopalo (7,7%), prurigo (6,7%) 1 stazni
dermatitis (5,7%). Druge kozne manifestacije uocene su sa
manjom zastupljenoséu. Utvrdena je znacCajna povezanost
nezadovoljavajuce glikemijske kontrole sa infekcijama koze
(» = 0,09). Zaklju€ak. Najcesée kozne manifestacije kod
bolesnika sa DM tipa 2 su infekcije. One su cesée kod
bolesnika sa nezadovoljavaju¢om glikemijskom kontrolom.

Kljucne reci:
dijabetes melitus, insulin-nezavisni; koZa, manifestacije;
glikemija; bosna i hercegovina; infekcija.
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Introduction

Diabetes mellitus (DM) is the most common endocrine
disorder with a broad spectrum of cutaneous manifesta-
tions L. Increased serum glucose causes damage to a wide
range of cell types, including endothelial, neuron, and renal
cells, but also keratinocytes and fibroblasts 2. The overall
prevalence of skin disorders in both types of DM varies from
51% to 97 % in different regions worldwide 3. Most docu-
mented studies have shown that the incidence of cutaneous
disorders associated with diabetes is between 30% and
71% “.

Skin diseases can appear as the first sign of diabetes
or may develop at any time in the course of the illness 5. In
dermatology, a great number of findings on skin diseases
have been associated with diabetes, some demonstrating a
stronger connection than others. Some of them have vari-
ous health implications ranging from those that are con-
cerning from the aesthetic point of view to those that may
be life-threatening ®. Awareness of cutaneous manifesta-
tions of DM can provide an insight into the present or prior
metabolic status of patients. Recognition of such findings
may aid in diagnosing diabetes or may be monitored as a
marker of glycemic control 7. Good metabolic control may
prevent some of these manifestations and support treat-
ment & There is considerable uncertainty around the patho-
genesis of many cutaneous conditions affecting diabetic pa-
tients because of insufficient understanding of the metabol-
ic basis of DM itself . There is no strict classification of
skin lesions related to DM, but academic literature usually
classifies them into four categories: skin lesions with
strong-to-weak association with diabetes (necrobiosis lip-
oidica, diabetic dermopathy, diabetic bullae, yellow skin,
eruptive xanthomas, perforating disorders, acanthosis nigri-
cans, oral leucoplakia, lichen planus), infections (bacterial,
fungal), cutaneous manifestations of diabetic complications
(microangiopathy, macroangiopathy, neuropathy), and skin
reactions to diabetic treatment (sulphonylurea or insulin).
Some authors also add endocrine syndrome with skin
changes and diabetes as the fifth group ”1°.

Glycated hemoglobin (HbA1c) has been used as an ob-
jective marker of average glycemic control for many years.
Recommendations for clinical practice by the American Dia-
betes Association (ADA) suggest that maintaining HbAlc
value closer to normal levels may be beneficial for patients.
The target value for prevention of microvascular complica-
tions is < 7% 1. Since dermatological patients often have di-
abetes, the aim of this study was to determine the pattern and
incidence of skin manifestations in patients with type 2 DM
and their link with glycemic control.

Methods

This cross-sectional study included 105 adult patients of
both genders treated at the Skin and Venereal Diseases Clin-
ic, University Clinical Centre of the Republic of Srpska in
Banja Luka, Bosnia and Herzegovina, from January 2016 to
January 2018. The study was approved by the Ethics Com-

mittee University Clinical Centre of the Republic of Srpska
in Banja Luka.

Patients with skin diseases and diabetes mellitus were
referred to a hospital or outpatient treatment by their family
doctor. Referral factors for outpatients included adult pa-
tients of both genders with type 2 DM diagnosed by an en-
docrinologist and with the value of HbAlc tested within the
last two weeks. Glycated hemoglobin test for hospital pa-
tients was carried out during the diagnostic examination.
Based on the ADA recommendations for the target value of
HbAlc of 7% for glycemic control, patients were divided in-
to two groups. The first group included patients with satis-
factory and the second group included patients with unsatis-
factory glycemic control 1. Satisfactory glycemic control
was defined as HbAlc < 7%. Unsatisfactory glycemic con-
trol was defined as HbAlc > 7%. Detailed medical history
was obtained from the study participants including diabetes
duration and treatment method for diabetes. The diabetes du-
ration was observed over four time periods: 1) less than one
year, 2) between 1 and 9 years, 3) between 10 and 19 years,
and 4) 20 years and over. The treatment method for diabetes
was observed based on insulin dependency, i.e. insulin-
dependent and insulin-independent.

Clinical diagnosis of dermatological findings was estab-
lished after a detailed general, systemic and cutaneous exam-
ination. In addition to clinical findings, this study used rele-
vant laboratory blood tests, bacteriological, mycological,
immunological, or other necessary laboratory investigations
where required in order to confirm the diagnosis of skin dis-
eases. The study respondents were divided into three groups
based on skin manifestations. The first group included pa-
tients with skin manifestations related to diabetic complica-
tions (i.e. complications of infectious, microangiopathy, or
neuropathic origin). The second group included patients with
skin diseases known as commonly associated with diabetes.
The third group involved patients with other skin manifesta-
tions which are not commonly associated with diabetes.

Statistical analyses were carried out using SPSS 22
software package. The data were described by mean values
and standard deviations (SD) for continuous variables and
incidence and percentages (%) for categorical variables. The
differences between subgroup mean values were analyzed by
the t-test and the one-way analysis of variance (ANOVA)
depending on the number of groups. The chi-squared test (%2
was used to determine whether there was a significant differ-
ence between the incidences of categorical variables. P-
values lower than 0.05 were considered significant.

Results

The study included 105 adult patients with different
skin diseases and type 2 DM. There were 54.2% of women
and 45.8% of men at the mean age of 68.4 + 10.7 years and
with the mean HbAlc 8.3 + 1.6%. Participants were divided
into two groups according to their glycemic control. Satisfac-
tory glycemic control (HbAlc 6.7 + 0.2%) was observed in
25.7% of patients (mean age 70.4 £ 8.1 years). Unsatisfacto-
ry glycemic control (HbAlc 8.9 + 1.4%) was observed in
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74.3% of patients (mean age 67.6 + 11.4 years). Most pa-
tients in this study had unsatisfactory glycemic control (p <
0.001). There was no statistically significant difference in re-
lation to gender (p = 0.547) or the mean age (p = 0.192) be-
tween the two groups. Most participants with unsatisfactory
glycemic control (77%) had a long duration of diabetic dis-
ease (between 10 and 19 years). Even 95% of patients with
diabetes duration > 20 years had unregulated glycemic con-
trol. Duration of diabetes differed significantly between the
two groups (p < 0.001) (Table 1).

(16.2%). Other bacterial infections such as impetigo, furun-
culous, erysipelas, erythrasma, and folliculitis had low inci-
dence. Fungal infections caused by Candida spp. were found
in 15.2% of patients, while infections caused by dermato-
phytes were found in 9.5% of patients. The mean HbALc in
patients with these skin disorders was 8.9 + 1.8%. The high-
est value of HbAlc was found in patients with cellulitis (10
+ 1.9%), while the lowest one was in patients with Scham-
berg’s disease, i.e. 7.5 + 1.3%. Satisfactory glycemic control
had 25.9% of patients, while 55.1% of patients had unsatis-

Table 1
Characteristics of the study population
Total patients - fGchemic C°”‘T°f'
Variables n (%) Sat'; gz)t)ory unsartlli(;)():tory p-value
105 (100) 27 (25.7) 78 (74.3) 0.000
Age (years), mean £ SD 68.36 £10.72 70.44+8.08 67.64+1145 0.192
Gender, n (%)
male 48 (45.8) 11 (22.9) 37 (77.1) 0.547
female 57 (54.2) 16 (28.1) 41 (71.9)
HbAlc (%), mean + SD 8.32 +1.57 6.67 £0.21 8.88 +1.43 0.000
Duration of diabetes (years)
<1 8 (7.6) 3(37.5) 5 (62.5) 0.480
1-9 33 (31.4) 13 (39.4) 20 (60.6) 0.223
10-19 44 (41.9) 10 (22.7) 34 (77.3) 0.000
>20 20 (19.0) 1(5.0) 19 (95.0) 0.000
Insulin dependency, n (%)
dependent 60 (57.1) 11 (18.3) 49 (81.7) 0.000
independent 45 (42.9) 16 (35.6) 29 (64.4) 0.053

HbA1c - glycated hemoglobin; SD — standard deviation.

Table 2
Skin manifestations related to diabetic complications and glycemic control
Skin Total patients HbAlc Glycemic control
manifestations (n=105) (%) satisfactory (n = 27)  unsatisfactory (n=78) p-value
n (%) mean + SD n (%) n (%)

All skin infections 46 (43.9) 8.98 +1.86 6 (22.2) 40 (51.3) 0.009

Bacterial infections 28 (26.7) 9.30 £2.03 5(18.5) 23 (29.4) 0.267
cellulitis 17 (16.2) 10.07 £1.92 1(3.7) 16 (20.6) 0.029
impetigo 3(2.8) 7.13+0.47 1(3.7) 2 (2.6)
furunculous 3(2.8) 9.50 +2.36 1(3.7) 2 (2.6)
erysipelas 2(1.9) 9.10+0.28 0(0.0) 2 (2.6)
erythrasma 2(1.9) 6.60 = 0.00 2(7.4) 0 (0.0)
folliculitis 1(0.9) 8.00 £ 0.00 0 (0.0 1(1.3)

Fungal infections 26 (24.8) 9.00 £1.62 1(3.7) 25 (32.0) 0.003
candidiasis 16 (15.2) 9.48 +1.80 0 (0.0 16 (20.6) 0.197
dermatophytosis 10 (9.5) 8.71+1.47 1(3.7) 9 (11.6)

Viral infections 2(1.9) 8.85+1.34 0(0.0) 2 (2.6) 0.401

Diabetic foot ulcer 8 (7.7) 8.28 £ 0.89 0(0.0) 8(10.2) 0.083

Schamberg’s disease 2(1.9) 7.55+1.34 1(3.7) 1(1.3) 0.428

Total patients 50 (47.6) 8.91+1.82 7 (25.9) 43 (55.1) 0.009

For abbreviations see under Table 1.

Skin disorders related to diabetic complications were
found in 47.6% of patients. The most common disorders in
this group were skin infections (43.9%). Bacterial infections
were found in 26.7% of cases and fungal in 24.8% of cases.
Foot ulcers were found in 7.7% of participants, while viral
infections and Schamberg’s disease were low (both by
2.1%). The most common bacterial infection was cellulitis
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factory glycemic control. The difference in the occurrence of
skin manifestations related to diabetic complications between
patients with unsatisfactory and satisfactory glycemic control
was statistically significant (p = 0.009) (Table 2).

In this study, 51.4% of participants had aggravated or
skin diseases commonly associated with diabetes. The most
recurrent skin disease in this group was xerosis (17.1%),
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followed by psoriasis (15.2%) and fibroma molle (14.3%).
Other diseases detected with a lower incidence were der-
mopathia diabeticorum (8.6%), pruritus (6.7%), granuloma
annulare (5.7%), and scleredema diabeticorum (2.8%). The
mean HbAlc in this group was 8.4 £ 1.7%. The highest
HbAlc value of 10.1 + 2.7% was found in patients with
scleredema diabeticorum and the lowest value of 7.6 *
1.2% was found in patients with annular granuloma. Satis-
factory glycemic control had 41.8% and unsatisfactory
52.6% of these patients. There was no significant differ-
ence in the occurrence of skin diseases aggravated or com-
monly associated with diabetes according to glycemic con-
trol between the two groups (Table 3).

Other different skin manifestations either not common-
ly associated or unassociated with diabetes were found in
48.5% of patients. The most common was seborrheic kerato-
sis (20%). Other skin diseases detected in a lower incidence
in the descending order included the following: prurigo
(6.7%), stasis dermatitis (5.7%), urticaria/angioedema
(4.8%), drug-induced exanthema (3.3%), pemphigus (3.3%),
parapsoriasis (2.8%), erythroderma (2.8%), and bullous
pemphigoid (1.2%). The mean value of HbAlc in this group
of skin disorders was 8.3 £ 1.7%. The highest value of
HbAlc was in patients with nodular prurigo (10 = 2.4%).
The lowest value was in patients with exanthema (6.9 +
0.7%) and urticaria/angioedema (6.9 + 0.5%). There was no
significant difference in the occurrence of skin diseases not
commonly associated with diabetes between the two groups
according to glycemic control (Table 4).

Table 3

Discussion

The study found that patients with type 2 diabetes had a
wide range of different skin manifestations. Among them,
the most common were skin infections of bacterial and fun-
gal origin. Skin infections were more frequent in patients
with unsatisfactory glycemic control.

There was no gender difference among the study partic-
ipants (p = 0.547). The result was similar to the report pre-
sented by Bhat et al. 2. However, some authors reported that
dermatological manifestations were more common in women
since a higher number of women visit doctors, which indi-
cates a higher disease burden and health awareness among
the females 3. On the other hand, some authors have shown
a preponderance among men * 5. The mean age of the study
participants was 68 + 11 years. This result was higher than in
the findings by various similar studies in which the age of
patients with type 2 DM and skin manifestations was usually
between 50 and 60 years *-%¢. The mean age for DM presen-
tation indicated that the majority of patients had longstanding
diabetes, and the study confirmed this with the findings on
diabetes duration, which was between 10 and 19 years in
42% of patients and more than 20 years in 20% of patients.
Diabetes lasted longer (p < 0.001) in patients with poor gly-
cemic control. Nevertheless, in similar studies, some authors
found diabetes duration < 10 years among a higher number
of respondents * 2. The majority of patients (74%) had poor-
ly controlled diabetes, with the mean HbAlc at 8.9 + 1.4%.
This was considerably higher than the target value recom-

Skin manifestations aggravated or commonly associated with diabetes and glycemic control

Skin Total patients HbAlc Glycemic control
manifestations (n =105) (%) satisfactory (n = 27) unsatisfactory (n=78) p-value
n (%) mean + SD n (%) n (%)

Xerosis 18 (17.1) 8.97 £2.08 4 (14.8) 14 (17.9) 0.710
Psoriasis 16 (15.2) 7.80 £1.04 5(18.5) 11 (14.1) 0.582
Fibroma molle 15 (14.3) 8.87 £1.99 3(11.1) 12 (15.4) 0.584
Diabetic dermopathy 9 (8.6) 9.45+2.15 0 (0.0) 9 (11.6) 0.065
Pruritus 7(6.7) 9.00 +£1.83 1(3.7) 6 (7.7) 0.474
Granuloma annulare 6 (5.7) 7.66 £1.21 2(7.4) 4 (5.1) 0.660
Scleredema diabeticorum 3(2.8) 10.13 £ 2.67 0 (0.0) 3(3.8) 0.301
Total patients 54 (51.4) 8.45 + 1.68 13 (48.1) 41 (52.6) 0.692

For abbreviations see under Table 1.

Table 4

Skin manifestations not commonly associated with diabetes and glycemic control

Skin To(tal page)nts HE)OA)lc Glycemic control |
- . n =105 % satisfactory  unsatisfactory p-value

manifestations n (%) mean = SD (n=27) (n=78)

Keratosis seborrhoica 21 (20.0) 8.57 +1.47 4(14.8) 17 (21.8) 0.435
Prurigo 7 (6.7) 10.08 +2.40 1(3.7) 6 (7.7) 0.474
Stasis dermatitis 6 (5.7) 7.88+1.16 2(7.4) 4(5.1) 0.660
Urticaria/angioedema 5(4.8) 6.96 + 0.54 3(11.1) 2 (2.6) 0.072
Exanthema 4(3.8) 6.95+0.76 3(11.1) 1(1.3) 0.021
Pemphigus 4(3.8) 8.15+1.76 0(0.0) 4(5.1) 0.230
Parapsoriasis 3(2.8) 7.50 £ 0.84 1(3.7) 2 (2.6) 0.759
Erythroderma 3(2.8) 7.20+0.51 2(7.4) 1(1.3) 0.100
Pemphigoid bullous 2(1.2) 7.50 £ 0.84 1(3.7) 1(1.3) 0.428
Total patients 51 (48.5) 8.38+1.70 14 (51.8) 37 (47.4) 0.692

For abbreviations see under Table 1.
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mended by the ADA . However, the results of this study
corresponded to the findings of Furquana et al. 3, who found
that 68% of patients with unsatisfactory glycemic control had
the mean HbAlc at 8.6 + 1.5%. Foss et al. ¥’ found HbAlc at
12.7% in type 2 diabetic patients with inadequate metabolic
controls. Ahmed et al. 8 reported an incidence of 93% of un-
controlled diabetes in a similar series of patients. In this
study, 60% of patients were on insulin therapy very often in
combination with oral antidiabetics. A higher number of pa-
tients with unsatisfactory glycemic control were insulin-
dependent. The results in the incidence of insulin dependen-
cy vary from one study to another 13181 This probably de-
pended on a number of factors, including diabetes duration
and patients’ age.

Skin infections, as disorders related to diabetic complica-
tions, were the most common skin manifestation (44%) found
in the study. The study findings were consistent with the aca-
demic literature data, according to which the overall incidence
of skin infections varied between 20-50% 22, The data de-
pended on the study design, eligibility criteria of the involved
patients, and regional affiliation . Many patients with infec-
tions had poorly regulated glycemic control. Bacterial infec-
tions were found in 27% of the study participants, with the
mean HbALc at 9.3 * 2.0%. The most common bacterial infec-
tion was cellulitis (16.2%). The study participants with celluli-
tis had the highest mean value of HbA1c (10 * 1.9%) of all pa-
tients with infections. Other bacterial infections such as impe-
tigo, furunculus, erysipelas, erythrasma, and disseminate fol-
liculitis had a low incidence. Furquana et al. ** have reported
similar results (26%). Other authors found a higher incidence
of bacterial infections, while there were studies in which bac-
terial infection had a much smaller incidence 224, Fungal in-
fections were found in 24.8% of patients. Almost all of these
patients had unsuccessful diabetic control (p = 0.003). The av-
erage value of HbAlc in these patients was 9.0 + 1.6%.
Among fungal infections, 15% of the study participants had
candidiasis. Mucocutaneous infections with Candida spp. are
considered to be an early indicator of an undiagnosed DM or
inadequately controlled glycemia 2. Dermatophytosis was
found in 9% of respondents. Some authors considered that
fungal infections in patients with type 2 DM were more preva-
lent than bacterial 2. This was confirmed by studies with a high
incidence of dermatophytosis 12 2, Viral infections had a
very low incidence in the study. This study has registered only
two patients with herpes zoster. Otherwise, viral infections in
diabetic patients or with low participation in similar studies
were rarely mentioned 3,

We found diabetic foot ulcers in 7.7% of patients. All
patients had unsuccessful diabetic control, and the mean
HbAlc at 8.3 £ 0.8%. The diabetic neuropathic ulcer was
the most frequently recognized complication in diabetics.
Zhang et al. % found that global diabetic foot ulcer preva-
lence was 6.3%, while this value was 5.1% in Europe. Some
studies from different parts of the world present different da-
ta. Foss et al. 1 and Yosipovitch et al. %’ cited a very low in-
cidence of HbAlc at 0.7% and 0.8%. In a community-based
study in the Northwestern United Kingdom, the incidence of
active foot ulcers identified at screening among persons with
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diabetes was 1.7% 2. Some Indian authors found a higher
incidence of diabetic foot ulcers %.

We found a small incidence of Schamberg’s disease
(progressive pigmentary dermatosis). Only two patients
(1.9%) with the average value of HbAlc at 7.5 + 1.3% had a
progressive type of this disease. Results of this study were
consistent with the data according to which Schamberg’s
disease is rare and usually associated with diabetes mellitus,
rheumatoid arthritis, or systemic lupus erythematosus * 3,

In the group of skin manifestations commonly associat-
ed with DM, the most frequent were xerosis, psoriasis, and
fibroma molle. Other diseases were less frequent. There was
no significant difference between skin manifestations and
glycemic control in this group (p > 0.05). Xerosis had an in-
cidence of 17% among patients in this study, with the mean
HbAlc at 9.0 £ 2.0%. Xerosis was reported in several stud-
ies, and rates showed high heterogeneity. Bhardwaj et al. 2*
have reported an incidence of 10.3%, while in the study of
Goyal et al. 4, xerosis accounted for the most common skin
manifestation (44 %).

Psoriasis was found in 15% of the study participants,
with the mean HbAlc at 7.8 + 1%. Studies by Cvitanovi¢ et
al. 1% and Sasmaz et al. *! identified 11% of patients with
psoriasis vulgaris. Vahora et al. % found a lower incidence
of psoriasis (3%). On the other hand, some authors indicat-
ed that psoriasis was not associated with diabetes *2. How-
ever, it is known that psoriasis, as a multisystemic inflam-
matory disease, is related to an increased cardiometabolic
risk and that DM is a major contributor to cardiovascular
morbidity and mortality 3. Some authors supported a view
that psoriasis had the strongest association with metabolic
syndrome among all skin diseases *. Several studies have
shown that psoriasis is associated with diabetes and its
complications. Khalid et al. *, in a Danish nationwide co-
hort study, concluded that psoriasis was associated with in-
creased incidence rates of the new-onset type 2 DM. Arm-
strong et al. *® also noted that psoriasis was associated with
an increased prevalence and incidence of diabetes and that
association may be the strongest among the patients with
severe psoriasis.

Fibroma molle (skin tags, acrochordons) as a feature
of diabetes was also found in 14.3% of the study partici-
pants, and they had the mean HbAlc at 8.9 + 1.9%. Since
fibroma molle is highly prevalent among the general popu-
lation, increasing in incidence with patient’s age, this study
considered only multiple forms (more than 30 skin tags).
Vahora et al. 2° have reported a similar result (13.3%). The
possible association of skin tags with DM was first men-
tioned in 1951. Since then, a few clinical studies have been
conducted in order to examine this hypothesis and they
have come up with conflicting results. Multiple skin tags
have been associated with abnormalities in the glucose me-
tabolism, specifically type 2 diabetes, hyperinsulinemia,
and insulin resistance ¥,

Diabetic dermopathy had an incidence of 8.6% among
patients who participated in this study. All patients had un-
satisfactory glycemic control, with the mean HbAlc at 9.4 +
2.1%. Furquana et al. *® came up with the same result. It has
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been reported that diabetic dermopathy occurs in variable
percentages between 9% and 55% of patients with diabe-
tes %8, However, some authors found a very low incidence of
this disease in diabetics, like Morgan and Schwartz * (0.2%)
and Foss et al. ¥ (1.2%). This distribution may result from
variations among sample sizes and ethnicities of the study
groups.

As a feature of diabetes, pruritus was also found in
6.7% of the study participants. All patients except one had
poor glycaemic control with the mean HbAlc at 9.0 + 1.8%.
Five of seven patients had localized, while two had general-
ized pruritus. Pruritus is well known to be associated with
diabetes mellitus, as reported by the past academic literature.
The findings of this study correspond to the results by
Cvitanovi¢ et al. 1° (7%), but other authors have found a
higher incidence in a similar study “°.

Granuloma annulare (GA) was found in 5.7% of the
study participants, with the mean HbAlc at 7.6 = 1.2%.
Three patients had a localized, and three patients had a dis-
seminated form of the disease. GA may be an idiopathic
entity. However, GA is persistently described within the
setting of a variety of systemic diseases. DM and hyper-
lipidemia are most commonly reported. Some papers sup-
port while others disprove the existence of an association
between GA and DM. George and Walton #! had reported
that this association is 4%, while others found a lower inci-
dence of GA among diabetic patients °. Nobari et al. *
emphasized that in this type of skin lesion, particularly in
disseminated forms, the clinicians are supposed to carry out
a diabetic evaluation of all patients, even those without
symptoms. On the other hand, Cheng et al. * considered
that an association between GA and DM remains contro-
versial. Nebesio et al. * did not find an association between
type 2 diabetes mellitus and GA.

Scleredema diabeticorum was found in 2.8% of the study
participants. All three patients had strikingly poor glycemic
control, and the mean HbAlc at 10.1 + 2.6%. Scleredema dia-
beticorum is a rare cutaneous manifestation of DM. Results of
this study were in accordance with the data presented by Dra-
znin et al. ¥, A few studies reported an incidence of
scleredema diabeticorum between 2.5% and 14% .

In the group of skin diseases unassociated with diabe-
tes, this study found various skin manifestations mainly oc-
curring at an older age. The most frequent skin manifestation
in this group was seborrheic keratosis (20%). The result cor-
responded with the data according to which seborrheic kera-
tosis is the most common benign cutaneous neoplasm occur-
ring in at least 20% of older adults *".

As a feature of diabetes, prurigo nodularis was also
found in 6.7% of the study participants. These patients had
the highest mean value of HbAlc in the group of skin man-
ifestations (10.0 + 2.4%). Foss et al. 1" came to a similar re-
sult, while Sasmaz et al. 3 found prurigo among 9.9% of
patients in their study. There is a deficiency in epidemio-
logical data regarding the incidence and prevalence of pru-
rigo nodularis, but it seems that elderly people are most
frequently affected, usually as patients with chronic kidney
disease “8. We found stasis dermatitis in 5.7% of patients.
Stasis dermatitis is also most common in people > 50 years
old, with an overall disease prevalence of 6-7% “°. Urticar-
ia was found in 4.8% of the study participants. All of them
had satisfactory glycemic control. One of five patients had
urticaria associated with non-steroidal anti-inflammatory
drugs. Two patients had isolated angioedema caused by an-
tihypertensive drugs from the group of angiotensin-
converting enzyme (ACE) inhibitors, and two patients had
chronic idiopathic urticaria. Other skin diseases found in
low incidence were the following: exanthema, pemphigus,
parapsoriasis, erythroderma, and bullous pemphigoid. In
this group of skin diseases, there was no significant differ-
ence between patients with satisfactory and unsatisfactory
glycemic control (p > 0.05), except for exanthema (p =
0.021). Other similar studies found extremely different skin
manifestations which are either not commonly associated
or are associated with diabetes, such as actinic degenera-
tion, pigmentation disorders, benign skin tumors, eczemas,
nail dystrophy, and peripheral hypotrichia ®. The pattern of
skin manifestations depends on regional affiliation, study
design, age of study respondents, and diabetes duration.

Conclusion

Skin infections of bacterial and fungal origin are the most
frequent skin manifestations in patients with type 2 DM. Other
different skin disorders are comparatively less common. This
study confirmed that skin infections in type 2 DM highly cor-
relate with unsuccessful diabetic control. Achieving appropri-
ate glycemic control in patients with diabetes can reduce skin
infections and other skin manifestations related to diabetic
complications. Early detection and adequate treatment of not
only elevated glycemia but also of skin disorders in diabetics
may reduce morbidity, complications, and hospital visits and
improve the quality of life of diabetics. Since skin manifesta-
tions in diabetics are common and easily visible, dermatolo-
gists have to emphasize the importance of the multidiscipli-
nary and team approach to diabetes.

REFERENCES

1. Farshchian M, Farshchian M, Fereydoonnejad M, Yazdanfar A,
Kimyai-Asadi A. Cutaneous manifestations of diabetes mellitus:
a case series. Cutis 2010; 86(1): 31-5.

2. Lima AL, llling T, Schliemann S, Elsner ~ P.  Cutane-
ous Manifestations of Diabetes Mellitus: A Review. Am ] Clin
Dermatol 2017; 18(4): 541-53.

3. DeMacedo GMC, Nunes S, Barreto T. Skin disorders in diabetes
mellitus: an epidemiology and physiopathology review. Diabe-
tol Metab Syndr 2016; 8: 63.

4. Goyal A, Raina S, Kaushal SS, Mabhajan 1/, Sharma NL. Pat-
tern of cutaneous manifestations in diabetes mellitus. Indian |
Dermatol 2010; 55(1): 39-41.

Umicevié¢ Sipka S, et al. Vojnosanit Pregl 2021; 78(3): 323-330.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Lima%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=28374407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Illing%20T%5BAuthor%5D&cauthor=true&cauthor_uid=28374407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schliemann%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28374407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Elsner%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28374407
https://www.ncbi.nlm.nih.gov/pubmed/28374407
https://www.ncbi.nlm.nih.gov/pubmed/28374407
https://www.ncbi.nlm.nih.gov/pubmed/20418975
https://www.ncbi.nlm.nih.gov/pubmed/20418975

Vol. 78, No 3

VOJINOSANITETSKI PREGLED

Page 329

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Duff M, Demidova O, Blackburn S, Jay Shubrook ]. Cutaneous
Manifestations of Diabetes Mellitus. Clin Diabetes 2015; 33(1):
40-8.

Han G. A new appraisal of  dermatolog-
ic manifestations of diabetes mellitus. Cutis 2014; 94(1): E21-0.
Rosen |, Yosipoviteh G. Skin Manifestations of Diabetes
Mellitus. [updated 2018 Jan 4]. In: Feingold KR, Anawalt B,
Boyce A, Chrousos G, Dungan K, Grossman A, et al, editors.
Endotext [Internet]. South Dartmouth (MA):
MDText.com, Inc.; 2000. Available from:
http://www.ncbi.nlm.nih.gov/books/NBK481900/

Van Hattem S, Bootsma AH, Bing Thio H. Skin manifesta-
tions of diabetes. Review. Cleve Clinic Med 2008; 75(11):
772,774, 7767, 780-7.

Sreeedevi C, Car N, Pavli-Renar 1. Dermatologic lesions of
diabetes mellitus. Review. Diabetol Croat 2002; 31(3):
147-59.

Cvitanovi¢ H, Jantié E, Knegevic E, Kuljanac I. Skin changes in
patients with diabetes mellitus in Karlovac county. Acta
Med Croat 2009; 45(4): 370-80.

Koji¢c Damjanov S, Deri¢ M, Eremi¢ Koji¢ N. Glycated hemo-
globin Alc as a modern biochemical marker of glucose
regulation. Med Pregl 2014; 67(9-10): 339—-44.

Bbhat Y], Gupta V', Kudyar RP. Cutaneous manifestations of
diabetes mellitus. Int ] Diabetes Dev Ctries 2006; 26:
152-5.

Furquana N, Bashir F, Shams N, Shaikh Z, Abmed 1. Cutane-
ous manifestations of diabetes mellitus type 2: prevalence
and association with glycemic control. ] Pak Assoc Der-
matol 2016; 26 (1): 4-11.

Phutari Y], Kanshik V. Study of cutaneous manifestations of
type 2 diabetes mellitus. Int J Res Dermatol 2018; 4(1):
8-13.

Furgan S, Kamani L, Jabbar A. Skin manifestations in diabe-
tes mellitus. J Ayub Med Coll Abbottabad 2014; 26(1):
46-8.

Ghos K, Das K, Ghos S, Chakraborty S, Jatua SK, Bhattacharya
A, et al. Prevalence of skin changes in diabetes mellitus and
its correlation with internal diseases: a single center obset-
vational study. Indian ] Dermatol 2015; 60(5): 465-9.

Foss NT, Polon DP, Takada MH, Foss-Freitas MC, Foss MC.
Skin lesions in diabetic patients. Rev Saude Publica 2005;
39(4): 677-82. (Portoguese)

Abmed K, Mubammad Z, Qayum 1. Prevalence of cutaneous
manifestations of diabetes mellitus. ] Ayub Med Coll Ab-
bottabad 2009; 21(2): 76-9.

Mabhajan S, Koranne RV, Sharma SK. Cutaneous manifesta-
tion of diabetes mellitus. Indian ] Dermatol Venereol Lep-
rol 2003; 69(2): 105-8.

Vahora R, Thakkar S, MarfatiaY. Skin, a mirror reflecting
diabetes mellitus: A longitudinal study in a tertiary care
hospital in Gujarat. Indian ] Endocr Metab 2013; 17(4):
659-64.

Chatterjee N, Chattopadhyay C, Sengupta N, Das C, Sarma N,
Pal SK. An observational study of cutaneous manifesta-
tions in diabetes mellitus in a tertiary care hospital of East-
ern India. Indian ] Endocr Metab 2014; 18(2): 217-20.
Demirseren DD, Emre S, Akogln G, Arpact D, Arman A, Metin
A, et al. Relationship between skin diseases and extracuta-
neous complications of diabetes mellitus: clinical analysis
of 750 patients. Am ] Clin Dermatol 2014; 15(1): 65-70.
Vani G, Reddy 1VN. A clinical study of diabetic dermato-
logical manifestations at a tertiary care hospital in South
India. Int ] Res Dermatol 2018; 4(3): 293—7.

Bhardwaj N, Roy S, Jindal R, Abmad §. Cutaneous manifesta-
tions of diabetes mellitus: a clinical study. Int ] Res Derma-
tol 2018; 4(3): 352—6.

Umicevié¢ Sipka S, et al. Vojnosanit Pregl 2021; 78(3): 323-330.

25.

20.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

40.

Piérard GE, Seité S, Hermanns-1.¢ T, Delvenne P, André Scheen,
Piérard-Franchimont C. The skin landscape in diabetes melli-
tus. Focus on dermocosmetic management. Clin Cosmet
Investig Dermatol 2013; 6: 127-35.

Zhang P, Lu ], Jing Y, Tang S, Zhn D, Bi Y. Global epidemi-
ology of diabetic foot ulceration: a systematic review and
meta-analysis (). Ann Med 2017; 49(2): 106-6.

Yosipovitch G, Hodak E, Vardi P, Shraga 1, Karp M, Sprecher E, et
al. The prevalence of cutaneous manifestations in IDDM pa-
tients and their association with diabetes risk factors and mi-
crovascular complications. Diabetes Care 1998; 21(4): 506-9.
Armstrong DG, Bonlton AJM, Bus SA. Diabetic Foot Ulcers
and Their Recurrence. N Engl ] Med 2017; 376(24):
2367-75.

Chandrashekar SM, Suraj Muralidbar S. A study on the prevalence
of risk factors and presence of diabetic foot ulcers in T2DM pa-
tients in K. R. Hospital. Int Surg J 2017; 4(9): 2983-6.

Hussain SM, Abmed SI. Schamberg Purpura - A Rare Com-
plication of Skin associated with Type 2 Diabetes Mellitus.
Journ Rawalp Med College (JRMC) 2014; 18(1): 163.
Sasmaz S, Buynkbese M, Cetinkaya A, Celik M, Arican O. The
Prevalence of Skin Disorders in Type-2 Diabetic Patients.
Int ] Dermatol 2004; 3: 1.

Casagrande SS, Menke A, Cowie CC. No Association be-
tween Psoriasis and Diabetes in the U.S. Population. Dia-
betes Res Clin Pract 2014; 104(3): ¢58—60.

Dini¢ MZ, Zecevié RD, Hajdukovi¢ Z, Mijuskovié M, Djurié P,
Jovié Z, et al. Psoriasis is the independent factor for early
atherosclerosis: A prospective study of cardiometabolic risk
profile. Vojnosanit Pregl 2016; 73(12): 1094-101.

Karadag AS, Ozly E, Lavery MJ]. Cutaneous manifestations
of diabetes mellitus and the metabolic syndrome. Clin
Dermatol 2018; 36(1): 89-3.

Kbalid U, Hansen PR, Gislason GH, Lindbardsen |, Kristensen
SL, Winther SA, et al. Psoriasis and new-onset diabetes: a
Danish nationwide cohort study. Diabetes
Care 2013; 36(8): 2402-7.

Armstrong AW, Harskamp CT, Armstrong EJ. Psoriasis and
the risk of diabetes mellitus: a systematic review and meta-
analysis. JAMA Dermatol 2013; 149(1): 84-91.

Maluki AH, Abdullah AA. Metabolic Associations with
Skin Tags. Int ] Dermatol Clin Res 2016; 2(1): 3—-11.

George MS, Walton S. Diabetic dermopathy. Br J Diabetes
Vasc Dis 2014; 14(3): 95-7.

Morgan AJ, Schwartz RA. Diabetic dermopathy: A subtle
sigh with grave implications. ] Am Acad Dermatol 2008;
58(3): 447-51.

Babakinejad P, Walton S. Diabetes and pruritus. Br ] Diabe-
tes 2016; 16: 154-5.

George MS, Walton S. Granuloma annulare. Br ] Diabetes
2016; 16: 58-61.

Nobari NN, Ghalamkarponr F, Gheisari M, Iranmanesh B. Mul-
tiple granuloma annulare as presenting sign of asymptomat-
ic diabetes mellitus in a child. ] Dermatol Dis 2018; 5: 274.
Cheng YW, Tsai WC, Chuang FC, Chern E, Lee CH, Sung CH
et al. A retrospective analysis of 44 patients with granuloma
annulare during an 11-year period from a tertiary medical
center in south Taiwan. Dermatol Sin 2016; 34(3): 121-5.
Nebesio CL, Lewia C, Chunang TZ. Lack association between
granuloma annulare and type 2 diabetes mellitus. Br ]
Dermatol 2002; 146(1): 122—4.

Dragnin M, Eison R, Maverakis E, Huntley A. Cutaneus man-
ifestations of diabetes mellitus. In: Bowker |, Pfeifer M, edi-
tor. Levin and O'Neal's The Diabetic Foot with CD-ROM.
7th ed. Mosby 2008. P. 185-97.

Shrestha B, Sharma E, Mukhtar O, Kaler |, Thapa S, Khalid M.
Scleredema Diabeticorum with Superimposed Cellulitis and


https://www.ncbi.nlm.nih.gov/pubmed/?term=Duff%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25653473
https://www.ncbi.nlm.nih.gov/pubmed/?term=Demidova%20O%5BAuthor%5D&cauthor=true&cauthor_uid=25653473
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blackburn%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25653473
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shubrook%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25653473
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4299750/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Han%20G%5BAuthor%5D&cauthor=true&cauthor_uid=25101351
https://www.ncbi.nlm.nih.gov/pubmed/25101351
http://www.ncbi.nlm.nih.gov/books/NBK481900/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koji%C4%87%20Damjanov%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25546982
https://www.ncbi.nlm.nih.gov/pubmed/?term=%C4%90eri%C4%87%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25546982
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eremi%C4%87%20Koji%C4%87%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25546982
https://www.ncbi.nlm.nih.gov/pubmed/25546982
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thakkar%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23961482
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marfatia%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23961482
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3743366/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Demirseren%20DD%5BAuthor%5D&cauthor=true&cauthor_uid=24135944
https://www.ncbi.nlm.nih.gov/pubmed/?term=Emre%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24135944
https://www.ncbi.nlm.nih.gov/pubmed/?term=Akoglu%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24135944
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arpac%C4%B1%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24135944
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arman%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24135944
https://www.ncbi.nlm.nih.gov/pubmed/?term=Metin%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24135944
https://www.ncbi.nlm.nih.gov/pubmed/?term=Metin%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24135944
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pi%26%23x000e9%3Brard%20GE%5BAuthor%5D&cauthor=true&cauthor_uid=23696712
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seit%26%23x000e9%3B%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23696712
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hermanns-L%26%23x000ea%3B%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23696712
https://www.ncbi.nlm.nih.gov/pubmed/?term=Delvenne%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23696712
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scheen%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23696712
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pi%26%23x000e9%3Brard-Franchimont%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23696712
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3658433/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3658433/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Menke%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24835483
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cowie%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=24835483
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=24835483
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=24835483
about:blank
https://bjd-abcd.com/bjdvd/index.php/bjd/article/view/24/62

Page 330

VOJINOSANITETSKI PREGLED

Vol. 78, No 3

47.

Abscess Formation. Case Rep Endocrinol 2018: 2018:
9513768.

Del Rosso JQ. A Closer Look at Seborrheic Keratoses: Pa-
tient Perspectives, Clinical Relevance, Medical Necessity,
and Implications for Management. | Clin Aesthet Dermatol
2017; 10(3): 16-25.

48. Mettang T, Vonend A, Raap U. Prurigo nodularis: its associ-

ation with dermatoses and systemic disorders. Hau-
tarzt 2014; 65(8): 697-703. (German)

49. Sundarsen S, Migden MR, Silapunt S. Stasis dermatitis: Patho-

pysiology, Evaluation and Management. Am ] Clin Derma-
tol 2017; 18(3): 389-90.

Received on February 26, 2019.
Revised on May 17, 2019.
Accepted June 17, 2019.
Online First June, 2019.

Umicevié¢ Sipka S, et al. Vojnosanit Pregl 2021; 78(3): 323-330.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Del%20Rosso%20JQ%5BAuthor%5D&cauthor=true&cauthor_uid=28360965
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5367878/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mettang%20T%5BAuthor%5D&cauthor=true&cauthor_uid=25113328
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vonend%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25113328
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raap%20U%5BAuthor%5D&cauthor=true&cauthor_uid=25113328
https://www.ncbi.nlm.nih.gov/pubmed/25113328
https://www.ncbi.nlm.nih.gov/pubmed/25113328

Vojnosanit Pregl 2021; 78(3): 331-336.

VOJNOSANITETSKI PREGLED

Page 331

ORIGINAL ARTICLE
(CC BY-SA) 228

TETg
! "A'

UDC: 616.314-089.23
https://doi.org/10.2298/VVSP190303074I

Aesthetic components of index of orthodontic treatment need in

Serbian adolescents

Estetska komponenta indeksa potrebe za ortodontskom terapijom kod

adolescenata u Srbiji

Jana Ili¢*, Dragana Dakovi¢'¥, Margareta Leki¢™, Tatjana Lemi¢™,
Tatjana Cutovié¢'™

*The Health Center of Banja Luka, Banja Luka, Republic of Srpska, Bosnia and
Herzegovina; Military Medical Academy, TClinic for Dentistry, Belgrade, Serbia;
University of Defence, *Faculty of Medicine of the Military Medical Academy, Belgrade,
Serbia

Abstract

Background/Aim. The biggest motivating factor for undertak-
ing orthodontic treatment is poor dental aesthetics as a conse-
quence of occlusal abnormalities. The aim of this study was to
determine the need for orthodontic treatment, based on the aes-
thetic components of the Index of Orthodontic Treatment Need
(IOTN), to compare the degree of aesthetic component of
IOTN and the subjective perception of individuals about their
dental aesthetics, but also to compare their evaluation of the aes-
thetic component of IOTN in comparison with the evaluation of
the therapist. Methods. The study was conducted on a sample
of 316 students aged 15-19 years who did not have an orthodon-
tic treatment prior to the survey. The research was carried out us-
ing the IOTN. The IOTN consists of dental and aesthetic com-
ponents based on which the need for therapy was determined.
The aesthetic component of the index was noted by the therapist
(specialist of orthodontics) as well as the subject. Results. Ac-
cording to the grades of subjects, the need for orthodontic
treatment was present in 0.38% of male subjects and 2% of fe-
male subjects. According to the evaluations of the therapists, the
need for orthodontic treatment was present in 7.52% of male
subjects and 8% of female subjects. Observing all subjects, the
need for orthodontic treatment was present in 0.63% of subjects,
and according to the therapist, the need for orthodontic treat-
ment was present in 7.59% of subjects. The mentioned differ-
ence was statistically significant. Conclusion. Obtained results
show that there is a significant difference in evaluation of dental
aesthetics and the need for orthodontic treatment between the
subjects and therapists. This can be a cause for concern because
patients who are not aware of their orthodontic abnormality can
limit the need for further treatment.

Key words:
adolescent; aesthetics, dental; malocclusion; orthodontics,
corrective.

Apstrakt

Uvod/Cilj. Najvedi motivacioni faktor za preduzimanje
ortodontske terapije je losa dentalna estetika, nastala kao
posledica okluzalne nepravilnosti. Cilj rada bio je da se odredi
potreba za ortodontskom terapijom na osnovu estetske kom-
ponente Indeksa potrebe za ortodontskom  terapijom
(IOTN), da se uporedi stepen estetske komponente IOTN-a i
subjektivne percepcije ispitanika o njegovoj dentalnoj estetici,
kao i da se uporedi evaluacija estetske komponente IOTN
ispitanika u odnosu na terapeuta. Metode. Istrazivanje je
sprovedeno na uzorku od 316 ucenika, uzrasta 15-19 godina
koji pre istrazivanja nisu bili ortodontski leceni. Na osnovu
IOTN izvrsena je procena potrebe za ortodontskom tera-
pijom. Indeks IOTN sastoji se iz dve komponente, dentalne i
estetske. Estetska komponenta indeksa zabelezena je od
strane terapeuta, specijaliste ortopedije vilica, kao i od samog
ispitanika. Rezultati. Prema ocenama ispitanika potreba za
ortodontskom terapijom bila je prisutna kod 0.38% ispitanika
muskog pola, 1 2% ispitanika Zenskog pola. Prema ocenama
terapeuta, potreba za ortodontskom terapijom bila je prisutna
kod 7.52% ispitanika muskog pola i 8% ispitanika Zenskog
pola. Posmatrajuci sve ispitanike, potreba za ortodontskom
terapijom bila je prisutna kod 0.63% ispitanika, a prema
misljenju terapeuta potreba za ortodontskom terapijom bila je
prisutna kod 7.59% ispitanika. Pomenuta razlika je bila statis-
ticki znacajna. Zaklju¢ak. Dobijeni rezultati ukazuju na to da
postoji znacajna razlika u pogledu zahteva za estetiku zuba i
potrebe za ortodonstskom terapijom izmedu ispitanika i tera-
peuta. To moze biti razlog za zabrinutost, jer pacijenti koji ni-
su svesni svoje ortodontske nepravilnosti, mogu ograniciti
potrebu za daljim lecenjem.

Kljuéne reci:
adolescenti; estetika, stomatoloska; malokluzija;
ortodoncija, korektivna.
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Introduction

Malocclusion represents a variation regarding the
normal dental and skeletal characteristics . Disturbed
facial appearance, as a direct consequence of occlusal
abnormalities, is the most common reason why patients
require orthodontic treatment.

The patient's perception of the impact of dental
variations on his/her self-image depends on many factors,
such as religious, social, cultural, and others. Some
patients are not even aware of their irregularities, while
others complain of a lot fewer irregularities >*. As a
result, numerous indices have been developed in order to
determine the need for treatment more objectively. The
purpose of most occlusal and orthodontic indexes is to
assess the anatomical characteristics of malocclusion
without assessing the patient's subjective perception of
orthodontic anomalies and their impact on the self-esteem
and quality of life of the patient. The first index that
includes the patient's perception of dental aesthetics is the
Index of Orthodontic Treatment Need (IOTN) (its
aesthetic component).

In 1989, Brook and Shaw ° described the index of the
need for orthodontic treatment — IOTN, which consists of
two components: Dental Component (DHC) and Aesthetic
Component (AC).

DHC includes various occlusal traits divided into five
categories (degrees) depending on the severity. The first and
second degree do not indicate the need nor a slight need for
orthodontic treatment, the third degree indicates the
borderline need for therapy, and the fourth and fifth degree
indicate a great need for orthodontic treatment 2 3 9, While
determining this component of the index, not every alteration
is marked, but the worst determined occlusal trait is the one
that defines the highest degree of the need for therapy .

The aesthetic component of the index consists of ten
intraoral photographies depicting various malocclusions
graded according to aesthetic appeal — from the most
attractive to the most unattractive dental look 2 * & 7, By
using this index component, it can be evaluated how
much facial appearance is disturbed with the present
orthodontic irregularity.

Several studies have shown the validity of the IOTN.
It is a reliable, reproducible, accurate, and efficient way to
subjectively and objectively assess treatment needs 5 0 1,

The greatest limitations of AC of the IOTN are that it
is subjective and it does not measure occlusal traits. AC
of the IOTN assesses the aesthetic aspects of the
malocclusion only in the frontal view and emphasizes the
subjective nature of it 12,

There is also a modified form of this index that
simplifies identifying people in the need of treatment. The
modified IOTN has two categories — definite need for
treatment and no definite need for treatment 2 3,

In many countries, studies on the use of the IOTN are
conducted, for example, in Saudi Arabia ** 3, Nigeria 1* %,
France 8, Italy °, Iran 2, Spain 2, and Serbia 2.

The aim of this study was to determine the need for
orthodontic treatment based on AC of the IOTN, to
compare the degree of AC of the IOTN and subjective
perception of individuals about their dental aesthetics, but
also to compare the evaluation of an individual about AC
of the IOTN in comparison with the evaluation of a
therapist.

Methods

The study included 316 army students (226 boys and
50 girls) of the Military Gymnasium in Belgrade, Serbia.
Students were 15-19 years old, and up to the moment of
the research, they were not subjected to orthodontic
treatment. Before inclusion, written informed consent was
obtained from each participant. Students were examined
as part of the Oral Health project of the Military Medical
Academy in Belgrade that had been approved by the
institutional Ethics Committee.

Clinical examination was performed by one dentist, a
specialist in orthodontics, at the Clinic for Dentistry,
Military Medical Academy. During the examination of
students, AC of the IOTN was noted by the therapist as
well as by each student.

AC of the IOTN consists of ten intraoral photos that
are graded according to the aesthetic appeal of the teeth.
The first photo represents the most attractive and the tenth
the least attractive degree. The aesthetic scale is divided
into three categories, according to the need for treatment:
the first — no need for therapy (Figure 1, 1-4); the second
— borderline required therapy (Figure 1, 5-7); the third —
great need for therapy (Figure 1, 8-10).

Color photographs were used for the clinical
determination of the index. The attractiveness of the teeth
was rated according to AC, and the grade was the number
that standed next to the photo. Students were shown an
AC of 10 photographs, and then a photograph most
similar to their tooth appearance was selected.

During the examination, the appearance of the
students' teeth was compared with the photos and classed
in one of the suitable degrees, both by the therapist and by
the subjects as well.

Students with cognitive disorders, chronic illnesses,
craniofacial anomalies, and students who had previously
undergone orthodontic therapy were excluded from the
study. Patients who were not given their consent or were
undergoing orthodontic therapy were also excluded from
the study.

Statistical analysis

For statistical analysis of the data, software IBM
SPSS Statistics 21.0 for Windows was used. The values in
which p < 0.05 were taken as statistically significant.

Data were evaluated by using the y2-test, Mann-
Whitney test, Kolmogorov-Smirnov test, and Spearman's
correlation.

1li¢ J, et al. Vojnosanit Pregl 2021; 78(3): 331-336.
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Fig. 1- Aesthetic component of the Index of Orthodontic Treatment Need
(IOTN): 1-4 — no need for therapy; 5-7 — borderline required therapy;
8-10 — great need for therapy.
Results subjects had no need for therapy (grades 1-4), 9.18% had

The need for orthodontic treatment based on subjects’
evaluation of AC of the IOTN is shown in Table 1.
According to AC of the IOTN, 95.25% of subjects had no
need for orthodontic treatment (grades 1-4), 4.11% had
borderline need (grades 5-7), and 0.63% had a great need for
orthodontic treatment (grades 8-10).

Table 1

Distribution of subjects by gender and the need for
orthodontic treatment (assessment of all subjects)

Need for Subjects, n (%)

orthodontic

treatment male female total

No 254 (95.49) 47 (78.00) 301 (95.25)
Borderline 11 (4.14) 2 (14.00) 13 (4.11)
Great 1(0.38) 1 (8.00) 2 (0.63)
Total 266 (100.00) 50 (100.00) 316 (100.00)
Significance ¥ =1.766; Df = 2; p = 0.414

There were no statistically significant differences
between the sexes during the AC grading within the IOTN.

The need for orthodontic treatment based on evaluation of
AC of the IOTN by the therapist is shown in Table 2. According
to the therapist’s evaluation of AC of the IOTN, 83.23% of

Tli¢ J, et al. Vojnosanit Pregl 2021; 78(3): 331-336.

borderline need (grades 5-7), while 7.59% of subjects had a
great need for orthodontic treatment (grades 8-10).

Table 2

Distribution of subjects by gender and the need for
orthodontic treatment(assessment of therapist)

Need for Subjects, n (%)

orthodontic

treatment male female total

No 224 (84.21) 39 (78.00) 263 (83.23)
Borderline 22 (8.27) 7 (14.00) 29 (9.18)
Great 20 (7.52) 4 (8.00) 24 (7.59)
Total 266 (100.00) 50 (100.00) 316 (100.00)
Significance y?=1.713; Df = 2; p = 0.425

There were statistically significant differences in
determining AC of the IOTN between the subjects and the
therapist.

If we consider all subjects (n = 316), the grades of
subjects and the therapist were in a statistically significant
medium-strong positive correlation (Spearman’s correlation
coefficient: R = 0.463; p = 000).

By observing all subjects, the average grade of subjects
was 2.21, while the average grade of the therapist was 3.00.
This difference was statistically significant.



Page 334

VOJINOSANITETSKI PREGLED

Vol. 78, No 3

By observing all subjects, 0.63% of them needed
orthodontic treatment, while according to the therapist,
7.59% of subjects needed orthodontic treatment. There was a
statistically significant difference (Table 3).

Table 3
Distribution of all subjects by the need for orthodontic
treatment (assessment of all subjects and therapist)

Need for Subjects Therapist
orthodontic treatment n (%) n (%)
No 301 (95.25) 263 (83.23)
Borderline 13 (4.11) 29 (9.18)
Great 2 (0.63) 24 (7.59)
Total 316 (100.00) 316 (100.00)
Significance y? =27.271; Df = 2; p < 0.001

If we consider only male subjects (n = 266), the grades
of participants and the therapist were in a statistically
significant medium-strong positive correlation (Spearman’s
correlation coefficient: R = 0.452; p <0.001).

The average grade of male subjects was 2.20, while the
average grade of the therapist was 3.00. This mentioned
difference was statistically significant.

According to the male subjects, 0.38% of them needed
orthodontic treatment, while according to the therapist,
7.52% of subjects needed orthodontic treatment. There was a
statistically significant difference (Table 4).

Table 4
Distribution of male subjects by the need for orthodontic
treatment (assessment of male subjects and therapist)

Need for Subjects Therapist
orthodontic treatment n (%) n (%)

No 254 (95.49) 224 (84.21)
Borderline 11 (4.14) 22 (8.27)
Great 1(0.38) 20 (7.52)
Total 266 (100.00) 266 (100.00)
Significance y? = 22.740; Df = 2; p < 0.001

If we look at the female subjects (n = 50) , the grades of
the participants and the therapist were in a statistically
significant correlation (Spearman’s correlation coefficient: R
=0.530; p < 0.001).

The average grade of female subjects was 2.28, while
the average grade of the therapist was 3.00. This mentioned
difference was statistically significant.

According to the female subjects, 2% of subjects
needed orthodontic treatment, while according to the
therapist, 8.00% of subjects needed orthodontic treatment.
There was a statistically significant difference (Table 5).

Table 5
Distribution of female subjects by the need for orthodontic
treatment (assessment of female subjects and therapist)

Need for Subjects Therapist
orthodontic treatment n (%) n (%)
No 47 (94.00) 39 (78.00)
Borderline 2 (4.00) 7 (14.00)
Great 1 (2.00) 4 (8.00)
Total 50 (100.00) 50 (100.00)
Significance v’ =5.322; Df=2; p=0.070

Discussion

In recent years, the demand for orthodontic treatment,
together with enhanced general awareness about aesthetics,
has increased in many countries. In our country, children
with small aesthetic imperfections and children with serious
occlusal anomalies have the same right for orthodontic
treatment. Introduction of indexes in orthodontic practice
would eliminate the defects of traditional orthodontic
diagnosis, which is subjective, and priority should be given
to patients in whom therapy is necessary 2.

Besides patients' appearance, psychosocial
circumstances significantly affect the determination of the
need for orthodontic treatment. Therefore, it is difficult to
determine just based on the analysis of plaster models and X-
rays for whom the therapy is necessary and for whom it is
not 3. One of the main reasons why patients require
orthodontic treatment is the reduction of psychosocial
problems related to the appearance of the teeth and face. Not
only are these problems aesthetic, but they can also
significantly affect the quality of life 3. It has been confirmed
by some studies in Spain that the aesthetic appearance of
teeth and the smile significantly affects patients' self-
confidence, especially in the student population 24,

According to this survey, 8% of subjects had a great
need for orthodontic treatment based on the analysis of AC
of the IOTN with a significant difference in the assessments
of the subjects and the therapist. Similar to our results,
JanoSevié¢ et al. 2 found out that 15.3% of subjects had
malocclusions that needed treatment from an aesthetic
viewpoint.

As part of research among children aged 9 to 12 years
in France, Souames et al. '® gave similar assessments based
on the analysis of AC of the IOTN. According to that study,
7% of children had a great need for orthodontic treatment.
There were no significant differences in the aesthetic
evaluation between boys and girls.

Our study showed a significant difference between the
grades of the subjects and the therapist, which was also the
case with Nobile et al. 2°.

Nobile et al. * conducted a study in Italy among children
aged 11 to 14 years in which they compared AC of the index
grades between the examiner and the examined children.
Therefore, they obtained the following results: the therapist
found that therapy was necessary for 8.6% of subjects, while
subjects found that therapy was necessary for 3.2% of subjects.
Based on these results, they came to a conclusion that the
therapist's expert opinion is significantly more critical than the
views of subjects concerning the disruption of the face aesthetic
with present orthodontic abnormalities.

Same as Nobile et al. °, Manzanera et al. 2 and
Hedayati et al. ?° found reduced need for orthodontic
treatment based on the analysis of AC of the IOTN.

Contrary to our study, a study in Shiraz found a slightly
statistical correlation between the grades of subjects and
examiners. The aim of that study was to assess the need for
orthodontic treatment in children aged 11 to 14 vyears.
Subjects were assessed based on AC of the IOTN, according

1li¢ J, et al. Vojnosanit Pregl 2021; 78(3): 331-336.
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to which 4.11% of students had a great need for orthodontic
treatment. Therapists also gave similar ratings according to
which therapy was necessary for 6.21% of students. Their
results showed that the need for orthodontic treatment was
reduced, and most of the students were in the category of the
little need for therapy 2.

Orthodontic treatment depends on the perception of the
therapist but also on the perception of the patient. The
perception of the patient and the actual need for orthodontic
treatment helps in treatment planning. The patient’s
assessment for orthodontic treatment need is not always in
correlation with the professional assessment. This was
determined by Hassan *, Kolawole et al. ¢, Aikinis et al. ¥,
Hamdan 2, and Ousehal et al. 2.

While conducting research on subjects 12 to 18 years
old on the territory of Nigeria, Aikinis et al. ¥’ noticed a
significant difference in the rankings of the attractiveness of
occlusion between the patients and the therapist. Based on
the perception of the therapist, 17.6% of subjects had a great
need for therapy. In patients' perception, 6.5% of subjects
had a great need for therapy. Age and gender did not have an
impact on assessing the need for orthodontic therapy *’.

Moreover, Soh and Sandham 27 found no correlation
between the subjects and the therapist. They studied Asian
male army recruits aged 17-22 years. The subjects perceived
dental aesthetics differently from the therapist, which is
similar to that of the present study. As in our study, men
were generally more satisfied with their dental appearance
and less likely to perceive the need for orthodontic treatment
in order to correct their malocclusion.

This lack of understanding of the nature of
malocclusion and its consequences suggests promoting
further knowledge and awareness of malocclusion.

A significant correlation in grades for AC of the IOTN
of the therapist and subjects was found by Albarakati et al. %5,
Siddiqui et al. 28, and Ghijselings et al. .

Siddiqui et al. 2 conducted a study on this index on
children aged 16 to 25 years and found a significant positive
relation between the perceptions of the therapists and
patients. Compared with the children in younger age groups,
patients with the increase in the average age must be more
aware of their aesthetic needs .

Another study in which patients from 17 to 24 years
were tested showed that patients were less critical in
assessing the need for orthodontic treatment compared to
therapists. In assessing AC, therapists are significantly
associated with the real need for therapy, while the aesthetic
assessment of the subjects does not affect so much the real
need for therapy as gender and personality traits *.

Based on the therapist's assessment, Cai et al. ** have
established that the need for therapy is present in 32% of
subjects, and only 11% of subjects think that orthodontic
therapy is necessary. In that study, as in ours, the opinion of
young people about the aesthetic appearance of their teeth
differs from the opinion of the therapists. They do not have a
realistic view of their appearance and are unable to seriously
understand their orthodontic irregularity. Before starting
treatment, it is important to explain in detail to patients their

1li¢ J, et al. Vojnosanit Pregl 2021; 78(3): 331-336.

condition and why further therapy is needed. This improves
communication between the patient and the therapist, better
understanding, and better results are achieved in the treatment.

In the research of Cai et al. *, the influence of gender
and personality traits on the subjective perception of the AC
was also assessed. Similar to our results, it was concluded
that young Chinese women are more critical about dental
aesthetics than men, and emotionally introverted people are
more critical when their dental aesthetics is concerned 33,

Some research has shown that even younger children
have a rational view on the aesthetics of teeth and the need
for orthodontic treatment. However, some authors believe
that AC should not be used in children with mixed dentition
because some orthodontic irregularities are often corrected
during the period of growth and development or after
breaking bad habits. Just for this reason, high rating values
for the need for orthodontic treatment occur if AC is used in
children with mixed dentition 8. Nevertheless, current trends
toward earlier initiation of the therapy justify the fact that the
IOTN is also used in younger children.

The correct identification of patients who need
orthodontic treatment from the early years of life allows
interceptive treatments so that the increase in the severity of
disorders and the need for more complex and expensive
corrective orthodontic treatments is prevented %2,

If the patient's understanding of the need for treatment
or the aesthetic classification is not the same as the
therapist's one, it can pose a problem in the sense of the
constraints of the need for therapy, or it may complicate the
therapy itself 2233, In order to ensure patient satisfaction and
efficient orthodontic treatment, the perception of the patient,
not just the professional assessment of the therapist, must be
taken into consideration. A good correlation between self-
perception and the real need for therapy indicates that
patients are able to understand their clinical condition.

Conclusion

The obtained results showed that subjects did not have
quite a rational view about the aesthetics of the teeth. They
were not aware of the seriousness of orthodontic
irregularities and the need for orthodontic treatment.

Before starting therapy, patients need to explain in
detail the real need for orthodontic therapy. A better
understanding of the patient has a positive effect on the goals
of the treatment, reduces the likelihood of compromised
outcomes of the treatment, and guarantees better results.

Using the IOTN, it is possible to estimate the need for
orthodontic therapy considering dental aesthetics and AC of
orthodontic anomalies. Due to the high prevalence of
orthodontic irregularities, it would be important to introduce
the use of this index in clinical practice in order to determine
the priorities for the treatment and allocate the resources of
dental health care correctly.
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Abstract

Background/Aim. Contrast-induced acute kidney injuty
(CI-AKI) is a common complication after the percutaneous
coronary intervention, associated with a prolonged hospital
stay, increased medical costs, and risk of adverse clinical
outcomes. The aim of this study was to compare changes in
levels of serum creatinine (sCr) and cystatin C (sCyC) 24 h
after coronary angiography as an early indicator of CI-AKI.
Methods. The study included 45 patients with chronic renal
failure grade I-III scheduled for coronary angiography.
Levels of sCr and sCyC were measured a day before and 24
h after coronary angiography. CI-AKI was defined as a 25%
and 10% increase of sCr and sCyC levels from baseline
within 24 h from contrast media exposure, in the absence of
alternative causes. Results. Mean sCr and sCyC concentra-
tions were 86.4 £ 22.6 umol/L and 1.18 £ 0.52 mg/dL, re-
spectively before contrast administration, and 90.6 + 24.1
pmol/L and 1.24 * 0.65 mg/dL, respectively 24 h after
contrast media exposure. sCr-based CI-AKI occurred in 4
patients (8.89%) and sCyC-based CI-AKI was detected in
19 patients (42.22%) after the contrast procedure (p <
0.001). Conclusion. sCyC level measured 24 h after con-
trast media exposure is a more sensitive indicator of CI-
AKI than sCR level.

Key words:
kidney failure, acute; kidney failure, chronic; coronary
angiography; creatinine; cystatin c.

Apstrakt

Uvod/Cilj. Kontrastom izazvano akutno ostecenje bubrega
(KI-AOB) uobicajena je komplikacija nakon perkutane kor-
onarne intervencije i dovodi do produZene hospitalizacije,
povecanih medicinskih troskova i rizika od neZeljenih klin-
ickih ishoda. Cilj rada bio je da se uporede promene u nivou
serumskog kreatinina (sKr) i cistatina C (sCiC) 24 sata na-
kon ucinjene koronarne angiografije kao ranih indikatora
KI-ABO. Metode. Studija je obuhvatila 45 bolesnika sa
hroni¢nom bubreznom insuficijencijom 1-3. stadijuma
kojima je planirana koronarna angiografija. Nivoi sKr i sCiC
su mereni dan pre, kao i 24 sata posle koronarne angiografi-
je. KI-ABO je bilo definisano kao povecanje nivoa sKr i
sCiC od 25%, odnosno 10% u odnosu na bazalni nivo u
roku od 24 sata nakon izlaganja kontrastnom sredstvu, a u
odsustvu drugih alternativnih uzroka. Rezultati. Srednje
vrednosti nivoa sKr i sCiC iznosile su 86,4 £ 22,6 umolL./L i
1,18 + 0,52 mg/dL, redom, pre primene kontrasta, odnosno
90,6 * 24,1 umoL/L i 1,24 + 0,65 mg/dL, 24 sata nakon
izlaganja kontrastnom sredstvu. S obzirom na nivo sKr, KI-
ABO evidentirano je kod 4 bolesnika (8,89%), a s obzirom
na nivo sCiC kod 19 bolesnika (42,22%) (p < 0,001).
Zakljucak. Nivo sCiC je osetljiviji indikator KI-ABO od
sKr 24 sata nakon izlaganja kontrastnim sredstvima.

Kljucne reci:

bubreg, akutna insuficijencija; bubreg, hroni¢na
insuficijencija; angiografija koronarnih arterija;
kreatinin; cistatin c.

Correspondence to: Dejan Piléevi¢, Military Medical Academy, Clinic for Nephrology, Crnotravska 17, 11 000 Belgrade, Serbia.

E-mail: dejan.pilcevic@gmail.com



Page 338

VOJINOSANITETSKI PREGLED

Vol. 78, No 3

Introduction

Contrast-induced acute kidney injury (CI-AKI) is a
common complication after the percutaneous coronary
intervention (PCI), associated with a prolonged hospital
stay, increased medical costs, and risk of adverse clinical
outcomes 12, This complication has become the third cause
of hospital-acquired acute kidney injuries (11.3%) 3. Since
effective treatment measures for preventing CI-AKI have
not been completely established, early diagnosis in
previously identified high-risk patients for the development
of this complication is necessary . CI-AKI is usually
defined as an absolute increase > 0.3 mg/dL, or a relative
increase >25% of serum creatinine (sCr) from baseline
level within the period of 24-48 h after contrast exposure
in the absence of an alternative cause >**. However, sCr
concentration is affected by gender, age, muscle mass, and
diet. Moreover, its increase could be delayed, which can
discredit it as a certain indicator of acute renal failure 25,
Cystatin C (CyC), a cationic low molecular weight cysteine
protease produced by all nucleated cells at a constant rate
but not metabolized in the serum, is freely filtered by the
glomeruli 8, Compared with sCr, cystatin C is less affected
by the previously mentioned factors. Its half-life is 3 times
shorter, and maximum levels are reached within 24 h after
contrast exposure, which recommend it as the marker of
early changes in glomerular filtration rate (GFR) "-°,
However, some studies reported its low predictive value for
CI-AKI compared with sCr 2% 2L, According to the fact that
the majority of our patients are discharged from the
hospital 24 hours after the coronary angiography, in the
present study, we compare changes in sCr and sCyC levels
in that period with the aim to establish a reliable early
diagnostic tool for predicting CI-AKI.

Methods

Design and participants

During 2018, 45 consecutive patients over 18 years
of age, with chronic renal failure (CRF) stages I-IlI,
scheduled to undergo coronary angiography at the
Military Medical Academy (MMA) in Belgrade, Serbia,
were prospectively recruited. The exclusion criteria were
pregnancy, lactation, malignancy, GFR > 100 mL/min,
GFR <30 mL/min, age < 18 years, recent exposure to
contrast medium (CM) (within the period of 3 months
before the procedure), and the use of more than 300 mL
of CM.

As CM, we used non-ionic, low-osmolality iodinated
CM, either iohexol (Omnipaque®, 350 mg I/mL) or
iopromid (Ultravist®, 370 mg I/mL) for all patients. For
the purpose of CI-AKI prophylaxis, all patients received a
continuous intravenous infusion of 1,000 mL isotonic
saline at least 1-6 h after the procedure [with or without
N-acetyl-cysteine (NAC) — 2 x 600 mg per os — the day
before and on the day of procedure]. The study protocol

was approved by the Ethics Committee of MMA.
Informed consent was obtained from all participants.

Data collection, biomarker measurement, and follow-up

Demographic and clinical data were recorded for
each participant. All biochemical indicators — sCr, sCyC,
hemoglobin (Hgb), albumins, lipids, C-reactive protein
(CRP), brain natriuretic peptide (BNP), urinary beta-2
microglobulin (beta-2 MCG), urinary albumin/creatinine
ratio (alb/cr) — were collected in the morning prior to the
procedure and 24 h after the coronary angiography. They
were measured in the Central Biochemistry Laboratory of
MMA. sCyC was quantified with particle-enhanced
nephelometric immunoassay (PENIA) method (BN 1I
Dade Behring, Germany).

The Chronic Kidney Disease Epidemiology (CKD
EPI) formula was used to calculate the estimated GFR
(eGFR) %2, For the purpose of this study, sCr-based AKI
was defined as a relative increase > 25% from baseline
level within the 24 h after contrast exposure, and sCyC-
based AKI was defined as an increase in the sCyC
concentration greater than 10% within the 24 h of contrast
media exposure in the absence of an alternative cause 23,

Statistical analyses

The continuous variables were presented as the mean
+ standard deviation (SD) or median [with interquartile
range (IQR): 25th and 75th percentiles] and categorical
variables as percentages. For continuous variables,
comparisons  between groups were made using
the independent samples t-test for normally distributed
data and the Mann-Whitney test for non-normally
distributed data. Categorical data were compared using
the chi-squared (¥?) test. The value of p<0.05 was
considered significant throughout the analyses. All
analyses were performed using SPSS 19.0 software.

Results

The demographic and biochemical characteristics of
our patients are shown in Table 1. The majority of them
were male (66.67%), mean age 66.9 + 8.2 years, mean
body mass index (BMI) 26.87 £ 3.94 kg/m2. Thirty-four
patients (75.6%) had high blood pressure, 16 patients
(35.6%) were diabetics, the same number of patients was
detected in the population of former or active smokers,
and 4 patients (8.9%) had asymptomatic heart failure.
Baseline levels of sCr and sCyC were 86.4 + 22.6 pumol/L
and 1.18 + 0.52 mg/dL, respectively. Mean eGFR
calculated by CKD EPI formula was 75.04 +16.62
mL/min per 1.73 m2. Mean values of CRP, BNP, Hgb,
albumins, lipids, alb/cr ratio in urine were in the normal
range. Seven patients (15.56%) had abnormal baseline
values of urinary beta-2 MCG. Twenty-five patients
(55.6%) were treated with the prophylactic regime with
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Table 1
Demographic and biochemical characteristics of the patients

Variables Values
Sociodemographic characteristics

age (years), mean £ SD 66.89 + 8.22

male, n (%) 30 (66.7)

female, n (%) 15 (33.3)

BMI (kg/m?2), mean £ SD 26.87 +3.94
Comorbidities

current or prior smoking; n (%) 16 (35.6)

hypertension, n (%) 34 (75.6)

prior Ml or stroke, n (%) 6 (13.3)

diabetes mellitus, n (%) 16 (35.6)

NYHA Grade l11-1V, n (%) 4(8.9)
Renal function

eGFR (mL/min/1.73 m?), mean + SD 75.04 + 16.62

eGFR (90 to 99.9 mL/min/1.73 m?), n (%) 15 (33.3)

eGFR (60 to 89.9 mL/min/1.73 m?), n (%) 15 (33.3)

eGFR (30 to 59.9 mL/min/1.73 m?), n (%) 15 (33.3)

sCr baseline (umol/L), mean + SD 86.44 + 22.64

sCyC baseline (mg/L), median (IQR)
Biochemical characteristics

CRP baseline (mg/L), median (IQR)

BNP baseline (pg/mL), median (IQR)

1.06 (0.87-1.25)

2.95 (0.72-7.25)
78.10 (31.40-134.56)

Hgb baseline (g/L), mean = SD
Alb baseline (g/L), mean + SD

Chol baseline (mmol/L), mean £ SD
Tg baseline (mmol/L), median (IQR)

Alb/Cr urine, median (IQR)
Beta-2 MCG > 0,200 mg/L, n(%)
Contrast protocol

volume of CM (mL), median (IQR)

prophylaxis without NAC, n (%)
prophylaxis with NAC, n (%)

138.51 +11.27
43.49 +3.22
4.64+1.25

1.56 (1.14-2.64)

0.016 (0.011-0.035)

7 (15.56)

100 (100-100)
25 (55.6)
20 (44.4)

CI-AKI - contrast-induced acute kidney injury; CM — contrast
media; eGFR - estimated glomerular filtration rate;

MI — myocardial infarction; NYHA — New York Heart Associations;
BMI - body mass index; sCr — serum creatinine;

sCyC - serum cystatin C; Chol - cholesterol; Tg - triglycerides;

CRP - C-reactive protein; BNP — brain natriuretic peptide;

Hgb — hemoglobin; Alb — albumin; Alb/Cr — albumin/creatinine ratio;
MCG —microglobulin; NAC — N-acetyl-cysteine;

IQR - interquartile range; SD — standard deviation.

isotonic saline alone and another 20 patients (44.4%) with
additional NAC (2 x 600 mg per 0s).

In our study, after contrast media exposure, mean
sCr and sCyC concentrations were 90.6 + 24.1 umol/L
and 1.24 + 0.65 mg/dL, respectively. sCyC based CI-AKI
occurred in 19 patients (19/45, 42.22%) including 4
patients (4/45, 8,89%) with sCr based CI-AKI (y?test; p <
0.001).

After this finding, we decided to form 2 groups
based on CI-AKI development. In the group with CI-AKI,

Pilcevi¢ D, et al. Vojnosanit Pregl 2021; 78(3): 337-342.

sCyC levels significantly increased 24 h after coronary
angiography (p < 0.03), and eGFR values were found to
be significantly decreased (p < 0.012) (Table 2). We also
found significant differences in the percentage of
changing sCr and sCyC concentrations (p < 0.001).
Among the demographic parameters, only age and
diabetes mellitus were found to be associated with CI-
AKI development (p < 0.015 and p < 0.04, respectively).
However, the medication therapy, CM volume, and other
demographic characteristics and biochemical parameters
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Table 2
Characteristics of patients after contrast applications according to contrast-induced nephropathy
Variables No CI-AKI (n = 26) CI-AKI (n =19) p-value
Age (years), mean £ SD 64.38 + 8.08 70.32+7.29 0.015!
Gender (male/female), n (%) 19 (73.1)/7 (26.9) 11 (57.9)/8 (42.1) 0.455?
BMI (kg/m?2), mean £ SD 27.38 +4.48 26.18 +3.04 0.320!
Current or prior smoking, n (%) 9 (56.3) 7 (43.8) 1.000?
Hypertension, n (%) 7 (26.9) 4(21.1) 0.9192
Prior M1 or stroke, n (%) 4 (15.4) 2 (10.5) 0.9762
Diabetes mellitus, n (%) 13 (50.0) 16 (84.2) 0.0402
NYHA Grade I1I-1V, n (%) 2(7.0) 2 (10.5) 0.7412
eGFR (90 t0 99.9 mL/min/1.73 m?), n (%) 10 (38.5) 5 (26.3)
eGFR (60 to 89.9 mL/min/1.73 m?), n (%) 9 (34.6) 6 (31.6) 0.5292
eGFR (30 to 59.9 mL/min/1.73 m?), n (%) 7 (26.9) 8 (42.1)
sCr baseline (umol/L), mean + SD 87.12 +20.28 85.53 + 26.07 0.819!
sCr 24 hours post CM exposure (umol/L), mean £ SD 86.69 + 20.42 96.00 + 27.97 0.203!
sCy baseline (mg/L), median (IQR) 1.10 (0.89-1.24) 0.97 (0.82-1.49) 0.654°
sCyC 24 hours post CM exposure (mg/L), median (IQR) 1.02 (0.86-1.24) 1.23 (0.95-1.81) 0.030°
eGFR baseline (mL/min/1.73 m?), mean + SD 78.25 +15.90 70.65 + 17.00 0.131*
eGFR 24 hours post CM exposure (mL/min/1.73 m?), mean + SD 77.82+14.54 65.09 + 17.95 0.012*
CRP baseline (mg/L), median (IQR) 2.99 (0.86-7.30) 2.95 (0.65-7.69) 0.597%
CRP 24 hours post CM (mg/L), median (IQR) 3.42 (1.26-11.17) 5.58 (2.21-12.09) 0.3128
BNP baseline (pg/mL), median (IQR) 70.93 (25.17-122-90) 92.31 (49.53-142.83)  0.290°
BNP 24 hours post CM(pg/mL), median (IQR) 52.72 (32.37-116.36)  86.40 (51.64-160.81)  0.198°
Hgb baseline (g/L), mean + SD 140.62 +11.32 135.63 £10.83 0.145!
Hgb 24 hours post CM (g/L), mean + SD 138.19 +11.94 138.63 + 14.66 0.912*
Alb baseline (g/L), mean + SD 43.65+3.11 43.26 £3.43 0.692!
Alb 24 hours post CM (g/L), mean £+ SD 43.35+3.27 44.05+3.20 0.475*
Chol baseline (mmol/L), mean = SD 4.82+1.33 440+1.11 0.268*
Chol 24 hours post CM (mmol/L), mean = SD 483+1.41 4.35 +1.06 0.223!
Percentage of changing sCr, median (IQR) -0.43 (-6.19-7.16) 10.67 (4.61-21.31)  <0.0013
Percentage of changing sCyC; median (IQR) -3.22 (-10.86-5.45) 18.56 (14.15-29.24) < 0.0013
Tg baseline (mmol/L), median (IQR) 1.75 (1.18-2.86) 1.50 (1.08-2.11) 0.265°
Tg 24 hours post CM (mmol/L), median (IQR) 1.73 (1.19-2.42) 1.36 (1.05-1.84) 0.1033
Beta-2 MCG > 0.200 mg/L, baseline, n (%) 2(71.7) 2 (10.5) 1.0002
Beta-2 MCG > 0.200 mg/L, 24 hours post CM, n (%) 4 (15.4) 3(15.8) 1.0002
Alb/Cr urine baseline, median (IQR) 0.018 (0.011-0.044) 0.014 (0.010-0.029) 0.638°
Alb/Cr urine 24 hours post CM exposure, median (IQR) 0.021 (0.009-0.045) 0.012 (0.010-0.042) 0.296°
Volume of CM (mL), median (IQR) 100 (100-105) 100 (100-100) 0.6813
Prophylaxis without NAC, n (%) 17 (65.4) 8 (42.1) 0.212?
Prophylaxis with NAC, n (%) 9 (34.6) 11 (57.9) '

For abbreviations see under Table 1.

Independent samples t-test; 2Chi-squared test; *Mann-Whitney test.

were similar between the two groups (Table 2). The
results of our study showed that sCyC can significantly
improve the early prediction of CI-AKI.

Discussion

Although sCr is not a reliable biomarker of glomerular
filtration rate (according to the well-known variations related
to gender, age, muscle mass, and nutrition), CI-AKI has been
traditionally diagnosed based on the dynamic changes in sCr
level after contrast exposure ¢, CyC, a cysteine protease
freely filtered by the glomeruli (without previous
metabolization in the serum), has a shorter half-life, a more
rapid rise, and an earlier achievement of a new steady-state
compared with sCr which recommends it as the alternative to
sCr for evaluating GFR 2>, The reliability of sCyC as a
biomarker in detecting acute changes in kidney function has
been proven in several previous studies, including CI-AKI
patients 2-2°, However, like other available biomarkers, it is

not ideal — the level of sCyC could be impacted with
atherosclerosis and cardiac  structural — abnormalities
processes. Moreover, a very serious problem demonstrated in
the previously reported studies was the lack of consensus for
the cut-off value for CyC elevation *. Yin et al. *, in a study
including a total of 204 patients undergoing primary
angioplasty, found that CyC relative increase > 10% within
72 h had a good predictive value for CI-AKI. Briguori et
al. %, in one of the most apostrophized studies related to
CyC, which included patients with chronic kidney disease
followed for one consecutive year, concluded that CyC
increase > 10%, 24 h after contrast media exposure, was the
best increment cut-off value for the early diagnosis of CI-
AKI. Zhang et al. * confirmed this claim in their study.
Contrary to these studies, Liu et al. ®, in another study that
encompassed 311 patients with CRF, did not find the
superiority of CyC for detecting CI-AKI. Moreover,
Ribichini et al. %, in a study that included 166 patients with
the risk of developing CI-AKI, found that variations of the
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baseline serum creatinine are more reliable for detecting CI-
AKI at an earlier stage than similar variations in CyC.

In our study, 19 CI-AKI cases were detected by sCyC
and 4 of them fulfilled criterion for sCr based CI-AKI, too.
We did not find any case where sCr was superior to sCyC as
a biomarker of CI-AKI. The overall incidence of CI-AKI in
our analysis (19 cases or 42.22%) was higher than in most
previous reports, but the fact that it was conducted on
patients with pre-existing CRF stages I-1l1l provides a
reasonable explanation for this and corresponds to the
previous results in similar patient populations 342,

Furthermore, during these procedures, some patients, who
underwent coronary angiography with stent implantation,
received a significantly higher dose of CM than usually (more
than 100 mL). On the other hand, the incidence of sCr-based CI-
AKI (8.89%) was less than in other studies, which can be
explained by the fact that we have measured sCr 24 hours after
contrast media exposure. We believe this percentage is
underestimated due to a short follow-up period.

According to these results, we concluded that an
increase of 10% in sCyC can be reliable for early diagnosis
of CI-AKI. On the other hand, we consider that 25% of the
increase in sCr is a too strict criterion for this early period,
and perhaps we should define a new cut-off for this marker
at that time interval. This claim is further supported by the
fact that we found statistically significant results in the
percentage of creatinine and eGFR change.

This study had several limitations. Firstly, this was a
single-center study with a small number of patients hence the
results of our study should be confirmed by further larger
multicenter studies. Secondly, the majority of patients were

discharged 24 h after coronary angiography, which may have
led to an underestimation of the true incidence of CI-AKI.
Thirdly, our study is not designed to evaluate long-term
outcomes. Additionally, other prevention measures, such as
statin, diuretic, or angiotensin converting enzyme (ACE)
inhibitors use, were not standardized in our study, which
may have influenced the development of this
complication ** 4, Our upcoming study will include a larger
number of patients with the use of other early biomarkers
and prophylactic regimes, which can additionally confirm
and improve the results of this study.

Conclusion

Patients with a high risk of developing contrast-induced
acute Kidney injury (especially with chronic renal failure)
should be monitored with serum cystatin C for 24 hours after
exposure to contrast media or more than 48 hours if serum
creatinine is used. On the other hand, when considering the
economic cost-effectiveness of using serum cystatin C apart
from the difference in the price of these two markers, the
costs of prolonged hospitalization due to acute kidney injury
treatment should be considered as well. It is certain that the
untimely diagnosis of contrast-induced acute kidney injury
represents the worst possible scenario for our patients, both
financially and in terms of the quality of their treatment, and
the same must be avoided. Therefore, the use of contrast-
induced acute kidney injury markers should be considered
rationally, but with an individual approach (especially in
patients with a higher risk of developing contrast-induced
acute kidney injury).
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Accuracy of serum procalcitonin, C-reactive protein, and soluble
CD14 subtype levels in diagnosis of sepsis in children

Tacnost nivoa serumskog prokalcitonina, C-reaktivnog proteina i rastvorljivog
CD14 podtipa u dijagnozi sepse kod dece

Sanja KneZevi¢ Rangelov*', Slobodan M. Jankovi¢**

University of Kragujevac, *Faculty of Medical Sciences, Kragujevac, Serbia; Clinical
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Abstract

Background/Aim. Despite the widespread use of procalci-
tonin, C-reactive protein (CRP), and soluble CD14 subtype
(sCD14-ST), their diagnostic accuracy in children with sepsis
is not yet clear. The aim of the study was to establish and
compare the diagnostic accuracy of procalcitonin, CRP, and
sCD14-ST in children admitted to the hospital under suspi-
cion of having sepsis. Methods. The study was designed as a
retrospective cross-sectional study on children admitted to
the Pediatrics Clinic in Kragujevac, Serbia, under suspicion of
sepsis, during a 6-month period. Diagnostic accuracy was
tested by the construction of receiver operating characteristic
(ROC) curves and their comparison in terms of area under
the curve (AUC). Results. Procalcitonin had the largest AUC
[0.75; 95% confidence interval (CI) 0.63-0.88], followed by
CRP (0.68; 95% CI 0.54-0.81) and sCD14-ST (0.65; 95% CI
0.52 — 0.79). Differences between the areas under the ROC
curves were not significant (CRP vs. procalcitonin z = 1.054,
p = 0.291; CRP vs. sCD14-ST z = 0.238, p = 0.812; procalci-
tonin vs. sCD14-ST z = 1.089, p = 0.286). Conclusion. Our
study showed relatively low sensitivity and moderate specifici-
ty of procalcitonin, C-reactive protein and sCD14-ST in diag-
nosing sepsis among children, as well as similar diagnostic ac-
curacy of the three biomarkers.

Key words:
biomarkers; c-reactive protein; child; diagnosis;

b ) o b
presepsin protein, human; sensitivity and specificity;
sepsis.

Apstrakt

Uvod/Cilj. Uptkos rasprostranjenom merenju nivoa
prokalcitonina, C-reaktivnog proteina (CRP) i rastvorljivog
CD14 podtipa (sCD14-ST) u serumu, njihova tac¢nost u di-
jagnozi sepse kod dece jos nije jasna. Cilj studije bio je da se
utvrdi i uporedi dijagnosticka tacnost prokalcitonina, CRP-a
1 sCD14-ST-a kod dece primljene u bolnicu zbog sumnje na
sepsu. Metode. Studija je bila dizajnirana kao retrospektivna
studija preseka i sprovedena na deci primljenoj u Pedi-
jatrijsku kliniku Klinickog centra Kragujevac tokom Ses-
tomesecnog perioda pod sumnjom na sepsu. Dijagnosticka
tacnost je bila testirana konstrukcijom kriva prijemnik-
operator (KPO) za svaki od testova i poredenjem povrsina
ispod njih. Rezultati. Prokalcitonin je imao najveéu pov-
rsinu ispod krive [0,75; 95% interval poverenja (CI) 0,63—
0,88], zatim slede CRP (0,68; 95% CI 0,54-0,81) i sCD14-
ST (0,65; 95% CI 0,52-0,79). Razlike izmedu povrsina ispod
KPO krivih nisu bile znacajne (CRP vs. prokalcitoninu z =
1,054, p = 0,291; CRP vs. sCD14-ST-u z = 0,238, p = 0,812;
prokalcitonin vs. sCD14-STu z = 1,089, p = 0,280).
ZakljuCak. Nasa studija je ukazala na relativno nisku
senzitivnost i umerenu specificnost prokalcitonina, CRP-a i
sCD14-ST-a u dijagnozi sepse kod dece, kao i slicnu dijag-
nosticku tacnost ta tri biomarkera.

Kljucne reci:

bioloski pokazatelji; c-reaktivni protein; deca;
dijagnoza; presepsin protein, humani; senzitivnost i
specifi¢nost; sepsa.

Introduction

According to the International Consensus Conference
on Pediatric Sepsis held in 2005, sepsis could be defined as a
joint occurrence of systemic inflammatory response syn-

drome with either microbiological confirmation of infection
or clinical syndrome associated with a high probability of in-
fection *. Apart from these clinical and microbiological crite-
ria, several serum markers of inflammation are used for
strengthening the diagnosis of sepsis; procalcitonin (PCT),
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C-reactive protein (CRP), and soluble CD14 subtype
(sCD14-ST) (“presepsin”) are among the most frequently
used inflammatory markers. In a recent systematic review
of diagnostic accuracy studies involving PCT, CRP, and
sCD14-ST in a patient with sepsis, it was shown that the
usefulness of these biomarkers for diagnosing sepsis re-
mains debatable, as well as the significance of the differ-
ence in sensitivity and specificity between the three 2.

Diagnostic accuracy is especially problematic in
children with sepsis, as recent meta-analysis reported high
sensitivity (85%) but low specificity (54%) of PCT 3, and
some other studies reported moderate sensitivity (87.5%)
and specificity (70.9%) of CRP * and high sensitivity
(94%) and specificity (100%) of sCD14-ST °. However,
not all studies confirmed these figures in pediatric pa-
tients, thus the true role of these biomarkers for diagnos-
ing sepsis, especially in newly admitted children, remains
to be established .

The aim of our study was to establish and compare
the diagnostic accuracy of PCT, CRP, and sCD14-ST in
children admitted to the hospital under suspicion of hav-
ing sepsis.

Methods

The study was designed as a retrospective, observa-
tional cross-sectional study on children admitted to Pedi-
atric Clinic in Kragujevac, Serbia (part of the Clinical
Center of Kragujevac) under suspicion of sepsis during
the first 6 months of 2017. The Inclusion criteria were the
following: age below 18 years, admission to the hospital,
values of PCT, sCD14-ST, and CRP measured upon ad-
mission, and suspicion of sepsis regardless of the source
of the infection. The exclusion criteria were the follow-
ing: septic shock, incomplete patient file, and antibiotic
treatment during the last 15 days prior to admission. The
study sample was not random but consecutive, as all pa-
tients admitted to the hospital during the study period, due
to suspicion of sepsis, were enrolled if the criteria for in-
clusion and exclusion were satisfied.

Blood samples were taken from a peripheral vein on
admission, and sera were separated by centrifugation and
sent to the central laboratory of the Clinical Center of
Kragujevac. PCT was measured by electrochemilumines-
cence method (COBAS, Roche), CRP by immunoturbi-
dimetry (AU680 and AU400, Beckman Coulter Analyz-
ers), and sCD14-ST by chemiluminescence (PATHFAST
immunoanalyzer, Mitsubishi Chemical Europe). The la-
boratory was accredited by the Serbian Interlaboratory
Control body. The following variables were collected
from the patients’ files: serum levels of PCT, sCD14-ST,
and CRP on admission, age, gender, serum level of creat-
inine, white cell count, results of microbiological analysis
of blood and tissue samples, data about body temperature
on admission, data about chest X-ray if available, and vi-
tal parameters (all variables were measured upon admis-
sion if not stated otherwise). The existence of sepsis was
confirmed based on the criteria set by the International

Consensus Conference on Pediatric Sepsis. The study was
approved by the Institutional Review Board of Pediatric
Clinic in Kragujevac.

The sample size was calculated based on the follow-
ing assumptions: power of the study at least 80%, proba-
bility of type one error 0.05, the difference between the
areas under the receiver operating characteristic (ROC)
curves (AUC) tested by Student's t-test for independent
samples, expected difference between the AUCs taken
from the study of Julidan-Jiménez et al. 7 (0.79 vs. 0.72)
and standard deviation of AUCs measurement of 0.15.
The calculation was performed using G-power software
version 3.1 8,

Statistics

Distributions of data from the study were tested for
normality by Kolmogorov-Smirnov test and then de-
scribed by measures of central tendency (median) and
variability (interquartile range). The differences among
the study groups in regard to continuous variables were
tested for significance by the Mann-Whitney U test, and
those in rates by the 2 test. AUCs were calculated for
PCT, CRP, and sCD14-ST, together with 95% confidence
intervals (CI). Optimal cut-off values were determined by
the Manhattan method using online calculator created by
the Charite-Universitatsmedizin Berlin °. The signifi-
cance of differences between the AUCs was tested by the
De Long's method ° using MedCalc software. All other
calculations were performed by the Statistical Software
for Social Sciences (SPSS) version 20.0.

Results

The study included 80 children, out of which 36 had
sepsis according to the International Pediatric Sepsis Con-
sensus Conference criteria. Characteristics of the groups
with and without sepsis are shown in Table 1. The Kol-
mogorov-Smirnov test showed that, on admission, only
white cell count and creatinine serum level in children
without sepsis were normally distributed (p =0.200 and
p = 0.210, respectively), precluding the use of parametric
tests for comparison of the study groups.

In the group of children with sepsis, 24 (66.7%)
children had a microorganism isolated: Enterococcus spp.
2 (8.3%), Salmonella enteritidis 1 (4.2%), Micrococcus
luteus 1 (4.2%), Streptococcus beta-haemolyticus 1
(4.2%), Serratia spp. 1 (4.2%), Streptococcus pneumoniae
2 (8.3%), Klebsiella spp. 5 (21%), Staphylococcus spp. 4
(16.6%), Escherichia coli 4 (16.5%), Pseudomonas spp. 2
(8.3%), and Neisseria meningitidis 1 (4.2%). The isola-
tion sites in this group were as follows: cerebrospinal flu-
id in 7 (29.2%) cases, blood in 7 (29.2%) cases, urine in 2
(8.3%) cases, tracheal aspirate in 7 (29.2%) cases, and
stool in 1 (4.1%) case.

In the group of children without sepsis, 22 (50.0%)
had a microorganism isolated: Enterococcus spp. 2
(9.1%), Salmonella enteritidis 1 (4.5%), Streptococcus
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Table 1
Clinico-epidemiologic characteristics of the study groups on admission
Variable Children with sepsis Children without sepsis Significance of
(n=36) (n=44) difference
Age in months, Mann-Whitney U test =
median (IQR) 15(1.3-56.0) 9 (1.25-41.0) 659.5; 0.200
2 _ .
Gender (m/f), n (%) 13/23 (36.1/63.9) 21/23 (47.7/52.3) Pearson ¥ test= 1.09%:
2 - .

Febrile, n (%) 29 (80.5) 25 (56.8) Pearson())gotgzt*— 5.086;

White cells count (x10%L), median (IQR) 15.2 (11.1-18.9) 13.4 (10.8-18.8) Mann-Whitney U test =
752.0; 0.699

Serum creatinine (umol/L), median (IQR) 43.0 (39.0-48.0) 42.0 (34.0-47.5) Mann-Whitney U test =
651.5; 0.392

CRP (mg/L), median (IQR) 76.6 (9.9-131.0) 17.1 (3.5-67.7) Mann-Whitney U test =
450.5; 0.001*

Procalcitonin (ng/mL), median (IQR) 2.130 (0.144-5.220) 0.261 (0.108-0.615) Mann-Whitney U test =
218.5; 0.001*

sCD14-ST (pg/mL), median (IQR) 259.0 (163.0-535.5) 189.0 (127.0-267.5) Mann-Whitney U test =
498.0; 0.004*

Primary site of bacterial infection and Blood, sepsis — 14 (38.9) Viral bronchopneumonia —

diagnosis at discharge from the hospital, Cerebrospinal fluid, meningitis 10 (22.7)

n (%) -8(22.2) Gastroenterocolitis, viral —

Lungs, bacterial 13 (29.6)
bronchopneumonia — 6 (16.7) Omphalitis -5 (11.4) na

Urine, pyelonephritis — 2 (5.6)
Gut, gastroenterocolitis,

bacterial - 6 (16.7)

Cystitis — 4 (9.1)
Viral pharyngitis — 6 (13.6)
Not found — 6 (13.6)

IQR - interquartile range; m — male; f — female; CRP — C-reactive protein; *statistically significant difference;

na — not applicable.

pneumoniae 1 (4.5%), Klebsiella spp. 1 (4.5%), Staphylo-
coccus spp. 5 (22.8%), Proteus spp. 2 (9.1%), Escherichia
coli 6 (27.4%), Pseudomonas spp. 2 (9.1%), Herpes virus
1 (4.5%) and Enterobacter 1 (4.5%). The isolation sites in
this group were as follows: umbilical skin in 5 (22.8%)
cases, blood in 2 (9.1%) cases, urine in 8 (36.4%) cases,
tracheal aspirate in 3 (13.6%) cases, skin in 3 (13.6%) cases,
and stool in 1 (4.5%) case.

ROCs for PCT, CRP, and sCD14-ST measured at the
admission of the children to the hospital are shown in Figure 1.
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Fig. 1 — Receiver operating characteristic (ROC) curves for
procalcitonin (PCT), C-reactive protein (CRP), and soluble
CD14 subtype (sCD14-ST) if diagnosing sepsis in children
on admission to a hospital.

PCT had the largest AUC (0.753 + 0.065), followed by
CRP (0.716 + 0.057) and sCD14-ST (0.686 + 0.061). The
sensitivity and specificity of PCT, CRP, and sCD14-ST cal-
culated for cut-off values determined by the Manhattan
method are shown in Table 2.

Table 2

Cut-off values, sensitivity and specificity of
procalcitonin (PCT), C-reactive protein (CRP), and
soluble CD14 subtype (sCD14-ST) for diagnosing
sepsis in children on admission to hospital

Parameter PCT CRP SCD14-ST
Cut-off value 142 ng/mL 221 mg/L 319.5 pg/mL
Sensitivity (%) 61.8 63.9 55.6
Specificity (%) 100 75.0 88.6

Discussion

Our study showed that PCT, CRP, and sCD14-ST had
relatively low sensitivity and much higher specificity for
diagnosing sepsis in children. Besides, a significant differ-
ence in the diagnostic accuracy of these biomarkers was not
observed.

When compared with the results of other studies and
meta-analyses, values of sensitivity for PCT, CRP, and
sCD14-ST in our study were much lower (almost 20%),
which could underestimate the diagnostic value of these
biomarkers in children with sepsis. However, such results
could be explained in one of the following ways: (1) due
to the retrospective character of our study, the validity of
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diagnosing sepsis, established by the consensus criteria,
could not have been checked, and it depended on the per-
formance of the attending physicians; (2) other studies
could have overestimated the diagnostic accuracy since
many of them included in the control group either healthy
children or patients easily differentiated from those who
had sepsis 1. Although several studies confirmed higher
diagnostic accuracy of sCD14-ST (comparing area under
the ROC curves) than that of CRP and PCT in patients
with sepsis *2, our results did not show any significant dif-
ference.

Our study has several limitations that could affect
the results. First, the age range of our patients was very
wide, as we included both newborns and adolescents.
Since there are inherent age-related differences in re-
sponse to infection, cut-off values that we calculated
could not have been appropriate completely for both very
young and older children.

Conclusion

Our study showed relatively low sensitivity and moder-
ate specificity of PCT, CRP, and sCD14-ST in diagnosing
sepsis among children, as well as similar diagnostic accuracy
of the three biomarkers. PCT, CRP, and sCD14-ST should
not be relied upon completely when assessing the presence
of sepsis in children but rather taken into account together
with the clinical picture. Further research in this area is nec-
essary, especially on groups of children with a narrower age
range (newborns, infants, toddlers, etc.).
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Abstract

Background/Aim. Stereo vision guarantees good vision
and is one of the three main elements of binocular vision,
besides simultaneous perception and fusion. It represents
the third degree of binocular vision and enables estimation
of distance, depth, and space between objects, i.e., allows
perception of a three-dimensional image, which is crucial
for a pilot. The aim of this study was to investigate the ef-
fect of +Gz acceleration on stereo vision in pilots in the
air force and student pilots. Methods. Two groups of re-
spondents were tested (30 student pilots and 65 air force
pilots — a total of 95 respondents). We considered the dif-
ferences between these two groups as they provide im-
portant information about the condition of stereo vision at
the beginning of the professional career and after a large
number of flight hours over years of flying. We tested var-
iations in stereoscopic vision based on the degree of accel-
eration of +5Gz by using the Randot Test, which enabled
us to determine the degree of three-dimensional vision.
Results. Temporary changes in stereo vision in student
pilots were greater when compared to these changes in air
force pilots when exposed to the same acceleration (+5Gz
acceleration). The detailed analysis showed that the most
sensitive physiological indicators wetre changes in stereo
vision. Conclusion. We confirmed that individual physio-
logical pilot training in a human centrifuge, where they are
exposed to real G acceleration, improves tolerance to ac-
celerations.

Key words:
aerospace medicine; pilots; acceleration; vision tests;
space perception; centrifugation.

Apstrakt

Uvod/Cilj. Steteo vid je garant dobrog vida i jedan je od
tri osnovna elementa binokularnog vida pored simultane
percepcije i fuzije. Predstavlja tre¢i stepen binokularnog
vida i omogucava procenu rastojanja, dubine i razmaka
izmedu pojedinih predmeta, tj. omogucava videnje slike sa
tri dimenzije $to je od izuzetnog znacaja za profesiju pi-
lota. Cilj ove studije bio je da se ispita uticaj +Gz ubrzanja
na stereo vid kod pilota borbene avijacije i studenata pi-
lota. Metode. Testirane su dve grupe ispitanika (30 stu-
denata pilota i 65 pilota borbene avijacije — ukupno 95
ispitanika). Ispitivali smo razlike izmedu ove dve grupe
ispitanika, zbog vaznosti informacija o stanju stereo vida
na pocetku profesionalne karijere i nakon visegodisnjih
sati letenja. Posmatrali smo dobijene razlike u stereos-
kopskom vidu na osnovu stepena ubrzanja od +5Gz. U
toku naseg istrazivanja koristili smo Randot test pomocu
koga smo mogli da stepenujemo trodimenzionalnost vida.
Rezultati. Nadi rezultati su pokazali da su prolazne
promene stereo vida kod studenata pilota bile vece u od-
nosu na promene stereo vida kod pilota borbene avijacije,
kada su oni bili izlozeni ubrzanju istih vrednosti (+5Gz
ubrzanju). Na osnovu detaljne analize ustanovljeno je da
vidu. Zaklju¢ak. Potvrdili smo da individualna fizioloska
trenaza pilota u humanoj centrifuge, gde su oni izlozeni
uslovima realnog Gz ubrzanja, poboljsava toleranciju na
ubrzanja.

Kljucne reci:
medicina, vazduhoplovna; piloti; ubrzanje; vid,
ispitivanje; prostor, orijentacija; centrifugovanje.
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Introduction

High speeds during take-off, flight, and landing of
modern aircraft place an additional strain on the human
visual system. Since the very beginnings of the development
of aviation, the visual function has been assigned
considerable importance. Owing to its considerable practical
importance in air combat, the effect of +Gz acceleration on
the organ of vision has been a significant variable in
research. Such strain leads to changes caused by inertia
forces occurring due to changes in acceleration. In aviation,
the applied acceleration is usually referred to as G forces .

In the course of instrument flight, the pilot almost
entirely depends on his/her organ of vision that allows
him/her to read the information on the instruments 2 3,
Having a high level of visual acuity is considered a quality of
utmost importance, even today when there are aircraft
capable of reaching extraordinarily high speeds and flying at
all altitudes . The information gained through our organ of
vision is most important in maintaining orientation on the
ground and in the air during a flight. In conditions of limited
external visibility, spatial orientation may be affected °.
Central vision is responsible for producing precise
information on distance, speed, and depth, and in the course
of instrument flying, it allows the pilot to receive information
from flight instruments in the cockpit 6. Stereo vision
guarantees good vision and is one of the three main elements
of binocular vision, besides simultaneous perception and
fusion. It represents the third degree of binocular vision and
enables estimation of distance, depth, and space between
objects, i.e., allows perception of a three-dimensional image,
which is crucial for a pilot ”. It occurs when objects in front
of and behind the fixation point stimulate simultaneously
horizontally disparate retinal points. The whole object is
perceived as three-dimensional as light falls on slightly
different points. In order to achieve this, images of the object
being observed must fall on identical spots on the retina,
primarily in the foveola. All elements of binocular vision are
interdependent and cannot exist separately, except for
simultaneous perception. One requirement for the existence
and development of binocular vision is appropriate visual
acuity. If visual acuity in one eye is the normal 1.0, and if
binocular vision is to be developed, visual acuity in the other
eye must be minimum of 0.3. Other requirements are that the
visual centers of the brain are able to fuse two retina images
and that there is precise coordination of movements of both
eyes in all directions. Particularly significant is the binocular
vision, which is controlled by optomotoric reflexes that are
rather complex in nature and develop until the age of five
and are solidified until the age of seven (fixation reflex,
fusion, movements, accommodation, convergence). The third
and highest degree of binocular vision is the stereo vision
which represents a person’s sense of three-dimensional
space. The sense of three-dimensional space is tested by
quantitative and qualitative research methods. The simplest
qualitative method of testing the sense of three-dimensional
space is by synoptophore with pictures for this particular test.
Qualitative testing of stereo vision is conducted through a

variety of tests: Stereo Fly Test, Randot Stereo Test with
polarized specs, Lang Stereo Test Mark 1 and Mark 2, TNO
Stereo Test 810, The Randot Test contains a test with
polarized circles (stereo-circle test) and is the most
differentiated test that enables precise determination of the
degree of three-dimensional vision. Ten sections contain four
circles each, out of which only one is polarized. The
polarized circle is made of two superposition rings, each
positioned at a different angle. The greater the angle of
polarization, the more visible the third dimension. The
greatest angle is the one of 400 seconds (") of arc, and the
smallest is of 20" of arc. The Randot Test is in the form of a
test booklet 112,

The aim of this study was to investigate the effect of
+Gz acceleration on stereo vision in air force pilots and
student pilots.

Methods

The research was carried out in the human centrifuge in
the Department of Biodynamics at Aero Medical Institute. It
was carried out following the instructions given for each test.
We tested variations in stereoscopic vision based on the
degree of acceleration of +5Gz. Two groups of male
respondents were tested, air force pilots and student pilots.
We considered the differences between these two groups as
they provide important information on the condition of stereo
vision at the beginning of the professional career and after a
large number of flight hours over years of flying. This would
give us more reliable indicators for a better quality selection
of candidates, future pilots. In the course of our research, we
performed the Randot Test, which enabled us to determine
the degree of three-dimensional vision (Figure 1). The test
was placed at a distance of 40 cm from the respondents and
was carried out binocularly with the respondents wearing
polarized viewing glasses. The respondents were asked
which of the three circles in the first section seemed to be in
front of the other observed circles. The result was read in the
special supplement to the test. The test has ten sections, and
it is more difficult to notice the difference between circles in
each subsequent section, which means that it is also more
difficult to notice the third dimension. Stereopsis is
quantified in seconds of arc, the test being able to measure

No SCORING  Seconds of
KEY arc at 16in,

1 L 400

2 R 200

3 L 140

4 M 100

5 R 70

6 M 50

7 L 40

8 R 30

8 M 25

10 R 20

Fig. 1 — Randot test.
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stereoscopic sharpness of 20" of arc. Normal stereo
sharpness is 60" of arc. If the respondents reach the tenth
section without making a single mistake, they score 20", if
they make one, they score 25", two 30", and three 40".

Results

Prior to testing, all respondents in both analyzed
groups (student pilots and air force pilots) had a normal
stereo vision of 20". Upon linear increase in acceleration, a
statistically significant difference was noticed in stereo
vision between the two observed groups of respondents
(p =0.000) (Table 1). In the student group, a statistically
higher frequency of respondents with changes in stereo
vision was recorded (p =0.000). In the air force pilots
group, 92.3% of respondents had unchanged stereo vision,
while 7.7% had a stereo vision of 25°. After the test, in the
student group, slightly more than half of the respondents,
53.3%, had a normal stereo vision, 23.3% had a stereo
vision of 25° 16.7% of respondents had changed stereo
vision of 30°, and 6.7% of 40°. Therefore, statistically
significant differences in stereo vision occurred both in the
student group (p =0.000), as well as in the group of air
force pilots (p = 0.025) (Table 1).

Table 1

been recorded by other authors. Stereo vision testing has
mostly been conducted on motor vehicle drivers % 10 1315,
Changes in stereo vision observed in our research may affect
flight safety and good performance in combat missions.
Good stereo vision, being the highest degree of
binocular vision in the pilot population, allows the pilot to
see the landscape and all the perceived objects as they are
(slope of the terrain, height, depth, flatness of terrain).
Therefore, stereo vision is an important visual function that
undergoes considerable changes when exposed to positive
acceleration. In our research, stereo vision returned to its
normal value 30 minutes after being exposed to acceleration.

Conclusion

The obtained results will contribute to the expansion of
knowledge necessary for the quality selection of pilots, the
most expensive population in any army. It is important to
know the limits of tolerance to positive acceleration and find
ways to tolerate such acceleration in the best possible way
with minimum consequences to the pilot’s visual functions
while flying modern high-performance fighter aircraft.
Temporary changes in stereo vision in student pilots are
greater when compared to the changes in the same functions

Stereo vision in student pilots and air force pilots before and after the test of the linear
increase acceleration

Stereo vision

Student pilots (n = 30)

Air force pilots (n = 65) Significance*

n (%) n (%)
Before the test
20" 30 (100) 65 (100)
After the test
20" 16 (53.3) 60 (92.3)
5" 7(23.3) 5(7.6)
5(16.7 p =0.000
30" (16.7) 0(0)
10" 2(6.7) 0(0)
Significance’ p =0.000 p =0.025

Statistically significant difference: *between student pilots and air force pilots; Tbefore the
test vs. after the test within the observed groups of subjects (y2-test).

Discussion

Average values for stereoscopic vision in student pilots
and air force pilots upon exposure to positive G acceleration
showed that there is a statistically significant deviation in
comparison to stereo vision values prior to being exposed to
acceleration force. Interestingly, no changes of this kind have

of vision in air force pilots when exposed to the same
acceleration (+5Gz acceleration). The detailed analysis
showed that the most sensitive physiological indicators were
changes in stereo vision. We confirmed that individual
physiological pilot training in a human centrifuge, where
they are exposed to real G acceleration, improves tolerance
to accelerations.
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Abstract

Introduction. Granulomatosis with polyangiitis (GPA),
formerly known as Wegener’s granulomatosis, is character-
ized by necrotizing granulomatous inflammation in various
tissues, including blood vessels, but primarily in the respira-
tory tract and kidneys. Clinical manifestations can be di-
verse, including inflaimmation of the eye and adnexa. Optic
neuritis is a very rare ophthalmological manifestation of
GPA, not previously described in a teenager. Case report.
We presented a case of a 16-year-old girl with a rare extrap-
ulmonary manifestation of GPA. The girl had a previous
history of GPA and complained of a sudden blurred vision
in the left eye. She was promptly referred to an ophthalmol-
ogist who noted a decreased visual acuity of 20/400 in the
left eye. Colour vision was impaired in the spectrum of red
colour. Clinical examination revealed normal anterior seg-
ment findings. On ophthalmoscopy, the left optic nerve oe-
dema was noted. Urgent computed tomography of the left
orbit showed a soft tissue mass around the optic nerve in
the apex of the orbit. Magnetic resonance imaging con-
firmed the diagnosis of optic perineuritis. After pulse doses
of methylprednisolone, the gitl achieved complete resolu-
tion of vision in the left eye. Conclusion. If untreated, in-
flammation of the optic nerve can lead to a permanent loss
of vision. Prompt diagnostic and adequate treatment of pa-
tients with GPA is needed in order to prevent vision-
threatening complications and control the systemic disease.

Key words:
diagnosis; optic nerve; optic neuritis; treatment
outcome; wegener granulomatosis.

Apstrakt

Uvod. Granulomatoza sa poliangiitisom (GPA), ranije poz-
nata kao Wegenerova granulomatoza, karakterise se nekroti-
zuju¢om granulomatoznom inflamacijom u razlic¢itim tkivi-
ma, ukljucujuéi krvne sudove, ali primarno unutar respira-
tornog trakta i bubrega. Klinicke manifestacije mogu biti
raznovrsne ukljucujudi i zapaljenje oka i adneksa. Opticki
neuritis je veoma retka oftalmoloska manifestacija GPA,
koja do sada nije opisana kod mladih osoba. Prikaz
bolesnika. Prikazana je 16-godisnja devojcica sa retkom
ekstrapulmonalnom manifestacijom GPA. Bolesnica, ranije
le¢ena zbog GPA, pozalila se na iznenadni pad vida na
levom oku. Hitno je upucena oftalmologu koji je ustanovio
smanjenu vidnu ostrinu levog oka 3/60. Kolorni vid je bio
osteCen u spektru crvene boje. Klinickim pregledom ut-
vrden je normalan nalaz na prednjem segmentu oka. Pregle-
dom o¢nog dna uocen je edem vidnog Zivca levo.
Kompjuterizovana tomografija leve orbite otktila je mekot-
kiviu masu oko optikusa u vrhu orbite. Magnetnom rezo-
nancom mozga potvrdena je dijagnoza optickog perineuriti-
sa. Posle pulsnih doza metilprednizolona doslo je do potpu-
nog oporavka funkcije vida levog oka. Zaklju¢ak. Ukoliko
se zapaljenje optikusa ne le¢i, moze dovesti do trajnog
gubitka vida. Stoga je neophodno hitno sprovesti kom-
pletnu dijagnostiku i adekvatno lecenje obolelih od GPA,
kako bi se sprecile komplikacije koje mogu ugroziti vid i
kontrolisala sistemska bolest.

Kljucne reci:
dijagnoza; opticki nerv, neuritis; leCenje; ishod;
vegenerova granulomatoza.

Introduction

Granulomatosis with polyangiitis (GPA) is a systemic
inflammatory disease of unknown aetiology. Its main clinical
features include the formation of granulomas, vasculitis of

the upper and lower respiratory tract, glomerulonephritis,
and tissue necrosis ®. Pathophysiology of granulomas is
complex. It includes the destruction of normal tissue, a
variable degree of obstruction of small and medium-sized
blood vessels, and reduction of the amount of blood that
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reaches different tissues and organs 2. The disease can be
manifested at all ages, but most often around 40 years of
age. It is rare in the children population * 4. The incidence
of GPA is 3 cases per 100,000 people.

One of the first signs of the disease is inflammation of
the airways. Lung nodules usually cause symptoms of
pneumonia with rapid breathing, cough, and chest pain.
Involvement of the kidneys appears only in a small number
of patients at the beginning of the disease, but this number
increases as the disease progresses. In addition, other
systems can be affected, and there are general signs of the
disease, such as weight loss, fatigue, fever, night sweats,
and joint pain. Occasionally, GPA can start as fulminant
form 3. Inflammation can affect different parts of the eye
and manifest with scleritis, ulcerative keratitis, occlusive
retinal periarteritis, and uveitis. Regarding the ocular
adnexa, nasolacrimal duct obstruction can occur and lead to
dacryocystitis, or inflammation can occur in the orbital
tissue in the form of orbital pseudotumor 5 ¢,

The presence of at least two of the four criteria
mentioned above is sufficient for establishing the diagnosis ”.
Antineutrophil cytoplasmic antibodies (CANCAs) are
autoantibodies directed against serine elastase 3. They are
quite important in the pathophysiology of the disease * 5 &,
On chest radiographs and computed tomography (CT),
infiltrates, nodules, and cavities can be usually found. The
golden standard for establishing the diagnosis of GPA is the
pathohistological confirmation of necrotizing vasculitis, the
presence of large areas of necrosis, or granulomatous
inflammation in the skin, kidney, or lung biopsy specimens 2.

The treatment of GPA includes a high dose of
corticosteroids for prompt reduction of the inflammation
and immunosuppressives, or biologics, in order to achieve
long-term remission of the disease °. The risk of the disease
relapse is very high and almost inevitable without
maintenance treatment, but also, despite therapy, a 5-year
relapse-free rate is as low as 50% °.

Case report

We presented a case of a 16-year-old girl who has
been complaining of dizziness and blurred vision in her left
eye that had started a few days before she went to see a
doctor (April 2016). She visited an ophthalmologist for a
medical check-up. The ophthalmologist noticed impaired
vision and also registered oedema of the optic disc.

The patient was a second child from a third controlled
pregnancy, delivered on time, via vaginal delivery, birth
body weight 3,100 gr, birth body length: 52 cm,
immediately started to cry, not reanimated. She was not
allergic, fully vaccinated according to age. She denied
inheritable diseases in the family. In her past medical
history, the girl was treated under the diagnosis of
"granulomatous pulmonary disease" since September 2011,
when she underwent left thoracotomy due to the presence
of a tumorous mass in her left lung. Biopsy showed
granulomatous inflammation in the lung, and a diagnosis of
GPA was established. cANCAs were positive. Steroid

therapy was introduced with 30 mg of prednisone per day,
which was very slowly tapered to 2.5 mg every other day,
with good clinical response at the beginning. After one
month, she had a relapse of the disease manifested with
nodules in the lungs, which disappeared after the dosage of
prednisone was raised. After tapering the dose of steroids
for the second time to 2.5 mg every other day, at the end of
April 2016, the eye symptoms appeared.

Due to the known underlying disease and the new
symptoms reported by the girl, she was admitted to the
Pediatric Department for urgent treatment. Upon
admission, the 16-year-old girl had body weight 42 kg
(50th percentile), body height 146 cm (40th percentile),
was conscious, without fever, appeared well hydrated.
The pupils symmetrically reacted to light, sclera was
white without pathological changes, and conjunctiva was
normally vascularised. Her throat was erythematous.
During lung auscultation, a normal respiratory sound was
noticed, without accompanying whistles and crackles.
Cardiac rhythm was normal, tones were clear, murmur
was not registered. Respiratory rate was 20 per min, heart
rate 88 per min, and blood pressure 100/60 mmHg. The
abdomen was neither tender nor distended. The liver and
spleen were not palpable. Rough neurological
examination showed no abnormalities. Other physical
examinations were without pathology. Laboratory
findings included: erythrocyte sedimentation rate (ESR),
24/50 mm/h [normal values (nr) 5/15 mm/h]; white blood
cells (WBC), 8.9 x 10%L (nr: 4.5-11.0 x 10°%;
erythrocytes, 4.59 x 10%%/L  (nr: 4—6.5 x 10%/L);
hemoglobin, 12.8 g/dL (nr: 12.0-17.0/g/dL); platelets,
305 x 10%L (nr: 150-440 x 10%/L; serum urea nitrogen,
2.5 mmol/L (nr: 2.8-8.3 mmol/L); serum creatinine (sCr),
46.8 umol/L  (nr: 44-80 pmol/L); asparatate
aminotransferase (AST), 34 U/L (nr: 24-49 U/L); alanine
aminotransferase (ALT), 32 U/L (nr: 9-20 U/L); alkaline
phosphatase (ALP), 91 U/L (nr: 35-105 UJ/L); blood
sugar, 3.2 mmol/L (nr: 4.1-6.1 mmol/L); 24 h diuresis,
2,210 mL; uroproteins, 0.17 g/24 h; clearance of
creatinine (CICr), 153.9 mmol/L/24 h; urine (CICr = 0.85
X (140 - age in years)/(sCrt) x (body weight/72); C-
reactive protein (CRP), 15 mg/L (nr: 0-6 mg/L);
CANCAs, 1.6 U/mL (nr: 0-20 U/mL. Urine had a normal
appearance.

A complete ophthalmological examination was
performed. The best corrected visual acuity (BCVA) was
20/400 in the right and 20/20 in the left eye. In her
ophthalmological history, the right eye was amblyopic
(previous BCVA was 20/60). The anterior segment of both
eyes and the fundus of the right eye had a normal
appearance (Figure 1A). Oedema was noted in the left
fundus optic disc, with slight elevation, hyperaemia, and
unclear boundaries. The funnel of the blood vessels was
centrally positioned. Blood vessels had normal calibre.
Macula had normal macular reflex (Figure 1B). The initial
visual field could not be performed since the patient was
treated at the Pediatric Department and was seen by a
consultant ophthalmologist.
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B)
Fig. 1 — Fundus photo of the right (A) and left eye (B) at

presentation, showing normal findings in the right and
optic nerve oedema in the left eye (arrow).

On axial sections and subsequent reconstructions, the
CT of the brain and orbits showed that a soft tissue mass was
present in the apex of the left orbit, which, according to its
size and position, appeared to belong to the thickened and
inflamed optic nerve (optic perineuritis). No expansive
formations were observed in the right orbit, and the optic
nerve was clearly visible. Paranasal sinuses were normally
developed and pneumatised, and no abnormal collection or
other pathological changes were observed. The nasal septum
was centrally positioned. On available sections in the
endocranium level, no significant alterations in intensity
were observed (Figures 2A and 2B).

Due to unclear delineation of the observed lesion,
nuclear magnetic resonance was performed, and previous
findings were confirmed.

Ultrasound of the abdomen and radiography of the
lungs were also performed to look for the presence of
nodules in parenchymal organs. Ultrasound of the abdomen
showed that the liver had normal localization, an ordinary

Bokonji¢ D, et al. Vojnosanit Pregl 2021; 78(3): 351-356.
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Fig. 2 — Computed tomography (CT) scan of the brain
and orbits shows thickening of the left optic nerve (A)
especially in the apex of the orbit (B).

shape, a diameter of 108 mm, and a homogeneous echo
structure. The gallbladder was without pathological changes.
The pancreas had a homogeneous structure and proper size.
The right kidney had unchanged localization, normal shape,
and size (95 x 43 mm), without urine stoppage and with clear
corticomedullary boundary. The left kidney had unchanged
localization, normal shape, and size (93 x 47 mm), with a
clear corticomedullary boundary. Spleen had normal
localization, shape, and size (87 x 33 mm). The free liquid in
the abdomen was not noticed. Chest radiography showed no
pathological changes in the lung parenchyma.

After the patient was admitted to the hospital, pulse
doses of methylprednisolone were introduced along with
proton pump inhibitors for protection of the gastric mucosa.
Blood pressure and blood glucose levels were regularly
monitored, and no major changes were noticed. After three
days of pulse therapy, visual acuity started to improve.
Therapy with steroids (40 mg/day of oral prednisone) was
continued for the next ten days. On medical check-up after
5 (Figures 3A and 3B) and 20 days (Figures 4A and 4B),
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A)

B)
Fig. 3 — Fundus photo of the right (A)
and left eye (B) after 5 days of treatment,
with gradual resolution of optic nerve
oedema in the left eye (arrow).

B)

Fig. 4 — Fundus photo of the right (A)
and left eye (B) after 20 days of
treatment, showing normal findings.

oedema of the left optic nerve gradually and completely
resolved, thus steroid therapy was slowly tapered. Finally,
when the patient reached the dose of 5 mg of prednisone
every other day, she was maintained on this dose in order to
prevent further relapses. At the end of the treatment, the
vision was completely recovered in the left eye except for

minor changes in colour vision. The girl felt well, without
any symptoms regarding the respiratory tract or the eyes.
Control nuclear magnetic resonance of the brain was
performed and confirmed resolution of the lesion (Figure 5).
Control visual field showed normal findings in both eyes
(Figures 6A and 6B). The patient was followed up for 3
years and had no systemic or ophthalmologic recurrences of
GPA.

mm

Fig. 5 — Control magnetic resonance imaging of
the brain after 18 months of follow-up, shows
normal thickness of both optic nerves.
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Fig. 6 — Computed visual field (pattern deviation
and Bebie curve) of the right (A) and left eye (B)
after the treatment, showing normal findings
(patient had no fixation errors; 17% false
positive errors in the right eye; 5% false positive
and 5% false negative errors in the left eye).
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Discussion

GPA is one of the ANCA-associated small-vessel
vasculitides. It is clinically distinguished from other forms of
systemic vasculitides due to the fact that it affects the upper
and lower respiratory tracts and kidneys and by the
histological presence of granulomatous inflammation. The
majority of patients are Caucasian, gender distribution is
equal, and the disease usually starts in the fifth decade, but it
can occur at any age, including childhood. Differential
diagnoses are vast, ranging from infections to other
vasculitides,  including  Henoch-Schonlein  purpura,
sarcoidosis, and Behcet disease 1°. GPA is characterized by
symptoms on the upper and lower respiratory tract and
kidneys, as we described. However, unexplained
constitutional symptoms like fever and weight loss are very
often the initial symptoms of the disease. Ocular
manifestations have been reported to occur in 30%-60% of
patients with this disease > ° That is why a complete
ophthalmological examination is an important part of the
medical check-up in patients suffering from GPA. Any part
of the eye may be affected. Keratitis > 8 conjunctivitis,
scleritis > **, nasolacrimal duct obstruction, uveitis 2, orbital
pseudotumor 3, retinal vasculitis ** and retinal vessel
occlusion 5, optic perineuritis (with thickening of the optic
nerve in imaging scans) %Y, or compressive optic
neuropathy 8, have all been described. Visual loss has been
reported in 8% of patients. CT or nuclear magnetic resonance
imaging of the orbit and sinuses may provide important
information.

We presented a unique manifestation of GPA-
associated optic perineuritis in a teenage patient that was not
previously reported at such a young age (all previous reports
include only elderly patients in the seventh or eighth decade
of life) . The patient began therapy with steroids as
intravenous pulse therapy and then continued with oral
steroid therapy, which was slowly tapered till

discontinuance. Our patient responded to treatment with
marked improvement in her vision. She tolerated a treatment
regimen of 5 mg of prednisone every other day quite well,
without new exacerbations, thus there was no need for using
immunosuppressive agents.

In our patient, the exacerbations appeared after
tapering the dose of steroids below 2.5 mg every other
day. It is important to find the minimum dose for keeping
the disease under control and prevent exacerbations *.
Usually, the initial therapy of GPA is daily oral
corticosteroid therapy. If that is not enough, pulse dose
steroids in combination with immunosuppressives, or
even biologic treatment, are needed °. It was shown that
this treatment has been effective in inducing remission in
more than 90% of patients. The mean time to reach
remission was 12 months, but in some patients, two years
of treatment were necessary before all symptoms have
been resolved. Response to treatment is defined as a
resolution of the inflammatory manifestations. However,
in order to conclude that the patient is a nonresponder to a
certain immunosuppressive treatment, at least several
months of treatment must pass without any response. Our
patient was followed up for three years after treating the
optic nerve oedema. The patient is well, without any
exacerbations, and she is receiving 5 mg of prednisone
every other day.

Conclusion

Visual impairment can occur as a part of underlying
systemic disease such as GPA, even in the pediatric
population. To our knowledge, this is the first case of optic
perineuritis presented in a child. We emphasized the
importance of early diagnosis and treatment of the disease,
which, if untreated, can lead to permanent loss of vision. A
team-work approach and a prompt response are crucial for
treating patients suffering from multisystem diseases.
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Secondary renocolic fistula caused by pyonephrosis
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Abstract

Introduction. Renoalimentary fistulas represent infrequent pa-
thology with 27 literature reports. The oldest report is from the
year 1953. Nowadays, they usually arise after the cryoablation
of renal tumors. In this case, we reported secondary renocolic
fistula as an unusual complication of pyonephrosis, as well as
the treatment modality, providing a literature review that favors
a conservative or minimally invasive approach in most cases of
renocolic fistula. Case report. In our case, the patient was a
young female with a long course of kidney disease, which even-
tually led to pyonephrosis with renocolic fistula. Initially, the
patient was hospitalized due to life-threatening urosepsis, suc-
cessfully treated with a conservative approach. Afterward, we
decided to proceed with surgical treatment. Regarding the poor
right kidney function of the patient and the presence of con-
current sepsis, the right hemicolectomy with primary ileocolic
anastomosis and the right nephrectomy were performed. The
postoperative course was without complications, and the pa-
tient was discharged from the hospital on the 10th day. Follow-
up did not reveal any complications. Conclusion. Regarding
the available literature, a conservative and minimally invasive
approach is most frequently employed in such cases. However,
in cases of haemorrhage, sepsis, and impaired kidney function,
surgery offers the only chance for cure. In patients with con-
current gastrointestinal pathology, surgery is usually the only
option. Kidney preservation should be imperative in all cases,
except in the case of impaired kidney function. The laparoscop-
ic approach can be utilized in selected cases.

Key words:
fistula; urinary fistula; digestive system fistula;
pyonephrosis; sepsis; surgical procedures, operative.

Apstrakt

Uvod. Renoalimentarne fistule predstavljaju retku patologiju sa
27 objavljenih slucajeva u literaturi. Najstariji prikaz datira iz
1953. godine. U danasnje vreme najvise slucajeva javlja se na-
kon krioablacije bubreznih tumora. Prikazali smo bolesnicu sa
sekundarnom renokolicnom fistulom, kao neuobicajenom
komplikacijom pionefroze, i tretman izbora u njenom slucaju,
uz prikaz literature koja favorizuje neoperativni ili minimalno
invazivni pristup lecenja u vecini slucajeva. Prikaz bolesnika.
U nasem slucaju, radilo se mladoj Zenskoj osobi sa reno-
koli¢cnom fistulom koja je imala dugotrajnu primarnu bubreznu
bolest komplikovanu pionefrozom sa razvojem renokoli¢ne fis-
tule. Inicijalno, bolesnica je bila hospitalizovana zbog Zivotno
ugrozavajuce urosepse, tretirane neoperativno. U daljem toku
bolesti odlucili smo se za hirursku interevenciju. Uradena je
desna nefrektomija i desna hemikolektomija sa primarnom ile-
okoli¢cnom anastomozom. Postoperativni tok protekao je bez
komplikacija i bolesnica je nakon 10 dana otpustena na kuéno
lecenje. U periodu postoperativnog pracenja nisu uocene kom-
plikacije. Zaklju¢ak. U dostupnoj literaturi, u tretmanu ren-
oalimentarnih fistula najcesce je koris¢en neoperativni i mini-
malno invazivni modalitet lecenja. U slucajevima krvarenja,
sepse, smanjene bubrezne funkcije kao i u slucaju prisustva
istovremene gastrointestinalne patologije, hirurgija predstavlja
jedinu opciju za izlecenje. Ocuvanje bubrega treba da bude im-
perativ u svim slucajevima, osim u slucajevima sa prisutnom
bubreznom insuficijencijom. U odabranim sluc¢ajevima mogué
je 1laparoskopski pristup.

Kljucne reci:
fistula; fistula, urinarna; fistula, digestivni sistem;
pionefroza; sepsa; hirurgija, operativne procedure.

Introduction

Renoalimentary fistulas represent pathological communi-
cation between parts of the small and large bowel and urinary

system, either kidneys or the pyeloureteral tract. They are usual-
ly acquired rather than congenital, and they are classified as
primary fistulas developed in the case of underlying gastrointes-
tinal and/or urinary disease prone to fistulization (Crohn’s dis
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ease, diverticulosis, ulcer disease, malignancy, and renal tuber-
culosis) 3. Secondary fistulas arise after invasive diagnostic and
therapeutic procedures (colonoscopy, pyeloureterolithotomy,
ureterorenoscopy, and percutaneous cryoablation of renal tu-
mors) 7. Signs of renocolic fistula include the following:
pneumaturia, fecaluria, haematuria, recurrent acute and chronic
urinary tract infections, abscess formation, pyonephrosis, renal
atrophy, urinary steal syndrome, and hematochezia *. A small
number of cases are reported in the literature with different ap-
proaches to the treatment of this condition. The aim of this case
report was to show the clinical course of this rare complication
which, in this case, was the consequence of a long-standing pri-
mary renal disease. This paper also aimed to show the treatment
modality of choice used in this case based on the clinical fea-
tures that included the presence of sepsis, decreased kidney
function, and primary kidney disease.

Methods

We presented a 23-year-old female patient with an ongo-
ing history of kidney diseases, with an onset of the disease in
childhood. Initially, the disease presented as vesicoureteral re-
flux of high grade which led to chronic pyelonephritis and uri-
nary stones formation. Pyeloplasty was performed 17 years ago
due to stenosis of pyelon and ureterolithotomy 4 years ago.

The patient was referred to our institution with signs and
symptoms of urosepsis, which was successfully treated conser-
vatively. Diagnostic workup included complete blood count
(CBC), biochemistry, computed tomography (CT) scan, and up-
per and lower endoscopy. The upper endoscopy did not reveal
any abnormalities.

Colonoscopy revealed oedema of bowel mucosa in the re-
gion of hepatic flexure with petechial hemorrhages (Figure 1).
The CT scan revealed hypertrophy of the left kidney with atro-
phy of the right kidney associated with hydronephrosis grade
II/IV. Urinoma in the proximity of the kidney was also present
with the passage of contrast to the right colon, which was highly
suspicious of the presence of a renocolic fistula (Figure 2). Re-
garding the course of the disease, previous operations, poor right
kidney function with concomitant pyonephrosis, en bloc resec-
tion of the right kidney and the right colon were performed with
primary ileocolic anastomosis. Intraoperative exploration re-
vealed the presence of a fistula, which communicated with the
renal excretory system and the right colon (Figures 3 and 4).

Fig. 1 — Colonoscopy revealed oedema of bowel mucosa in
the region of hepatic flexure with petechial hemorrhages.

Fig. 3 — Intraoperative exploration — presence of fistula
with renal excretory system and right colon.

Fig. 4 — Nephrectomy and resected colon specimen.

The postoperative course was without complications,
and the patient was discharged after nine days. Three months
of follow-up did not reveal any abnormalities. The histo-
pathological examination revealed renal atrophy, chronic py-
elonephritis, perinephritis (Figures 5 and 6), and inflamma-
tion of the colonic wall in the area of the fistulous tract.

Prelevi¢ R, et al. Vojnosanit Pregl 2021; 78(3): 357-360.
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around the fistula (haematoxylin-eosin, x10).

Discussion

There are only 27 papers reported in the Pubmed re-
garding the problem of renocolic fistulas. The oldest report is
from the year 1953.

In our case, the initial presentation was not suggestive
of the presence of renocolic fistula regarding the long-
standing obstructive renal disease, which led to chronic pye-
lonephritis and pyonephrosis. Colonoscopy was inconclusive
with unspecific inflammatory changes on bowel mucosa. On-
ly contrast CT study revealed urinoma as an indirect sign of
communication with the renal excretory tract. Passage of
contrast from renal excretory system to the right colon was
diagnostic of the presence of renocolic fistula. The surgical
procedure was selected based on the following criteria: im-
paired kidney function, previous episode of urosepsis, and
chronically inflamed thickened colonic wall around fistula
orifice due to the present perinephritis (as revealed on histo-
pathological examination), which mandated an extensive
surgery with nephrectomy and right hemicolectomy. The co-
lonic suture, in this case, was a procedure associated with a
high risk of suture dehiscence due to the presence of active
inflammation in the inflammatory conglomerate formed be-
tween the right kidney and colon.

A similar approach was employed in the case of a 42-
year-old female, although a segmental colonic resection with
colocolic anastomosis was utilized rather than the right hemi-
colectomy with ileocolic anastomosis 2. In the paper of Jallouli
et al. %, severe pyelonephritis with sepsis was initially diag-
nosed in a 58-year-old female patient. Diagnostic examina-

Prelevi¢ R, et al. Vojnosanit Pregl 2021; 78(3): 357-3060.

tions confirmed the existence of a renocolic fistula, thus a ne-
phrectomy with colon suture was performed. The histopatho-
logical examination revealed renal tuberculosis, which man-
dated a long postoperative course of antituberculosis medica-
tions. Although these two cases utilized an aggressive surgical
approach, two main treatment approaches of reno-alimentary
fistulas were described in the literature. The conservative ap-
proach includes a nasogastric tube, bowel rest, and total paren-
teral nutrition with or without ureteral stenting in the case of
the fistula with pyeloureteral tract * . In the paper of Schmit et
al. 1%, successful treatment of fistula was performed by CT-
guided plugging of the fistulous tract with the clip being
placed endoscopically over the fistula orifice. The operative
approach requires laparotomy or laparoscopy with resection of
affected bowel with or without nephrectomy and gastrointesti-
nal tract reconstruction 112, In the treatment of renocolic fistu-
las, four main considerations should be employed in the deci-
sion-making algorithm: concurrent gastrointestinal pathology,
assessment of kidney function preoperatively, communication
of the bowel with the kidney or pyeloureteric tract, and the
presence of systemic symptoms. In the case of the fistula with
pyeloureteral tract, even in the case of conservative treatment
selection, ureteral stenting should be considered in order to
close the ureteral fistula orifice, decrease intraluminal pres-
sure, and allow urine outflow in physiologic direction. The
presence of impending sepsis, which does not respond to con-
servative treatment or gastrointestinal bleeding with hemody-
namic instability, mandates resection of the affected bowel
with or without gastrointestinal reconstruction. In the case of
fistulas with duodenum exclusion or resection, procedures
should be performed depending on the duodenal segment that
is affected. Primary renocolic fistula with concurrent gastroin-
testinal pathology mandates bowel resection depending on the
primary disease behavior (inflammatory bowel disease, diver-
ticulosis, or cancer). Kidney preservation should be imperative
in all cases where kidney function is unaffected except in the
case where, intraoperatively, the kidney is identified as the
source of life-threatening bleeding, in which case partial or to-
tal nephrectomy should be considered. Ashfaq et al. > per-
formed segmental colectomy laparoscopically with kidney
sparring and omentoplasty. If kidney function was severely
impaired, concomitant total nephrectomy would be a proce-
dure of choice in all cases.

Conclusion

We reported a case of renocolic fistula that initially pre-
sented with urosepsis as a complication of long-standing
kidney disease associated with pyonephrosis and severe im-
pairment of renal function, which required an aggressive
surgical approach. In our experience, a CT contrast study re-
vealed the presence of a fistula. Regarding the rarity of this
complication, a high index of suspicion is necessary for di-
agnosis since different therapeutic approaches can be uti-
lized. It seems that contrast studies of the gastrointestinal and
urinary system (e.g. barium enema and pyelography) are
procedures that offer a better chance for definitive preopera-
tive diagnosis.
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Pneumothorax in a patient with pneumonia caused by SARS-CoV-2:

A case report

Pneumotoraks kod bolesnice sa pneumonijom izazvanom SARS-CoV-2

Ljiljana Novkovi¢*', Ivan Cekerevac*'

University of Kragujevac, Faculty of Medical Sciences, *Department of Internal
Medicine, Kragujevac, Serbia; Clinical Center of Kragujevac, 'Clinic for Pulmonology,
Kragujevac, Serbia

Abstract

Introduction. The cotronavirus disease 2019 (COVID-19) is
an acute infectious multisystem disease caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), man-
ifested by acute respiratory symptoms. The novel coronavirus
pneumonia (NCP) is the most common setious clinical mani-
festation of SARS-CoV-2 infection. In the severe NCP, the sys-
temic manifestations of the disease wetre also demonstrated,
and one of the rare complications, first described in Wuhan
(China), is pneumothorax. Case report. A 65-year-old female
was admitted to the Clinic for Pulmonology with a high fever,
shortness of breath, sore throat, and general weakness that
started five days before. Laboratory findings revealed lympho-
penia, elevated values of inflammatory markers, and liver le-
sion. A chest X-ray (CXR) demonstrated diffusely accentuated
interstitial pattern and reduced parenchymal transparency, left
petihilar. Positive SARS-CoV-2 in a nasophatyngeal swab sam-
ple was detected in the real-time reverse transcription-
polymerase chain reaction (RT-PCR), confirming the diagnosis
of NCP. Immediately, nasal oxygen therapy with a flow rate of
8 L/min, with chloroquine phosphate, antibiotics, and symp-
tomatic treatment, was initiated. On the 8th day, her condition
suddenly deteriorated, and she developed severe hypoxemia. A
repeated CXR showed complete left-sided pneumotho-
rax. Thoracic drainage was successfully performed with com-
plete reexpansion of the lungs the very next day. The patient
was released from the hospital in good general condition with
normal arterial blood gases. Conclusion. Pneumothorax may
develop as a complication in patients with pneumonia caused
by SARS-CoV-2, without previous pulmonary comorbidities,
due to alveolar damage. Acute deterioration with rapid oxygen
desaturation in these patients should raise the suspicion of
pneumothorax. Eatly diagnosis and prompt treatment are nec-
essaty to reduce mortality.

Key words:
covid-19; pneumonia; pneumothorax; polymerase
chain reaction; radiography.

Apstrakt

Uvod. Koronavirusna bolest 2019 (COVID-19) je akutna,
infektivna multisistemska bolest koja se najéesée manifestuje
akutnim respiratornim simptomima. lzaziva je severe acute
respiratory  syndrome  coronavirus 2 (SARS-CoV-2). Nova
koronavirusna pneumonija (NCP) je najces¢a ozbiljna
klinicka manifestacija SARS-CoV-2 infekcije. U teskoj NCP
ispoljene su i sistemske manifestacije bolesti, a jedna od
retkih komplikacija, prvi put opisana u Vuhanu (Kina), je
pneumotoraks. Prikaz bolesnika. Bolesnica stara 65 godina
primljena je u Kliniku za pulmologiju zbog febrilnosti,
otezanog disanja, gusobolje i opste malaksalosti koje je
imala prethodnih 5 dana. Laboratorijskim ispitivanjem
otkriveni su limfopenija, poviSene vrednosti parametara
zapaljenja 1 lezija jetre. Radiografijom (RDG) grudnog kosa
utvrdeno je difuzno naglasen intersticijum i smanjena
transparencija parenhima levo perihilarno. Prisustvo SARS-
CoV-2 u uzorku nazofaringealnog brisa otkriveno je
lan¢anom reakcijom polimeraze (PCR), ¢ime je potvrdena
dijagnoza NCP. Odmah je zapoceta terapija kiseonikom
preko nazalne kanile protoka 8 L/min, uz hlorokin fosfat,
antibiotike i simptomatsku terapiju. Osmog dana, stanje
bolesnice se naglo pogorsalo i razvila je tesku hipoksemiju.
Ponovljenom RDG grudnog kosa potvrden je kompletan
pneumotoraks levo. Torakalna drenaza je uspesno izvedena
uz potpunu reekspanziju pluéa ve¢ sledeceg dana. Bolesnica
je otpustena iz bolnice u dobrom opstem stanju, sa
normalnim gasovima arterijske krvi. Zaklju¢ak. Usled
osteenja  alveola, pneumotoraks kao komplikacija
pneumonije izazvane SARS-CoV-2, moze nastati bez
prethodnih pluénih oboljenja. Akutno pogorsanje sa naglom
desaturacijom kiseonikom kod tih bolesnika trebalo bi da
pobudi sumnju na pneumotoraks. Rana dijagnoza i brzo
lecenje su neophodni za smanjenje smrtnosti.

Kljucne redi:
covid-19; pneumonija; pneumotoraks; polimeraza,
reakcija stvaranja lanaca; radiografija.
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Introduction

The coronavirus disease 2019 (COVID-19) is an acute
infectious multisystem disease caused by the severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2), primarily af-
fecting the respiratory tract. The disease was first detected in
December 2019 in Wuhan, China. It spread rapidly throughout
the world, and hence the World Health Organization (WHO)
declared a pandemic on the 11th of March 2020 1.

Clinical presentations of SARS-CoV-2 infection have a
broad spectrum that can range from asymptomatic forms to
critical manifestations of the disease. Asymptomatic per-
sons seem to account for approximately 40% to 45% of the
SARS-CoV-2 infection2. Even though the majority of cases
result in mild symptoms of a typical viral infection, up to 5%
of the cases can develop critical illness and multiorgan fail-
ure . Pneumonia is the most common serious clinical mani-
festation of the SARS-CoV-2 infection. It has been identified
as novel coronavirus pneumonia (NCP).

As the COVID-19 pandemic progresses, over the past
few months, awareness and knowledge of unusual disease
presentations, such as pneumothorax, have increased. Pneu-
mothorax is a known and well-described complication of
mechanical ventilation (MV) when it supports the COVID-
19 treatment and is attributed to barotrauma“. Additional-
ly, patients with COVID-19 are often treated with noninva-
sive ventilation (NIV) or oxygen via high-flow nasal cannula
(HFNC) for respiratory support. The applied positive pres-
sure can facilitate the development of pneumothorax.

However, recent reports suggest that pneumothorax can
be present in the context of COVID-19, even in the absence
of MV-related and NIV-related barotrauma >°,

We presented a case of a patient with pneumonia

C

caused by SARS-CoV-2 who developed spontaneous pneu-
mothorax as a rare complication.

Case report

A 65-year-old female with a past medical history of hy-
pertension and regulated hyperthyroidism was admitted to
the Clinic for Pulmonology, Clinical Center of Kragujevac,
Kragujevac, Serbia with a high fever, shortness of breath,
sore throat, and general weakness that started five days be-
fore. The patient had never smoked, and she denied previous
pulmonary diseases. Upon admission, her general condition
was poor - she was dyspnoic, adynamic, and dehydrated. Her
vital signs showed tachypnea (31 breaths/min), with high
temperature (38.5°C), increased heart rate (123 beats/min),
and arterial blood pressure reading of 110/70 mmHg. The in-
itial oxygen saturation (SpO2) was 89%, normal values
>95% on room air and 95% with a binasal cannula, 8
lit/min of O.. Chest examination revealed basal crackles on
the left side. Other systemic examinations were orderly.

Laboratory analysis showed white blood cell (WBC)
count 13.63 x 10°/L [normal range (nr) 3.7 x 10°/L]. The
WBC differential count showed 82.84% neutrophils (nr 44%—
72%) and lymphopenia of 8.43% (nr 20%-46%). Initial labor-
atory tests were significant for elevated C-reactive protein
(CRP) of 57.6 mg/L (nr 0-5 mg/L), aspartate aminotransferase
(AST) of 62 IU/L (nr 0-40 U/L), alanine aminotransferase
(ALT) of 51 IU/L (nr 0-40 UJ/L), lactate dehydrogen-
ase (LDH) of 855 U/L (nr 220-450 U/L), D-dimer of 1.84
pg/mL (nr < 0.50 pg/mL), and ferritin of 609 pg/L (nr 20-300
pg/mL). A chest X-ray (CXR) on admission demonstrated ac-
centuated interstitial pattern bilaterally, linear-banded perihilar
shadows, and reduced left perihilar transparency (Figure 1A).

Fig. 1 — Chest X-ray: A) Chest X-ray on admission showing a diffusely
accentuated interstitial pattern, linear-banded shadows perihilar and
reduced parenchymal transparency left perihilar; B) Chest X-ray on the
8th day of hospitalization showing complete left-sided pneumothorax; C)
Chest X-ray showing complete reexpansion of the lung parenchyma on
the left side; D) Chest X-ray showing diffusely reduced parenchymal
transparency left and consolidation right infraclavicular.
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The nasopharynx swab, real-time reverse transcription-
polymerase chain reaction (RT-PCR) test for SARS-CoV-2,
was positive two days after admission.

The patient was labeled as moderate NCP. She started
with the treatment for the SARS-CoV-2 caused pneumonia,
guided by the valid local protocol in our country at the mo-
ment: chloroquine phosphate, parenteral antibiotics (ceftri-
axone and azithromycin), supplemental oxygen with a nasal
cannula, vitamins and symptomatic therapy, with a prophy-
lactic dose of low molecular weight heparins (LMWH) in
order to prevent venous thromboembolism.

The patient felt subjectively better and hemodynamically
stable. For a week, she remained on the 4 L/min oxygen via
nasal cannula, maintaining an oxygen saturation of 96%. No
significant changes in AST and ALT values were observed in
control laboratory tests (AST: 55 IU/L, ALT: 68 IU/L). In the
electrocardiographic finding, sinus rhythm persisted without
extrasystoles and changes in the final oscillation. The value of
the QTC interval was 423 ms, normal values < 470 ms.

On day 8, her condition suddenly deteriorated. The pa-
tient complained of intense shortness of breath, accompa-
nied by an irritating dry cough and developed O, desatura-
tion of 78%. Gas analysis showed recorded severe hypox-
emia [arterial pressure oxygen — pO, = 6.0 kPa, normal
values > 10.6 kPa] and mild hypocapnia [pCO, = 4.4 kPa].
The patient required 15 L/min of oxygen via a face mask
and was transferred to the lintensive Care Unit. A repeated
CXR showed complete left-sided pneumothorax (Figure
1B). The emergency intervention by a thoracic surgeon was
undertaken, a chest drain was inserted, and the patient’s
oxygen saturation improved. The next day, control CXR
showed complete reexpansion of the lung parenchyma on

the left side (Figure 1C). At no point during her stay, did
she require the use of NIV or oxygen via HFNC. Her oxy-
gen requirements decreased over the next 2 days, and she
was transferred to the medical ward with a binasal cannula,
3 L/min of O..

However, her condition continued to deteriorate. The
patient became febrile and dyspnoic with O, desaturation.
Laboratory results showed an increased value of D-dimer
(3.47 pg/mL) and raised inflammatory markers, CRP: 185
mg/L, procalcitonin: 2.35 ng/mL (normal values < 0.05
ng/mL) and ferritin: 998 pg/L, whereas CXR registered dif-
fusely reduced left parenchymal transparency and consolida-
tion right infraclavicular (Figure 1D).

There was clinical suspicion of bacterial superinfec-
tion but also a dilemma about the possible severe SARS-
CoV-2 pneumonia. At that time, chest computed tomogra-
phy (CT) was not available. The patient responded well to
parenteral antibiotics (meropenem and vancomycin), a thera-
peutic dose of LMWH, glucocorticoid (methylprendisolone
40 mg iv) with O, supplementation for seven days. The drain
was removed a week after administration. The patient was
discharged from the hospital in a good general condition on
day 21. CXR showed marked radiological regression of the
described changes (Figure 2). Arterial blood gas analysis
without oxygen therapy showed normal values at discharge.

The patient felt well in the following period. She was
monitored by a thoracic surgeon, who described a normal
CXR. Four months later, when the epidemiological situa-
tion allowed, a chest CT scan was performed, which de-
scribed ground-glass opacity bilaterally in the lower lobes
with elements of interstitial fibrosis and thickening of the
parietal pleura in the left upper lobe (Figure 3).

Fig. 2 — Chest X-ray on discharge from the
hospital showing radiological regression of
the previous described changes (in Figure 1).

A

Fig. 3 — Chest computed tomography (CT) scans: A) axial, B) coronal, and C) sagital plane showing
ground-glass opacity with elements of interstitial fibrosis bilaterally in the lower lobes and
thickening of the parietal pleura in the left upper lobe.
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For our patient, pulmonary function testing (spirometry,
diffusion capacity for CO), control chest CT, and further
monitoring are planned. There are currently no recommenda-
tions for the use of glucocorticoids in such patients.

Discussion

The severity of COVID-19 is variable, from mild to
critical disease. The most common symptoms of SARS-
CoV-2 infection, widely characterized in large-scale studies,
include fever, cough, and shortness of breath. NCP is the
most common serious clinical manifestation of SARS-CoV-2
infection 1. Patients with severe NCP usually present with
dyspnea (respiratory rate > 30 breaths/min) and/or hypox-
emia (SpO; < 90% on room air) with bilateral infiltrates pre-
sent on chest imaging. In very severe cases, the disease can
progress rapidly and become complicated by acute respirato-
ry distress syndrome (ARDS) and coagulopathies . To date,
it is recommended that the definitive diagnosis of SARS-
CoV-2 infection be confirmed by a positive RT-PCR test or
genetic sequencing *2,

Pneumothorax is an uncommon and rare finding in pa-
tients with NCP, with a frequency of 1% according to the
current literature =,

Pneumothorax is a clinical entity defined as the pres-
ence of air in the pleural space . It can occur spontaneously
or following a trauma. Spontaneous pneumothorax, being the
most common type, can be primary or secondary, depending
on the absence or presence of an underlying lung disease 4.

The well-known risk factors for the development of
spontaneous pneumothorax include the following: male
gender, tobacco use, tall stature, age-group from 10-30
years, and strenuous exercise. Additionally, the most fre-
quent underlying disorders responsible for secondary spon-
taneous pneumothorax include chronic obstructive pulmo-
nary disease (COPD) with emphysema, interstitial lung dis-
ease, tuberculosis, and lung cancer or Pneumocystis carinii
pneumonia 4,

Pneumothorax is a potential complication usually asso-
ciated with cystic lung formation due to rupture of the lung
tissue.

Liu et al. *® reported that COVID-19 may independent-
ly result in pulmonary cyst formations and the development
of pneumothorax. SARS-CoV-2 infected alveolar units tend
to be peripheral and subpleural, which is confirmed by radio-
logical findings of COVID-19 in the peripheral lung paren-
chyma. This tropism of SARS-CoV-2 may increase the risk
of peripheral cystic formation facilitating its rupture into the
pleural cavity and the development of pneumothorax.

The pathophysiology mechanism of pneumothorax
formation in patients with NCP is not completely under-
stood. However, differences between the early and late stag-
es of the disease are indicated.

It is supposed that the complication of pneumothorax
occurs secondary due to diffuse alveolar damage from the in-
flammation caused by a viral infection. The histology, an
early phase of NCP, mainly shows the migration of neutro-
phils, monocytes and macrophages, vascular congestion,

mucus-like exudation in the alveoli, edema in the alveolar
septum, and microthrombosis. Due to the destruction of the
alveolar septa and a sudden increase of alveolar pressure, the
alveoli may be prone to rupturing and forming pulmonary
cystic lesions °.

At this stage, the direct cytopathogenic effect of SARS-
CoV-2 on type Il cells also suggests a possible pathogenetic
mechanism. SARS-CoV-2 propagates within type Il pneu-
mocytes, a large number of viral particles are released, the
cells undergo apoptosis and die °.

The late stages of NCP determine ischemic parenchy-
mal damage, activation of fibroblasts, lung fibrosis, low lung
compliance, and inflammatory fibromyxoid exudates into al-
veoli and airway. Pulmonary cystic lesions may be formed in
response to fibromyxoid exudates, which form a valve in the
bronchus. Moreover, due to pulmonary fibrous processes,
bronchioles are narrow and distorted, and the valve mecha-
nism could cause pulmonary cystic formation *°.

Pneumothorax, associated with subcutaneous and medi-
astinal emphysema, is a well-described complication of me-
chanical ventilation in patients with critical SARS-CoV-2
pneumonia ¥’. However, pneumothorax may also develop as
a complication of NIV. The use of NIV, or the application of
oxygen via HFNC, in conditions of continuous and excessive
positive airways pressure delivery can lead to an increase of
intra-alveolar pressure, rupture of the alveoli, and formation
of cyst lesions %5,

In addition, applied positive pressure may facilitate rup-
ture of subpleural cysts and the development of pneumothorax.

Our patient had no predisposing risk factors, no history
of previous pulmonary diseases, was a nonsmoker, and of
normal body weight. Initial CXR showed no abnormalities in
terms of emphysema or bullae. She did not receive NIV nor
oxygenation via HFNC for respiratory support. She devel-
oped pneumothorax on the eighth day of hospitalization, in
an early phase of NCP.

The literature describes patients who developed
pneumothorax at different stages of the disease course.
Al-Shokri et al. *® reported three cases of SARS-CoV-2
infection complicated by pneumothorax. The first, second,
and third patient developed pneumothorax on days 2, 7,
and 15, respectively. Aydin et al.® and Chen et al. ** re-
ported pneumothorax as an initial manifestation in a pa-
tient with NCP.

Our case supports the opinion that pneumothorax may
develop in pneumonia caused by SARS-CoV-2 due to ad-
vanced alveolar damage, rupture of the alveoli, and the for-
mation of pulmonary cystic lesions. The increase in intrap-
ulmonary pressure during a severe cough attack associated
with viral infections can lead to cyst rupture and secondary
pneumothorax.

Our case is consistent with the one in the recently
published article by Sun et al. °. As detailed by the authors,
pneumothorax could be a consequence of a sudden increase
of the alveolar pressure into the pneumonic consolidations.

A recent review of the study by Alhakeem et al.
showed 18 case reports describing COVID-19 patients with
spontaneous pneumothorax. Only three cases included fe-
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males. In addition, only four cases were smokers, and three
had underlying lung disease. Ten of these patients underwent
chest tube insertion. Three cases were on invasive mechani-
cal ventilation. Twelve patients had a favorable clinical
course. The mortality rate was 33%.

In the literature, the diagnostic value of CXR is rela-
tively low, 30%-60% in NCP. Despite its potential limits,
some of the complications of NCP can be diagnosed with re-
peated CXR, as seen in the example of our patient.

Conclusion

Pneumothorax may develop as a complication in pa-
tients with SARS-CoV-2 pneumonia, without previous pul-
monary comorbidities and ventilator (MV and NIV) respira-
tory support, due to alveolar damage. Acute deterioration
with rapid oxygen desaturation in these patients should raise
the suspicion of pneumothorax. Early diagnosis and prompt
treatment are necessary to reduce mortality.
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Abstract

Introduction. Myxoid lesions may present as benign, locally
invasive, or malignant tumors. The incidence of intramuscular
myxoma is nearly 1 case in 1,000,000 inhabitants.
Case report. A 73-year-old man presented to our clinic with
a painless, subcutaneous tumor of the adductor region of the
left thigh. Computed tomography and magnetic resonance
imaging showed a cystic tumor with thin septae located in the
adductor muscles. The tumor was extirpated 7 fofo, with the
histopathological confirmation of an intramuscular myxoma.
Conclusion. This example may serve to increase the aware-
ness of a successful intramuscular myxoma treatment among
surgeons and radiologists in small countries.

Key words:

diagnosis; magnetic resonance imaging; myxoma;
surgical procedures, operative; thigh; tomography, x-
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Apstrakt

Uvod. Miksoidni tumori mogu biti benigni, lokalno invazivni
ili maligni. Incidenca intramuskularnog miksoma je oko jedan
slucaj na 1 000 000 stankovnika. Prikaz bolesnika. Prezento-
van je slucaj 73-godisnjeg muskarca sa bezbolnim, potkoznim
tumorom aduktorne regije leve natkolenice. Kompjuteri-
zovanom tomografijom i magnetnom rezonancom otkriven je
cisti¢ni tumor sa tankim septama, lociran u aduktornoj musku-
laturi. Tumor je ekstirpiran u celosti, a patohistoloski nalaz je
pokazao da se radi o intramuskularnom miksomu. Zakljucak.
Prikazani slucaj moze pomo¢i hirurzima i radiolozima u malim
zemljama da sagledaju moguénost uspesnog lecenja intra-
muskularnog miksoma.

Kljucne reci:

dijagnoza; magnetska rezonanca, snimanje; miksom,;
hirurgija, operativne procedure; natkolenica;
tomografija, kompjuterizovana, rendgenska.

Introduction

Myxoid soft tissue tumors represent a group of
neoplasms consisting of a rich extracellular gelatinous
mucopolysaccharide matrix actively secreted by tumor cells .
They usually affect the extremities and can be benign
(including the locally invasive tumors) or malignant 2 3,
Among benign and locally aggressive  myxomas,
intramuscular myxoma is the most frequent type, while
aggressive  angiomyxoma,  superficial ~ angiomyxoma,
myxolipoma, and dermal myxoma are less common 2 The
incidence of intramuscular myxoma is around 1 case in
1,000,000 inhabitants % Due to the hypocellularity of the
lesion, excisional biopsy is indicated (instead of fine needle
aspiration cytology), while complete excision is almost always

curative 5. We presented a patient with an asymptomatic
intramuscular myxoma diagnosed and treated at a tertiary care
center in Podgorica, Montenegro.

Case report

A 73-year-old man presented to our clinic with a tumor
in the left thigh. He stated that the mass had been growing
slowly for several years. He felt no pain and had no other
symptoms. His previous medical history included: arterial
hypertension, transurethral resection of the prostate for benign
prostatic hyperplasia, laparoscopic cholecystectomy for
chronic calculous cholecystitis, right-sided inguinal hernia
repair, and extirpation of the right great saphenous vein due to
venous varices. The laboratory results were unremarkable.
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The physical examination revealed a subcutaneous
tumor on the medial aspect of the superior third of the left
thigh. The tumor was solid, irregularly ball-shaped, and
around 6-7 cm in its widest diameter. It was not painful on
palpation, and there was no neurovascular deficit on the
affected leg. Ultrasonography of the left thigh showed a
tumor located among the adductor muscles, heterogeneous in
echo sonographic appearance. Color Doppler imaging did
not show any tumor blood vessels, and there were no
pathological findings on the arterial or venous vessels of the
left leg. Computed tomography (CT) showed a 95 x 90 mm
tumor in the adductor region of the left thigh adjacent to the
inferior ramus of the left pubic bone resembling a cystic
lesion (Figure 1). Magnetic resonance imaging (MRI) also
suggested the cystic nature of the tumor, with thin septae
(Figures 2 and 3). No bone or vascular lesions were seen on
CT or MRI.

Fig. 1 — Axial computed tomography scan (white
arrowhead indicating the tumor).

Fig. 2 — Axial magnetic resonance image (white
arrowhead indicating the tumor): a) T1 sequence;
b) T2 sequence.

Terzi¢ Z, et al. Vojnosanit Pregl 2021; 78(3): 366—369.

Fig. 3 — Coronal magnetic resonance
image (white arrowhead indicating the
tumor): a) hypointense lesion — T1
sequence; b) hyperintense lesion — T2
sequence.

Surgery revealed an encapsulated tumor measuring 9 x
7 x 6.5 cm in size, located in the adductor muscles of the
thigh, arising from the medial plane of the femoral sheath
(adjacent to the adventitial layer of the femoral vein) (Figure
4). The tumor was extirpated in toto and sent to

Fig. 4 — Intraoperative view of the tumor.
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histopathological examination. The patient's recovery was
uneventful, and there was no recurrence of the tumor in the
next 6 months after surgery. Histopathology showed an
overall regular histological and cytological appearance — a
tumor consisting of myxomatous stroma, oval and spindle
cells without mitoses. Immunohistochemistry was negative
for CK, S100, CD34, and actin, while it was positive for
vimentin (Figure 5). Therefore, the tumor was diagnosed as a
benign myxoma.

fat tissue, but fat-suppressed T1 images are of great value in
these cases) .

In order to help determine malignant from benign cyst-
like lesions on MRI, Harish et al. ° proposed several factors:
heterogeneity on T1 sequence, average tumor size > 7 cm,
with the largest tumor size > 10 cm. Peterson et al. !
suggested that benign myxoid lesions exhibit the following
characteristics: uniform low signal intensity on T1 sequence
and increased signal intensity on T2 sequence, homogeneous

’ ‘fa‘k% h \“\."‘

Fig. 5 —a) Uniform tumor cells Wlthout mitoses (hematoxylln and eosin,
x200); b) Vimentin positivity on immunochistochemistry (x400).

Discussion

Intramuscular myxoma usually occurs in patients 50-60
years of age, somewhat more often in women ° most
commonly affecting the muscles of the thigh. The tumor is
rarely located in the intermuscular planes and more often in
the muscle tissue itself 2. CT image is nonspecific, showing a
well-defined hypodense lesion in the intramuscular space.
MRI shows homogeneous (81-100%), hypointense lesions
on the T1 sequence and hyperintense lesions on the T2
sequence owing to the liquid contents of the tumor, as well
as the perilesional rind of fat or edema & 7.

Aggressive angiomyxomas usually occur in women,
affecting the pelvis or perineum. They exhibit a swirling
pattern of infiltration without visceral involvement 2
Myxofibrosarcoma is a malignant lesion affecting the
extremities, with equal sex predilection and common local
recurrence due to incomplete resection. It exhibits an
infiltrative border with centrifugal spreading along fascial
and vascular planes. The tumor is heterogeneous on both T1
and T2 sequences, with a T2-hyperintense curvilinear “tail
sign” projection from the primary lesion into the adjacent
tissue. The “tail sign” has moderate sensitivity (64—77%) and
specificity (79-90%) for this diagnosis 8, and it should be
differentiated from perifocal edema by the presence of
contrast enhancement ° Due to its heterogeneity,
myxofibrosarcoma is most difficult to distinguish from
myxoid liposarcoma (intralesional hemorrhage might mimic

enhancement, sufficient circumscription, and intramuscular
localization. In a 2016 study on 95 myxoid tumors (26
benign and 69 malignant), Crombe et al. ® identified several
MRI characteristics of malignant lesions: ill-defined margin,
hemorrhagic component, fibrosis, “tail sign”, and
intratumoral fat. In their study, malignant lesions were
misdiagnosed due to the concomitant absence of all the
aforementioned characteristics *. The radiographic and
histopathologic descriptions of the tumor presented herein
implied that it is a benign intramuscular myxoma. The
absence of distant metastases, as well as the lack of local
recurrence after resection, confirmed the nature of the tumor.
Montenegro has roughly 600,000 inhabitants, and the
aforementioned incidence of intramuscular myxoma makes it a
unique case in this country. While there is a sufficient number of
case reports and research articles published on benign and
malignant myxoid tumors worldwide, there are not many case
reports on this subject originating from the Balkan countries.

Conclusion

The awareness of intramuscular myxomas and a
possibility of their successful treatment among the surgeons
and the radiologists from that region should be increased.
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Introduction

Celiac disease (CD), also known as the
malabsorption syndrome or gluten-sensitive enteropathy,
is an immune-mediated disorder that occurs in individuals
with a genetic predisposition as a result of gluten
consumption. Gluten is found in wheat, rye, barley, and
oats 1. CD occurs in about 1% of the total population. The
prevalence of CD varies from country to country (0.3% in
Germany, 0.7% in Italy, 0.8% in Sweden, 2.4% in
Finland, and 0.7%-0.8% in the USA). It is a lifelong
disease that is associated with reduced quality of life and
high-risk comorbidity and death 2 3. Differences in the
incidence of the disease depend not only on genetic
factors and diet but also on the availability of modern
diagnostic technology. The disease occurs in children and
adults, but its typical form is more frequent in early life,
between the 7th and 24th month #. The diagnosis is based
on small intestinal biopsy, tissue transglutaminase (tTG)
antigen test, and human leukocyte antigen markers (HLA
DQ2 and HLA DQ8) °. The mainstay of treatment is a
gluten-free diet (GFD) 5. Appropriately diagnosed and
treated patients have a reasonable chance of living a
normal life. However, about 85% of people with CD are
asymptomatic, although serological parameters and
histopathological findings in the small bowel mucosa
might reveal increased intraepithelial lymphocyte
infiltration & °.

Earliest descriptions

CD has been known since the ancient times. For years,
it was exclusively considered a disease of the Old Continent
because it was found that it primarily occurred in the white
population, especially in certain groups, while it occurred
less frequently in people of other races °. Today, it is known
that CD is present in different groups of people, and it is
widespread throughout the world . A long time ago,
humans lived in hunter-gatherer groups, and their diet
consisted of fruits, drupes, roots, and occasional meat °. In
the New Stone Age (Neolithic), humans first started to
domesticate animals, cultivate the land, and grow crops for
human consumption. The way of life and their former diet
had been replaced during the period of the agricultural
revolution. Hunting and gathering fruits were replaced by
growing crops and animals, which challenged the human
gastrointestinal tract to adapt to a new diet and a new,
previously unknown, antigenic stimulation 101213,

The ancient Greek physician Aretaeus of Cappadocia
gave the first known description of the disease in the first
century, anno domini (AD). Aretaeus worked as a physician
during the reign of Nero. He most probably studied in
Alexandria and lived and worked in Alexandria and Rome %,
He described a disease encompassing the disturbance of
“pepsis” and “anadosis”, which could be loosely translated
into modern terms as digestion and absorption 4. He
suggested that it was a chronic disease in adults, manifested
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by general debility, dehydration, generalized wasting,
the passage of undigested food, and malodorous white clay-
like stools. The disease was not transmitted and was prone to
recur. Aretaeus believed that the problem was a lack of heat
in the stomach that was essential for digestion. He also
believed that this was a disease of older people, more
common in women, and that it never occurred in children.
He believed that the disease was not chronic and even
thought that the “consumption of large amounts of cold
water after a strong thirst” might be a possible cause. He also
emphasized the importance of a modified diet but did not
give any details of the diet composition . In his work,
Aretaeus also described a single patient who was pale, thin,
weak, incapable of working, and had abdominal pain.
Diarrheal stools were whitish, malodorous, and followed by
flatulence.

CD in the XIX century

After Aretaeus, no tangible progress had been made in
understanding CD until the modern era. Here, Francis Adams
ought to be credited for keeping the scientific society aware
of Aretaeus’s work in his lecture given at the Sydenham
Society in London in 1856 4. The first detailed description
of CD dates back to 1887 and is associated with the English
paediatrician Samuel Gee.

Samuel Gee *° (1839-1911) gained a sufficient reading
skill in ancient Greek. He gave a modern description of the
condition in a lecture at St. Bartholomew's Hospital and
Hospital for Sick Children, Great Ormond Street, London. A
year later, the lecture was published in the reports of his
hospital. It represents the first modern clinical description of
CD, along with the theory that highlights the importance of
the diet in patients with CD. This work is considered the first
comprehensive description of the condition and is usually
referred to in all subsequent publications . Gee ® further
investigated the disease in his research and acknowledged
the previously existing term coined after the Greek word
coeliacus, loosely translated as the abdominal cavity. Thus, it
was emphasized that a large stomach, along with very thin
arms and legs, dominated the condition, and disorder in
digestion was established as a basic problem. Gee ¥
described patients’ stools as heavy, greasy, and extremely
malodorous, i.e. severe steatorrhea and cachexia were
present due to poor appetite in persons of all ages. Contrary
to Aretaeus, Gee included children, mainly those aged 1 to 5
years. Unfortunately, most of these children died soon due to
severe cachexia. After their death, Gee examined their
intestines, but, as the wall of the small intestine rapidly
decays after death, he failed to find the cause of CD .

CD in the first half of the XX century

In the early 20th century, the diagnosis of CD was
based on clinical features, distinctive appearance of stools,
and typical age at which the disease occurred %8, It was not
until the beginning of the XX century that it became clear
that the cause of CD was a disorder of absorption in the

Stojanovié¢ B, et al. Vojnosanit Pregl 2021; 78(3): 370-375.

small intestine 1. Gee ® believed that children suffering
from the disease could be cured by a dietary regime, so he
recommended avoiding starch-rich foods. He forbade the
intake of milk, rice, fruit, and vegetables. He particularly
recommended the intake of shellfish, but almost no child
could bear this type of diet for a longer period of time .

Christian Archibald Herter, an American physician,
introduced a new name for this disease in 1908 — intestinal
infantilism — considering that an intestinal disorder was the
cause of the disease 6. In 1908, Herter ¥ wrote a book on
children with CD titled “Intestinal Infantilism”. The author
noted that the growth of these children was slow and they
had better fat tolerance compared with carbohydrates, while
the disease was described as severe insufficiency of
digestion. In 1924, Haas and Haas ! promoted the positive
effect of a banana diet for treating CD. During their career,
they treated over 600 patients with CD. In 1951, their son,
Dr. Merrill P. Haas, joined them and published the medical
textbook — “The Management of Coeliac Disease”. Until
1940, the phosphorylation of fats and insufficient secretion
of digestive juices and enzymes (particularly pancreatic)
were thought to be the possible causes of CD disturbances.
On the other hand, it was also thought that the disease might
be a result of a variety of conditions, therefore, celiac
syndrome was mentioned *°. During this period, the disease
was treated by trying various diets. In England, Leonard
Parsons % advised the exclusion of fats from the diet, while
carbohydrates were excluded on the recommendation of John
Howland 2 in the USA.

CD in the second half of the XX century

In his dissertation published in 1950, the Dutch
paediatrician Dr. Willem Dicke ? observed the exclusion of
wheat from children’s diet. He concluded that it led to
dramatic improvement, while the disease was getting worse
once the wheat was included again. This observation was the
result of a natural experiment conducted during wartime
when wheat was scarce. This was later confirmed under
laboratory conditions by a paediatrician Charlotte Anderson
who discovered that wheat gluten caused severe symptoms.
The medical team from Birmingham, Anderson et al. %,
concluded in 1952 that gluten was a necessary factor for the
development of damage to the mucous membrane of the
small intestine in patients with CD.

During the 1950s, the diagnosis was based on the
characteristics of malabsorption and clinical observations. In
the mid-50s, Shiner 2%, in England, and Royer %, in
Argentina, independently of one another, constructed the
instruments for peroral small intestine mucosal biopsy. The
application of these devices allowed Margot Shiner 2 in
1957 to discover that children with CD had villous atrophy in
the small intestine. Intestinal biopsy has become the gold
standard for CD ever since.

It was not until the 50s that the individual works of
Wim Dicke  and those made in collaboration — Dicke et
al. # — announced the discovery of gluten and led to major
progress in the knowledge and treatment of the disease. Their
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work, however, did not win much understanding and
acceptance by the general medical community of the time
and was published with a delay of several years.

The implementation of peroral aspiration biopsy of the
small intestinal mucosa using a capsule developed by Croshy
and Kugler % enabled subsequent progress in the
histopathological examinations since it made the procedure
easier and more comfortable for the patients. In their
statement published in 1990, The European Society for
Paediatric Gastroenterology and Nutrition (ESPGHAN)
working group recommended using the biopsy capsule rather
than the endoscopic biopsy in order to ensure diagnostically
adequate specimens °. This procedure has become more and
more popular and is still being further developed 2* %,

+Paulley %! provided the description of typical
morphological changes in the small intestinal mucosa in
adults in 1954, while Sakula and Shiner 2 proved these
changes in children in 1957. Throughout the 1960s, other
characteristics of CD were being described, while the
importance of the hereditary factor in the emergence of this
disease was established in 1965 %,

Numerous methods of laboratory tests of metabolism
and absorption of nutrients were developed simultaneously.
The European Society for Paediatric Gastroenterology (and
Nutrition — as added later — ESPGHAN) was founded in
1968 in Paris with 14 members, with Dolf Weijers as the first
president because of the better cooperation, more precise
classification and definition of malabsorption, and diagnosis
and treatment of CD. According to the first ESPGHAN
diagnostic criteria adopted in Interlaken (Switzerland) in
1969, besides the initial intestinal biopsy, it was necessary to
obtain at least two additional biopsy specimens, one after 2—
4 years of GFD and the other one during the 3-6 months
period of reintroduction of gluten 3. An important
contribution to diagnosis was the use of a stereomicroscope
which allows three-dimensional visualization and ideal
preparation of the sample drawn from the small bowel
mucosa for histopathological analysis. Due to the experience
gained and further advances in the use of stereomicroscope,
as well as the introduction of serological indicators specific
to CD, the 1970 criteria were substantially supplemented and
corrected at the ESPGHAN meeting in Budapest in 1989 °.

In 1975, it was established that gluten peptides lead to a
cell-mediated immune response in the small intestine *.
HLA class Il molecules present epitopes in their binding
groove to CD4+ T-helper cells and activate the immune
system against the gluten, resulting in a characteristic
enteropathy with intraepithelial lymphocytosis, hyperplasia
of the crypts, and villous destruction . Later on, it was
discovered that gluten-specific CD4+ T-cells could be
isolated from the small intestine of CD patients but not in
controls " . Along with the cellular response, a strong B-
cell response was also discovered in the form of auto-
antibodies, defined as antireticulin, and then anti-
endomysium to indicate a poorly defined reaction to an
extracellular matrix component of the intestine *. In the late
1990s, it was discovered that enzyme tTG triggered these
antibodies “°. Subsequently, tTG was implicated in the

deamidation of gliadin #* %2, In this reaction, the glutamine in
gliadin is transformed into glutamic acid, thus making gluten
antigen fit perfectly in the binding groove of HLA-DQ2.5
and HLA-DQ8 molecules, which results in a stronger
immune response 4,

During this long period, CD was a common but often
unrecognized disease. This is partly due to its variable
clinical presentation and symptoms that range from
malabsorption followed by chronic diarrhea, growth
retardation in children, abdominal distention, and weight loss
to nonspecific signs and symptoms such as fatigue,
osteoporosis, iron deficiency, or anaemia. Serological
indicators of the disease, although highly sensitive and
specific, had no absolute diagnostic value. Serological tests
have been generally recommended as the first step when CD
is suspected in order to identify patients who should undergo
intestinal biopsy °.

CD nowadays

The diagnostic criteria for CD were proposed by
ESPGHAN and published in 1990. The criteria have not
been renewed for more than 20 years. During this time, the
perception of CD has changed from a rather uncommon
enteropathy to a common multiorgan disease with a strong
genetic predisposition associated mainly with human
leukocyte antigen HLA-DQ2 and HLA-DQ8. The studies of
monozygotic twins found a multitude of genetic factors
responsible for CD susceptibility . Recently, genome-wide
association studies have identified 39 non-HLA loci that also
predispose CD #'. The diagnosis of CD has also changed as a
result of the availability of CD-specific antibody tests, based
mainly on tTG type 2 antibodies “¢. Environmental factors
have been found to play a role in the emergence of the
disease at least to some extent. Infection with rotavirus has
been investigated, and the results demonstrate an increased
risk of CD autoimmunity in children “°. Early feeding habits,
such as the milk feeding type and breastfeeding duration, can
influence the intestinal microenvironment ¢, which is
characterized by an increased number of intestinal Gram-
negative bacteria and a lower level of Bifidobacteria in CD
patients 5L,

CD is now considered to be a systemic immune-
mediated disorder 524 Activated CD4+ T-lymphocytes
produce high levels of either a T-helper 1 or a T-helper 2
pattern of pro-inflammatory cytokines, which causes a clonal
expansion of plasma-cells secreting anti-gliadin and anti-tTG
antibodies . An increased density of CD8+ intraepithelial
cells is considered a hallmark of CD %, and tTG also
enhances the gliadin-specific T-cell responses 7.

ESPGHAN summarized the scientific progress to
publish the latest guidelines for the diagnosis of CD in 2012
%8, The guidelines underline the gluten-dependent symptoms,
CD-specific antibody levels, HLA markers, and specific
small intestinal biopsy findings as a ground for diagnosing
CD. It was also suggested that if a high antibody level is
present, then performing the biopsy is not necessary.
Moreover, the decline of antibody levels can be used to
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confirm the diagnosis and follow the response to GFD.
However, the 2012 guidelines reserve the small intestinal
biopsy and gluten challenge for all uncertain cases %. These
current guidelines are due to be comprehensively scrutinized
and reevaluated.

Currently, adherence to a strict lifelong gluten-free diet
is the only available treatment for CD 58, Research performed
since the beginning of the 21st century aims to explore the
possibilities for developing effective therapies that could
reduce the burden of GFD. Such are dietary modulation with
enzyme-treated  coeliac-safe wheat %%, wheat gene
modulation, and bacterial fermentation 1. Oral exogenous
enzyme intake has been considered in order to reduce gluten
toxicity by decreasing the immunogenicity of peptide
sequences before ingestion or in the gut 52755, Modulation of
intestinal  permeability for gluten has also been
investigated ®® 7. Experimental therapies attempting to
reduce immunogenicity or suppress inflammation include the
restoration of oral tolerance by administering gluten peptides
pretreated with enzymes secreted by Lactococcus €,

immunomodulation by helminths , tTG inhibitors 7 ™,
HLA-DQ groove antagonists "2, and inhibitors of adhesion
molecules . Clinical trials have been conducted to evaluate
the efficacy of a vaccine based on a set of gluten peptides .
However, the potential risks of immune system activation,
clinical effectiveness, safety, and affordability require further
investigations of the vaccine.

Conclusions and future directions

The understanding of CD has greatly improved since
the first description in 1887. Intensive studying has changed
many attitudes about the disease, opened a number of
questions, and, thus, imposed the necessity of additional
research and decision-making. Unfortunately, CD s
increasingly becoming a public health problem. CD is now
more widely discussed, and symptomatic patients are more
easily recognized. It is very important that the environment
in which the patient lives is aware of the problem and
alleviates their suffering.
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Treatment of neurology patients during the COVID-19 pandemic in

Serbia

Lecenje neuroloskih bolesnika tokom pandemije COVID-19 u Srbiji

To the Editor:

In the period of the COVID-19-precipitated state of
emergency in Serbia, up until the 30th September 2020,
patients with neurological disorders, who required tertiary
level of medical care, have been treated at the following
centers: for Belgrade - Neurology Clinic of the Military
Medical Academy and its outpatient clinic, Special Hospital
for Cerebrovascular Diseases “Saint Sava”, and outpatient
clinics of the Accident and Emergency Department of the
Clinical Center of Serbia; for VVojvodina — Neurology Clinic
within the Clinical Center of Vojvodina; and for central and
Southern Serbia — Neurology Clinics within the Clinical
Centers of Kragujevac and NiS. The Neurology Clinic within
the Clinical Center of Ni$ has been relocated to the Military
Hospital Ni$ for the majority of this period.

Regarding the outpatient appointments for neurology
patients in the first five months of the pandemic (Mart to
July), only the Outpatient Clinic of the Military Medical
Center Novi Beograd had been open to all categories of
population (civilian and military). Since the end of August,
the Consultant Neurology Clinic within the Military Medical
Academy has also admitted patients with neurological
disorders. On the other hand, the Outpatient Clinic of the
Clinical Center of Serbia has commenced only a reduced
level of appointment bookings, starting from the end of May.

In the observed period, the above-mentioned tertiary
centers have hospitalized and treated over 3,000 patients
with severe neurological conditions outside the COVID
system. The staff of these clinics exhibited heroic efforts in
order to provide timely and accurate diagnostic assessment
and, in particular, differentiate neurological conditions per se
from neurological complications of COVID-19. Considering
that neurological complications of COVID-19 are common,
and outcomes of COVID-19 in patients with existing
neurological problems are often severe, such level of
dedication and effort was critical in order to avoid spreading
of COVID-19 within the neurology wards, which would, in
turn, dramatically increase morbidity and mortality rates. An

additional strain for neurology units, particularly in
Belgrade, came from the fact that neurology wards within
other tertiary institutions, such as Clinical Centers “Zemun”,
“DragiSa Misovi¢”, and City Hospital “Zvezdara”, have not
participated in the treatment of neurological patients, since
they have been transformed into a part of the COVID
system. Moreover, the Neurology Clinic within the Clinical
Center of Serbia, the institution with the greatest capacity for
neurological hospitalizations in the country, redirected
patients to the Department of Emergency Neurology of the
Clinical Center of Serbia. Together with the strict
observation of the intrahospital epidemiological measures,
such as increased distancing within patient rooms, the above-
mentioned issues further reduced the capacity of the active
wards by over 60% in comparison with the period before the
pandemic. Despite this, the Specialised Hospital for
Cerebrovascular Diseases “Saint Sava” treated the highest
number of patients with cerebrovascular stroke and
performed the greatest number of hospitalizations amongst
all neurology clinics in Serbia.

In order to provide robust and reliable statistical data, a
Working Group of the Society of Serbian Neurologists
prepared a database of all neurology patients, including the
COVID-19 positive ones, treated at outpatient or hospital
settings during the COVID-19 pandemic in Serbia. Thereby,
data relating to the admittance, severity, treatment, and
outcomes of neurology patients at outpatient and hospital
institutions are presented in tabular form, illustrating
difficulties, complexities, risks, demands, and dangers of
medical care for these patients during the COVID-19
pandemic. It has already become clear that apart from the
treatment, which needs to be provided for neurological
conditions per se, determining the COVID-19 status for these
patients and the causal relationship between COVID-19 and
neurological symptomatology and outcomes has been critical.
Furthermore, including the measures for avoiding the infection
from spreading to other patients and medical staff has become
crucial while maintaining, at the same time, high standards of
treatment for COVID-19 patients in neurology wards.

Correspondence to: Ranko Raicevi¢, Military Medical Academy, Clinic for Neurology, Crnotravska 17, 11 000 Belgrade, Serbia.
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Table 1

Number of outpatient admittances in polyclinics, outpatient accident and emergency centers, and number of
hospitalizations in neurological institutions of tertiary level in Serbia, including the COVID-19 positive
patients who have been hospitalized or treated as outpatients

Number of COVID-19

Institution ex:ngitr?:ttilgr?; in Examinations in Hospitalized positive patients
- . emergency centers patients O: outpatients
polyclinic services H: hospitalized
Special Hospital “Saint 0:0
Sava”, Belgrade 3,500 1,200 H: 42
Clinic for Neurology, Two outpatient
MMA, Belgrade clinics of the
Military Medical
Center in Belgrade 0: 21
and two outpatient 8,294 589
clinics at the H: 17
Special Polyclinic
of the MMA (about
5,000 examinations)
Clinic for Neurology, Reduced scheduling 0: 55
CC Nig, Nis due to dislocation 6,159 a12 H: 7
Clinic for Neurology, Reduced scheduling 0:0
CCV, Novi Sad due to dislocation 4,500 400 H: 11
Clinic for Neurology Reduced scheduling 0:0
CC Kragujevac, due to dislocation 3,000 200 H: 0

Kragujevac

MMA - Military Medical Academy; CC — Clinical Center; CCV - Clinical Center of Vojvodina.

In Table 1, the number of outpatient-treated and
hospitalized neurology patients during the COVID-19
pandemic in Serbia (period March-September, 2020) is
given, while in Table 2, the frequency and characteristics of
neurological disorders in COVID-19 patients are presented.

Neurological manifestations of COVID-19 are not
uncommon, and in the studies published so far, they count
in one-third to as many as half of the treated patients 1-°.
Symptoms and signs may involve the nervous system at
all levels, from the brain to muscles. For now, studies

Table 2

most often confirm previous results given in the Chinese
population, in which about 30% of patients have
neurological manifestations of COVID-19. We presented
neurological manifestations that we have observed in 153
COVID-19 positive patients treated at neurological
clinics. Like in the other presented study, encephalopathy
was the most frequent central nervous system
manifestation reported °. Most cases of altered
consciousness were secondary to severe hypoxemia and
closely related to the severity of the disease >°. We must

Frequency and characteristics of neurological disorders in COVID-19 positive patients

Neuroinfection

Encephalopathy

Institution* Stroke of the periphery Ep_lleptlc Loss of smell and psychiatric Fatigue an_d
and central seizures and taste muscle pain
symptoms
nervous system
specall Hospital - o1 . 6/42 10/42 4142
Belgrade : (100%) (14.3%) (23.8%) (9.5%)
Clinic for
11/38 3/38 7/38 11/38 21/38
Neurology, 5/38 (13.2%
MVA Borade (29%) (7.9%) (18.4%) (132%) (20m) (55.39%)
Clinic for
91/62 7/62 5/62 15/62 20/62
Neurology CC 12/62 (19.4%
eurology (145%)  (113%) ©1%)  (24.2%) (194%)  (32.3%)
(1\3123:8|20r oy S 2111 411 411 411
Novi Sagy ' (45.5%) (18.2%) (36.4%) (36.4%) (36.4%)

*For abbreviations see under Table 1.

Certain patients exhibited more than one neurological manifestation.

All values are presented as numbers (percentages).
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emphasize the fact that more and more studies report a
higher percentage of cerebrovascular events, which were the
initial results reported in the study by Mao et al. . A possible
explanation could be the fact that in one number of patients,
the acute cerebrovascular disease was the first sign of
COVID-19. All this indicates that the neurological
manifestations, their development, and unpredictable course
in COVID-19 have not been fully studied. Literature data
highlight the problem of muscle damage and the consequent
feeling of weakness and the appearance of myalgias.
Although our data indicate that these symptoms occur in
more than thirty percent of neurological manifestations, there
are not enough data yet to speculate about the pathogenesis
of muscular involvement 12,
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To the Editor:

The majority of individuals infected by the novel coro-
navirus, or severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), typically have a mild/moderate form of the
resulting “coronavirus disease 2019” (COVID-19). However,
the current pandemic counts of COVID-19 cases are higher
than 111 million infected individuals worldwide, with ap-
proximately 2.5 million deaths. The most important pre-
conditions for COVID-19 “expansion” are: 1) high potential
of “human-to-human” virus transmission and 2) existence of
an “immunologically-naive” background, i.e., population *,

Rapid and almost limitless spreading of the disease has
inspired the emergence of intense fundamental and preclini-
cal studies, as well as initial clinical trials. The aim of these
investigations was: 1) to determine multiple immune-
mediated and other morphological, functional, and molecular
“damaging-events” in targeted tissues; 2) to improve diag-
nostic tools in order to verify or exclude SARS-CoV-2 infec-
tion; 3) to “update” available therapy and improve newly-
developed treatment options in order to reduce global
healthcare-system crisis and decrease morbidity/mortality
rate *°. However, multiple prospective studies are needed to
determine treatment directions, dosing, and side-effects of
these medications.

Antibody-response to the receptor-binding domain
(RBD) of the spike (S) protein of SARS-CoV-2 after infec-
tion remains incompletely evaluated. Dynamics/kinetics in-
tensity and duration of antibody production, as well as anti-

SARS-CoV-2 cross-reactivity with other coronaviruses and
antibody-mediated protection after infection, are still unde-
termined 7. Potential treatments incorporate medicaments,
such as antiviral drugs, anti-interleukin-6 receptor monoclo-
nal antibodies (mAbs), and allogeneic convalescent plasma
with neutralizing anti-SARS-CoV-2 antibodies, which have
been used for some earlier indications and innovative thera-
peutic approaches/strategies “°. Finally, numerous safe,
well-tolerated, and immunogenic COVID-19 vaccines have
been developed. Thus, to this day, different vaccines have
been already certified or are still progressing through phase-
3-trials 1 . Although researchers are not absolutely sure
whether the infection itself or the use of vaccines generate a
more powerful antibody-response, one fact is undoubtedly
evident — the use of vaccines is much safer 7101,

The purpose of this letter is to present our results of a
10-month continuous anti-SARS-CoV-2 antibody level mon-
itoring in serum/plasma by enzyme-linked immunosorbent
assay (ELISA), after the “initial/natural” exposure to SARS-
CoV-2 (infection), followed by the application of the mRNA
COVID-19 vaccine. Moreover, some “diagnostic-steps” and
data concerning convalescent plasma collection by apheresis
— designed for upcoming basic studies and/or potential thera-
peutic use — will be summarized.

On April 6, 2020, a 67-year-old male was diagnosed
with COVID-19, owing to positive molecular testing, using
the quantitative Polymerase Chain Reaction (QPCR) tech-
nique. SARS-CoV-2 RNA, isolated from nasopharynge-
al/oropharyngeal swabs, was reversely transcribed to cDNA

Correspondence to: Bela Balint, Serbian Academy of Sciences and Arts, Kneza Mihaila 35, 11 000 Belgrade, Serbia.
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and subsequently amplified using QuantStudio-5 Real-Time
PCR-System (Thermo-Fisher Scientific; USA). The results
of relevant laboratory testing were the following: white
blood cells (WBC) = 7.4 x 10%/L, lymphocytes = 2.9 x 10%/L,
C-reactive protein (CRP)=6.9 mg/L (normal <5.0 mg/L),
D-dimer = 0.35 pg/mL (normal <0.5 pg/mL), and chest ra-
diography was without signs of a pathological process. The
patient was self-isolated at home according to the regulations
at that time (28-days quarantine) with mild symptoms of
COVID-19, such as rare subfebrility (up to 37.3°C), dry
cough, and throat scratching. On April 20 and May 5, 2020,
the results of the PCR-testing were negative. After that, the
patient's quarantine was canceled.

On June 9, 2020, the results of rapid-antibody-testing
were negative for IgM and positive for 1gG, using Vazyme
2019-nCoV 1gG/IgM Detection-Kit (Vazyme Biotech Co.
Ltd.; China).

For detecting 1gG antibodies to SARS-CoV-2, sera
samples were firstly inactivated at 56 °C for 30 minutes.
These assays detected 1gG antibodies, targeting the spike
(S1) and nucleocapsid (N) proteins. Positive, negative, and
cut-off controls were run with each test run. The cut-offs
were calculated according to the manufacturer, as well as the
antibody index, which was estimated as the ratio of sample
and mean cut-off optical densities. Sera displaying antibody
indices <4 are considered as negative, those from 4-6 as
equivocal, and those > 6 were presented as positive.

ble with the data from literature ® 7. Afterward, progressive
decreases in 1gG levels were shown on November 30, 2020,
and January 11, 2021 — indexes were 18.8 and 17.3, respec-
tively (Figure 1).

On June 15, 2020, convalescent plasma was collected
from the investigated person by apheresis. Plasmapheresis
was performed by Spectra Optia device (Terumo BCT;
USA). The total volume of collected plasma was 960 mL:
360 mL for studies and 750 mL for potential therapeutic use.
The patients was non-reactive for hepatitis B and C viruses
(HBV and HCV, respectively), human immunodeficiency vi-
rus (HIV), and syphilis (lues) markers. Plasma samples (10
mL per tubes; 6 samples) and units (150 mL per bag; 6 units)
were cryopreserved with uncontrolled-rate technique
(“dump-freezing”; cooling rate: 1-2°C/min) by simple plac-
ing of tubes/units into a mechanical freezer ULT C75 (Nor-
dic Lab; Denmark). They will be stored at -90 + 5°C thaw-
ing and investigation (or potential therapeutic use).

On January 13, 2021, the investigated person received
the first dose of the mRNA COVID-19 vaccine (Pfizer-
BioNTech; USA). The first vaccination was well tolerated,
without adverse events or complications. Afterward, the IgG
antibody level rapidly increased — the 1gG index was 67.87
on January 27, 2021. Finally, the second dose of the same
vaccine was applied on February 03, 2021. Following the
second dose of vaccine, transient chills manifested 6-8 hours
after application. On February 18, 2021, the IgG index (70.3)
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Fig. 1 — Antibody plasma levels in the investigated person before and after application
of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) vaccine.

Simultaneously with the rapid-antibody-testing (June 9,
2020), the results of the first IgG anti-SARS-CoV-2 investi-
gations were: 47.5 (positive > 6) by ELISA, using VirClia
device (Vircell, Spain), and 7.4 (positive > 1.4) by two-step
chemiluminescent microparticle immunoassay (CMIA) using
Architect i2000SR system (Abbott, Germany), respectively.
After that, levels of IgG antibodies were monitored only by
ELISA. Kinetics of antibody levels was nearly constant in
the first 6 months after the onset of the symptoms — on Au-
gust 5, 2020, antibody index was 47.9, and on October 15,
2020, it was 33.3, respectively. These results were compara-

was also high, as shown in Figure 1. The presented data gen-
erally agree with those reported in the literature on both the
antibody levels and the duration of their presence in human
plasma 51012,

As recently verified, immune-response mediated by
specific antibodies to RBD epitopes of the SARS-CoV-2 S
protein positively and closely correlates with their neutraliz-
ing-capacity because RBD is responsible for binding to angi-
otensin-converting enzyme 2 (ACEZ2). Thus, the synthesis
and elevated plasma level of these antibodies could make an
effective platform for SARS-CoV-2 elimination and corre-

Balint B, et al. Vojnosanit Pregl 2021; 78(3): 379-381.
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late with a milder course of the disease, as well as superior
clinical recovery 2 7. Antibody-response correlates clearly
with SARS-CoV-2 neutralizing activity (virus deactiva-
tion/elimination) & 7. Furthermore, as presented, antibody ti-
ters remain relatively stable for several (6—-8) months after
the primary exposure to SARS-CoV-2 12, Although the ti-
ter of antibodies may significantly decline with time in some
persons, the specific T and B memory cells remain 2,

The SARS-Cov-2 infection could be treated by alloge-
neic plasma collected from recovered COVID-19 patients,
typically simultaneously with antiviral agents, steroids, and
other medication * °. Although polyclonal antibodies (exist-
ing in collected plasma) are already in routine therapeutic
use, further controlled clinical trials are needed to confirm
the concept of COVID-19 treatment by convalescent plasma
infusion & °, There are also data concerning the production of
mAbs for treating COVID-19. A major disadvantage of this
therapeutic approach is an insufficient mAb quantity for ex-
pected oversize requests in healthcare systems and their high
cost 5. Finally, since the RBD-region is a potent immunogen-
ic epitope, it is most likely an ideal "antigen-candidate™ for
vaccine design ’.

In conclusion, the anti-SARS-CoV-2 antibodies detect-
ed in this pilot study, particularly their increased plasma lev-
el after vaccination, could be protective enough against a
possible new COVID-19. We speculate that they could pro-
vide a more effective virus elimination following a

(re)infection. Besides, in presenting this case, we point out
that vaccination (particularly the use of the first dose) to date
has demonstrated neither critical side-effects nor inferiority
in antibody-response when compared to the infection itself.
The results presented require further basic studies and pro-
spective clinical studies.
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INSTRUCTIONS TO THE AUTHORS

The Vojnosanitetski pregled (VSP) is an Open Access Journal.
All articles can be downloaded free from the web-site
(http:/Mmww.vma.mod.gov.rs/sr/vojnosanitetski-pregled) with the use of li-
cense: the Creative Commons — Attribution-ShareAlike (CC BY-SA)
(http://creativecommons.org/licenses/by-as/4.0/).

The V'SP publishes only papers not published before, nor submitted to any
other journals, in the order determined by the Editorial Board. Any attempted
plagiarism or self—plzi?iarism will be punished. When submitting a paper to
the V/SP electronic editing system (http://aseestant.ceon.rs/index.php), the
following should be enclosed: a statement on meeting any technical require-
ments, a statement signed by all the authors that the paper on the whole
and/or partly has not been submitted nor accepted for publication elsewhere,
a statement specifying the actual contribution of each author, no conflict of
interest statement that make them responsible for meeting any requirements
set. What follows subsequently is the acceptance of a paper for further editin
procedure. The manuscripts submitted to the V'SP pass in-house and external
peer review. All authors pay “Article Processing Charge” for coverage all ed-
iting and publishing expenses. Domestic authors pay 5,000 RSD, and those
from aboard 150 euros. The editing and publishing fee is required for sub-
stantive editing, facts and references validations, copy editing, and publishing
online and in print by editorial staff of the Journal. No additional fees, other
than stated above, are required even if an author who already paid the fee
would have more articles accePted for publishing in the year when fee was
paid. All authors who #)ay this fee may, If want, receive printed version of the
Journal in year when fee'is payed. Please note that the payment of this charge
does not guarantee acceptance of the manuscript for publication and does not
influence the outcome of the review procedure. The requirement about pay-
|né;_ “Avrticle Processing Charge” does not a}FpP/ to reviewers, members of the
Editorial Board and the Publisher’s Council of the Journal, ?/oung researchers
and students, as well as any of the subscribers of the Journal.

The VSP publishes: editorials, original articles, short communica-
tions, reviews/meta-analyses, case reports, medical history (general or
military), personal views, invited comments, letters to the editor, reports
from scientific meetings, book reviews, and other. Original articles, short
communications, meta-analyses and case reports are published with ab-
stracts in both English and Serbian.

General review papers will be accepted by the Editorial Board only if
the authors prove themselves as the experts in the fields they write on by
citing not less than 5 self-citations.

Papers should be written on IBM-compatible PC, using 12 pt font, and
double spacing, with at least 4 cm left margin. Bold and italic letters should
be avoided as reserved for subtitles. Orié;inal articles, reviews, meta-analyses
and articles from medical history should not exceed 16 pages; current topics
10; case reports 6; short communications 5; letters to the editor and com-
ments 3, and reports on scientific meetings and book reviews 2.

All measurements should be reported in the metric system of the
International System of Units (SIS), and the standard internationally
accepted terms (except for mmHg and °C).

MS Word for Windows (97, 2000, XP, 2003) is recommended for
word processing; other programs are to be used only exceptionally. Il-
lustrations should be made using standard Windows programs, Mi-
crosoft Office (Excel, Word Graph). The use of colors and shading in
graphs should be avoided.

Papers should be prepared in accordance with the Vancouver Convention.

Papers are reviewed anonymously by at least two editors and/or invit-
ed reviewers. Remarks and suggestions are sent to the author for final
composition. Galley proofs are sent to the corresponding author for final
agreement.

Preparation of manuscript

Parts of the manuscript are: Title page; Abstract with Key words; Text;
Acknowledgements (to the authors’ desire), References, Enclosures.

1. Title page

a) The title should be concise but informative, while subheadings
should be avoided;

b) Full names of the authors signed as follows: *, T, 1, §, ||, 1, **, t1, ...

) Exact names and places of department(s) and institutiongs) of affili-
ation where the studies were performed, city and the state for any au-
thors, clearly marked by standard footnote signs;

d) Conclusion could be a separate chapter or the last paragraph of the
discussion;

e) Data on the corresponding author.
2. Abstract and key words

The second page should carry a structured abstract (250-300 words for
original articles and meta-analyses) with the title of the article. In short,
clear sentences the authors should write the Background/Aim, major
procedures — Methods (choice of subjects or laboratory animals; meth-
ods for observation and analysis?, the obtained findings — Results (con-
crete data and their statistical significance), and the Conclusion.
It should emphasize new and important aspects of the study or observa-
tions. A structured abstract for case reports (ug to 250 words) should
contain subtitles Introduction, Case report, Conclusion). Below the

abstract Key words should provide 3-10 key words or short phrases that
indicate the topic of the article.

3. Text

The text of the articles includes: Introduction, Methods, Results, and
Discussion. Long articles may need subheadings within some sections to
clarify their content.

Introduction. After the introductory notes, the aim of the article should be
stated in brief (the reasons for the study or observation), only significant data
from the literature, but not extensive, detailed consideratuion of the subject,
nor data or conclusions from the work being reported.

Methods. The selection of study or experimental subjects (patients or
experimental animals, includin? controls) should be clearly described.
The methods, apparatus (manufacturer's name and address in parenthe-
ses), and procedures should be identified in sufficient detail to allow
other workers to reproduce the results. Also, give references to estab-
lished methods, including statistical methods. Identify precisely all drugs
and chemicals used, with generic name(s), dose(s), and route(s) of ad-
ministration. State the approval of the Ethnics Committee for the tests in
humans and animals.

Results should be presented in logical sequence in the text, tables and
illustrations. Emphasize or summarize only important observations.

Discussion is to emphasize the new and significant aspects of the
study and the conclusions that result from them. Relate the observations
to other relevant studies. Link the conclusions with the goals of the
study, but avoid unqualified statements and conclusions not completely
supported by your data.

References

References should be superscripted and numerated consecutively in the
order of their first mentioning within the text. All the authors should be
listed, but if there are more than 6 authors, give the first 6 followed by et
al. Do not use abstracts, secondary publications, oral communications, un-
published papers, official and classified documents. References to papers
accepted but not yet published should be cited as ”in press“. Information
from manuscripts not yet accepted should be cited as “unpublished data“.
Data from the Internet are cited with the date of citation.
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Paranjothi S, editors. The Washington Manual of Medical Therapeutics, 30th
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statistic for genetic programming. In: Foster JA, Lutton E, Miller J,
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Tables

Each table should be typed double-spaced 1,5 on a separate sheet,
numbered in the order of their first citation in the text in the upper right
corner and supplied with a brief title each. Explanatory notes are printed
under a table. Each table should be mentioned in the text. If data from
another source are used, acknowledge fully.

Illustrations

Any forms of graphic enclosures are considered to bi figures and
should be submitted as additional databases in the System of Assistent.
Letters, numbers, and symbols should be clear and uniform, of sufficient
size that when reduced for Bublication, each item will still be legible.
Each figure should have a label on its back indicating the number of the
figure, author's name, and top of the figure (Figure 1, Figure 2 and so
on). If a figure has been published, state the original source.

Legends for illustrations are_t?/ped on a separate page, with Arabic
numbers carresponding to the illustrations. If used to identify parts of
the illustrations, the symbols, arrows, numbers, or letters should be iden-
tified and explained clearly in the legend. Explain the method of staining
in photomicrographs.

Abbreviations and acronyms

Authors are encouraged to use abbreviations and acronyms in the
manuscript in the following manner: abbreviations and acronyms must
be defined the first time they are used in the text consistently throughout
the whole manuscript, tables, and graphics; abbreviations should be used
only for terms that appear more than three times in text; abbreviations
should be sparingly used.

An alphabetical list of all abbreviations used in the paper, followed by
their full definitions, should be provided on submission.

Detailed Instructions are available at the web site:
www.vma.mod.gov.rs/vsp
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UPUTSTVO AUTORIMA

Vojnosapitetski pregled (VSP) je dostupan u reZimu otvorenog
pristupa. Clanci objavljeni u ¢asopisu mogu se besplatno preuzeti sa
sajta Casopisa http://www.vma.mod.gov.rs/sr/ uz primenu licence
Creative Commons Autorstvo-Deliti pod istim uslovima (CC BY-SA)

(http://creativecommons.org/licenses/by-sa/4.0).

VSP objavljuje radove koji nisu ranije nigde objavljivani, niti
predati za objavljivanje redosledom koji odreduje uredivacki odbor.
Svaki poku$aj plagijarizma ili autoplagijarizma kaZnjava se. Prilikom
prijave rada u sistem elektronskog uredivanja ,,Vojnosanitetskog
pregleda“(http://aseestant.ceon.rs/index.php) neophodno je priloZiti izjavu
da su ispunjeni svi postavljeni tehnicki zahtevi ukljucujuéi i izjavu koju
potpisuju svi autori da rad nije ranije ni u celini, niti delimi¢no objavljen niti
prihvacen za Stampanje u drugom casopisu. Izjavu o pojedinaénom
doprinosu svakog og autora rada potpisanu od svih autora, treba skenirati i
poslati uz rad kao dopunsku datoteku. Takode, autori su obavezni da dostave
I potpisanu izjavu o nepostojanju sukoba interesa ¢ime postaju odgovorni za
ispunjavanje svih postavljenih uslova. Ovome sledi odluka o prihvatanju za
dalji uredivacki postupak. Rukopisi pristigli u Redakciju ¢asopisa podlezu
internoj i eksternoj recenziji. Svi autori duzni su da plate “Article Processing
Charge” za pokrice troskova jezicke, struéne i tehnicke obrade rukopisa, kao
i njegovog objavljivanja. Doma¢i autori plac¢aju iznos od 5 000 dinara, a
inostrani 150 eura. Dodatna placanja nisu predvidena ¢ak i u sluc¢aju da autor
koji je ve¢ prethodno platio trazeni iznos, ima viSe prihva¢enih radova za
objavljivanje u godini u kojoj je izvrSio uplatu. Svi autori koji su platili “Arti-
cle Processing Charge” mogu, ukoliko Zele, dobijati Stampanu verziju
Casopisa tokom godine u kojoj je izvrena uplata. Placanje ovog iznosa ne
garantuje prihvatanje rukopisa za okg'avl'ivanje i ne utice na ishod recenzije.
Od obaveze placanja pokri¢a navedenih troskova oslobodeni su recenzenti,
¢lanovi Uredivactkog odbora i Izdavackog saveta VSP, studenti i mladi
istrazivaci, kao i pretplatnici Casopisa.

U VSP-u se objavljuju uvodnici, originalni €lanci, prethodna ili
kratka saopStenja, revijski radovi tipa opSteg pregleda (uz uslov da
autori navodenjem najmanje 5 autocitata potvrde da su eksperti u oblasti
0 kojoj pidu), aktuelne teme, metaanalize, Kkazuistika, seminar
Erakticnog lekara, ¢lanci iz istorije medicine, li¢ni stavovi, naruéeni

omentari, pisma uredniStvu, izvestaji sa naucnih i stru¢nih skupova,
prikazi kng]iga i drugi prilozi. Radovi tipa originalnih ¢lanaka, prethodnih
ili kratkih “saopstenja, metaanalize i kazuistike objavljuju se uz
apstrakte na srpskom i engleskom jeziku.

Rukopis se pise sa proredom 1,5 sa levom marginom od 4 cm.
Koristiti font veli¢ine 12, a nacelno izbegavati upotrebu bold i italic slova,
koja su rezervisana za podnaslove. Originalni ¢lanci, opsti pregledi i
metaanalize i ¢lanci iz istorije medicine ne smeju prelaziti 16 stranica (bez

riloga); aktuelne teme — deset, seminar prakticnog lekara — osam,
azuistika — Sest, ﬁrethodna saopStenja — pet, a komentari i pisma uredniku
—tri, izvesStaji sa skupova i prikazi knjiga — dve stranice.

U celom radu obavezno je koris¢enje medunarodnog sistema mera
(SI) i standardnih medunarodno prihvacenih termina (sem mm Hg i °C).

Za obradu teksta Koristiti program Word for Windows verzije 97,
2000, XP ili 2003. Za izradu grafickih priloga koristiti standardne
graficke programe za Windows, poZeljno iz programskog paketa
Microsoft Office (Excel, Word Graph). Kod kompjuterske izrade
grafika izbegavati upotrebu boja i sencenja pozadine.

Radovi se pripremaju u skladu sa Vankuverskim dogovorom.

Prispeli radovi kao anonimni podlezu uredivackoj obradi i recenziji
najmanje  dva  urednika/recenzenta.  Primedbe i  sugestije
urednika/recenzenata dostavljaju se autoru radi kona¢nog oblikovanja.
Pre objave, rad se upucuje autoru odredenom za korespodenciju na
kona¢nu saglasnost.

Priprema rada

Delovi rada su: nasloyna strana, apstrakt sa kljuénim recima,
tekst rada, zahvalnost (po Zelji), literatura, prilozi.

1. Naslovna strana

a) Pozeljno je da naslov bude kratak, jasan i informativan i da odgovara
sadrZaju, podnaslove izbegavati.

b) Ispisuju se puna imena i prezimena autora sa oznakama redom: *, 1,
&L ST

¢) Navode se puni nazivi ustanove i organizacijske jedinice u kojima je
rad obavljen mesta i drzave za svakog autora, koristeci standardne znake
za fusnote.

d) Zaklju¢ak moZze da bude posebno poglavlje ili se iznosi u poslednjem
pasusu diskusije.

e) Podaci o autoru za korespodenciju.
2. Apstrakt i kljucne reci

Na drugoj stranici nalazi se strukturisani apstrakt (250-300 reéi za
originalne ¢lanke i meta-analize) sa naslovom rada. Kratkim
reCenicama na srpskom i engleskom jeziku iznosi se Uvod/Cilj rada,
osnovne procedure — Metode (izbor ispitanika ili laboratorijskih
Zivotinja; metode posmatranja i analize), glavni nalazi — Rezultati
(konkretni podaci i njihova statisticka znacajnost) i glavni Zakljucak.
Naglasiti nove i znacajne aspekte studije ili zapazanja. Strukturisani
apstrakt za kazuistiku (do 250 re¢i), sadrzi podnaslove Uvod, Prikaz

bolesnika i Zakljuéak). Ispod apstrakta, ,,Kljuéne re¢i“ sadrze 3-10
kljucnih reci ili kratkih izraza koje ukazuju na sadrzinu ¢lanka.

3. Tekst ¢lanka

Tekst sadrzi sledeca poglavlja: uvod, metode, rezultate i diskusiju.
Uvod. Posle uvodnih napomena, navesti cilj rada. Ukratko izneti razloge
za studiju ili posmatranje. Navesti samo vazne podatke iz literature a ne
opSirna razmatranja o predmetu rada, kao ni podatke ili zakljucke iz rada
0 kome se izvestava.

Metode. Jasno opisati izbor metoda posmatranja ili eksperimentnih
metoda (ispitanici ili eksperimentne zivotinje, ukljucuju¢i kontrolne).
Identifikovati metode, aparaturu (ime i adresa proizvodaca u zagradi) i
proceduru, dovoljno detaljno da se drugim autorima omoguéi
reprodukcija rezultata. Navesti podatke iz literature za uhodane metode,
ukljucujuéi i statistiCke. Tacno identifikovati sve primenjene lekove i
hemikalije, ukljucujué¢i genericko ime, doze i naCine davanja. Za
Ii(spiti_vanja na ljudima i Zivotinjama navesti saglasnost nadleZnog etickog

omiteta.

_ Rezultate prikazati logickim redosledom u tekstu, tabelama i
ilustracijama. U tekstu naglasiti ili sumirati samo zna¢ajna zapazanja.

U diskusiji naglasiti nove i znaGajne aspekte studije i izvedene
zakljucke. Posmatranja dovesti u vezu sa drugim relevantnim studijama,
u nacelu iz poslednje tri godine, a samo izuzetno i starijim. Povezati
zakljucke sa ciljevima raga, ali izbegavati nesumnjive tvrdnje i one
zakljucke koje podaci iz rada ne podrzavaju u potpunosti.

Literatura

U radu literatura se citira kao superskript, a popisuje rednim
brojevima ﬁOd kojima se citat pojavljuje u tekstu. Navode se svi
autori, ali ako broj prelazi Sest, navodi se prvih Sest i et al. Svi podaci
0 citiranoj literaturi moraju biti tacni. Literatura se u celini citira na
engleskom jeziku, a iza naslova se navodi jezik ¢lanka u zagradi. Ne
prihvata se citiranje apstrakata, sekundarnih publikacija, usmenih
saopStenja, neobjavljenih radova, sluzbenih i poverljivih dokumenata.
Radovi koji su prihvaceni za Stampu, ali jo3 nisu objavljeni, navode se
uz dodatak ,,u Stampi*. Rukopisi Koji su predati, ali Jos$ nisu prihvaceni
za Stampu, u tekstu se citiraju kao ,,neobjavljeni podaci* (u zagradi).
Podaci sa Interneta citiraju se uz navodenje datuma pristupa tim
podacima.

Primeri referenci:

Durovi¢ BM. Endothelial trauma in the surgery of cataract. VVojnosanit
Pregl 2004; 61(5): 491-7. (Serbian)

Balint B. From the haemotherapy to the haemomodulation. Beograd:
Zavod za udzbenike i nastavna sredstva; 2001. (Serbian)

Mladenovi¢ T, Kandolf L, Mijuskovi¢ ZP. Lasers in dermatology. In:
Karadagli¢ D, editor. Dermatology. Beograd: Vojnoizdavacki zavod &
Verzal Press; 2000. p. 1437-49. (Serbian)

Christensen S, Oppacher F. An analysis of Koza's computational
effort statistic for genetic programming. In: Foster JA, Lutton E, Miller J,
Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002:
Proceedings of the 5th European Conference on Genetic Programming;
2002 Apr 3-5; Kinsdale, Ireland. Berlin: Springer; 2002. p. 182-91.

Abood S. Quality improvement initiative in nursing homes: the ANA
acts in an advisory role. Am J Nurs [serial on the Internet]. 2002 Jun [cited
2002 Aug 12]; 102(6): [about 3 p.]. Available from:
http://www.nursingworld.org/AJN/2002/june/Wawatch.htm

Tabele

Sve tabele pripremaju se sa proredom 1,5 na posebnom listu. ObeleZavaju
se arapskim brojevima, redosledom pojavljivané'a, u desnom uglu (Tabela 1),
a svakoj se daje kratak naslov. Objasnjenja se daju u fus-noti, ne u zaglavlju.
Svaka tabela mora da se pomene u tekstu. Ako se koriste tudi podaci,
obavezno ih navesti kao i svaki drugi podatak iz literature.

lustracije

Slikama se zovu svi oblici grafickih priloga i predaju se kao dopunske
datoteke u sistemu aseestant. Slova, brojevi i simboli treba da su jasni i ujed-
naceni, a dovoljne veli¢ine da prilikom umanjivanja budu citljivi. Slike treba da
budu jasne i obeleZene brojevima, onim redom kojim se navode u tekstu (SI. 1;
Sl. 2 itd.). Ukoliko je slika ve¢ negde objavljena, obavezno citirati izvor.

Legende za ilustracije pisati na posebnom listu, koristeci arapske brojeve.
Ukoliko se koriste simboli, strelice, brojevi ili slova za obljaénjavanje
pojedinog dela ilustracije, svaki pojedinacno treba objasniti u legendi. Za
fotomikrografije navesti metod bojenja i podatak o uvecanju.

Skraéenice i akronimi

Skracenice i akronimi u rukopisu treba da budu kori$¢eni na sledeci nacin:
definisati skracenice i akronime pri njithovom prvom pojavljivanju u tekstu i
koristiti ih konzistentno kroz Citav tekst, tabele i slike; koristiti ih samo za
termine Kkoji se.pommgu viSe od tri puta u tekstu; da bi se olaksalo Citaocu,
skracenice 1 aktinome treba Stedljivo Koristiti.

Abecedni popis svih skracenica i akronima sa objaSnjenjima treba
dostaviti pri predaji rukopisa.

Detaljno uputstvo moZe se dobiti u redakciji ili na sajtu:
www.vma.mod.gov.rsivsp


http://www.nursingworld.org/AJN/2002/june/Wawatch.htm
http://www.vma.mod.gov.rs7vsp7download7instructions/
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