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Unprotected autogenous bone block grafts in the anterior maxilla:
resorption rates and clinical outcomes
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Abstract

Background/Aim. The use of autogenous bone grafts for
augmentation of the resorbed alveolar ridge is still considered
the gold standard in implant dentistry. The aim of this study
was to analyze the resorption rate of autogenous bone block
grafts from the retromolar region placed in the frontal seg-
ment of the upper jaw unprotected by barrier membranes, to
assess the stability of implants placed into the grafted bone,
as well as to monitor its changes during the healing period.
Methods. The study included 18 patients with a total of 20
grafted sites. The residual alveolar ridge was measured before
and after the augmentation and prior to implant placement.
All implants were restored with provisional crowns within 48
hours after the placement. Implant stability was assessed us-
ing resonance frequency analysis. Results. The average pe-
riod from ridge augmentation to reentry was 5.4 months
(range 4-6 months). At reentry the healed alveolar ridge had a
mean width of 6.1 £ 1.27 mm. The mean calculated width
gain was 3.04 £ 1.22 mm. The overall surface resorption of
block grafts was 0.68 * 0.69 mm (18.85%). At the time of
implant placement the mean value of implant stability quo-
tient ISQ) was 71.25 £ 5.77. The lowest ISQ values were
noted after three weeks of healing, followed by a gradual in-
crease until week 12. After 12 weeks implants showed signifi-
cantly higher ISQ values compared to primaty stability (p <
0.05 Wilcoxon signed ranks test). During the 3-years follow-
up period no cases of implant loss recorded.
Conclusion. Despite a significant resorption of bone grafts,
it was possible to place implants in all the cases and to use
the immediate loading protocol without affecting implant
survival rate.
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Apstrakt

Uvod/cilj. Primena autogenih kostanih graftova (implantata) za
uvecavanje smanjenog (resorbovanog) alvelarnog grebena jo§ uvek
se smatra zlatnim standardom u implantologiji. Cilj ove studije bio
je analiza stepena resorpcije autolognih kostanih blok transplantata
nezastiCenih barfjernim mebranama, uzetih iz retromolarnog pre-
dela mandibule i postavljenih u frontalni segment gornje vilice,
procena stabilnosti implantata ugradenih u povecanu regiju, kao i
pracenje promene implantne stabilnosti tokom perioda oseointe-
gracije. Metode. U studiju je bilo ukljuceno 18 pacijenata sa uku-
pno 20 autotransplantata. Sirina rezidualnog alveolarnog grebena
merena je pre i posle postavljanja transplantata, kao i neposredno
pre ugradnje implantata. Svi implantati su optereéeni privremenim
nadoknadama 48 sati nakon ugradnje. Stabilnost implantata proce-
njivana je primenom analize rezonantne frekvencije. Rezultati.
Srednje vreme izmedu uvecavanja grebena i ugradnje implantata
iznosilo je 5,4 (4-6) meseci. Pre ugradnje implantata srednja vred-
nost Sirine grebena iznosila je 6,1 £ 1,27 mm, a povecanja Sirine
grebena u odnosu na vrednosti pre uvecanja 3,04 £ 1,22 mm. Po-
vrsinska resoprcija grafta iznosila je 18,85% (0,68 £ 0,69 mm).
Srednja vrednost koeficijenta implantne stabilnosti ISQ) u mo-
mentu ugradnje iznosila je 71,25 * 5,77. Najnize vrednosti ISQ
zabeleZene su u trecoj nedelji nakon ugradnje, $to je bilo praceno
postepenim porastom do dvanaeste nedelje zarastanja. Nakon
dvanaest nedelja vrednosti ISQ bile su statiticki znacajno vise od
vrednosti u momentu ugradnje (p < 0,05 Wilcoxon test). Tokom
trogodisnjeg perioda pracenja nije bilo izgubljenih implantata.
Zakljucak. Bez obzira na znacajan stepen resorpcije autotrans-
plantata, kod svih pacijenata bilo je moguée ugraditi implantate u
uveéani greben, kao i primeniti protokol ranog opterecenja bez
uticaja na stepen prezivljavanja implantata.

Kljuéne redi:

maksila; alveolni greben, podizanje; transplantacija,
autologna; stomatoloski implanti; kost, resorpcija; leCenje,
ishod.
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Introduction

Quantity and quality of available bone for dental im-
plants placement significantly affect final results of implant
surgery. Besides other variables, long-term maintenance of
esthetic results is largely dependent on thickness of labial
cortex covering the implant '. Therefore, sufficient bone vol-
ume is among the most important factors when it comes to
implant surgery in the anterior maxilla.

The use of autogenous bone grafts for augmentation of the
resorbed alveolar ridge is still considered the gold standard in
implant dentistry”. Although usage of autogenous bone block
grafts from the retromolar region proved to be safe and effective
procedure *, there are still some issues which should be con-
sidered when planning this kind of surgery. Horizontal ridge
augmentation with autogenous block grafts and a bioinert ex-
panded polytetrafluoroethylene (ePTFE) membrane is well do-
cumented, with good clinical results ®. The lack of this procedure
is a certain risk of wound dehiscence, membrane exposure and
subsequent site infection . Usage of collagen membranes re-
duces risk of dehiscence but it seems that their barrier function is
limited to a few weeks *. On the other hand, it has been demon-
strated that mandibular bone grafts can be used for ridge aug-
mentation without barrier membrane’. Still, such approach
might be related to increased resorption of the graft, affecting
the final result of grafting procedure '*'".

At last, this kind of surgery should enhance not only
dimensions of residual alveolar ridge, but also should im-
prove bone quality at the site of future implant placement.
This is particularly important in the frontal segment of the
upper jaw, where increased bone density and implant stabil-
ity should allow for immediate loading of the implants, pro-
viding patients with esthetically acceptable restoration in a
shortened period of time.

Therefore, the aim of this study was to analyze clinical
outcomes of autogenous bone block grafts from the retromo-
lar region placed in the frontal segment of the upper jaw, to
assess resorption rates of grafts unprotected by barrier mem-
branes at the time of implant placement, as well as to assess
the stability of implants placed into the grafted bone and to
monitor its changes during the healing period of implants re-
stored according to immediate loading protocol, as well as to
report survival rate of these implants.

Methods

The study sample included 18 patients. The patients
were fully informed about the surgical procedures and treat-
ment alternatives. The protocol of the study was approved by
the institutional Ethics Committee.

Inclusion criteria comprised the American Society of
Anesthesiology (ASA) physical status classification system I
and II patients, aged 20 or more, missing one or more teeth
in the frontal segment of the upper jaw. In all the cases the
available width of the residual ridge was insufficient for
placement of standard diameter implants without significant
augmentation at the implant site. The minimum time allowed
between tooth extraction and augmentation procedure was

six weeks. When due to severe infection or trauma postex-
traction defects presented with less than three walls, grafts
were placed before complete bone healing (less than four
months post extraction).

Upon standard flap reflection, the width of alveolar ridge
was measured with a caliper prior and after the augmentation in
two levels, at 5 mm and 10 mm from cementoenamel junction
(CEJ) of the neighboring teeth. Special ablative bur, 5 mm in di-
ameter, was used to remove cortex at the recipient site and pre-
pare bony bed for the future bone graft.

All grafts were harvested from the retromolar area. The
osteotomy was performed with a trephine bur with 5 mm in-
ner diameter, in a straight surgical handpiece, under copious
saline irrigation. The trephine bur was graduated and prepa-
ration was performed to the depth of 10 mm. Using a thin
surgical chisel and a hammer, the block graft was mobilized
and prepared for the augmentation procedure. After harvest-
ing procedure, the bone block was slightly adapted to the re-
cipient site and secured by osteosynthesis screws of 10 mm
in length in order to obtain bicortical fixation. The aug-
mented alveolar ridge was measured again with caliper at the
same reference points as before the graft placement. Voids
around the block graft were filled with anorganic bovine
bone matrix (ABBM) particles. A periostal-releasing incision
was made and primary closure was obtained without any ten-
sion in the grafted area.

After 6 months the grafted sites were re-exposed and
second surgery was performed. New measurements of ridge
width were made on the grafted site, using the same caliper
and reference points as during the augmentation procedure.
Osteosynthesis screws were removed and the Branemark
System”™ Mk III implants (10 mm length, 4.0 mm diameter)
were placed in an optimal position, following instructions
from the manufacturer.

The primary stability of implants placed in the grafted area
was measured by resonance frequency analysis (RFA). Meas-
urements were repeated during the healing period at the postop-
erative weeks 3, 6, 8 and 12. The measuring devices (Smart-
peg™) were attached to the implant and measurements were
performed according to the manufacturer’s instructions, with the
probe aiming from the buccal direction. The probe was held at
the distance of 2—3 mm until the instrument displayed the im-
plant stability quotient (ISQ) value. Two ISQ values were re-
corded and used as a mean value for statistical analysis.

After implant placement temporary crowns were made
from composite material and fixed within 48 hours after the
weeks after implants installation.

Descriptive statistics was used to report the mean values
and standard deviations of the reported parameters. Student’s t-
test and Wilcoxon signed ranks test were used to analyze the dif-
ferences in graft resorption rates and ISQ values. P values of <
0.05 were considered to be statistically significant. Calculations
were performed using SPSS 10.0 statistical software.

Results

In 18 of the patients (11 males, 7 females; mean age 29
years; range 19—47 years), a total of 20 alveolar sites were
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augmented (Table 1). No major intraoperative and postopera-
tive complications were noted.

The widths of the residual alveolar ridge before and af-
ter the augmentation and also at the time of implant place-
ment are shown in Table 2. Prior to augmentation, the mean
width of 3.06 mm was insufficient to allow optimal place-
ment of 4.0 mm diameter implants. It is interesting that the
mean thickness of the graft was less than 4 mm, although a
trephine bur of 5 mm diameter was used for graft harvesting,
indicating that some of bony tissue was lost during graft mo-
bilization and adaptation to the recipient site (Table 2).

The average period from ridge augmentation to reentry
was 5.4 months (4-6 months). At reentry the healed alveolar
ridge had the mean width of more than 6 mm, which was
sufficient for implant placement. The mean calculated width
gain was approximately 3 mm. The overall surface resorp-
tion of block grafts was 18.85% on 5 mm and 20.04% on 10
mm from CEJ. There was no statistically significant differ-
ence between graft resorption in these two reference points
(p > 0.05; t-test) (Table 2).

Out of 20 implants 19 had primary stability higher than
60 ISQ (Figure 1). At the time of implant placement the

Table 1

Augmentation sites and demographic data

No Age Gender Tlrglnelo(;lfﬂtgo;lglol;) sS };)e;;oﬁ) ;)Sf Recipient site
1 25 M 1.5 Trauma 21
2 25 M 3 Trauma 21
3 38 F 84 Trauma 21
4 23 F 42 Trauma 11
5 24 M 4 Trauma 11
6 24 F 84 Trauma 21
7 24 M 6 Trauma 11
8 22 M 36 Trauma 11
9 22 M 36 Trauma 12

10 29 F 180 Infection 12
11 25 F 8 Trauma 11
12 25 M 120 Trauma 22
13 24 M 120 Trauma 21
14 30 M 1 Trauma 22
15 49 F 3 Trauma 21
16 34 M 18 Trauma 21
17 39 M 36 Trauma 22
18 35 M 18 Infection 22
19 35 M 19 Infection 23
20 34 F 1.5 Infection 21

M — male; F — female.

Table 2
Measurements of residual ridge width
. Pre- Post- Thickness of Re-entry Graft gain Amount of
Width . . . surface
augmentation augmentation graft width .
resorption
Mean 3.06 +1.55 6.78 £1.26 3.72+0.86 6.10+1.27 3.04£1.22 0.68 +0.69
5 mm from CEJ .
(mean = SD) Minimum 1.8 4.5 2 4.3 0.7 0
Maximum 4.8 9.2 53 9 5 2.5
Mean 5.84+1.69 9.47+1.79 3.63+£1.17 8.74+1.59 290+ 1.11 0.73+£0.75
10 mm from CEJ .
Minimum 3.7 6 0.5 6 0.5 0
(mean + SD) .
Maximum 10.2 12.5 5.3 12 5.3 2.8

CEJ — cementoenamel junction; SD — standard deviation.
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Fig. 1 — Primary implant stability quotient (ISQ) of 20 implants.
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mean value of implant stability was 71.25 = 5.77 ISQ. Dur-
ing the healing period, slight decrease of the mean implant
stability was noted after three weeks of healing, just to be
followed by another rise of ISQ values till the end of the ob-
servation period (Figure 2). There were no significant differ-
ences between the implants stability measured at the weeks
3, 6 and 8 and the primary implants stability (p > 0.05) but
the difference between the implants stability at twelve weeks
after the surgery and the primary stability was significant
(p < 0.05 Wilcoxon signed ranks test).

During the 3-year follow-up period no cases of implant
loss were recorded, constituting survival rate of 100%.

80
78

76

As an alternative to ePTFE membranes, it was demon-
strated that resorbable collagen membranes also exert protective
effect and reduce amount of graft resorption. Von Arx and
Buser * demonstrated grafts resorption rate of 7.2% using colla-
gen membrane and ABBM particles. However, besides the pro-
tective effect of collagen membranes it was shown that ABBM
materials per se are able to reduce graft resorption. In the study
from Maiorana et al. '* the resorption of bone block grafts of only
9.3% for the sites treated with ABBM particles was found,
whereas the sites without coverage demonstrated the resorption
rate of 18.3%. Such effect might be attributed to the fact that these

bone substitutes demonstrate slow and minimal resorption ' '°.
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Fig. 2 — Changes of the implant stability quotient (ISQ) (mean ISQ values and standard deviations) during the
healing period.

Discussion

Several techniques have been proposed for augmenta-
tion of the residual alveolar ridge, including bone blocks
harvested from the mandible and positioned at the time of
implant placement '*, but also bone grafts from intra-oral or
extra-oral donor sites transplanted several months before the
implantation .

However, the principal issue when discussing bone
block grafts is amount of surface resorption, as this phe-
nomenon might significantly affect final result of grafting
procedure. Graft resorption is largely dependent on the usage
of barrier membranes. In the study from Antoun et al. '
grafted sites covered by non-resorbable ePTFE membrane
showed the mean surface resorption of 0.3 mm (resorption
rate of 7.5%) compared to the control group sites without
membrane, with the mean resorption of 2.3 mm (resorption
rate of 45%) '°.

Still, in several studies it was shown that autogenous
bone blocks might be used for ridge augmentation without
coverage by membranes and/or particulated grafting materi-
als. Using autogenous bone grafts from chin and mandibular
ramus, Cordaro et al. * reported 20% of graft resorption on
maxillary sites. In a similar protocol, the resorption of 13.1%
was reported for ramus block grafts used for augmentation of
future implant sites in the upper jaw . In our study the mean
surface resorption of grafts from the retromolar region was
19.45%, which was similar to the results of Proussaefs et
al. '*, who reported 17% of graft resorption using mandibular
ramus block grafts, and particles of Bio-Oss at a periphery.
In contrast to studies in which ABBM particles were used to
protect graft surface, in our study this material was used only
to fill the gaps around block graft and recipient bone, but it
seems that such procedure does not affect the amount of graft
resorption. Still, it has to be noted that the apparently signifi-
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cant resorption of almost 20% of graft width actually repre-
sents the loss of only 0.7 mm in the horizontal dimensions of
future implant site. From that point of view, it seems that for
a significant number of cases this degree of graft resorption
might be clinically acceptable.

It is of interest that monitoring of RFA results during the
healing period showed similar pattern of ISQ changes as re-
ported in previous studies. Although not statistically signifi-
cant, it was evident that ISQ values decreased during the first
three weeks of healing. Such a decrease, already well recog-
nized in the literature '* % reflects initial phases of bone re-
modeling around newly placed implants and, from our results,
it seems that such a process is similar both in grafted and na-
tive bone. Also, it was shown that initial fall of implant stabil-
ity is followed by gradual increase of ISQ values, which were
significantly higher after 12 weeks of healing.

Finally, it is of importance that initial implant stability
was sufficiently high to allow immediate loading of implants
placed into the grafted anterior maxilla. Such possibility is
particularly important in this part of the jaws, as it provides
esthetically acceptable restorations to be made in a shortened
period of time. In the present study, the mean ISQ values of
primary stability (71.25) were high enough to justify the im-
mediate loading protocol *. Even more, although two im-
plants demonstrated slightly lower values of the primary sta-
bility (58 and 59 ISQ) these implants were subjected to im-
mediate loading without affecting their survival. Such a re-
sult is in agreement with studies indicating that the primary
stability of ISQ per se has low predictive value regarding fu-
ture osseointegration of implants **.

High ISQ values in this study might be partially ex-
plained by changes in bone density following the grafting
procedure. It was demonstrated that block grafts from man-
dibular ramus show high degrees of mineralization (68.7%)
and that such a high percentage of mineral content is largely
preserved during the healing period . Hence, it seems rea-
sonable to believe that grafting of the anterior maxilla by
autogenous block grafts from the retromolar area improves
bone density of future implant sites.

Furthermore, although there was a slight decrease in
ISQ values over the first three weeks of healing, the stability
of implants was still high enough not to affect the process of
osseointegration, which is demonstrated by the fact that no
implants were lost during the follow-up period. Several stud-
ies reported 100% survival rate of immediately loaded single
implants in anterior maxilla **>°. The results of our study in-
dicate that the same high survival rates might be obtained in
both grafted and native sites. From this study it seems that
bone augmentation of the anterior maxilla using bone blocks
from the mandibular ramus is a safe and predictable proce-
dure, with low complications rates. Although resorption of
grafts unprotected by barrier membranes might be substan-
tial, the amount of residual graft was large enough to allow
optimal implant placement in most of the cases.

Conclusion

Considering the results of this study, it seems that the
stability of implants placed into the grafted bone is high
enough to allow the immediate loading protocol to be used,
not affecting the survival rate of implants during the 3-year
follow-up period.
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