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Abstract

Background/Aim. The A-test is used in daily clinical practice
for monitoring functional recovery of orthopedic patients dut-
ing early rehabilitation. The aim of this study was to determine
the accuracy of A-test and cutoff point at which the test can
separate patients with and without functional disability at the
end of early rehabilitation. Also, it was important to determine
whether A-test has that discriminative ability (and at which cu-
toff points) in the first days of early rehabilitation in order to
have time to plan post acute rehabilitation. Methods. This
measurement-focused study was conducted in the Orthope-
dic Ward during early inpatient rehabilitation (1st—5th day
after the operation) of 60 patients with hip osteoarthritis
(HO) that underwent arthroplasty and 60 surgically treated
patients with hip fracture (HF). For measurements we used
the A-test and the University of Iowa Level of Assistance
Scale (ILAS) as the gold standard. For statistical analysis we
used the receiver operating characteristic (ROC) curve and
the area under the curve (AUC) with 95% confidence interval
for the results of A-test from the first to the fifth day of reha-
bilitation, sensitivity, specificity, the rate of false positive and
false negative errors, positive and negative predictive value, ra-
tio of positive and negative likelihood ratio, accuracy, point to

Apstrakt

Uvod/Cilj. A-test se koristi u svakodnevnoj klinickoj praksi
za pracenje ortopedskih bolesnika tokom rane rehabilitacije.
Cilj ove studije bio je da se utvrdi ta¢nosti A-testa i odrede
tacke preseka na kojima A-test odvaja bolesnike od onih bez
funkcionalne nesposobnosti na kraju rane rehabilitacije. Ta-
kode, da bi se napravio plan produzene rehabilitacije, cilj
nam je bio da utvrdimo da li A-test ima tu diskriminatornu
sposobnost (i na kojim tackama preseka) i tokom prvih dana

the ROC cutve closest to 0.1 and Youden index for all the
cutoff points. Results. The AUC was 0.825 (0.744—0.905)
for the first day of rehabilitation, 0.922 (0.872—0.972) for the
second day of rehabilitation, 0.980 (0.959—1.000) for the third
day of rehabilitation, 0.989 (0.973—1.004) for the fourth day,
and 0.999 (0.996—1.001) for the fifth day of rehabilitation. The
optimal cutoff for the results of A-test was: 7/8 for the first
day, 29/30 for the fourth day, and 34/35 for the fifth day of
rehabilitation. On the second and the third day A-test had two
cutoff points, the lower point safely separated the patients
with functional disability, while the upper point ruled out
functional disability. On the 2nd rehabilitation day the cutoff
points were 12/13 and 17/18, on the 3trd rehabilitation day
cutoff points were 13/14 and 18/19. Conclusion. The A-test
has all characteristics of an accurate tool which can be used for
separating patients with and without functional disability at all
stages of early rehabilitation after surgically treated hip disease
ot fracture. Based on the results of A-test within the first days
of eatly rehabilitation, it is possible to make a plan for
postacute rehabilitation.

Key words:
rehabilitation; recovery of function; hip prosthesis;
postoperative period; predictive value of tests; serbia.

rane rehabilitacije. Metode. Ova studija usmerena na ispiti-
vanje mernog instrumenta sprovedena je na Ortopedskom
odeljenju tokom rane rehabilitacije (1-5. postoperativni dan)
na 60 bolesnika nakon artroplastike kuka zbog osteoartritisa
i 60 bolesnika nakon operativno lecenog preloma kuka. Za
merenja smo koristili A-test i the Unaversity of lowa Level of Assi-
stance Scale (ILAS) kao zlatni standard. Statisticka analiza obu-
hvatala je ROC krivu i povrsinu ispod krive (AUC) sa 95%
intervalom pouzdanosti za rezultate A-testa od 1. do 5. dana
rehabilitacije senzitivnost, specificnost, stopu lazno pozitiv-
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ne i lazno negativne greske, pozitivnu i negativau prediktiv-
nu vrednost, odnos pozitivhog i negativnog odnosa verova-
tnoce, tacnost, tacku na ROC krivi najblizu (0.1) i Youden
index za sve tacke preseka. Rezultati. Vrednosti AUC izno-
sile su: 0,825 (0,744—0,905) za 1. dan rehabilitacije, 0,922
(0,872—0,972) za 2. dan, 0,980 (0,959—1,000) za 3. dan,
0,989 (0,973—1,004) za 4. dan i 0,999 (0,996—1,001) za 5.
dan rehabilitacije. Optimalna tacka preseka za rezultate A-
testa bila je: 7/8 za 1. dan, 29/30 za 4. dan i 34/35 za 5. dan
rehabilitacije. Drugog i 3. dana rehabilitacije A-test imao je
dve tacke preseka, a nizom tackom se pouzdano odvajaju
bolesnici sa funkcionalnom nesposobnoscu, dok se visom
tackom odbacuje postojanje funkcionalne nesposobnosti.

Drugog dana rehabilitacije tacke preseka bile su 12/13 i
17/18, a 3. dana 13/14 i 18/19. Zakljucak. A-test ima ka-
rakteristike dijagnosticki ta¢nog testa koji moze da odvoji
bolesnike sa i bez funkcionalne nesposobnosti u svim faza-
ma rane rehabilitacije bolesnika koji su operativno leceni
zbog oboljenja ili preloma kuka. Na osnovu rezultata A-
testa tokom prvih dana rane rehabilitacije mogude je napra-
viti plan za produzenu rehabilitaciju.

Kljucne reci:

rehabilitacija; funkcija, povratak; kuk, proteza;
postoperativni period; testovi, prognosticka vrednost;
stbija.

Introduction

Due to injuries or planned surgery, all patients admitted
to the Clinic for Orthopedic Surgery and Traumatology
(COST) experience a lower or higher degree of functional
disability. Surgical treatment allows early mobilization of pa-
tients. The goals of early initiation of rehabilitation are to
maintain or reduce the loss of functioning and to accelerate
recovery and patients early autonomy '. The ultimate goal is
to prevent disability and to avoid the need for long-term ca-
re '. For most patients, changes in functional status occur
from day to day. From the condition of functional disability,
some patients come to the state of greater or lesser functional
independency for several days. Some of patients progress
slowly, so they more or less dependend on the therapist's
help in performing basic activities at discharge. Our rehabili-
tation team at the COST is a witness of these changes. But in
routine work we have a problem to record the changes that
occur from day to day in a simple and easy way. As in all ot-
her areas of physical medicine and rehabilitation, assessing
and measuring outcomes are essential in early rehabilitation.
Assessment is important for four reasons: decision on further
treatment of patients, monitoring and verification of the pro-
cess of rehabilitation, clinical research and better planning of
health services *. However, it seems that it is still not easy to
find or develop a suitable measure for functioning *.

Following the early rehabilitation program, we created
the A-test to assess 10 basic activities a patient needs to rega-
in in this period. For each activity, the patient receives a sco-
re from 0 to 5 depending on the degree of autonomy. The
tenth item of the test is walking endurance, and it is graded
from 0 to 5 according to the distance that the patient is able
to cross. Total scores can range from 0 to 50, or from
inability to perform any activity with the help of the thera-
pists to complete independence and safety in performing all
activities (Appendix 1). The test was called the A-test (A—for
assessment or activity).

First, we used the A-test in a study to assess the effects
of preoperative physical therapy and education of patients
scheduled for hip arthroplasty *. Then we continued to use A-
test in everyday practice to make it easier to monitor the pro-
cess of rehabilitation of each patient from day to day. The A-
test is not an additional obligation to the therapists because

each activity in the test is an integral part of early rehabilitati-
on program and has been practiced in the COST for years. Af-
ter the session, the therapists recorded the degree of
independency which each patient achieved for a particular
activity from the early rehabilitation program. It takes less than
1 minute to the physiotherapist to complete A-test form for
each patient. Also, we find that A-test is valid and reliable me-
asurement tool for assessment of functional recovery during
early rehabilitation of patients in the Orthopedic Ward >°.

We believe that A-test could help us in making decisi-
ons about further treatment and planning health services. The
pressure to shorten the stay in the surgical units is
ubiquitous, and we are not an exception to this phenomenon.
On the other hand, the problem is the small capacity of the
rehabilitation department. Candidates for transfer to the re-
habilitation department are patients who, until discharge
from the COST, did not achieve a satisfactory degree of in-
dependence in basic activities. The importance of A-test in
this case would be to separate these patients from the group
of patients who achieved a satisfactory degree of indepen-
dence and can be discharged home to continue rehabilitation.
So, the aim of this study was to determine which is the most
appropriate cutoff for separating these two groups of pati-
ents. There was another clinical dilemma, however, thas we
expect the A-test to help us in solving it. We usually dischar-
ged patients from the COST on the seventh day of the opera-
tion. The plan for transfer should be made several days earli-
er. In the first days after the surgery the A-test score is much
lower for most patients, and in that case the cutoff should al-
so be set lower than on discharge, because we would,
otherwise, transfer almost all patients from the COST to the
rehabilitation department. Therefore the aim of this study
was also to determine the cutoff point for solving the transfer
plan in the first days after surgery. In addition to determining
the cutoff points of A-test during early rehabilitation, the aim
of this study was to evaluate the A-test in terms of other fea-
tures of test accuracy, as well.

Methods

This prospective study was conducted in the COST of
Military Medical Academy, Belgrade, on 120 patients of
both sexes: 60 patients with acute hip fracture and 60 pati-
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ents who underwent hip arthroplasty due to osteoarthritis.
Patients with hip fracture were able to walk or without aids
and up-and down stairs (help of another person was allowed
for this activity) before the injury. This study did not include
patients with dementia, pathological hip fractures, bilateral
hip fractures, concurrent fracture in any other part of the
body, and patients to whom surgical treatment is contraindi-
cated. Patients who underwent hip arthroplasty due osteoart-
hritis were, also, without significant mental disability, and
were able to walk with or wihout aids, and up- and down-
stairs (help of another person was allowed for this activity)
before the operation.

Exclusion criteria during the study were the occurrence
of intraoperative or postoperative complications that preven-
ted or delayed the start of rehabilitation, lethal outcome
immediately after surgery and incomplete collected data for
individual patient.

All the patients were treated surgically. The modality of
treatment depended on the type of fracture: osteosynthesis
with a dynamic hip screw was applied to patients with inter-
trochanteric fracture, and arthroplasty was performed in pati-
ents with fractures of the femoral neck (partial arthroplasty
for older than 70 and total arthroplasty for younger than 70).
All the patients admitted with arthritis of the hip were un-
derwent arthroplasty.

After the surgery, all the patients had the same rehabili-
tation treatment, which involved early mobilization of the
patient at the bedside (from the first postoperative day, un-
less the general condition of the patient did not allow), pro-
gressive verticalization (in accordance with the possibilities
of the patient), walking with aids on the flat as well as up-
and downstairs, practicing the basic activities of daily living
(using the toilet, sitting down in a chair). Daily physical
therapy treatment lasted 30 minutes, and it was applied every
working day (from Monday to Friday). The allowable weight
bearing when walking depended on the modality of surgery.

Data on comorbidity and the used drugs, mental and
functional status before injury (for the patients with hip frac-
ture) and on admission (for the patients with hip osteoarthri-
tis) (walking distance, the ability to walk up- and downstairs,
use of walking aids, carrying out basic and instrumental acti-
vities), as well as socio- epidemiological data (marital status,
housing conditions) were collected from all the patients on
admission. Assessment of the mental status was made using
the Serbian version of the shortened mental test score ,
while the functional status before injury was assessed by the
New Mobility Score *.

In the postoperative period, from the first day of rehabi-
litation until discharge, each patient's functional status was
assessed by using the A-test and The University of lowa Le-
vel of Assistance Scale (ILAS) *'°.

By the protocol, postoperative complications that occur-
red and slowed down the course of rehabilitation, the number
of days of treatment, duration of hospitalization after the
surgery, and destination after discharge were recorded.

We conducted this research with the approval of the
competent local Ethics committee.

The diagnostic test accuracy and the best position of the
cutoff point were determined using the receiver operating cha-

racteristic (ROC) curve "™, The ROC curve was determined

for the first five days of rehabilitation in the SSPS 10.0 program.
Based on the score of ILAS on the fifth day of rehabilitation (the
seventh day after the surgery) the patients were divided into two
groups: patients with a score above 10 were considered to
require inpatient rehabilitation, while patients with a score of 10
and less could continue rehabilitation at home.

The fifth day of rehabilitation (the seventh day after
surgery) was chosen because hospital stay after the surgery
took usually 7 days. The cutoff point for ILAS was
arbitrarily defined and we were guided by the following
principles: the patient is supposed to get out of bed and walk
independently or under supervision of the therapist, but
without support (maximum 3 points for these 3 activities),
holding by the therapist was allowed while walking up- and
downstairs if the patient performed this activity before ad-
mission to the hospital with the help of another person
(maximum 2 points), and the patient should cross the length
of 13.4 m for no more than 70 seconds (maximally 5 points).

The diagnostic accuracy of the A-test was estimated by
the value of the area under the curve (AUC). The AUC grea-
ter than 0.9 was considered the distinction of high accuracy,
while 0.7—-0.9 indicated moderate accuracy and the values of
0.5 to 0.7 were associated with low accuracy '*. Standard er-
ror, significance level and 95% confidence intervals were
presented with the value of the AUC.

For each cutoff point the following parameters were
calculated by wusing standard statistical procedures:
sensitivity, specificity, false positive error rate, the rate of
false negative errors, positive and negative predictive values.

Also, for each cutoff point we calculated the positive li-
kelihood ratio (LR+), as the ratio of sensitivity and false po-
sitive error rate, negative likelihood ratio (LR-), as the ratio
of false negative errors and specificity, and the ratio LR+/
LR-. The ratio of LR+ and LR- which was about 50, we con-
sidered the feature of precise test .

The accuracy of the test was calculated as a proportion of
all patients who were correctly diagnosed by this test: (true posi-
tives + true negatives)/ total number of examined patients °.

To determine the optimal cutoff point, we used two
previously described methods: point on the ROC curve clo-
sest to 0.1 and the Youden index(j) ' "%,

The first method assumes that the best cutoff point for
balancing the sensitivity and specificity of the test is the
point on the curve closest to the 0.1 point. In this method,
optimal sensitivity and specificity are defined as those
yielding the minimal value for (I — sensitivity)’ + (1 —
specificity) *. The cutoff point corresponding to these
sensitivity and specificity values is the one closest to the
0.1 point and is taken to be the cutoff point that best diffe-
rentiates between people with disease and those without di-
sease .

The Youden index is defined as the maximum vertical
distance between the ROC curve and the diagonal or chance
line and is calculated as J = maximum {sensitivity +
specificity —1}. Using this measure, the cutoff point in the
ROC curve which corresponds to J, that is, at which
(sensitivity + specificity — 1) is maximized is taken to be the
optimal cutoff point .

Vukomanovi¢ A, et al. Vojnosanit Pregl 2016; 73(12): 1139-1148.



Page 1142

VOJNOSANITETSKI PREGLED

Vol. 73, No. 12

Results

Out of the 120 patients included in the study, 15 pati-
ents (10 with hip fracture and 5 with osteoarthritis of the hip)
were excluded during the study: 2 patients with intertrochan-
teric fracture were excluded due to poor operative stabilizati-
on of the fracture and orthopedic surgeon recommendations
to rest after surgery, 2 patients with hip fracture were
excluded due to cardiac disorders and recommendations of
cardiologists to delay mobilization, 3 patients (2 with hip
fracture and one with osteoarthritis) were excluded because
of the debilitating diarrhea, severe electrolyte imbalances and
extreme hypotension so physiatrist recommended postponing
initiation of early rehabilitation, in 1 patient with hip fracture
and with symptoms of pulmonary embolism, early rehabilita-
tion was interrupted in the first days after the surgery as re-
commended by the pulmonologists, 4 patients died in the
first days after surgery (3 patients with hip fracture and one
with osteoarthritis of the hip), 3 patients with osteoarthritis
had no completely collected data (hospital discharge was
performed before the seventh day after surgery).

Complications that occurred in other patients, because

of which we did not delay the start of early rehabilitation
were: confusion, gastric complaints, hypotension, urinary
tract infection, short-term diarrhea, the occurrence of pressu-
re ulcers in the sacral region and on the feet, vomiting.

Demographic characteristics, numbers of concomitant
diseases and used medications, mental and functional state,
socioepidemiological data, hospital stay and rehabilitation
duration are shown in Table 1. The patients with hip fracture
had occasional mild mental problems before the injury,
mainly related to the recall of new information, while pati-
ents scheduled for arthroplasty had perfectly satisfactory
mental state. It can be observed from the data that the pati-
ents with hip fracture had plenty of good mobility before the
injury. In the group of patients with hip fracture there was a
greater proportion of people whose spouse died and who li-
ved alone. After discharge home, a large percentage of pati-
ents (33% in the group with osteoarthritis and 28% in the hip
fracture) encountered an obstacle, because they lived in an
apartment without the elevator.

The distribution of the values of A-test results for all
patients who were followed from the first to the fifth day is
given in Figure 1. From the first to the fifth day of rehabilita-

Table 1

Demographic characteristics, comorbidity, mental and functional status before admission/injury, socioepidemiological
data, hospital stay and rehabilitation duration

The group of patients with

The group of patients with hip

Patients’ characteristics osteoarthritis of hip (n = 55) fracture (n = 50) P
Age (years)' 65+ 12; 53 (32-85) 75+ 10; 76 (47-89) 0.000*
female 32(58) 37 (74) 0.088F
Number of comorbid diseases' 1+1;1(04) 2+1;2(04) 0.005%*
Number of used drugs' 2+2;2(0-8) 3+£2;3(0-9) 0.083*
Shortened mental test score (Serbian version) ' 10+£0; 10 (10-10) 9.84 £0.51; 10 (8-10) 0.017%
Occasional confusion’ 0 (0%) 3 (6%)
New Mobility Score' 7+2;6(2-9) 7+2;9(1-9) 0.009%
Limited walking distance® 41 (74.5) 26 (52) 0.016F
Aids when walking® 28 (51) 16 (32) 0.050%
Up and down stairs with difficulty 51(93) 32 (64) 0.000F
Lives in the flat without elevator® 18 (33) 14 (28)
Lives alone® 7(13) 10 (20)
A widow / widower? 14 (26) 23 (46)

Hospital stay (day)'
Rehabilitation (day)'
5 days of rehabilitation’

744 £1.08,7 (7-12)
5.25+0.78, 5 (5-10)
46 (84)

8.52 % 3.40, 7 (7-24)
6.20+2.28, 5 (5-16)
33 (66)

0.035%*
0.007*

' + SD, median (range); n (%); *t-test; TPearson xz; *Mann Whitney test.

60

50

40

30

20

=t

N= 105 105

106 105

A test 1st day A test 3rd day A test 5th day

A test 2nd day

A test 4th day

Fig. 1 — Distribution of A- test scores from the first to the fifth day of rehabilitation.
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tion pronounced dispersion parameters were found. The pa-
rameters of central tendency and dispersion [mean + SD,
mediana range (minimum-maximum)] for the first day of re-
habilitation were: 8 £ 8; 5; (0—42), for the second day of re-
habilitation: 16 £+ 12; 15; (0—48), for the third day of rehabili-
tation: 22 £ 14; 20; (0-50), for the fourth day of rehabilitati-
on: 26 + 16; 24; (0-50) and for the fifth day of rehabilitation:
28 £ 16; 28; (1-50).

Based on the ILAS score on the fifth day of rehabilitation,
all the patients were divided into two groups: 46 patients with
the score of ILAS smaller or equal to 10 were classified in the
group without functional disability (37 patients after hip
arthroplasty due to hip osteoarthritis, and 9 patients after
surgically treated hip fracture), while 59 patients with the score
of ILAS greater than 10 were classified in the group with functi-
onal disability (18 patients after hip arthroplasty due to hip oste-
oarthritis, and 41 patients after surgically treated hip fracture).

In Figure 2, ROC curves were plotted from the first to
the fifth day of rehabilitation. Day after day, the ROC curve
approached the upper left corner of the diagram. On the fifth
day of rehabilitation the ROC curve almost reached the up-
per left corner, which was one of the features of high
accuracy of the test.

The AUC indicated a high-accuracy of A-test from the
second to the fifth day of rehabilitation (Table 2). Only on
the first day of rehabilitation the AUC was slightly smaller,
indicating moderate accuracy.

For the first day of rehabilitation, all parameters that de-
termined the optimal cutoff point indicated that it was 7/8.
The highest values of LR+/LR-, accuracy and the Youden's
index, and the minimum value of point of ROC curve closest
to (0.1) are related to this point (Table 3).

On the second day of rehabilitation the lower cutoff po-

Source of the Curve
Reference Line

A test 5th day

O A test 4th day

O A test 3rd day

9 A test 2nd day

O A test 1st day

ROC Curve
1.00
75+
50 1
o 251
=
=
(72}
[
& o000 _ _ _
0.00 25 50 75 1.00

1 - Specificity

Diagonal segments are produced by ties.

Fig. 2 — The receiver operating characteristic (ROC) curve for A-test from the first to the fifth day of rehabilitation.

Table 2
The area under the curve (AUC): A-test form the first to the fifth day
1 0,
Postoperative days Area Std. error Asymptotic sig. Tower bﬁzzzlnptonc % /1(;.pcr,j)ler bound
Ist 0.825 0.041 0.000 0.744 0.905
2nd 0.922 0.025 0.000 0.872 0.972
3rd 0.980 0.010 0.000 0.959 1.000
4th 0.989 0.008 0.000 0.973 1.004
Sth 0.999 0.001 0.000 0.996 1.001
Table 3

A-test — cutoff points for the first day of early rehabilitation and related sensitivity, false positive rate of error
(1-specificity), positive and negative predictive value, positive and negative likelihood ratio, the ratio of positive and
negative, accuracy, minimum 0.1 point and the Youden’s index

Cutoff  Sensitivity  l-specificity PPV NPV LR+ LR- LRHLR-  Accuracy  Min0-1  Youden
point index
5/6 0.76 0.26 079 071 322 035 9 0.75 0.12 0.50
6/7 0.83 0.26 080 077 492 035 14 0.79 0.10§ 0.57
7/8% 0.86 0.28 080 080 635 039 161 0.80% 0.10§ 0.58|
8/9 0.88 0.33 078 082 740 048 15 0.79 0.12 0.56

*Selected cutoff point; ‘maximal LR+/LR-; ‘maximal accuracy; *minimal value of point of receiver operating characteristic
(ROC) curve closest to (0.1); 'maximal Youden's index; PPV — positive predictive value; NPV — negative predictive value;
LR+ — positive likelihood ratio; LR- — negative likelihood ratio.
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int was 12/13 and the upper point 17/18. LR +/LR-ratio indi-
cated lower point, while the accuracy and the Youden index
indicated upper point (Table 4).

On the third day of rehabilitation the situation was similar,
only, the cutoff points were slightly higher. The lower cutoff,
indicating the slow progress in functional recovery of the pati-
ent, was 13/14. The upper cutoff, which we could use to reject a
problem in functional improvement, was 18/19 (Table 5).

fined the optimal cutoff point indicated that it could be
29/30 (Table 6). The highest values of LR+/LR-, accuracy
and Youden's index, and the minimum value of the point
of ROC curve closest to 0.1 were related to this point
(Table 6).

On the fifth day of rehabilitation, optimal cutoff could
be 34/35. The greatest value of LR+/LR-, accuracy and
Youden's index, and the minimum value point of the ROC

On the fourth rehabilitation day, parameters that de-

curve closest to 0.1 were related to this point (Table 7).

Table 4
A-test — the second day of early rehabilitation: cutoff points and related parameters

Cutoff ~ Sensitivity I-specifity PPV NPV LR+ LR~ LR#LR- Accuracy im0 Youden

point index
11/12 0.63 0.02 097  0.67 1.68  0.02 75 0.78 0.14 0.61
12/13* 0.64 0.02 0.97  0.68 1.81 0.02 80" 0.79 0.13 0.62
13/14 0.73 0.09 091 0.72 2.69 0.10 28 0.81 0.08 0.64
14/15 0.78 0.13 0.89 0.76 3.55  0.15 24 0.82 0.07 0.65
15/16 0.83 0.17 0.86 0.79 4.92 0.21 23 0.83 0.06§ 0.66
16/17 0.88 0.24 0.83  0.83 7.40 0.31 24 0.83 0.07 0.64
17/18* 0.95 0.28 0.81 092 1861 0.39 47 0.85* 0.08 0.67'
18/19 0.97 0.41 0.75 093 2841 0.70 40 0.80 0.17 0.55

*Selected cutoff point; ‘'maximal LR+/LR-; “maximal accuracy; *minimal value of the point of the receiver operating
characteristic (ROC) curve closest to (0.1); lmaximal Youden's index; PPV — positive predictive value;

NPV — negative predictive value; LR+ — positive likelihood ratio; LR- — negative likelihood ratio.

Table 5
A-test — the third day of early rehabilitation: cutoff points and related parameters

Cutoff  Sensitivity Il-specifity PPV NPV LR+ LR- LRLR- Accuracy ~Mum0-1  Youden

point index
12/13 0.63 0.02 0.97 0.67 1.68 0.02 75 0.78 0.14 0.61
13/14%* 0.64 0.02 0.97 0.68 1.81 0.02 80" 0.79 0.13 0.62
14/15 0.73 0.09 091 0.72 2.69 0.10 28 0.81 0.08 0.64
15/16 0.78 0.13 0.89 076 355 0.15 24 0.82 0.07 0.65
16/17 0.83 0.17 0.86 0.79 492 021 23 0.83 0.06° 0.66
17/18 0.88 0.24 0.83  0.83 7.40 0.31 24 0.83 0.07 0.64
18/19* 0.95 0.28 0.81 092 1861 039 47 0.85* 0.08 0.67!
19/20 0.97 0.41 0.75 093 28.41 0.70 40 0.80 0.17 0.55

*Selected cutoff point; ‘maximal LR+/LR-; *maximal accuracy; “minimal value of the point of the receiver operating
characteristic (ROC) curve closest to (0.1); 'maximal Youden's index; PPV — positive predictive value; NPV — negative
predictive value; LR+ — positive likelihood ratio; LR- — negative likelihood ratio.

Table 6
A-test — the fourth day of early rehabilitation: cutoff points and related parameters
o e Min 0.1 Youden
Cutoff  Sensitivity  1-specificity PPV NPV LR+ LR- LR+/LR- Accuracy . .

point index
24/25 0.90 0.02 0.98 0.88 8.80 0.02 391 0.93 0.01° 0.88
25/26 0.92 0.04 0.96  0.90 10.76  0.04 240 0.93 0.01% 0.87
27/28 0.97 0.07 0.95 096 2841 007 409 0.95* 0.01° 0.90/
29/30* 0.98 0.09 0.94 098 57.82 0.10 607" 0.95* 0.01° 0.90!
30/31 0.98 0.11 0.92 0.98 57.82  0.12 473 0.94 0.01 0.87

*Selected cutoff point; "maximal LR +/ LR-; ‘maximal accuracy; Sminimal value of point of receiver operating

characteristic (ROC) curve closest to (0.1); lmaximal Youden's index; PPV — positive predictive value;

NPV — negative predictive value; LR+ — positive likelihood ratio; LR- — negative likelihood ratio.
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Table 7
A-test — the fifth day of early rehabilitation: cutoff points and related parameters
Cutoff  Sensitivity  l-specificity PPV NPV LR+ LR- LRHLR-  Accuracy ~ M0l Youden
point index
29/30 0.95 0.00 100 094 1861  0.00 - 0.97 0.00° 0.95
31/32 0.97 0.02 098 096 2841  0.02 1263 0.97 0.00° 0.94
34/35% 0.98 0.02 0.98 098 57.82  0.02 2571° 0.98* 0.00° 0.96!
36/37 1.00 0.04 0.97 1.00 - 0.04 - 0.98* 0.00" 0.96!

*Selected cutoff point; ‘maximal LR+/LR-; ‘maximal accuracy; minimal value of point of receiver operating characteristic
(ROC) curve closest to (0.1); 'maximal Youden's index; PPV — positive predictive value; NPV — negative predictive value;

LR+ — positive likelihood ratio; LR- — negative likelihood ratio.

Discussion

This study investigated diagnostic accuracy of the A-
test in the assessment of functional recovery of patients trea-
ted surgically due to hip fracture and osteoarthritis in the Or-
thopedic Ward. We determined cutoff points to separate pa-
tients with from those without disabilities from the beginning
to the end of early rehabilitation. Early rehabilitation of these
patients is a dynamic process of short duration. Changes in
functional status occur from day to day and their recording is
essential for monitoring the recovery of patients, but also for
planning their further rehabilitation.

The population of patients admitted to the COST was he-
terogeneous. However, two clinical entities were the most nu-
merous: fractures of the hip and hip osteoarthritis. Therefore,
our study included patients with these admission diagnoses.
The patients with hip osteoarthritis who were scheduled for
arthroplasty usually recover quickly after surgery. On the other
hand, the patients with hip fractures often have a delayed
recovery and occurrence of complications changes the flow of
rehabilitation. But in both groups of patients, there were those
who would deviate from the expected pace of recovery.

It can been seen in the chapter on the results that all pa-
rameters that determined the optimal cutoff point indicated
that it was 7/8 for the first day of rehabilitation. In practice
this means that patients who get out of bed on the first day
with the help of the therapists, walk around the room and out
into the hallway (A-test score of 8 and higher) will not easily
fall into the group of patients with functional disability as the
rate of false-negative error is quite low (0.14). The negative
predictive value is quite high (0.80), which could mean that
80% of these patients will have no need for inpatient rehabi-
litation after the fifth day of rehabilitation. However, the
LR+/LR- is quite low, the maximum value is 16. Also, it
should be noted that the AUC is 0.825, and on the next day
the area is higher. Therefore, we recommend that special at-
tention should be paid to all patients with the A-test score
less than 8 on the first day of rehabilitation, and that the fi-
nal decision on further rehabilitation should be left for the
next day. A study of Hulsbak et al. '’, also shows that pati-
ents undergoing hip fracture surgery, who are not able to
complete physiotherapy on the first post-operative day, are
at a greater risk of not regaining basic mobility during hos-
pitalization.

The results obtained for the second and the third day af-
ter rehabilitation were interesting for interpretation. The
AUC indicate a high accuracy for both test days. This would
mean that as early as then we could make a plan for the tran-
sfer of patients to the rehabilitation unit based on the score of
A-test. And it is very important from the clinical point of
view. However, when you look at other parameters that de-
termine the best cutoff point and confirm the accuracy of the
test it is easy to notice a discrepancy. We therefore consider
that for these two days, in fact, there were two cutoff points
for each curve: upper to rule out functional disability with
high probability and lower to rule in functional disability
with high probability .

As noted above, on the second day of rehabilitation the
lower cutoff point was 12/13 and the upper point was 17/18.
From the clinical point of view this would mean that we
would not be (much) wrong if we planned patients with A-
test score of less than 13 for the transfer as the rate of false
positive error is minimum 0.02. Also, it would be not a (big)
mistake to predict that patients with the score of 18 and more
will become independent until the fifth day of rehabilitation,
as the rate of false negative errors is small 0.05 and negative
predictive value is great 0.92. The patients who had the A-
test score from 13 to 17 on the second day of rehabilitation
should be followed in the coming days. The probability to
make the mistake is higher as the rate of false positive and
false negative error is higher.

On the fourth rehabilitation day, parameters that define
the optimal cutoff point indicated that it could be 29/30. This
means that patients whose A-test scores are 30 and higher
can be discharged home after five days of rehabilitation, be-
cause most activities are performed independently, and the
importance of the therapist's presence is limited to verbal
suggestion. The rate of false-negative error related to this cu-
toff point is small (only 0.02). In this study this is one pati-
ent. By analyzing the results of A-test in the patients we fo-
und that the patient performed all activities quite
independently, except walking up- and downstairs. The pati-
ent even refused to attempt this activity because it was irre-
levant to her everyday life (she lived in the apartment with
the elevator). Therefore, her A-score test was greater than 30,
and the score of ILAS-a greater than 10. Patients with A-test
score of 29 or less require inpatient rehabilitation longer than
5 days in 94% of cases, which indicates a positive predictive
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value. The rate of false positive error was 0.09, which ment
that rehabilitation facilities would be burdened with 4 pati-
ents who could have been discharged home.

On the fifth day of rehabilitation, the optimal cutoff co-
uld be 34/35 and that is acceptable from the clinical aspect.
But if we want to avoid a false positive error, the cutoff co-
uld be 29/30. However, the optimal cutoff point 34/35 is cha-
racterized by the following features: high sensitivity, which
means that, with the help of A-test, we can detect the
existence of functional dependence in performing basic acti-
vities when it actually exists in 98% of cases, a low rate of
false negative errors (in 2% of cases, this test fails to detect
the existence of a functional dependency), high specificity,
which shows that in 98% of cases, the A-test show that there
is no functional dependence when it is really so, and low rate
of false positive errors which shows us that the A-test fails to
diagnose the functional dependence when it is present in
only 2% of cases. The positive predictive value is very high
on this cutoff point, which means that 98% of respondents
with positive result are truly functionally dependent. The ne-
gative predictive value was also high, revealing that 98% of
respondents with a negative result had no significant functio-
nal disability.

Measurements of mobility on the second day after the
surgery are significant and reliable predictors of independence
on transfers and ambulation '*. In patients with hip fractures,
The Cumulated Ambulantion Score of 10 and more for the
first three days after the surgery, predicts whether a patient
will be discharged home within 2 weeks in 76% of cases
Our clinical experience suggests that a patient who gets out
of bed, leaves the room and walkes in the hall department on
the first day of rehabilitation with the help of a therapist has
a great opportunity to be found in the group of patients who
after the fifth day of rehabilitation can be discharged home.
In this analysis, the “optimal” cutoff points are presented. A
patient who has A-test score 8 and more on the first day, 18
and more on the second day, 30 or more on the fourth day of
rehabilitation has a good pace of recovery and will be found
in the group of patients who can be discharged home on the
fifth day (score 35 and more).

Now we know that we will pay special attention to pati-
ents who achieve a score of less than 8 on the first day of re-
habilitation. If they do not make a significant functional im-
provement on the second day of rehabilitation (their A-test
score is less than 13), as early as then we can plan them for
continuing inpatient rehabilitation.

By monitoring the patients from day to day, we can
easily notice stagnation in the functional recovery and
immediately take some of the available measures. Let's say
that a patient achieved A-test score 12 on the first rehabilita-
tion day, but the score remained the same on the second day
of rehabilitation. If this stagnation is not associated with the
appearance of some of the complications, the first measure
would be to intensify physical therapy. Intensive physical

therapy during this period will accelerate functional recovery
222 and reduce hospital stay **. We do not have the capacity
to implement physical therapy in two or more terms for all
patients, but adding the term target for patients with delayed
recovery can always be arranged. Based on the A-test score,
we can specifically and accurately plan additional physical
therapy for patients who really need it. It would certainly be
a contribution to a better use of health resources.

Based on the analysis we obtained the value of the cutoff
point that will be the criterion for further in-patient rehabilitati-
on. The patients with a score of less than 35 on the fifth day of
rehabilitation should move to the rehabilitation unit because they
need help of a physiotherapist when performing certain activiti-
es, while patients with a score of 35 and higher can be dischar-
ged home because they can perform most activities
independently, a therapist help is limited to verbal suggestion.

The ROC curve is a useful method for assessing res-
ponsiveness **. It provides a very useful overview of the rela-
tionship between a measure and an external indicator of
change **. The appearance of ROC curves and almost
maximum AUC of the fifth day of rehabilitation call attenti-
on. Obviously, the ILAS and A-test almost identically assess
patient’s functional ability/disability. Although the ILAS es-
timates a smaller number of functions, A-test is much more
convenient for everyday work. And from this analysis we see
how important it is to assess the outcome of each day, not
only at the end of early rehabilitation.

In the presented study, we were concentrated on pati-
ents with hip fractures and osteoarthritis who were treated
surgically in the COST. From our experience, we expected to
find a proportional number of patients in our sample to be di-
scharged home and those who should continue in-patient re-
habilitation, which was essential for statistical analysis. Tes-
ting should be extended to patients with injuries and disease
of other segments of the lower extremities and check the dia-
gnostic accuracy of the A-test in these situations.

Regardless the number of premorbid predictive factors
to be taken into consideration when predicting the recovery
of the patient **, early rehabilitation outcome is often unpre-
dictable. Therefore, we emphasize that daily monitoring of
functional recovery after the surgery is very important. And
if an instrument should be used in clinical practice it has to
be simple and should not further burden personnel or pati-
ents. Also, an instrument like that has a greater potential to
be applied in randomized studies *°.

Conclusion

The A-test has characteristics of an accurate tool for se-
parating patients with from those without
disability at all stages of early rehabilitation after surgically
treated hip disease or fracture. Based on the results of A-test
in the first days of early rehabilitation it is possible to make a
plan for postacute rehabilitation.

functional
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Appendix 1.
The A-test form
Day of rehabilitation
Mo Parameters Ist 2nd 3rd 4th 5th
1 From supine to side lying
2 From supine to sitting
3 From sitting to standing
4 Standing
5 Back to bed
6 Walking with aides
7 Use of toalet
8 Sitting on chair
9 Walking up and down stairs
10 Endurance while walking
SUMM

The assessment of patient’s ability to perform activity: The assessment of patient’s endurance while walking:
0 — if patient didn’t perform activity, 0 — didn’t walk
1 — if patient was absolutely dependent of therapist help, 1 — walked 5 meters (in bed room)
2 — if patient performed activity with little therapist help, 2 —walked 15 meters
3 — patient needed therapist’ verbal suggestion while performing 3 —walked 50 meters
activity, 4 — walked 100 meters
4 — patient performed activity independently but insecurely 5 — walked more than 100 meters
(needed presence of another person, member of family for exam- The optimal cut-off for the results of A-test:
ple), 1st day of rehabilitation: 7/8,
5 — patient performed activity independently and securely. 2nd day: lower — 12/13, upper — 17/18,

3rd day: lower — 13/14, upper — 18/19,

4th day of rehabilitation: 29/30,

Sth day of rehabilitation: 34/35.

The lower point of the A-test safely separates the patients with functional disability, while upper point rules out functional
disability.

Vukomanovi¢ A, et al. Vojnosanit Pregl 2016; 73(12): 1139-1148.



