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SUMMARY

Introduction/Objective Currently, analysis of the stability of amputees with diabetes is lacking.

The aim of this case study was to examine the effects of unilateral transtibial amputation on the stabil-
ity and balance confidence of patients with below-knee amputation caused by trauma and diabetes.
Methods Seventeen subjects, 12 males and five females, with the average age of 51.47 + 12.12 years,
who use a unilateral transtibial prosthesis, were examined. The balance of 10 traumatic amputees (TTA)
and seven diabetic amputees (TDA) was assessed by Activities-Specific Balance Confidence (ABC) scale,
Timed Up and Go (TUG) test, and One-Legged Stance Test (OLST). Plantar pressure distribution was
recorded using Gaitview AFA-50.

Results For 10 TTA and one TDA, ABC scores were > 80%, the mean value of the TUG test was 11 (range:
8.08-23 seconds). All the subjects could stand on the healthy leg, two women with diabetes were un-
able to stand on the prosthetic leg. The distribution of load between the healthy and the prosthetic leg
showed higher overload on the healthy leg (average: 56.62%).

Conclusion The data from this case series describe stability problems of people with transtibial ampu-
tation. Plantar pressure distribution has the potential to provide information about the properties of

stability in the amputees who use prosthesis.
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INTRODUCTION

For people with lower limb amputation, the
ability to balance is an important condition for
gait training and has a significant role in their
new movement patterns.

Postural stability may be decreased under
the impact of several factors: by biomechanical
changes, somatosensory and motoric impair-
ment in people with amputation. Due to the
structural deficit and the lack of muscle mass,
as well as the lack of proprioceptive activity,
amputees face the problem of maintaining sta-
bility. Stability problems cause falls and fear of
falling, identified as negative factors in pros-
thetic rehabilitation [1]. For lower leg ampu-
tees, where the cause of amputation is vascular
pathology associated with diabetes, diabetes-
induced changes are expected to occur in all
structures, e.g. sensory nervous system, ten-
dons, soft tissues, peripheral vascular system,
etc., which can have an impact on the stability
[2, 3]. In amputees with diabetes, changes in
walking, falls, lack of protective foot sensitivity
and other complications of diabetes, have been
recorded and these changes can contribute to
stability problems [4-7]. It is reasonable to
think that diabetes-related amputations cause
greater problems in terms of balance confi-
dence when compared to people with a trau-
matic amputation. It is believed that postural

control and balance confidence assessment pro-
vide important information about the stability
and fear of falling in patients with lower limb
amputations. In general, better understanding
of imbalance is important for the rehabilitation
program [8-11]. These patients face challenges
in fulfilling everyday tasks and the ability to
maintain balance is required for tasks to be
fulfilled. Estimation of stability through the
determination of the pressure center provides
useful information and although the plantar
pressure research has high potentials, its clini-
cal assessment is not sufficient [12, 13, 14]. By
reviewing the literature, pedobarography was
used for foot-deformity tests, diabetic polyneu-
ropathy, knee osteoarthritis, orthosis, etc. The
purpose of this case series is to describe the
effects of unilateral transtibial amputation on
the stability and balance confidence of patients
with below-knee amputation caused by trauma
and diabetes. Furthermore, we hypothesize that
the examination of plantar pressure distribu-
tion has potential future benefits in the reha-
bilitation of amputees.

METHODS

Descriptive study of the type series of cases in-
cluded 17 subjects with transtibial amputation
who have been using prostheses for at least 6
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Table 1. Patients’ characteristics and the balance assessment outcome
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1 Trauma M 25 184 70 12 88.75 10.61 22 4
2 Trauma M 30 178 70 5 85 8.08 23 3
3 Trauma M 43 172 95 83.75 8.09 24 4
4 Trauma M 53 192 92 5 85 9.22 8 3
5 Trauma M 61 178 97 20 84.37 11.72 25 4
6 Trauma M 55 178 78 20 80.62 Ih 35 6
7 Trauma M 36 178 65 9 93.75 10.61 28 6
8 Trauma M 47 186 96 20 91.25 10 30 5
9 Trauma M 56 180 82 19 88.2 8.56 29 4
10 Trauma F 50 170 68 10 88.12 11 27 4
11 Diabetes F 66 167 70 20 1.5 65.62 23 5 0
12 Diabetes M 62 188 100 5 4 70 14 5 2
13 Diabetes F 49 175 75 22 6 82.5 11.75 5 0
14 Diabetes M 66 187 105 10 10 71.87 11.96 15 1
15 Diabetes M 60 181 80 8 4 65 16 9 1
16 Diabetes F 54 171 69 8 4 74.37 14 19 3
17 Diabetes F 62 168 67 14 5 79.37 15 17 2
Average 51.47 178.41 81.12 1243 9.44 81.03 12.04 19.18 3.06
St. Dev. 12.12 7.36 13.49 6.48 6.46 8.76 3.66 9.8 1.85
Median 54 178 78 10 6 83.75 11 22 3
Min. 25 167 65 5 1.5 65 8.08 5 0
Max. 66 192 105 22 20 93.75 23 35 6

M - male; F - female; ABC - Activities-Specific Balance Confidence scale; TUG - Timed Up and Go test; OLST - Timed One-Legged Stance Test;

OLST p - Timed One-Legged Stance Test on the prosthetic leg

months after discharge from the Regional Rehabilitation
Centre. The study population was made up of twelve males
and five females with the mean age of 54 (range: 25-66
years). The study was prepared at the Clinical Centre of
Montenegro and the examination was carried out in Rudo
Montenegro Orthopaedic Company in Podgorica. Ampu-
tees were invited to participate in the study based on the
patient files of the Orthopaedic Company. The primary
factor influencing participant selection was the cause
of amputation. The study was approved by the Medical
Ethics Committee of the Clinical Centre of Montenegro.
Data on the cause and the time when the amputation was
performed, duration of diabetes, and the presence of co-
morbidities were taken from the patients’ medical records.
Excluding factors for participation in the study were the
following: neurological diseases that can lead to balance
damage, unregulated glycaemia, sight problems, diabetic
foot, and musculoskeletal disorders of the contralateral leg.

Assessment procedure

Activities-Specific Balance Confidence (ABC) scale is a
16-item questionnaire in which patients were asked to rate
their confidence in terms of whether they will lose their
balance while performing a set of activities [15]. Each item
describes a specific activity that requires progressively in-
creased balance control. Participants were asked to rate

‘ DOI: https://doi.org/10.2298/SARH171121010B

their level of confidence on a scale between 0% and 100%
when performing a variety of activities, such as climbing
stairs, reaching above the head, and walking on different
surfaces. Responses were added and then divided by 16 to
provide an overall mean balance confidence score. Greater
scores indicate higher balance confidence. The ABC scale
has psychometric evidence supporting its use with indi-
viduals with lower-limb amputations [16].

Walking and balance were assessed using the Timed Up
and Go (TUG) test [17]. The TUG test — a performance-
based measure of many of the components of basic mo-
bility - includes balance, transfers, walking, and turning
while walking.

In the Timed One-Legged Stance Test (OLST) for the
amputees, the subjects were standing first on the contra-
lateral leg, then on the prosthetic leg [18].

Static and dynamic plantar pressure were measured
during standing and walking in shoes using the Gaitview
AFA-50 system (alFOOTs, Seoul, Republic of Korea),
which includes a 700 x 500 x 45 mm active area, consist-
ing of a 3 mm thick floor mat, comprising 2,304 (48 x 48)
force-sensitive sensors; test time: changeable; maximum
pressure: 100 N/cm? acquisition frequency: < 86 images
per second. In previous studies, this system demonstrated
good to moderate reliability [19, 20]. We used the two-
step method. Participants repeated walking on a 3 m long
tape twice.

Srp Arh Celok Lek. 2018 Nov-Dec;146(11-12):689-693
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Table 2. Plantar pressure distribution

8 £ 2 8 2 2 . o

X Q el o 2 2 0 ke £ £

8 5 = = = = = 5 52 8 8
1 63.29 36.8 25.05 2242 38.14 14.38 51.01 48.99 0.92 0.98

2 65.34 34.35 25.56 22.71 39.98 11.74 52.73 47.27 0.87 0.81
3 50.88 49.12 23.98 13.54 26.9 35.58 45.49 54.51 0.92 0.87
4 51.31 48.69 22.87 18.2 28.44 30.69 40.42 59.58 0.98 1.04

5 61.26 38.74 18.35 34.09 425 4,65 50.74 49.26 1.21 1.1
6 60.06 394 2023 2367 36.33 1435 5245 4565 0.99 0.96

7 64 36 2412 13.02 33 35.46 52.01 47.88 0.91 0.9
8 60.32 39.68 25.05 22.89 37.11 20.78 47.89 52.11 1.00 0.96

9 545 455 283 19.79 3324 20.76 51.88 48.12 0.95 091

10 57.25 42.75 25.56 22.71 354 19.00 51.01 48.99 1.15 1

11 60.2 39.8 24.85 30.48 35.35 9.31 47.65 52.35 1.56 1.62
12 47.16 52.84 19.41 29.37 27.75 23.48 51.36 48.64 0.92 0.98
13 53.01 46.99 20.21 22.62 32.8 24.27 51.48 48.52 1.27 0.98
14 47.21 52.79 28.65 38.52 18.56 14.27 54.19 45.81 1.1 1.15
15 58.1 41.99 19.28 2098 38.7 21.1 39.18 60.82 0.92 0.87
16 55.48 44,52 17.99 24.99 37.49 19.93 49.36 50.64 1.04 1.15
17 53.1 46.95 22.56 24.38 3035 26.16 51.05 49.88 1.02 114
Average 56.62 43.35 23.06 23.79 33.65 20.35 49.41 50.53 1.04 1.02
St. Dev. 5.63 5.68 3.32 6.54 5.87 8.59 4.18 4.28 0.17 0.18
Median 57.25 4275 23.98 2271 3535 20.76 51.01 48.99 0.99 0.98
Min. 47.16 34.35 17.99 13.02 18.56 4.65 39.18 45.65 0.87 0.81
Max. 65.34 52.84 28.65 38.52 42.5 35.58 54.19 60.82 1.56 1.62

P ratio — pressure ratio; P ratio p - prosthetic foot pressure ratio; F/F ratio - forefoot ratio load percentage; F/F ratio p — prosthetic foot forefoot ratio load
percentage; R/F ratio - rearfoot ratio load percentage; R/F ratio p - prosthetic foot rearfoot ratio load percentage; DP ratio — dynamic pressure ratio;

DP ratio p - prosthetic foot dynamic pressure ratio

Statistical analysis

The data was analyzed in PASW Statistics for Windows,
Version 18.0 (SPSS Inc., Chicago, IL, USA) and R soft-
ware environment for statistical computing and graph-
ics (R Foundation for Statistical Computing). Statistical
analysis comprised descriptive methods.

RESULTS

Table 1 illustrates the descriptive statistics of the ampu-
tees involved in the study. The most common reason for
amputation was trauma. Seven subjects have had diabe-
tes of average duration 12.43 + 6.48 years. All traumatic
amputees demonstrated higher balance confidence, ABC
score > 80%, but the respondents with amputations due
to diabetes problems had lower balance confidence, ABC
score < 75%. For 12 amputees, the TUG test was < 12, but
amputees with diabetes had high amplitudes in the scores
(23, 14, 11.76...). For nine subjects with traumatic ampu-
tation, scores for time spent for standing on the healthy
leg were > 20 seconds. Only one man could stand for 8
seconds (subject 4). Amputees with diabetes had a shorter
standing time — two women with diabetes were unable to
stand on the prosthetic foot (subjects 11 and 13). Static and
dynamic pedobarography test results were as follows: the
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distribution of the load between the healthy and the pros-
thetic leg showed higher overload on the healthy leg (the
average of 56.62%); the percentage of the load between the
forefoot and the rearfoot on the healthy leg showed greater
posterior overload (forefoot 23.06%, rearfoot 33.65%) and
greater anterior overload on the prosthesis leg (forefoot
23.79%, rearfoot 20.35%).

DISCUSSION

The decrease of balance and balance confidence in ampu-
tees can be associated with the level of amputation and its
cause [1]. By measuring these factors, related to the cause
of amputation, in this study we have presented variations in
the results of stability. Diabetic amputees, with their mean
age of 54 years, have the ABC score of less than 80% (72.67),
and are at risk of falling. In a study by Myers et al. [21],
elderly people in good health had the ABC score higher
than 88%. We used the TUG to show physical function
and mobility with the below-knee amputees. Regarding the
TUG, traumatic amputees had been using prosthesis for
more than four years and have had good physical mobility,
but diabetic amputees needed more time to perform the
test. It is important to mention that the diabetic amputees
in this study were older and had been using the prosthesis
for a shorter time, which means that it can take longer for
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them to perform the TUG test. Although we cannot make
a definitive conclusion, these outcomes are interesting for
future research. Christiansen et al. [22] indicate the pre-
dictive role of the TUG test for the risk of falls in patients
with dysvascular lower extremity amputation. Dite et al.
[23] found that the TUG score of 19 seconds or more is
associated with an increased risk of having multiple falls in
transtibial amputees. The OLST test provided useful infor-
mation about the static stability of below-knee amputees.
Hermodsson et al. [18], in their comprehensive analysis,
reported results similar to those in the present study. The
standing balance capacity of the traumatic amputees is
good. The results for plantar pressure assessment showed
a difference in standing pressure distribution based on the
asymmetrical weight distribution between the normal and
prosthetic feet. It is desirable to develop a typical profile for
transtibial amputees while standing, as other authors sug-
gest [24, 25]. We believe that the collection of data regard-
ing the forefoot and rearfoot pressure ratio may be useful
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information for the treatments aimed at correcting load
imbalance. Several studies examined the effect of different
types of prosthetic feet on the pattern of plantar pressure
in the group of diabetic transtibial amputees [26]. The par-
ticipants in this study had the same prosthetic foot. This
study presents the use of plantar pressure assessment as an
additional tool, and data collected in the present case series
investigation support this hypothesis. Several limitations
were present in this study: small number of participants,
results of pedobarography excluded other surfaces and
prosthesis characteristics. Further research is required to
show significance across a larger amputee population.

CONCLUSION

Data presented in this case series suggest the importance of
the balance assessment of unilateral below-knee amputees
of a different etiology.
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Aa nu pujabetec yTue Ha cTabunHOCT Kog ocoba ca jegHOCTPaHOM

TPaHCTMOMjanHOM amnyTauujom?

BecHa bokaH-Mupkosuh'?, Xapko Jawnh?3, Corba Hejkos', Nluguja barbav?, Emunuja Hukonuh?
'KnuHnukm uenTap LipHe lope, LieHTap 3a dusnkanHy megnunny v pexabunutauujy, Moaropuua, LipHa fopa;
2Ynneepautet Lpre lope, MegnumHckm pakynter, Moaropuua, LipHa lopa;

*KnuHnuku LeHTap LipHe fope, OpToneacKko-TpaymaTonoLka KnnHrka, Moaropuua, LipHa lfopa

CAXETAK

YBoa/Liumb TpeHYTHO HEAOCTajy aHanmn3e CTabUNHOCTM Kog,
ocoba ca amnyTaLujama y3poKoBaHUX AvjabeTecom.

Linrb oBe cTyauje je 610 fa ce npoLeHu yTrLaj Avjabeteca Ha
CTabUNHOCT 1 fia ce yTBPAW Kopenauuja usmehy pacnogene
MAaHTapHOr NPUTKCKA 1 HeCTabUNHOCTY Kog ocoba ca amny-
TaLMjoM NCnopg KoneHa.

MeTope Y oncepBaLnOHy CTYAnjy npeceka yK/byyeHo je 17
6onecHnKa — 12 MyllKapaLa 1 neT XeHa, ctapoctu 51,47 +
12,12 ropgunHa. MNoperbeHn cy y ABe rpyne: KOHTPOJIHa rpyna,
10 TpaHcTMbUjanHNX TpaymaTckux amnyTaumja (TTA) n ceaam
TpaHCcTUbKjanHux amnyTauuja ycnen anjabeteca (TAL).
BbanaHc je npouereH Ckanom camonoyspatba 3a ogpeheHe ak-
TBHOCTM (CCA), TecTom ycTaHu 1 Kpenu (TYK) n TecTom cTajama
Ha jepHoj Ho3w (TCJH). Pacnogena nnaHTapHor npuTtucka 3abe-
nexeHa je nomohy Gaitview AFA-50.
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Pesyntatu 3a fiecet TTA n jeaan TAl, CCA pesyntatu cy 6vnm
> 80%, cpentba BpegHocT TYK TecTa je 6una 11 (oncer: 8,08-23
cekyHau). CBM UCNTaHMLM Cy MOTAIN Aa CTOje Ha 34PaBoj HO3W,
[Be XeHe ca AnjabeTecom HUCY MOFJIe Aa CTOje Ha NPOTETCKO]
Ho3u. Pacnogena ontepeherba n3mehy 3apaBe 1 npoTeTcke
Hore rnokas3ana je Behe ontepehere Ha 34paBoj HO3u (Mpo-
CeyHo: 56,62%).

3aksbyuak OBO UCMUTUBAtbE YKa3yje Ha npobneme ca ctabun-
HoLW Ry KOA /byAmn ca TPaHCTMOUjanHOM amnyTaLujom 1 fujabe-
Tecom. [inctpmbyLpja nnaHTapHOr NPUTUCKa MOXe Aa NPYXK
nHdOopMaLMje 0 CTabMAHOCTY KOA JbyAN Ca aMmyTaLjoM Koju
KopucTe npoTesy.

KrbyuHe peun: aMmnyTaLmja; paBHOTEXa; AnjabeTec; nnaHTapH
npuTmncak
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