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Does diabetes affect stability to people with unilateral transtibial amputation?

Jla nu mujaberec yTude Ha CTAOMIIHOCT KO 0co0a ca je AHOCTPAHOM TPAHCTUOMjaTHOM

amIyTarujom?

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 stability and
balance confidence of patients with below-knee
amputation caused by trauma and diabetes.

Methods: Seventeen subjects, 12 males and five
females, average age 51.47+12.12, who use unilateral
transtibial prosthesis, were examined. The balance of
ten traumatic amputees (TTA) and seven diabetic
amputees (TDA) was assessed by Activity-specific
Balance Confidence (ABC) scale, Timed up - and - go
test (TUG) and Timed one-leg stance test (OLST).
Plantar pressure distribution was recorded using
Gaitview AFA-50.

Results Significant differences (p<0.05) were found
between two groups for all major measurement
outputs. ABC results were lower in TTA (72.6+6.5),
TUG 15 sec. in TDA, OLST of 10 sec. and OLST on
the prosthetic foot for 1 second in the TDA. A
significant correlation was between TUG and time
during the phase of the support on the prosthetic foot
(p<0.05).

Conclusion The data from this case series describe
stability problems of people with transtibial
amputation. Plantar pressure distribution has the
potential to provide information about the properties
of stability in the amputees who use prosthesis.

Keywords: amputee; balance; /diabetes; plantar
pressure
INTRODUCTION

CAXKETAK

YBoa/Ilnbs TpeHyTHO HeloCTajy aHanu3e CTaOuIHOC-
TH KoJ oco0a ca aMmmyTanujama yciuen aujaderea.

Ius oBe cTyauje je Ouo Aa ce MPOLEHU yTHNAj Axja-
Oereca Ha CTAaOMJIHOCT M Ja ce yTIBPAM Kopelaluja
n3mely pacrojene riaHTapHOT MPUTHCKA U HECTaOMII-
HOCTH, KOJ 0c00a ca aMITyTaIlljoM HCIIOJ KOJIEHA.
MeTtozae VY oncepBalMoHy CTYAM]jy TpeceKa yjibyueHo
je 17 6onecnuka, 12 mymxkapara u net >xeHa, cTapoc-
™ 51.47+12.12 roguHa W MOAEJHEHH y JABE TpyIe:
KOHTpoOJIHa rpyna, 10 TpaHCTHOMjTHIX TPayMaTCKUX
amnytanuja (TTTA); u cenam TpaHCTHOMjaHUX aM-
myTtanujoMm ycnen aujabereca (TT/IA). bananc je mpo-
nemeH CKaloM caMoroy3ziama 3a ojpeljeHe aKTHBHO-
ct (CCA), tect yctanu u kperu (TYK) u tect craja-
wa Ha jenHoj Ho3u. (TCJH). Pacnogena mmanTapHOT
ImpUTHUCKa 3a0enexera je nomohy Gaitview AFA-50.
Pesyararn 3Hauajue pasnuke (p<0,05) cy nponahene
u3Mely JABe rpylie 3a CBe IJIaBHE MCXOJE Mepema.
CCA pesynraru, cy ownmn mamu y TTHA (72,6+6,5),
TYK tect 15 cex. y TTHA, TCJH ox 10 cex. u OJICT
Ha mporetuyHoj Ho3u 1 cexynma y TTHA. 3nauajHa
kopenanyja je ouna usmehy TYK n Bpemena y Toky
¢aze ocnoHna Ha MpoTeTcko cromano (p=0,047).
3akbydak OBo cnHTHBame ykasyje Ha mpoOieme ca
cTabuiHoINy KoJ JbYAM ca TPaHCTHOMjaJHOM aMImy-
TaljoM U aujaberecom. JucTpuOynuja miaaHTapHOT
MPUTHCKA MOXeE Jla IPYKK HHpOpMalHKje 0 cTabuIIHO-
CTH KOJ JbyIU Ca aMIIyTallljoM KOjU KOPHCTE POTE3y.
KibyuHe peum: ammyTanuja; paBHOTeXka; AujabeTec;
IUTAaHTAPHU MIPUTHCAK

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 impairment in people with amputation. Due to the structural
deficit and lack of muscle mass, as well as the lack of proprioceptive activity, the amputees face the
problem of maintaining stability. Stability problems cause falls and fear of falling that are identified
as negative factors in prosthetic rehabilitation [1]. For lower leg amputees, 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, tendons, 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
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amputations cause greater problems in terms of balance confidence when compared to the people with
traumatic amputation. It is believed that postural control and balance confidence assessment provide
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
centre (COP) provides useful information [12, 13] and although the plantar pressure research has high
potentials, its clinical assessment is not sufficient [14]. By reviewing the literature, paedobarography
was used for foot-deformity tests, diabetic polyneuropathy, 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 hypothesise that examination of plantar pressure distribution has potential future

benefits in the rehabilitation of amputees.

METHODS

Descriptive study of the type series of cases included 17 subjects with transtibial amputation
who have been using prostheses for at least 6 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 Orthopaedic Company "Rudo Montenegro" in Podgorica. Amputees
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 comorbidity were taken
from the patients' medical records..Excluding factors for participation in the study were: neurological
diseases that canslead to balance damage, unregulated glycaemia, sight problems, diabetic foot, and

musculoskeletal disorders of the contralateral leg.

Assessment procedure

Activity-specific Balance Confidence (ABC) scale is a 16 item questionnaire where 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 increased
balance control. Participants were asked to rate 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 individuals with lower-limb amputations [16].
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Walking and balance were assessed using the Timed up - and - go test (TUG) [17]. The TUG
test—a performance-based measure of many of the components of basic mobility—includes balance,
transfers, walking, and turning while walking.

Timed one-leg stance test (OLST) for the amputees, the subjects were standing first on the
contralateral leg, then on the prosthetic leg [18].

Plantar pressure assessment. Static and dinamic plantar pressure were measured during in shoes
standing and walking using Gaitview AFA-50 , which includes 700 mm x 500 mm x 45 mm active
area, consisting of a 3 -mm thick floor mat, comprising 2,304 (48 x 48), test time: changeable,
maximum pressure: 100N/cm2, 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.

Statistical analysis. The data was analyzed by computer software program Statistical Package
for Social Sciences (SPSS Version 18, FREE SOFTWARE R). Statistical analysis comprised of

descriptive methods.

RESULTS

Table 1 illustrates the descriptive statistics of the amputees involved in the study. The most
common reason for amputation was trauma. Seven subjects have had diabetes of average duration

12.43+6.48 years. All traumatic amputees demonstrated a higher balance confidence, ABC score

Table 1. Patients’ characteristics and the balance assessment outcome.

Prost

Case Amputation  Gen Age Height Weig DM hesis ABC TUG OLS OLS
cause der ht (yrs) (xs) T Tp

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 6 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 11 35 6

7 Trauma M 36 178 65 9 9375 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 DM F 66 167 70 20 1.5 65.62 23 5 0

12 DM M 62 188 100 5 4 70 14 5 2

13 DM F 49 175 75 22 6 82.5 11.75 5 0
14 DM M 66 187 105 10 10 71.87 11.96 15 1
15 DM M 60 181 80 8 4 65 16 9 1

16 DM F 54 171 69 8 4 7437 14 19 3
17 DM F 62 168 67 14 5 7937 15 17 2
Average 5147 17841 81.12 1243 944 81.03 12.04 19.18 3.06
SD 12.12 7.36  13.49 6.48 6.46 8.76 3.66 9.80 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—Activity-specific Balance Confidence scale, TUG-Timed up — and - go test,
OLST-Timed one-leg stance test, OLST p—Timed one-leg stance test on the prosthetic leg.
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>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 amputation, scores for
time spent for standing on a healthy leg were >20 sec. Only one man could stand for 8 sec (subject 4).
Amputees with diabetes had a shorter standing time, two women with diabetes were unable to stand
on the prosthetic foot (subject 11 and 13). Static and dynamic paedobarography test results were: The
distribution of the load between a healthy and a prosthetic leg, showed higher overload on the healthy
leg (average 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%) (Table 2).

Table 2. Plantar pressure distribution.

- e e o e ° e
e £ 2 F £ E O F § f =
= g = 2 = A > G
A o = = = S o R R

= = =
1 63.29 36.8 25.05 2242 38.14 1438 51.01 4899 0.92° 0.98
2 65.34 3435 2556 2271 3998 11.74 5273 4727 0.87 0.81
3 50.88 49.12 2398 13.54 269 3558 4549 5451 092 0.87
4 51.31 48.69 2287 182 2844 30.69 40.42 59.58 098 1.04
5 61.26 3874 1835 34.09 425 465 50.74 4926 121 1.1
6 60.06 39.4 2023 23.67 36.33 1435 5245 4565 0.99 0.96
7 64 36 2412 13.02 33 3546 5201 4788 091 09
8 60.32 39.68 25.05 2289 37.11 20.78 47.89 52.11 1.00 0.96
9 545 455 283 19.79 33.24 20.76 51.88 48.12 0.95 0091

10 57.25 4275 2556 2271 354 19.00 51.01 48.99 1.15 1
11 60.2 398 2485 3048 3535 931 47.65 5235 156 1.62
12 47.16 52.84 1941 2937 27.75 23.48 5136 4864 092 0098
13 53.01 46.99 2021 22.62 32.8 2427 5148 4852 127 098
14 4721 5279 28.65 3852 18.56 1427 54.19 4581 1.1 1.15

15 58.1 /4199 19.28 2098 387 21.1 39.18 6082 092 0.87
16 5548 4452 17.99 2499 3749 1993 4936 50.64 1.04 1.15
17 53.1. 46.95 22.56 2438 30.35 26.16 51.05 49.88 1.02 1.14
Average 56.62 4335 23.06 23.79 33.65 2035 4941 50.53 1.04 1.02
SD 563 568 332 654 587 859 418 428 0.17 0.18
Median 57.25 42.75 2398 2271 3535 20.76 51.01 4899 099 0.98
Min 47.16. 3435 17.99 13.02 18.56 4.65 39.18 45.65 0.87 0.81

Max 65.34 52.84 28.65 3852 425 3558 54.19 60.82 1.56 1.62
P ratio— Pressure ratio, P ratio p—Pressure ratio prosthetic foot, F/F ratio-Forefoot ratio load
percentage, F/F ratio p—Forefoot ratio prosthetic foot load percentage, R/F ratio—Rearfoot ratio
load percentage, R/F ratio p—Rearfoot ratio prosthetic foot load percentage, DP ratio-Dynamic
pressure ratio, DP ratio p—Dynamic pressure ratio prosthetic foot.

DISCUSSION

Decrease of balance and balance confidence in amputees 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 und the risk of falling. In Myers
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and colleagues' study [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 have been using prosthesis for more than 4 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 are older and they have been using prosthesis for a
shorter time, which means they can take longer to perform the TUG test. Although we cannot make a
definitive conclusion, these outcomes are interesting for future researches. Christiansen et al. [22]
indicate the predictive 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 provideduseful
information about the static stability of below-knee amputees. Hermodsson et al. [18], in their
comprehensive analysis, reported similar results as the results in this study. The balance standing
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 suggest [24, 25]. We believe that the collection of data regarding the
forefoot and rearfoot pressure ratio may be useful 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 participants 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 paedobarography
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 aetiology.
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