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ABSTRACT

BACKGROUND: The aim of this study was to compare gait parameters, balance, weight-bearing symmetry, functional capacity, func-
tional mobility, prosthesis satisfaction, and quality of life between individuals with diabetes mellitus-induced and traumatic transtibial 
amputations (TTAs).

METHODS: Ten individuals with traumatic transtibial amputation and 10 individuals with diabetes mellitus-induced transtibial ampu-
tation were included in the study. All participants in both the trauma and diabetes groups used a vacuum-assisted suction suspension 
system (VASS) and a carbon composite foot transtibial prosthesis. Gait analysis and weight-bearing symmetry were assessed using 
a computerized gait analysis system. Balance was evaluated with the Biodex Balance System (BBS), functional capacity with the Six-
Minute Walk Test (6MWT), functional mobility with the Timed Up and Go Test (TUG) and the Stair Climbing Test (SCT), prosthesis 
satisfaction with the Trinity Amputation and Prosthesis Experience Scale (TAPES), and quality of life with the Short Form-36 (SF-36).

RESULTS: When comparing the traumatic and diabetic groups, significant differences favoring the trauma group were found in 
the following parameters: stride length (SL) (p=0.004), amputated limb step length (ASL) (p=0.019), non-affected limb step length 
(NSL) (p=0.005), balance assessment parameters of general postural stability (p=0.000), anteroposterior (A-P) postural stability 
(p=0.000), mediolateral (M-L) postural stability (p=0.007), SCT performance (p=0.000), and the activity restriction subsection of 
TAPES (p=0.029). No significant differences were observed in gait velocity, cadence, step width, weight-bearing percentage of the 
amputated and non-affected limbs, TUG performance, SF-36 scores, or the psychosocial adjustment, prosthesis satisfaction, and daily 
use time subsections of the TAPES.

CONCLUSION: In this study, the use of a VASS prosthesis in both traumatic and diabetic amputees had a positive effect on out-
comes in the diabetic group, resulting in comparable results to those of the traumatic group. The fact that diabetic amputees used their 
prostheses as frequently as traumatic amputees, remained active, and benefited from the choice of prosthesis and suspension system 
provides valuable insights for healthcare professionals as a facilitating factor in rehabilitation.
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INTRODUCTION

Amputation, the surgical removal of part or all of a limb, is 
performed for various reasons, including trauma, infection, 

and disease. Amputation surgery has significantly evolved 
throughout history, with innovations in surgical techniques, 
anesthesia, and postoperative care contributing to improved 
prognosis for patients undergoing the procedure.[1]
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Lower extremity prosthetics play a crucial role in the reha-
bilitation and quality of life (QoL) of amputees,[1] possessing 
a robust lineage of progression and evolution as advances in 
engineering intersect with a nuanced understanding of user 
requirements. Over the decades, significant focus has been 
directed toward enhancing the practicality, comfort, and aes-
thetics of lower limb prosthetics to improve the QoL for indi-
viduals with limb deficiencies. The historical advancements in 
amputation practices, alongside the refinement of prosthetic 
designs, demonstrate a commitment to supporting communi-
ties affected by limb loss.[2]

Trauma is one of the primary causes of transtibial amputations 
and is the leading cause of amputation in developing countries. 
Additionally, complications of diabetes mellitus frequently ne-
cessitate transtibial amputation, as is the case with vascular 
disease.[3]

Joint angles, stride length, and stride symmetry are often 
altered when transtibial amputees (TTAs) are compared to 
individuals without amputations. The biomechanical differ-
ences in amputees affect both the efficiency and smoothness 
of overall gait.[4] Furthermore, the use of prostheses and sus-
pension systems may influence gait-related parameters such 
as stride length, cadence, and stance phase duration.[5] After a 
transtibial amputation, typical findings include reduced walk-
ing speed and alterations in the stance and swing phases of 
gait, leading to changes in muscle activation patterns and joint 
movements.[6]

Balance is another critical element affected after transtibial 
amputation. Amputation below the knee results in a signifi-
cant loss of sensory receptors, which can lead to deficiencies 
in somatosensory feedback and further impair postural con-
trol and stability in individuals with TTA.[7] 

Transtibial amputation is associated with changes in load dis-
tribution, weight-bearing patterns, and muscle activation. Both 
socket fit and suspension systems are essential for optimizing 
load distribution and minimizing pressure points within the 
residual limb.[8]

Individuals with TTA experience severe physical dysfunction, 
reduced functional mobility and capacity, and limitations in ac-
tivities of daily living.[9] 

QoL and satisfaction with prostheses are crucial aspects of 
the lives of individuals with TTA.[10] Gait deviations and re-
duced gait efficiency can directly impact prosthesis satisfaction 
and overall QoL.[11]

Some gait studies on individuals with TTA have shown that 
the type of prosthesis and suspension system can influence 
gait parameters such as stride length, stride symmetry, and 
velocity. The design, fitting, and type of prosthesis, along with 
the suspension system used, may alter gait biomechanics and 
walking efficiency.[12] An appropriate suspension system that 
provides stability and comfort can ultimately improve overall 
satisfaction and QoL.[13] Satisfaction with the prosthesis is a 

key element in the successful rehabilitation of individuals with 
TTA. The type of suspension can influence socket comfort, 
mobility, and balance confidence. Additionally, satisfaction 
with the prosthesis and suspension system is positively cor-
related with functional outcomes.[14]

Pistoning is minimized in the vacuum-assisted suspension sys-
tem (VASS) compared to all other suspension systems. The 
VASS is preferred for individuals with increased suspension re-
quirements due to high activity levels.[15] Through the elevat-
ed vacuum mechanism, this system more effectively reduces 
changes in residual limb volume, improves adhesion, decreases 
forces exerted on the residual limb, and enhances propriocep-
tion compared to a one-way vacuum system.[16]

Several studies in the literature have compared traumatic and 
diabetic TTAs in terms of gait, balance, weight-bearing sym-
metry, functional mobility, functional capacity, QoL, and pros-
thesis satisfaction. However, no studies have been found that 
evaluate these parameters collectively. Furthermore, in most 
existing studies, there is little or no information regarding the 
specific prostheses or suspension systems used by the am-
putees. The aim of this study was to compare gait, balance, 
weight-bearing symmetry, functional mobility and capacity, 
QoL, and prosthesis satisfaction in individuals with traumatic 
and diabetes mellitus-induced transtibial amputation using a 
VASS transtibial prosthesis. The use of the same type of sus-
pension system in all participants' prostheses aimed to provide 
more objective results by eliminating the influence of different 
suspension systems on the evaluation outcomes.

MATERIALS AND METHODS
This study was conducted at Hacettepe University Faculty 
of Physical Therapy and Rehabilitation, Department of Mus-
culoskeletal Physiotherapy and Rehabilitation and Gaziantep 
University Şahinbey Research and Practise Hospital, and was 
approved by the Hacettepe University Non-Interventional 
Clinical Research Ethics Committee on 07/05/2019 and was 
deemed ethically appropriate according to the Declaration of 
Helsinki, with decision number 20129/12-22.

Participants

The study included individuals aged 18-65 years who had un-
dergone unilateral transtibial amputation surgery and were 
able to walk independently with a prosthesis. The inclusion 
criteria were as follows: voluntary participation, amputation 
due to diabetes mellitus or trauma, the ability to walk at least 
10 meters independently without a walking aid, absence of 
phantom sensation or pain, gross lower limb muscle strength 
at or above average, prosthesis use for at least one year, nor-
mal mental capacity, and active prosthesis use for at least five 
hours per day. Exclusion criteria included upper limb amputa-
tion, bilateral lower limb surgery, the presence of a primary 
neurological disease that adversely affected walking and bal-
ance, or the use of a walking aid.
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Assessments

All assessments were conducted by the same evaluator and in 
the same order. Computer-assisted assessment methods were 
used in gait and balance evaluations to increase the objectivity 
of the data obtained within the scope of the study. The follow-
ing assessments were performed on the study participants:

Demographic Information: Demographic data, including 
age, weight (kg), height (cm), gender, and occupation, were 
collected.

Gait Analysis: A 3-meter-long Ultrasensor 3D Platform 
LAC I (Diasu by Sani Corporate via Giacomo Peroni 400 
00100, Roma, IT) sensor walkway was used to measure the 
time-distance parameters of gait.[17] Participants walked three 
times on the walkway and returned wearing their daily shoes. 
Half-footprints corresponding to the start and end of the 
force plates were excluded from the recorded steps. The av-
erage values from the three walking trials were used. Step 
width, stride length (SL), amputated limb step length (ASL), 
and non-affected limb step length (NSL) were recorded in 
centimeters (cm). Cadence was measured as the number of 
steps per minute, and velocity was recorded in centimeters 
per second (cm/sec).

Weight Bearing: Weight-bearing distribution was assessed 
using a computerized gait analysis system, and the percent-
age of total weight borne by the amputated and non-affected 
limbs was recorded.

10-Step Stair Climb Test (SCT): The Stair Climb Test is 
a measurement tool used to assess functional ability in clini-
cal and research settings.[18] The time taken to ascend and 
descend 10 steps was recorded. This test has been found to 
be valid and reliable for lower-limb amputees.[19] 

Timed Up and Go Test (TUG): This evaluation tool is 
used to assess fall risk and mobility. It measures the time re-
quired for the participant to rise from a chair, walk 3 meters, 
and sit down, recorded in seconds. This scale is valid[20] and 
reliable [21] for lower-limb amputees. 

Six-Minute Walk Test (6MWT): A valid and widely used 
scale for assessing the functional capacity of lower-limb am-
putees in both clinical and research settings. It measures the 
distance walked in six minutes, recorded in meters.[22]

Trinity Amputation and Prosthesis Experience Scale 
(TAPES): This scale provides detailed information about 
prosthetic adaptation, functionality, and overall health. It con-
sists of two parts, with the first part including subsections on 
psychosocial adjustment, activity restriction, and prosthetic 
satisfaction.[23] 

Short Form-36 (Medical Outcomes Study 36-Item 
Short Form Health Survey) (SF-36): This is a widely 

used and valid scale for assessing health-related quality of life. 
It is applicable to a broad range of ages, illnesses, and treat-
ments, covering general health concepts. It is frequently used 
in both clinical and research settings.[24]

Balance Assessment: The Biodex Balance System [Biodex 
Balance System SD®, Biodex Medical Sistems, Inc., USA] is 
designed to objectively assess balance and balance-related pa-
rameters. It includes test and training modes. In test mode, 
it evaluates fall risk, sensory integration of balance, bilateral 
comparison, postural stability, stability limits, and motor 
control parameters. In this study, the postural stability test 
was used, where higher scores indicate greater deviation and 
poorer balance control.[25]

Statistical Analysis

To determine the sample size for the study, a power analysis 
was conducted using the G*Power program to achieve 90% 
power with a 5% Type I error and a 10% Type II error. As a 
result of this calculation, it was determined that each group 
should include at least nine participants. This study was con-
ducted with 10 individuals who had undergone amputation 
due to with diabetes mellitus and 10 individuals who had un-
dergone amputation due to trauma and used a prosthesis.

Data analysis was performed using IBM SPSS 25.0 software 
(IBM Corp. Released 2012. IBM SPSS Statistics for Windows, 
Version 21.0. Armonk, New York: IBM Corp. USA). Since the 
total number of participants in the study was fewer than 30, 
normality testing was not conducted, and a non-parametric 
test was used. For descriptive statistics, the mean was used 
as a measure of central tendency, and the standard deviation 
as a measure of dispersion. The Mann-Whitney U test was 
used to compare data between individuals with traumatic and 
diabetes mellitus-induced TTA.

RESULTS
This study investigated whether there was a significant differ-
ence in physiotherapy and rehabilitation-related assessment 
outcomes between traumatic and diabetic TTA who used a 
prosthesis. The study included 10 participants with traumatic 
TTA and 10 participants with diabetes mellitus-induced TTA. 
All participants in both the trauma and diabetes groups were 
male. There was no significant difference between the groups 
in terms of body mass index (BMI), height, weight, and daily 
prosthesis use time; however, a significant difference was 
found in terms of age. All amputees in both the trauma and 
diabetes groups used a VASS and a carbon composite foot 
transtibial prosthesis. The demographic characteristics of the 
study participants are presented in Table 1. 

Gait, weight-bearing symmetry, balance, functional mobility, 
functional capacity, prosthesis satisfaction, and QoL were as-
sessed, and the differences between the groups were com-
pared. 
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When gait parameters were compared between the groups, 
a significant difference was found in favour of the traumatic 
group for SL, ASL, and NSL. No significant difference was 
found for step width, cadence, and velocity. The values of the 
gait parameters (step width, SL, ASL, NSL, cadence, and ve-
locity) were compared, and the results are shown in Table 2.

The balance and weight-bearing scores of the groups were 
compared, and the results are shown in Table 3. When com-
paring the balance parameters, a significant difference was 
found in favour of the trauma group for all values, whereas 
no significant difference was found in weight-bearing percent-
ages.

The functional mobility and functional capacity scores of the 
groups are presented in Table 4. When comparing the results 
of the 6MWT and SCT, a significant difference was found in 
favor of the trauma group, whereas no significant difference 
was found in the TUG results.

The QoL scores of the groups were compared, and the re-
sults are shown in Table 5. No significant difference was found 
in any of the subsections when comparing the QoL scores.

The prosthesis satisfaction and compliance scores of the 
groups were compared, and the results are shown in Table 
6. When comparing the TAPES scores, a significant difference 
was found in favor of the trauma group in the activity restric-

Table 1.	 Demographics of participant groups

Cause of Amputation		  Traumatic group	 Diabetic group	 U	 z	 p

N			   10	 10			 

Gender

	 Male		  10	 10			 

	 Female		  –	 –			 

Weight (kg)	

	 X±SS (min.-max.)		  83.7±10.39(65-100)	 85.5±17.17(60-117)	 46.5	 -0.265	 .796

Height (cm)	

	 X±SS (min.-max.)		  172.2±4.92(165-182)	 171.4±8.53(158-185)	 45.5	 -0.342	 .739

BMI (kg/m2)	

	 X±SS (min.-max.) 		  28,25±3,58 (22.49-33.8)	 28.93±4.14(20.76-34.19)	 41	 -0,68	 .529

Age (years)	

	 X±SS (min.-max.) 		  41.2±8.89(20-55)	 56.5±9.29(37-65)	 10.5	 -2.989	 .002

Daily Prosthesis Use (hours)

	 X±SS (min.-max.)		  14.2±2.78(9-18)	 11.4±3.41(6-15)	 24.5	 -1.946	 .052

Prosthesis usage period (months)	

	 X±SS (min.-max.)		  57.40±14.21(26-78)	 37.70±27.17(12-96)	 24	 -1.969	 .052

p≤0.05. BMI:Body mass index.

Table 2.	 Comparison of gait parameters between groups

Cause of amputation	 Traumatic group	 Diabetic group	 Mann-Whitney U Test

 		  X±SS	 Min.-Max.	 X±SS	 Min.-Max.	 U	 z	 p

Step width (cm)	 19.95±2.32	 17.46-23.91	 19.92±2.78	 13.92-23.55	 48	 -0.151	 .912

SL (cm)	 133.76±14.03	 104-147.53	 111.16±17.96	 76.43-128.55	 12	 -2.873	 .004

ASL (cm)	 67.23±6.89	 54.60-75.37	 57.82±11.77	 37.13-70.00	 19	 -2.343	 .019

NSL (cm)	 66.29±7.72	 48.03-74.25	 56.37±6.23	 41.66-63.00	 13	 -2.798	 .005

Cadence (steps/min)	 100.82±4.78	 92.91-110.57	 105.58±11.46	 91.53-129.54	 37	 -0.983	 .326

Velocity (cm/sec)	 112.61±14.46	 80.52-125.83	 97.47±17.42	 69.42-123.05	 27	 -1.739	 .082

p≤0.05. SL: Stride length; ASL: Amputee Extremity Step Lenght; NSL: Non-Affected Extremity Step Lenght.
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tion subsection. However, no significant difference was found 
between the groups in the other subsections.

DISCUSSION
When comparing the assessments of individuals with trau-
matic and diabetes mellitus-induced TTA, the results for SL, 
ASL, NSL, balance, functional capacity, and functional mobility 
(SCT) were better in the traumatic amputation group. This 

difference became more apparent as the complexity of ac-
tivities increased. Other parameters showed similar results 
between diabetic and traumatic amputees. 

Walking is a vital activity for amputees to maintain their daily 
lives. Walking at a faster pace is crucial for safely navigating 
certain situations in daily life, such as crossing the street, 
while slower walking speeds may indicate an increased risk 
of falls.[26] Measurement of gait velocity is a commonly used 

Table 3.	 Comparison of balance and weight-bearing evaluations between groups

	 Traumatic group	 Diabetic group	 Mann-Whitney U Test

 		  X±SS	 Min.-Max.	 X±SS	 Min.-Max.	 U	 z	 p

General Postural Stability	 0.30±0.07	 0.20-0.40	 0.57±0.17	 0.40-0.80	 3	 -3.632	 .000

A-P Postural Stability 	 0.20±0.07	 0.10-0.30	 0.44±0.13	 0.30-0.70	 3	 -3.632	 .000

M-L Postural Stability	 0.15±0.05	 0.10-0.20	 0.27±0.11	 0.10-0.41	 15	 -2.774	 .007

Amputee Limb Weight Bearing (%)	 48.20±3.51	 42.15-54.20	 48.11±5.21	 41.33-58.05	 47	 -0.227	 .853

Non-affected Limb Weight Bearing (%)	 51.80±3.51	 45.80-57.84	 51.73±5.14	 41.95-58.67	 48	 -0.151	 .912

p≤0.05. A-P: Anterio-posterior; M-L: medio-lateral.

Table 4.	 Comparison of functional mobility (Timed Up and Go Test [TUG] and Stair Climbing Test [SCT]) and functional capacity 
(Six-Minute Walk Test [6MWT]) between groups

Reason for amputation	 Traumatic group	 Diabetic group	 Mann-Whitney U Test

 		  X±SS	 Min.-Max.	 X±SS	 Min.-Max.	 U	 z	 p

6MWT (m)	 487.20±104.22	 309.00-657.00	 298.90±81.02	 189.00-408.00	 8	 -3.175	 .001

SCT (sec)	 14.30±3.58	 10.23-22.46	 27.85±9.90	 17.51-46.00	 5	 -3.403	 .000

TUG (sec)	 10.35±4.34	 7.22-21.12	 14.43±4.80	 6.20-22.08	 24	 -1.965	 .052

p≤0.05. 6MWT: Six Minute Walk Test; TUG: Timed Up and Go Test; SCT: Stair Climbing Test.

Table 5.	 Comparison of quality of life (QoL) scores between groups

	 Traumatic Group	 Diabetic Group	 Mann-Whitney U Test

 		  X±SS	 Min.-Max.	 X±SS	 Min.-Max.	 U	 z	 p

Physical Functioning (PF)	 74.00±25.69	 15.00-100.00	 54.50±31.13	 0.00-95.00	 28.50	 -1.63	 0.105

Role Limitations Due to Physical Health (RP)	 75.00±40.82	 0.00-100.00	 40.00±33.75	 0.00-100.00	 24.50	 -2.02	 0.052

Role Limitations Due to

Emotional Problems (RE)	 73.33±40.98	 0.00-100.00	 53.33±50.18	 0.00-100.00	 41.00	 -0.76	 0.529

Vitality (VT)	 59.50±29.48	 5.00-95.00	 51.00±25.91	 15.00-90.00	 39.00	 -0.83	 0.436

Mental Health (MH)	 61.20±28.29	 0.00-96.00	 58.40±22.17	 32.00-88.00	 45.50	 -0.34	 0.739

Social Functioning (SF)	 73.75±30.87	 0.00-100.00	 58.75±27.67	 0.00-100.00	 30.00	 -1.55	 0.143

Bodily Pain (BP)	 67.25±37.72	 0.00-100.00	 61.75±28.75	 20.00-90.00	 40.00	 -0.77	 0.481

General Health (GH)	 60.50±28.91	 5.00-90.00	 39.50±29.58	 5.00-100.00	 30.00	 -1.52	 0.143

p≤0.05.
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method for assessing the walking ability of amputees.[27] Stud-
ies have shown that cadence, stride length, and velocity in 
amputees are generally lower than normal values observed in 
healthy individuals.[26,28]

In diabetic amputees, SL,[29,30] NSL,[31] and ASL[29,31] have 
been found to be reduced, consistent with the findings of 
our study. This outcome may be attributed to factors such 
as reduced joint position sense, impaired proprioception, 
balance difficulties, the higher average age of diabetic TTAs 
compared to traumatic TTAs, and more cautious prosthe-
sis use among diabetic amputees. When comparing walking 
speeds between traumatic and diabetic TTAs, studies without 
standardization of prosthetic components[31,32] or those using 
conventional prosthetic components have reported slower 
walking speeds in the diabetic group.[30] However, a study by 
Nakajima et al.,[29] in which participants used total contact 
sockets, reported no significant difference in velocity, which 
aligns with our findings. Studies have shown that the VASS 
prosthesis used by the amputees in our study offers several 
advantages, including reducing residual limb volume changes, 
providing a more symmetrical gait,[33] minimizing pistoning 
between the residual limb and socket,[33,34] increasing weight-
bearing on the amputated limb, improving walking ability and 
functional mobility, and enhancing prosthesis satisfaction.[14] 
It was concluded that the long duration of daily prosthesis 
use and high prosthesis satisfaction among diabetic amputees 
had a positive effect on gait. Additionally, the use of an active 
vacuum prosthesis contributes to a better stump-socket fit. 
Although the diabetic amputees in our study had a shorter SL 
than those with traumatic TTA, it is assumed that they com-
pensated by walking with a higher cadence than the trauma 
group. Even though this difference was not statistically sig-
nificant, it suggests that diabetic amputees developed a gait 
strategy that suited them, influencing their gait biomechanics, 
increasing gait velocity, and ultimately allowing them to reach 
the same walking speed as the trauma group. 

A study on weight-bearing symmetry reported that transtibial 
and transfemoral amputees exhibited longer swing phase du-
ration, shorter stance phase duration, and shorter single-sup-
port phase duration, spending more time on the non-affected 
limb.[35] In other words, their gait was asymmetrical, as they 

tended to avoid transferring weight to the prosthetic side to 
maintain stability during both static and dynamic activities. In 
a comparative study by Eissa et al.,[36] which examined trans-
tibial and transfemoral amputees alongside healthy individu-
als, the percentage difference in weight distribution between 
the non-affected and amputated limb and the percentage dif-
ference in force exerted on the intact and amputated limb 
during gait were found to be significantly different between 
amputees and healthy individuals. However, these same two 
parameters did not differ between transtibial and transfemo-
ral amputees. In our study, consistent with the literature, the 
weight-bearing percentages of individuals with traumatic and 
diabetes mellitus-induced unilateral TTA on the non-affected 
and amputated limbs during walking were found to be simi-
lar. Although previous studies have reported differences in 
weight-bearing symmetry between healthy individuals and 
amputees in dynamic conditions, our findings suggest that 
several factors may have contributed to the absence of a dif-
ference between the traumatic and diabetic groups. These 
factors include the relatively younger age of the participants, 
similar daily prosthesis use duration between groups, long 
daily prosthesis wearing times (traumatic TTA: 14 hours, dia-
betic TTA: 11 hours), active lifestyles, transtibial amputation 
level, use of a vacuum-assisted suspension system prosthesis, 
and load distribution balance for functional outcomes. 

Balance in amputees is influenced by factors such as the cause 
of amputation, amputation level, and comorbidities. Com-
pared to healthy individuals, lower limb amputees experience 
impaired gait[27] and balance[37,38] deficits due to dysfunctions 
in musculoskeletal system and sensory impairments, including 
superficial sensations (e.g., light touch) and deep sensations 
(e.g., joint position sense and proprioception). The loss of 
sensory feedback and muscle control in the amputated limb, 
along with the reduced range of motion in the prosthetic 
foot, further contribute to impaired postural control in indi-
viduals with TTA.[39] 

In the study by Hermodsson et al.,[37] it was reported that 
when balance scores of the traumatic and vascular TTA 
groups were compared while looking straight ahead in an 
upright standing position with both feet close together and 
arms at the sides, the vascular group exhibited greater oscilla-

Table 6.	 Comparison of prosthesis satisfaction and compliance scores between groups

	 Traumatic group	 Diabetic group	 Mann-Whitney U Test

 		  X±SS	 Min.-Max.	 X±SS	 Min.-Max.	 U	 z	 p

Psychosocial Adjustment	 54.00±5.23	 47.00-62.00	 54.00±5.75	 43.00-60.00	 49.500	 -0.038	 0.971

Activity Restriction	 6.00±5.81	 0.00-19.00	 12.50±7.74	 3.00-25.00	 21.500	 -2.160	 0.029

Prosthetic Satisfaction	 40.70±5.64	 30.00-50.00	 34.00±11.13	 14.00-49.00	 28.500	 -1.630	 0.105

Daily Prosthesis Use (hours)	 14.20±2.78	 9.00-18.00	 11.40±3.41	 6.00-15.00	 24.5	 -1.946	 0.052

p≤0.05.
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tion in the lateral direction, while no difference was observed 
in the antero-posterior (A-P) direction. In contrast to the 
findings by Hermodsson et al.,[37] our study found a significant 
difference between the two amputee groups in medio-lateral 
(M-L) direction. The discrepancy in M-L postural stability 
findings between the two studies may be attributed to differ-
ences in data collection methods. 

Molina-Rueda et al.[40] evaluated stability limits using a com-
puterized dynamic posturography device and obtained results 
that support our study. Their study compared vascular uni-
lateral TTAs with healthy individuals and non-vascular unilat-
eral TTAs, concluding that stability limits were significantly 
reduced in the vascular group. 

Another study reported that vascular amputees shifted their 
body weight more toward the non-affected side in both the 
anteroposterior and mediolateral directions as a compensa-
tory strategy to maintain stability.[41]

Visual and sensory inputs from the lower extremities are 
important for balance control. The fact that balance impair-
ment is more pronounced in diabetic amputees compared 
to traumatic amputees may be related to neuropathy[42] and 
retinopathy,[43] which are common complications in diabetic 
patients and affect the sensory system. Following transtibial 
amputation, proprioceptive input from the foot and ankle is 
lost, which is essential for motor control of balance and gait. 
It is concluded that the loss of active joint movement control 
due to amputation and impaired sensory feedback in diabetic 
amputees negatively affect balance. 

In a study by Burger et al.[9] on transtibial and transfemo-
ral amputees in relation to functional capacity, participants 
walked for nine minutes, and the distance covered was re-
corded, revealing a statistically significant difference. The 
lower functional capacity observed in vascular amputees 
compared to the traumatic group may be attributed to to the 
greater impact of chronic disease in the vascular group, po-
tentially exacerbated by advancing age. Since vascular disease 
is a chronic condition, and all amputees in this group were 
over 60 years old, the progression of the disease may have 
contributed to the observed differences In a study by Atic et 
al.,[44] a significant difference in favor of the traumatic group 
was observed when comparing the distance walked in the 
6MWT between traumatic and vascular amputees. 

Additionally, 61 traumatic amputees and 29 non-traumatic 
amputees (including individuals with diabetes mellitus) were 
assessed using the Two-Minute Walk Test, with results show-
ing a significant advantage for the traumatic amputee group.[45]

When the results of the 6MWT, used to assess functional 
capacity in our study, were analyzed, a significant difference 
in favor of the traumatic group was found, consistent with 
the literature. This difference is believed to result from fac-
tors such as better balance, favorable gait parameters (SL, 
NSL, ASL) in the traumatic group, the inability of the diabetic 

group to receive sensory feedback from the ankle joint due to 
reduced deep sensations such as proprioception, and higher 
energy expenditure in diabetic amputees compared to trau-
matic amputees.[15,30,46,47]

In a study evaluating functional mobility, traumatic amputees 
required an average of 13.9 seconds to complete the TUG, 
while amputees with peripheral vascular disease required 
18.7 seconds, with no statistically significant difference found 
between the groups.[9] Jayakaran et al.[48] also compared TUG 
results between traumatic and vascular amputees and re-
ported no significant difference. The TUG and SCT are tools 
that evaluate functional abilities relevant to daily life activities. 
It is believed that factors such as active lifestyles, long daily 
prosthesis wear time, good QoL, and comfortable, pain-free 
prosthetic-assisted mobility contribute to the TUG results 
in diabetic amputees. Additionally, symmetric and controlled 
gait patterns and balance-related mechanisms may explain 
why diabetic amputees require more time to complete the 
SCT. Since stair climbing is a more complex and energy-in-
tensive task compared to TUG, this may further account for 
the observed differences.

In a study assessing QoL using the eight subscales of the SF-
36, a significant difference in favor of the traumatic group was 
reported when comparing mean scores between vascular and 
traumatic TTAs.[44] Similarly, Jayakaran[49] assessed vascular 
and traumatic unilateral TTAs using the EuroQoL (EQ-5D™) 
scale and found that individuals with vascular amputation 
had significantly lower QoL scores. Demet et al.[50] assessed 
health-related QoL using the Nottingham Health Profile and 
compared the results of traumatic and vascular amputees, re-
porting that vascular amputees had more negative outcomes 
in the physical disability and social isolation subscales. In con-
trast to previous studies in the literature, our study found 
no significant difference between the diabetic and traumatic 
groups in any subscale of the SF-36 when comparing QoL 
parameters.[51,52] Given that diabetic amputees often experi-
ence impaired gait and balance, reduced functional capacity, 
and diminished functional skills, they are typically expected to 
have lower QoL due to the negative impact on activity and 
social participation. However, in our study, factors such as 
diabetic amputees wearing their prostheses for an average of 
11 hours per day, using VASS prostheses, being satisfied with 
their prostheses, feeling physically well, and actively partici-
pating in social life are believed to have contributed positively 
to their QoL.

Studies on vascular lower extremity amputees have reported 
low levels of prosthesis satisfaction.[23] One study comparing 
the TAPES scores of traumatic and vascular lower extremity 
amputees found a significant difference in favor of the trau-
matic group.[44] 

In our study, statistical comparison of TAPES scores revealed 
a significant difference in favor of the traumatic group only 
in the activity restriction subscale. It was concluded that the 
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difference in activity restriction was due to the high difficulty 
level of the questions in this section, which included activities 
such as running, lifting a heavy object, engaging in high-intensi-
ty sports, climbing multiple flights of stairs, and trying to catch 
a bus. No significant difference was found between the psy-
chosocial adjustment and prosthesis satisfaction subsections 
of the TAPES. The main factors reported to increase prosthe-
sis satisfaction and psychosocial adjustment include the use of 
a VASS prosthesis, which has been shown to increase com-
fort, reduce pain,[53] improve compliance with the prosthe-
sis,[14] and minimize pistoning between the residual limb and 
the socket.[33,34] When selecting a prosthesis and suspension 
system, it may be beneficial to consider not only the func-
tional requirements of the amputee but also their satisfaction 
with the prosthesis. In our study, no difference was observed 
between traumatic and diabetes-related amputees in terms of 
prosthesis satisfaction and psychosocial adjustment. Factors 
such as younger age, long daily prosthesis use, good quality of 
life, active prosthesis use, and social integration were consid-
ered important contributors to these findings.

CONCLUSION

In our study, the use of a VASS prosthesis in diabetic ampu-
tees helped them achieve results similar to those of traumatic 
amputees. This improvement enhanced their adaptation to 
social life, increased activity levels, and contributed to their 
psychological well-being. A more comprehensive study focus-
ing on the causes of amputation, levels of amputation, and the 
effects of different suspension systems will aid in the optimal 
selection of prosthetic systems. It is believed that the ability 
of diabetic amputees to use their prostheses for as long as 
traumatic amputees, their active lifestyles, and the appropri-
ate selection of prosthesis and suspension systems will great-
ly assist healthcare professionals in rehabilitation planning.
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Yürüyüş parametreleri ve fonksiyonel kapasite açısından travma ve diabetes mellitus 
nedenli transtibial amputelerin karşılaştırılması
AMAÇ: Bu çalışmanın amacı diyabetik ve travmatik transtibial amputelerin (TTA) yürüyüş parametreleri, denge, ağırlık aktarma simetrisi, fonksiyo-
nel kapasite, fonksiyonel mobilite, protez memnuniyeti ve yaşam kalitesi sonuçlarını karşılaştırmak.
GEREÇ VE YÖNTEM: 10 travma 10 diyabet nedenli TTA birey çalışmaya dahil edildi. Travma ve diyabet gruplarında yer alan amputelerin tamamı 
aktif  vakum sistem (AVS), karbon kompozit ayaklı transtibial protez kullanmaktaydı. Yürüyüş analizi ve ağırlık aktarma simetrisi bilgisayarlı yürüyüş 
analizi sistemi, denge Biodex Denge Sistemi (BBS), fonksiyonel kapasite Altı Dakika Yürüme Testi (6MWT), fonksiyonel mobilite Zamanlı Kalk Yürü 
Testi (TUG) ve Merdiven Çıkma Testi (SCT), protez memnuniyeti Trinity Amputasyon ve Protez Deneyim Ölçeği (TAPES) ve yaşam kalitesi Kısa 
Form-36 (SF-36) ile değerlendirildi.
BULGULAR: Travmatik ve diyabetik grup sonuçları karşılaştırıldığında yürüyüş parametrelerinden çift adım uzunluğu (ÇAU) (p=.004), ampute 
ekstremite adım uzunluğu (AAU) (p=.019), sağlam ekstremite adım uzunluğu (SAU) (p=.005), denge değerlendirmesinin parametreleri olan genel 
postural stabilite (p=.000), anterio-posterior (A-P) postural stabilite (p=.000), medio-lateral (M-L) postural stabilite (p=.007), SCT (p=.000), 
TAPES’in aktivite kısıtlanması alt bölümü (p=.029) parametreleri arasında travmatik grup lehine anlamlı fark bulundu. Hız, kadans, adım genişliği, 
ampute ve sağlam ekstremite ağırlık taşıma yüzdeleri, TUG, SF-36 ve TAPES (Psiko-sosyal Uyum, Protez Memnuniyeti, Günlük Kullanım Süresi alt 
bölümleri) parametreleri arasında anlamlı fark bulunmadı.
SONUÇ: Çalışmamızda travmatik ve diyabetik amputelerin aktif  vakum sistem protez kullanmaları özellikle diyabetik amputelerin sonuçlarına olum-
lu yansımış, travmatik amputelerle yakın sonuçların ortaya çıkmasına katkı sağlamıştır. Diyabetik amputelerin protezlerini travmatik amputeler kadar 
uzun süre kullanmaları, aktif  olmaları, protez ve suspansiyon sistem seçimi rehabilitasyonu kolaylaştırıcı faktör olarak ilgili sağlık profesyonellerine 
farklı bir bakış açısı sağlayabilir.

Anahtar sözcükler: Ampute; denge; diabetes mellitus; transtibial; travma; yürüyüş.
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