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Background

Traumatic lower-limb amputation has a significant impact on mobility, independence, and social participation and is on the
increase, placing an added burden on rehabilitation services. This study investigates the impact of level of amputation on functional,
psychological, economic, and vocational outcome for prosthetic SACH users in India because rehabilitation resources are limited
and the SACH prostheses are often preferred.

Methods

A cross-sectional study of 20 patients (10 transfemoral, 10 transtibial) of a Narayan Seva Kendra facility was performed.
Measures investigated were Comfort Score, Prosthesis Evaluation Questionnaire (PEQ), Extended Social and Community Scale
(ESCS), walking speed, daily wear time, vocational, care burden (physiotherapy and repair numbers), and cost of maintenance.
Non-parametric statistics compared outcomes across groups.

Results

The transtibial amputees demonstrated significantly greater comfort, mobility, limb health, well-being, and social engagement
(p<0.05), as well as higher walking speed (0.70 £ 0.11 m/s vs. 0.58 &+ 0.09 m/s; p=0.018). The trend of daily wear time was
higher in BK group but was not statistically significant. The level of vocational reintegration was high in both groups (AK 90%, BK
80%). Measures of the care burden were similar, with BK users undergoing more repairs and slightly higher expense. Above-knee
users frequently reported socket fit issues whereas, below-knee users described sensations of lightness, stability, and comfort.
Conclusions

Below-knee amputees exhibit better functional and psychosocial outcomes than above-knee amputees in a low-resource
rehabilitation setting using SACH prostheses. These findings emphasize knee preservation and appropriate rehabilitation methods
that emphasize comfort and ease of maintenance.

Keywords: Comfort, Limb health, Mobility, Prosthetic rehabilitation, Quality of life, Solid ankle cushion heel prosthe-
sis, Transfemoral amputation, Transtibial amputation

Introduction 1990, but absolute prevalence has greatly increased-from 370.25
million cases in 1990 to 552.45 million cases in 2019-due to

Amputation is one of the world’s major causes of long-term the development of population growth and increasing survival

disability, having a significant impact on the mobility, indepen-
dence, and social participation of people'™?. According to the
results of the epidemiological studies, traumatic amputations
alone accounted for an estimated 13.23 million new cases world-
wide in 2019, equating to an age-standardized incidence rate
of 171.23 per 100,000 population. Both the age-standardized
incidence and prevalence rates have moderately decreased since
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rates following severe trauma. The global burden of disability,
expressed as YLDs, was estimated at 7.35 million in 2019, or an
ASYR of 90.68 per 100,000 population, with men being dispro-
portionately affected compared to women*. Global Burden of
Disease estimates include partial hand, finger, and partial foot
amputations in addition to major lower-limb amputations. These
figures therefore reflect the overall global burden of amputation
rather than incidence specific to lower-limb loss. India has the
highest number of amputation cases in the world, with about
2.22 million new cases annually, and 75.6 million people live
with limb loss. Traumatic amputation causes the highest rate of
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disabilities, a total of 1.45 million years lived with disabilities
(YLDs) in the country®. The major sources include road traf-
fic injuries, agricultural accidents, and railway-related traumas.
Reports from the 1980s estimated approximately 500,000 am-
putees, with 23,500 new cases occurring every year~°. Recent
findings from Kolkata reported trauma as the major cause in
70.3% of cases, predominantly involving the lower limbs in
94.8% of cases®’. Despite this alarming situation, prosthetic
service coverage is low in India, with only approximately 5% of
amputees having access to devices®™. Loss of a limb due to var-
ious reasons results in massive biomechanical, functional, and
psychosocial challenges that call for holistic rehabilitation with
emphasis on mobility, independence, and quality of life. Lower-
limb amputations considerably alter the mechanics of gait as
well as energy demands; therefore, the design of the prosthesis,
the fit of the socket, and integrated components are very impor-
tant in influencing successful rehabilitation outcomes, including
efficiency, comfort, and social participation”. Transtibial ampu-
tations were reported to constitute about 67.78% of lower-limb
amputations, while about 18.84% were transfemoral amputa-
tions1%10, Given the considerable functional and psychosocial
burden following the loss of a lower limb, functional outcomes
across amputation levels are sorely needed to be compared for
informed rehabilitation planning. The extent of knee preserva-
tion, that is, transtibial as opposed to transfemoral amputation,
implies a lot in terms of gait biomechanics, mobility potential,
energy expenditure, and ultimately, quality of life. It was re-
ported that through-knee amputees maintain the gait parameters
of hip range of motion and pelvic stability more like able-bodied
walkers compared to their transfemoral amputee counterparts!,
These findings emphasize the critical influence of amputation
level on both short- and long-term functional outcomes.

One of the most significant factors that define the outcome
of rehabilitation is design characteristics. Over the recent 20
years, there have been notable advancements that have produced
energy-storing-and-return feet and powered ankle-foot systems
that enhance push-off, gait symmetry, and minimize metabolic
energy use1#'1%, These technologies are however out of reach to
many low- and middle-income countries due to their high costs,
lack of availability, and maintenance. Owing to these reasons,
the SACH foot is the most recommended solution to individuals
with lower-limb amputation in India and other resource-strained
environments. While the SACH foot remains widely used in
low-resource settings for its cost-effectiveness and simplicity,
its rigid, non-energy-return design often delays foot-flat, limits
push-off power, and increases compensatory demands, espe-
cially on uneven terrain or sloped surfaces. Amputation remains
a major global cause of long-term disability, with transtibial
amputees demonstrating significantly better functional mobility
(e.g. higher Amputee Mobility Predictor scores) than trans-
femoral amputees, despite comparable daily living index out-
comes' 2. The passive SACH foot, conventionally used in many

clinical settings, changes the biomechanics of gait and is as-
sociated with compensatory muscle activity, such as increased
activation of the hip extensors during stance'®. While more
advanced prosthetic feet, such as the Re-Flex VSP, clearly offer
superior energy efficiency and gait performance not only during
walking but also when running ™18, static postural stability un-
der visual conditions seems to be comparable across foot types ™.
Given these limitations, outcome assessment in amputees with
SACH prostheses remains relevant. Inasmuch as the SACH
foot is the most common prosthesis used in India and other
resource-constrained settings, comparison of functional perfor-
mance among persons of different amputation levels, while
holding the type of prosthesis constant, is informative of the
independent contribution of level of amputation to mobility and
quality of life.

In line with this technological context, there has been emer-
gence of new service delivery models in India to address the
rehabilitation needs of amputees that have not been addressed
previously. Narayan Seva Sansthan, one of the leading non-
profit organizations in Udaipur, provides free corrective surg-
eries, prosthetic fitting, rehabilitation, and socio-economic as-
sistance to needy people. This mission is complemented by
its Narayan Seva Kendra project which intends to set up 50
Advanced Kendras in 40 cities. Each will incorporate physio-
therapy units, limb workshops and vocational training facilities,
with at least 10 centres being opened in a year. Such infras-
tructure not only increases access to prosthetic services but also
offers a unique opportunity to systematically evaluate prosthetic
outcomes in real-world, resource-constrained environments.

Despite evidence of consistent superior functional mobil-
ity and satisfaction of transtibial amputees compared to trans-
femoral amputees, limited context-specific comparisons exist
regarding functional mobility and satisfaction in India and other
low middle income countries (LMICs). To fill this gap the cur-
rent study intends to assess and compare functional performance
of above-knee and below-knee amputees with SACH feet, on pa-
tient data collected in a Narayan Seva Kendra. The assessment
incorporates both patient-reported outcomes, such as comfort,
mobility, the health of the residual limb, well-being, and so-
cial participation, and performance outcomes, such as walking
speed and day-wear time. Besides this, the study involves the
analysis of vocational reintegration, care burden markers (e.g.,
waiting times, physiotherapy sessions), repairs frequency, main-
tenance costs, and qualitative feedback on the occurrence of the
complications with the prosthetics, and design characteristics.

Materials and Methods

Study Design and Participants

The present research is a cross-sectional observational study
involving 20 participants with lower-limb amputations who un-

2 | NHSJS 2026

© The National High School Journal of Science 2026



derwent prosthetic rehabilitation at the Narayan Seva Kendra
center, India. Two groups were created according to the level of
amputation: an Above Knee (AK) group (10 transfemoral am-
putees) and a Below Knee (BK) group (10 transtibial amputees)
with or without preservation of knee.

Prosthesis Fabrication and Components

Material Sourcing

* Socket: Polypropylene sheets, sourced from private suppli-
ers in Ahmedabad, chosen for aesthetics, low maintenance,
and cost-effectiveness.

* Liner: Etha Plex sheets (thermoplastic elastomer) were
heated and vacuum-formed over the limb mold to provide
a soft interface.

* Pylon: Aluminum tubes, lightweight and cost-effective,
supplied from Ahmedabad.

* Foot: Wooden prosthetic feet (SACH type), sourced from
Ahmedabad.

* Sourcing Model & Cost: Materials purchased in bulk for
the central fabrication unit. Total cost per limb is ~X10,000
INR. No recycled materials were used.

Fabrication Process

1. Negative Cast & Measurement: Length and circumfer-
ence of the residual limb measured at the essential points
to clarify correct socket fit. Wet plaster of Paris (POP) was
used to make a negative cast.

2. Positive Mold: Negative cast filled with POP to create a
positive mold. Pressure-relief modifications were applied
(~1 hour).

3. Liner Fabrication: Etha Plex sheets were heated and
vacuum-formed over the positive mold; thickness and fit
were verified.

4. Socket Fabrication: Polypropylene sheets were vacuum-
formed over the mold at temperatures of 170-180°C and
then the edges of the mold were trimmed and smoothed.

5. Assembly: Socket adapter attached to the pylon; pylon
connected to foot via foot adapter; nylon straps secured for
suspension. Modular design allows individual component
replacement.

Fitting & Training

* Initial fitting included height, foot alignment, and stability
checks, with minor adjustments as needed.

* Training involved 1-2 days of physiotherapy and gait train-
ing (typically 4 hours/day).

Follow-Up & Maintenance

* First follow-up at 6 months. The most common problems
were socket looseness caused by changes in residual limb
volume and foot/mold wear over 2-3 years.

* Prosthesis lifespan: 4-5 years, potentially up to 10-12
years depending on use. Repair costs ranged from ¥1,000
to ¥10,000 INR. Figure 1] gives a summary of the process.
Fit and functional follow-up after 6 months is anticipated.

Data Collection

Baseline demographic and clinical information was collected,
including age, sex, amputation level, side, cause of amputation,
and liner use. Patient-reported outcome measures included the
Comfort Score, the Prosthesis Evaluation Questionnaire (PEQ)
subdomains (mobility, residual limb health, and wellbeing),
and the Extended Social and Community Scale (ESCS). Verbal
administration of all instruments was done in Hindi by trained
personnel; questions were paraphrased as required to make them
linguistically understandable. Pilot testing was used to prove cul-
tural validation; reliability in the scoring was improved through
the use of standard wording, interviewer training, and a standard
0-10 numeric scale. In the case of the PEQ subscales, scoring
was done by averaging items per domain. ESCS employed 0-10
scale on appearance, function, durability, and index of activity.
Comfort Score used a 0-10 scale (0 = very uncomfortable, 10 =
fully comfortable). Functional outcomes included walking ve-
locity (m/s), measured over a 10-meter indoor walkway. Timing
started with the first forward step and stopped when both feet
crossed the finish line. Two attempts were made and the scores
averaged. Subjects were allowed to use their usual assistance
devices. Daily prosthesis use (hours/day) was self-reported. Vo-
cational outcomes and cost burden were measured. Successful
vocational integration was defined as return to preamputation
employment or engagement in new employment/educational
activities for>20 hours per week within 6 months postprosthesis
fitting. Cost burden refers to direct costs related to prosthesis
payments, repairs, and transportation, reported in INR.

Statistical Analysis

Data analysis was conducted in IBM SPSS Statistics (version
27). The distribution of continuous variables was determined
using the Shapiro—Wilk test. Normally distributed variables are
presented as mean + standard deviation (SD); non-normally
distributed data are presented as median with interquartile range
(IQR). Categorical variables are summarized as frequencies and
percentages. Between-group comparisons (AK vs. BK) were
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Fig. 1 Workflow of below-knee prosthetic fabrication, fitting, and follow-up care.

made using the Mann—Whitney U test. A two-tailed p-value
< 0.05 was considered statistically significant. Effect sizes (r)
were calculated using the formula r = Z//N(N = 20). Be-
cause of sample size limitations, multivariable adjustment for
confounders including age, cause of amputation, time since am-
putation, and other comorbidities could not be performed. These
statistics have been reported alongside p-values to enhance inter-
pretability. A limited sensitivity analysis was conducted for the
one participant who was initially classified as transtibial but was,
in fact, a knee-disarticulation case. After this participant had
been excluded, the primary outcome variables were re-analyzed:
Comfort Score, PEQ mobility, PEQ residual limb health, PEQ
wellbeing, and ESCS. The p-values (Table ??) that resulted from

this did not meaningfully differ from those of the primary anal-
ysis, and therefore, this participant’s misclassification did not
materially affect group comparisons.

Results

Baseline Characteristics

A total of 20 patients were included, evenly divided between AK
and BK prosthesis users. The cohort was relatively young, with
amean age of 29.0 & 6.1 years, and comparable age distribution
across groups. The majority were male (75%). By design, all
transfemoral amputations were managed with AK prostheses,
whereas almost all BK cases were transtibial (including one

4| NHSJS 2026

© The National High School Journal of Science 2026



knee-preserving case). Road traffic accidents accounted for
the predominant cause of amputation (70%), followed by less
frequent etiologies such as congenital absence (5%) and miscel-
laneous traumatic or electrical injuries (25%). Right-sided am-
putations were marginally more common than left-sided (55%
vs. 45%). Notably, liner use differed substantially by prosthesis
type, being universal among below-knee users but rare in the
above-knee group (10%). Where applied, the liner was com-
posed of Etha-Flex. All members of this cohort were fit with
polypropylene sockets except for a single transfemoral user who
was provided an SDPE socket. Information on the type of pylon
used was available and was aluminum for all; all the feet were
SACH. Baseline demographic and clinical characteristics of the
study subjects are outlined in Table[T|for AK and BK amputation
levels.

Patient-Reported Outcomes

Patients with BK prostheses outperformed AK users in all do-
mains assessed (Table 2] Figure [2). They were significantly
more comfortable, mobile, and had better residual limb health
and wellbeing, and these differences reached statistical signifi-
cance. Even social participation, as quantified by ESCS scores,
was favorable for BK users. To correspond with the patient self-
reported outcomes, performance-based measures indicated that
walking speed was significantly higher in the BK group, con-
firming indeed that patients within this group had more efficient
gait mechanics. Although daily prosthesis wear time was longer
in BK users, the differences did not reach statistical significance.
Taken together, the results indicate that BK prostheses have
functional and psychosocial advantages over AK devices.

Mann—Whitney U statistics and corresponding effect sizes
supported the significant differences across comfort and PEQ
domains (U = 6.5-21.0; r = 0.49-0.76), indicating medium to
large effects (Table[S2).

Return to Work and Functionality

Vocational reintegration was broadly favorable in both groups.
In the AK group, 60% were employed, 20% were students, and
20% were unemployed prior to prosthesis fitting. Following
rehabilitation, 70% were employed and 20% remained students.
One individual who had been unemployed before amputation
subsequently entered education; however, this case was coded
as not applicable in the return-to-work analysis, as it repre-
sented a transition from unemployment to studying rather than
re-engagement with prior vocational or educational activities.
Overall, 9 of 10 patients (90%) were recorded as having suc-
cessfully reintegrated into work or education. The study found
that in the BK group, 90 per cent of patients were employed and
10 per cent were students at the time of receiving the prosthesis.
After prosthesis installation, 70% of them continued to work

and 10% of them went back to school, and two of them (20%)
shifted to unemployment despite their previous exposure to em-
ployment. The overall result was 8 out of 10 patients (80%)
became successfully reintegrated into work or education.

Care and Economic Outcomes

The waiting time in patients who received AK prostheses was
marginally higher than that of patients who received BK prosthe-
ses (3.00 [2.00-3.00] days versus 2.50 [1.75-3.00] days), but the
difference was not significant (p = 0.305, r = 0.23). Similarly,
there was no significant differences in physiotherapy sessions
between the AK and BK, with the former having 3.00 [2.00-
3.25] and the latter 2.50 [1.75-4.75] physiotherapy sessions (p
= 0.846, r = 0.04). Regarding the repairs of the devices, most
of the patients in each group did not need any intervention; nev-
ertheless, repair needs were more frequent and intense in case
of BK users. Four patients in the AK group and six patients in
the BK group needed repairs (1-4 times each and 1-6 times),
respectively. The median [IQR] number of repair was 0.00 [0.00-
1.25] in the AK group relative to 1.00 [0.00-2.50] in the BK
group. Although this trend was towards increased burden, the
difference was not statistically significant (p = 0.370, r = 0.20).
Maintenance costs also had significant variation. Maintenance
costs also showed substantial variation. Above Knee users re-
ported a median [IQR] of 150.00 [0.00-1700.00] INR compared
to 400.00 [0.00-6500.00] INR in the BK group; however, the
difference was not statistically significant (p = 0.572, r = 0.13).
Overall, these results imply that though there was overall simi-
larity in care burden in terms of waiting days and physiotherapy
sessions among groups, BK prostheses were related to more
variability in repairs and higher maintenance prices, but these
findings were not statistically significant (Table|S3).

Prosthesis-Related Complications and User Experience

Skin problems were frequently reported but were of mild nature.
Above Knee complaints included recent irritation, redness occa-
sionally, seasonal rashes, or blisters during initial use, discom-
fort following long use was reported by some of the participants.
In comparison, the users of BK were less often affected, and
the issues were mostly restricted to redness or blisters post-long
days of activity. Most BK users did not complain of persis-
tent skin problems (Figure[3). Additional context was given by
qualitative feedback. Among AK users, the primary issue was
associated with weight, socket fit, and liner comfort. Particular
concerns were the difficulty in weight (heavy, yet durable), the
loosening of the socket in hot weather, and the necessity of soft
liners. However, there were positive experiences described by
some AK patients, including comfort in long walks and stabil-
ity. BK users experienced more positive feedback, and some
mentioned the prosthesis as lightweight, natural and suitable for
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Table 1 Comparative demographic and clinical characteristics of participants with above-knee and below-knee amputations.

Characteristic Above Knee (n=10) Below Knee (n=10) * Total (N=20)
Age, mean + SD (range) 27.5 + 6.64 306 54 29.05 £ 6.1
Median (IQR) 26.5 (22.75-32.00) 29.5 (25.5-36.5) 28.50 (24.25-34.50)
Sex, n (%)

Male 7 (70%) 8 (80%) 15 (75%)

Female 3 (30%) 2 (20%) 5 (25%)
Amputation level, n (%)

Transfemoral 10 (100%) - 10 (50%)

Transtibial - 9 (90%) 9 (45%)

Transtibial (knee kept) - 1 (10%) 1 (5%)
Cause of amputation, n (%)

Road traffic accident (Bike/Car/Truck/Train/Other Road) 5 (50%) 9 (90%) 14 (70%)

Congenital (since birth) 1 (10%) 0 (0%) 1 (5%)

Other (fall, electric shock, factory injury) 4 (40%) 1 (10%) 5(25%)
Side of amputation, n (%)

Right 6 (60%) 50 (50%) 11 (55%)

Left 4 (40%) 50 (50%) 9 (45%)
Liner Used

Yes 1 (10%) 10 (100%) 11 (55%)

No 9 (90%) 0 9 (45%)

Table 2 Patient-reported and functional outcomes highlighting differences between above-knee and below-knee prosthesis users.

Outcome Above Knee Above Knee Below Knee Below Knee Effect p-value
(Mean + SD) (Median [IQR]) (Mean + SD) (Median [IQR]) Size
Comfort score 6.5 £+ 1.08 6.5 [5.75-7.25] 8.5+0.71 9[8-9] 0.76 <0.001*
PEQ mobility score 7.15 +1.00 7.1[6.60-7.63] 8.21 £ 0.65 8.3 [7.94-8.73] 0.54 0.015*
PEQ residual limb health score 7.31 £0.97 7.17 [6.43-8.08] 8.67 £ 0.63 8.64 [8.23-8.93] 0.63 0.005*
PEQ wellbeing score 7.17 £ 1.30 7.1[6.30-8.08] 8.42 £0.48 8.5[7.99-8.9] 0.58 0.009*
ESCS score 6.47 £ 1.46 6.4 [5.38-7.62] 7.89 £ 0.62 7.95 [7.5-8.5] 0.49 0.028*
Walking Speed (m/s) 0.58 +0.09 0.55[0.51-0.68] 0.70 £ 0.11 0.70 [0.62-0.82] 0.53 0.018*
Daily use (hours) 7.30 £2.21 7 [5.75-8.50] 11.50 £12.87 8 [7-8.25] 0.27 0.231

* Represents statistically significant association computed via Mann-Whitney U test. r = Z/+/N.

long distances. Nevertheless, there were also certain limitations
reported, such as a desire to move the foot more often, a feel-
ing of heaviness of certain types of socks, and difficulties with
adjustments initially (especially with the bent-knee version).

Together, BK prostheses were associated with more positive
user experiences, whereas AK users frequently noted device
weight and comfort challenges. These qualitative findings com-
plement the quantitative outcomes, underscoring the functional
and psychosocial differences between prosthesis types.

Discussion

The present study assessed functional and psychosocial differ-
ences between above-knee and below-knee prosthesis users,
where all subjects were fitted with SACH feet. In settings where
evidence on patient-reported outcomes with conventional pros-
theses is limited, these findings help clarify how the level of

amputation affects comfort, mobility, and daily reintegration
when device type is kept consistent. Our observations align
with long-standing clinical patterns: individuals with BK am-
putations generally report better comfort, mobility, and overall
satisfaction than those with AK amputations. In this cohort, the
mean comfort score was 8.5 for BK users compared with 6.5
for AK users (p<0.001), representing an approximate 2-point,
or 23%, difference. Prior studies have also shown that transtib-
ial amputees perceive less weight burden and express higher
satisfaction with their prostheses than transfemoral users?-22,
Although BK participants in our study showed a tendency to
report longer wear times and higher comfort ratings, not all
the differences reached statistical significance; therefore, this
represents a consistent trend but does not provide conclusive
evidence across all measures.

Similar findings have been described in Rwanda, where,
62.2% of transtibial prosthesis users reported satisfaction with
their device®®. Berk and colleagues reported overall satisfaction
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Patient-Reported Outcomes by Prosthesis Type
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Fig. 2 Comparison of patient-reported outcome scores between above-knee and below-knee prosthesis users.
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Fig. 3 Prevalence of self-reported residual limb skin issues among
participants with above-knee and below-knee amputations.
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from 91% of transtibial and 78% transfemoral amputees with
their prostheses@. In Cambodia, it was demonstrated that LLPU
average ~4470 steps/day and wear the device for 13.4 hours/day,
demonstrating significant daily use of the device?3. More re-
cently, a large number of people using inexpensive prosthetic
devices in Malawi and Sierra Leone reported regular mobility,
including walking more than one kilometer?2. These reports
indicate that even simple prosthesis provision can result in signif-
icantly improved functional outcomes in resourcepoor contexts.
The same trend is evident in mobility results: in one comparison,
BK users demonstrated faster self-selected gait speeds (0.70
versus 0.58 m/s, p=0.018) and higher Prosthetic Evaluation
Questionnaire mobility scale scores (8.21 versus 7.15, p=0.015).

Results are consistent with observational studies and systematic
reviews that report individuals with distal (transtibial) amputa-
tions are generally more able to improve their walking capacity
and engage more easily in daily activities than individuals with
proximal (transfemoral) amputations. Sinha and colleagues
also reported that transtibial amputees rated the weight of their
prostheses more favorably than transfemoral users; this differ-
ence reached statistical signiﬁcance. Field-based research
in low-resource settings underlines these findings, demonstrat-
ing that transfemoral users experience additional difficulty with
chair transfers, stair climbing, and navigating uneven terrain, as
well as wearing their prostheses for fewer hours per day.
Daily-use data underscore this difference. A meta-analysis de-
scribed significantly longer wear times among distal amputees
(13.2 vs. 10.8 hours/day, p<0.001)@. Indeed, field studies of
both adolescents and adults have described higher step counts
among BK users, including 4,577 versus 2,551 steps/day in post-
earthquake settings. This difference, although suggesting a
real difference between BK and AK amputee mobility, did not
reach statistical significance; this is most likely due to limited
sample size rather than an absence of any real effect.

Patient-reported residual-limb health and psychosocial well-
being also strongly favored the BK group (PEQ limb health:
8.67 vs 7.31, p = 0.005; PEQ well-being: 8.42 vs 7.17, p =
0.009). The uneven distribution of liners was another major
confounder for limb health and comfort. All BK users had an
uneven distribution, whereas only one AK user did. Liners con-
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tribute to the comfort of the socket, skin protection, and pressure
distribution. Therefore, this could be a reason for the inequality
between the two groups. These findings corroborate previous
physiological and biomechanical studies. Rink et al. established
a non-invasive technique for skin health assessment in amputees
showing compromised skin barrier function, especially in trans-
femoral users, due to socket fitting problems and increased soft

tissue stress=2.

Correspondingly, Baumann et al. found that better socket fit
enhanced soft-tissue outcomes and reduced stump pain, advan-
tages more easily achieved with BK prostheses, emphasizing
that residual-limb health and comfort are linked to well-being
overall®%, Consistently, clinical studies and reviews have com-
pared the health-related quality of life of transtibial amputees
as generally better compared to that of transfemoral amputees.
For instance, in an older amputee population, it was observed
that individuals with transtibial amputations had a better quality
of life than those with transfemoral amputations®>. Despite
the lower age of our population, the general trend held true:
there are significant psychological and physical benefits to the
preservation of the knee joint. It was later discovered that one
person previously classified as “transtibial (knee preserved)”
had undergone a knee-disarticulation amputation. Stability of
these findings is illustrated by the fact that a sensitivity analysis
excluding this subject did not change the direction or statistical
significance of our findings. Improved mobility and comfort
likely also contributed to higher self-reported social participa-
tion scores on the ESCS for BK prosthetics. By contrast, AK
participants frequently cited socket discomfort, heat buildup,
and excessive weight in open comments, well-documented limi-
tations of conventional transfemoral prostheses>2%.

Objective gait analyses confirm the biomechanical and func-
tional benefits of BK prostheses over AK devices. Quantita-
tive analyses have shown significantly lower gait variability
and greater symmetry in transtibial amputees compared with
transfemoral amputees, with the performance of the former ap-
proaching that of healthy controls=?. It is plausible that these
biomechanical advantages are the underlying cause of the better
psychosocial outcomes and the increased social participation
score in our BK cohort. Conversely, socket discomfort, heat
build-up, and heavy prostheses were common in the open com-
ments of AK participants and are ongoing limitations connected
to traditional transfemoral fittings. Together with these self-
reports, randomized trials and clinical observations have shown
that although socket design has a minimal effect on skeletal
kinematics, it is one of the most important factors contributing
to user comfort and satisfaction”. Our study also reported a
high rate of vocational reintegration (80—90% back to work or
school), which was higher than the previous reported estimates
of 43-70%33%, This probably corresponds to our younger and
trauma-healing generation in conjunction with the intensive-
rehabilitation measures. In fact, the initial longitudinal inves-

tigations have shown that civilian traumatic amputees tend to
resume employment similar to the general population 52-70%
in the U.S. and more than 95% in select Europe, based on the
health care and vocational support offered?#%. In our study,
the reintegration in both BK and AK groups was high with slight
discrepancy, 90% in AK and 80% vocational return in our set-
ting is less influenced by amputation level than by social and
rehabilitation factors.

Return-to-work (RTW) after lower-limb amputation involves
multiple interrelated factors. Older age at the time of amputation,
lower educational attainment, pre-amputation employment in
physically demanding jobs, poor prosthetic comfort, and limited
ability to adapt to less strenuous roles all tend to reduce the like-
lihood of successful re-employment®*®. In general amputee
populations, documented RTW rates remained around 79%,
with comfort of prosthetic fit and higher education emerging
as consistent predictors of better reintegration*®. Thai cohort
data report the occupational reintegration rate for trauma and
lower limb cases to be 66.7%. Factors related to RTW include
younger age, more prosthetic comfort, and the use of gait aids*”.
In the Netherlands, stump-related complications and problems
of wound healing usually postpone RTW for an average of 11.5
months. Half of the amputees return to different or modified

jobs due to physical limitations*%.

In terms of prosthetic care, there was no significant difference
in the initial wait time or physiotherapy requirements in both
groups of our study. There was a tendency to increase repair re-
quirements and maintenance expenses among BK users (median
INR 400 vs. INR 150), but no statistically significant results
were observed. The burden of repair by the level of amputa-
tion has not been widely studied. Increased daily use in more
active BK users may lead to more wear, although evidence is
limited. In both groups, waiting times for their devices were
reasonable, medians of ~2-3 days, with minimal numbers of
rehab sessions, 2—3, hence service delivery was efficient and
equitably provided. Prosthesis complications were as expected:
60% of AK users and 40% of BK users reported skin issues,
including irritation and blistering. However, they are still moder-
ate as compared to reported prevalence: in one survey in 73.9%
of amputees, skin complications were reported®”, and among
the military, long-term follow-ups showed 48.2% with stump
dermatoses, and 55.6% with effects on prosthesis use and great
discomfort>Y, BK users have a lower incidence which is proba-
bly due to the lighter load in the below-knee prostheses. Most
of the problems found in our cohort were mild and limited to
the initial adaptation period. The added complexity and inter-
face space of above-knee prostheses was also reflected in socket
weight and fit during use AK users also reported weight and fit
problems. Findings indicated that about 36-63% of lower-limb
prosthesis patients suffered skin damage, and ill-fitting sockets
had been reported as significant factors leading to discomfort,
skin breakdown and subsequent prosthesis abandonment>1-3.,
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On the other hand, BK users reported the natural sensation and
perceived stability of their artificial limbs, but some reported
limited ankle movement and difficulty in initial adjustment with
reduced proprioception and equilibrium>*>>. The findings from
the present work suggest that BK prostheses confer quantifi-
able benefits for comfort, mobility, limb health, and overall
well-being. This is in line with the current worldwide evidence
showing increased physical quality of life and gait function at
lower levels of amputation.

The limitation of the present study is that the sample size is
very small, which limits the generalization and prevented the
multivariation of the study by adjustment of possible confound-
ing variables like the age, cause of amputation, and comorbidi-
ties. A BK group participant was misclassified as transtibial
(knee kept) but represented a knee-disarticulation case; sensi-
tivity analysis revealed that omission of this participant did not
change outcomes significantly. Also, the asymmetrical distri-
bution of the prosthetic liners (100% in BK and 10% in AK)
might have contributed to the effect on comfort, health of the
residual limb, and functional results. With the sample size and
number of outcomes assessed, there is a greater risk of Type I
error. No correction for multiple comparisons has been applied,
as the purpose of this paper is exploratory in nature, and results
should be considered accordingly. Further research on large and
more balanced samples is required to validate these results and
enhance external validity.

Conclusion

The present study shows that the BK (transtibial) am-
putees equipped with standardised SACH-foot prosthesis and
polypropylene sockets have enhanced comfort, mobility, limb
health, well-being, social participation, and more efficient gait
compared to their AK counterparts. Both groups achieved high
rates of vocational reintegration, underscoring the strong im-
pact of prompt prosthetic rehabilitation. Although BK patients
tended to require repairs and maintenance slightly more often,
these factors did not diminish their functional advantages. Skin
complications were mild in general and well-managed. Over-
all, the results point to the functional benefits of preserving
the knee joint when this is possible. Among participants with
transfemoral amputations, enhanced socket design, the liner
technologies, and prosthetic knee mechanics could all play a
role in reducing residual functional limitations as much as pos-
sible.
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Appendix

A Comparative Analysis of Functional, Economic, and Vocational Outcomes in Transtibial vs. Transfemoral Amputees within a Non-Profit Rehabilitation
Framework

Table S1 Sensitivity analysis of above-knee and below-knee prosthesis users after excluding the misclassified knee-disarticulation participant.
Mann-Whitney U test results with p-values and effect sizes (r) confirm that the exclusion did not materially affect the primary finding.

Variable U V/ p-value r

Comfort score 6.50 -3.22 0.001 0.74
PEQ Mobility Score 17.0 -2290 0.022 0.53
PEQ Residual Limb Health 120 -2.697 0.007 0.62
PEQ Wellbeing Score 140 -2.534  0.011 0.58
ESCS Score 19.5 -2.088 0.037 0.48
Walking Speed 14.0 -2.545 0.011 0.58
Daily Use Hours 255 -1.634 0.102 0.37

Effect size (r) was calculated using » = Z/+/N, where N = 19.

Table S2 Mann-Whitney U test statistics for patient-reported outcomes and functional measures (N=20).

Outcome Group 95% CI (LowerUpper) U V/ Effect size and Magnitude
Comfort score AK 5.50 7.00 6.5 -3.378 0.76 (Large)
BK 8.00 9.00
PEQ mobility AK 6.50 7.50 18.0 -2.423 0.54 (Medium-large)
BK 8.00 8.70
PEQ residual limb health AK 6.50 8.07 13.0 -2.800 0.63 (Large)
BK 8.30 8.80
PEQ wellbeing AK 6.27 8.00 155 -2.612 0.58 (Large)
BK 8.10 8.90
ESCS score AK 5.25 7.33 21.0 -2.202 0.49 (Medium-large)
BK 7.50 8.50
Walking Speed (m/s) AK 0.51 0.68 19.0 -2.357 0.53 (Large)
BK 0.61 0.82
Daily Use (hours) AK 5.50 8.00 345 -1.199 0.27 (Small-medium)
BK 7.00 8.00

Bootstrapped 95% Cls for medians. Effect size (r) was calculated using r = Z/+/N, where N = 20.

Table S3 Mann-Whitney U test statistics for care and economic outcomes in AK vs BK prosthesis users.

Outcome Group 95% CI (LowerUpper) U VA Effect size and Magnitude
Waiting days AK 2.00 3.00 37.5 -1.026 0.23 (Small-medium)
BK 1.50 3.00
Physiotherapy sessions AK 2.00 3.50 475 -0.194 0.04 (Negligible / Small)
BK 1.50 5.00
Device repairs AK 0.00 1.50 39.0 -0.897 0.20 (Small)
BK 0.00 2.49
Maintenance cost (INR) AK 0.00 2798.73 43.0 -0.566 0.13 (Small)
BK 0.00 6000.00

Notes: Bootstrapped 95% CIs for medians. Effect size (r) was calculated using r = Z/+/N, where N = 20.
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