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Restoring Culturally Essential Floor-Sitting
with the Asian Transfemoral Socket

(A six-week pilot randomized within-subject trial)

TN Asian Transfemoral Socket: ATS LGl @ Socket geometry alone restored floor-sitting

; e . : ® Mobility was preserved; comfort improved
For people with transfemoral amputation in Asia, this low-profile,

femoral-adducted socket restores floor-sitting through geometry alone,
without compromising walking function.
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ABSTRACT

Objective: Floor-sitting, including cross-legged and side-sitting, is culturally essential in many Asian societies but is
often prevented by conventional transfemoral sockets. The Asian Transfemoral Socket (ATS) is a low-profile, femoral-
adducted design that aims to restore floor-sitting through socket geometry rather than costly add-on components.
Materials and Methods: In a pilot randomized within-subject trial, 14 community walkers with unilateral transfemoral
amputation were assessed with the ATS after six weeks of use and with their own socket, in randomized order. The
primary outcome was floor-sitting attainment (cross-legged and side-sitting); secondary outcomes were socket
comfort (SCS), prosthesis-related quality of life (PEQ), walking capacity (6MWT), dynamic balance (4SST), and
daily step count. Outcomes were analyzed using Wilcoxon signed-rank and McNemar tests, with rank-biserial
correlations as effect sizes.

Results: Cross-legged was attained by 12 participants with the ATS (p < 0.001) and side-sitting by 6 additional
participants (p = 0.031). The ATS showed large effect sizes on comfort and quality of life, significant on two of four
SCS ratings and two of three PEQ scales, whereas walking, balance, and activity did not differ (6MWT r = 0.09;
4SST r = 0.29; steps r = -0.05).

Conclusion: The ATS was associated with better floor-sitting and patient-reported outcomes. No statistically
supported mobility difference was detected (paired median differences: 6MWT +0.4 m [95% CI -3.5 to 11.3], 4SST
-0.21 s [-0.44 to 0.21], steps/day -23 [-449 to 521]); clinically important harm cannot be excluded. Cost, fabrication
time, training, maintenance, and service delivery were not evaluated; findings are limited to this Thai center.
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INTRODUCTION

Floor-sitting is routine and culturally embedded
in many Asian societies.' Cross-legged sitting and side-
sitting are used during meals, family gatherings, social
interaction, and religious ceremonies, and may recur
repeatedly throughout daily life.”* For transfemoral
prosthesis users, inability to floor-sit is linked to body
function, activity, and participation under the International
Classification of Functioning, Disability and Health (ICF)
framework.””

Conventional transfemoral sockets such as
quadrilateral and ischial-containment designs were
primarily developed to provide stability, load transfer,
and control during standing and walking.” '’ However,
they restrict the combined hip flexion, abduction, and
rotation required for floor-sitting because of their high
proximal trim lines and pelvic enclosure.''> Mechanical
rotation adapters integrated into the prosthesis between
the transfemoral socket and knee may facilitate controlled
axial rotation of the prosthetic limb and increase sitting
mobility; however, they add cost and weight, increase
the mechanical complexity of the prosthetic system
and the need for technical adjustment, and impose a
maintenance burden, which limits feasibility in resource-
limited Asian settings.®'*'* Low-profile socket designs,
such as the Marlo Anatomical Socket (MAS) or Sub-ischial
socket, may improve hip motion, comfort, or function.

However, MAS depends principally on specialized casting,
rectification, and fitting expertise, and its implementation
may require specialized clinician training. Sub-ischial
sockets typically require silicone gel liners, vacuum unit
systems, and greater maintenance.®'”"’

We designed the Asian Transfemoral Socket (ATS),
alow-profile, femoral-adducted transfemoral socket for
Asian transfemoral prosthesis users living in floor-sitting
cultures. The ATS aims to restore culturally essential
floor-sitting through socket geometry and anatomical load
distribution rather than costly add-on components. The
ATS has lowered proximal trim lines, a reduced ischial
containment region, a subtrochanteric lateral contour,
and approximately 6 degrees of socket adduction (Fig 1)."
In this way it permits greater hip motion during floor-
sitting while maintaining sufficient support for walking.
This pilot randomized within-subject study analyzed
effects of ATS compared with the own socket of the
participant after six weeks of daily use. Study outcomes
were floor-sitting attainment, socket comfort, prosthesis-
related quality of life, walking capacity, dynamic balance,
and daily step count.

MATERIALS AND METHODS
Asian Transfemoral Socket

The ATS uses lowered proximal trim lines, with the
lateral wall reduced to a level below the greater trochanter,
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Fig 1. Asian Transfemoral Socket (ATS): (a) anterior, (b) posterior, (c) lateral, and (d) medial views; (e) cross-sectional view of the ATS
and residual limb; and (f) cross-sectional view showing biomechanical forces. In (a-d), the blue dashed line represents the quadrilateral

socket (QLS), and the red dashed line represents the ischial containment socket (ICS). In (a,b), the black dash-dot line indicates approximately
6° of socket adduction. In (e,f), the black dashed line indicates the contour 25 mm distal to the Below Pelvic Level (BPL). 1, femoral triangle
support; 2, ischio-adductor magnus support; 3, anterolateral support; 4, posterolateral support.

Abbreviations: ATS, Asian Transfemoral Socket; QLS, quadrilateral socket; ICS, ischial containment socket; Flex, flexor channel; Add,

adductor channel; Ext, extensor channel; ITB, iliotibial band channel.

aiming to facilitate hip motion during floor-sitting while
reducing mechanical interference with the floor surface
and peri-pelvic soft tissues. Rather than enclosing the
ischium within a high proximal wall, it distributes load
through anatomical support regions of the pelvis and thigh
and through an inclined ischial support that contains the
ischial ramus without raising a proximal wall, reducing
perineal compression during the hip flexion, abduction,
and external rotation of cross-legged sitting. In the frontal
plane, the socket was aligned at approximately 6 degrees
of adduction, based on Kohler et al.," to support frontal-
plane stability during gait. The ATS thus integrates the
hip mobility required for floor-sitting with the stability
required for standing and walking (Fig 1).

Study

The study was conducted at the Sirindhorn School
of Prosthetics and Orthotics, Faculty of Medicine Siriraj
Hospital, Mahidol University, Bangkok, Thailand, and
was approved by the Siriraj Institutional Review Board
(COA no. Si703/2022; 4 October 2022). Written informed
consent was obtained from all participants. Enrollment
occurred from 6 October 2022 to 24 March 2024. The
trial was retrospectively registered with the Thai Clinical
Trials Registry (TCTR20260619005; https://www.
thaiclinicaltrials.org/show/TCTR20260619005) because
clinical-trial registration was temporarily suspended
when enrollment began. No protocol deviations relevant
to this trial occurred.
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Participants

Individuals with a unilateral transfemoral amputation
were recruited via a poster at the SSPO clinic. Interested
individuals received verbal and written study information
from co-investigators (Y.N. and M.R.) and provided
written informed consent before enrollment. Inclusion
criteria were adult (> 18 years) unilateral transfemoral
prosthesis user with a well-fitted current prosthesis; at
least six months of prosthetic use; Medicare Functional
Classification Level K2 or higher, able to walk independently
on level ground without a walking aid; a residual limb
more than 15 cm; body mass index 17-25 kg/m? and
ability to communicate in Thai. Exclusion criteria were
comorbidities precluding the physical outcome tests;
bilateral major lower-limb amputations; surgery on the
non-amputated side; limited hip range of motion on both
sides; a manual-muscle-test grade below four in either
lower limb; residual-limb edema, wounds, or allergy
to socket plastics; and difficulties in comprehension or
communication. Because the protocol required exclusive
ATS use during its six-week period, participants were
required to refrain from using their own socket to avoid
mixed-device exposure during assessment. The own
socket of the participant was held in safekeeping and
returned on request, on withdrawal, or if the ATS became
unsuitable. Participants who wished to continue using
the ATS after the study could keep it free of charge; this
IRB-approved option was disclosed during informed
consent and was not conditional on study completion.
The authors had no financial or intellectual-property
interest in the ATS.

Study design

In this single-center, two-period, two-sequence
randomized crossover trial, we compared the ATS with
the own socket of the participant. After eligibility was
confirmed, participants were assigned 1:1 to the own-
socket-first or ATS-first sequence using a pre-generated
block-randomized sequence with a fixed block size of 2.
The first author enrolled participants; sequence assignment
was made after written informed consent according to
chronological enrollment order. No separate allocation-
concealment mechanism was used. In the own-socket-
first sequence, outcomes were assessed at baseline from
the established everyday use of each participant, after
which participants used the ATS for a six-week daily-use
period and were reassessed. In the ATS-first sequence,
no outcome assessment was performed at baseline;
participants used the ATS for six weeks and were assessed,
then resumed their own socket use and were reassessed
after a further six weeks. The ATS condition, therefore,

always comprised a six-week ATS use period, whereas
the own-socket condition reflected the normal everyday
use of each participant. A common pre-randomization
outcome assessment was not included in the original
design, and no formal washout was used. Because own-
socket assessment timing differed by sequence, period and
sequence effects were examined in exploratory crossover
models; residual learning, accommodation, or carryover
cannot be excluded. A six-week ATS use period was
chosen because the Prosthesis Evaluation Questionnaire
(PEQ) requires at least four weeks of use. Two weeks
after the start of ATS use, socket fit was reassessed and
safety checks were performed. If no fitting problems
were identified, participants continued using the ATS
for the remaining four weeks, completing a total of six
weeks of ATS use before assessment.

Socket casting, fabrication, and alignment standardization

All sockets were single-wall suction sockets
fabricated without gel liners or vacuum assistance,
using a standardized casting and rectification protocol
targeting approximately 6 degrees of socket adduction.
Two prosthetists fabrication and fitting the ATS sockets
using an identical protocol. To avoid component-related
confounding, the own prosthetic components of each
participant were transferred unchanged to the ATS, and
alignment was standardized so that the ATS load line and
the static socket-knee-foot relationship matched those
of the existing prosthesis of the participant. Because the
ATS was readily distinguishable from the own socket of
each participant, blinding was not feasible. Therefore,
fabrication and fitting (K.S. and N.M.), outcome assessment
(Y.N.,M.A,, and M.R.), and data processing (N.S.) were
performed by different persons. Before analysis, socket-
condition labels were replaced with neutral alphanumeric
codes by co-investigators (Y.N. and N.M.).

15,19

Outcome measurements

Wear compliance and fitting-related complications
were monitored by telephone at Week 1. Daily ambulatory
activity was recorded continuously by a small pedometer
fixed in a protective capsule on the prosthetic shank.
The pedometer could neither be read nor adjusted by
the participant. Outcomes are reported throughout in
the following order, beginning with the most important:
floor-sitting attainment (primary), socket comfort (Socket
Comfort Score, SCS), prosthesis-related quality of life
(Prosthesis Evaluation Questionnaire, PEQ), walking
capacity (Six-Minute Walk Test, 6MW'T), dynamic
balance (Four-Square Step Test, 45ST), and daily step
count. Each outcome, with its measurement properties, is
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described below. As an exploratory acceptability outcome,
we asked the participant at the end of the ATS period
whether they wished to keep the ATS or resume using
their own socket.

Floor-sitting attainment was the primary outcome
domain, assessed separately for cross-legged and side-
sitting; neither posture was designated as a separate co-
primary endpoint. The same prespecified 10-s criteria
were applied by one unblinded assessor. Any attempt that
did not satisfy all stated attainment criteria was scored
as not attained. Because this test was developed for the
present study, no published reliability or validity estimates
are available; no repeated-rating reliability estimate or
video-adjudication result is available. This is consistent
with the reported lack of psychometrically established
outcome measures for culturally important floor-sitting
activities in people with lower-limb absence.”

The SCS measures self-reported socket comfort
on an 11-point numerical rating scale (0-10, higher =
better); in an expanded administration, participants
rated current comfort plus their best, worst, and average
comfort over the preceding week. It has acceptable test-
retest reliability and construct validity in lower-limb
prosthesis users.”!

The PEQ measures prosthesis-related quality of
life; the Utility, Residual Limb Health, and Ambulation
scales (0-100, higher = better) were administered at six
weeks. These scales have acceptable test-retest reliability
and construct validity in this population.”

The 6MWT measures submaximal walking capacity
as the distance walked in six minutes.” It has established
validity and test-retest reliability in people with lower-
limb amputation.***

The 4SST measures dynamic balance as the time
taken to step over four quadrants in both directions; it
was performed twice and the faster trial was retained.
It has high test-retest and inter-rater reliability,”*” and
discriminates multiple fallers after amputation.”

Daily step count measures habitual ambulatory
activity and was recorded continuously using a tri-
axial accelerometer pedometer (H-235 Daily Partner,
Dretec, Japan) mounted on the prosthetic shank. The
manufacturer specifies +3% step-count accuracy under
vibration testing; prosthesis-mounted accelerometer
monitors have demonstrated criterion validity, although
accuracy may decrease at slow walking speeds.”

Floor-sitting evaluation

Floor-sitting was assessed in two postures common
in Thai daily life. Cross-legged sitting evaluated the
combined external rotation, flexion, and abduction of

...................................... Original Article SM]

the prosthetic-side hip; attainment required the sound
and prosthetic lower legs to cross in front of the pelvis
with the foot of each leg contacting the opposite lower
leg (Fig 2a,b; a failed attempt is shown in Fig 2e,f). The
sound limb was positioned inward first, and the prosthetic
foot was then placed in front of the sound lower leg, so
that any hip-motion restriction on the prosthetic side did
not affect the movement of the sound side. Side-sitting
evaluated the combined internal rotation, flexion, and
abduction of the prosthetic-side hip; attainment required
the sound foot and the prosthesis to be in contact after
the participant had assumed the posture (Fig 2c,d; a
failed attempt is shown in Fig 2g,h). Participants were
permitted to use their hands while moving into each
position; once seated, they held both hands at chest
level and maintained the posture for 10 s without arm
support. Satisfying the posture condition and holding
it for 10 s without arm support was scored 1 (attained);
requiring arm support was scored 0 (not attained).

Sample size

As an exploratory pilot, sample size was selected
pragmatically. Whitehead et al.” informed pilot planning
but did not provide power justification for the paired
binary primary outcome; no formal progression criteria
were prespecified.

Analysis

Floor-sitting attainment, the primary outcome
domain, was summarized as the number and percentage of
participants attaining each posture in each socket condition,
with Clopper-Pearson exact binomial 95% confidence
intervals, and between-socket paired comparisons were
performed using the exact two-sided McNemar test. The
secondary outcomes were then analyzed in the same
fixed order: socket comfort, prosthesis-related quality
of life, walking capacity, dynamic balance, and daily step
count. Within-subject comparisons between the ATS
and the own socket of the participant were summarized
as medians with interquartile ranges (IQR) and tested
using the Wilcoxon signed-rank statistic with exact sign-
permutation p values; zero differences were excluded
and ties received midranks. Effect sizes were calculated
as matched-pairs rank-biserial correlations (r) from
the same signed-rank statistics, with positive r values
indicating ATS superiority. For the 4SST, the difference
sign was reversed so that faster times yielded positive
r values. The 95% confidence intervals were estimated
by paired bootstrap resampling of participants using
10,000 resamples and the bias-corrected and accelerated
(BCa) method. Effect-sizes were interpreted as negligible
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Fig 2. Floor-sitting task outcomes. Panels (a,b) and (c,d) show attained cross-legged sitting and side-sitting; panels (e,f) and (g,h) show

failed attempts. Within each pair, the first panel shows the frontal view, and the second shows the lateral view. A posture was scored as

attained when held for 10 s without arm support; full attainment criteria are given in the Methods section.

(< 0.10), small (< 0.30), medium (< 0.50), and large
(= 0.50). No multiplicity adjustment was prespecified;
secondary p values were treated as descriptive and interval
estimates were emphasized. All analyses were performed
in R 4.6.1 using the stats and boot (1.3-32) packages,
with figures produced in ggplot2. Exploratory crossover
models included treatment, period, and sequence with
participant-clustered standard errors (Supplementary
Table S1). Additional crossover analyses were performed
in Python 3.13.5 using statsmodels 0.14.6.

RESULTS

Seventeen individuals with a unilateral transfemoral
amputation were assessed for eligibility. Two participants
were excluded before randomization: one had an extremely
short residual limb that did not meet the length criterion,
and one used an exoskeletal prosthesis that precluded safe
standardization of the distal components. The remaining
15 participants were randomized: seven to the own-socket-
first sequence and eight to the ATS-first sequence. One
participant in the ATS-first sequence developed transient
pruritus and erythema after contact with suction-valve
materials and talcum powder, together with suspension
problems, during the first two weeks after randomization
and discontinued ATS use. Symptoms resolved within a
few hours without medication or hospitalization; severity
was not formally graded. All 15 randomized participants
were included in safety reporting. The remaining 14
participants (13 men, 1 woman) completed both conditions

and contributed paired efficacy data (complete-case
estimand), leaving seven completers in each sequence
(Table 1 and Fig 3). Of the 14 completers, six habitually
used a quadrilateral socket and eight an ischial containment
socket, and all used suction suspension (Supplementary
Table S2). No serious adverse event occurred. In a worst-
case primary-outcome sensitivity analysis coding the
missing participant as ATS failure and own-socket success,
cross-legged attainment remained statistically supported
(McNemar p = .003), whereas side-sitting did not (p =
.125). Floor-sitting attainment, the median values, effect
sizes, and confidence intervals for the continuous and
ordinal outcomes are presented in Table 2. Self-reported
comfort and quality-of-life estimates generally favored
the ATS, whereas no statistically supported difference
was detected in objective walking or activity measures.

Floor-sitting attainment

Cross-legged sitting and side-sitting were significantly
more often attained when using the ATS compared to
when using their own socket (Table 2).

Socket comfort and prosthesis-related quality of life

SCS and PEQ findings are exploratory (Table 2).
Nominal p values were .049 for SCS Worst, .035 for SCS
Today, .048 for PEQ Residual Limb Health, and .003
for PEQ Ambulation; other SCS/PEQ comparisons had
p =.057-.072. After the final outcome assessment, before
data analysis or disclosure of results, participants were
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TABLE 1. Baseline characteristics of all randomized participants by sequence (N = 15).

Characteristic

Continuous variables, median (IQR)

Own-socket-first (n=7)

ATSHfirst (n=8) Total (N=15)

Age, years

Body mass, kg

BMI, kg/m?

Residual limb length, cm
Femur length, cm

Time since amputation, years

Categorical variables, n (%)

44.0 (43.0-48.0)
59.5 (56.5-65.5)
22.4 (20.6-24.2)
24.5 (23.0-27.8)
21.5 (20.3-23.5)
22.0 (6.5-27.5)

53.0 (44.8-62.8)
62.5 (58.8-69.8)
23.1 (20.3-24.5)
20.5 (18.5-21.6)
18.3 (16.9-20.3)
27.0 (12.0-29.3)

49.0 (43.0-58.5)
62.0 (56.5-68.5)
23.1 (20.1-24.5)
21.8 (19.5-24.3)
20.0 (17.0-21.3)
26.0 (10.0-28.5)

Sex

Male 6 (85.7) 8 (100.0) 14 (93.3)
Female 1(14.3) 0(0.0) 1(6.7)
Amputation side

Right 4 (57.1) 4 (50.0) 8 (53.3)
Left 3(42.9) 4 (50.0) 7 (46.7)
Cause of amputation

Trauma 4 (57.1) 6 (75.0) 10 (66.7)
Cancer 1(14.3) 2 (25.0) 3(20.0)
Infection 2 (28.6) 0(0.0) 2(13.3)
Medicare Functional Classification Level

K2 2 (28.6) 0(0.0) 2 (13.3)
K3 5(71.4) 8 (100.0) 13 (86.7)

Note. Values are median (IQR) or n (%). The participant who discontinued ATS after randomization is included in the ATS-first baseline
colum. Residual limb length is measured from the ischial tuberosity to the distal end of the residual limb. BMI, body mass index; K2/K3,

Medicare Functional Classification Level.

asked whether they wished to keep the ATS or resume
their own socket. Neither choice involved study-related
cost; 12 of 14 (85.7%) chose the ATS.

Functional capacity and daily activity

No statistically supported difference was detected
for 6 MWT, 4SST, or step count (Table 2). In exploratory
crossover models, the ATS treatment estimate was +1.71
SCS points for Worst (95% CI 0.52 to 2.91) and +9.89
PEQ Utility points (2.76 to 17.02). Period effects were
also present for these outcomes, whereas sequence terms

were not statistically supported (Supplementary Table
S1). These model-based estimates are exploratory.

DISCUSSION

This trial tested whether a low-profile, femoral-
adducted transfemoral socket can restore culturally
important floor-sitting without sacrificing walking
function. Over six weeks of real-life use, the ATS tended
to improve floor-sitting attainment, socket comfort, and
prosthesis-related quality of life, while functional capacity
and habitual activity remained unchanged, suggesting

https://he02.tci-thaijo.org/index.php/sirirajmedj/index
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Assessed for eligibility
m=17) Not included n=2)

- Residual limb too short (n=1)
- Exoskeletal prosthesis n=1)

Enrollment

4

Randomized n=15)

v v

Allocation
Sequence A Sequence B
Own-socket— ATS (n=7) ATS— Own-socket (n=8)
v v
Week 0 ¢ T1:. Own-socket assessment e No baseline assessment
ee o ATS: start of daily use n=7) o ATS: start of daily use n=98)
v v
Week 1| ATS: Telephone follow-up n=7) ATS: Telephone follow-up n=8)
v v
Week 2| ATS fitting check m-7) ATS fitting check m-§) »{ > PP ATS
v v
T2: ATS assessment
Week 6| o 6 weeks of daily use (-7) eT1:ATS ass.essment after 6
: weeks of daily use n-7)
| ¢ Switched to own-socket
Sequence A completed at Week 6
both conditions assessed) v
i T2: Own-socket assessment after
Week 12 i 6 weeks of own-socket use n=7)
# Follow-up v
Completed both conditions n=7) Completed both conditions (n=7)
No further dropout No further dropout

Anal

¢ ysis ¢
Analyzed n=7) | | Analyzed n=7)

v

Analyzed: 14 participants, each contributing one set of ATS and one set
of own-socket outcome measurements (14 matched pairs)

Fig 3. CONSORT flow diagram of the randomized within-subject trial. T1: first outcome measurements; T2: second outcome measurements

Abbreviation: ATS: Asian Transfemoral Socket
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TABLE 2. Within-subject comparison of the ATS and the own socket of the participant across postural attainment,
socket comfort, self-reported outcomes, functional capacity, and daily activity (N = 14).

Posture ATS Own
socket
n/N n/N
Cross-legged sitting 12/14 0/14
Side-sitting 14/14 8/14
Outcome U
Median (IQR)
Socket comfort
SCS: Best 9.0 (8.2-10.0)
SCS: Worst 8.5 (6.2-9.0)
SCS: Average 9.0 (8.1-10.0)
SCS: Today 9.0 (8.2-10.0)

Quality of life (Self-reported)

ATS % Own socket %

P
[95% CI] [95% CI]

85.7 [57.2, 98.2] 0.0[0.0, 23.2] <.001
100.0 [76.8, 100.0] 57.1[28.9, 82.3] .031
Own socket Effect size o
Median (IQR) r[95% CI]

9.0 (8.0-9.0) 0.67 [0.00, 1.00] .072
6.5 (5.0-7.8) 0.63[0.02, 0.92] .049
8.0 (7.0-9.0) 0.60 [-0.05, 0.92] .057
8.5 (8.0-9.0) 0.80 [-0.14, 1.00] .035

PEQ: UT 87.8 (82.6-89.7)
PEQ: RLH 84.6 (69.6-90.5)
PEQ: AB 94.7 (87.9-96.7)

80.2 (72.1-85.8) 0.55 [-0.10, 0.90] .070
77.3 (71.0-82.2) 0.60 [-0.09, 0.98] .048
87.1 (83.2-91.8) 0.85 [0.26, 1.00] .003

Functional capacity and daily activity

6MWT 350.6 (314.6-384.6)
4SST 10.4 (9.2-11.4)
Step count 2690 (1074-4720)

353.9 (318.9-379.0)
10.2 (9.6-11.7)
1993 (1027-5505)

0.09 [-0.52, 0.66] .808
0.29 [-0.35, 0.77] 365
-0.05[-0.62,0.54]  .903

Note. Floor-sitting values are n/N (%) with Clopper-Pearson 95% CIs and exact McNemar p values. Continuous/ordinal values are median

(IQR); r is matched-pairs rank-biserial correlation with BCa 95% CI. Wilcoxon p values are exact sign-permutation values. Non-zero pairs
for SCS Best, Worst, Average, and Today were 10, 13, 13, and 9; all PEQ scales, 6t MWT, 4SST, and step count had 14. Secondary p values
are descriptive because multiplicity was not adjusted. For 4SST, positive r indicates faster ATS performance.

Abbreviation: ATS, Asian Transfemoral Socket; SCS, Socket Comfort Score; PEQ, Prosthesis Evaluation Questionnaire; UT, Utility; RLH,
Residual-Limb Health; AB, Ambulation; 6SMWT, Six-Minute Walk Test; 4SST, Four-Square Step Test.

that the benefit for floor-sitting was not gained at the
cost of walking.

Floor-sitting, comfort, and quality of life
Floor-sitting showed the largest and most clinically
relevant differences. Cross-legged sitting was not achieved
by any participant in their own socket, whereas 12 of
14 participants achieved it with the ATS. This result is
consistent with earlier reports that cross-legged sitting
is extremely difficult for transfemoral prosthesis users
whereas it is a valued determinant of quality of life."”
The fact that side-sitting was already attainable for 8

participants yet improved further to 14 with the ATS
fits the interpretation that side-sitting can be partly
achieved through compensatory pelvic tilt. Cross-legged
sitting depends more directly on hip external rotation
which a conventional high lateral wall and ischial brim
obstruct. SCS estimates generally favored the ATS but
were imprecise: r = 0.67 [0.00, 1.00] for Best, 0.63 [0.02,
0.92] for Worst, 0.60 [-0.05, 0.92] for Average, and 0.80
[-0.14, 1.00] for Today (BCa 95% CIs). PEQ Ambulation
showed the clearest six-week estimate (r = 0.85 [0.26,
1.00]); these unblinded subjective outcomes remain
exploratory.
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Functional capacity and daily activity

A potential concern with lowering the proximal
trim lines is reduced mediolateral control during gait.
No statistically supported between-socket difference
was detected for 6MWT, 4SST, or step count. Median
paired differences (ATS-own socket) were +0.4 m (95%
CI-3.5t011.3),-0.21 5 (-0.44 to 0.21), and -23 steps/day
(-449 to 521), respectively. Because this pilot was not
a non-inferiority study and the intervals remain wide,
clinically important mobility changes cannot be excluded;
preserved mediolateral control was not established. Prior
biomechanical evidence suggests that removing ischial
containment may not substantially affect frontal-plane
hip moments, lateral trunk lean, step width, or walking
speed.'®"” Frontal-plane stability may also depend on
socket adduction alignment. Koéhler et al. reported
that adduction of approximately 6 degrees reduced
compensatory lateral trunk lean during prosthetic-side
stance.'” Because the ATS combines this adduction with
distal femoral centralization," proximal support may be
redistributed through alignment and anatomical load-
sharing rather than being simply reduced. Increased
rotational freedom may be a further mechanism but,
with transverse-plane motion unmeasured, remains
hypothetical. The divergence between subjective and
objective outcomes is not necessarily contradictory: the
objective tests captured short, supervised capacity, where
a well-aligned conventional socket and the ATS may
perform similarly, whereas the self-reported measures
reflected a week of habitual use including floor-sitting.
The fact that worst- and average-comfort ratings improved
over the week, not only on the day-of rating, also argues
against a purely novelty effect.

Cultural sustainability and rehabilitation relevance
Framed within the ICF, the results trace a coherent
path from body function to participation. By releasing
the combined hip motion that floor-sitting demands
(body function), the ATS restored cross-legged and
side-sitting (activity), the postures through which meals,
social gatherings, and religious ceremonies are conducted
in many Asian communities (participation).' This path
reframes socket design as a participation-oriented, culturally
responsive rehabilitation goal, consistent with inclusive,
equitable rehabilitation for under-served populations.'*"*
Importantly, the ATS achieves its intended function
through socket geometry and alignment rather than
additional components such as rotation adapters, vacuum
suspension systems, or specialized prosthetic liners, which
may reduce component-related costs and maintenance
requirements in resource-limited settings. However,
formal cost data were not collected in this study.

Limitations

Several limitations should be considered. First, this
was a small, single-center study of 14 predominantly
male participants, which limits statistical power and
generalizability. In addition, participants had medium
to long residual limbs, longer than 15 cm, and therefore
the findings may not be directly generalizable to short
or very short residual limbs. The within-subject design
reduced between-participant variability, but a fully
placebo-controlled crossover trial was not feasible because
prosthetic sockets must be individually fabricated, aligned,
and accommodated, and the ATS was visibly different
from the own socket of the participants. Consequently,
blinding was not possible, and self-reported comfort, PEQ
scores, and device preference may have been influenced
by expectation, novelty, or the option to keep the ATS
after the study. Second, the six-week follow-up was
sufficient to assess short-term accommodation and daily
use but not long-term durability, maintenance burden,
residual-limb volume change, skin tolerance, or sustained
satisfaction. Third, floor-sitting was evaluated as binary
attainment rather than by three-dimensional kinematics or
interface-pressure measurement; therefore, the proposed
mechanisms linking lowered trim lines to improved
hip motion remain inferential. In addition, the floor-
sitting attainment test was developed for this study, so its
reliability and validity have not been formally established,
although a priori criteria and a single rater were used to
limit measurement error. Larger, multicenter, longer-
term studies with biomechanical assessment are needed
to confirm or refute effectiveness, clarify mechanisms,
and evaluate clinical sustainability in routine practice.

CONCLUSION

This six-week randomized within-subject trial
suggests that the Asian Transfemoral Socket improves
culturally important floor-sitting, socket comfort, and
prosthesis-related quality of life without any evident
short-term reduction in walking capacity, balance, or
daily activity.
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request.
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