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Survey questionnaire, scoring, and development notes

Purpose and scope

This Persian, self-administered electronic survey was developed as a needs-assessment tool for
individuals with spinal cord injury (SCI) who had experience with conventional lower-limb
orthoses and lower-limb exoskeleton walking. The survey was designed to identify and rank the
device problems reported by users and to inform the design rationale for an assistive walking
device. The questionnaire included 25 problem-specific items: 11 items related to conventional
orthoses/locked KAFO use and 14 items related to lower-limb exoskeleton use. The items were
intended to capture distinct device-related barriers; therefore, the survey was analyzed and
interpreted at the item level rather than as a total questionnaire score.

Scoring and descriptive reporting

Participants rated the extent to which each problem affected device use using an 11-point numeric
rating scale from 0 to 10, where 0 indicated no effect/not problematic and 10 indicated extreme
effect/extremely problematic. For reporting in the manuscript, raw scores were linearly converted
to a 0—100 scale:

Converted score = raw 0—10 score x 10

The mean converted score was calculated for each item and used to rank reported problems. For
the response-distribution bars in Fig. 4 of the manuscript, raw 0—10 responses were grouped into
five ordered descriptive categories:

0-2 = Not at all problematic; 3—4 = Slightly problematic; 5-6 = Moderately problematic; 7-8 =
Considerably problematic; 9-10 = Extremely problematic.

The original questionnaire was developed and administered in Persian. The English version
provided below is a translation of the Persian data-collection instrument and is included for
transparency and reader reference. It was not used for data collection and has not been
independently validated.

The full Persian questionnaire, its English translation, and the short labels used in Fig. 4 of the
manuscript are provided in Supplementary Table S1. Additional notes on item development,
content review, clarity and relevance feedback, item-level interpretation, and the scope of the
survey data are summarized in Supplementary Table S2.



Table S1. Full Persian questionnaire, English translation, and short labels used in Fig. 4

Device Category uf(lalc(l)liltl l;:)gel 4 Or1g1n;:i£ers1an English translation
: G (sl 0328 ol ) (555l
Locked Galtaliegtern Unnatural gait | g ol o5 My gait is not natural, and I
KAFO f & T <" & 9 feel that it attracts attention.
performance S e
Locked Gait pattern oo el ) el Gkt 7y Oy g My walking speed is low, and
KAFO and speed cac olales 5l 0ss s el | this causes me to fall behind
performance p siley | People walking with me.
Oog J&B Gl pols cwsgs | T would like the degree of
Gait pattern Non- Ogods o3, ssl; Lase | kneelocking in my orthosis to
Locked alil d adiustable s 6 o sl be selectively and safely
KAFO erformance K rfee lock . ) e | adjustable, rather than always
P Sl 5 atan Sl 63k | walking with the knee fully
Py o)y Jel5 Jad | locked.
ol sla Sy wao ;
)“6 Jﬁf M‘f Cpf I would prefer to see gait-
Locked Gait pattern Lack of gait | & = #1525 J &% | telated information, such as
KAFO and metrics oy 5l om ilen 1) céluws | step count, speed, or distance,
performance feedback I oskre b aiem o, after walking so that I have a
o il ses s | Measure of my progress.
plolas (B (58 ofy (> )3 i i i
Locked Usability and Balance / e s WIS DRI, Il SOisiines
KAFO practical use falling by¥ 9 g =8 3 | s iy WIS el Wiy
s (o2l about falling.
o) 4 il S S “5"j To prevent my toe from
Locked Usability and | Foot clearance | &35! e 5 25 | catching on the ground, I have
KAFO practical use effort @Y, egasa «sob; [ to use a lot of effort,
oS e especially in my upper body.
5l Sae SYsb eslarul o3I, | Tam concerned that long-term
Locked Usability and Secondary @ gl ol el p lsleSSOEZa?;e lljrijll(j:y m?g (;T}llsei
KAFO practical use joint risk L lasls alox 5l qelolie Lo joints, including my
295 x5 | shoulders or hips.
“\8 ol o .
che s, o= K > | T have considerable difficulty
Locked Usability and Uneven d 4 yya> )3 Mie «Blo e | walking on uneven surfaces,
KAFO practical use surfaces o soby JSiie b b s | such  as  door  thresholds,
el e s S ol . | Slopes, or stairs.
el S ol )6 Gl o
b o) oy 2L e slam | A fier walking with the bra
Locked Usability and . . . © & © brace
KAFO Srastical use Early fatigue | ;& 9 podo «ns oy | for a short time, I become

oy ol

tired and need to sit down.



Short label

Original Persian

Device Category used in Fig, 4 item English translation
b Joxe ) 3l oot il : -
Locked Usability and Standing up 5 o ol e Ly e sé?:(ilsngi fuﬁI:: lf;[ogre;n c;hz;lrldoi
KAFO practical use help S M . .
pols SoS 4 5Ls sometimes need assistance.
Locked Usability and Unstable ool piess plize | When sitting down, I feel
KAFO practical use sitting I8 6,lubb 5 S unstable and as if I may lose
£ SRk 5 S 2SSR | iy balance.
Vb Lo oKy cwd . g
9 sk .
Lower limb 'Cost, Sigharemll | - - - The .deV1c§ IS very expensive,
maintenance, ool 6leS slasie | and its maintenance costs are
exoskeleton o cost .
and reliability el S | also high
g ponS 4, Se jeboas olStws The' device 'frequently
Lower limb Cost, Frequent B 5 ol 5l sylagss | TOAMITES R
exoskeleton maintenance, repairs L s iy e ¢ maintenance, and it may
and reliability A sometimes develop problems
gl 2l> b JSie s | or fail without prior warning.
: Cost, : Sy sk wslial b o 51w | After each use, 1 have to
Lower limb . Charging . o &.08 .
maintenance, Evese 2l 9 o 5L 4 1, | charge the robot, and this is
exoskeleton L burden )
and reliability sl 03503,13T wal s bothersome for me.
Lower limb | Usabilityand | Mobilityaid, | . . . The device feels more like a
. Jpl b cwl obal> | mobility aid than a training or
exoskeleton | practical use not rehab oo
Ol o rehabilitation tool.
Coes olfiws L IS 5ol | Learning to use the device is
Lower limb | Usability and | High training | = . vl W e ol difficult and requires
exoskeleton | practical use demand G o = 9 extensive  training  and
)2 5k 6ok | practice.
ssbas 1, a5 b oKiws | The device does not fully and
Lower limb | Usability and 5 St s il g Jul | STy BTETEDE i eyt vt
exoskeleton ractical use i L Jo o oVl 3 trunk, and - some of its
P x B ol e <> | attachments feel loose or
g0 leml SlLL | unstable.
OeSiws ofiws iy ax> | The back-mounted module of
Loer By | Ukl s Backwarq fall 5 0l e e 4 Ly o the device is heavy, pulls me
exoskeleton | practical use and seating oy wilgis g so el backward, and makes it
limits 9 =70 @52 2 =2 | difficult to sit comfortably on
iy oo b (Joo | a chair or sofa.
- : ~ | Donning and doffing the
. » i cESesd GO0l 9 ey ice is difficul ime-
Lower limb | Usability and | Donning/doffi g R Szzls(:;nlli g ;fll(llt ? n(lilst:l:}le
exoskeleton | practical use ng difficulty 7 SO & Y

10 Sl 50 2,8 S

need help from another

person.



Short label

Original Persian

Device Category used in Fig, 4 item English translation
ad gly ofws o5 6551 | The device uses the same gait
Gait pattern s J> o el ol | pattern for everyone, whereas
Lower limb and Generic gait o 1 asls . | I would prefer the gait pattern
exoskeleton erformance pattern » “5"{ PP &7 1 16 be defined for each person
p e el g Gyl el according to their body and
D9 iy a3 o5 655Ul s,8 | condition.
Sobel by oS &8 1o olSze The device does not
e o adequately account for my hip
) F2 &0 S O 0% | movement or body readiness
5 oS HBS 0 o34 | to  initiate a step, and
) Gait pattern ) Eord aaSo b iy oS> movemept is mostly initiated
Lower limb and Manual gait s I ey oot by pressing a button; I would
exoskeleton erformance trigger = o ‘ 77 7S prefer the robot to start
p b B Syset Sl moving  automatically  or
Eoy5 Ny oS> wlel | based on body/hip movement,
5o ded pili joume 5 Sod rather . than requiring
o (e et o] everything to be controlled by
5 JAS aeSo b1 putton.
S 93 55 e bl oy | The strength of my legs
Gt Non- Slyee b 0,08 5 el wglaze | differs between sides, and the
Lower limb adjustable .. device power or assistance
and . b clite Wb olfins SoS >
exoskeleton erformance assistive i ] level should be adjustable
p torque el BB L e Bls 8| according to the actual ability
b | of each leg.
. Fitel gl ‘ Joo oK oy o2 5 359 The high weight.an(.i bulk of
Lower limb S ecthetic Device i e s o eslit] A the device make it difficult to
exoskeleton desi weight/bulk | © ? ) ‘ ©" | carry, use at home, and sit in
€s1gn Sl 08,5 Jlado |y 9,095 50 a car.
Lower limb Physical and Attention Jiie 5 oapee 52 olSms jalls The appearance of the device
exoskeleton aesthetic rabbine look s T L | | attracts a lot of attention
design & & e P = e+ | outside the home.
oo 9 Sas olws ;olb | The  device has a  rigid,
Lower limb Physical and D= SEuhpb w‘ i?kdeulsttsr lji)ll)ioeiida(rifsil nvico)ulig
aesthetic customizable | (s;lwsass g ol LB ol g
exoskeleton . selectable and customizable,
design appearance | i > b L Jte sl

-Jebse

similar to a brace or even a
mobile phone case.



Table S2. Survey development and interpretation notes.

Aspect

Information

Item generation and content review

Items were informed by prior literature, semi-structured
interviews with individuals with SCI, and clinician feedback.
The draft item pool was reviewed by domain experts with
experience in rehabilitation and assistive walking technologies
to assess its relevance to the target device-use context, clinical
and rehabilitation relevance, and coverage of the main user-
perceived problem areas.

Clarity and relevance feedback

During item development, feedback from individuals with SCI
was used to check whether the candidate items were
understandable, relevant to their device-use experience, and free
of major ambiguity. Minor wording revisions were made before
distribution.

Item-level interpretation

The survey was interpreted at the item level. Individual items
were intended to represent distinct device-related barriers rather
than interchangeable indicators of a single latent construct.
Therefore, no total questionnaire score was used.

Internal consistency

Internal consistency was not used as a primary basis for
interpretation because the items were designed to capture
distinct, non-redundant device-related barriers rather than
interchangeable indicators of a single latent construct.
Accordingly, a total internal-consistency estimate was not
considered conceptually appropriate.

Test—retest and inter-rater reliability

Test-—retest reliability was not assessed because the survey was
used as a cross-sectional needs-assessment tool in this feasibility
study. Inter-rater reliability was not applicable because the
questionnaire was self-administered and did not involve external
raters.

Construct, criterion, and diagnostic
validity

Formal construct validity, criterion validity, and diagnostic
validity were not assessed because the survey was not intended
as a diagnostic instrument, standardized outcome measure, or
psychometric scale.

Interpretation of survey data

The survey should be interpreted as an item-level needs-
assessment and problem-prioritization tool used to inform the
design rationale. The reported results should therefore be
interpreted as descriptive user-priority information rather than
as evidence of a fully validated questionnaire.
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Additional posture-related biomechanical analysis

Posture-related trajectories during swing across walking conditions
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Supplementary Figure 1. Panels show ensemble mean trajectories over the normalized swing phase. (a) Hip-
hiking-related pelvic displacement, estimated from the vertical displacement of the swing-side pelvic marker
and expressed relative to the beginning of swing. (b) Sagittal trunk lean, computed from the T10-C7 marker
line in the sagittal plane. (¢) PCOM mediolateral trajectory, estimated from pelvis-center displacement in the
mediolateral direction and expressed relative to the beginning of swing. Curves show the ensemble mean
across analyzed steps over the normalized swing phase for the locked KAFO, active KAFO, and exoskeleton
conditions. The locked-KAFO condition showed the largest peak hip-hiking-related displacement (~8 cm),
followed by the active KAFO (~4.5 cm) and the exoskeleton (~3.5 cm). Peak forward trunk lean was greatest
in the active-KAFO condition (~20°), while the locked-KAFO condition started at approximately 5° posterior
lean and later reached a peak forward lean of ~15°; the exoskeleton condition showed a smaller peak forward
lean (~8°). Peak PCOM mediolateral excursion was greatest in the exoskeleton condition (~8 cm), followed
by the active KAFO (~5 c¢cm) and the locked KAFO (~2 cm).

Descriptive interpretation of posture-related measures

These supplementary posture-related trajectories provide descriptive context for the walker-
support and compensation-related findings in the main text. The larger early hip-hiking-related
pelvic displacement in the locked-KAFO condition is consistent with greater vertical
compensatory motion to achieve toe-off and swing clearance when knee flexion is unavailable. In
the active-KAFO and exoskeleton conditions, this displacement was smaller, consistent with



reduced need for hip-hiking-related compensation. Sagittal trunk lean was greatest in the active-
KAFO condition, which may reflect cautious visual monitoring of foot placement and limited
familiarization with the active device. The exoskeleton condition showed a smaller and more stable
forward trunk-lean profile. In contrast, mediolateral PCOM excursion was greatest in the
exoskeleton condition, which may reflect a larger weight-shifting requirement during swing,
whereas the locked-KAFO condition showed the smallest lateral excursion. These supplementary
measures are descriptive and are included only to provide additional context for the primary gait
and walker-support outcomes.



