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Abstract

Study Design: Cross-sectional observational study.

Objectives: To examine associations among observed walking status, patient-perceived and clinician-
recommended safe ambulation, clinical outcomes, and self-reported falls after incomplete spinal cord
injury (iSCI).

Setting: Physical Medicine and Rehabilitation Center, XXX Hospital, XXX, XXX.

Methods: Adults aged =18 years with iSCI at neurological level T3 or below and American Spinal Injury
Association Impairment Scale grade C or D were included. Walking status was assessed using the
Walking Index for Spinal Cord Injury Il (WISCI I1). Patient-perceived safe ambulation (P13) and clinician-
recommended safe ambulation (T5) were recorded using WISCI ll-anchored items. Additional outcomes
were lower extremity motor score, gait speed, Timed Up and Go, Berg Balance Scale, Spinal Cord
Independence Measure lll, and selected patient-reported measures. Falls were recorded. The Ambulation
Safety Gap (ASG) was defined as WISCI II-Observed minus T5. Correlation analyses were performed.

Results: Of 50 screened individuals, 43 were included (mean age 43.6 + 13.5 years; 21 women). WISCI II-
Observed showed a moderate association with lower extremity motor score and strong associations
with gait speed, balance, and functional independence, with an inverse association with functional
mobility (all p < 0.001). P13 and T5 were strongly associated with WISCI II-Observed (both p < 0.001).
ASG was not associated with falls (rl = 0.047, p = 0.767).

Conclusions: Observed walking status was associated with mobility and functional independence after
iSCI. Patient-perceived and clinician-recommended safe ambulation were also strongly associated with
observed walking status. ASG showed limited variability and was not associated with falls.

Sponsorship: None

INTRODUCTION

Balance is maintaining the body’s center of mass within the base of support via postural control for
stability and orientation with respect to gravity (1). Balance is commonly classified as static (fixed
surface) or dynamic (during movement or on an unstable base of support) (2).

In individuals with incomplete spinal cord injury (iSCI), falls are prevalent and most often occur during
walking or postural transitions in daily-life settings, with loss of balance commonly reported as a
contributing factor (3). The role of balance becomes salient when ambulation relies on assistive devices
or orthoses. Many activities impose dynamic balance demands that may approach or exceed an
individual's functional capacity. However, these demands may not correspond to the support provided by
a device: equipment sufficient for static stability or short-distance, controlled ambulation (e.g., within
parallel bars) may be assumed adequate for demanding activities such as overground walking, turning,
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or stair negotiation. Conversely, psychological and social influences (e.g., maintaining a “normal”
identity) may lead ambulatory individuals with iSCI to accept fall risk and choose less-stable orthoses or
walking aids despite safety concerns (4). In such situations, a strong desire to walk may increase
exposure to falls and fall-related injuries, which can reduce mobility/participation and, in some cases,
require medical care or hospital readmission (3-5).

Despite its clinical relevance, it remains insufficiently clear to what extent patient-perceived functional
walking level and recovery expectations align with clinician-defined safe ambulation, and how these
perceptions relate to observed walking performance and fall risk in iSCI (6). Therefore, the primary aim
of this cross-sectional observational study was to compare patient-perceived functional level and
recovery expectations with the clinician perspective (physiatrist or physiotherapist), to examine their
correspondence with observed/actual walking status, and to investigate their associations with walking
parameters and self-reported falls.

METHODS

Study type and participants

This single-center, cross-sectional observational study examined observed walking status, patient-
perceived safe ambulation, clinician-recommended safe ambulation, and their associations with clinical
outcomes in adults with iSCI. The study was conducted between February 2023 and February 2025 at
the specialized SCI XXXX (XXXX), where individuals in the chronic phase are routinely admitted for
clinical monitoring. The study is reported in accordance with the STROBE statement for cross-sectional
studies. Participants were recruited consecutively from eligible admissions during the study period.

All participants provided written informed consent prior to participation. The study was approved by the
local Ethics Committee of XXXX (approval number: XXXX) and was registered at ClinicalTrials.gov
(XXXX). The study was conducted in accordance with the Declaration of Helsinki (2013 revision).

Adults (=18 years) with iSCI at neurological level T3 or below were eligible. Participants were required to
have an American Spinal Injury Association Impairment Scale (AIS) grade of C or D. ICD-10 codes used
for eligibility screening were S24.72-S24.77 (T3-T12) and S34.70-S34.77. Participants with
communication impairments that precluded obtaining reliable self-reported information were excluded.

Evaluations

Diagnostic assessments and AIS grading were performed by physiatrists, while functional evaluations
were conducted by physical therapists experienced in spinal cord injury rehabilitation. Demographic data
(age, sex, body mass index [BMI], and time since injury) were recorded together with all study outcomes.
Participants were evaluated using their usual assistive devices and support equipment as needed.

Primary outcome measure
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Walking status was evaluated using the Walking Index for Spinal Cord Injury 1l (WISCI II), which grades
10-meter ambulation (0-20) based on the amount of physical assistance, braces, and walking aids
required (7). In this study, WISCI Il was operationalized in three complementary forms: (i) WISCI 11—
Observed, reflecting the walking level the participant typically performs under routine conditions using
their usual devices; (i) WISCI lI-Clinician Safe (T5), reflecting the clinician-recommended WISCI Il level
considered appropriate for safe daily ambulation; and (iii) WISCI II-Patient Safe (P13), reflecting the
participant’s own judgment of a safe walking level.

To quantify a potentially safety-relevant mismatch between performed ambulation and a clinician-
defined safety boundary, we calculated the Ambulation Safety Gap (ASG) for each participant as ASG =
WISCI lI-Observed - WISCI lI-Clinician Safe (T5). With this definition, a positive ASG indicates that the
participant’s routine/performed ambulation exceeded the clinician-recommended safe level, whereas
ASG = 0 indicates alignment between performed and recommended safe ambulation.

Secondary outcome measures

Muscle strength was assessed using the AIS lower extremity motor score (LEMS), scored bilaterally
across L2-S1 on a 0-5 scale (total 0-50). Walking performance was evaluated using time-based
measures, including the Ten-Meter Walking Test (10MWT) and the Timed Up and Go (TUG) Test.

In the TOMWT, participants started walking 3 meters before and continued 3 meters after the 10-meter
track to eliminate acceleration and deceleration, maintaining a self-selected speed. Overground gait
speed (m/s) was derived from the TOMWT by dividing the 10-meter distance by the recorded time, and
was calculated accordingly. Additionally, participants whose overground gait speed met or exceeded the
0.44 m/s threshold—an indicator of readiness for community ambulation—were identified and reported

).

TUG was used to assess functional mobility. Participants stood up from a chair, walked 3 meters at a
self-selected safe speed, turned, returned, and sat down, using their usual assistive device if needed.
Total time was recorded in seconds.

The Turkish version of the Berg Balance Scale (BBS) was utilized for balance assessment (9). BBS
measures both dynamic and static balance. A score of 0-4 was assigned for each activity, with the
highest possible total score being 56 (9, 10). Additionally, participants who had a score of more than 47
points (an indicator of readiness for community walking without aids) were reported (11).

The Turkish version of the Spinal Cord Independence Measure Il (SCIM Ill) was employed to assess
functionality and independence (12). This scale is scored in 3 subscales, Self Care (0—20), Respiration
and Sphincter Management (0—40), and Mobility (0—-40), with a maximum of 100 points (13).

The Quebec User Evaluation of Satisfaction with Assistive Technology 2.0 (QUEST 2.0) comprises 12
items rated on a 5-point Likert-type scale (1 = not satisfied at all, 5 = very satisfied). It is divided into eight
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assistive device items and four service items (14). In this study, only the assistive device subscale of the
validated Turkish version was used (15).

The Readiness for Hospital Discharge Scale/Short Form (RHDS/SF) assesses patient—perceived
readiness for hospital discharge and their ability to manage care needs at home using an 8-item, 0-10
scale (16). The validated Turkish version was used in this study (17).

The Acceptance and Action Questionnaire-Il (AAQ-Il) comprises seven statements representing various
facets of experiential avoidance (e.g., “| am afraid of my feelings,” “Emotions cause problems in my life”).
Respondents rate each statement from 1 (never true) to 7 (always true); higher scores indicate greater
psychological inflexibility (total 7-49) (18). For the study, the Turkish validated version of the scale was

employed (19).

The Spinal Cord Lesion—Related Coping Strategies Questionnaire (SCL-CSQ) is a self-report measure for
individuals with spinal cord injury/lesion that assesses coping across three domains—Acceptance,
Social Reliance, and Fighting Spirit—using 12 items. Items are rated on a 4-point scale and summarized
as domain and overall means (20). The Turkish version of the SCL-CSQ was used in this study (21).

Additionally, the World Health Organization Quality of Life—BREF (WHOQOL-BREF), which evaluates
physical, psychological, social, and environmental well-being, comprises 26 items rated on a 5-point
Likert scale (22). The Turkish version used in this study included a national 27th item, which was
excluded from scoring (23).

Patient- and clinician—perceived items

In addition to the standardized outcome measures, study-specific patient- and clinician-reported items
were collected using a visual analog scale (VAS) or self-reported event counts (Appendix 1). For each
VAS item, participants marked their response on an unmarked 10-cm horizontal line anchored by “very
little” on the left and “very much” on the right. Patient items captured perceived status and
orthosis/assistive device-related experiences, whereas clinician items reflected the clinician’s view of the
patient’s current condition. Falls and near-falls in therapy and non-therapy settings over the past year
were recorded as self-reported counts. These items were used to provide complementary clinical
context and were analyzed as exploratory variables.

Statistical Analyses

Normality was assessed using the Shapiro-Wilk test. Continuous variables are presented as mean +
standard deviation or median (interquartile range), as appropriate.

Correlation analyses were performed using Pearson’s correlation coefficient for approximately normally
distributed continuous variables and Spearman’s rank correlation coefficient for non-normally
distributed, ordinal, or count-based variables. Correlation strength was interpreted as weak (0.10 < |r| <
0.30), low-moderate (0.30 = |r| < 0.40), moderate (0.40 = |r| < 0.60), moderate-strong (0.60 < |r| < 0.70),

Page 5/13



strong (0.70 < |r| < 0.90), and very strong (|r| = 0.90). Statistical significance was set at a = 0.05 (two-
tailed), and all analyses were conducted using IBM SPSS Statistics version 23.0 (IBM Corp., Armonk, NY,
USA).

Primary analyses examined associations of WISCI II-Observed with core mobility and functional
outcomes, P13, and T5, and of ASG with therapy-setting falls (P16). Additional correlations were
exploratory.

RESULTS

Fifty individuals were screened and 43 were enrolled; seven declined participation due to the intensity of
their ongoing rehabilitation program (n=7). Participant demographics and injury characteristics are
presented in Table 1. Baseline clinical and patient-reported outcomes are summarized in Table 2; overall,
participants demonstrated slow overground gait speed (0.31 + 0.25 m/s), prolonged functional mobility
times (TUG: 67.73 £ 61.69 s), and low balance scores (BBS: 17.54 + 16.74).

Walking status (WISCI Il) (primary)

WISCI lI-Observed showed a moderate association with lower-extremity strength (LEMS; r=0.570,
p<0.001) and strong associations with overground gait speed (r=0.770, p<0.001), balance (BBS; r=0.770,
p<0.001), and functional independence (SCIM Il total; r=0.735, p<0.001). It was also moderately—
strongly related to SCIM Il Mobility (r=0.664, p<0.001) and inversely related to functional mobility (TUG;
r=-0.693, p<0.001). In contrast, WISCI lI-Observed was not significantly associated with HRQoL
(WHOQOL-BREF) or psychosocial measures (QUEST 2.0, RHDS/SF, AAQ-Il, SCLCSQ) (all p>0.05) (Table
3).

Perceived safe ambulation levels were highly consistent with observed walking status. WISCI lI-Patient
Safe (P13) showed a very strong correlation with WISCI lI-Observed (r=0.942, p<0.001), whereas WISCI
lI-Clinician Safe (T5) showed a strong correlation (r=0.801, p<0.001). Planned post-discharge indoor
(P14) and outdoor (P15) ambulation levels also correlated strongly with WISCI [I-Observed (r=0.919 and
r=0.748, respectively; both p<0.001).

Ambulation Safety Gap (ASG)

ASG was defined as the discrepancy between performed ambulation and the clinician-recommended
safe ambulation boundary (ASG = WISCI II-Observed - T5). ASG had a median of 0.0 (IQR 0.0-0.0) and
was not significantly associated with self-reported falls in therapy settings over the past year (P16)
(Spearman r=0.047, p=0.767).

Strength, timed mobility, balance, and functional independence

LEMS showed moderate relationships with gait speed (r=0.482, p=0.001) and TUG (r=-0.488, p=0.001),
and a strong relationship with balance (BBS; r=0.721, p<0.001) (Table 3). Overground gait speed and TUG
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were very strongly inversely correlated (r=-0.964, p<0.001), and both measures showed strong
relationships with balance and functional independence (Table 3). At the time of assessment, 12
participants (27.9%) met or exceeded the gait-speed threshold of 0.44 m/s, and four (9.3%) exceeded the
BBS threshold (>47).

HRQoL and other patient-reported outcomes

WHOQOL-BREF total score correlated strongly with the Physical Health domain (r=0.832, p<0.001) and
showed moderate associations with psychological inflexibility (AAQ-II; inverse) and coping (SCLCSQ),
with smaller associations with discharge readiness (RHDS/SF) (Table 3). QUEST 2.0 showed small-to-
moderate associations with Physical Health and SCIM Il total score, and a moderate association with
RHDS/SF, but no significant relationships with observed walking status or balance outcomes (Table 3).
AAQ-Il and SCLCSQ were not significantly associated with objective mobility measures (Table 3).

Patient- and clinician-perceived items

Among patient-perceived items, upright activity and aid-use items (P8—-P10) aligned with observed
walking status and objective mobility/balance in expected directions (Table 3). Fall-related items showed
coherent relationships across contexts and event types: therapy falls (P16) correlated with outside-
therapy falls (P17) and near-falls in therapy (P18), and outside-therapy falls (P17) correlated with
outside-therapy near-falls (P19). Notably, outside-therapy near-falls (P19) were moderately associated
with WISCI lI-Observed and LEMS (Table 3).

Among clinician-perceived items, T3 showed a low—moderate association with LEMS, whereas its
correlations with SCIM Ill Mobility and BBS did not reach significance (Table 3). Clinician
recommendations for post-discharge indoor and outdoor ambulation (T6 and T7) were strongly related
to observed walking status and objective mobility and balance (Table 3).

DISCUSSION

This cross-sectional observational study examined the relationships among walking status, mobility,
functional independence, and HRQoL in individuals with iSCI. Observed walking status showed clinically
coherent links with core mobility constructs—particularly gait speed, balance, and functional mobility—
whereas patient-perceived health and psychosocial adjustment did not necessarily parallel objective
walking performance. At the time of assessment, participants generally showed slow overground gait
speed, prolonged functional mobility times, and low balance scores, suggesting performance below
levels commonly associated with confident community ambulation.

Walking status was assessed using the WISCI Il to capture participants’ usual walking performance. For
interpretability, WISCI Il was considered in three complementary forms: (i) WISCI lI-Observed, reflecting
the walking level typically demonstrated; (i) clinician-recommended safe WISCI Il (T5), representing the
level the clinician judged appropriate for safe ambulation; and (iii) patient-perceived safe WISCI Il (P13),
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representing the patient’s own judgment of safe walking. This approach separates what is performed
from what is recommended and what is perceived as safe, thereby allowing potential safety-relevant
mismatches to be identified. In this sample, patient-perceived safe ambulation closely matched
observed walking status, whereas clinician recommendations tended to be more conservative; similarly,
planned indoor ambulation tracked observed status more closely than planned outdoor ambulation,
consistent with the higher demands of outdoor walking. When WISCI lI-Observed exceeds T5, this may
indicate ambulation beyond a clinician-defined safety boundary and warrants evaluation in relation to
fall-related outcomes.

A distinctive contribution of this study was the inclusion of perceived safe ambulation levels alongside
WISCI II-Observed. Patient-perceived safe WISCI Il (P13) closely matched WISCI II-Observed, whereas
clinician-recommended safe WISCI Il (T5) was also strongly related but generally more conservative. A
similar gradient was observed in post-discharge plans: planned indoor ambulation (P14) tracked WISCI
lI-Observed more closely than planned outdoor ambulation (P15), consistent with the greater
complexity and unpredictability of outdoor walking. Importantly, when WISCI lI-Observed exceeds the
clinician-recommended safe level (T5), this may indicate ambulation beyond a clinician-defined safety
boundary in daily life and warrants evaluation in relation to fall-related outcomes.

In this sample, WISCI [I-Observed correlated moderately with lower extremity muscle strength (LEMS)
and strongly with overground gait speed (10MWT), balance (BBS), and functional independence (SCIM
1), while showing a moderate-strong inverse association with functional mobility (TUG). Gait speed and
TUG were very strongly inversely related, supporting a shared mobility construct; however, TUG
additionally captures transitions and turning central to everyday mobility. Given the strong associations
among WISCI 11-Observed, TOMWT, TUG, and BBS, these measures should be interpreted together rather
than in isolation (10, 24-27). Although BBS was closely tied to walking status and timed mobility, only a
small proportion of participants exceeded commonly used thresholds (gait speed =0.44 m/s in 27.9%;
BBS >47 in 9.3%), suggesting that most remained below levels typically associated with confident,
adaptable community ambulation. These findings align with the view that upright postural control and
dynamic weight shifting during stepping are central determinants of functional ambulation after SCI
(28).

Lower extremity strength was associated with mobility performance, but the overall pattern suggests
that strength represents one component within a broader functional profile. LEMS related to gait speed
and TUG and showed a strong association with balance, consistent with the integrated demands of
stance control and dynamic stability. At the same time, the lack of consistent relationships with broader
patient-reported outcomes underscores that gains in physical capacity may not automatically translate
into perceived health or psychosocial adjustment.

Beyond performance metrics, these findings reflect a recurrent clinical dilemma: when continued
intensive rehabilitation remains beneficial versus when it risks becoming prolonged and misaligned with
real-life priorities. Intensive rehabilitation may continue beyond a point of diminishing returns due to well-
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intentioned persistence by both patients and caregivers, increasing resource use and associated costs
for payers (29). This highlights the need for an explicit, shared decision process that includes the
multidisciplinary team and—most importantly—the patient, and for interval-based monitoring when
further gains plateau. Without such an aligned process, some individuals may seek care across multiple
institutions, repeatedly entering similar rehabilitation cycles and delaying long-term goals such as
participation in life roles and community living.

From this perspective, it is useful to distinguish a patient’s therapeutic ambulation level (achievable
within structured therapy) from the safe functional ambulation level that can be sustained in daily life.
The gap between these levels should be made explicit, and atypical patterns (e.qg., routinely performing
above a clinician-defined safety boundary) should prompt closer review. This distinction is clinically
important because functional ambulation capacity (e.g., gait speed) is closely linked to independent
community ambulation in individuals with SCI (30).

Although ASG was not associated with therapy-setting falls in this study, this finding should be
interpreted cautiously because falls were self-reported and limited to therapy settings. Future studies
should evaluate ASG using prospective, objective fall monitoring across contexts and should consider
that WISCI Il primarily reflects short-distance ambulation; therefore, it is important to assess whether the
assistive device use implied by a given WISCI level is maintained during longer-distance walking and
real-world mobility demands.

These considerations also highlight why mobility assessment should not rely on a single measure. WISCI
[l and similar tools primarily assess short, structured walking tasks; complementary measures are
needed to capture broader real-life mobility demands. In this context, SCIM lll—especially its mobility
subscale—adds value by reflecting longer-distance mobility. Changes in walking independence may also
influence the overall SCIM Il score because certain self-care tasks (e.g., maintaining balance during
toileting) are closely linked to mobility capacity (31).

Mobility and functional independence are critical for supporting patients’ autonomy and social
participation after SCI (32). In our data, functional independence (SCIM llI total and SCIM Mobility)
tracked closely with walking status and timed mobility, supporting the practical value of combining
performance-based walking measures with activity-level outcomes. The moderate association between
SCIM 1l total score and RHDS/SF suggests that perceived preparedness for discharge may be partly
grounded in tangible functional ability rather than psychosocial factors alone.

HRQoL, in contrast, appeared more closely related to psychological and contextual factors than to
objective walking performance. WHOQOL-BREF total score correlated strongly with its Physical Health
domain and showed meaningful relationships with AAQ-II (inverse) and SCLCSQ. Associations between
WHOQOL-BREF domains and RHDS/SF further suggest that perceived health status and readiness may
evolve together through confidence, support, and adaptation processes not captured by gait metrics
alone. Consistent with this pattern, QUEST 2.0 related to Physical Health, SCIM lll total score, and
RHDS/SF, suggesting that assistive technology satisfaction may reflect usability and daily-life fit even
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when it does not map directly onto gait speed or balance. AAQ-Il and SCLCSQ were primarily linked to
HRQoL-related domains rather than objective mobility, consistent with the role of acceptance and coping
in well-being.

The RNLI could have been considered; however, although RNLI has been validated in SCI (Hitzig et al.),

the available Turkish version was adapted for prosthesis users (Demirdel et al.) and follows a different

scoring approach than the SCl-validated format (33, 34). Because a Turkish translation aligned with the
SCl-validated RNLI format and scoring was not available, RNLI was not included.

Beyond the cross-sectional findings, this study highlights the need for SCI-specific psychometric
validation of commonly used measures and for establishing MDC and MCID values in iSCI populations. It
also provides a practical step toward a VAS-based multidimensional framework integrating observed
walking performance with perceived safety, satisfaction, and real-world consequences (e.g., falls/near-
falls).

Limitations and recommendations for future studies

The cross-sectional design precludes causal inference, the sample size was modest, and time since
injury was heterogeneous. Falls/near-falls were self-reported and may be subject to recall bias;
moreover, the fall indicator analyzed in relation to ASG was limited to therapy-setting falls (P16), which
may not fully reflect real-world exposure. Future studies should use larger, multicenter, longitudinal
designs with objective/prospective fall monitoring and should evaluate whether WISCI lI-implied device
use is sustained during longer-distance and real-world mobility demands. Further work is also needed to
establish SCl-specific psychometric properties and MDC/MCID values and to support development of a
VAS-based multidimensional outcome framework.

This study showed that observed/actual WISCI Il is closely related to gait speed (10MWT), functional
mobility (TUG), balance (BBS), and functional independence (SCIM lll) in iSCI, whereas HRQoL
(WHOQOL-BREF) and several psychosocial measures were not aligned with objective walking metrics.
Considering observed walking status together with clinician-recommended and patient-perceived safe
ambulation may help identify safety-relevant mismatches in everyday mobility. In this sample, ASG was
not significantly associated with therapy-setting falls over the past year (P16) (ri=0.047, p=0.767). Future
studies should examine these discrepancies longitudinally with prospective fall monitoring and evaluate
whether assistive device requirements implied by WISCI Il are maintained during longer-distance walking
and real-world mobility demands.
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