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Abstract

Background: The preferred walking speed (PWS) and sit-to-stand (STS) performance are widely recognized functional mo-
bility and physical performance measures in orthopedic rehabilitation. Postoperative mobility outcomes may differ across
orthopedic procedures and anatomical regions because of variations in biomechanical demands, pain severity, and extent of

locomotor system involvement.

Objective: To examine the differences in PWS and STS performance between patients with orthopedic conditions who un-

derwent surgical procedures involving the spine and upper and lower extremity joints and healthy controls.

Methods: This exploratory cross-sectional pilot study included 197 participants, comprising 159 postoperative patients who
had undergone arthroscopy, arthrodesis, or arthroplasty involving the cervical, thoracic, and lumbar spine, as well as the
shoulder, hip, and knee joints, and 38 healthy control individuals. PWS was measured using a standardized 6-meter walk-
way protocol, and lower extremity functional performance was assessed using the STS-30s test. Groups were compared us-
ing one-way analysis of variance and independent t-tests. Multivariate regression analyses were performed to examine the

associations between mobility outcomes and demographic, clinical, and surgical variables.

Results: Postoperatively, patients demonstrated significantly slower PWS and STS performance than controls. Functional
performance varied across surgical procedures and anatomical regions, with the lumbar spine and lower extremity proce-
dures generally demonstrating lower mobility than the cervical spine and shoulder procedures. Higher body mass index was
associated with slower PWS. PWS and STS-30s performance demonstrated a moderate correlation, indicating shared func-
tional and neuromuscular characteristics. As the surgical type and anatomical region demonstrated substantial conceptual

overlap, the multivariable findings were interpreted cautiously.
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Conclusion: Postoperative mobility performance varied across orthopedic surgical groups. Procedures involving the lum-
bar spine, hip, and knee were generally associated with lower PWS and STS performance than cervical spine and shoulder

procedures. These findings support the clinical value of simple mobility measures for assessing postoperative functional sta-

tus and rehabilitation planning.
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List of Abbreviations

ACDEF: anterior cervical discectomy and fusion
AVAS: anticipated pain before walking

PLIF: posterior lumbar interbody fusion
PWS: preferred walking speed

r'TSR: reverse total shoulder replacement

STS: sit-to-stand

STS-30s: sit-to-stand in 30s

THR: total hip replacement

TKR: total knee replacement

TLIF: transforaminal lumbar interbody fusion
TSR: total shoulder replacement

TVAS: pain experienced during walking

VASs: visual analog scales
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Introduction

The ability to stand and walk at a preferred walking speed (PWS) following surgical procedures to the spinal or lower extremity

joint is the primary patient-centered objective and fundamental goal of physiotherapy rehabilitation.

PWS is increasingly recognized as a “functional vital sign” and is associated with future health outcomes, including hospitaliza-
tion, cognitive decline, falls, and mortality [1-5]. A PWS > 1.0 m/s is generally associated with good health and functional inde-
pendence, whereas walking speeds < 0.6 m/s may represent a clinical “yellow flag” for increased health risks and functional dec-
line [1-3]. Furthermore, a change of approximately 0.1 m/s is considered minimally detectable or clinically meaningful improve-
ment in walking performance [3-5]. However, walking safety and efficiency may be influenced by multiple factors including
age, sex, medical comorbidities, musculoskeletal impairment, and orthopedic surgical procedures [5-7]. This is particularly rele-
vant because arthroscopy, arthroplasty, and spinal arthrodesis are commonly performed in adults between 40 and 80 years of
age [6]. Consequently, monitoring PWS following these procedures may provide clinically meaningful insights into the postop-

erative functional status and potential future mobility limitations.

Although the original determinants of the gait model emphasized the role of the pelvis and lower extremities in optimizing me-
chanical efficiency [7], they did not account for upper-body contributions such as trunk rotation, arm swing, and proximal pos-
tural stabilization. These upper-body movements contribute to balance, coordination, and walking efficiency and may help ex-

plain differences in PWS influenced by pain, surgical intervention, and range-of-motion restrictions following surgery [8, 9].

Slower walking speed is an adopted strategy to avoid the risk of falling, enhance stability, reduce joint loading, or minimize dis-
comfort and is commonly observed following surgeries of lumbar spine and surgical procedures of the lower extremities. By
contrast, surgical procedures involving the cervical spine and upper extremity joints may impose fewer direct limitations on
lower limb locomotion. Thus, PWS may be more sensitive to interventions involving weight-bearing anatomical regions than
those involving non-weight-bearing regions [6,8,9]. These observations support PWS as a clinically meaningful indicator of

overall locomotor function that extends beyond the purely mechanical determinants of gait.

Although slower walking speeds are mechanically less efficient, they often persist long after lower extremity orthopedic proce-
dures and are associated with increased energy expenditure during walking, greater perceived exertion, and functional limita-
tions [9-12]. Total knee replacement (TKR) improves stride length, walking speed, and gait efficiency; however, walking perfor-
mance in these cases often remains lower than that in age-matched healthy individuals [13]. Similarly, total hip replacement
(THR) is associated with functional improvement and pain reduction; however, residual gait alterations, including slower walk-

ing speed, shorter stride length, and reduced hip extension, may persist postoperatively [14].

Surgical interventions involving the upper-body regions may influence gait efficiency [15-17]. Pain, immobilization, and post-
operative range-of-motion restrictions may affect gait characteristics such as stride length, cadence, and PWS [15-19]. The
PWS is a clinically relevant indicator of spinal function and mobility [20]. During level walking, coordinated spinal motion and
pelvic rotation contribute to step-length generation, weight transfer, and overall walking efficiency [20]. Although lumbar
arthrodesis may improve spinal stability, it may reduce segmental mobility and transverse plane motion, which could influence
pelvic rotation and gait mechanics [21,22]. Previous studies involving individuals with adolescent idiopathic scoliosis reported

reductions in PWS following spinal fusion [21-24].

The cervical spine contributes to PWS by playing a role in head stability and postural control during gait [25]. Restricted cervi-
cal motion or impaired cervical function may be associated with a stiffer trunk, asymmetrical lower extremity movement, al-
tered step length, and changes in swing timing, which could potentially influence walking speed [25-32]. However, studies eval-

uating gait outcomes after cervical decompression and fusion have reported inconsistent findings [26-32]. Some studies have
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demonstrated improvements in postural control, dynamic stability, and PWS following cervical spine surgery, whereas others
have reported minimal changes during the first postoperative year [27-29]. Thus, postoperative walking performance may be in-
fluenced by multiple factors including age, severity of neurological or musculoskeletal impairment, symptom duration, and per-
sistent pain-related movement avoidance. These observations support the use of PWS as a clinically meaningful indicator of

functional mobility in patients undergoing major spinal surgery [20].

Sit-to-stand (STS) performance is a well-established indicator of lower-extremity strength, balance, and functional mobility
[30,31]. Similar to PWS, poor STS performance has been associated with reduced quality of life and adverse future health out-
comes [31-34]. Although PWS performance moderately correlates with STS performance, whether this relationship is pre-

served across different anatomical regions following orthopedic procedures remains unclear.

Most previous studies evaluated gait outcomes following a single surgical procedure or within a specific anatomical region, lim-
iting the understanding of how different orthopedic interventions may relate to overall functional mobility. In addition, postop-
erative status is commonly assessed using joint- or region-specific outcome measures rather than broader functional indicators,
such as PWS and STS performance. Evaluating these global functional measures across different procedures and anatomical re-
gions may provide a broader perspective on postoperative locomotor function and inform individualized rehabilitation and
functional assessment strategies. Therefore, this cross-sectional pilot study aimed to examine the differences in PWS and STS
performance across multiple orthopedic procedures and anatomical regions in postoperative patients compared with healthy
controls. We hypothesized that procedures involving the lumbar spine and lower extremities would demonstrate lower PWS
and STS performances than those involving the cervical spine and upper extremities. To the best of our knowledge, this is the
first exploratory study to evaluate multiple orthopedic interventions, including arthroscopy, arthrodesis, and arthroplasty,
across different anatomical regions using the PWS and STS as broader performance-based measures of functional mobility and

locomotor performance.

Materials and methods
Study design

This cross-sectional pilot study used a convenience sample of 197 participants, including 159 postoperative patients with ortho-
pedic conditions and 38 healthy controls, to examine procedural- and anatomical region-specific differences in PWS and STS

performance.

operation

B ACDF
B Acromioplasty
ADR

B Knee arthroscopy
PLIF

B TSR
THR

B TKR

B T-kyphoplasty fusion
TLIF

TSR

Figure 1: Distribution of Surgical Procedures. Distribution of participants across the included surgical procedure groups. Val-
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ues represent the number and percentage of participants in each group. ACDF, anterior cervical discectomy and fusion; ADR,
artificial disc replacement; PLIF, posterior lumbar interbody fusion; rTSR, reverse total shoulder replacement; THR, total hip re-

placement; TKR, total knee replacement; TLIF, transforaminal lumbar interbody fusion; TSR, total shoulder replacement.

The postoperative group included 51 men and 108 women with a mean age of 60.2 + 10.2 years who had previously undergone
arthroscopy, arthrodesis, or arthroplasty involving the spine or upper- or lower-extremity joints (Figure 1). The control group
comprised 17 men and 21 women with a mean age of 52.2 + 10.0 years. All participants were screened for eligibility before parti-
cipation, and written informed consent was obtained. The study protocol was approved by the Institutional Ethics Committee

and conducted in accordance with the Declaration of Helsinki.

Participants

Participants were eligible for inclusion if they had previously undergone arthroscopy, arthrodesis, or arthroplasty involving the
spine or upper or lower extremity joints; were at least 1 year postoperatively; and were able to walk independently without us-
ing an assistive device. Participants were also required to have no severe medical comorbidities that could substantially limit

their mobility or functional performance.

Participants were excluded if they had advanced joint disease, severe osteoporosis, active hip or knee range-of-motion limita-
tions of <90°, a history of stroke or other neurological disorders, visual impairments affecting mobility, or neuromuscular con-
ditions influencing gait performance. Individuals using assistive walking devices, narcotics, or medications associated with
dizziness or impaired balance, including sedatives, antidepressants, antipsychotics, and antiseizure medications, were also ex-
cluded. Additional exclusion criteria included the presence of pacemakers, high fall risk, or inability to understand verbal or

written instructions.

Outcome measures

Pain assessment

Pain perception was assessed using two 100-mm visual analog scales (VASs). The first scale measured anticipated pain before
walking (AVAS), and the second assessed pain experienced during walking (TVAS). The participants completed the AVAS im-
mediately before the walking trials and the TVAS immediately after completing the walking assessment. The VAS is a widely

used and reliable measure for assessing pain intensity and pain-related perception [35].

PWS assessment

PWS was assessed using a standardized 10-meter walkway protocol. A central 6-meter walking zone was used for the timed
measurements, with 2-meter acceleration and deceleration zones positioned at each end to minimize the influence of gait initia-
tion and termination. The participants were instructed to walk at a comfortable self-selected speed, and the walking time was re-
corded using a stopwatch. Each participant completed two walking trials. PWS was calculated by dividing the 6-meter walking

distance by the mean trial completion time and expressed in meters per second (m/s).

STS assessment

Functional lower extremity performance was assessed using the STS in 30s (STS-30s). The participants performed repeated STS
movements from a standardized chair with a seat height of 46 cm, armrest height of 68 cm, seat depth of 45 cm, and backrest
height of 83 cm. The testing procedures followed standardized recommendations [34]. The participants were instructed to sit

upright without contacting the backrest, with their arms crossed over the chest, feet positioned shoulder-width apart, and knees

Annex Publishers | www.annexpublishers.com Volume 4 | Issue 1



6 Journal of Physical Medicine & Rehabilitation Studies

maintained at approximately 90° flexion. Participants unable to stand independently were permitted to use armrests for assis-

tance. Following two to three practice repetitions, participants completed one recorded 30-s trial.

Statistical analysis

Statistical analyses were performed using SPSS version 25 (IBM Corp., Armonk, NY, USA) and Jamovi version 2.7.16. Continu-
ous variables are presented as means + standard deviations, and categorical variables as frequencies and percentages. Data nor-
mality was assessed using the Shapiro-Wilk test. Independent-sample t-tests were used to compare the postoperative patients
with healthy controls. Multivariate linear regression analyses were performed to examine the factors associated with PWS and

STS-30s performance.

Results
Patient demographics

(Table 1) presents the demographic characteristics of the participants. The control group had a mean age of 50.28 + 9.26 years,
mean height of 165.5 + 7.67 cm, mean weight of 80.78 + 21.89 kg, and mean body mass index (BMI) of 29 + 6.25 kg/m>. The av-

erage age of postoperative cohort exceeded that of the control group.

Table 1: Descriptive statistics of the voluntary participants

N Minimum Maximum Mean SD
Age (years) 106 40 84 60.566 11.51729
Height (cm) 106 1 40.00 187 162.283 10.75153
Weigt (kg) 106 57.71 112 80.0823 12.28893
Body mass index (kg/m2) 106 22.7 41.6 30.3636 4.25476
Postoperative years 106 1 9 4.2736 1.90004
Valid N (listwise) 106

Males, n = 33 (31.1%); Females, n = 73 (69%); SD, standard deviation.

Group differences in functional outcomes

(Table 2) presents the analysis of variance results demonstrating significant differences in PWS, AVAS, TVAS, and STS-30s per-
formance across surgical procedures and anatomical regions. Participants who underwent shoulder arthroscopy and anterior
cervical discectomy and fusion (ACDF) exhibited a higher mean PWS, whereas those who underwent transforaminal lumbar in-
terbody fusion (TLIF) exhibited a lower mean PWS.

Participants who underwent THR reported higher anticipated pain scores than those in the other surgical groups, whereas the
lowest AVAS scores were observed following shoulder arthroscopy. Similarly, participants who underwent knee arthroscopy re-
ported higher TV AS scores, whereas those who underwent total shoulder replacement (TSR) and reverse total shoulder replace-

ment (rTSR) demonstrated lower TVAS values.

Participants who underwent ACDF exhibited higher STS-30s performance, followed by those who underwent TSR and posteri-
or lumbar interbody fusion (PLIF), whereas lower STS-30s performance was observed in participants who underwent THR and
TKR.
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Table 2: Distinct clinical parameters across various surgical procedures of the spine and upper and lower extremities

Knee | yHR(n| TSR (n | rTSR (n | ShOUlder fpooin
arthroscopy | 6) ~7) —6) arthroscopy | 106 P-value
(n=13) - - - (n=12) -

Dependent | ACDF(n | ADR (n | PLIF (n | TLIF (n | TKR (n
variable =11) =8) =17) =7) =19)

PWSXx SD | 1.2(0.3) | 0.8(0.2) | 0.9(0.2) | 0.7 (0.0) | 0.8 (0.1) 1.0(0.2) |0.7(0.1) | 0.9(0.0) | 1.1(0.4) 1.4 (0.5) 1.0 (0.3) | <0.0011

Range 0.7-1.5 | 0.7-1.2 | 0.7-1.3 | 0.6-0.8 | 0.6-1.1 0.8-1.3 0.6-0.9 | 0.8-0.9 | 0.8-1.4 0.9-1.8 0.6-1.8

AVASX

D 3.6(2.3) | 6.0(0.0) | 5.6(1.4) | 4.1(1.5) | 47(1.5)| 69(2.6) |8.0(0.0)|6.0(0.0) 50(2.2) | 3.0(2.5) |5.2(22)]<0.0011

Range 1.0-8.0 | 6.0-6.0 | 3.0-7.0 | 1.0-5.0 | 1.0-7.0 1.0-8.0 8.0-8.0 | 6.0-6.0 | 3.0-7.0 0.0-6.0 0.0-8.0

AVAS X

SD 2.2(0.9) | 2.6(0.5) |3.0(2.1)|2.4(0.8)|26(1.6)| 3.5(1.1) |3.0(0.0)]3.0(0.0)| 1.0(0.0) 1.0 (0.0) |2.5(1.4) | <0.0011

Range 1.0-4.0 | 2.0-3.0 | 1.0-7.0 | 1.0-3.0 | 1.0-5.0 1.0-4.0 3.0-3.0 | 3.0-3.0 | 1.0-1.0 1.0-1.0 1.0-7.0

30-STSx 10.8 12.9 11.1 14.6 11.9
SD 15.8 (1.1) (1.6) (2.5) 2.7) 9.2(l.6) | 11.9(24) |8.7(2.0) 2.1) 12.0 (1.5) | 12.6(1.6) 2.8) <0.0011

Range 14.0-17.0 | 7.0-12.0 | 8.0-17.0 | 6.0-15.0 | 6.0-12.0| 7.0-16.0 |6.0-12.0 | 12.0-8.0 | 11.0-14.0 | 10.0-15.0 |6.0-18.0

PWS and STS-30s performance

(Table 3) presents the descriptive statistics for PWS and STS-30s performance in the postoperative and control groups. The
mean and median PWS values were 0.96 and 0.86 m/s in the postoperative group and 1.40 and 1.44 m/s in the control group, re-
spectively. The mean and median STS-30s repetitions were 11.92 and 12.00 repetitions in the postoperative group and 16.90

and 16.00 repetitions in the control group, respectively.

Table 3: Descriptive statistics of PWS and ability to 30-STS

Group N Mean Median SD SE
PWS Control 32 1.403 1.445 0.297 0.053
Patient 106 0.969 0.86 0.319 0.031
30-STS Control 32 16.906 16 2.821 0.499
Patient 106 11.925 12 2.824 0.274

CwWs

OPERATION TYPE

Figure 2: Comfortable Walking Speed by Surgical Procedure. Mean comfortable walking speed (CWS) according to surgical
procedure type. ACDF, anterior cervical discectomy and fusion; ADR, artificial disc replacement; CWS, comfortable walking
speed; PLIF, posterior lumbar interbody fusion; rTSR, reverse total shoulder replacement; THR, total hip replacement; TKR, to-

tal knee replacement; TLIF, transforaminal lumbar interbody fusion; TSR, total shoulder replacement.
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CWS

OPERATION TYPE

Figure 3: Sit-to-Stand Performance by Surgical Procedure. Mean STS-30s performance according to the surgical procedure
type. ACDF, anterior cervical discectomy and fusion; ADR, artificial disc replacement; PLIF, posterior lumbar interbody fu-
sion; rTSR, reverse total shoulder replacement; THR, total hip replacement; TKR, total knee replacement; TLIF, transforaminal

lumbar interbody fusion; TSR, total shoulder replacement; STS, sit-to-stand.

(Figures 2,3) illustrate the group differences in PWS and STS-30s performance. Independent-sample t-tests demonstrated signi-
ficant between-group differences in both outcomes (p < 0.001) (Table 4).

Table 4: Comparison between the control and patient groups using the independent sample t-test

95%
‘ i Sig. (two- Mean SE confidence
tailed) difference | difference | interval of the
difference
Lower limit U.pp.e r
limit
Equal
PWS variances 6.86 | 136 0 0.43488 0.0634 0.30951 0.56025
assumed
Equal
variances not | 7.126 | 54.358 0 0.43488 0.06103 0.31254 0.55722
assumed
30-STS Equal
- variances 8.748 | 136 0 498172 0.56948 3.85554 6.10791
ability
assumed
Equal
variances not | 8.753 | 51.209 0 498172 0.56916 3.83919 6.12425
assumed

Factors associated with PWS

(Table 5) presents the results of the multivariate regression analysis examining the factors associated with PWS. The regression

model explained approximately 53.8% of the variance in PWS (R* = 0.54).

Older age, BMI, and higher AVAS scores were associated with slower walking speed, whereas higher STS-30s performance was
associated with faster walking speed. Surgical procedures involving the lumbar spine and lower extremities were associated

with lower PWS values than those involving the cervical spine and upper extremities. Sex, TVAS score, and postoperative dura-

Annex Publishers | www.annexpublishers.com Volume 4 | Issue 1



9 Journal of Physical Medicine & Rehabilitation Studies

tion were not significantly associated with PWS in the regression model.

Because surgical procedure type and anatomical region are conceptually related variables, the regression findings should be in-

terpreted cautiously.

Table 5: Results of linear regression analysis for predicting PWS

Predictor Estimate SE t P-value
Intercept ’ 1.911 0.221 8.657 <0.001
Age 0.009 0.002 4.526 <0.001
Sex
Female-male 0.03 0.054 0.553 0.582
BMI 0.017 0.006 2.803 0.006
AVAS 0.04 0.011 3.516 <0.001
TVAS 0.035 0.018 1.894 0.061
30-STS 0.04 0.009 4.363 <0.001
Postoperative years 0.007 0.012 0.565 0.573
Group
Lower part-upper part 0.009 0.073 0.127 0.899
Middle part-upper part 0.242 0.061 3.97 <0.001

’ Represents reference level, R =.733 R*> = 0.538

Discussion

This cross-sectional pilot study demonstrated substantial heterogeneity in functional performance across different orthopedic
surgical procedures and anatomical regions. Postoperative patients demonstrated significantly slower PWS and lower STS-30s
performance than the control group. Approximately 12% of patients walk at speeds < 0.60 m/s, a threshold previously associat-
ed with an increased risk of mobility limitation, falls, hospitalization, and reduced quality of life [1-5]. Thus, functional mobili-
ty limitations may persist in some individuals following orthopedic surgery, which supports the potential value of continued

functional assessment using performance-based outcome measures, such as the PWS and STS.

A major finding of this study was the observed variability in the PWS and STS performance across different surgical proce-
dures. Procedures involving the lumbar spine and lower extremities, particularly PLIF, TLIF, total TKR, and THR, demonstrat-
ed lower functional performance than the cervical spine and shoulder procedures, which generally demonstrated relatively pre-
served locomotor performance. These findings are generally consistent with those of previous studies on gait and functional
mobility limitations following lumbar fusion and lower-extremity arthroplasty, even in the presence of pain reduction and

structural stabilization [10-18].

The observed differences may partially reflect the different biomechanical and functional demands imposed on locomotor per-
formance across anatomical regions. Procedures involving the lumbar spine may influence trunk mobility and pelvic rotation,
which are factors associated with gait efficiency, dynamic balance, and walking economy [15-18]. Similarly, hip and knee
arthroplasty involves major weight-bearing joints that contribute to propulsion, shock absorption, stride length, and transition-

al movements that require lower-extremity strength [13,14]. Therefore, reduced walking speed after these procedures may be as-
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sociated with residual biomechanical adaptations, altered movement strategies, muscular weakness, pain-related movement

modifications, or protective gait behaviors.

In this study, compared to lumbar spine and lower extremity procedures, cervical spine and shoulder procedures demonstrated
relatively preserved walking performance. These findings may be explained by the relatively lower direct involvement of the cer-
vical spine and upper extremity procedures in PWS, although postoperative pain, movement limitations, and altered coordina-
tion may still contribute to gait impairment. Previous studies evaluating cervical spine surgery outcomes have reported incon-
sistent findings, with some demonstrating improvements in dynamic stability and others reporting continued locomotor limita-
tions [24-29]. Our findings show that functional performance varies following surgical procedures performed across different
anatomical regions. The moderate correlation observed between the PWS and STS-30s performance shows that these measures
may share common functional and neuromuscular contributors related to locomotion and lower extremity performance. Simi-
lar associations between walking speed and STS-30s ability have been previously reported, supporting the concept that both
measures reflect multidimensional functional capacity, including strength, balance, coordination, and endurance [30-32]. Im-
portantly, these associations remain relevant across heterogeneous orthopedic populations involving different anatomical re-

gions.

A higher BMI was also associated with slower walking speed, consistent with previous evidence demonstrating that increased
body mass may increase energy expenditure during walking and negatively influence gait economy [35, 36, 38, 39]. Interesting-
ly, age and postoperative duration were not significantly associated with walking speed after adjusting for surgical procedure
type. Thus, the mobility performance within this cohort may have been more closely related to procedure-specific functional
and biomechanical factors than to chronological age or time since surgery. The reduced walking performance observed in some
surgical groups, despite the relatively long postoperative duration, may reflect ongoing functional limitations, altered move-

ment strategies, or variability in postoperative rehabilitation and physical conditioning.

Pain-related effects were also evident. The participants reported higher AVAS scores than TVAS scores, which may reflect
pain-related expectations or movement-related apprehension. Psychological factors such as fear of movement, catastrophizing,
and pain-related avoidance behaviors have been associated with reduced mobility and persistent postoperative disability [40,
41]. These findings highlight the potential interaction between pain-related perceptions and physical performance, and support
the consideration of psychologically informed rehabilitation approaches alongside conventional strengthening and biomechani-

cal interventions.

From a rehabilitation perspective, the present findings support the potential clinical utility of incorporating PWS and STS as-
sessments in postoperative evaluations. These measures may provide complementary indicators of mobility limitations that can-
not be fully captured by joint-specific outcome measures alone. Functional performance was lower following lumbar spine, hip,
and knee procedures, indicating that some individuals may benefit from continued gait-focused rehabilitation, lower extremity

strengthening, endurance training, and pain management strategies beyond the early postoperative period.

This study has some limitations. First, the cross-sectional design precluded causal interpretation and did not permit the evalua-
tion of functional changes over time. Second, convenience sampling and unequal representation of surgical procedures may
limit the generalizability and contribute to subgroup imbalances. Third, the variability in rehabilitation exposure and postopera-
tive duration may have contributed to the observed functional heterogeneity. Fourth, the type of surgical procedure and ana-
tomical region were conceptually related variables that should be considered when interpreting the regression findings. Finally,
the control group was younger than the postoperative cohort, which may have introduced age-related confounding factors de-
spite statistical adjustment. Future longitudinal studies incorporating preoperative baseline measures, standardized rehabilita-
tion protocols, and detailed biomechanical gait analyses are warranted to clarify procedure-specific differences in postoperative

functional performance.
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Conclusions

Postoperative mobility varied according to the orthopedic surgical procedures and anatomical regions. Procedures involving
the lumbar spine, hip, and knee were associated with slower PWS and lower STS performance than those involving the cervical
spine and upper extremities. Mobility differences in this cohort may be more closely associated with surgical procedure charac-

teristics than with demographic variables or postoperative duration.

These findings support the potential clinical utility of the PWS and STS assessments as complementary measures for postopera-
tive evaluation and rehabilitation monitoring. Incorporating these performance-based measures into physiotherapy assess-
ments may help identify mobility limitations and assist in guiding individualized rehabilitation strategies following orthopedic

surgery.

Acknowledgments

The authors acknowledge the valuable contributions of Dr. Ahnaf Arnaout FRCS., Dr. Habeeb Azhar FRCS, and Dr. Majeid
Ghaderi, FRCS, Head of the Orthopedic Department at DarAlshifa Hospital. We would like to thank Editage (www.editage.-
com) for the English language editing and journal submission support. The authors authorize the submission of this

manuscript.

Funding

This research did not receive any specific grants from funding agencies in the public, commercial, or not-for-profit sectors.

Declarations of interest

None

Declaration of generative Al in scientific writing

None

Ethical Approval and Informed Consent

This study was performed in accordance with the principles of the Declaration of Helsinki, and the Institutional Review Board
of Dar Al Shifa Hospital approved the protocol for data acquisition and patient participation (approval no.:
DASH?HIM/006/0222). All participants were screened for eligibility and signed consent forms.

Consent for publication

Not applicable

Availability of data and materials

The datasets used and/or analyzed in the current study are available from the corresponding author upon reasonable request.

Annex Publishers | www.annexpublishers.com Volume 4 | Issue 1



12 Journal of Physical Medicine & Rehabilitation Studies

Authors’ contributions

S.M.A.: Conception, design, data analysis, interpretation, and drafting of the manuscript; N.S. and F.R.: Data acquisition and ex-
amination of participants based on the inclusion and exclusion criteria. T.A.: Study design, statistical analysis, and interpreta-

tion of results. All the authors have read and approved the final version of the manuscript.

Annex Publishers | www.annexpublishers.com Volume 4 | Issue 1



13 Journal of Physical Medicine & Rehabilitation Studies

References
1. Fritz SP, Lusardi MM (2009) White paper: Walking speed: The sixth vital sign. ] Geriatr Phys Ther 32: 46-49.
2. Studenski S, Perera S, Patel K, Rosano C, Faulkner K, et al. (2011) Gait speed and survival in older adults. JAMA 305: 50-58.

3. Montero-Odasso M, Schapira M, Soriano ER, Varela M, Kaplan R, et al. (2005) Gait velocity as a single predictor of adverse
events in healthy seniors aged 75 years and older. ] Gerontol A Biol Sci Med Sci 60: 1304-1309.

4. Cawthon PM, Patel SM, Kritchevsky SB, Newman AB, Santanasto A, et al. (2021) What cut-point in gait speed best discrimi-
nates community-dwelling older adults with mobility complaints from those without? A pooled analysis from the sarcopenia

definitions and outcomes consortium. ] Gerontol A Biol Sci Med Sci 76: e321-e327.

5. Ossowski Z (2022) Quantitative and qualitative criteria for assessing gait speed in women aged 60-75 years: A pilot study.
Balt ] Health Phys Act 14: 6.

6. Verhaar JB (2021) Degenerative and inflammatory joint diseases. StatPearls.

7. Saunders JB, Inman VT, Eberhart HD (1953) The major determinants in normal and pathological gait. ] Bone Joint Surg Am
35: 543-548.

8. Ritsuno Y, Morita M, Mukaino M, Otsuka K, Kanaji A, et al. (2024) Determinants of gait parameters in patients with severe
hip osteoarthritis. Arch Phys Med Rehabil 105: 343-351.

9. Matuszewska A, Syczewska M (2023) Analysis of the movements of the upper extremities during gait: Their role for the dy-
namic balance. Gait Posture 100: 82-90.

10. Bahrilli T, Topuz S (2022) Does immobilization of the shoulder in different positions affect gait? Gait Posture 91: 254-259.

11. Haverkamp D, den Noort JC (2021) Limited knee extension during gait after total knee arthroplasty is related to a low Ox-
ford knee score. Knee 33: 176-184.

12. Heiberg KE, Beckmann M, Bruun-Olsen V (2024) Prediction of walking speed one year following hip fracture based on
pre-fracture assessments of mobility and physical activity. BMC Geriatr 24: 358.

13. Marino G, De Capitani F, Adamo P, Bolzoni L, Gatti R, et al. (2024) Long-term gait analysis in patients after total knee

arthroplasty: A systematic review and meta-analysis. Gait Posture 113: 75-98.

14. Wang Y, Owen A, Franks A, Ackerman I, Fitzgerald SM, et al. (2023) Functional outcomes following knee replacement in
community-dwelling older adults. BMC Geriatr 23: 261.

15. Yu X, Zhuang R, Jin P (2024) Evaluation of the efficacy after total knee arthroplasty by gait analysis in patients with knee os-
teoarthritis: A meta-analysis. ] Orthop Surg Res 19: 612.

16. Bahadori S, Middleton RG, Wainwright TW (2022) Using gait analysis to evaluate hip replacement outcomes: Current use
and future importance. Healthcare (Basel) 10: 2018.

17. Bailey CA, Hill A, Graham RB, Nantel J (2022) Effects of arm swing amplitude and lower limb asymmetry on motor variabil-

Annex Publishers | www.annexpublishers.com Volume 4 | Issue 1



14 Journal of Physical Medicine & Rehabilitation Studies

ity patterns during treadmill gait. ] Biomech 130: 110855.
18. Negishi T, Ogihara N (2023) Regulation of whole-body angular momentum during human walking. Sci Rep 13: 8000.

19. Negishi T, Ogihara N (2023) Functional significance of vertical free moment for generation of human bipedal walking. Sci
Rep 13: 6894.

20. Bahrilli T, Topuz S (2022) Does immobilization of the shoulder in different positions affect gait? Gait Posture 91: 254-259.

21. Ozkal O, Erdem MM, Kismet K, Topuz S (2020) Comparison of upper limb burn injury versus simulated pathology in
terms of gait and footprint parameters. Gait Posture 75: 137-141.

22. Mobbs R]J (2020) Gait velocity (walking speed) is an indicator of spine health and an objective measure of pre- and post-in-

tervention recovery for spine care providers. ] Spine Surg 6: 353-355.

23. Chen SR, LeVasseur CM, Como CJ, Couch BK, Talentino SE, et al. (2023) Dynamic changes in lumbar spine kinematics
during gait may explain improvement in back pain and disability in patients with hip-spine syndrome. Spine 48: 867-873.

24.JiR, Liu X, Liu Y, Yan B, Yang J, et al. (2024) Kinematic difference and asymmetries during level walking in adolescent pa-
tients with different types of mild scoliosis. Biomed Eng Online 23: 22.

25. Holewijn RM, Kingma I, de Kleuver M, Schimmel J], Keijsers NL (2017) Spinal fusion limits upper body range of motion

during gait without inducing compensatory mechanisms in adolescent idiopathic scoliosis patients. Gait Posture 57: 1-6.

26. Wang C, Li X, Guo Y, Du W, Guo H, et al. (2022) The kinematic and kinetic responses of the trunk and lower extremity
joints during walking with and without the spinal orthosis. Int ] Environ Res Public Health 19: 6952.

27. Zhou C, Li G, Wang C, Wang H, Yu Y, et al. (2021) In vivo intervertebral kinematics and disc deformations of the human
cervical spine during walking. Med Eng Phys 87: 63-72.

28. Cheng YS, Chien A, Lai DM, Lee YY, Cheng CH, et al. (2020) Perturbation-based balance training in postoperative individ-

uals with degenerative cervical myelopathy. Front Bioeng Biotechnol 8: 108.

29. Haddas R, Derman PB (2020) Cervical decompression surgery normalizes gait ground reaction forces in patients with cervi-

cal spondylotic myelopathy. Spine 45: E1134-E1141.

30. Haddas R, Ju KL, Boah A, Kosztowski T, Derman PB (2019) The effect of surgical decompression on functional balance test-
ing in patients with cervical spondylotic myelopathy. Clin Spine Surg 32: 369-376.

31. Haddas R, Lieberman I, Arakal R, Boah A, Belanger T, et al. (2018) Effect of cervical decompression surgery on gait in adult
cervical spondylotic myelopathy patients. Clin Spine Surg 31: 435-440.

32. Khattak ZK, Jiao X, Hu T, Shao Q, Sun X, et al. (2023) Investigation of gait and balance function in cervical spondylotic
myelopathy patients using wearable sensors. Spine J 23: 1127-1136.

33. Lee DH, Yoo JY, Cho JH, Hwang CJ, Lee CS, et al. (2021) Subclinical gait disturbance and postoperative gait improvement
in patients with degenerative cervical myelopathy. Sci Rep 11: 11179.

34. Malone A, Meldrum D, Bolger C (2015) Three-dimensional gait analysis outcomes at 1 year following decompressive

Annex Publishers | www.annexpublishers.com Volume 4 | Issue 1



15 Journal of Physical Medicine & Rehabilitation Studies

surgery for cervical spondylotic myelopathy. Eur Spine ] 24: 48-56.

35. Azharuddin M, Zia NU (2021) Correlation between 30-second STS ability, dynamic balance, gait speed, and quality of life
in stroke population: A pilot study. Bull Fac Phys Ther 26: 1-6.

36. Steinbrink GM, Martinez ], Swartz AM, Strath SJ (2023) STS power is a stronger predictor of usual gait speed compared to
knee extension strength. Med Sci Sports Exerc 55: 888.

37. Price DD, McGrath PA, Rafii A, Buckingham B (1983) The validation of visual analogue scales as ratio scale measures for

chronic and experimental pain. Pain 17: 45-56.

38. Koinis L, Maharaj M, Natarajan P, Fonseka RD, Fernando V, et al. (2024) Exploring the influence of BMI on gait metrics: A

comprehensive analysis of spatiotemporal parameters and stability indicators. Sensors (Basel) 24: 6484.

39. Browning RC, Kram R (2007) Effects of obesity on the biomechanics of walking at different speeds. Med Sci Sports Exerc
39:1632-1641.

40. Al-Obaidi SM, Al-Zoabi B, Al-Shuwaie N, Al-Zaabie N, Nelson RM (2003) The influence of pain and pain-related fear and
disability beliefs on walking velocity in chronic low back pain. Int ] Rehabil Res 26: 101-108.

41. Beebe JA, Kronman C, Mahmud F, Basch M, Hogan M, et al. (2021) Gait variability and relationships with fear, avoidance,
and pain in adolescents with chronic pain. Phys Ther 101: pzab012.

Annex Publishers | www.annexpublishers.com Volume 4 | Issue 1



16 Journal of Physical Medicine & Rehabilitation Studies

' Submit your next manuscript to Annex Publishers and !
i benefit from: :
. » Easy online submission process :
1 » Rapid peer review process :
' » Online article availability soon after acceptance for Publication !
' » Open access: articles available free online :
' » More accessibility of the articles to the readers/researchers within the field :
' » Better discount on subsequent article submission !
1 1
1 1
1 1
1 1

Submit your manuscript at
http://www.annexpublishers.com/paper-submission.php

Annex Publishers | www.annexpublishers.com Volume 4 | Issue 1


http://www.annexpublishers.com/paper-submission.php

