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ABSTRACT

Background: Lower Back Pain [LBP) is a frequently reported global health issue, LPB can cause biomechanical disturbances in
the gait cycle, including reduced speed, increased step asymmetry, and postural stability disturbances, which can increase the
risk of falls and decrease the quality of life of the sufferers. This review aimed to explore changes in the gait cycle in individuals
with LBP compared to those without LBP, focusing on biomechanical aspects such as spatiotemporal and kinetic parameters.

Methods: This study uses a literature review method. Articles were searched through Pubmed and Google Scholar using the
keywords "low back pain," "non-specific low back pain," "gait analysis," and "gait cycle." This literature search employed
Boolean logic "OR" and "AND",

Results: The majority of the seven journals reviewed indicate that non-specific low back pain (NSLBP) causes significant
changes in the gait cycle, including decreased speed and stride length, increased movement asymmetry, and reduced trunk
variability and stability. These changes are influenced by pain, motor control disturbances, biomechanical compensation, and
psychological factors such as kinesiophabia.

Conclusion: This literature review showed that individuals with non-specific low back pain (NSLBP) experienced significant
changes in their gait cycle profile, including reduced stride length, walking speed, joint moments, as well as movement

variability and stability.
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Introduction

Low back pain (LBP) represents one of the most
prevalent public health concerns worldwide.'.? According to
the Global Burden of Disease Study 2017, the global
prevalence of LBP was estimated at 7.5%." Clinically, LBP is
characterized by pain accompanied by muscle stiffness or
tension, typically localized between the lower rib cage and
the buttocks, with or without radiation along the sciatic
nerve.? If left untreated, this condition may lead to reduced
mobility, diminished quality of life, and an increased risk of
disability.

LBP has emerged as the leading cause of years lived
with disability (YLDs) worldwide, accounting for 64.9 million
cases in 2017, surpassing diabetes (38.6 million), chronic
obstructive pulmonary disease (30.6 million), and other
chronic conditions.®> Multiple factors, including poor posture,
injury, disc degeneration, musculoskeletal disorders, and
population aging, contribute to the high prevalence of LBP. A
major consequence of LBP is biomechanical disruption,
which adversely affects the gait cycle.

The gait cycle is a series of body movements that
produce rhythmic, systematic, and coordinated forward
movement.® Studies show that individuals with LBP
experience biomechanical changes during walking, such as
reduced walking speed, increased step asymmetry, and
impaired postural stability.>® These changes can increase the
risk of falling and worsen the quality of life of sufferers.” A
better understanding of LBP affecting the gait cycle is
essential in physical therapy and musculoskeletal
rehabilitation.

By understanding these biomechanical changes,
specific interventions, such as functional therapy and
biofeedback, can be developed to enhance the effectiveness
of treatment. Although the relationship between LBP and
changes in the gait cycle has been extensively studied, there
remain significant variations in the results of previous
research.® Therefore, further research is needed to integrate
biomechanical analysis with psychosocial aspects to
comprehensively understand the impact of LBP on the gait
cycle. This review aims to explore changes in the gait cycle in
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individuals with LBP compared to those without LBP,
focusing on biomechanical aspects such as spatiotemporal
and kinetic parameters. This understanding is expected to
provide comprehensive insights into the relationship
between LBP and the gait cycle, as well as support the
development of more effective rehabilitation strategies,
including neuromuscular-based interventions and
biomechanical-psychosocial approaches.

Methods

This study uses a literature review method. The
research was conducted using secondary data from scientific
articles obtained through PubMed and Google Scholar.
Literature search was conducted using keywords such as
“low back pain,” “nonspecific low back pain,” “gait,” and
“gait cycle” combined with Boolean operators. The Inclusion
criteria included articles published within the last 10 years,
from credible peer-reviewed journals, using quantitative,
experimental, observational, or cross-sectional study
designs, and discussing gait cycle characteristics in
individuals with non-specific LBP. Exclusion criteria include
studies on specific LBP, articles older than 10 years, reviews,
editorials, letters to the editor, conference abstracts, or
articles without full access, and studies that do not mention
or analyze gait cycle parameters. Data was extracted by
summarizing data grouped in a table including journal
authors, journal titles, research methods, and research
results.
Results

” o«

Based on an analysis of seven reviewed journals, it
was found that the majority of studies showed significant
changes in gait cycle profiles in individuals with NSLBP. Six of
the seven journals reported that NSLBP was associated with
changes in gait parameters such as reduced walking speed,
shorter stride length, increased movement asymmetry, and
reduced trunk variability and stability during walking. These
changes are primarily caused by pain, motor control
impairments, biomechanical compensation, and
psychological factors such as kinesiophobia.

Specifically, Karimi et al., compared kinematic and
kinetic gait analysis between individuals with non-specific
chronic low back pain (NCLBP) and healthy individuals.
Although no significant differences were found in
spatiotemporal parameters and joint range of motion
(ROM), the study showed that NCLBP patients experienced
reduced moments at the hip, knee, and ankle joints.?

Castro-Méndez et al., conducted a study using the
OptoGait system (an optical gait analysis tool) to analyze
spatiotemporal gait parameters in patients with chronic low
back pain (CLBP) and a healthy control group. The results
showed that CLBP patients experienced significant changes
in step length, walking speed, and cadence.’

Research by Zheng et al investigated the
relationship between central sensitization (CS) or increased
neuronal response in the central nervous system to sensory
stimuli and gait characteristics in patients with CLBP using a

machine learning approach and data from accelerometers
worn for one week during daily activities. The results
showed that patients with high CS levels exhibited more
regular, less variable, and more predictable gait patterns,
reflecting rigid and protective motor control strategies.
Conversely, patients with low CS levels demonstrated more
adaptive and flexible motor control strategies, characterized
by smoother and more stable gait patterns. This study
emphasizes that these differences in motor strategies reflect
the body's response to increased pain sensitivity.'°

In Nishi et al. study explored trunk variability and
stability during walking in CLBP patients both in the
laboratory and in real-life environments. Using
accelerometers, they found that CLBP patients exhibited
reduced trunk variability and stability, particularly in
unstructured environments. These findings suggest that the
environment influences motor control and that these
changes are closely related to pain intensity, fear of
movement (kinesiophobia), and reduced quality of life.™

Chinpeerasathian et al., compared lower extremity
kinematics between individuals with NCLBP and healthy
individuals. Using 3D motion analysis and dividing the stance
phase into four subphases, it was found that the NCLBP
group experienced reduced movement in the hip and knee
joints and increased movement in the rearfoot (back heel).
Additionally, their walking speed was significantly slower.
These changes reflect biomechanical adaptations to pain,
which may be caused by motor limitations, neuromuscular
control dysfunction, and protective strategies to avoid pain
during walking.*?

The study by Lee & Sung (2021) focused on
comparing movement asymmetry between individuals with
NCLBP and healthy individuals using the kinematic similarity
index (KSI), a quantitative measure used to assess the
similarity of movement patterns (kinematics) between two
conditions or between different individuals. The results
showed that individuals with NCLBP had lower levels of
bilateral movement similarity, particularly during the
midstance and swing phases. These findings indicate that
neuromuscular control impairments in NCLBP patients lead
to unbalanced or asymmetrical walking patterns, which
impact the efficiency and stability of their gait. This index can
be used to detect and monitor quantitative changes in gait
function in a clinical context.™

Meanwhile, research by Tsigkanos et al (2021) used
a non-linear approach to evaluate pelvic and lumbar spine
movement variability during walking in patients with LBP.
Using the Maximal Lyapunov Exponent (LyE), a measure of
dynamic stability of the musculoskeletal system, and
Approximate Entropy (ApEn), a measure of complexity and
predictability of time-series patterns in walking movements,
it was found that individuals with LBP exhibited lower
movement variability compared to the healthy control
group. These findings suggest that LBP patients develop a
stiffer walking pattern, likely as a protective response to
pain, thereby reducing their ability to adapt to disturbances.



Table 1. Results summary of the gait cycle profile in individuals with non-specific low back pain

Authors

Study Design

Population

Sample Size

Methods

Main Results

Karimi et al. (2025)®

Castro-Méndez et al.
(2021)°

Zheng et al. (2022)*

Nishi et al. (2021)**

Chinpeerasathian et
al. (2023)*

Lee & Sung (2021)"

Tsigkanos et al.
(2022)*

Cross-sectional

Case—control

Observational

Cross-sectional

Cross-sectional

Case—control

Cross-sectional

Patients with NSCLBP
and healthy individuals

CLBP patients  and
healthy individuals

CLBP patients
(with/without CS)

CLBP patients  and
controls

CNLBP and healthy
patients

NSCLBP patients and

healthy individuals

LBP patients and healthy
subjects

40

147 (75 vs 72)

42

40 (20 vs 20)

26 (13 vs 13)

41 (22 vs 19)

29 (16 vs 13)

3D motion analysis, GRF
(Ground Reaction Force)

OptoGait -
spatiotemporal analysis

Accelerometer +
machine learning

Accelerometer in daily
environment

3D motion
marker

analysis,

Kinematic
Index (KSI)

Similarity

Entropy & Lyapunov of
the pelvis

There was a decrease in joint moment or a reduction in the
rotational force exerted by the muscles on the hip, knee, and ankle
joints in NSLBP patients compared to controls.

There were significant changes in stride length, stride rate, and
cadence in the CLBP group compared to the control group.

CLBP groups with high central sensitization, or increased neuronal
response in the central nervous system to sensory stimuli, exhibit a
gait pattern that is more rigid, more regular, but less varied and
stable.

Trunk movement variability and stability were significantly reduced in
real-life environments compared to laboratory settings.

A decrease in sagittal movement in the hip and knee was found, as
well as an increase in frontal movement in the rearfoot. Walking
speed also decreased.

KSI was lower in the NSLBP group, particularly in the midstance and
swing phases.

Pelvic and lumbar motion variability was lower in the LBP group than
in the control group, as measured by Lyapunov Exponent and
Approximate Entropy, indicating rigid motor control.




This study emphasizes the importance of considering
movement quality, not just quantity, in rehabilitation
approaches.'

Overall, these findings suggest that NSLBP affects
movement quality and postural stability during walking, with
variations in results influenced by measurement methods,
environmental conditions, and the clinical status of each
subject. Supporting tables or graphs can be used to clarify
these patterns of change and aid in the development of
targeted rehabilitative interventions.

Discussion

The findings from the reviewed studies indicate that
non-specific low back pain (NSLBP) affects not only basic gait
parameters, such as walking speed and stride length, but
also involves complex alterations in kinetic aspects, postural
stability, and neuromuscular coordination. These changes
appear to represent adaptive responses to pain and motor
control impairments. Reductions in walking speed, stride
length, and movement variability reflect compensatory
strategies aimed at minimizing pain, consistent with the
fear-avoidance theory. These findings are in agreement with
previous research, such as that conducted by Lamoth and
Hodges, which confirmed that chronic low back pain (CLBP)
impairs movement coordination and stability. Variability
across studies may be explained by differences in
measurement methods (laboratory-based vs. real-world
settings), participant characteristics, psychosocial influences,
and the presence of central sensitization.™

Spatiotemporal gait alterations are closely
associated with reduced joint moments at the hip, knee, and
ankle.® The inability of major lower limb muscles to
generate sufficient force results in slower and stiffer walking
patterns. Notably, these reductions in joint moments are not
solely attributable to muscle weakness but also represent
protective strategies of the nervous system to limit
potentially painful movements. The relationship between
spatiotemporal and kinetic variables highlights the need for
physiotherapy interventions that address not only muscle
strengthening but also retraining of motor recruitment
patterns.”

Bilateral movement asymmetry, as identified
through the kinematic similarity index (KSI), reflects
imbalances in load distribution across the body. Clinically,
this imbalance may accelerate musculoskeletal tissue
degeneration due to uneven loading while simultaneously
reducing dynamic stability during walking.®®*® The
interaction between asymmetry and reduced joint moments
suggests a pathological cycle: muscle weakness contributes
to uneven load distribution, and persistent asymmetry
further compromises biomechanical efficiency. Correcting
asymmetry through balance-based and neuromuscular
control exercises is therefore essential to interrupt this
cycle 2

Trunk variability and stability serve as critical
indicators of postural control quality. Reduced trunk
variability in patients with NSLBP reflects a more rigid motor
pattern, which may lower the risk of sudden pain-inducing
movements but simultaneously limits adaptive flexibility in
response to environmental challenges.?*® This issue is
particularly pronounced in unstructured real-world settings
that require dynamic motor responses. The interaction
between trunk stability and spatiotemporal parameters
suggests that impairments in proximal segments (the trunk)
exert cascading effects on distal movement patterns (the
lower extremities).?*

Psychological factors, particularly kinesiophobia,
further reinforce gait rigidity. Fear of movement prompts
patients to adopt stiffer and more asymmetrical motor
strategies, thereby exacerbating the reduction in movement
variability.  This  finding  underscores the strong
interrelationship between psychological and biomechanical
variables. Thus, while gait alterations can be quantified
through kinematic analysis, their underlying mechanisms are
not purely mechanical but also psychosocial. Consequently,
rehabilitation for patients with NSLBP should not rely
exclusively on physical exercise but should also incorporate
education and behavioral interventions.”

From a neurophysiological perspective, central
sensitization (CS) plays a key role in explaining why some
patients exhibit more rigid and predictable gait patterns. CS
heightens the sensitivity of the central nervous system to
painful stimuli, promoting defensive and protective motor
strategies. Patients with high levels of CS tend to
demonstrate monotonous and less adaptive movement
patterns, whereas those with lower CS levels are better able
to maintain motor flexibility. The association between CS
and reduced trunk variability supports the notion that
neurophysiological mechanisms amplify existing
biomechanical impairments.?

Taken together, gait disturbances in NSLBP arise
from the complex interplay of biomechanical,
neurophysiological, and psychosocial factors. The reviewed
studies are strengthened by the application of advanced gait
analysis technologies, such as three-dimensional motion
capture and accelerometers, which provide high
measurement validity for spatiotemporal and kinematic
parameters. However, limitations including heterogeneous
study designs, small sample sizes, variability in participant
characteristics, and the predominance of observational
studies without long-term interventions restrict the
generalizability of the findings. Clinically, these results
emphasize  the importance  of  multidimensional
physiotherapy interventions, including stabilization training,
muscle strengthening, fear-avoidance management, and
wearable technology-based monitoring. Future research
should focus on long-term experimental designs and
evaluations within real-world contexts to enhance functional
relevance and rehabilitation effectiveness.



Conclusions

This literature review shows that individuals with
NSLBP experience significant changes in the gait cycle, such
as a decrease in stride length, walking speed, joint moment,
as well as movement variability and stability. These changes
are related to compensation for pain, motor control
disorders, and psychosocial factors such as fear-avoidance
and central sensitization. These findings are important for
physiotherapy in designing more comprehensive and
contextual interventions. Further research is recommended
using stronger experimental designs, larger and more
representative samples, and considering additional variables
such as psychological conditions, daily activities, and
sensor-based monitoring technology. This review is expected
to serve as a scientific foundation for the development of
research and clinical practice in gait rehabilitation for
patients with NSLBP.

Funding
We wish to clarify that no grant sources or external
funding bodies provided financial support for this research.

Conflict of interest

The authors declare that there are no potential
conflicts of interest, financial or otherwise, that could be
construed as influencing the research, the preparation of the
manuscript, or the publication and dissemination of this
manuscript. All authors affirm that their participation in this
study and the preparation of this manuscript were
conducted with the highest scientific integrity and without
external pressures or personal interests that could
compromise the objectivity or validity of the reported
findings.

Author contributions

IKR developed the study design, conducted data
collection, and prepared the initial manuscript; GPK and MW
were responsible for data collection and provided revisions
to the manuscript.

Ethical consideration

This review study utilized publicly available
published articles, so informed consent and ethical approval
were unnecessary.

References

1. Chen Z, Tirosh O, Han J, Adams R, El-Ansary D, Pranata A.
Kinematic changes of the trunk and lower limbs during voluntary
lateral sway postural control in adults with low back pain.
Frontiers in Bioengineering and Biotechnology. 2024 Feb
27;12:1351913.

2. Lee D, Sung P. Gait Asymmetry Comparison between Subjects
with and without Nonspecific Chronic Low Back Pain. Symmetry.
2021 Nov 9;13(11):2129.

3. ChensS, Chen M, WuX, Lin S, Tao C, Cao H, Shao Z, Xiao G. Global,
regional and national burden of low back pain 1990-2019: A
systematic analysis of the Global Burden of Disease study 2019.
Journal of orthopaedic translation. 2022 Jan 1;32:49-58.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Hulleck AA, Menoth Mohan D, Abdallah N, El Rich M, Khalaf K.
Present and future of gait assessment in clinical practice:
Towards the application of novel trends and technologies.
Frontiers in medical technology. 2022 Dec 16;4:901331.

Smith JA, Stabbert H, Bagwell JJ, Teng HL, Wade V, Lee SP. Do
people with low back pain walk differently? A systematic review
and meta-analysis. Journal of sport and health science. 2022 Jul
1;11(4):450-65.

Smith JA, Stabbert H, Bagwell JJ, Teng HL, Wade V, Lee SP. Do
people with low back pain walk differently? A systematic review
and meta-analysis. Journal of sport and health science. 2022 Jul
1;11(4):450-65.

Nagano H, Said CM, James L, Sparrow WA, Begg R.
Biomechanical correlates of falls risk in gait impaired stroke
survivors. Frontiers in physiology. 2022 Mar 7;13:833417.

Karimi MT, Zahraee MH, Bahramizadeh M, Khaliliyan H, Ansari M,
Ghaffari F, Sharafatvaziri A. A comparative study of kinematic and
kinetic analysis of gait in patients with non-specific low back pain
versus healthy controls. Adv Med Psychol Public Health.
2025;2(2):107-16.

Castro-Méndez A, Requelo-Rodriguez 1, Pabdn-Carrasco M,
Gonzélez-Elena ML, Ponce-Blanddn JA, Palomo-Toucedo IC. A
case—control study of the effects of chronic low back pain in
spatiotemporal  gait parameters. Sensors. 2021 Aug
3;21(15):5247.

Zheng X, Reneman MF, Echeita JA, Preuper RH, Kruitbosch H,
Otten E, Lamoth CJ. Association between central sensitization
and gait in chronic low back pain: Insights from a machine
learning approach. Computers in biology and medicine. 2022
May 1;144:105329.

Nishi Y, Shigetoh H, Fujii R, Osumi M, Morioka S. Changes in trunk
variability and stability of gait in patients with chronic low back
pain: impact of laboratory versus daily-living environments.
Journal of pain research. 2021 Jun 10:1675-86.

Chinpeerasathian C, Chenboonthai W, Pensri P. Comparison of
different kinematic values of lower extremities during gait
between individuals with chronic non-specific low back pain and
healthy persons. Journal of the Medical Association of Thailand.
2023 Sep 1;106(9).

Lee D, Sung P. Gait asymmetry comparison between subjects
with and without nonspecific chronic low back pain. Symmetry.
2021 Nov 9;13(11):2129.

Tsigkanos C, Demestiha T, Spiliopoulou C, Tsigkanos G. Gait
kinematics in low back pain: A non-linear approach. Journal of
Back and Musculoskeletal Rehabilitation. 2021 Jul;34(4):707-14.
Lamoth CJ, Meijer OG, Daffertshofer A, Wuisman PI, Beek PJ.
Effects of chronic low back pain on trunk coordination and back
muscle activity during walking: changes in motor control.
European Spine Journal. 2006 Feb;15(1):23-40.

Wang J, Hu Q, Wu C, Li S, Deng Q, Tang R, Li K, Nie Y, Shen B. Gait
asymmetry variation in kinematics, kinetics, and muscle force
along with the severity levels of knee osteoarthritis. Orthopaedic
Surgery. 2023 May;15(5):1384-91.

Van Dieén JH, Reeves NP, Kawchuk G, Van Dillen LR, Hodges PW.
Motor control changes in low back pain: divergence in
presentations and mechanisms. Journal of Orthopaedic & Sports
Physical Therapy. 2019 Jun;49(6):370-9.

Wang Z, Chien JH, He C. The effect of bilateral knee osteoarthritis
on gait symmetry during walking on different heights of
staircases. Journal of Biomechanics. 2025 Mar 1;182:112583.

Lee D, Sung PS. Comparison of kinematic similarity index during
gait between adults with and without nonspecific chronic neck
pain. Gait & Posture. 2022 Jan 1;91:99-104.

Queen R, Dickerson L, Ranganathan S, Schmitt D. A novel method
for measuring asymmetry in kinematic and kinetic variables: the
normalized symmetry index. Journal of biomechanics. 2020 Jan
23;99:109531.

Si B, Zhu H, Wei X, Li S, Wu X. The mechanism of static postural
control in the impact of lower limb muscle strength asymmetry



22.

23.

24.

25.

26.

Kinesiology and
Physiotherapy
Comprehensive

on gait performance in the elderly. Peer). 2024 Jun
27;12:e17626.

Sutanto D, Ho CY, Wong SH, Yang Y. Postural stability
measurement during y-balance test increases chronic low back
pain assessment sensitivity. Gait & Posture. 2025 Sep 27:109990.
Koch C, Hansel F. Chronic non-specific low back pain and motor
control during gait. Frontiers in psychology. 2018 Nov 23;9:2236.
Hodges PW. Motor control changes in low-back pain: divergence
in presentations and mechanisms. Journal of Orthopaedic &
Sports Physical Therapy. 2018(31):1.

Kandakurti PK, Arulsingh W, S Patil S. Influence of kinesiophobia
on pain intensity, disability, muscle endurance, and position
sense in patients with chronic low back pain—a case-control
study. Trials. 2022 Jun 6;23(1):469.

Takakusaki K, Takahashi M, Noguchi T, Chiba R.
Neurophysiological mechanisms of gait disturbance in advanced
Parkinson's  disease patients. Neurology and Clinical
Neuroscience. 2023 Jul;11(4):201-17.

This work is licensed under a Creative Commons Attribution 4.0
International License.

Kinesiology and Physiotherapy Comprehensive | Violume: 4, Number: 2, Page: 64-69 | August 2025

P-155N: 2830-6317
E-155M: 2962-5491

69



