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ABSTRACT
AIM: To assess spatiotemporal gait parameters in patients with lumbar disc herniation (LDH) and chronic mechanical low back pain
(CMLBP), and compare with healthy control group.
MATERIAL and METHODS: A total of 70 patients was enrolled in this prospective, controlled cross-sectional study, of which 25
with LDH, 25 with CMLBP and 20 healthy individuals as the control group. Participants completed 10 passes on the “WIN-TRACK”
Gait Analysis Platform at their self-selected walking speed. The arithmetic mean of the five flawless walking data was used for
analysis. Pain intensity is assessed by the Visual Analog Scale (VAS).
RESULTS: The spatiotemporal gait parameters were significantly decreased in LDH and CMLBP groups than the healthy control
group, particularly in LDH groups (p≥0.001). It was found that pain intensity is negatively correlated to step and stride length,
cadence and velocity (p<0.001). Results of linear regression analysis showed that 10% of the changes in gait cycle duration of the
left extremity and 74% of the changes in the velocity were associated with pain intensity.
CONCLUSION: Pain intensity can affect the spatiotemporal gait parameters in patients with Low Back Pain (LBP). Rehabilitation
programs with gait optimization should be considered in the management of patients with LDH and CMLBP.
KEYWORDS: Lumbar disc herniation, Chronic mechanical low back pain, Spatiotemporal gait parameters, Pain, Gait analysis

█

INTRODUCTION

L

ow back pain (LBP) is considered a major health problem
worldwide. Epidemiological studies have indicated that
the 65-80% of the world’s population experiencing this
problem at any given time in their lives as well as the 95% of
this pain have been reported to be mechanical (7,13,18). Many
physical functions such as standing, sitting, traveling, walking,
social life as well as sexual activities are compromised in
patients with chronic LBP. Also, disability in daily life activities,
health-related quality of life, and functional loss are the other
consequences of chronic LBP (16,22).
Many people with CMLBP suffer from walking difficulties and
walk slower than healthy individuals. Preferred slower walking
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speed is an indicative feature of many gait disturbances and
generally signals a poor motor control (9,12,21). LDH is another
common cause of LBP which results in lower extremity pain
and numbness (2,3). With LDH radiating the pain to the spine
and legs, lower extremity functions in patients with CMLBP
are affected (1,26-29).
Gait parameters are usually measured to obtain gait
deviations and walking difficulties, make a diagnosis,
determine appropriate therapy, monitor patient progress, and
to determine the prognosis. The most common parameters
selected for gait analysis are spatiotemporal parameters
including stance duration, swing duration, double support
duration, step length, stride length, walking speed (velocity),
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Figure 1: Pedobarographic
and center of foot pressure.

capteurs, Balma, France) gait analysis platform system. The
dimensions of this device are 1610 mm × 652 mm × 30 mm
(length/width/height); the thickness of the platform is 9 mm
composed of 12288 resistive type sensors. The dimensions of
these sensors are 7.8 × 7.8 mm2, and the acquisition frequency of the apparatus is up to 200 images/s enabling digitally
recording the pedobarographic and spatiotemporal information of subjects’ gait based on the center of foot pressure
(Figure 1).

Figure 2: Analysis of spatiotemporal gait parameters on WinTrack platform.

and cadence (5,20,23,24,30). Due to the discrete nature of
alterations in gait characteristics, clinical observation may
not be adequate in detecting small changes. Therefore, many
technologies have been improved to assess the spatiotemporal
gait parameters (8,14). In this regard, this study aims to assess
the spatiotemporal gait parameters in patients with LDH and
CMLBP, and compare with healthy control group.
█

MATERIAL and METHODS

This study recruited patients diagnosed with LDH and CMLBP
between March 2016 and August 2016 at Goztepe Medical
Park Hospital, Brain and Spine Surgery Department. Prior to
conducting the investigation, ethical clearance was obtained
from the ethics committee of the Marmara University Institute
of Health Sciences (protocol no. 28.03.2016-25), and informed
consent was obtained from all participants.
The inclusion criteria for volunteers were as follows: (1)
individuals admitted to the outpatient clinic with a complaint
of back pain and the diagnosis of LDH or CMLBP by a
specialist; (2) aged 25-65 years old; and (3) individuals who
had experienced pain in the past 3 months. On the other
hand, the exclusion criteria were: (1) individuals who had been
receiving any treatment; (2) individuals with any congenital
deformity in the spine or lower extremity; (3) previous surgery;
(4) using assistive gait device; (5) balance problems due to any
central nervous system disease; and (6) pregnancy.
The analysis of the pedobarographic and spatiotemporal
gait parameters was performed using “WIN-TRACK” (Medi-
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The participants were asked to continuously walk barefoot
for ten times as straight as possible without any assistance
on the WIN-TRACK platform within the same day (Figure 2).
The five flawless walking data analyses of spatiotemporal gait
parameters were recorded and the arithmetic means were
computed for the five repetitions. Whenever they desired to
take a rest, the patients were allowed to sit in a chair.
The following parameters were recorded for both extremities:
step duration, gait cycle duration, double stance duration,
swing duration, step length, gait cycle length, gait speed
(velocity), and cadence.
The pain intensity was evaluated by a Visual Analog Scale
(VAS). VAS is usually a horizontal line, 10 cm in length,
anchored by word descriptors at each end with “No Pain”
(score of zero) on the left side up to “pain as bad as it could
be” or the “worst imaginable pain” (Score of 100 [100-mm
scale]) on the right side. The patient was asked to mark the
line point that represented his or her current pain (6,19).
All Statistical analyses were performed using Statistical
Package for Social Sciences (SPSS) version 20.0 (SPSS Inc.,
Chicago, IL, USA). P-values less than 0.05 were considered to
be statistically significant for a two-tailed test. The chi-square
test was used to compare the gender interaction between the
groups. Normality was analyzed by the Kolmogorov-Smirnov
test.
Demographic characteristics of all groups such as height,
weight, and BMI were analyzed by one-way analysis of
variance ANOVA test. Also, the age was analyzed by KruskalWallis test. One-way ANOVA test was employed for intergroup
comparisons (LDH, CMLBP, Control) for step duration, gait
cycle duration, swing duration, double stance duration, stride
length, and step length. Similarly, Kruskal-Wallis test was used
intergroup comparisons (LDH, CMLBP, Control) for velocity
and cadence. Further, the independent t-test was utilized to
compare between the two groups (LDH & Control; CMLBP &
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Control) for step duration, gait cycle duration, swing duration,
double stance duration, stride length, step length. Likewise,
Mann-Whitney U test was employed to compare the means
between the two groups (LDH & Control; CMLBP & Control)
for velocity and cadence. Finally, the spearman correlation
analysis was used to test the strength of the relationship
between pain intensity and spatiotemporal gait parameters.
Also, to evaluate the effect of pain on the spatiotemporal gait
parameters, linear regression analysis was used.
█

RESULTS

Seventy patients were included in our study (39 females, 31
males), of whom 25 had LDH, 25 had CMLBP, and 20 where
healthy individuals for the control group.

The mean pain score was 8.0 (range six to nine) for the patients
with LDH and 5.7 (range four to eight) for patients with CMLBP.
There was a significant difference between the two groups in
terms of VAS scores (p<0.001). The distribution of patients
with LDH was as follows: one (4%) patient at the level of L3-4,
14 (56%) patients at the level L4-5, and 10 (40%) patients at
the level of L5-S1. However, no significant differences were
detected between the groups concerning the demographic
characteristic of the participants (p>0.05) (Table I).
The temporal gait parameters were compared both between
all groups (GI&GII&GIII) and two groups (GI&GIII, GII&GIII).
There were significant differences between the groups in
terms of temporal gait parameters (p<0.05) (Table II).

Table I: Demographic Characteristics of the Participants

LDH Group (n=25)
Mean ± SD (min-max)

CMLBP Group (n=25)
Mean ± SD (min-max)

Control Group (n=20)
Mean ± SD (min-max)

p

Age (years)

46.0 ± 12.9
(25 - 65)

43.7 ± 14.5
(25 - 65)

39.6 ± 8.3
(27 - 56)

0.300

BMI (kg/cm2)

26.50 ± 3.50
(17.5 - 33.9)

24.10 ± 4.50
(14.8 - 32.1)

0.880

Height (m)

1.70 ± 0.09
(1.52 - 1.90)

1.65 ± 0.08
(1.50 - 1.89)

1.71 ± 0.06
(1.55 - 1.84)

0.130

12/ 13

9/ 16

10/ 10

0.577

Male/Female

26.10 ± 4.70
(19.5 - 34.7)

LDH: Lumbar Dics Herniation, CMLBP: Chronic Mechanical Low Back Pain, BMI: Body Mass Index.

Table II: Distribution of the Temporal Gait Parameters in Groups

LDH Group (n=25)
Mean ± SD (min-max)

CMLBP Group (n=25)
Mean ± SD (min-max)

Control Group (n=20)
Mean ± SD (min-max)

p
(GI&GII&GIII)
(GI&GIII)
(GII&GIII)

Step Duration (s) L

0.70 ± 0.08
(0.56 - 0.86)

0.63 ± 0.06
(0.49 - 0.76)

0.58 ± 0.51
(0.47 - 0.70)

0.000
0.000
0.018

Step Duration (s) R

0.73 ± 0.09
(0.58 - 0.90)

0.63 ± 0.06
(0.55 - 0.80)

0.58 ± 0.05
(0.45 - 0.68)

0.000
0.000
0.006

Gait Cycle Duartion
(s) L

1.49 ± 0.46
(1.16 - 3.58)

1.24 ± 0.14
(1.00 - 1.54)

1.17 ± 0.85
(0.99 - 1.36)

0,001
0.003
0.046

Gait Cycle Duartion
(s) R

1.50 ± 0.37
(1.14 - 3.02)

1.27 ± 0.12
(1.10 - 1.51)

1.16 ± 0.10
(0.91 - 1.38)

0.000
0.000
0.005

Double Stance
Duration (s) L

0.46 ± 0.12
(0.21 - 0.85)

0.36 ± 0.07
(0.23 - 0.51)

0.31 ± 0.04
(0.23 - 0.39)

0,000
0.000
0.011
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Table II: Cont.

LDH Group (n=25)
Mean ± SD (min-max)

CMLBP Group (n=25)
Mean ± SD (min-max)

Control Group (n=20)
Mean ± SD (min-max)

p
(GI&GII&GIII)
(GI&GIII)
(GII&GIII)

Double Stance
Duration (s) R

0.49 ± 0.09
(0.38 - 0.75)

0.37 ± 0.06
(0.27 - 0.53)

0.32 ± 0.05
(0.23 - 0.41)

0.000
0.000
0.004

Swing Duration (s) L

1.62 ± 0.18
(1.34 - 2.00)

1.44 ± 0.15
(1.17 - 1.75)

1.33 ± 0.11
(1.05 - 1.60)

0.000
0.000
0.008

Swing Duration (s) R

1.65 ± 0.21
(1.33 - 2.16)

1.44 ± 0.16
(1.17 - 1.79)

1.32 ± 0.12
(1.02 - 1.57)

0.000
0.000
0.005

*GI (LDH): Lumbar Dics Herniation, **GII (CMLBP): Chronic Mechanical Low Back Pain, ***GIII: Control Group.

Table III: Distribution of the Spatial Gait Parameters in Groups

LDH Group (n=25)
Mean ± SD (min-max)

CMLBP Group (n=25)
Mean ± SD (min-max)

Control Group (n=20)
Mean ± SD (min-max)

p
(GI&GII&GII)
(GI&GIII)
(GII&GIII)

Step Length (cm) L

41.51 ± 5.30
(33.00 - 50.44)

50.42 ± 5.53
(38.65 - 58.24)

55.91 ± 2.50
(51.54 - 60.44)

0.000
0.000
0.000

Step Length (cm) R

41.75 ± 6.63
(34.00 - 61.32)

50.70 ± 6.33
(37.10 - 68.00)

55.55 ± 3.43
(49.20 - 62.94)

0.000
0.000
0.003

Gait Cycle Lenght
(cm) L

82.34 ± 8.95
(70.14 - 106.20)

101.16 ± 11.08
(78.40 - 126.15)

111.35 ± 5.14
(102.70 - 122.50)

0.000
0.000
0.001

Gait Cycle Lenght
(cm) R

81.98 ± 8.07
(70.00 - 105.40)

97.57 ± 11.48
(76.40 - 114.00)

110.36 ± 5.14
(102.70 - 123.24)

0.000
0.000
0.000

Velocity (mm/s)

188.73 ± 44.13
(108.2 - 291.4)

586.01 ± 85.68
(413.0 - 721.7)

788.18 ± 43.09
(691.7 - 866.8)

0.000
0.000
0.000

Cadence (step/min)

47.40 ± 10.13
(22.10 - 64.30)

115.0 ± 10.98
(85.6 - 131.8)

142.20 ± 6.10
(134.10 - 152.10)

0.000
0.000
0.000

*GI (LDH): Lumbar Dics Herniation, **GII (CMLBP): Chronic Mechanical Low Back Pain, ***GIII: Control Group.

Similarly, the spatial gait parameters were also compared
between all groups (GI&GII&GIII) and between two groups
(GI&GIII, GII&GIII). There were also significant differences between the groups in terms of spatial gait parameters (p<0.05)
(Table III).
Next, the correlation between BMI and pain intensity as well
as gait spatiotemporal parameters was examined across the
groups. There were significant positive correlations between

280 | Turk Neurosurg 30(2):277-284, 2020

BMI and the “bilateral step duration”, “bilateral double stance
duration” and “bilateral swing duration”, among the temporal
gait parameters (p<0.05). However, no statistical correlation
was found between BMI and the other temporal gait parameters (p>0.05) (Table IV). The correlation analysis revealed
negative correlations between BMI and the “bilateral stride
length”, and “velocity” (p<0.05). Eventually, no statistical
correlation was detected between BMI and other temporal
parameters (p>0.05) (Table V).
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Table IV: Correlation Analysis between BMI, Pain and the Temporal Gait Parameters

Step Duration (s)

n (70)

Gait Cycle Duartion (s)

Double Stance
Duration (s)

Swing Duration (s)

L

R

L

R

L

R

L

R

BMI (kg/cm2)

r
p

,249*
0,038

,213*
0,047

,114
0,358

,123
0,333

,275*
0,026

,356**
0,004

,273*
0,022

,284*
0,017

Pain Intensity

r
p

,496**
0,000

,525**
0,000

,546**
0,000

,530**
0,000

,681**
0,000

,664**
0,001

,586**
0,000

,592**
0,000

*: Correlation is significant at the 0.05 level (2-tailed); **: Correlation is significant at the 0.01 level (2-tailed). BMI: Body Mass Index.

Table V: Correlation Analysis between BMI, Pain and the Spatial Gait Parameters

Step Length
(cm)

n (70)

Gait Cycle Length
(cm)

L

R

L

R

Velocity
(mm/s)

Cadence
(step/m)

BMI (kg/cm2)

r
p

-,226
0,061

-,202
0,093

-,248*
0,039

-,359**
0,002

-,270*
0,024

-,217
0,071

Pain Intensity

r
p

-,735**
0,000

-,601**
0,000

-,730**
0,000

-,706**
0,000

-,898**
0,000

-,888**
0,000

*: Correlation is significant at the 0.05 level (2-tailed); **: Correlation is significant at the 0.01 level (2-tailed). BMI: Body Mass Index.

We have obtained significantly positive correlations between
the pain intensity and the “bilateral step duration”, “bilateral
gait cycle duration”, and “bilateral swing duration” (p<0.001).
Additionally, a significantly strong positive correlation was
found between the pain intensity and “bilateral double stance
duration” (p≤0.001) (Table IV). There was, on the other hand,
a strong negative correlation between the pain intensity and
“bilateral step length” as well as “bilateral gait cycle length”.
Additionally, a highly significant strong negative correlation
was found between pain intensity and “velocity” as well as
“cadence” (p<0.01) (Table V).
The evaluation of pain intensity for spatiotemporal gait
parameters (i.e., the dependent variable) was calculated by
linear regression analysis.

p<0.001). The graphs of the linear regression are represented
in Figure 3 for the highest and lowest values.
█

DISCUSSION

The aim of this study was to assess of spatiotemporal gait
parameters in patients with LDH and CMLBP, and compare
the parameters with healthy control group. To the best of
our knowledge, this is the first study that compares gait
parameters and determines to what extent does the pain
intensity affects in patients with LDH and those with CMLBP.
In comparison to the healthy control group, almost all the gait
parameters were altered in both groups. Significantly, these
changes were directly associated with pain intensity.

There was a positive linear relationship between the pain
intensity and temporal gait parameters. The pain intensity was
associated with left step duration (25%) (F=22.810; p<0.001);
right step duration (28%) (F=26.966; p<0.001); left gait cycle
duartion (10%) (F=6.407; p=0.014); right gait cycle duartion
(15%) (F=10.696; p=0.002); left double stance duration (34%)
(F=32.812; p<0.001); right double stance duration (36%)
(F=35.029; p<0.001); left swing duration (32%) (F=31.227;
p<0.001); right swing duration (32%) (F=31.222; p<0.001).

Our study supports previous findings reported by Cimolin et
al. in 2011 who compared the spatiotemporal gait parameters
in the stance phase, double support phase, the step length,
and velocity between chronic LBP and healthy groups (10).
Further, our study identified that other factors such as stance
phase duration, bilateral double stance phase, bilateral step
length, and velocity were substantially different between
the mentioned groups. In contrast, we found a significant
decreased in the cadence in patients with CMLBP group than
the healthy group.

There was a statistically significant negative linear relationship
between the pain intensity and spatial gait parameters. Finally,
the pain intensity was associated with left step length (50%)
(F=67.660; p<0.001); right step length (35%) (F=36.895;
p<0.001); left gait cycle length (50%) (F=64.498; p<0.001);
right gait cycle length (%52) (F=74.660; p<0.001); cadence
(70%) (F=157.762; p<0.001), and velocity (74%) (F=193.356;

The results obtained by Gombatto et al in 2015 suggested
that there is no statistically significant difference in bilateral
gait cycle duration, bilateral step length, bilateral double step
length, and velocity, and these gait parameters were similar
between patients with LBP and healthy control group (15).
On the contrary to Gombatto et al. in our study the difference
in bilateral gait cycle duration, bilateral step length, bilateral
Turk Neurosurg 30(2):277-284, 2020 | 281281
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Figure 3: Linear regression analysis for the relationship between pain intensity and bilateral gait cycle duration, cadence and velocity.

double step length, and velocity was considerable between
the groups. The patients with CMLBP had the longer gait
cycle duration, shorter step length, shorter bilateral double
step length, and less the velocity than the healthy control
group. According to our experience and clinical observations,
CMLBP causes the patient to change their gait and refrain from
weight transfer to avoid exacerbation of the pain, resulting in
a shorter step length of this extremity. In comparison to the
literature, patients with CMLBP had a shorter step length and
a higher mean velocity, but other gait parameters were similar
(15).

control group. Further, these differences were more between
the LDH group and the healthy control group. The LDH
patients try to minimize forces acting on the body which may
cause pain and to avoid wide spine and lower extremity range
of motion. Although these changes are a protective strategy,
they negatively affect the objective gait parameters. This may
cause different problems in patients in later periods.

Our findings are consistent with Hicks et al. in 2017 and
Barzilay et al. in 2016 results showing in patients with chronic
LBP had significant shorter step length, shorter stride length,
greater stance times, longer periods of double support time
and slower velocity than the healthy control group (4,17).

The gait analysis by Papadakis et al. revealed gate variability
attributed to the radicular pain in patients with lumbar spinal
stenosis (25). The results by Conrad et al. indicated a weak
positive correlation between pain intensity and velocity in
lumbar spinal stenosis patients. However, they found no
significant positive correlation between pain intensity and step
length and cadence (11).

In this study, LDH patients and CMLBP groups had significantly
longer step duration, gait cycle duration, double stop duration,
swing duration, shorter step length, gait cycle length, slower
walking speed (velocity) and less in cadence than the healthy
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According to the results o this research, there was a significant
difference in both patient groups with comparing healthy
control group in terms of spatiotemporal gait parameters.

Overall, the present study revealed a strong correlation
between pain intensity and temporal gait parameters. However,
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we found a considerable negative correlation between pain
intensity and spatial gait parameters. In similar studies, little
attention was paid to correlation analysis.
Notably, an inverse relationship was found between pain
intensity and other factors such as velocity and cadence,
explaining nearly 70% and 74% of the variance, respectively.
The lowest variance was found at gait cycle duration (R=15%;
L=10%), and there was a positive linear relationship between
pain intensity and gait cycle duration.
Although some research has been carried out on gait
evaluation, much uncertainty still exists in this field. The key
strength of our study was its large sample size with similar age
ranges and BMI. The other advantages of our study included
analyzing gait parameters quantitatively and comparing
the results with healthy controls. In spite of the mentioned
advantages, it has some limitations such as inaccessibility to
3D camera set and other forms of inquiry and inability to obtain
kinetic and kinematic values. Also, forms of inquiry other than
the visual analog scale were not used. Evaluation of physical
activity levels of the patients and the fact that the gait habits of
everyday life are not evaluated can be acceptable.
█

CONCLUSION

Since extremely little attention has been paid to quantification
of gait characteristics, further research should be done on this
topic. This paper attempted to assess the spatiotemporal gait
alterations in LDH and CMLBP patients, and compare with
healthy control group. A strong correlation was found between
gait parameters and pain intensity. Therefore, in LDH and
CMLBP patients priority should be given to pain treatment and
after then gait pattern should be questioned, gait parameters
should be evaluated, correct walking training and enhancing
exercise approaches should be considered. Quantitative gait
analysis could also be a useful method in efficient planning of
rehabilitation programs after surgery, treatment optimization,
and improving gait to achieve the desired treatment outcomes
in patients with LDH and those with CMLBP. The results of the
present study can be used in selecting better rehabilitation
procedures after surgery and can provide a baseline for future
interventional studies concerning mechanical low back pain
and LDH.
█
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