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Objective: The aim of this study was to emphasize on the interaction of spatial and tempo-
ral gait parameters and analyse the gait asymmetry in the patients with lumbar disc hernia-
tion (LDH) before and after microdiscectomy.

Methods: This was a prospective, observational study conducted on 59 cases of LDH planned
for lumbar microdiscectomy, and healthy control group with 54 participants for analysis
was performed prior to surgery and 15 days after surgery. The spatiotemporal gait parame-
ters were measured using a “Win-Track” gait analysis platform system. All the participants
walked barefoot for 10 times with their normal walking speed in the same day. The 3 flaw-
less walking data were recorded and the arithmetic means were computed. The gait sym-
metry index was used to calculate the walking asymmetry. The pain intensity of the patients
was recorded shortly before performing the analysis by a visual analogue scale.

Results: In the postoperative assessment LDH patients had significantly shorter temporal
parameters, longer spatial parameters, faster walking speed, and more cadence than the
preoperative assessment (p < 0.05). There were improvements in the asymmetry values of
the postoperative gait parameters compared to the preoperative values, but these differences
were not significant (p > 0.05). In addition, there was a significant difference in all parame-
ters in terms of gait asymmetry between the postoperative assessment and the healthy con-
trols (p < 0.05).

Conclusion: These results can guide the patient-specific evaluating and implementation of
gait rehabilitation programs, and design protocols before or after surgery in the LDH pa-
tients.

Keywords: Intervertebral disc displacement, Gait analysis, Pain, Discectomy, Gait asym-
metry
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INTRODUCTION

Disc herniation leads to functional loss and disability in daily
life activities and negatively affects the quality of life among lum-
bar disc herniation (LDH) patients."* The most important clini-
cal complaints in the LDH patients are lumbar and radiating
lower extremity pain, weakness, paresthesia, and numbness.’
Depending on LDH in sprawling of pain to spine and legs, low-
er extremity functions, especially walking speed are adversely
affected and usually walk slower than their healthy individuals.*
Although there are differences in symptoms and pain intensity
of LDH patients, generally inadequate and abnormal gait pat-
terns and thus deterioration in gait quality and capacity occur.*

Gait analysis is a clinically important biomarker for evalua-
tion and treatment planning of disease states.® The gait param-
eters that obtained by gait analysis systems are important gait
variables, because they can be easily evaluated and measured to
obtain gait deviations and walking difficulties, make a diagno-
sis, determine appropriate therapy, monitor the patient’s prog-
ress, determine the prognosis, and they can help in understand-
ing the functional limitations during gait. The most common
parameters selected for gait analysis are the spatiotemporal pa-
rameters, which include step duration, swing duration, double
support duration, step length, stride length, walking speed (ve-
locity), and cadence.”® Gait symmetry is defined as a coordinat-
ed and consistent activity of the lower extremities during walk-
ing. In addition, gait asymmetry reflects a natural functional
difference between the limbs due to pathology, and is clinically
important in measuring gait pattern changes for observe altera-
tions in gait and evaluate rehabilitative intervention effects.>'’
Studies supports existing recommendations that the gait sym-
metry index should be used as the most precision assessment of
gait symmetry on the basis of spatiotemporal gait parameters."'

Lumbar microdiscectomy is the most commonly performed
minimally invasive spinal surgical procedure for the treatment
of patients with LDH, and because it results in less tissue destruc-
tion, it minimizes the patient’s activity restriction period."***
After lumbar microdiscectomy, patients typically mobilize the
surgical day and are discharged home the following day.” It is
known that increases in walking time in the days after lumbar
surgery are one of several factors of major improvement in phys-
ical function.' In the literature, some new research suggests that
2 weeks of activity restriction following lumbar microdiscecto-
my may be sufficient for most patients.”” However, there are no
studies on the interactions in the spatiotemporal parameters of
gait and the changes in gait asymmetry during this process.
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Studies have identified the use of gait parameters as a relevant
tool for the evaluation of patients with spinal problems and for
objective measurement of outcome and recovery."® Although it
has been demonstrated that there is a strong relationship be-
tween gait parameters and functional disability, especially in
patients with LDH, data on the evaluation and use of these pa-
rameters for postoperative recovery after microdiscectomy seem
to be lacking.”

The aim of this study was to emphasize on that the interac-
tion of spatiotemporal gait parameters and changes occurring
compared to the healthy control group is given importance in
the patients with LDH. In addition, this study was planned to
analyze the changes in spatiotemporal gait parameters and gait
asymmetry in the LDH patients before and 15 days after micro-
discectomy within the period of minimum activity restriction.
We hypothesized that there would be changes in the spatiotem-
poral gait parameters and gait asymmetry during the period of
minimal activity restriction with the reduction of pain after mi-
crodiscectomy.

MATERIALS AND METHODS

This study included the patients admitted to Bahgesehir Uni-
versity Goztepe Medical Park Hospital, Brain and Spine Surgery
Department, and were diagnosed with LDH between May 2016
and December 2017. This study and its procedures were appro-
ved by the ethical committee of the Bahgesehir University Fac-
ulty of Medicine (Protocol No. 22481095-020-482, 2016-04/07),
and it was performed in terms of the guidelines of the Declara-
tion of Helsinki. All patients provided written informed consent.

Also, the following inclusion criteria were applied: (1) indi-
viduals who were diagnosed with LDH by a specialist; (2) the
patients with LDH had a medical history and proven by MRI;
(3) to be diagnosed with disc herniation at L4-5 and L5-S1 lev-
els; (4) aged between 25-80 years old; (5) pain symptom on lum-
bar area or lower extremity for at least 1 month. Moreover, the
exclusion criteria were as follows: (1) receiving any conservative
treatment; (2) having congenital deformity in the spine or lower
extremity; (3) history of spinal surgery or other diseases affect-
ing gait; (4) pregnancy; (5) situations that may cause balance
problems; (6) presence of nerve root damage symptoms; and (7)
using assistive gait appliance.

In the present study, quantitative gait assessment was perform-
ed using a gait analysis platform system (Win-Track; Medicap-
teurs, Balma, France). The dimensions of this device are 1,610
mm X 652 mm x 30 mm (length x width x height), the thickness
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of the platform is 9 mm, which consists of 12,288 resistive type
sensors. The dimensions of these sensors are 7.8 x 7.8 mm?, and
the acquisition frequency of the apparatus is up to 200 images/
sec, which has the ability of digitally recording the pedobaro-
graphic and spatiotemporal information of subjects’ gait based
on the center of foot pressure. The Win-Track platform device
is equipped with sensitive sensors that detect all walks and con-
vert them into numerical data, which are then transferred to
the computer environment (Fig. 1). Since Win-Track provides
fast and high reliability quantitative analysis, this platform was
used in this study.***' The test-retest reliability of the “Win-Track”
Platform walk analysis platform system was performed by Ram-

achandra et al.”” in 2012. As for the gait protocol used in our
study, we adopted the 3-step protocol that has been previously
shown to have good reliability, with intraclass correlation coef-
ficient values ranging from 0.75 to 0.90.%

The sample size and power analysis were performed using
the G*Power (v3.1.9.7, Axel Buchner, Universitat Kiel, Germa-
ny) program. The sample size for this study was predicted by
calculating the differences of the mean values of back pain in-
tensity (1.7) and leg pain intensity (3.5), as well as the avarage
values of standard deviation for back pain intensity (2.7) and
leg pain intensity (2.75) between presurgery and 3-month fol-
low-up. These measurements were assessed by the visual ana-

Diagnosis: Age:
Weight:
Height:

Referral: R
Foot size:

Complaint:

Etup boucth 8% 0 )
iz erg iz mny |

Leftgbims

Right foot 830 ms

Double $i3pass 190 ms 200 ms
Simple Suppod?0 ms 420 ms

Walk analysis

Podometric Results

1 2 3

Area 120 127 120
Average P. 1292 1234 1197
Maximal P. 2640 2122 2288
GaitLine MaxLine

Spacio-Temporal Results

Left Right
Step Duration (ms) 570 540
Gait Cycle Duration (Ms) 1110 1080
Single Stance Duration (ms) 330
Double Stance Duration (ms) 310 270
Swing Duration (ms) 1340 1190
Stride Duration (ms) 1890 1750

Step length
Gait Cycle Length
Angle

(mm) 453 453
(mm) 906 898
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Medicapteurs Software

Fig. 1. A sample format of the spatiotemporal analysis.
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logue scale (VAS) based on the study of Schulte et al.” which
yielded an effect size of d=0.6605227. With statistical power
95% and an alpha level of 0.05, it was determined that a mini-
mum of 51 participants was needed for each group.

The participants were asked to continuously walk barefoot
for 10 times in their normal walking speed as straight as possi-
ble without any gait assist device on the Win-Track platform
within the same day, prior to and 15 days after surgery. The pain
intensity of the patients was recorded shortly before performing
the analysis. There was no change in the pain intensity of the
patients during the analysis. Three flawless walking data analy-
sis of spatiotemporal gait parameters were recorded and the arith-
metic means were computed with 3 repetitions. In the gait chart
transferred from the platform to the computer environment
during walking, the 3 most perfect gait data, in which the gait
cycle (3 steps) and foot pressure can be clearly seen, were select-
ed for analysis. Whenever they were about to take a rest, the
patients were allowed to sit down on a chair. The analysis of the
spatiotemporal gait parameters was performed on the healthy
control group’s participants by the same investigator using the
same equipment and measurement protocol (Fig. 2). The pa-
tient provided written informed consent for the publication of

e/
y =
s -

Fig. 2. Analysis of the spatiotemporal gait parameters on Win-
Track platform.
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her identifiable image included in Fig. 2.

The brief description of the gait parameters used in this arti-
cle is as follows:

Step duration (sec): the time elapsed in the right or left step
length.

Gait cycle duration (sec): the time elapsed in a gait cycle.

Double stance duration (sec): the period of time when both
heels are in contact with the ground.

Swing duration (sec): the period of time when the foot under
consideration is not in contact with the floor.

Step length (cm): the distance between the heel contact of both
feet during walking (Fig. 3).

Gait cycle length (cm): the distance between the 2 heel con-
tacts of the same foot (Fig. 3).

Walking speed (velocity) (cm/sec): walking speed is obtained
by multiplying step length by cadence.

Cadence (step/min): the number of steps per unit time.

Pain intensity was obtained using a VAS. VAS is usually a hori-
zontal line, containing a numerical range from 0 (no pain) to 10
(the strongest pain), anchored by word descriptors at each end
with “no pain” (score of zero) on the left side and “most severe
pain level” or “the worst pain imaginable” (score of 100 [100-
mm scale]) on the right side. The patient was asked to mark the
line point representing his or her current pain.**

The gait symmetry index (Robinson formula) was used to
calculate the asymmetry between the left and right extremities
during walking as a percentage (X: gait parameter; L: parameter
of left limb; R: parameter of right limb).>* The value of 0% indi-
cates perfect symmetry, while increasing values indicates its asy-

mmetry. XX
R=AL

x 100%
(XR+XL)

Symmetry Index=2 X

The IBM SPSS Statistics ver. 23.0 (IBM Co., Armonk, NY,
USA), was used for the all statistical analysis (SPSS Inc., Chica-
go, IL, USA). Normality was analyzed using the Kolmogorov-
Smirnov test. Chi-square test was used to compare the gender
between surgical group and healthy controls. The Independent
t-tests for parametric, or Mann-Whitney U-tests for non-para-

Left gait cycle length (cm)

Step length (cm)

@ - Bl ?

Right gait cycle length (cm)

Step length (cm)

Fig. 3. Illustration of step length and gait cycle length.
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metric data was used to compare the means between surgical
group and healthy controls for demographic characteristics, gait
symmetry and all the spatiotemporal gait parameters. The paired
sample t-test and Wilcoxon test were used to analyze the spa-
tiotemporal gait values and gait symmetry in the patients with
LDH before and 15 days after surgery. A p-value of <0.05 was
considered to indicate a statistically significant difference.

RESULTS

In total, 113 participants were included in this study as 59 pa-
tients with LDH (24 females, 35 males) and 54 healthy individ-
uals in the control group (27 females, 27 males). The distribu-

Table 1. Demographic characteristics of the participants

tion of disc herniation level in the patients with LDH was as fol-
lows: 31 patients (52.5%) at the level of L4-5, and 28 (47.5%)
patients at the level of L5-S1. There was no significant differ-
ence in the distribution of the disc herniation level in LDH (p=
0.696). The side of the disc herniation was distributed 32-27
(54.2%-45.8%) between right and left in LDH. There were also

Table 2. Pain intensity score of vertebral level before surgery

No. Pain intensity p-value

Disc herniation level 0.959
L4-5 31 5.84+1.51 (3-8)
L5-S1 28 5.86+1.21 (4-8)

Values are presented as mean * standard deviation (range).

Parameter LDH (n=59) Healthy controls (n=54) p-value
Age (yr) 51.05+ 14.21 (26-79) 47.91+11.01 (25-75) 0.194
Height (m) 1.7140.1 (1.52-1.88) 1.70+0.07 (1.55-1.85) 0.545
Weight (kg) 78.36+10.22 (56-99) 74.44+10.91 (52-98) 0.052
BMI (kg/m?) 26.84 +3.47 (20.5-36.9) 25.74+3.38 (18.7-34.7) 0.090
Sex 0.320

Female 24 (40.7) 27 (50.0)

Male 35(59.3) 27 (50.0)

Values are presented as mean + standard deviation (range) or number (%).

LDH, lumbar dics herniation; BMI, body mass index.

Table 3. The distribution of the temporal and spatial gait parameters in LDH and healthy controls

Parameter LDH preop (n=59)

L step duration (sec)

R step duration (sec)

L gait cycle duration (sec)

R gait cycle duration (sec)

L double stance duration (sec)
R double stance duration (sec)
L swing duration (sec)

R swing duration (sec)

0.59 (0.57-0.61)
0.58 (0.56-0.60)
1.19 (1.16-1.21)
1.17 (1.13-1.20)
0.35 (0.33-0.36)
0.35 (0.33-0.36)
1.35 (1.31-1.38)
1.34 (1.31-1.37)

L step length (cm) 45.06 (43.57-46.65)
R step length (cm) 45.65 (43.88-47.53)
L gait cycle length (cm) 93.23 (90.88-95.93)
R gait cycle length (cm) 90.69 (87.92-93.77)
Velocity (cm/sec) 69.87 (67.23-72.87)

Cadence (step/min) 91.07 (88.57-93.54)

Healthy controls (n=>54) p-value
0.52 (0.50-0.56) <0.001*
0.52 (0.50-0.54) <0.001*
1.05 (1.02-1.08) <0.001%
1.05 (1.01-1.09) <0.001%
0.29 (0.28-0.30) <0.0017
0.30 (0.28-0.31) <0.0017
1.18 (1.15-1.22) <0.001%
1.20 (1.17-1.23) <0.001*

56.33 (55.68-57.02) <0.0017
56.58 (55.71-57.50) <0.0017
112.70 (111.32-114.13) <0.0017
111.75(110.29-114.13) <0.0017
115.70 (113.87-117.38) <0.0017
123.74 (122.30-125.08) <0.0017

Values are presented as mean (95% confidence interval).
LDH, lumbar dics herniation; preop, preoperative; L, left; R, right.
"Independent t-test. ‘Mann-Whitney U-test.
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no significant differences between right and left in terms of disc

herniation side (p=0.515).

The demographic characteristics of the participants are pre-
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sented in Table 1. There were no significant differences between
the 2 groups in terms of age, height, weight, body mass index
(BMI), and sex (p>0.05).
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Table 5. Results of the gait symmetry in preoperative, postoperative and healthy controls

Parameter e p-value? Healthy controls p -value”
Preoperative Postoperative (n=54)
Step duration (sec) 1334 (10.62-1623)  10.63 (8.59-12.98) 0.135 222 (1.60-3.06) <0.001
Gait cycle duration (sec) 7.51 (5.84-9.12) 5.93 (4.59-7.24) 0.180 2.34 (1.57-3.26) <0.001
Double stance duration (sec) 6.74 (4.70-8.85) 8.64 (6.78-10.86) 0.236 3.31 (2.04-4.97) 0.001
Swing duration (sec) 6.32 (4.35-8.73) 6.68 (5.33-8.12) 0.784 2.42 (1.80-3.32) <0.001
Step length (cm) 12.22 (9.67-14.91) 9.15 (7.14-11.24) 0.085 3.81(2.96-4.85) 0.002
Gait cycle length (cm) 7.01 (5.45-8.71) 4.49 (3.29-5.83) 0.061 3.34 (2.42-4.45) 0.038

Values are presented as mean (95% confidence interval).
LDH, lumbar dics herniation.

“p-value: comparison between preoperative and postoperative assessment (paired sample t-test). ®p-value: comparison between postoperative

and healthy controls (Mann-Whitney U-test).

The mean (standard deviation) of the pain intensity score was
5.85 (1.36) (range, 3-8) for the patients with LDH before sur-
gery. LDH patients did not report any pain intensity on the 15th
day after surgery. Table 2 shows the distribution of the pain in-
tensity score of the disc herniation level in the patients with LDH
before surgery. There was no significant difference in terms of
VAS scores between the disc herniation levels in the LDH be-
fore surgery (p=0.959).

The spatiotemporal gait parameters were compared with both
extremities between the 2 groups. In the preoperative assessment
LDH patients had significantly longer step duration, longer gait
cycle duration, longer double stance duration, longer swing du-
ration, shorter step length, shorter gait cycle length, slower ve-
locity and less in cadence than the healthy controls. There were
significant differences between the 2 groups in all terms of the
spatiotemporal gait parameters (p < 0.05) (Table 3).

In the postoperative assessment LDH patients had significant-
ly shorter temporal parameters and longer spatial parameters
than the preoperative (Fig. 4). There were significant differenc-
es between preoperative and postoperative assessment in all terms
of spatial and temporal gait parameters (p < 0.05) (Table 4).

In addition, boxplots in Fig. 4 show the differences in terms
of spatial and temporal gait parameters compare between post-
operative and healthy controls. In patients with LDH, the tem-
poral parameters of gait at 15 days after surgery were similar to
those of the healthy control, and there was no statistically sig-
nificant difference between the 2 groups (p>0.05). However,
the difference between the postoperative and healthy control
groups in terms of the spatial gait parameters were statistically
significant (p < 0.05) (Table 4).

Table 5 shows the gait asymmetry values of the patients with
LDH before and 15 days after surgery and the healthy control
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group. There were improvements in the asymmetry values of
the postoperative gait parameters compared to the preoperative
values, but these improvements were not statistically significant
(p>0.05). The LDH patients in postoperative assessment had
significantly higher gait asymmetry than the healthy controls
(p<0.05).

DISCUSSION

This study was conducted to evaluate the interactions and al-
terations in spatiotemporal gait parameters and analyze the gait
asymmetry pre- and postoperatively in the individuals with and
without LDH. Also, the potential impacts of microdiscectomy
on the LDH patients were quantitatively assessed by comparing
the gait abnormalities before and after performing the surgical
procedure. We observed an increase in the spatial and a decrease
in temporal characteristics of the gait in the LDH patients com-
pared to those in normal subjects.

The results of our study showed that there were significant
differences in all spatiotemporal parameters of gait between LDH
patients (preoperative) and healthy controls, and while improve-
ments in all spatiotemporal gait parameters were significant on
the 15th day after microdiscectomy compared to presurgery,
these improvements were not achieved in gait asymmetry. Fur-
thermore, our findings revealed that while microdiscectomy
significantly improves the temporal parameters of gait, these
improvements were not meaningful in terms of spatial parame-
ters and gait asymmetry between LDH and healthy subjects.

As far as we know, the present study is the first to examine
the gait symmetry of LDH patients before and 15 days after mi-
crodiscectomy, and compare with healthy controls. Although
changes were obtained postoperative gait asymmetry scores than
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the preoperative assessment in patients with LDH, differences
were not significant. In addition to, it was determined that there
was still more gait asymmetry after surgery currently compared
to healthy controls.

Some investigators reported important findings regarding
the consideration of psychological factors such as lumbar insta-
bility, impaired paraspinal muscle activity and quality, lower ex-
tremity muscle weakness, and fear assumptions about pain in
addition to physiological factors and pain with walking, when
studying spinal disorders.** The presence of these factors leads
to inefficient energy expenditure, fatigue and imbalance in spi-
nal and adversely affects the patient’s quality of life and daily ac-
tivities such as walking.”*

In the literature, several investigators have found some differ-
ences in gait kinematics between normal and chronic low back
pain (CLBP) cases in nonsurgical cases. For example, Barzilay
et al.” stated that, healthy controls had faster walking speed
with longer step length and higher cadence compared to CLBP
counterparts. Also, Bacchini et al.* examined the gait behaviors
in 9 patients with lumbar stenosis using a 3-dimensional (3D)
opto-electronic system, and noticed an increase in the double
stance duration and the decreased stride length in these pa-
tients. Al-Obaidi et al.” studied the pain-related factors affect-
ing gait performance in 31 CLBP and 24 normal cases. Conclu-
sively, it has been demonstrated that, step length, single support
time, and walking velocity differed between the 2 groups. CLBP
patients tend to walk slowly with shorter step length and short-
er single support time, which are mainly attributed to psycho-
logical factors such as pain-related fear beliefs, rather than physi-
ological ones. Similarly, Hicks et al.”> studied gait performance
in elderly adults (mean age, ~71.5) with CLBP, and demonstrat-
ed that, the patients with CLBP have significantly shorter step
length, shorter stride length, greater stance times, and longer
periods of double support time, which substantially declines
the walking speed in these participants as compared to pain-
free individuals.

In addition, most spatiotemporal parameters differed between
the patients and control subjects. The patients with lumbar spi-
nal stenosis (LSS) had the longer stride duration, shorter stride
length, and at slower speed compared to the control group.”
More recently, Miscusi et al.*® demonstrated a decreased walk-
ing velocity and a shorter step length in the LDH group in com-
parison to control group, which may be resulted from back pain,
lumbar instability, and impaired spinal muscle activity.

In line with our previous work, we found a significant differ-
ence in all the spatiotemporal gait parameters between the LDH
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and healthy control groups.** LDH group’s participants had sig-
nificantly longer step duration, longer gait cycle duration, lon-
ger double stance duration, longer swing duration, shorter step
length, shorter gait cycle length, slower walking speed, and less
in cadence for both extremities as compared with healthy con-
trols, which is attributed to the strong correlation between pain
intensity and gait parameters.* These results are consistent with
previous findings reported by Papadakis et al.,> and Kim et al.*

Regarding our results and clinical observations, the LDH pa-
tients often try to alter and adopt their gait patterns to alleviate
the level of pain induced in different physical activities. They
usually avoid wide trunk, pelvic and hip movements, restrict
the relative knee range of motion, and refrain from weight trans-
fer between left and right extremity to avoid exacerbation of the
pain, to maintain their balance. This strategy can negatively af-
fect their gait parameters resulting in a shorter step length of
these extremities and casus deterioration in gait symmetry.

Several studies attempted to assess the improvements in gait
pattern after surgical treatment. Accordingly, Suda et al.”” have
assessed the gait performance in the patients with neurogenic
intermittent claudication via a ground reaction force plate. They
showed that, gait cycle length, velocity, and also the gait pattern
markedly improved in these patients 6-month postsurgery. Loske
etal.” performed a pre- operation and postoperation gait analy-
sis on the patients with LSS and observed notable improvements
in gait variables in these group at 12-month follow-up tests. Mean-
while, faster walking speed, higher cadence, and longer gait cy-
cle length were observed after surgery. In another study, Had-
das et al. examined the spatiotemporal gait parameters before
and 3 months after surgery in patients with degenerative lum-
bar spondylolisthesis, and they revealed that significant improve-
ments were observed in terms of increased velocity, decreased
step duration, and decreased double stance duration after sur-
gery; However, the same was not current for spatial parameters.
Moreover, they reported there was a significant difference in
terms of spatiotemporal parameters between 12 weeks after sur-
gery and controls, although most of the mean values returned
to normal after surgery.*®

In the current study, we noticed that, gait profile is quite dif-
ferent in the LDH patients before and 15 days after microdis-
cectomy intervention, which is due to a reduction in lower limb
pain, increase in the level of self-confidence and ability of walk-
ing, enhancement in the muscle strength and endurance, and
in lumbar stability as well. Thanks to the short-term effects of
surgical treatment and postoperative rehabilitation programs,
which promote the self-confidence along with the functional
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ability in these patients, the spatial and temporal characteristics
of the gait achieved the normal level only by passing 15 days
postoperation given that. In addition, although the postopera-
tive group had similar temporal parameters to the healthy con-
trol group, they had shorter step length, shorter gait cycle length,
slower velocity, and less cadence than the healthy control. How-
ever, it should be noted that this period (15 days after surgery)
is not sufficient to achieve full recovery in gait parameters. The
difference in all parameters might be caused by presence of low-
er extremity insufficient muscle strength, abnormal gait pattern
developed by the patient, and pain.

Although some researchers have been carried out on gait sym-
metry in other spinal disease, it seems that studies are lacking
investigating changes in gait asymmetry before and after micro-
discectomy surgery within the period of minimum activity re-
striction in LDH patients.® Loske et al.** indicated the LSS pa-
tients had higher gait asymmetry than the healthy control sub-
jects, and while the spatiotemporal parameters reached normal
values ~10th week after surgery, gait asymmetry reached levels
of the healthy controls ~12th month after surgery. Morever, they
reported that improvements in gait asymmetry (less asymmet-
ric) were highly associated with pain intensity (greater reduc-
tion).

Another study by Natarajan et al.* evaluated the gait asym-
metry clinically by using wearable devices with the new scoring
algorithm they suggested and reported in LDH patients who
underwent surgery the gait asymmetry index were higher than
the control group, and there was a significant difference between
the 2 groups. According to the results of this research, that al-
though the mean values of gait asymmetry were different be-
fore and after surgery in patients with LDH, this difference was
not significant between the 2 assessments. It also revealed that
15 days after surgery is not a sufficient period to achieve impro-
vements in gait symmetry and regain normal values.

According to the authors clinical experiences there are possi-
ble reasons for differences of the gait asymmetry in the LDH
patients after surgery compared with the control group. The
weak proximal limb, decreased core muscle stability, lower ex-
tremity muscle weakness of the affected side and pain intensity
and/or perception are among the major causes that are likely to
persist. Overall, as it is known that the presence of a unilateral
limp and the compensatory limb motions resulted in increased
the gait asymmetry factors and reduced smoothness of limb mo-
tions in LDH patients.

This study has several strengths, and the most notable one
was the sample size, which is large enough and uniform (e.g.,
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similar age ranges and BMI, and use of one type of surgery) to
guarantee and credit the reliability and applicability of our find-
ings. Another strength of our research was that, repeated the
measurements and gait asymmetry analysis, which is of para-
mount importance when the end goal is clinical application. Also,
it has some limitations such as inaccessibility to 3D camera set
and other forms of inquiry and inability to obtain kinetic and
kinematic values. Evaluation of physical activity levels of the
patients and the fact that the gait habits of everyday life were
not evaluated, can be acceptable. We suggest that future studies
should investigate when patients with LDH will regain normal
gait patterns after the surgical treatment. In addition to, the Win-
Track platform system offers distinct advantages over 3D cam-
era systems used in clinics. Specifically, it provides a faster anal-
ysis and is more cost-effective. However, we acknowledge that
access to this platform may not always be available. In such cas-
es, an alternative approach would be to record the patient’s walk-
ing and have it analyzed by a specialist in the field. It is impor-
tant to note, however, that the results obtained through this meth-
od may not be entirely objective.

CONCLUSION

Regarding the methodology pursued in our study and the
objective analysis of the outcomes, it is feasible to achieve the
best possible decision given in clinical applications without the
need for performing any further analysis.

This paper attempted to assess the spatiotemporal gait and
gait symmetry alterations in the LDH patients, then compared
the results with healthy control group, and also compared with
preoperative and postoperative results. Although the LDH pa-
tients develop a unique gait strategy to prevent pain intensity, it
negatively affects normal gait parameters and this cause differ-
ent problems in later periods. In LDH patients, eliminating or
minimizing pain with microdiscectomy surgery can improve
spatiotemporal gait parameters in the period of minimum ac-
tivity restriction, but this period seems insufficient to achieve
full recovery in gait and regain gait symmetry. For this reason,
in order to eliminate deficiencies and provide full recovery, it is
necessary to give importance to ambulatory gait training and
treatment in rehabilitation programs in the period of minimum
activity restriction. Our results can guide the patient-specific
evaluating and implementation of gait rehabilitation programs,
and design protocols before or after surgery in the LDH patients.
The results of this study showed that it is possible to obtain bet-
ter results in time and distance parameters of walking by reliev-
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ing or eliminating pain in LDH patients with minimally inva-
sive surgical methods such as microdiscectomy. However, it is
important to note that factors such as impaired paraspinal mus-
cle activity and quality, lower extremity muscle weakness and
psychological factors that may affect walking, apart from pain,
should be considered in the treatment.
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