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Abstract
Introduction: Low back pain (LBP) is a common health and socioeconomic problem, especially the
chronic one. It may affect the gait pattern of the patients. The aim of this study was to evaluate the
motions of pelvis, trunk and legs in the subjects with non-specific chronic low back pain (NCLBP).
Method: This was an cross sectional study in which 40 subjects including 20 normal subjects and 20
NCLBP patients were recruited. The force applied on the leg, the range of motion of
trunk, pelvic, lower extremity, the moments applied to the joints and spatiotemporal gait parameters
were selected for this study.
Results: The mean values of walking speed of normal subjects and NCLBP patients were 0.89 *
0.13 and 0.95 £ 0.09 m/s, respectively (p=0.24). The mean value of the second peak of ground
reaction force of normal and NCLBP subjects was 1.13+ 0.045 and 1.106+ 0.035 N/WB,
respectively (p=0.038).
Conclusion: There was a significant difference between the kinematics of the hip joints in the
normal and NCLBP subjects. The interesting point of the current study was that those with NCLBP

had a decrease in hip, knee, and ankle joint moments, maybe due to muscular weakness.
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Take-home message: This study found that while spatiotemporal gait parameters and joint range
of motion did not significantly differ, NCLBP patients exhibited reduced joint moments,
suggesting muscular weakness. Strengthening exercises for hip, knee extensors, and ankle plantar
flexors are recommended to improve gait function in NCLBP patients.

Keywords: Gait; ground reaction force; moment; non-specific chronic low back pain; kinematic.

INTRODUCTION

Low back pain (LBP) is one of the most prevalent musculoskeletal conditions and a relevant health problem globally [1].
Although the lifetime prevalence of LBP experiencing an acute phase is 60-80% [2], 5% of patients will develop sub-acute
and chronic LBP (CLBP)[2,3]. Most LBP (especially CLBP) are non-specific, containing conditions with no clear
pathological cause. The most important symptoms of non-specific LBP (NLBP) are pain and disability [4], primarily
occupational disability [5]. One area that has received attention in this respect is the effect of LBP on gait parameters [6], the
most common form of human locomotion. Moreover, gait analysis is an essential aspect of assessment in the clinical
evaluation of gait disturbances and rehabilitation [7].

Based on the research done by Lamoth et al., those with LBP showed longer stance duration and shorter step lengths than
healthy subjects [8,9]. They concluded that reduced stride length might be a mechanism to reduce and avoid pain (rigid
structure). Another study found that LBP subjects' pattern and range of lumbar and pelvic motions are the same as normal
subjects [8]. Vogt et al. showed that in NLBP, the amplitude of pelvic motions was the same as in normal-matched subjects,
although it has a high degree of variability [10]. Moreover, they showed that NLBP subjects walked with larger pelvic rotation
to maintain their stride length. Furthermore, another study showed that, due to disc herniation, those with LBP have reduced
relative phase between pelvic and thoracic horizontal, especially in larger steps [11]. The motions of most body segments
(pelvic trunk) are three-dimensional. In LBP subjects, the variability of sagittal plane motions (flexion-extension) is less than
normal; however, there seems to be no difference between the motions of the frontal plane. The most commonly reported
parameter regarding the gait of the subjects with LBP is the range of motion. The results of the studies regarding this
parameter are conflicting [12]. Vogt et al. concluded that the difference between normal and those with LBP is statistically
significant [10,13]. In contrast, MacRae et al. observed no differences between normal and the patients with NCLBP for
spatiotemporal parameters, maximum, minimum, and total ranges of hip movement, and flexor and extensor moments [14].
The decrease in hip joint moment may be due to a reduction in ground reaction forces applied on the leg (a compensatory
mechanism employed by the subjects to decrease pain) [15]. Alternation in proprioception in the subjects with NCLBP is
another reason for a change in the hip and pelvis kinematics [16].

Although the moments produced by muscles are other important parameters evaluated in some research studies [17-19],
no study focused on this parameter in three dimensions in LBP subjects. Furthermore, there is insufficient evidence in the
literature on the kinematic evaluation of lower limb joints, pelvis, and trunk in LBP subjects. Therefore, this study aimed to
evaluate the pelvis, trunk, and legs' motions in the NCLBP subjects. Moteover, the aim was to find the moments applied to
the leg in this group of subjects. The main hypothesis associated with this study was that there was no difference between
LBP and normal subjects regarding kinetic and kinematic parameters.

METHODS
Study design
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This cross-sectional study involved 20 normal individuals and 20 patients with non-specific chronic low back pain
(NCLBP). The normal subjects were matched with the patients based on age and height.
Inclusion and exclusion criteria

The inclusion and exclusion criteria for patticipation in this study are detailed in Table 1.

Table 1. Inclusion and exclusion criteria used for the patients who participated in the study.

Inclusion criteria Exclusion Criteria
e  Female e Specific  diagnosis  associated ~with LBP such as
e Age: 25- 55 years spondylolisthesis, disc prolapse, inflammatory disorders
e Pain group: e Presence of other conditions affecting the spine, including
e History of NSCLBP 26 months duration neurological or metastatic disease
e Without peripheral pain referral e Any neurological deficit Any surgery involving the lumbar spine
e Pain in the area from T12 to gluteal folds e Any diagnosed pelvic or abdominal pain disorder in the last 12
® Moderate ongoing LBP months
o Average daily pain level — VAS > 2/10 e Pregnancy or less than six months post-partum
e Experienced most days of the week e Any lower limb surgery in the last two years
® Mechanically induced localized L.BP e Current lower limb injury

e An inability to understand written or spoken Persian

Control group
e No history of spinal pain or musculoskeletal disorders
e No previous diagnosis or treatment for low back pain
e No presence of any condition affecting the spine, including neurological or metastatic diseases
e No history of any surgical procedures involving the lumbar spine
e No diagnosed pelvic or abdominal pain disorders in the last 12 months
e No history of lower limb surgeries in the last 2 years
e No current lower limb injuries
o Ability to understand and follow written and spoken Persian instructions

Ethical considerations

Ethical approval for this study was obtained from the Ethics Committee of Shiraz University of Medical Sciences
(Ethics number: IRRSUMS.REHAB.REC.1399.034). Prior to participation, all subjects were fully informed about the study
procedures, potential risks, and benefits. Each subject provided written informed consent in accordance with the
Declaration of Helsinki. The confidentiality of the participants was maintained throughout the study. This study adhered
to the guidelines provided by the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) for
observational studies.
Study procedure
The selected parameters for this study included the force applied to the leg, the range of motion of the trunk, pelvis, and
lower extremities, the moments applied to the joints, and spatiotemporal gait parameters. To trace the subjects'

movements, a motion analysis system with seven high-speed cameras (Qualysis system from Switzerland) was used.
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A Kistler force plate was employed to determine the force applied to the leg. Data collection was managed using Tract
Manager software by Qualysis Company, and Visual 3D software (C-Motion Company) was used for anatomical
reconstruction and calculation of joint angles during walking. Figure 1 shows the markers attached to body landmarks in this

study.

Figure 1. The configuration of markers attached to the body in this study.

Instrumentation and data collection

Markers were attached to both sides of the body at specific anatomical landmarks, including the iliac crest, anterior and
postetior supetior iliac spine, greater trochanter, knee epicondyles, malleolus, heel, metatarsal heads, and acromioclavicular
joints. Extensible Velcro straps with marker clusters were placed on the right and left shank, thigh, and trunk.
Data processing and analysis

Subjects were asked to walk along a level surface to collect five successful trials. Data were collected at a frequency of
120 Hz and filtered using a Butterworth low-pass filter with a cut-off frequency of 10 Hz. The Shapiro-Wilk test was used
to assess the normal distribution of all parameters. A two-sample t-test was used for normally distributed parameters to
compare the differences between normal and NCLBP subjects, with significance set at «=0.05.
Statistical analysis

All data were analyzed using SPSS softwate (version 26). Descriptive statistics (mean * SD) were calculated for each
parameter. Independent t-tests were conducted to compare the gait parameters between the normal and NCLBP groups.
A p-value of less than 0.05 was considered statistically significant.
RESULTS

The study compared the characteristics and gait parameters between subjects with non-specific chronic low back pain
(NCLBP) and normal subjects. Detailed statistical analyses assessed differences in spatiotemporal gait parameters, joint

kinematics, and moments applied to the hip, knee, and ankle joints. Table 2 shows the characteristics of both groups.
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Table 2. The characteristics of NCLBP and normal subjects participated in the study.

Parameter Groups
NCLBP* Normal
(n = 20) (n = 20)
Age (y) 41.56 = 9.57** 40.18 = 8.55
Height (cm) 158.81 £ 5.56 158.18 £ 5.74
Mass (kg) 61.68 * 8.88 60.25 *+ 6.38
Sex Female Female

Note: * Non-specific Low Back Pain ** Values are mean = SD

Table 3 shows the mean value of spatiotemporal gait parameters for individuals with normal gait and those with NCLBP.

As seen in this table, the walking speed of NCLBP subjects differed from that of normal subjects, but the difference was not

significant (p = 0.24). The mean value of the second peak of the ground reaction force of normal and NCLBP subjects was
1.13 + 0.045 and 1.106 +0.035 N/BW (p = 0.038). The mean values of the other force peaks were the same between
normal individuals and those with NCLBP (p >0.05).

Table 3. Spatiotemporal gait parameters.

Parameter Velocity (m/s) Cadence (steps/min) Stride length (cm)

NCLBP 0.89 £0.13
0.95 = 0.09

Normal

p-value

Table 4. Gait kinematic parameters.

Parameter

Hip Moments

Knee Moments

Ankle Moments

0.14

Group
HMx1
HMx2
HMy
HMz1
HMz2
KMx1
KMx2
KMy
KMz1
KMz2
AMx1
AMx2

67 %8
68t 4

NLBP

0.29 £ 0.10
0.49 + 0.20
0.84 + 0.31
0.04 + 0.02
0.12 £ 0.03
022 +0.12
0.49 £ 0.12
0.37 £ 0.08
0.04 £ 0.08
0.13 £ 0.03
0.14 + 0.08
1.44 + 0.26

113+ 9
117 £7
0.17

Normal

0.48 = 0.24
0.35 £ 0.15
0.89 £ 0.31
0.10 £ 0.05
0.06 £ 0.07
0.36 £ 0.16
0.21 £0.20
0.33 £ 0.09
0.08 + 0.05
0.06 £ 0.09
0.07 £ 0.03
1.54 + 0.10

P-value
0.11
0.53
0.007
0.04
0.22
0.05
0.08
0.22
0.19
0.20
0.01
0.03
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Parameter Group NLBP Normal P-value
Amy 032£0.14 022%+0.10 0.12
AMz1  0.02%0.02 0.02%0.01 0.19
AMz2  0.13£0.06 0.14%£0.05 0.28
Hip Range of Motion HROMx 39.80 = 5.04 39.71 £1.85 0.33
HROMy 13.87 £ 2.30 13.40 £ 2.65 0.43
HROMz 12.38 + 1.87 12.33 £ 3.46 0.36
Knee Range of Motion KROMx 66.42 £ 5.90 66.29 * 5.88 0.23
KROMy 10.47 = 4.859.69 £ 3.55 0.47
KROMz 20.36 + 4.99 18.83 £ 2.98 0.12
Ankle Range of Motion AROMx 31.85 = 4.91 34.59 £ 4,55 0.26
AROMy 23.42 + 6.03 18.81 £ 428 0.14
AROMz 14.02 £ 8.34 17.42 £ 6.26 0.47
Pelvic Range of Motion PROMx 6.91 £ 1.50 6.71 £1.50 0.38
PROMy 6.32+2.05 6.75£293 0.32
PROMz 12.65 %+ 5.08 14.44 = 8.00 0.20
Trunk Range of Motion TROMx 7.07 = 1.10 12.07 = 4.54 0.18
TROMy 7.72 £ 216 698+ 1.72 0.48
TROMz 9.76 £ 2.66 15.40 + 10.12 0.10

Note: ROM= Range of motion, M=Moments are in 3 dimensions: (ROM) x=Flexion/extension, (ROM) y = Abduction/adduction and (ROM)
z=Internal/external rotation, H=Hip, K=Knee, A=Ankle, P=Pelvic, T=Trunk, Mx1= Moment of Extension, Mx2= Moment of Flexion, My=

Moment of abduction / Mz1, 2: External/ Internal Rotation moment, respectively.

The flexion moment of the knee joint increased slightly in the subjects with NCLBP. The moments of the ankle joint were
the other parameters selected in this study. The mean value of ankle plantar flexion moment decreased significantly in
NCLBP subjects (the plantar flexion moment was 1.4440.26 and 1.5420.1 Nm/BW for NCLBP and normal subjects,

respectively). Figures 2 and 3 show the motions of the pelvic and lumbar spine in both groups of subjects.
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Figure 2. Hip joint motion in sagittal (a), Frontal (b), and transverse planes (c) in normal and NLBP subjects.

- =—=LEP subject

= V—INa‘nd sudject

= =
5 %
g gL AL NG N
= =
2 2 .
= e
s =
g - 100
~ =
T 20— 140 50 | 86| 100 b
o Percentage of Gait cycle (%) a © Percentage of Gait cycle (%) b
202 | =—1BP subject
525 - +——— =——=Normazl subject
2 B =
FER=S====cS7ssss
515 =
3
EIOA 1 1
% 5‘/.;\' —
& o — 1 e —
s Percentage of Gait cycle (%) ¢
Figure 3. Pelvic motions in sagittal (a), frontal (b), and transverse planes (c) in a normal and NLBP.
S 7] 8 1 T i
, — ===1BP subject
. - L& ~ w—Normal subject
Q - o 6 S
& o/ g
:3r.11 T 51
e ¥
£ 2 Ep
S | e
2‘3 E 3
‘5'4- "5 2
9 ¢ %
£ 1
6 - G
5g® & :
7 ¢ o e e
. t .:.:;"::.:: = 192.'1201v:'4022&2':80v212
Percentage of Gait cycle (%) a Percentage of Gait cycle (%) b
25 4
j::::.:.::::::.::::.:.:——;_Bpmbject
] 15 1) 1 1 1
"I ==S
T 10 =+
c I
8 ;
$ S
e ===
E 0 ===
S s 55
A ‘i =
g-m ==
& B
-15} =
20 B c
Percentage of Gait cycle (%)

113



AMPPH is published by the INAMPPH (International Network for the Advancement of Medicine, Psychology and Public Health)
https://ampphealthjournal-network.org

DISCUSSION

LBP is undoubtedly one of the most challenging diseases affecting the ability of the subjects to stand and walk. However,
there is not enough evidence regarding subjects' NCLBP gait. Therefore, this study aimed to evaluate the gait of this group of
subjects.

The results of the current study show that the spatiotemporal gait parameters of the NCLBP group were the same as
those of the normal group. Moreover, there was no significant difference between the kinematics of the trunk, pelvic, hip,
knee, and ankle joints of normal and NCLBP groups. The hip, knee, and ankle movements differed between the groups. This
means that the internal extensor moment of hip and knee joints decreased. Moreover, the ankle plantar flexion moment
decreased, possibly due to weakness of the ankle plantar flexor due to LBP.

Based on the results of various research studies, those with LBP may have a longer stance duration and shorter step length
compared to normal subjects. This is due to a rigid or more careful walking pattern that reduces the pain associated with LBP
[10,20]. However, the results of this research contradict the previous findings. Therefore, it can be concluded that NCLBP
subjects behave according to the Avoidance-Endurance model (AEM). It means that they ignore their pain and persist in
being as active as before despite the pain [21-23].

The other parameters selected in this study were the kinematics of the trunk, pelvic, and leg joints. As can be seen from
the results of this research, there was no significant difference between the kinematics of hip joints of the normal and
NCLBP subjects. These results support that lumbar and pelvic motion coordination was not more rigid in any planes. This
finding supports the idea that pain with musculoskeletal origin in NCLBP patients had no significant influence on the range
of motion of the lumbar spine and pelvis in three dimensions. This is the same finding as Vogt et al. [10]. These results are in
contrast to Cimolin et al. [24]. However, it should be emphasized that the difference between the results may be due to the
type of the participants. In the study done by Cimolin, the effects of obesity and chronic low back pain were evaluated.

The moments of the hip, knee, and ankle joints were also analyzed in this study. As shown in Table 4, the internal
extensor moments of the hip, knee, and ankle joints decreased significantly in subjects with NCLBP, which seems to be due
to muscle weakness. A decrease in hip joint moment may be due to a change in ground reaction forces applied to the leg
(especially during heel strike) or proprioceptive feedback alteration [15,25]. This influences the ability of these subjects during
level walking and increases energy consumption [26-28]. Therefore, strengthening this group of muscles is recommended in
this group of subjects to improve their abilities during walking.

Some limitations should be acknowledged in this study. Only female subjects were recruited. Although there seems to be
no difference between the gait of males and females, conducting the same study with a group of subjects of both genders is
recommended. Moreover, the hip, knee, and ankle joint moments were calculated using an inverse dynamic approach (using
Visual 3D software). Therefore, it is recommended that the performance of muscles be evaluated using EMG in future
studies.

CONCLUSION

The main finding of this study was that individuals with NCLBP experienced a decrease in moments at the hip, knee,
and ankle joints, which could be attributed to muscular weakness. This suggests that the ankle plantar flexors and hip and
knee extensors in individuals with NCLBP may lack power. Therefore, it is recommended that individuals in this group focus
on strengthening the hip and knee extensors as well as the ankle plantar flexors. Additionally, this study's results confirmed

no differences in the pelvic, hip, and knee joint kinematics between the NCLBP group and the normal subjects.
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