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Abstract 

Objectives: It is crucial to investigate the daily functions commonly utilized by individuals with low back 
pain (LBP) due to their implications for recurrence and chronicity. Stand -to-sit (StTS) task is one of the 
more repetitive functions in human daily life. This study aims to evaluate pelvic and lower limb joint 
kinematics during the StTS task in individuals with Non-Specific Chronic Low Back Pain (NSCLBP) 
compared to a healthy control group. 

Methods: Pelvic and lower limb joint kinematic data in all three planes were recorded from 20 individuals with LBP 
and 20 healthy individuals using a Qualisys motion capture system during the StTS task. A Functional Data Analysis 
statistical approach was employed to compare the kinematic data between the two groups. 

Results: In the initial phase of the movement, we observed a greater anterior pelvic tilt (P=0.028) and an altered 
pelvic frontal plane motion pattern (P=0.029) in the LBP compared to the healthy group. The only significant 
differences between the lower limb joint kinematics of the two groups were a less hip external rotation position 
(P=0.025) and a more knee adduction pattern (P=0.002) on the right side in the LBP subjects compared to the 
healthy group. 

Conclusion: Considering a few differences noted between the two groups across various joints and planes 
evaluated, it appears that the kinematic pattern of the lower limbs does not significantly differ between the NSCLBP 
and healthy groups during the StTS task in most comparisons. However, distinct kinematic patterns have been 
observed in the pelvic region, particularly in the sagittal and frontal planes, between the two groups. 

        Level of evidence: III 

        Keywords: 3D motion analysis, Kinematics, Low back pain, Lower limbs, Stand-to-sit 

 
 

Introduction

ow back pain (LBP) is a medical disorder 
associated with socioeconomic problems.1 
Approximately 90% of the subjects with LBP in 

whom the cause of symptoms is unknown are classified as 
Non-Specific Low Back Pain (NSLBP).2 Prior research has 
shown that individuals with NSLBP and healthy subjects 
exhibit different movement patterns in the pelvic and 
lower limb joints during functional activities.3-5 This 
divergence in movement signatures among individuals 
with LBP is believed to arise from variances in underlying 

contributory mechanisms.6,7  

As LBP evolves into a chronic condition, it is recognized as 
a biopsychosocial issue, closely intertwined with various 
factors.8 The primary focus of treatment for these 
individuals revolves around disability prevention; however, 
the available evidence on interventions for symptom 
alleviation remains insufficient.9 Notably, biomechanics 
emerges as an important biological factor in this complex 
interaction.10 

Among functional activities, the stand-to-sit (StTS) 
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movement emerges as an integral aspect of daily life, 
involving lumbar spine flexion.11 The StTS task often occurs 
after walking, one of the most common forms of human 
locomotion.12 Additionally, individuals with LBP frequently 
face challenges during daily tasks, including this 
movement.13  

Prior studies on joint kinematics during the StTS in LBP 
individuals have yielded conflicting results. Some have 
reported reduced lumbar and hip range of motion (ROM) 
in NSLBP during the StTS task.13,14 In contrast, other 
investigations have indicated no significant differences in 
hip motion 4 and pelvic movements between the two 
groups.15,16 Additionally, some studies have identified less 
hip joint motion and greater pelvic tilt excursion in the 
LBP group.3 

However, prior research has underscored the potential 
advantages of employing Functional Data Analysis (FDA) 
to analyze kinematic data over time.17 in previous studies, 
discrete variables, such as ROM, have been commonly 
examined using traditional statistical methods to 
compare different groups. 

Previous research generally interprets StTS pelvis 
kinematics as involving rotation, potentially resulting in 
anterior or posterior pelvic tilt.18 However, pelvis 
kinematics may entail a complexity beyond more 2D 
movement in the sagittal plane.19 Moreover, several 
researchers have recorded kinematic variables from a 
single leg, assuming that the opposing limb would behave 
similarly.  

To the best of our knowledge, no previous study has 
undertaken the examination and analysis of movement 
patterns in pelvic and lower limb joints on both sides in 
all three planes during the "StTS" motion. Consequently, 
the objective of this study was to investigate the 
kinematic characteristics of the pelvic and lower limb 
joints on both sides and compare them between 
individuals with non-specific chronic low back pain 
(NSCLBP) and healthy subjects using the FDA approach. 
We hypothesized that there would be different kinematic 
patterns in the pelvic and lower limbs during the StTS 
task among patients with LBP and healthy subjects. 

Materials and Methods 
Participants 

This observational cross-sectional study involved 20 
patients with LBP and 20 healthy participants. The sample 
size calculation was established by the outcomes of previous 
similar studies,3 which suggested that a minimum of 13 
subjects per group would yield a statistical power of 0.8 at a 
significance level (alpha) of 0.05. However, in the current 
study, the sample size was increased to 20 participants in 
each group. The study received approval from the Ethics 
Committee at the University of Social Welfare and 
Rehabilitation Sciences (ID number: 
IR.USWR.REC.1400.061).  

All participants completed an informed consent form and 
provided general demographic information. Participants 
with LBP also reported their current pain levels on a visual 
analog scale, ranging from "0" to "10". To determine the 
participants' dominant leg, they were asked to kick a ball.20, 

21 

The LBP group comprised 20 subjects aged between 18 

and 65 with a prior medical diagnosis of NSLBP. The 
participants had not received a specific pathology diagnosis 
for their LBP from a physician. They had experienced 
persistent pain lasting more than 12 weeks, had a body mass 
index (BMI) between 20 and 30, and were capable of rising 
on a chair unassisted. On the day of participation, each 
patient underwent an examination for the presence of 
radicular symptoms during the implementation of the 
Straight Leg Raise test, conducted by an experienced PhD 
candidate of physiotherapy with over 10 years of training in 
spine rehabilitation. The control group included healthy 
individuals aged 18 to 65, with a BMI between 20 and 30, 
and no prior history of LBP. 

Exclusion criteria for both groups were: 1) the presence of 
any symptoms (e.g., musculoskeletal disorders, neurological 
symptoms, or radicular pain) in the lower limbs, 2) any 
neurological diseases, 3) engaging in intense physical 
activity within 48 hours prior to study participation, 4) 
history of spinal surgery, 5) suffering from spinal 
deformities and musculoskeletal, neurological, or 
rheumatological disorders affecting lower limb joints, and 6) 
pregnancy. 

Procedure 
The kinematic data for the transition from standing to 

sitting were collected using a 7-camera Qualisys Proreflex 
system (version 2.7, Qualisys AB, Gothenburg, Sweden) with 
a sampling frequency of 100 Hz. A total of 21 passive retro-
reflective markers were strategically positioned, including 
markers on the spinous process of the first thoracic spine 
(T1), bilateral anterior superior iliac spine (ASIS), bilateral 
posterior superior iliac spine, right and left greater 
trochanters, right and left medial and lateral knee 
epicondyles, medial and lateral right and left malleoli, right 
and left calcanei, and right and left first and fifth metatarsal 
heads. Moreover, rigid clusters consisting of four markers 
each were attached to the lateral aspect of both thighs and 
legs, positioned at the midpoint [Figure 1]. The study utilized 
a biomechanical model that consisted of four rigid segments: 
the pelvis, thigh, shank, and foot. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. The person's status and marker placement during static 
“StTS” test recording 
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Before recording the main tasks, participants were provided 
adequate time to become familiar with the testing procedure. 
In the beginning, a three-second static position was obtained 
in a standing position. In the current study, the kinematic 
data represent the average of three "StTS" trials. To 
determine the seat height for each individual before 
commencing the main performance recording, the chair's 
height was adjusted so that, in the sitting position, the thigh 
formed a horizontal line through the greater trochanter and 
femoral lateral epicondyle, with the knee joint positioned at 
a ninety-degree angle. This adjustment was confirmed by the 
examiner using a goniometer. Subjects were instructed to 
stand barefoot in front of an adjustable chair, with their legs 
positioned shoulder-width apart, and to perform the motion 
at their preferred speed. Upon hearing the "start" command, 
participants were asked to sit down on a stool while 
maintaining a forward gaze, without using their hands for 
assistance. To mitigate the effects of fatigue, subjects were 
given sufficient rest between the tests. 
  The "StTS" function was divided into two phases: A) The 
Pre-Buttocks Contact (Pre-B_C) phase and B) the Post-
Buttocks Contact (Post-B_C) phase. To achieve this, three 
points were defined: 

1) The starting point was established as the initial moment 
of horizontal (x) displacement of the T1 marker.22 

2) "Buttocks contact" was identified as the point at which 
the vertical linear displacement of the trochanter 
marker reached 90% of its peak.23 

3) The conclusion of the movement was determined as the 
moment when there was no further horizontal (x) 
displacement of the T1 marker. 

Data processing 
  First, the data were extracted from the Qualisys system, and 

then, the kinematic coordinates of markers were smoothed 
using a fourth-order Butterworth filter with a cutoff 
frequency of 6 Hz. The kinematic data were then analyzed 
using MATLAB (R2017b, The Mathworks Inc, Natick, MA) to 
characterize the movement patterns of segments over time. 
Utilizing the position of anatomical markers during a static 
trial (CAST technique), we constructed segment coordinate 
systems (SCSs) and anatomical planes for each segment. The 
kinematic data were normalized to 100% of the task. 
Subsequently, all StTS kinematics data were imported into 
Microsoft Excel for the calculation of excursion (the 
difference between the maximum and minimum angles) and 
ROM (end angle minus the start angle) separately for each 
phase in each group. In this study, three-dimensional joint 
rotations were computed using the joint coordinate system 
(JCS), which is derived from the SCSs.24 For the static 
standing position, it was established that all joint positions 
were at zero degrees [Figure 1]. The feet were positioned 
shoulder-width apart in this static standing position in 
accordance with the methodology employed in the study.25 

Statistical analysis 
  Statistical analysis was carried out using SPSS (SPSS 
Statistics for Windows, Version 26.0. Armonk, NY: IBM Corp) 
and R software. The normality of the demographic data was 
assessed using the Shapiro-Wilk statistical test. All 
demographic data followed a normal distribution in this 
study. Additionally, all participants in the study were right-
sided dominant. Descriptive statistics, including mean and 
standard deviation, were calculated to describe the 
demographic characteristics of the subjects. Regarding BMI, 
weight, height, age, and task duration, there were no 
significant differences between the control and NSCLBP 
groups [Table 1]. 

        a Non-specific chronic low back pain  

        b Body mass index 

 

  Descriptive values for the LBP and control groups were 
presented as the excursion and the ROM of the pelvic, hip, 
knee, and ankle joints in all three planes on both sides during 
both phases of the task using Excel software. These values 
represent the averages obtained from three trials [Table 2]. 

We evaluated the intra-rater reliability and the standard 
error of measurement for the maximal ROM variable across 
all kinematic measurements [Table 3]. 
 
 

Table 1. Anthropometric data and clinical characteristics of the study population 

Characteristics 
NSCLBPa group (n=20) 

Mean(SD) 
Control group (n=20) 

Mean(SD) 
P-value 

Age (year) 31.25(6.37) 27.5(5.9) 0.39 

Height (cm) 168(4.38) 171(8.9) 0.19 

Weight (Kg) 65.6(9.42) 67.95(8.96) 0.42 

BMIb (Kg/m2) 23.23(3.11) 23.19(1.76) 0.95 

Gender (10 males, 10 females) (10 males, 10 females) - 

Visual analog scale (0-10) 2.9(1.1) 00.00 0.00 

Duration (s) 2.48(0.43) 2.53 (0.57) 0.3 
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Table 2. Descriptive values for kinematic parameters of the pelvic and right and left hips, knee, and ankle joints during StTSa in NSCLBPb subjects 
and healthy participants 

Region Group 

Variables 

Excursion*(Degree) 
Mean /(SD)d 

ROMc(Degree) 
Mean /(SD) 

Pre-B_C e Post-B_C f Pre-B_C Post-B_C 

sagittal frontal transverse sagittal frontal transverse sagittal frontal transverse sagittal frontal transverse 

Pelvic 

Healthy 

Mean 22.40 3.40 3.76 29.26 1.9 3.23 12.63 1.97 2.12 32.1 1.19 2.13 

SD (14.5) (1.65) (1.9) (15.29) (1.22) (2.04) (5.89) (1.32) (2.06) (7.21) (1.03) (1.92) 

LBP a 

Mean 24.93 4.25 5.19 28.36 2.64 2.87 10.21 2.17 3.11 28.3 2.23 2.18 

SD (13.3) (3.49) (3.91) (16.07) (1.88) (2.19) (10.76) (2.00) (2.64)  (16.25) (2.07) (2.01) 

Dominant 
hip 

Healthy 

Mean 84.93 8.86 4.93 28.12 4.89 2.06 87.87 6.84 2.58 24.75 3.73 2.55 

SD (20.24) (4.46) (4.37) (14.74) (3.56) (1.55) (12.7) (4.29) (2.59) (7.92) (3.24) (1.23) 

LBP 

Mean 86.21 9.36 3.91 24.8 4.3 2.4 83.61 8.38 4.85 24.71 3.79 2.51 

SD (14.59) (5.99) (3.1) (9.62) (3.97) (2.27) (9.41) (4.52) (3.12) (9.55) (3.39) (1.35) 

Non-dominant 
hip 

Healthy 

Mean 86.31 12.36 14.76 27.86 5.69 8.24 90.06 10.48 9.19 24.78 3.13 6.75 

SD (22.62) (6.13) (11.72) (14.64) (7.29) (7.67) (12.34) (6.14) (7.74) (7.29) (2.98) (4.43) 

LBP 

Mean 87.84 10.8 12.73 25.59 4.44 4.44 85.05 7.95 9.36 25.36 3.9 6.57 

SD (23.31) (5.77) (9.73) (7.37) (3.64) (3.46) (25.34) (4.3) (7.56) (7.32) (3.44) (5.28) 

Dominant knee 

Healthy 

Mean 83.77 9.75 13.15 7.76 5.94 5.62 87.24 8.26 9.43 2.31 3.04 2.93 

SD (19.79) (4.65) (6.99) (3.13) (4.41) (3.27) (7.2) (4.03) (1.38) (1.99) (2.56) (1.33) 

LBP 

Mean 81.86 10.12 13.16 4.34 4.24 6.51 81.39 7.99 11.34 3.04 2.57 5.6 

SD (10.98) (6.65) (11.34) (3.32) (2.7) (4.04) (18.57) (6.66) (8.53) (2.18) (1.45) (2.08) 

Non-dominant  
knee 

Healthy 

Mean 84.5 14.2 15.22 9.65 7.41 7.07 87.48 8.97 11.34 3.61 4.51 4.87 

SD (6.93) (3.54) (4.60) (20.25) (5.62) (5.49) (6.02) (5.84) (5.59) (1.59) (3.01) (3.63) 

LBP 

Mean 82.47 13.02 15.93 5.0 4.42 4.11 81.93 10.03 12.9 3.69 2.85 2.74 

SD (10.14) (6.29) (7.06) (4.4) (2.04) (2.9) (10.99) (5.58) (7.40) (1.99) (2.01) (2.40) 

Dominant  
ankle 

Healthy 

Mean 14.74 5.22 5.39 7.88 3.53 4.62 12.06 3.31 3.23 8.57 2.3 2.12 

SD (4.7) (2.94) (3.14) (3.69) (2.84) (3.36) (4.15) (2.45) (2.6) (4.17) (1.94) (1.75) 

LBP 

Mean 14.14 4.66 3.95 7.85 4.12 4.30 10.99 3.21 3.89 7.3 3.39 3.94 

SD (5.21) (3.24) (2.07) (2.88) (3.78) (1.89) (3.82) (2.85) (3.04) (3.18) (4.8) (3.11) 

 
Non-dominant 

 ankle Healthy 

Mean 20.49 5.62 6.37 9.62 2.91 6.53 18.47 3.14 4.72 9.44 2.06 5.45 

SD (10.32) (3.93) (2.10) (6.55) (2.15) (2.63) (7.39) (3.25) (3.7) (6.08) (1.89) (3.27) 

LBP 

Mean 14.82 4.96 4.62 7.63 2.52 2.89 11.09 3.64 2.49 7.32 1.74 1.17 

SD (5.06) (1.46) (2.70) (2.81) (2.33) (1.85) (5.67) (1.52) (3.2) (3.01) (1.68) (1.11) 

 
 
 
 
 

a Stand-to-sit 
b NSCLBP: Non-specific chronic low back pain 
c ROM: Range of motion 
d SD: Standard deviation  
e Pre-buttock contact 
f Post buttock contact 
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Table 3. Reliability values (intraclass correlation coefficient) and standard error of the measurement for kinematics parameters during the “Stand-
to-sit” test 

Kinematic variable 
Intra-class 
reliability 

First phase Second phase 

Plane of motion Plane of motion 

sagittal frontal transverse sagittal frontal transverse Maximum ROMa 

pelvic 

ICCb  

(95% CIc) 

0.95 

(0.89, 0.98) 

0.65 

(0.17, 0.88) 

0.61 

(0.31, 0.91) 

0.86 

(0.68, 0.95) 

0.69 

(0.41, 0.70) 

0.58 

(0.15, 0.70) 

SEMd (°) 1.71 1.6 1.65 4.51 0.97 4.5 

hip 

ICC 

 (95% CI) 

0.96 

(0.90, 0.98) 

0.86 

(0.66, 0.95) 

0.88 

(0.71, 0.96) 

0.91 

(0.80, 0.97) 

0.67 

(0.22, 0.89) 

0.91 

(0.79, 0.97) 

SEM (°) 3.12 2.23 2.24 3.26 2.75 2.06 

knee 

ICC 

 (95% CI) 

0.94 

(0.85, 0.98) 

0.90 

(0.77, 0.96) 

0.84 

(0.62, 0.94) 

0.73 

(0.36, 0.90) 

0.84 

(0.63, 0.94) 

0.80 

(0.53, 0.93) 

SEM (°) 2.9 1.51 2.53 2.03 1.11 2.35 

ankle 

ICC 

 (95% CI) 

0.83 

(0.60, 0.94) 

0.54 

(0.31, 0.74) 

0.96 

(0.92, 0.98) 

0.67 

(0.23, 0.89) 

0.62 

(0.18, 0.86) 

0.79 

(0.50, 0.92) 

SEM (°) 2.42 3.55 0.72 2.21 2.08 1.01 

 
 
 
 
 
  
  In this paper, we employed the FDA statistical method to 
compare kinematic data between two groups. This method 
enables the representation of any function as a linear 
combination of a set of curves. FDA involves converting 
discrete data into a functional format prior to conducting any 
analysis.26 Calculations were conducted using MATLAB 
software, specifically utilizing the R-package named 
"Simultaneous Confidence Bands" SCBmeanfd [Table 4]. 

Results 
  In the present study, all of the maximal ROM variables 
exhibited moderate to excellent levels of intra-rater 
reliability,27 as indicated by the reliability values (intraclass 
correlation coefficient) and standard error of the 
measurement for kinematics parameters during the “Stand-
to-sit” test [Table 3]. 
  The comparison of movement patterns between the LBP 
and control groups revealed significant differences in the 
pelvic region. Patients in the LBP group exhibited a more 
anterior pelvic tilt pattern in the sagittal plane (P=0.028) and 
a greater counter-clockwise (CCW) rotation in the frontal 
plane during the first phase of the StTS motion (Pre-B_C 
phase). This indicates that in the LBP group, the left ASIS was 
positioned higher in the frontal plane during the initial phase 
of the motion compared to healthy subjects (P=0.029) [Table 
4]. 
  On the right side, the only significant difference within the 

hip joints was a more internal rotation pattern observed in 
the first (P=0.025) and the second phases (P=0.003) of the 
motion when compared to the control group. Regarding the 
knee joint on the right side, there was a distinct greater 
adduction pattern in the frontal plane during the first 
(P=0.002) and second (P=0.005) phases when compared to 
the control group [Table 4]. 
  There were no significant differences between the two 
groups in ankle motion patterns on both sides. 
  In the lower extremity joints (hip, knee, and ankle) on the 
left side, no significant differences were observed between 
the two groups in terms of movement patterns in all three 
planes during the execution of the StTS motion [Table 4]. 
Graphs and P-values for between-group comparisons of the 
pelvic and lower limb joints using the FDA approach are 
presented in Table 4. 

Discussion 
  The results of the current study, align with some prior 
research findings,12  indicated that there were no significant 
differences between the two groups in terms of task 
duration. The greater amount of anterior pelvic tilt position 
observed during the "Pre-B_C" phase of the task in 
individuals with LBP may be a consequence of movement 
restrictions in the lumbar spine and hip joints.13,14 This 
finding was in line with earlier research that reported 
increased pelvic excursion during the initial phase of this 

a Range of motion 
b Intraclass correlation coefficient 
c Confidence interval 
d Standard error of measurement 
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motion.3 It is conceivable that during the first phase of the 
"StTS" movement when lumbar ROM is limited, the pelvis 
compensates for this restriction in lumbar spine mobility by 
increasing anterior tilt. Moreover, the observed anterior 

pelvic tilt position during the first phase of the task in CLBP 
subjects may be attributed to the hyperactivity of the 
quadriceps muscles and the inefficiency of the abdominal 
muscles.28

 
Table 4. Kinematic curves and P-value for the pelvis, dominant and, non-dominant hip, knee, and ankle in the three anatomical 
planes between two groups.                        CLBP                       Control, * P value < 0.05 

 
Pelvic 

Sagittal Frontal Transverse 

 
  

P-value: 0.03* P-value: 0.03* P-value: 0.06 

 Dominant side 

 
Hip 

Sagittal Frontal Transverse 

 

  

P-value: 0.95 P-value: 0.05 P-value: 0.03* 

 
Knee 

Sagittal Frontal Transverse 

   

P-value: 0.85 P-value: 0.00* P-value: 0.55 

 
Ankle 

Sagittal Frontal Transverse 

   

P-value: 0.93 P-value: 0.28 P-value: 0.18 

 Non-dominant side 

 
Hip 

Sagittal Frontal Transverse 

   

P-value: 0.86* P-value: 0.80 P-value: 0.51 



(593) 

 

 

 
  

 

THE ARCHIVES OF BONE AND JOINT SURGERY.    ABJS.MUMS.AC.IR 
VOLUME 12. NUMBER 8. August 2024 

PELVIC AND LOWER LIMB KINEMATICS IN LOW BACK PAIN 
SUBJECTS DURING STAND-TO-SIT MOTION 

Table 4.Continued 

Knee 

Sagittal Frontal Transverse 

   

P-value: 0.98 P-value: 0.75 P-value: 0.20 

 
Ankle 

Sagittal Frontal Transverse 

   

P-value: 0.44 P-value: 0.29 P-value: 0.39 

 

 
 
 
 
  The increased CCW rotation of the pelvis in the frontal plane 
on the right side observed in the LBP group may be 
attributed to the weakness of the hip abductor muscles on 
the same side. This result was in agreement with previous 
research demonstrating that weakness in the gluteus medius 
muscle is linked to the manifestation of NSCLBP.29 
  Regarding hip joint kinematic patterns, our study showed a 
greater internal rotation pattern of the hip joint in the LBP 
group on the right side; however, there were no significant 
differences between the two groups on the left side hip joint 
in all the three planes. The results of past studies on the 
rotation of the hip joint in the transverse plane in the LBP 
group compared to healthy individuals were contradictory. 
Some previous pieces of research have reported a higher 
amount of internal hip rotation in the subjects with LBP than 
in the healthy group during an active hip test.30 Other 
researchers reported a reduction in the ROM for the internal 
rotation of the hip joint among individuals with LBP.31 It is 
worth noting that in their study, this decrease in hip internal 
rotation ROM was evident in athletes with LBP who were 
consistently engaged in rotational sports, such as golf. 31 In 
these LBP patient athletes accustomed to repetitive rotation 
movements on one leg, it was found that the hip external 
rotator muscles exhibited greater stiffness and a more cross-
sectional area compared to non-athlete LBP subjects.32 
Consequently, it is conceivable that the kinematics of the hip 
joint in this group of LBP athletes may differ from those of 
non-athletes participating in the current study. In a recent 
study evaluating hip rotation in the horizontal plane during 
the "StTS" task, the results showed no significant differences 
in the mean values for hip rotation between the two groups.3 
In our study, we observed a greater amount of CCW rotation 

of the pelvis in the transverse plane, which was associated 
with increased hip internal rotation on the right side in the 
LBP group compared to healthy subjects. One potential 
explanation for these kinematic patterns during the first 
phase of the StTS motion could be related to the need for 
more stability to reach controlled motion in the LBP group. 
Other studies have supported similar findings, indicating 
postural instability during StTS maneuvers owing to 
decreased lumbar spine and trunk flexion in individuals with 
NSCLBP.16 This diminished trunk flexion has been associated 
with a shorter period during which the center of mass 
remains within the base of support during StTS.33 Therefore, 
it is plausible that individuals with NSCLBP, experiencing a 
reduced capacity for trunk flexion, may rely more on pelvic 
CCW rotation (internal rotation) and hip internal rotation to 
provide additional passive stability in the dominant side 
lower limb,34 facilitating controlled movement during the 
initial phase of the StTS maneuver. 
  The only significant difference in the knee joint between the 
two groups was observed on the right side, where a more 
adduction position of the knee joint was evident in both 
phases within the LBP group. This altered knee frontal plane 
kinematic aligns with findings from previous studies that 
have reported increased knee motion in the frontal plane in 
the CLBP group during functional tasks.35,36 This observation 
could be attributed to gluteal muscle weakness in the LBP 
subjects who rely more on their hamstrings and hip flexors, 
as opposed to their gluteal muscles.29 
  The current study did not reveal significant differences in 
most of the parameters related to lower limb joint kinematics 
on both sides and three planes between the two groups. A 
significant finding in the current study was the altered 
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*The p-values reported in the table are for the first phase of the StTS movement. 
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StTS motion cycle over time (during both phases) 



(594) 

 

 

 
  

 

THE ARCHIVES OF BONE AND JOINT SURGERY.    ABJS.MUMS.AC.IR 
VOLUME 12. NUMBER 8. August 2024 

PELVIC AND LOWER LIMB KINEMATICS IN LOW BACK PAIN 
SUBJECTS DURING STAND-TO-SIT MOTION 

kinematic patterns of the pelvic region during the execution 
of the "StTS" function. These altered movement patterns of 
the pelvic region could potentially result in excessive 
mechanical loads on the lumbar spine. Such excessive 
stresses applied to the lumbo-pelvic region have been 
associated with spinal pathology and the development of 
LBP.37 additionally, it is noteworthy that the pelvic region 
plays a crucial role in integrating the movements of the 
lumbosacral region and lower limb joints.38, 39, 40, 41 Therefore, 
during routine daily activities, impaired pelvic movements 
could have an impact on both of these areas. Understanding 
the altered strategies employed by LBP individuals to 
perform the "StTS" function can contribute to the 
improvement of functional diagnostic criteria and aid in the 
development of targeted treatment approaches within their 
physical therapy plans. 
  In this study, the results revealed that, in contrast to the 
right side, there were no significant differences between the 
two groups on the left side across all joints in all three planes. 
This suggests that in the CLBP group, compensatory 
mechanisms may develop more on the one side over time 
due to increased reliance on and utilization of the one side. 
Taking into account this finding, it is essential for clinicians 
and researchers to consider the potential side-specific 
differences in kinematic alterations.  
  The present study has several limitations. Firstly, our study 
focused on joint kinematics, and the inclusion of 
electromyography recordings could have provided 
additional insights into the musculoskeletal activity of the 
subjects. Additionally, the use of skin markers may have 
introduced potential kinematic inaccuracies due to soft 
tissue artifacts, which were not accounted for in our analysis. 
Lastly, our participants experienced mild lumbar spine pain 
for a duration exceeding three months. We are not sure 
whether similar outcomes would manifest in individuals 
with more severe LBP. 

Conclusion 
According to the results of our study, pelvic kinematic 

patterns in all three planes should be a focal point in both 
research and rehabilitation programs when addressing 
this function in NSCLBP subjects. It seems that in NSCLBP 
subjects, the kinematic patterns of the lower limb joints are 
not sufficient to distinguish the LBP group from the healthy 
one. As a result, it is necessary to pay attention to other 
factors, such as psychosomatic disorders and muscle 
activation during the StTS performance, in LBP subjects.  
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