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ABSTRACT

9T Pelvic tilt and lumbar lordosis angles are key postural parameters routinely evaluated in
orthopedic assessments for low back pain. This study aimed to compare pelvic tilt angle (PTA) and
lumbar lordosis angle (LLA) between patients with chronic non-specific low back pain (CNSLBP) and
healthy asymptomatic peers during hip extension and knee flexion maneuvers.

This cross-sectional comparative study involved 124 subjects aged 20-45 from
Babol, Iran, including 62 patients with CNSLBP and 62 asymptomatic controls. A flexible ruler was used
to measure the LLA in the prone position, and an inclinometer measured PTA in the standing position
under three specific testing conditions: relaxed, immediately after active hip extension, and immediately
after active knee flexion. Data analysis was conducted in SPSS software, version 23, with a significance
level set at 0.05.

[T No significant differences were found between the case and control groups in the mean prone
LLA or mean standing PTA under any measurement conditions (P>0.05). A weak positive and significant
correlation was found only between pain intensity and standing PTA after hip extension (P=0.022).
Within-group analysis revealed that LLA values after hip extension and knee flexion were significantly
greater than that under the relaxed prone condition (P<0.001), and PTA after hip extension was
significantly higher compared to PTA in the relaxed standing position (P<0.05) in both groups.
[@TEER LLA and PTA in relaxed position or following active hip extension and knee flexion tests are not
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Introduction

ow back pain (LBP) is a common mus-

culoskeletal issue that causes individuals

to visit physiotherapy centers [1, 2]. The

prevalence of LBP ranges from 30% to

80% and increases with aging [3]. LBP is
categorized into two types: specific (caused by specific
pathophysiological mechanisms) and non-specific (with
no definitive cause). Non-specific LBP constitutes ap-
proximately 80-90% of all LBP cases. Moreover, based
on duration, LBP can be acute (<6 weeks), subacute
(6-12 weeks), or chronic (>12 weeks) [4]. Both lumbar
lordosis and pelvic tilt exhibit dynamic behavior, adapt-
ing to various influences such as spinal pathology or
dysfunction in adjacent joints. In LBP patients, these pa-
rameters may respond differently to lower limb move-
ments, including hip extension and knee flexion, than
in healthy individuals. This different response aligns
with Sahrmann’s concept of relative flexibility, which
posits that incorrect lumbopelvic alignment or compen-
satory movement patterns contribute to the occurrence
of pain syndrome [5]. In biomechanical evaluation of
LBP, lumbar lordosis angle (LLA) is usually considered
as a primary measure. The active knee flexion test and
the active hip extension test in the prone position are two
standard clinical measures for evaluating lumbar move-
ment impairment [5].

The existing literature presents mixed results regard-
ing comparisons of LLA and pelvic tilt between LBP
patients and healthy individuals, as well as the effects
of active hip extension and knee flexion tests on these
variables. Singh et al. [6], Harrison et al. [7], and Ifthek-
ar et al. [8] reported no significant differences in LLA
between patients with LBP and asymptomatic controls.
Similarly, Arab et al. found that differences in LLA ad-
justments following a prone knee flexion test were not
statistically significant between healthy individuals and
LBP subjects [9]. In another study, however, they ob-
served significant differences in LLA changes follow-
ing the prone hip extension test between the two groups
[10]. Evidence from systematic reviews shows conflict-
ing findings regarding the association between LLA and
the development of LBP. In a meta-analysis of 13 stud-
ies comprising 796 patients with LBP and 927 healthy
individuals, conducted by Chun et al., patients with LBP
exhibited a lower LLA than healthy individuals. Sub-
group analyses indicated that subjects with lumbar disc
herniation or degenerative spinal changes demonstrated
significantly lower LLA than controls. However, the in-
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cluded studies exhibited considerable heterogeneity in
terms of methodology and sample characteristics [11].
Lim et al. showed a small but statistically significant dif-
ference in pelvic tilt angle (PTA) between healthy con-
trols and LBP patients [12]. Conversely, Yasukouchi et
al. found no significant differences in PTA changes in
various standing and sitting positions when comparing
healthy subjects to those with LBP [13].

Several key considerations support the rationale for
this study. First, the reports linking PTA, LLA, and LBP
symptoms are contradictory. Both increased and de-
creased LLA have been reported in patients with specif-
ic LBP [11]. However, in patients with chronic non-spe-
cific LBP (CNSLBP), a mixed condition that combines
different syndromes (restrictive dysfunction, functional
instability, and flexion or extension movement deficits),
the link remains unclear and warrants further research
[2]. It is also unclear whether the duration or severity of
CNSLBP influences LLA, underscoring the need for ad-
ditional research into this potential association [3]. From
a theoretical perspective, individuals with LBP may
exhibit altered LLA during active knee flexion or hip
extension due to stiffness or compensatory lumbopelvic
movements. However, the simultaneous effects of these
movements on LLA and PTA have not yet been evalu-
ated in either the prone or standing position. Therefore,
this study aimed to evaluate and compare LLA changes
during prone hip extension and knee flexion tests be-
tween CNSLBP patients and asymptomatic controls.
The study also compared PTA changes in the standing
position between these two groups. The analysis exam-
ined how pain duration and symptom severity correlated
with PTA and LLA in patients. The results can be used
in the orthopedic evaluation and rehabilitation program
of patients with CNSLBP.

Materials and Methods
Study design and participants

This is a case-control study conducted at Shahid Be-
heshti Hospital, affiliated with Babol University of
Medical Sciences, Babol, Iran. The case group com-
prised individuals with CNSLBP who attended orthope-
dic or physiotherapy clinics of Shahid Beheshti Hospital
between October 2023 and March 2024. The control
group consisted of healthy volunteers without LBP,
verified through self-report and clinical examination.
Participants were selected via convenience sampling
from individuals who met the inclusion and exclusion
criteria. To address the confounding factors, the two
groups were matched for age and body weight. Inclu-
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sion criteria were: age 20-45 years, confirmed diagno-
sis of CNSLBP by an orthopedic surgeon for the case
group [10, 14], and no history of LBP for the control
group. Exclusion criteria were: history of breathing dif-
ficulties in the prone position, history of dislocation or
fracture, acute LBP with pain intensity >8 on the visual
analog scale (VAS) score. confirmed disc herniation or
spinal canal stenosis, previous spinal surgery, history of
anterior cruciate ligament injury, history of anterior knee
pain, leg length discrepancy exceeding 1 cm, inability to
perform active hip extension or knee flexion, lower limb
injury within the past three months, presence of positive
neurological signs, and inability to maintain cooperation
or continue participation in the study. G'Power software
(version 3) was used to calculate the sample size consid-
ering an effect size of 0.68 based on prior research [10],
a 95% confidence level, and a test power of 95%. The
sample size was obtained at 56 per group (a total of 112
individuals). Considering a potential 10% dropout, the
final total size was 124 (62 per group).

Procedure

Orthopedic specialists examined the patients and
healthy volunteers. Included participants provided writ-
ten informed consent before the study, and the Ethics
Committee of Babol University of Medical Sciences
approved the research proposal. Initial steps included
gathering demographic information and assessing pain
duration and symptom intensity (using the VAS) in clini-
cal cases.

The LLA was measured in both groups using a flexible
ruler, first in a prone position and then immediately after
active hip extension (up to 10°) and active knee flexion.
The purpose of these two maneuvers was to evaluate the
influence of compensatory relative flexibility on lum-
bar spine behavior. Accordingly, lumbopelvic responses
during these tasks were compared between case and
control groups. The measurement began by identify-
ing the spinous process of the twelfth thoracic vertebra
(T12) as the starting point and the spinous process of the
second sacral vertebra (S2) as the endpoint of the lumbar
curve. These anatomical landmarks were marked on the
participant’s skin, and the flexible ruler was then molded
along the curvature of the lumbar spine. Contact points
on the ruler corresponding to the midline marks were in-
dicated with a marker pen. The LLA (8) was calculated
using the following Equation 1: [15, 16], Where L is
the length between T12 and S2, and H is the maximum
height of the lumbar curve [9, 10].

1. 0=4x% arctan(2H/L)
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An inclinometer (made in Belgium) was used to mea-
sure the standing PTA. Subjects stood straight during
device placement between the anterior superior iliac
spine and the posterior superior iliac spine. The instru-
ment screen showed the PTA [15]. The prone LLA and
standing PTA were measured three times in three con-
ditions: relaxed position, immediately after active knee
flexion, and immediately after active hip extension. The
average of three measurements per condition was used
in the data analysis.

Data analysis

The normal distribution of the data was confirmed us-
ing the Kolmogorov-Smirnov test. Independent t-test
compared the mean PTA and LLA between the two
groups. One-way analysis of variance (ANOVA) evalu-
ated within-group differences across the three condi-
tions. Pearson’s correlation test assessed whether pain
severity or symptom duration were associated with PTA
and LLA in the case group. Mean difference and 95%
confidence interval (CI) were used to show the effect
sizes. Calculations were performed in SPSS software,
version 23, with a statistical significance level of 0.05.
The intraclass correlation coefficient (ICC) was used to
assess the reliability of measurements obtained from 10
participants.

Results

Participants were 62 CNSLBP patients (mean age:
36.55 years, mean weight: 75.04 kg) and 62 asymptom-
atic peers (mean age: 35.86 years, mean weight: 75.19
kg). Chi-square test results showed no significant dif-
ference in sex between the two groups (P=0.999). Other
demographic baselines also showed no statistically sig-
nificant differences between the two groups (P>0.05).
The ICC for all PTA and LLA exceeded 0.9, confirming
strong measurement reliability.

According to the results in Table 1, in the case group,
the highest mean LLA was obtained during hip exten-
sion (38.03+12.75 degrees), while in the control group,
the highest value was during knee flexion (36.38+11.24
degrees). Mean LLA was not significantly different be-
tween the two groups across different measurement con-
ditions (P>0.05). Standardized effect sizes indicated mi-
nor differences between groups. Within-group analysis
revealed that LLA values after hip extension and knee
flexion were significantly greater than in the relaxed
prone condition in both groups (P<0.001) (Table 2).
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Table 1. Comparison of mean LLA across different measurement conditions between the two study groups

0,
N Mean+SD (95% CI1)
Group P
Case Control Mean Difference Standardized Effect Size
LLA in relaxed prone position (degrees)  31.44+10.44 29.5449.46 1.9(-1.64,5.44) 0.19 (-0.16, 0.54) 0.290
LLA after hip extension (degrees) 38.03+12.75 35.62+9.7 2.4(-1.62, 6.43) 0.21 (-0.14, 0.56) 0.239
LLA after knee flexion (degrees) 36.82+11.48 36.38+11.24 0.44 (-3.59, 4.84) 0.03 (-0.31, 0.39) 0.828
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Table 2. Within-group comparison of mean LLA among different measurement conditions

Variables

Mean Difference (95% Cl)

Group

Case Control

LLA in relaxed prone position vs LLA after hip extension
P
LLA in relaxed prone position vs LLA after knee flexion
P
LLA after hip extension vs LLA after knee flexion

P

6.59 (2.44,10.73) 6.08 (2.67, 9.48)
0.002 0.0006

5.38 (1.47,9.28) 6.84 (3.14, 10.53)
0.007 0.0004

1.21(-5.52,3.1) -0.76 (-4.97, 2.49)

0.579 0.687

In both groups, the highest mean PTA was observed af-
ter hip extension (11.03 £ 5.88 degrees in the case group
and 12.7445.48 degrees in the control group (Table 3).
Analysis of PTA in the standing position showed no
significant differences between groups across different
conditions (P>0.05). Effect sizes again suggested mini-
mal differences. Within-group comparisons indicated
that PTA after hip extension was significantly higher
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compared to PTA in the relaxed standing position in
both groups (P<0.05) (Table 4).

Symptom duration and pain intensity demonstrated no
significant correlations with PTA or LLA across most
conditions. A weak positive and significant correlation
was found only between pain intensity and standing
PTA after hip extension (P=0.022).

Table 3. Comparison of mean PTA across different measurement conditions between the two study groups

MeantSD (95% Cl)
Variables P
Case Group ControlGroup  Mean Difference  Standardized Effect Size
PTA in relaxed standing position (degrees) 8.87+4.79 10.19+4.74 -1.31(-3.00, 0.38) -0.27 (-0.62, 0.07) 0.128
PTA after hip extension (degrees) 11.0345.88 12.7445.48 -1.70(-3.72,0.31) -0.30 (-0.65, 0.05) 0.098
PTA after knee flexion (degrees) 9.8745.04 11.7545.93 -1.87(-3.83,0.08) -0.34(-0.69, 0.01) 0.060
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Table 4. Within-group comparison of mean PTA among different measurement conditions

Variables
Group

Mean Difference (95% Cl)

Case Control

PTA in relaxed standing position vs PTA after hip extension
P
PTA in relaxed standing position vs PTA after knee flexion
P
PTA after hip extension vs PTA after knee flexion

P

2.16 (-0.25, 4.06) 2.55(0.72,4.37)

0.026 0.006

1.00 (-2.74, 0.74) 1.56 (-3.46, -0.34)

0.259 0.108
1.16 (-3.10.78) 0.99 (-3.02, -0.04)
0.240 0.336

Discussion

In the present study, LLA was significantly higher after
active hip extension and knee flexion than in the relaxed
prone position in both case and control groups. Howev-
er, the results showed no significant differences among
the three measurement conditions.

Arab et al. also reported that changes in LLA during the
prone knee flexion test were not statistically significant
between LBP patients and healthy peers. However, the
patient group exhibited more changes [10]. Conversely,
Arab et al. in another study found a significant differ-
ence between the two groups in LLA changes when
comparing the relaxed prone and post hip extension
conditions [9]. Singh et al. [6], Harrison et al. [7], and If-
thekar et al. identified no significant differences in LLA
between LBP patients and healthy controls [8]. These
contradictory findings suggest that LLA alone may not
be a reliable discriminator between individuals with and
without CNSLBP during movement tests. It is likely that
other factors such as neuromuscular control, movement
coordination, and individual biomechanical variations
play more significant roles in the pathophysiology of
CNSLBP. Future studies incorporating dynamic assess-
ments and comprehensive biomechanical analyses may
provide deeper insights.

This study showed that, in both groups, mean PTA af-
ter hip extension was significantly greater than that in
the relaxed standing position. Direct group comparisons
between healthy individuals and patients revealed no
significant differences in PTA among any measurement
conditions. Lim et al. reported a small but statistically
significant difference in PTA between patients with LBP

Archives of

Rehabilitation

and healthy controls [12]. Day et al. also reported that
PTA variations in LBP patients could lead to significant
changes in the overall pelvic and lumbar curves [17]. In
contrast, Yasukouchi et al. documented identical pelvic
tilt adaptations in sitting and standing positions between
patients with LBP and healthy controls [13]. Adamik et al.
reported reduced anterior PTA in patients with LBP [18].

This study evaluated whether LBP intensity or symp-
tom duration was directly related to PTA and LLA val-
ues. Standing PTA after hip extension demonstrated a
weak, statistically significant positive correlation with
overall pain intensity. The weak correlation may be
related to the generally greater PTA observed in the
standing hip extension compared to other measurement
conditions. Shortz et al. [19] and Singh et al. [6] identi-
fied no significant correlation between LLA and chronic
LBP severity. Bozorgmehr et al. reported a significant
positive correlation between pain severity and PTA al-
terations [20]. Elabd and Elabd identified a significant
correlation between pain severity and LLA, and Leo et
al. found significant positive correlations between pain
intensity and alterations in both LLA and PTA in pa-
tients with CNSLBP [21, 22].

The present findings show that LLA and PTA across
three different measurement conditions do not differ
significantly between healthy controls and CNSLBP pa-
tients. Therefore, the presence of LBP seems insufficient
to determine the changes in LLA and PTA in patients. In
a systematic review by Chun et al., a decrease in LLA
was reported in subjects with LBP compared with healthy
controls. The authors suggested that decreased LLA, often
associated with sustained lumbar flexion, may contribute
to posterior disc protrusion or herniation. In the present
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study, participants had CNSLBP. These people may suffer
from a broad range of musculoskeletal pain syndromes,
including restrictive movement disorders, extension and
flexion impairment, or functional instability. The presence
of various movement disorders in people with CNSLBP
likely results in different effects on postural alignment of
the lumbar spine and pelvis. Patients in our study exhib-
ited both increased and decreased LLA. Consequently, the
absence of significant differences in mean LLA and PTA
between CNSLBP patients and asymptomatic controls
may be due to the heterogeneity of movement disorders
among CNSLBP patients [11].

Conclusion

To better elucidate the relationship between lumbo-
pelvic alignment disorders and LBP, future research
should employ larger sample sizes and focus on distinct
subgroups of people with CNSLBP, particularly those
with defined movement impairment syndromes, such as
extension or flexion dysfunctions. Furthermore, studies
examining changes in lumbar curvature and pelvic tilt in
this population should control for a range of potentially
influential variables, including age, symptom duration
and severity, specific characteristics of movement im-
pairment, and musculoskeletal and neuromuscular ele-
ments (e.g. muscle length, tightness, stiffness, strength,
endurance), as well as patterns of relative flexibility and
compensatory movement strategies. Based on the find-
ings, although LLA and PTA are frequently assessed as
primary postural indicators during orthopedic evalua-
tions of patients with LPB, clinicians should not over-
emphasize the role of these parameters without consid-
ering other biomechanical and neuromuscular factors.

There were some limitations in this study. A small sam-
ple size may limit the generalizability of the findings to
broader clinical populations. The non-assessment of oth-
er potentially influential factors, such as muscle strength,
core endurance, muscle length, tightness, stiffness, and
neuromuscular compensatory patterns, limits a compre-
hensive understanding of the underlying mechanisms.
The lack of sophisticated radiological tools such as MRI
may affect the accuracy of LLA and PTA measurements.
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