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Abstract

Purpose Limited hip flexion may lead to a poor lumbo-

pelvic motion during seated active hip flexion in people

with low-back pain (LBP). The purpose of this study was to

compare lumbopelvic motion during seated hip flexion

between subjects with and without LBP accompanying

limited hip flexion.

Methods Fifteen patients with LBP accompanying lim-

ited hip flexion and 16 healthy subjects were recruited. The

subjects performed seated hip flexion with the dominant

leg three times. A three-dimensional motion-analysis sys-

tem was used to measure lumbopelvic motion during

seated hip flexion.

Results During seated active hip flexion, the angle of hip

flexion was significantly lower in patients with LBP

accompanying limited hip flexion (17.4 ± 4.4 in the LBP

group, 20.8 ± 2.6 in the healthy group; t = 2.63,

p = 0.014). The angle of the lumbar flexion (4.8 ± 2.2 in

the LBP group, 2.6 ± 2.0 in the healthy group; t = -2.96,

p = 0.006) and posterior pelvic tilting (5.0 ± 2.6 in the

LBP group, 2.9 ± 2.0 in the healthy group; t = 2.48

p = 0.019), however, were significantly greater in patients

with this condition.

Conclusions The results of this study suggest that limited

hip flexion in LBP can contribute to excessive lumbar

flexion and posterior pelvic tilting during hip flexion in the

sitting position. Further studies are required to confirm

whether improving the hip flexion range of motion can

reduce excessive lumbar flexion in patients with LBP

accompanying limited hip flexion.

Keywords Kinematics � Limited hip flexion � Low-

back pain � Lumbar spine � Lumbopelvic motion

Introduction

The majority of the population experience non-specific

low-back pain (LBP) at least once in a lifetime [1, 2].

Non-specific LBP comprises a large proportion of LBP

cases, and the cost of treating LBP is high [3–5]. Several

studies have demonstrated factors contributing to the

development of LBP, and LBP patients present with

various symptoms or behaviors [6–8]. For this reason,

clinicians and investigators have sought to determine

sources and/or causes of LBP based on posture and

movement tests, and to provide guidelines for the man-

agement of LBP [9–12].

Sahrmann [11] and Harris-Hayes et al. [12] suggested

that LBP occurred as a result of repetitive movement in

specific sites in the lumbar region, and movement

impairment can be explained by a direction-based mech-

anism of provocation or relief of symptoms and/or pain.
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Comerford and Mottram [13] reported that movement

dysfunction is often present at the site and in the direction

of uncontrolled motion of the lumbar region. Previous

reports proposed that altered strategies for postural and

movement control should be identified through movement

tests and the abnormal movement pattern should be

modified because altered movement patterns of the lum-

bar spine might contribute to the development of LBP

[11–13].

The normal angle of hip flexion is 120� in healthy

people performing functional activities [14, 15], and hip

flexion flexibility is required to perform many daily

activities, such as squatting, putting on shoes and socks,

and riding a bicycle [16–19]. Since the hip joint and lumbar

spine are both adjacent to the pelvis, the hip joint moves in

cooperation with the lumbar spine to provide functional

movement [20–22]. However, limited hip flexion range can

be a risk factor contributing to musculoskeletal pain syn-

dromes, changing mechanical forces, and potentially

leading to excessive stress in the lumbopelvic region [1, 2,

23, 24]. In previous studies, it has been demonstrated that

insufficient hip mobility contributes to excessive lumbar

motion during forward bending, resulting in LBP [24].

Seated hip flexion is involved in daily living activities such

as a cyclist, driving, putting socks and crossed leg posture.

In addition, hip flexion motion in sitting is frequently used

for strengthening and manual muscle testing of the hip

flexor muscle. Although the association between LBP and

hip flexibility is considered important, effects on the lum-

bopelvic region have not been assessed sufficiently during

seated hip flexion in patients with LBP [1, 2, 23, 24]. Thus,

clinicians and researchers must focus on examining hip

motion to consider the effects of limited hip flexion in

sitting in terms of kinematic changes in lumbopelvic

motion.

To date, studies of lumbopelvic motion have been

conducted through kinematic investigation into LBP;

however, no reported study has examined the effects of

limited hip flexion on lumbopelvic motion in LBP during

hip flexion in sitting [2, 4, 7, 19]. A kinematic study of

lumbopelvic motion may be helpful in understanding

altered movement strategies in subjects with LBP accom-

panying limited hip flexion during seated hip flexion. Thus,

the aim of this study was to investigate lumbopelvic motion

during seated hip flexion in subjects with LBP accompa-

nying limited hip flexion. Through this study, we aimed to

provide clinical information to support the assessment of

movement impairment and propose treatment strategies for

LBP. It was hypothesized that subjects with LBP accom-

panying limited hip flexion would (1) display a decreased

range of the hip flexion and (2) demonstrate increased

lumbopelvic motion in the sagittal plane during seated

active hip flexion.

Methods

Target population

In total, 77 subjects were screened by a physical therapist

skilled in the evaluation and management of LBP and 46

subjects who were unsuitable for the study were excluded

(Fig. 1). Fifteen subjects with LBP accompanying limited

hip flexion (11 males, four females) and 16 age-matched

subjects without LBP or limited hip flexion (10 males, six

females) participated (Table 1). All subjects with LBP

were considered to have experienced LBP on at least half

of the days in the past 12 weeks with a limited range of

passive hip flexion (90–110�). Subjects were excluded if

they reported (1) hip or knee injuries in the previous

6 months, (2) a history of a spinal fracture or surgery, (3)

spinal deformity, as defined by a physician, or (4) any

systemic inflammatory condition or other serious medical

condition that could affect the ability to move. The subjects

without LBP displayed no history of LBP and had a range

of passive hip flexion [110�. All subjects possessed

strength in the hip flexors above the ‘‘fair plus’’ grade on

manual muscle testing [25].

All participants signed an informed consent statement

and were supplied with information sheets prior to partic-

ipation. This study was approved by the Yonsei University

Wonju Campus Human Studies Committee. No subjects

with LBP showed any acute symptom or pain during the

test.

Outcome measures

The severity and perception of the LBP experience were

measured using the visual analog scale (VAS) [6]. The

VAS was a 10-cm line anchored at the two ends with ‘‘no

pain’’ at 0 and ‘‘worst pain’’ at 10. Subjects with LBP

accompanying limited hip flexion were asked to mark their

pain level on the line. The modified Oswestry Disability

Index (ODI) was used to measure pain and disability in

LBP patients [6, 26]. The modified ODI consists of 10

items with six answers per item, and items are scored from

0 to 5. The total score for each subject was presented as a

relative value (total possible score/total score 9 100).

Subjects were asked to sit on a stool with no back or

armrests, with the hips and knees flexed at 90�. Before

testing, all subjects were provided with an explanation of

the test procedure by the examiner and were allowed to

practice ten times to become familiarized with the test.

Since the starting posture could affect the lumbar or pelvic

angle during the test, it was standardized using a plumb

line hung from the ceiling. The plumb line, which was

perpendicular to the floor, was aligned with the external

auditory meatus, acromion, and greater trochanter. The
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target bar was placed at a position requiring 20� hip flexion

from the starting position; the 20� hip flexion angle was set

using a universal goniometer. Subjects were asked to cross

their arms and look straight ahead. Then, they were

instructed to raise the dominant leg at a preferred speed

until the midpoint of the distal femur between the medial

and lateral epicondyle touched the target bar located at a

level of 110� of hip flexion (Fig. 2). Kinematic data were

collected from the starting position until the distal femur

touched the target bar. Subjects performed the trial three

times, and 3-min rest periods were allowed between trials.

A three-dimensional motion-analysis system (Vicon MX

system, Oxford Metrics, Oxford, UK) was used to measure

the angles of hip flexion, lumbar flexion, lumbar lateral

bending, lumbar rotation, and posterior pelvic tilting during

seated hip flexion. Kinematic data were collected using six

cameras and processed using Nexus 1.4 software. The

sampling rate was 60 Hz. The reflective markers (14-mm

circles) were placed on specific anatomical landmarks of

the lumbar spine, pelvis, and both lower limbs. Four

markers were placed on the lower back: on the spinous

processes of T12 and L1, and on the left and right sides of

Assessed for eligibility 
(n = 77)

Excluded (n = 42)
Did not meet inclusion criteria 

(n = 9)
Declined to participate (n = 28)
Other reasons (n = 5)

Allocated to low back pain (n = 19)
Hip range of motion assessed by 

investigator

Allocated to control group (n = 16): 
Without LBP and no limitation in hip 
flexion 

Allocation

Excluded (n = 4)
Did not meet limited hip 

flexion criterion

Allocated to experimental group (n = 15): 
With LBP accompanying limited hip 
flexion

Fig. 1 Flow chart for subject selection

Table 1 Subject characteristic

Values are expressed as mean

(standard deviation)

LBP low-back pain, BMI body

mass index, VAS visual analog

scale, ODI Oswestry Disability

Index, N/A not applicable

With LBP accompanying

limited hip flexion

Without LBP accompanying

limited hip flexion

t value P value

Gender M = 11, F = 4 M = 10, F = 6 N/A N/A

Age (years) 23.6 (1.5) 23.1 (1.1) -1.034 0.310

Height (cm) 172.2 (5.7) 168.3 (7.6) -1.623 0.115

Weight (kg) 65.3 (8.0) 60.5 (7.4) -1.741 0.091

BMI (kg/m2) 22.0 (1.8) 21.3 (1.4) -1.133 0.267

Duration of LBP

(years)

3.5 (1.1) N/A N/A N/A

VAS (cm) 4.1 (1.2) N/A N/A N/A

Modified ODI

score

15.1 (6.7) N/A N/A N/A

Passive hip flexion

angle (�)

101.60 (4.8) 122.1 (5.6) 10.988 \0.01
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the spinous process of L1. The center-to-center distance

between the markers was 3 cm. Sixteen markers were

placed bilaterally on the subject’s anterior superior iliac

spine, posterior superior iliac spine, lateral aspect of the

thigh, lateral epicondyle of the femur, lateral surface of the

shank, lateral malleolus, second metatarsal head, and the

posterior midpoint of the calcaneus. The pelvic angle was

defined as the angle between the pelvis and the transverse

plane. The angle of the hip joint and the lumbar spine was

derived from the relative orientation of each segment and

the pelvic segment.

The kinematic data obtained by Nexus were imported

into Polygon software (Oxford Metrics, Ltd., Oxford, UK).

To obtain the angular displacement of the hip, lumbar

spine, and pelvis during seated hip flexion, the start and end

points were determined by the movement of knee markers.

The angular data for hip flexion were then normalized to

100 % of the total phase duration. Subsequently, kinematic

variables were calculated by the difference in angles

between the end and start position of hip flexion. The

kinematic data were averaged across the three trials for

each subject.

Statistical analyses

PASW 18.0 for Windows (SPSS, Inc., Chicago, IL, USA)

was used to perform all statistical analysis. The Shapiro–

Wilk test was conducted to ensure a normal distribution of

the variables (kinematic data of the hip, lumbar, and pel-

vis). All variables were confirmed to be normally distrib-

uted; thus, parametric statistics were used. An independent

t test was used to compare the angles of the hip, lumbar

spine, and pelvis during seated hip flexion between two

groups. The level of statistical significance was set at

p \ 0.05.

Results

Description of samples

No significant differences were observed in age, height,

weight, and body mass index between the subjects with and

without LBP accompanying limited hip flexion (p [ 0.05).

The pain duration, VAS, and modified ODI scores for LBP

in subjects with accompanying limited hip flexion are

shown in Table 1. The passive hip flexion angles differed

significantly between the two groups (p \ 0.01).

Kinematic data

Data on angular displacements of hip flexion, lumbar

flexion, lumbar lateral bending, lumbar rotation, and pos-

terior pelvic tilting during seated hip flexion (0–100 %) are

summarized in Table 2. Significant differences were evi-

dent in the angles of hip flexion, lumbar flexion, and pos-

terior pelvic tilting. The angle of hip flexion was

significantly lower in subjects with LBP accompanying

limited hip flexion (p = 0.014). The angle of lumbar

flexion, however, was significantly greater in subjects with

LBP accompanying limited hip flexion (p = 0.006). The

angle of posterior pelvic tilting in subjects with LBP

Fig. 2 Task in seated position.

A subject raises his dominant

leg at a preferred speed until the

midpoint of the distal femur

between the medial and lateral

epicondyle touches the target

bar, located at a level of 20� of

hip flexion from the starting

position (x frontal, y sagittal,

z transverse planes)
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accompanying limited hip flexion also significantly

increased compared with that in subjects without LBP

accompanying limited hip flexion (p = 0.019). No signif-

icant difference was observed in lumbar lateral bending or

lumbar rotation between the groups (p [ 0.05).

Discussion

The purpose of this study was to compare lumbopelvic

motion during seated hip flexion in subjects with and

without LBP accompanying limited hip flexion. Consistent

with our hypotheses, the results of this study showed sig-

nificant differences in the angle of hip flexion and lum-

bopelvic motion during seated hip flexion in subjects with

and without LBP accompanying limited hip flexion. When

asked to raise the leg to a point 20� of hip flexion from the

starting position, subjects with LBP accompanying limited

hip flexion demonstrated significantly lower active ranges

of hip flexion and greater lumbar flexion and posterior

pelvic tilting compared with those without LBP accompa-

nying limited hip flexion.

In our study, we selected a target bar height of 20� of hip

flexion from a sitting position. Although the possible range

of motion of flexion in the supine position has been stated

to be 120� [14, 15], there is no reported study of the hip

flexion range in a sitting posture for performing functional

activities. Previous kinematic studies have demonstrated

that high hip flexion, i.e., 95–114�, occurs in daily activi-

ties such as sitting with legs crossed, squatting, and putting

on socks, in asymptomatic subjects [16, 27, 28]. Thus, we

selected a target bar position of 20� hip flexion from a

sitting posture.

In the present study, although the angle of hip flexion

was lower, posterior pelvic tilting and lumbar flexion sig-

nificantly increased in subjects with LBP accompanying

limited hip flexion during seated hip flexion. When hip

flexion was performed in the seated position, the flexed

knee could remove the effects of the shortened or stiff

hamstring. However, other muscles of the hip joint,

including the gluteus maximus, posterior capsule, and lig-

ament, could not be excluded in this study [11, 21]. It is

possible to increase the tension of the hip extensors, pos-

terior capsule, and ligament in subjects with limited hip

flexion. In the present study, although the angle of hip

flexion was lower, posterior pelvic tilting significantly

increased in subjects with LBP accompanying limited hip

flexion during seated hip flexion. Thus, the subjects with

limited hip flexion could not perform ‘‘true’’ hip flexion,

but compensated by posterior pelvic tilting and lumbar

flexion, due to an insufficient length or increased tension of

the posterior muscle, capsule, and ligament of the hip.

Mechanical stability of the lumbar spine is essential to

prevent disc degeneration and facet joint osteoarthritis [29,

30]. Previous studies have demonstrated that repetitive and

excessive lumbar flexion motion can increase compressive

forces in the lumbar spine and affect disc degeneration

during daily activities [29–32]. Kuo et al. [33] reported that

interdiscal pressure was 0.9 MPa at level L1/L2 in lumbar

flexion, which is a greater value when compared with

extension, rotation, and standing postures. In addition,

intervertebral discs and ligaments are highly vulnerable to

injury in combined spine action of the forward bending and

compression, such as when lifting objects [32]. Thus, in our

study, the increased lumbar flexion motion during seated

hip flexion in people with LBP accompanying limited hip

flexion may contribute to increase interdiscal pressure and

LBP.

In LBP, a limited range of hip motion could lead to

compensation in the lumbopelvic area during lower limb

movement. Repetitive increased lumbopelvic motion leads

to progressively excessive stress, microtrauma, and pain in

the lumbar spine region [7, 34, 35]. Scholtes et al. [7] found

that movement patterns of the hip and lumbopelvic area in

athletes with a history of LBP displayed greater lumbo-

pelvic rotation compared with those in healthy athletes

while performing hip lateral rotation and knee flexion. It

was suggested that a greater lumbopelvic rotation angle

Table 2 Comparison of

kinematic data between subjects

with and without LBP

accompanying limited hip

flexion

Values are expressed as mean

(standard deviation)

LBP low-back pain, CI

confidence interval

With LBP

accompanying

limited hip

flexion

Without LBP

accompanying limited

hip flexion

Mean difference

(95 % CI)

t value P value

Hip flexion 17.4 (4.4) 20.8 (2.6) -3.4 (-6.0 to -0.7) -2.625 0.014

Lumbar flexion 4.8 (2.2) 2.6 (2.0) 2.2 (0.7 to 3.8) -2.960 0.006

Lumbar lateral

bending

5.8 (2.9) 6.4 (3.5) -0.6 (-3.0 to -1.8) -0.525 0.603

Lumbar rotation 3.3 (2.6) 2.3 (1.7) 1.0 (-0.6 to 2.6) -1.227 0.232

Posterior pelvic

tilting

5.0 (2.6) 2.9 (2.0) 2.0 (0.4 to 3.7) 2.483 0.019
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may induce increased mechanical stress in the lumbopelvic

region, resulting in LBP. In the present study, the angle of

lumbar flexion and posterior pelvic tilting was increased by

approximately 2.2� and 2.0�, respectively, in subjects with

LBP accompanying limited hip flexion compared with

subjects without them. Increasing flexion over the whole

lumbar spine from a neutral posture could cause damage to

the low back, and greater changes may occur in common

movements such as walking, riding a bike, putting on

socks, and running. Furthermore, such compensation in the

pelvic and lumbar region should be considered a standard

part of LBP rehabilitation during core strengthening exer-

cises in a sitting position.

An altered movement strategy is another possible

explanation for the greater angle of lumbar flexion and

posterior pelvic tilting in subjects with LBP accompanying

limited hip flexion. A previous study suggested that

excessive lumbopelvic movements during limb movement

were due to both biomechanical restriction and learned

movement strategies [7]. If the onset of lumbar flexion and

posterior pelvic tilting occurs in the early phase, prior to

reaching the targeted end range of hip flexion, a changed

movement strategy could be a plausible reason. Therefore,

both exercises to improve the flexibility of the hip joint and

motor-control training for lumbopelvic stabilization should

be considered when performing seated hip flexion exercises

in patients with LBP accompanying limited hip flexion.

This study has several limitations. First, these findings

cannot be generalized to other age groups because the

subjects were all in their early twenties. Spine posture and

range of motion depend on age [36]. Thus, it is necessary to

conduct the experiments in other age groups. Second,

although we selected a target motion of 20� hip flexion, the

overall combination of hip flexion and pelvic tilt exceeded

the target motion of 20� by 2.4� and 3.7� in the LBP and

control groups, respectively. These greater motions could

have occurred because of differences between measure-

ments by the goniometer and by the Vicon motion-analysis

system. We set the 20� target angle using a universal

goniometer, and the placement of the goniometer axis and

the center of the Vicon reflective marker over the hip joint

may have differed. Third, it was difficult to demonstrate a

cause-effect relationship between excessive lumbopelvic

motion and limited hip flexion, as this study was a cross-

sectional study. It was unclear whether the increased

lumbopelvic motion and limited hip flexion led to pain in

the lumbar region or whether LBP induced the limited hip

and excessive lumbopelvic motion. Despite this limitation,

the findings are important, as they demonstrate that

increased lumbopelvic motion may contribute to LBP and

lead to aggravation or a reproduction of pain in the lumbar

region.

Conclusions

The purpose of this study was to investigate lumbopelvic

motion during seated hip flexion in subjects with LBP

accompanying limited hip flexion. The results of this study

showed that subjects with LBP accompanying limited hip

flexion demonstrated a significantly decreased angle of hip

flexion and increased lumbar flexion and posterior pelvic

tilting, compared with controls without the condition dur-

ing seated hip flexion. Clinically, it is important to assess

relative lumbopelvic motions during hip flexion in a sitting

position, and these finding may help to prevent and treat

LBP accompanying limited hip flexion.
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