
197

ORIGINAL ARTICLE

Examination of Lumbopelvic and Lower 

Extremity Movements in two Subgroups 

of People with Chronic Low Back Pain Based 

on the Movement System Impairment Model 

During a Stair Descending Task

Neda Namnik1(A,B,C,D,E,F,G), Reza Salehi1,2(A,C,D,F), Mohammad Jafar Shaterzadeh-Yazdi1(A,D,F), 

Fateme Esfandiarpour1,3(A,D,F), Mohammad Mehravar1(C), Neda Orakifar1(B)

1 Musculoskeletal Rehabilitation Research Center, Ahvaz Junndishapur University of Medical Sciences, Ahvaz, Iran 
2 Rehabilitation Research Center, School of Rehabilitation Sciences, Iran University of Medical Sciences, Tehran, Iran

3 Family Medicine Department, Faculty of Medicine and Dentistry, University of Alberta, Canada

SUMMARY

Background. Excessive and early lumbopelvic motion during functional tasks is associated with increased

pain and symptoms in people with low back pain. The purpose of the current study was to compare lumbopelvic

and lower extremity movements in two subgroups of chronic low back pain sufferers and healthy subjects dur-

ing a stair descending task based on a movement system impairment model. 

Material and methods. A clinical examination was conducted to assign people with low back pain to move-

ment system impairment-based subgroups. A control group included 18 healthy subjects, a lumbar Rotation

with Flexion group included 12 subjects, and a lumbar Rotation with Extension group included 16 subjects.

Differences in kinematics data between the groups were recorded during a stair descending task using a 7-cam-

era 3-dimensional motion capture system.

Results. In the lumbar Rotation with Flexion group, the onset of lumbar movement occurred earlier than in

the control group (p = 0.043). In the lumbar Rotation with Flexion group, axial and frontal plane rotation of the

pelvis and lower extremity were significantly greater than in the control group. Mean differences between the

lumbar Rotation with Extension and control group were minimal for the motion assessed.

Conclusion. Early and excessive lumbopelvic movement and more axial rotation in the lower extremities

during a stair descending task were found in the lumbar Rotation with Flexion subgroup, which can be an

important factor contributing to the development or persistence of low back pain in this group. 
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BACKGROUND
Low Back Pain (LBP), with an annual prevalence

of 80%, is a common musculoskeletal disorder [1,2].

LBP is the leading cause of activity limitation and

work absence worldwide, imposing an enormous eco -

nomic burden on individuals, industries, and health

care providers [3]. Approximately 20% of those affec -

ted by acute LBP will develop chronic LBP with

symptoms that persist for more than a year [4,5]. In

almost 95% of cases, the source of LBP is unknown

as it cannot be attributed to specific clinical or radi-

ographic findings. It is then called Non-Specific Chro -

nic LBP (NSCLBP) [6-8]. The results of previous

stu dies investigating the efficacy of treatment strate-

gies in chronic LBP are inconsistent [6]. Researchers

have proposed that the lack of consistent evidence to

support the effectiveness of conservative treatments

may be due to heterogeneity of patients with LBP [6-

9]. Therefore, there have been continuing efforts among

clinicians to develop diagnostic classification systems

for LBP [6]. In the last two decades, multiple classi-

fication systems, such as Treatment Based Classi fi -

ca tion, Mechanical Diagnosis and Treatment, Move -

ment System Impairment (MSI) and O’Sullivan Clas -

sification Scheme, have been introduced to classify

people with LBP into homogeneous subgroups in or -

der to improve diagnostic accuracy and treatment

out comes [6].

Developed by Shirley Sahrmann, the MSI model

is a popular model for LBP classification [6,10]. The

MSI model suggests that a sustained posture and/or

repeated movement in a specific direction(s) impose

an excessive load on motion segments and soft tis-

sues engaged in mechanical interaction, alter the trans-

lational motion of the motion segment, and ultimate-

ly produce LBP [10,11]. The MSI model classifies

patients with LBP into multiple subgroups based on

the direction of movement impairments and behavior

of the symptoms across the examination [12]. In the

MSI model, patient assessment relies on a visual ob -

servation of lumbopelvic and lower extremity mo tion

patterns [9]. However, our knowledge about kine matic

differences in lumbopelvic motion patterns in vari-

ous subgroups of patients with LBP, classified based

on the MSI model, is limited. 

Numerous studies have proposed that movement

control and kinematics during functional motor tasks

in individuals with LBP differ from patterns observ -

ed in healthy individuals [5,11,13,14]. Previous stud-

ies found significant differences in lumbopelvic and

lower extremity kinematics between people with and

without LBP during walking, stair climbing, sit-to-

stand maneuvers, and picking up an object [5,11,12,

14-16]. In general, the findings of these studies indi -

ca te that people with chronic LBP display reduced

sa gittal plane and increased axial and frontal plane

lumbar spine movement [5].

Moreover, excessive and/or early lumbopelvic

mo tion during various activities may be associated

with increased pain and symptom provocation [17].

Most of the studies which focused on differences in

kinematic and control differences between healthy

and LBP individuals have generally relied on non-

functional tasks and/or one heterogenic group of pa -

tients with LBP. Understanding abnormal movements

during daily activities in specific subgroups of peo-

ple with LBP can help identify contributors to chron-

ic LBP as well as effective movement-based inter-

ventions and rehabilitative treatment strategies in pe -

ople with LBP [14-19].

Patients with LBP often report pain and difficulty

during functional activities [7,8]. Evaluation and iden -

tification of differences during functional activities

can be helpful in planning functional movement re ha -

bilitation. However, no published study has yet in ves -

tigated the pattern of lumbopelvic and lower ex tre mity

movement in people with LBP, classified ba sed on

the MSI model, during functional tasks.

It seems that kinematic movement differences be -

tween subgroups of people with LBP are observed

during activities that impose a high demand on the

movement system. Thus, in the present study we hy -

po thesized that descending stairs could demonstrate

differences between subgroups of people with LBP. The

aim of the present study was to compare lumbopelvic

and lower extremity movements during a stair descend-

ing task between two subgroups of individuals with

chronic LBP and a group of healthy people.

MATERIAL AND METHODS

Study design

This cross-sectional study was conducted to ana-

lyze differences in lumbopelvic and lower limb kine-

matics between 3 groups, including 2 LBP subgroups

and a healthy group. The two LBP subgroups were pe -

ople with Lumbar Rotation with Flexion Syndrome

(RF) and Lumbar Rotation with Extension Syndrome

(RE) based on the MSI classification.

Participants

A total of 46 females participated in the study.

The control group included 18 healthy subjects [33.89

± 9.62 y] with no history of LBP during the preced-

ing year, and the LBP group was divided into two

subgroups using a standardized clinical MSI model,
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i.e., 12 subjects were assigned to an RF subgroup

(37.09 ± 11.92 y), and 16 subjects to an RE subgroup

(37.38 ± 9.06 y). The RF and RE are the most preva-

lent subgroups based on the MSI model [13]. Pa -

tients with LBP were included if they had NSCLBP

and had been experiencing symptoms for at least six

months, and were able to climb stairs without any

aid. The exclusion criteria comprised a history of se -

rious spinal medical condition, spinal surgery, frac-

ture/dislocation of the vertebral column, inflammato-

ry joint disease, neurological signs, current malignan -

cy, pregnancy,  BMI > 35 kg/m2, VAS > 3 on the as -

sessment day, inability to climb stairs [5,12]. To eli -

minate the confounding effect of gender, only female

subjects were enrolled in the study [20,21]. All sub-

jects signed an informed consent form approved by

the Ethics Committee of Ahvaz Jundishapur Uni -

versity of Medical Sciences (no: IR.AJUMS.REC.

1395.728).

Instrumentation and data processing

To measure the level of pain, subject with LBP

completed a Numeric Rating Pain Scale (NRS) ques-

tionnaire on the test day and seven days prior to the

examination. The level of disability in daily activities

was assessed and quantified using the Persian ver-

sion of the Oswestry Disability Index (ODI) ques-

tionnaire [22]. The level of physical activity over the

previous 12 months was examined using the Persian

version of the Baecke Habitual Physical Activity Ques -

tionnaire (BHPAQ) [23]. Pain-related fear of movement

was assessed using the Persian version of the Tampa

Scale of Kinesiophobia (TSK) [24]. The examination

was conducted by two expert physiotherapists with

12 years of clinical experience in managing people

with musculoskeletal conditions and with advanced

training in the MSI approach [25, 26]. The reliability

of the examiners with regard to sub-categorizing pe -

ople with LBP based on the MSI model was found to

be acceptable. There was an overall 87.4% agreement

in the pairs of classification judgments with a kappa

coefficient of 0.81 (95% CI: 0.79, 0.83) [26].

Kinematic data were acquired while subjects per-

formed stair descending by capturing the displace-

ment of 30 infrared retro-reflective markers using

seven cameras (Qualisys Medical AB Sweden, Go -

thenburg). The sampling rate was 120 Hz [27]. Prior

to the test, reflective markers were attached to the

anatomical landmarks of the spine, pelvis and lower

extremities including bilateral posterior superior iliac

spines (PSIS), bilateral anterior superior iliac spines

(ASIS), bilateral acromions, spinous processes of T3,

T12, L3 and L5, and 4 cm to the right and left of the

spinous process at L1 and L4. Three markers were

placed on each of the following segments bilaterally:

thigh, knee and foot [5,12]. The physical therapist

who collected kinematic data was blinded to the group

allocation of the subjects. 

Prior to each stair descending trial, a static cali-

bration trial was performed to define the spine, pelvis

and lower extremity segments and to measure the

standing alignment of each segment. The pelvic seg-

ment was defined by the markers on the PSIS and

ASIS, bilaterally. Anatomic knee joint centers were

identified based on the static trial, and markers were

placed on the femoral condyles, bilaterally. The lum-

bar spine tracking model has been shown to be reli-

able and valid [5,11,12]. Segment excursion in the

sagittal, frontal and axial plane was calculated for the

lumbar spine, pelvis and hip joint. The initiation of

stair descending was defined as the first instant in

which the heel of the leading limb lifted from the floor.

The lumbar and pelvic movement onset time was cal-

culated relative to the initiation of stair descending.

Segment movement initiation was scored when its

velocity first exceeded 10 percent of maximum velo -

city. The marker data was exported to the c3d format

and a kinematic analysis was performed in Visual 3D

software. The coordinates were digitally filtered using

a fourth-order, zero-lag Butterworth 6 Hz low-pass

filter before kinematic calculations. 

Procedures

For the stair descending task, subjects were asked

to descend from a staircase consisting of three steps

(step height 18 cm, width 100 cm, and depth of 30

cm) [27]. Each participant performed 3 trials of stair

descending, three times leading with the right foot

and three times leading with the left foot [11]. The

mean values of the outcome measures were calculat-

ed and used for data analysis. The participants were

not provided with specific instructions on how to ac -

complish the task or to control the descent. All sub-

jects were instructed to place only one foot on each

step and to perform the task at their own comfortable

speed [5].

Statistical analysis

The statistical analysis performed using SPSS

(ver sion 22) software and the threshold for signifi-

cance was set at α=0.05. Mean and standard devia-

tions were calculated for all variables. Normality of

the data distribution was initially assessed using the

Kolmogorov-Smirnov test. Differences between the

three groups were tested by one-way ANOVAs. Mul -

tiple comparisons were adjusted for the Bonferroni

correction. 
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RESULTS

Individual characteristics

The demographics for the three groups and self-

reported data for the LBP subgroups are summarized

in Table 1. Three groups were matched for age, weight,

height, BMI, and score in the Baecke questionnaire

for activity level. No significant differences were

observed in characteristics and anthropometric vari-

ables between the groups (p > 0.05). Participants in the

RE group obtained a higher score in the ODI and TSK

questionnaires when compared with the RF group (p
< 0.05).

Lumbar and pelvic movement onset time

An earlier onset of lumbar movement was ob serv -

ed in subjects with RF syndrome when compared with

the healthy group (p = 0.043), and the RE group (p>

0.05). No significant difference was found be tween the

groups for the pelvic movement onset time (Table 2).

Lumbar kinematics

The results of group differences in lumbar spine

kinematics are presented in Figure 1 and the results of

statistical tests are presented in Table 3. In the sagittal

(p = 0.132), and axial planes (p = 0.273), no significant

differences were found between the groups regarding

lumbar excursion. There was a significant group ef -

fect (p = 0.012) for frontal plane lumbar excursion.

The post-hoc Bonferroni correction revealed that pe -

ople in the RF group displayed more side bending ex -

cursion in the lumbar region than the control group. 

Pelvic kinematics

There was no significant difference between the

groups for pelvic excursion in the sagittal plane (p =
0.606) during the stair descending task. The main

group effect was significant for pelvic excursion in

the frontal (p= 0.032) and axial plane (p= 0.026). In

the axial plane, subjects in the RF group displayed

sig nificantly greater pelvic excursion than the con-

trol group. In the frontal plane, the RF group showed

greater pelvic excursion than the RE and control

group. The results for group differences in the pelvic

kinematics are presented in Table 3 and Figure 1.

Lower extremity kinematics

There was no significant group effect on hip kine-

matics in the sagittal (p = 0.286) and frontal planes

(p = 0.830). There was a marked group effect on hip

excursion in the axial plane (p = 0.028). People in the

RF group displayed significantly more hip axial rota-

tion (p = 0.024) when compared to the control group.

There was a significant difference between the RF
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Tab. 2. Movement onset time variable during stair descending task between the three groups (RF, RE, control)
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Fig. 1. Mean differences in 3D kinematics of lumbar and pelvic region during stair descending task between groups (Rotation with

Extension syndrome (RE), Rotation with Flexion syndrome (RF), control). *indicates statistical significance p < 0.05

4 Namnik_Layout 1  30.07.2019  15:04  Strona 5



Namnik N. et al. Examination of Lumbopelvic and Lower Extremity Movements in LBP People

202

Fig. 2. Mean differences in 3D kinematics of lower extremity during stair descending task between groups (Rotation with Exten -

sion syndrome (RE), Rotation with Flexion syndrome (RF), control). *indicates statistical significance p < 0.05
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and the RE groups for axial plane knee excursion. No

significant differences were found between the groups

for knee excursion in the sagittal (p = 0.247) and fron -

tal planes (p = 0.134). The results of between-group

comparisons for lower extremity kinematics are pre-

sented in Figure 2 and Table 3. 

DISCUSSION
The purpose of the present study was to examine

the lumbopelvic and lower extremity excursion in the

sagittal, frontal and axial planes, during a stair de scend -

ing task between two MSI-based subgroups of indi-

viduals with LBP compared with healthy subjects. In

general, our results indicate an earlier lumbar move-

ment onset time while performing stair descent in pe -

ople with RF syndrome compared to the control group.

Furthermore, subjects in the RF group displayed sig-

nificantly greater lumbar, pelvis and lower extremity

excursion in the axial plane than the control group. 

In our study, lumbar movement occurred earlier

in the RF group than in the healthy group during the

stair descending task. Also, we found no significant

differences in lumbar movement onset time between

the RF and RE groups. Similar findings have been

reported by previous studies. Earlier lumbopelvic mo -

vement in patients with LBP compared with healthy

individuals was found during prone hip rotation and

knee flexion [18,20].

This is the first study which investigated the tim-

ing of lumbopelvic movement between MSI-based

subgroups of individuals with LBP during a func-

tional task. Thus, there is no similar study to compare

our results with. However, changes in the timing of

lumbopelvic movement can be explained by an im -

ba lance in the activation of the lumbar erector spinae

in the RF group during the sit-to-stand maneuver and

standing trunk flexion reported by Orakifar et al.,

and Kim et al., respectively [13,28,29]. Moreover,

Tateuchi et al., maintains that altered muscle activa-

tion timing is an important contributing factor to dis-

rupted normal movement patterns with subsequent

pain development [30].

In our study, we observed no significant differ-

ence in sagittal plane lumbar excursion between the

two subgroups of LBP patients while previous stud-

ies reported that people with LBP displayed less lum-

bar movement in the sagittal plane than healthy indi-

viduals. This inconsistency can be explained by the

heterogeneity of the participants and small sample

sizes in the previous works [5,11,14,31]. In our stu -

dy, the RF group showed greater lumbopelvic axial

rotation than those in the RE and control groups dur-

ing stair descending. The RF group also displayed more

lateral bending excursion in the lumbar spine than the

other two groups. In general, our findings in this re -

spect were consistent with those reported by previ-

ous studies suggesting that people with RF syndrome

have greater flexibility in lumbopelvic movements in

the middle range of motion during activities [4,10, 32].

Various factors, such as strength, tension, and stif fness

of muscles or ligaments, may affect the static or dy na -

mic postures of the pelvis and lumbar spine [13]. 

Comparison between the RE and RF groups reve -

aled less pelvic excursion in the frontal and axial

plane in the RE group. There are several potential ex -

planations for this. In our study, subjects in the RE

group were characterized by more severe disability

and a longer duration of symptoms than those in the

RF group. Therefore, they might have adapted a ha -

bi  tual pattern of movement that was either the result

of LBP or a compensatory strategy to prevent pain.

Other factors that may contribute to a relatively lim-

ited mobility in the RE group include soft tissue or

joint stiffness [5,7,11]. In our findings, mean pain in -
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tensity was not significantly different between the

two LBP subgroups, but the ODI score was greater in

the RE than the RF group. Another explanation is the

difference in kinesiophobia scores between the sub-

groups. Several studies have recognized that psycho-

logical factors are related to disability in patients with

LBP [24,33,34]. 

Moreover, our results indicate that there were no

significant differences in sagittal excursion in the hip

and knee joints. This finding is consistent with the

finding of Hernandez et al., who reported no signifi-

cant differences in sagittal motion of the lower extre -

mity while descending stairs between people with

LBP and healthy subjects [5]. We found greater axial

rotation in the hip and knee joints for the RF group

when compared with the control group, which is con-

sistent with Hernandez et al.’s finding [5]. A similar

finding was reported by Shum et al., who found ex -

cessive hip motion during a reaching task in patients

with LBP compared with healthy subjects [15]. These

findings indicate that altered lumbopelvic kinematics

can induce changes in lower extremity motion. More

extensive lower extremity motion in the axial plane

during functional daily tasks in people with LBP could

be a probable mechanism for increasing the risk of

secondary lower extremity injuries [5,11].

It is clear that functional tasks are performed dif-

ferently by the RF and RE subgroups. Based on our

finding and previous ones, descent from stairs may

be used as an assessment tool to identify abnormal

movement of the lumbopelvic and lower extremities

in people with LBP. Our findings also highlight the

need for assessment of the pelvis and lower extremi-

ties in addition to lumbar movement in patients with

LBP [5,11]. According to the results of the present

study, individuals in the RF subgroup display early

and excessive lumbopelvic motion when descending

stairs. Therefore, treatment programs should include

strategies for movement rehabilitation in patients

with RF syndrome focusing on spinal stabilization

and movement reeducation during functional activi-

ties [11]. For example, people with RF syndrome may

benefit from instructions to facilitate abdominal con-

trol of trunk movement, which could become a part

of therapeutic core stabilization exercises [35].

The limitations of the present study are as follows:

first, the lumbar spine has been considered a single

rigid segment. In future research, determining re gion -

al differences in lumbar spine kinematics during func-

tional tasks in people with LBP is essential. Second, all

the participants in the current study were female sub-

jects, because it was assumed that specific differen -

ces in motion patterns could occur between genders.

Therefore, the results of the study cannot be general-

ized to males. Another limitation is a lack of evalua-

tion of reliability of measurements of the kinematic

parameters. The data presented in the Results section

indicates that the observed differences are small and

may be not clinically important even statistically. The -

re fore, we suggest presenting the results in respect of

the standard error of measurement in future research.

CONCLUSION
Early and excessive lumbopelvic movement and

more axial rotation in the lower extremities during 

a stair descending task were found in the lumbar Ro -

tation with Flexion subgroup, which can be an im -

por tant factor contributing to the development or per-

sistence of low back pain in this group. 
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