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Abstract Even though a number of studies have evalu-

ated postural adjustments based on kinematic changes in

subjects with low back pain (LBP), kinematic stability has

not been examined for abnormal postural responses during

the one leg standing test. The purpose of this study was to

evaluate the relative kinematic stability of the lower

extremities and standing duration in subjects with and

without chronic LBP. In total, 54 subjects enrolled in the

study, including 28 subjects without LBP and 26 subjects

with LBP. The average age of the subjects was

37.8 ± 12.6 years and ranged from 19 to 63 years. The

outcome measures included normalized holding duration

and relative kinematic stability. All participants were asked

to maintain the test position without visual input (standing

on one leg with his/her eyes closed and with the contra

lateral hip flexed 90�) for 25 s. The age variable was used

as a covariate to control confounding effects for the data

analyses. The control group demonstrated significantly

longer holding duration times (T = -2.78, p = 0.007)

than the LBP group (24.6 ± 4.2 s vs. 20.5 ± 6.7 s). For

the relative kinematic stability, there was a difference in

dominance side (F = 9.91, p = 0.003). There was a group

interaction between side and lower extremities (F = 11.79,

p = 0.001) as well as an interaction between age and

dominance side (F = 7.91, p = 0.007). The relative kine-

matic stability had a moderate negative relationship with

age (r = -0.60, p = 0.007) in subjects without LBP.

Clinicians need to understand the effects of age and relative

stability, which decreased significantly in the single leg

holding test, in subjects with LBP in order to develop

effective rehabilitation strategies.
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Introduction

Poor postural alignment, dynamic standing balance, and

postural strategies are often found in individuals with

chronic low back pain (LBP) [1–3]. Control of postural

balance is a complex function involving numerous neuro-

muscular processes which are dependent upon sensory

input from the vestibular, visual, and somatosensory sys-

tems [4, 5]. Proprioception is a key component of the

somatosensory system and is responsible for providing the

central nervous system with afferent information used for

neuromuscular control [6]. There are receptors responsible

for this information which could be affected by dysfunction

in the lumbar spine [7]. Accordingly, subjects with LBP

may have altered postural control and balance deficits as

well as reduced proprioception in the spine, which have

been reported in several studies [2, 3, 7, 8].

Although there are several balance tests available

[9–11], most examination tools are limited to measuring

mechanical stability and cannot quantify functional

mobility due to subjective judgment by the examiner. For

example, one study investigated postural stability which
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was assessed and quantified by the Berg Balance test and

vertical force measures [12]. There was a lack of objective

and reliable methods for basic research regarding postural

stability, which remains an important issue. Therefore,

kinematic measurement with motion analysis could be

utilized to observe comprehensive movement patterns in

angular displacement and to specify three dimensional

segmental differences in subjects with and without LBP.

There are several reports utilizing motion analysis for

subjects with and without LBP with regard to interactions

with the lower extremities [13–15]. As Bouisset initially

proposed, stabilization of the pelvis and trunk is necessary

for all movements of the upper and lower extremities [16].

It is evident that altered lumbopelvic control and stability

could affect the lower extremities. The function of the

spine should be considered in the context of the whole

body [17]. Other studies also demonstrated a relationship

between trunk muscle activity and lower extremity move-

ment [14, 15]. Therefore, it is important to understand that

a possible trunk dysfunction might present different lower

extremity movement patterns in subjects with LBP com-

pared with subjects without LBP.

Challenging tasks would be useful to examine when

investigating stability control and aberrant motion resulting

from compensatory mechanisms in subjects with LBP.

Several studies also reported that LBP patients demonstrate

reduced holding durations during the one leg standing test

[3, 18]. Due to the importance in orthopedic physical

assessment, there are several studies on kinematic patterns

during one leg stance in healthy subjects [19–21]. The

results suggest that at least two different forces, a large

horizontal force and a restorative moment, are generated

for balance maintenance during one leg standing. Another

study investigated the movement of the ankle, knee, hip,

and trunk of the supporting leg during one leg stance [21].

However, these studies were conducted in healthy subjects

and focused on movement of the supporting leg.

Our study focused on three-dimensional angular dis-

placement differences between subjects with and without

LBP during the one leg standing test. Since movements of

the lower extremities occur three dimensionally, we cal-

culated the combined rotation angles (Rx, Ry, and Rz) to

measure overall normalized balance stability. To our

knowledge, no previous study has attempted to evaluate

balance performance and identify the aberrant motion of

the pelvis and lower extremity in subjects with LBP during

the one leg standing test.

Therefore, the purpose of this study was to examine

angular displacement of postural stability for the lower

extremities (pelvis, thigh, shank, and foot) in subjects with

and without LBP. It was hypothesized that, compared with

subjects without LBP, the subjects with LBP would dem-

onstrate shorter holding durations during the test. We

expect that the differences in segmental movement of the

lower extremities between subjects with and without LBP

during the test may lead to improved understanding of

postural stability and effective postural assessment.

Methods

Target population

Volunteers for this study were subjects who presented with

LBP, met study inclusion criteria, and experienced a

disturbing impairment or abnormality in the functioning of

the low back for more than 2 months [22]. Subjects were

eligible to participate if they (1) were 18 years of age or

older, (2) had LBP for more than 2 months without pain

referral into the lower extremities, and (3) had a current

episode of recurrent LBP. Subjects were excluded from

participation if they (1) had a diagnosed psychological

illness that might interfere with the study protocol, (2) had

overt neurological signs (sensory deficits or motor paraly-

sis), and/or (3) were pregnant. Participants were withdrawn

from the study if they requested to withdraw. The control

group included age- and gender- matched subjects in order

to eliminate the concurrent effects between groups.

Subjects were recruited from a health promotion society

in Seoul, Korea. Subjects who expressed interest in the

study became eligible for the study. Only subjects with and

without LBP that had been enrolled in the society were

contacted to minimize the risk of confounding effects over

the study period as well as to increase the internal validity of

the data. The dominant leg could be defined as the leg with

which the largest horizontal hop distance was reached [23].

However, the dominant side had to be distinguished from

the preferred leg. In our study, the dominant leg was defined

as the leg that a subject automatically uses for a single leg

jump [24]. All subjects were right leg dominant, and thus

the right quadriceps and hamstring muscles were analyzed

as the dominant side. The contra lateral side, or left lower

extremity, was referred to as the non-dominant side.

Those subjects who met study inclusion criteria received

information regarding the purpose and methods of the

study and signed a copy of the Institutional Review Board

approved consent form.

Outcome measures

Pain/disability was inferred from self-reported scores on

the Oswestry low back pain disability index (ODI) [25].

The ODI is one of the most frequently used tools for

measuring chronic disability [26]. A sum is calculated and

presented as a percentage, where 0% represents no dis-

ability and 100% the worst possible disability.
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The one leg standing test (stork test) was conducted at

the Motion Analysis Laboratory. Originally, this test was

used to determine the mobility of the ligament in the

sacroiliac joint [27]. Subjects performed two trials (right

and left leg holding) in which they were instructed to stand

quietly in the upright position with the tested foot parallel

at hip width. The order of the tested lower limb was ran-

dom. The subjects were given disposable hospital slipper

socks with nonskid bottoms to wear during the test and had

the Helen Hayes full body (with head) reflective marker set

attached to specific sites on their bodies with adhesive tape

rings. Each subject stood upright for 25 s on a force plate

surface with his/her eyes closed and the contra lateral hip

flexed 90� (Fig. 1). Balance stability is reflected by the

subject’s ability to maintain the one-legged stance while

the other foot is self supported. Subjects were given a

1-min rest between trials to avoid fatigue.

In Fig. 1, the core spine axis was calculated based on the

coordinates between the pelvic plane and the shoulder

girdle plane. The pelvic plane included both sides of the

anterior superior iliac spine and the second sacrum level,

while the shoulder plane included the glenohumeral joints

and the seventh cervical spine level. Therefore, the core

spine axis is the direct vertical line between the shoulder

and pelvic planes.

The pelvis and lower extremities (foot, shank, and thigh)

were included to compare kinematic changes during the

test. Synchronized kinematic and force plate data were

recorded and processed by six digital cameras capturing

three-dimensional full body kinematic motion (Motion

Analysis Corporation, Santa Rosa, CA, USA) using

Advanced Mechanical Technology (AMTI, Inc., Newton,

MA, USA). Synchronized kinematic data were recorded

and processed by six digital cameras capturing three-

dimensional full body kinematic motions sampling at

120 Hz. Marker position was acquired using a 6-camera

motion analysis system and subsequently low-pass filtered

with a low-pass cut-off frequency of 2 Hz.

Balance changes imposed during one leg standing were

measured using a six-channel force platform, and the

recordings lasted 25 s. Before the experiment, data were

collected from the unloaded platform to determine the zero

offset. All kinematic data were filtered and time synchro-

nized within the test cycle. Digital video data were col-

lected and tracked using EVA 5.20. Digital video and force

plate data were then imported into Orthotrac 5.2 (Motion

Analysis Corporation, Santa Rosa, CA, USA). The AMTI

OR6-5 force plate was used to record the ground reaction

forces (Fx, Fy, and Fz) and the force moments (Mx, My, and

Mz) in orthogonal directions at a sampling frequency of

1,000 Hz. The signals were amplified (4,000 times), band-

pass filtered (10–1,050 Hz), and recorded.

The successful holding time was measured as the total

holding time until the subject failed to maintain stability

during 20 s of the 25 s holding test protocol. During the

initial 5 s, each subject was allowed to move his/her leg

from the standing position. Therefore, the subsequent 20 s

of the test was used as the requested holding time. The

three-dimensional rotations included anterior-posterior

(Rx), medio-lateral (Ry), and vertical (Rz). The combined

rotation (Rxyz) was computed as a square sum of the three

directional rotation angles of which the mean was sub-

tracted to have zero-mean (Eq. 1). The relative stability

represents the duration when the body segment is in a static

position; therefore, this stability was quantified to normalize

the capacity of motor control during the balance test.

The segments of standing tolerance time for Rxyz are

drawn as solid thick lines in Fig. 2, which is based on the

concept that limited motor control by damaged sensory

feedback (ex. chronic back pain or tendon injury) could not

maintain body segments within a certain tolerance during a

motor task [28].

Rxyz¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Rx�Rx meanð Þ2þ Ry�Ry mean

� �2þ Rz�Rz meanð Þ2
q

ð1Þ

Statistical analysis

Statistical analyses were completed using SPSS 16 (SPSS,

Chicago, IL, USA). Normality was assessed for each of the

Upper thorax (UT)

Thigh

Pelvis (PL)

Core spine root 

Rz

Ry

Rx

Foot

Fig. 1 One leg standing balance test. A subject stands on one leg

with the contra lateral hip flexed 90� for 25 s. During the test, the

subject maintains stability while the reflective markers collect

kinematic data from the three axes of the pelvis, thigh, shank, and foot

Eur Spine J (2011) 20:1297–1303 1299

123



dependent variables (kinematic changes on foot, shank,

thigh, and pelvis). An independent t test was used to ana-

lyze dependent variables based on group (subjects with and

without LBP). A repeated measure analysis of variance

(ANOVA) was used for each dependent variable to deter-

mine the main effects of group, and the age variable was

used as a covariate to eliminate any confounding effects.

All continuous dependent variables were evaluated

using the general linear model. Assumptions of repeated

measures, including homogeneity of variance, normal

distribution of data, and sphericity, were tested with

Mauchly’s test [29]. For all statistical tests, type I error rate

was set at 0.05.

Results

Description of samples

A summary of subject demographics and the relationship

of groups are summarized in Table 1. In total, 54 subjects

enrolled in the study, including 28 subjects without LBP

and 26 subjects with LBP. The average age of the subjects

was 37.8 ± 12.6 years and ranged from 19 to 63 years.

The subjects without LBP were slightly younger

(35.0 ± 10.0 years) than the subjects with LBP (46.7 ± 14.5

years), but there was no significant difference between groups

(T = -1.67, p = 0.10). In addition, there was no gender

difference between groups (v2 = 0.12, p = 0.78).

The subjects without LBP were slightly taller

(169.1 ± 8.1 cm) than the subjects with LBP (165.4 ±

7.3 cm). The height variable was not significantly different

between groups (T = 1.94, p = 0.06). Weight was also not

significantly different between groups (T = -1.22,

p = 0.23). The ODI pain scale for the subjects with LBP was

24%, which is the moderate disability level (20–40%).

Distribution of stability index

As shown in Fig. 3, the relative kinematic stability for the

lower extremities was analyzed. There was a difference in

dominance side (F = 9.91, p = 0.003), but no difference

in part of the lower extremity (F = 1.04, p = 0.31). There

was a group interaction between side and lower extremities

(F = 11.79, p = 0.001).

In Fig. 4, relative pelvic stability during the test was

compared with holding duration. The subjects without LBP

demonstrated longer hold times (24.6 ± 4.2 s) than the

subjects with LBP (20.5 ± 6.7 s). There was also a dif-

ference in successful holding time during the test between

groups (T = -2.78, p = 0.007).

The demographic variables were analyzed between

groups. The aging factor was considered as a covariate, and

there was an interaction with dominance side (F = 7.91,

p = 0.007), but no interaction with lower extremity

(F = 0.69, p = 0.40). The relative pelvic stability of the

subjects without LBP was negatively correlated with

age (r = -0.60, p = 0.007). There were no significant

correlations with height (r = -0.14, p = 0.56), weight

(r = -0.06, p = 0.81), foot length (r = -0.27, p = 0.26),

or foot width (r = -0.14, p = 0.57).

The relative stability of the subjects with LBP indicated

no significant correlations with age (r = -0.23, p = 0.24),

weight (r = -0.09, p = 0.66), height (r = -0.11,

p = 0.60), foot length (r = -0.13, p = 0.52), or foot

width (r = -0.06, p = 0.75).

Discussion

The purpose of this study was to compare postural stability

focusing on lower extremity kinematics during one leg

standing in subjects with and without LBP. As we

hypothesized, subjects with LBP demonstrated shorter

holding duration times than the control subjects. This result

is consistent with other studies which concluded that the

control group demonstrated better stability than the patient

group [2].

Fig. 2 Identification of successful relative stability for computing the

stability index. The analysis time window was obtained from the total

requested time, which excluded the initial transition time (5 s) from

standing to leg holding. The relative stability was the ratio between

successful holding time and total requested time (20 s after initial

5 s). The successful holding time was measured as the total duration

until the subject failed to maintain stability (thick arrow). The relative

stability time was the ratio between standstill time and successful

holding time. The standstill time was the summation of temporal

segments where the three dimensional rotation (Rxyz) of the tested axis

was below the threshold until holding failed (Eq.1)
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Regarding the segmental movement of the lower

extremities during balance coordination, there was a group

interaction between dominance side and lower extremities

which indicated that the relative stability in the pelvis,

thigh, and shank was significantly lower in subjects with

LBP compared with subjects without LBP during the

dominant leg holding test. Previously, one study on

the lumbar spine found greater lumbopelvic motion in the

transverse plane during lower limb movements of LBP

patients [14]. The study suggested the need to understand

the dynamic coordination of the lumbopelvic region during

other functional activities.

Several studies have focused on the interaction between

the lumbar spine and pelvis during diverse active move-

ments such as stand-to-sit or gait and how it is altered in

subjects with LBP [30, 31]. These results suggest that the

pelvic segment demonstrates increased axial trunk rotation

during the tasks, which is consistent with our results. Tropp

Table 1 Summary of subject

demographics and bivariate

relationship of groups with

selected demographics

Variable Total Control group Pain group Statistic p

Number of subjects 54 28 26

Gender

Female 20 11 9 v2 = 0.12 0.78

Male 34 17 17

Age (years)

Range 19–63 20–47 19–63 t = -1.67 0.10

Mean ± SD 37.76 ± 12.61 35.04 ± 10.07 40.69 ± 14.50

Height (cm)

Range 150–181 155–181 150–177 t = 1.94 0.06

Mean ± SD 167.55 ± 7.89 169.17 ± 8.10 165.44 ± 7.30

Weight (kg)

Range 43–94 49–82 43–94 t = -1.22 0.23

Mean ± SD 65.54 ± 11.06 63.92 ± 8.74 65.63 ± 12.90

Oswestry pain scale

Range N/A N/A 0.20–0.29 N/A N/A

Mean ± SD 0.24 ± 0.13
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Fig. 3 The relative kinematic stability values obtained during the

test. There was a difference in dominance side (F = 9.91,

p = 0.003), but no differences in the lower extremities (F = 1.04,

p = 0.31). There was a group interaction between side and lower

extremities (F = 11.79, p = 0.001). (PL pelvis, RT right thigh, LT
left thigh, RS right shank, LS left shank, RF right foot, LF left foot)
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Fig. 4 The relationship between relative pelvic stability and holding

duration during the one leg standing test. The control group demon-

strated significantly longer holding duration times (T = -2.78,

p = 0.007) than the LBP group (24.6 ± 4.2 s vs. 20.5 ± 6.7 s). There

were no significant degrees of association for the control (r = 0.28,

p = 0.14) or LBP (r = 0.12, p = 0.53) groups
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and Odenrick recognized movement strategies for main-

taining balance during one-legged standing. They reported

that, during periods of disequilibrium, balance was main-

tained through movements at the hip joint which creates

large restoring horizontal forces [32]. Increased movement

in the pelvis segment during the holding test of the domi-

nant side could be the reason.

One plausible explanation for these unstable segments is

that altered direction of the pelvis led to rotation of the

shank to the opposite direction to maintain stability. Fur-

ther research with electromyography (EMG) is required to

investigate this hypothesis. The use of EMG in the one leg

standing test would also allow investigators to examine

muscle activity of the steady supporting leg and its rela-

tionship with balance control.

As shown in Fig. 4, the control group demonstrated

significantly higher relative pelvic stability as well as

longer holding duration times than the subjects with LBP.

Therefore, when relative pelvic stability during the test was

compared with holding duration, the subjects with LBP

were plotted in the left lower side of the graph.

One possible explanation for decreased balance perfor-

mance in subjects with LBP is reduced proprioception in

the spine. Although the knowledge surrounding proprio-

ception is relatively limited because it is such a complex

function, several studies have found that proprioceptive

deficits in individuals with LBP might contribute to a lack

of stability [8, 33, 34]. Another explanation for decreased

balance performance in LBP subjects might be altered

muscle function. As McGregor et al. [17] reported, there is

a range of evidence that the hip joint of the lower limb

should be considered in the context of the function of the

spine as a whole body. This function is more important

during one leg standing posture because of the holding leg.

The aging factor was considered as a covariate, and

there was an interaction with dominance side. In addition,

the relative pelvic stability of the subjects without LBP was

negatively correlated with age. However, there was no

significant correlation between relative stability and age in

the subjects with LBP. In our study, the subjects without

LBP were slightly younger (35.0 ± 10.0) than the subjects

with LBP (46.7 ± 14.5), and the standard deviation was

greater in the LBP group although there was no significant

difference between groups.

One study reported that the initiation timing for trig-

gering both voluntary and induced stepping was delayed

substantially regardless of age [35]. The subjects with LBP

demonstrated a decrease in spine range of motion and

velocity [36]. Our study indicated the significant correla-

tion between age and relative pelvic stability in subjects

without LBP during one leg standing.

There were some limitations to the current study. One

limitation was that it was not possible for every subject to

flex his/her hip and knee exactly 90�. Visual inspection of

the test starting posture might have resulted in little dif-

ferences between subjects. However, we calculated the

angular displacement changes from the starting posture

which was 5 s later instead of the time of initiation of the

test. A second limitation was that we did not identify the

dominant directions of rotation for each segment. As we

combined three rotational angles to determine instability,

more research is needed to clarify the increased rotation,

especially in the shank segment.

A third potential limitation is the design of the study.

Because the study design is cross-sectional, it is unknown

whether people in the LBP subgroup developed LBP as a

result of early and increased lumbopelvic motion.

Despite these limitations, the quantification of balance

deficits is valuable to a number of populations including

subjects with LBP. The identification of individuals with

balance deficits can lead to appropriate exercises not only

for rehabilitation of LBP patients but also for the elderly

population who demonstrate an increased risk for falls.

Follow-up, randomized controlled trials are needed to

investigate the characteristics of lumbar spine postural

stability.

Conclusion

Relative stability decreased significantly in the lower

extremities of subjects with LBP, especially in the pelvis

and thigh, during the dominant leg holding test. It is

important to understand relative stability based on domi-

nance side and lower extremities while considering age

between subjects with and without LBP. Clinicians need to

understand the effects of age and relative stability in sub-

jects with LBP in order to develop effective rehabilitation

strategies.
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