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Abstract Studies describing the movement patterns,
relative contributions and kinematic characteristics of
the lumbar spine and hip present conflicting results.
Differences could be due to sample characteristics,
methodological issues and descriptive methods. The
purpose of this study was to describe the amount and
pattern of lumbar spine and hip movement during
flexion and return using a range of kinematic and
temporal variables. Our aim is to gain a more com-
plete picture of movement patterns taking place at
the hip and lumbar spine in asymptomatic individu-
als. Ultimately the development of a normative
database of movement patterns will help to clarify
comparative movement interpretation in patients with
lumbar back pain. This study analysed lumbar spine
and hip motion in group of young healthy males
(n = 20) during the flexion and return movement. A
motion analysis system captured continuous move-
ment profiles in the sagittal plane. Each participant
performed five trials of flexion and return. The
angular and velocity data were averaged and used for
statistical and descriptive analysis. The kinematic and
temporal variables distinguishing statistically signifi-
cant differences in the lumbar spine and hip move-
ment patterns are not the same for the flexion and
return movement. However, within this group four
(20%) demonstrated a pattern angular change be-
tween the lumbar spine and hip which was different
from the other participants. Even within a healthy

P. Pal - S. Milosavljevic - G. Sole - G. Johnson (I<])

Centre for Physiotherapy Research,

University of Otago, Level 3,

325 Great King Street, P. O. Box 56, Dunedin, New Zealand
e-mail: gill.johnson@otago.ac.nz

group of participants individual differences exist in
the lumbar spine and hip movement patterns during
flexion and return.
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Introduction

Although a traditional research focus has been range
of movement (ROM) analysis, low back pain (LBP)
is also associated with changes in hip and lumbar
spinal movement sequences [2, 20]. Dynamic trunk
motion characteristics of angular displacement,
velocity and acceleration have been used to docu-
ment the status of the trunk musculoskeletal control
system [1, 5, 11 17, 18] and alterations in these
kinematic variables are considered to be important
indicators of spinal disorder [8-10, 12, 16-17]. How-
ever researchers investigating the relative contribu-
tion and patterns of hip and lumbar spine movement
report conflicting results between asymptomatic and
LBP subjects.

In asymptomatic subjects the lumbar spine domi-
nates angular displacement in the initial stages of
flexion with a transition to hip dominance as the
movement progresses and with the return from flexion
considered to be a reversal of the forward flexion se-
quence [2-3, 6-7, 13-14, 16, 19, 22]. It is also argued
that flexion comprises of the simultaneous contribution
of pelvic and lumbar motion with the return movement
initiated by the pelvis but completed by the lumbar
spine [15]. Trunk flexion has also been described as
an initial posterior sway of the pelvis immediately
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followed by hip flexion, reversal of the lumbar lordosis,
and movement completion at the hip [20].

Although it is recognized that chronic LBP subjects
have significantly less lumbar movement in all phases
of flexion the issue of movement sequences in these
individuals is more confusing. Some results indicate
that subjects with LBP use less lumbar movement in
the middle phase of flexion and initiate lumbar move-
ment earlier in the return from flexion compared with
asymptomatic patients [2, 14]. However, other studies
are unable to identify any real differences in movement
patterns between LPB and asymptomatic subjects [23].
Significant reductions in hip and lumbar peak angular
velocity during flexion and return have also been ob-
served in both acute and chronic LBP subjects [4, 9-10,
12, 16, 20].

There is confusion in the literature in the studies
reporting hip and lumbar spine movement patterns of
low back pain subjects. Some investigators categorise
subjects on the basis of whether they have either
lumbar or hip dominant movements during flexion
[19]. On the other hand, other investigators use the
criteria of lumbar and hip dominant patterns based on
the ratios of lumbar to hip range of motion through
combined flexion and return to the upright position
cycle [2, 14]. Furthermore, these categories of move-
ment patterns have not been thoroughly explored
throughout continuous flexion and return cycles in
asymptomatic subjects and the current study seeks to
address this issue by conducting more detailed analysis
of movement parameters. Specifically, the study aims
to describe and compare the initiation patterns, the
relative contribution and peak angular displacement
profiles of the lumbar spine and hip region during
flexion and return in asymptomatic subjects. The study
also aims to examine the velocity and temporal chan-
ges during these movements. We hypothesize that
characteristic relative movement patterns exist in
healthy individuals during flexion at the hip and lum-
bar spine.

Materials and methods

Sagittal plane analysis of lumbar spine and hip flexion
from the upright stance position to full flexion and
return was carried out on 20 healthy male participants.
None of the participants had any history of previous
LBP requiring clinical intervention, previous fracture
or surgery to the spine, pelvis, or lower limb. Exclusion
criteria also included those individuals with a known
history of connective tissue disease and/or neurological
disorder.
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Participants for the study ranged in age from 19 to
23 years (mean age 20.6 years (+SD, +1.2 years), with
a mean height of 1.8 m (+0.1 m) ranging from 1.65 to
1.89 m, and a mean weight of 77.3 kg (11.5 kg)
ranging from 51.0 to 100.0 kg. The body mass index
(BMI) for the group ranged from 17.8 to 31.7 kg/m?
(mean 24.3 + 3.0 kg/m?). Approval for the study was
granted by the Ethics Committee of the University
with written informed consent given by the participants
prior to testing.

Apparatus

A three-dimensional (3-D) Motion Analysis System'
(MAS) with a set of 12 opto-electric cameras sup-
ported by EVaRT™ 4.0 software was used to record
the sagittal movement pathways at a sampling rate of
60 Hz. The preliminary calibration estimate of each
camera within the MAS to detect a single point in the
x-axis, in keeping the agreed acceptable error for this
sytstem, was 0.45 mm (+£0.14 mm).

Twelve reflective markers were placed on lower
limb, pelvic and spinal landmarks by an experienced
musculoskeletal physiotherapist. The landmarks served
to define a right-handed local co-ordinate system
comprising the T12 and L3 spinous processes, and
bilaterally: the anterior and posterior superior iliac
spines (ASIS, PSIS), greater trochanters (GT), lateral
femoral epicondyles (LFE). Another point was located
at one-third of the distance and in line between the GT
and LFE (1/3 thigh) (Fig. 1).

The hip angle was constructed by the angular dis-
placement of two lines relative to each other and was
used as an indicator of pelvic movement in relation to
the femur. A line for the hip angle was created from
virtual markers between the two ASISs and PSISs with
a second line taken from virtual markers between the
midpoint of the two LFEs and the corresponding 1/3
thigh markers (Fig. 1). The lumbar spine angle was
taken between a line through the virtual markers T11
and L1 and another line through virtual markers of the
two ASISs and PSISs (Fig. 1).

Following collection of the anthropometric mea-
surements, a standardised preparatory session of
walking on a treadmill for 5 min at their own pace was
undertaken by each participant. Following a demon-
stration of the required movement tasks, participants
undertook the task of flexion (and return) and exten-
sion (and return) (performed in a randomised order).
They were instructed to complete each of these se-
quences in their own comfortable pace within a 10 s

! Motion Analysis™ Motion Analysis Corporation, CA, USA
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Fig. 1 Captured image from
motion analysis system at the
end of flexion showing
reflective surface skin
markers and virtual markers
used to define the lumbar and
hip angles. Abbreviations:
LM lateral malleolus, LFE
lateral femoral epicondyle,
1/3 Thigh (point taken 1/3 of
the distance between the
greater trochanter and the
lateral femoral epicondyle),
GT greater trochanter, ASIS
anterior superior iliac spine,
PSIS posterior superior iliac
spine, L3 spinous process of
3rd lumbar vertebra, 79 and
T12 spinous processes of 9th
and 12th thoracic vertebrae.
Note + represents virtual
markers

timeframe. In order to standardise foot placement for
the recording session, the 2 ft were placed at a distance
of one-tenth the participant’s body height [4]. At the
sound of an audible signal the participant was in-
structed to bend forward as far as possible without
bending their knees while holding the maximum
achievable flexed position for a count of two before
returning to their upright position. The movement se-
quence was randomised between flexion (and return)
and extension (and return) and five trials of each
movement was recorded for each participant.

In the post-processing collection of data the indi-
vidual reflective marker paths of the recorded motion
sequences were observed for possible error before
smoothing with a 6 Hz Butterworth filter. The kine-
matic data describing the flexion and return cycles for
each of the five trials were normalized to 100 data
points with respect to time then transferred to a
Microsoft Excel (Version 2005) spreadsheet for statis-
tical analysis.

The data for each participant were averaged and
pooled for analysis. The kinematic variables describ-
ing the movement in the sagittal plane during flexion

1/3 Thigh

and return motion of the hip and lumbar spine were
expressed in terms of angular displacement (deg) and
angular velocity (deg/s) (£95% confidence intervals).
The time taken for the hip and lumbar spine during
flexion and return was expressed as a percentage of
the total movement task time. The mean angular
displacement and velocity patterns were presented
graphically and descriptively. Paired ¢ tests were used
to determine significant differences (P < 0.05) be-
tween the lumbar and hip variables during flexion
and return with respect to movement initiation, time
to reach peak velocities and peak angular displace-
ment

Results

The results of all the kinematic displacements and
temporal variables are given in Table 1. The absolute
mean maximum angular displacement of the hip
(69.2 + 10.3°) during flexion and return cycle was sig-
nificantly greater (P < 0.001, mean difference = 13.3°)
than that of the lumbar spine (55.9 + 5.8°) (Table 1).
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Table 1 Summary of the kinematic and temporal variables during flexion and return (n = 20) derived from absolute mean peak values

Lumbar SD Hip SD Mean difference 95% CI P value
Kinematic variables
Peak angular displacement (deg) 559 5.8 69.2 10.3 13.3 6.1 to 20.5 0.001#**
Peak flexion velocity (deg/s) 435 72 49.0 11.7 5.5 -0.5 to 11.7 0.071
Peak return velocity (deg/s) -36.7 8.3 —434 12.7 6.7 2.7 to0 12.8 0.002%*
Temporal variables
Time to reach flexion initiation (%) 16.0 35 259 4.3 9.9 7.7 to 12.1 0.001#**
Time to reach flexion peak velocity (%) 43.0 7.4 56.3 4.8 13.3 8.9 to 17.7 0.001 %
Time to reach return initiation (%) 12.1 6.1 74 22 4.7 1.4 to 8.0 0.009*
Time to reach return peak velocity (%) 419 6.3 36.7 7.6 52 1.6 to 8.8 0.007*

SD standard deviation, CI confidence interval
*P < 0.05, **P < 0.001

Analysis of the group mean sagittal angular dis-
placement values and its respective CI of the lumbar
spine and hip during forward flexion cycle (Fig. 2a)
showed that the lumbar spine dominated the move-
ment between 22 and 58% of the movement with both
the lumbar spine and hip contributing equally between
59 and 76% of the cycle. The hip was found to domi-
nate the final 24% of the forward flexion cycle.

The CI of mean sagittal angular displacement values
revealed that the hip dominated the initial 22% of the
return movement with both the hip and lumbar spine
contributing equally to the remaining part of the cycle.
(Fig. 2b).

The group mean sagittal angular velocity profiles
about the lumbar spine and hip for flexion and return
are given in Fig. 3a, b.

Further analysis of each subject data revealed a sub-
group of four subjects did not exhibit the group mean
movement pattern described above (Fig. 4). These four
subjects exhibited a pattern of lumbar dominance
during flexion and return with the absolute mean
maximum angular displacement value being greater for

the lumbar spine (64.0 +3.4°) than the hip
(57.8 = 3.9°).
Aw

m—  Hip

Lumbar

. =

Lumbar
Dominant

Hip
Dominant

Flexion (deg)
& 2

. B, SRR S, U R . SN R, M, S o, e . A S D
0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
Mormalised time {percent)

i3
8

Forward cycle

The point of initiation was determined by a 0.5° change
in the angular displacement values of the hip and
lumbar spine during the flexion and return movement
sequences. Absolute mean angular velocity values
were examined with respect to the percentage of task
time and it was found that flexion was initiated by the
lumbar spine (16.0 £ 3.5%) significantly earlier
(P < 0.001) than the hip (25.9 + 4.4%). Absolute mean
peak velocity at the lumbar spine (43.0 + 7.4%) oc-
curred significantly earlier in the flexion phase than the
hip (56.3 = 4.8%) No statistical differences were ob-
served (Table 1) between the absolute mean peak
angular velocity values in forward flexion between the
lumbar spine (43.5 + 7.2 deg/s) and the hip
(49.0 = 11.7 deg/s).

Return cycle

Statistical differences (P < 0.009) were observed in
time taken by the hip to initiate the movement during
return flexion (7.4 + 2.2%) compared with the lumbar
spine (12.1 £ 6.1%; Table 1). Absolute mean peak
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Fig. 2 Group mean sagittal angular displacement profiles (deg +95% confidence intervals) about the lumbar spine and hip during

a flexion from and b return to normal stance (n = 20)
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Fig. 3 Group mean sagittal angular velocity profiles (deg/s +95% confidence intervals) about the lumbar spine and hip during

a flexion from and b return to normal stance (n = 20)
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Fig. 4 Sub-group mean sagittal angular displacement (deg. +95% confidence intervals) about the lumbar spine and hip during

a flexion from and b return to normal stance (n = 4)

velocity at the hip (36.7 + 7.6%) occurred significantly
earlier in the flexion phase than the lumbar spine
(41.9 = 6.3%) (Table 1). Statistically significant differ-
ences were found in the absolute mean peak angular
velocity values (P < 0.002) in the lumbar spine
(36.7 = 8.3 deg/s) compared with that of the hip
(43.4 + 12.7 deg/s; Table 1).

Discussion

The results of this study show that the flexion and re-
turn motion of young healthy males are distinguished
from each other on the basis of kinematic and temporal
changes of the hip and lumbar spine during these
respective movements. The limitations of the study
such as the possibility of diurnal variation and the
restriction of the study to a male population when
considering these results need to be borne in mind.
While other investigators [2] have failed to show any
gender differences between the movement patterns the

small sample size in this current study precludes gen-
eralisation of the results to a larger population. How-
ever steps were taken to ensure that the procedure was
tightly monitored by performing randomised extension
and flexion in order to minimise the cumulative effect
of the repeated trials of forward bending. Further, the
study participants were all active in sports and there-
fore, the sample population in this study is considered
to be representative of an asymptomatic group of
young males.

Possible reasons for the differences in the observed
movement patterns are not totally clear and warrant
further investigation. As all participants were male the
influence of gender can be eliminated, but it is possible
other factors such as sporting activities, anthropomet-
ric influences such as relative leg and spine length and
pelvic angulation may be contributing to these pat-
terns.

The patterns of movement contribution from the
lumbar spine and hip were identified as being different
in forward flexion and return. In flexion, the initial
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(58%) movement was dominated by the lumbar spine
followed by a brief period (18%) whereby there was an
equal contribution from the lumbar spine and hip. The
final part (24%) of forward flexion was hip dominant
(Fig. 2a). The hip dominated the first part of the return
movement pattern (22%) with an equal contribution
from the hip and lumbar spine throughout the
remaining part of the movement (Fig. 2b). It is rea-
sonable to suggest that the two movements place dif-
ferent demands on the motor control mechanisms
hence leading to the patterns of contribution from the
lumbar spine and hip that were observed in this study.

The results on the relative contribution of the two
regions in flexion are consistent with other investiga-
tors who have examined this issue [2]. However
whereas McClure et al. [14] consider the return pattern
to replicate the flexion pattern the results of this study
indicated that this was not the case with predominately,
an equal contribution from the lumbar spine and hip in
the return movement pattern.

Although it has previously been observed that LBP
subjects exhibit different movement patterns however
it is a new observation that healthy subjects also show a
similar trend. The relative contribution of the hip and
lumbar spine during flexion and return is that four of
the participants in this study did not conform to the
pattern of angular change described above. Instead
these individuals presented with a completely lumbar
dominant pattern throughout the two pathways of
movement (Fig. 4a, b) and one that was not explained
by the participant’s anthropometric characteristics.
This pattern is worthy of note as it may represent a
variation within a normal population which has previ-
ously been overlooked and warrants further investi-
gation.

In terms of movement initiation, some authors have
suggested that the pelvis initiates movement during
flexion [20] but the results of this study and, in keeping
with those of other investigators [2-3, 6, 13, 16, 19, 22]
indicate that flexion is initiated by the lumbar spine
and, in the return motion, the hip [14].

Examination of the velocity patterns of the lumbar
spine and hip during flexion and return also revealed
differences between the two movements. In the for-
ward flexion movement the lumbar spine reached peak
velocity before that of the hip. Conversely, in the re-
turn movement, the hip reached peak velocity earlier
than that of the lumbar spine. Previous studies have
reported absolute mean peak lumbar velocities during
flexion between 38.9 deg/s [2], 45 deg/s [12] and
61 deg/s [16] so the values of 43.5 deg/s obtained in this
investigation lie within these previously reported val-
ues. The absolute mean peak velocities for the hip

@ Springer

(49.0 deg/s) in this study are also close to the values
reported by Esola et al. [2] (53.6 deg/s) and Paquet
et al. [16] (39.0 deg/s).

The absolute mean peak velocity of the lumbar
spine during the return movement in the study by
McClure et al. [14] was 30.5 deg/s and by Paquet et al.
[16] was 58.0 deg/s while in this study it was 36.7 deg/s.
In the hip, the absolute mean peak velocity during
return movement reported by McClure et al. [14] was
49.7 deg/s and by Paquet at al. [16] was 39 deg/s
compared with 43.4 deg/s obtained in this study.

The differences between the velocity values detailed
above may be explained by inconsistencies between
studies in the placement of skin markers used to define
the lumbar and hip angles. However the patterns ra-
ther than actual values would seem to be the feature of
note in all of these studies and would seem to be
reflective of the patterns of angular change.

While some investigators report differences between
peak lumbar velocities during flexion in symptomatic
and asymptomatic subjects with low back pain [12, 21]
other researchers have failed to do so [2]. For example,
Paquet et al. [16] reported significant differences be-
tween the velocities of the hip and lumbar spine among
acute LBP and asymptomatic subjects during both
flexion and return movements. On the other hand,
McClure et al. [14] found no such differences between
the hip mean peak velocity of symptomatic and
asymptomatic subjects during return flexion. In the
former study patients with resolved back pain were
used and in the latter one, the symptomatic group
comprised acute low back pain patients indicating that
the stage of low back pain has an important impact on
the findings.

The clinical relevance of this study is two fold.
Firstly, the described relative displacement and veloc-
ity patterns and the discrete temporal, displacement,
and velocity data are considered to be important nor-
mative kinematic parameters that may ultimately be
used for judging the effects of low back disorder on
movement. Secondly, it may also be that individuals
with certain hip and lumbar spine movement patterns
ultimately prove to be more predisposed to low back
pain. However, the result of this study suggests that it is
normal for some individuals to move more in the
lumbar spine than the hip during the forward flexion
task. While the current data have helped in the
development of a normative database the information
is still limited to a small sample of young asymptomatic
males. A considerable amount of further data are re-
quired to build up a representative asymptomatic
population sample that includes both sexes and various
age groups. Such a comprehensive database may
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become a strong comparative and analytical tool for
understanding and managing aberrant kinematics in
low back disorders. While velocity may also prove to
be an important indicator in back pain populations
comparisons between studies is made difficult by
inconsistencies in data analysis such as plotting lumbar
to hip ratios against range of motion. Our recommen-
dation for future studies on low back pain populations
is to plot velocity against time taken for the subject to
complete the flexion and return task to enable better
comparisons between studies and to gain insight into
these issues.

Conclusion

Further to the previous work carried out on the motion
characteristics of the lumbar spine and hip during
flexion and return this study confirms the existence of
kinematic and temporal differences between the two
regions when performing this movement. However, the
results of this study suggest that hip dominant or
lumbar dominant patterns which are found during
flexion and return are not the same for all individuals,
even in a healthy population. Further work is needed
to examine these characteristics longitudinally in larger
population samples to confirm the stability of these
observations.
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