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Abstract: Motion analysis is one of several complementary tests used in the diagnosis and follow-up of
patients with low back pain (LBP). The objectives of this study were to a) estimate the minimum number of
motion trials required for clinical assessment using a three-dimensional video-based system, b) test if trunk
primary and coupling motions are perturbed in LBP patients and c) determine whether trunk range of motion
increased and pain level decreased after eight weeks of physiotherapy. Reflective markers were placed over T1,
L1 and S1 of fourteen LBP patients and thirteen able-bodied adults. Data were collected using a four-camera
high-resolution motion analysis video-based system while subjects performed five primary movements, namely,
right and left lateral bendings and rotations as well as forward trunk flexion to determine the level of pain in LBP
subjects and the improvement after eight weeks of physiotherapy by mean of the Quebec low back pain
questionnaire. The inter-class correlation coefficients for the five primary motions were 0.77 between the first
two repetitions; then they decreased for the others. A significant reduction in pain after physiotherapy was
noted by a reduction of 24.5% in the score of the questionnaire. The only significant differences were observed
in  coupling  motions.  These were noted only between the patients before treatment and the other groups.
There was a reduction of 27% in the coupling in rotation for the lumbar segment during lateral bending of the
trunk and of 7° and 14° in the lateral bending of the trunk and that of the thoracic segment during trunk rotation
respectively. The principal movements do not seem to be an indicator of trunk mobility in LBP patients.
Coupling  motions  reduced  in  the  subjects  with  LBP  before treatment and returned to near normal values
after treatment.
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INTRODUCTION techniques are better to evaluate motion at several trunk

Trunk range of motion (ROM) is often a dimensional kinematic analysis to estimate trunk rotations
complementary test in the diagnosis and follow-up of in one or several trunk levels.  However, the reliability of
patients with low back pain (LBP) [1-3]. Spine and trunk the video-based method was not tested. To test the
ranges of motions are obtained by radiography [4-6], reliability of trunk segment measurements, different
different  types  of  inclinometers  [7,8]  and  goniometer approaches were used [16-19]. For example, Joseph et al.
[9-12]. Electro-goniometers and video-based systems [7] reported an acceptable reliability for two types of
have been used to assess the three-dimensional (3D) inclinometers to measure lumbar spine ROM. Reliability of
trunk  motions  in  both  static and dynamic conditions a computer-assisted device (Isotechnologies B-200) and
[13-15]. Though goniometer is an easy and quick method a double inclinometer for measuring flexion-extension and
to estimate the range of motion at a joint [16], video-based lateral   bending   was   studied   by   Dillard   et   al.   [16].

levels. Ployon et al. [14] proposed a method of the three-
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They found poor reliability between these two Using a questionnaire to estimate the level of pain in
instruments and concluded that the B-200 system is not
suitable for trunk ROM measurements. Though these
studies provided insight into the reliability of different
devices, they did not assess the number of trials required
for reliable clinical analysis. To our knowledge, no study
was carried out to determine the minimum number of trials
required to assess 3D primary or planar trunk motions as
well as the motion occurring in other planes, known as
coupling motions, using a video-based system.

Kinematic analysis of the spine reveals that motions
occurring in one anatomical plane or primary motion such
as forward bending are accompanied by others in other
planes. The latters are known as coupling motions. For
example, rotations in the horizontal plane are known to be
accompanied by motions in the sagittal and frontal planes
[22]. Coupling motions were observed at the thoraco-
lumbar junction using goniometers [10]. With a video
system [9], Gunzberg et al. [23] reported reduced coupling
motion in axial rotations when flexion was the primary
motion of the spine. Pearcy and Hindle [24] reported
compensatory lateral bending and rotation movements
during the flexion and extension movements in LBP
patients. They also showed a relationship between axial
rotation and forward flexion. Few studies reported
differences in primary trunk motions in able-bodied
subjects and LBP patients [5, 26, 27].  Considering that the
results of the primary motions are controversial in
subjects with LBP, it is assumed that coupling motions
could contribute to a better understanding of the
functional behaviour of the trunk and particularly in
individuals with LBP.

Variability in the measurement of the trunk's primary
motions as well as coupling motions can contribute to the
disparities in the findings. Estimating the number of trials
required for a clinical application could reduce the
variability in trunk movements and could be beneficial
because non-able-bodied subjects are limited in the
number of body motions they can perform without undue
pain or exhaustion.

Questionnaires are often used to estimate the level of
pain in LBP patients. One such questionnaire is the
Quebec  low  back  pain questionnaire [30]. It consists of
20 questions, mainly about the patients’ daily physical
activities. However, to our knowledge, no one has used
both questionnaires to determine if the increased mobility
in the three-dimensional kinematics of trunk segments is
related to the reduced pain in LPB subjects after
physiotherapy.

patients with LBP could provide a better interpretation of
the ROM improvements after physiotherapy. This study
was undertaken to: a) estimate the minimum number of
motion trials required for clinical assessment using a
three-dimensional video-based motion system, b) test if
trunk primary and coupling motions are perturbed in LBP
patients and c) determine whether trunk range of motion
increased and pain level decreased after eight weeks of
physiotherapy.

MATERIALS AND METHODS

The experimental protocol is divided into two parts.
Firstly the repeatability of the ROM of the primary and
coupling motions at the lumbar and thoracic segments as
well as that of the whole trunk were calculated. In the
second part, the coupling motions of able-bodied adults
and LBP patients before and after physiotherapy were
assessed.

Reliability  Study:  Ten  able-bodied  subjects
participated in the reliability study. Their mean age was
27±2 years, height of 176±2 cm and weight of 78±12 kg.
They came from a workplace where moderate work and
light lifting tasks are performed. These subjects did not
show any clinical signs of low back pain or other
musculoskeletal ailments that could interfere with trunk
motions.

Data acquisition was performed with a High
Resolution  Motion Analysis system_(_ Motion Analysis
Corp, 3617 Westwind Blvd, Santa Rosa, CA 95403)
consisting of four cameras with a sampling frequency of
60 Hz. The cameras were located along an arc of 120°
about 1.6 m from the subject’s back. The absolute
reconstruction error was 0.6±0.2 mm. Trunk segments
were identified by means of reflective markers as shown
in  Fig.  1.  Triads  were  used for T1 and T12 and
consisted of three spherical reflective markers, 10 mm in
diameter,  located  at  the  end of a 90 mm long thin rod.
The  free  extremity  of  each  rod was fixed on a thin
flexible plastic base   to  join  a  third  spherical  marker
according  to  Allard  et  al.  [1].   Three   single  markers,
20  mm  in  diameter,  were placed over S1 and over the
right and  left  ASIS. The T1 and pelvis markers defined
the trunk segment while the T1-T12 and T12-pelvis
markers were used for the thoracic and lumbar segments
respectively.
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Fig. 1: Position of the markers on the subject 

Subjects were asked to stand in a comfortable
standing position with their back facing the cameras.
They were not restrained in any way to avoid
compensatory actions in the lower limbs or pelvis.
Subjects executed five trunk movements, namely, forward
flexion, right and left bending and right and left rotations.
These trunk movements which were essentially performed
along one of the anatomical planes were labelled as
primary motions. Subjects were asked to limit pelvic
movement during trunk motion. After each trunk
movement, subjects returned to their original erect
standing position. Trunk extension was not performed
because it involves large compensatory actions from the
pelvis and lower limbs. Since the trunk was free to move,
simultaneous motions in other planes known as coupling
motions were also measured by the video system. For
each primary trunk motion, the duration of data collection
was approximately 4 seconds. After a complete set of five
trunk motions, markers were removed and the subject
rested for about 30 seconds. Then markers were
repositioned on the subject's trunk for a second set of
trunk motions. Subjects were asked to repeat each set of
movements five times. This approach could lead to large
errors due to the repositioning of the markers on the
trunk, subject change in standing posture, etc. This
procedure was followed since the maximum error was
sought. Nonetheless, errors which included those of the
technician in manipulating the markers and measurement
errors occurring during data collection were comparable
to those in previously reported studies by Mayer et al.
[10].

The 3D coordinates were filtered by a double-pass
zero-lag Butterworth filtering method with a cut-off
frequency of 3Hz [28]. The primary and coupling trunk
motions were determined for movements relative to the
markers positioned on T1 and S1. The three markers on
the pelvis were used to establish the global coordinate
system. Forward flexion was about the medio-lateral axis,
lateral bending about the antero-posterior axis while
motions  around  the  vertical  axis were associated with
the axial rotations. The 3D rotations between the T1 and
T12 triads and pelvis markers were calculated using
quaternion [2]. The ROM for all primary and coupling
motions was then calculated.

Intra-class correlations defined by Mueller and
Martoneli [28] were applied on ROM values to estimate
the minimum number of trials required to assess trunk
motions. Pearson correlations were performed for all
motions between all trials. This ensured that not only the
ROM but also the motion pattern was tested for their
reliability.

Range  of  Motion  in  Able-Bodied  and  LBP  Subjects:
The fourteen subjects with low back pain who
participated in this study had an age of 33±7.3 years,
height of 172±9 cm and weight of 70.9±15.6 kg. A clinical
examination compatible with low back pain and a normal
radiological examination of the lumbar column were
performed by an experience orthopedic surgeon (CHR) to
ensure that the participants had back pain problem.

Thirteen  able-bodied  subjects   who   participated in
this study had an age of 35±9 years, height of 175±10 cm
and weight of 68.5±9.7 kg. There were no significant
differences in the age, height and weight between the
able-bodied subjects and the LBP patients who
participated in this study. The criteria used to select the
able-bodied subjects were identical to those for the
subjects who participated in the reliability study.

The three-dimensional kinematic analysis of the trunk
was identical to that described above. The only difference
was that the able-bodied subjects were evaluated once
while the LBP subjects were evaluated before and after
eight weeks of physiotherapy. The treatment was the
same for all the subjects with an LBP problem. They were
treated for a period of 30 to 45 minutes each day with
ultrasound, ice and manual traction for two weeks. This
treatment was also accompanied by a practical advice
concerning back pain during the last six weeks. These
subjects followed a rehabilitation program which included
physical activities and three one-hour physiotherapy
sessions per week.
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To determine the level of pain in the LBP patients
before and after treatment, the patients filled out the
Quebec low back pain questionnaire [30]. The
questionnaire  consisted of 20 questions, mainly about
the patients’ daily physical activities. Each question was
graded from 0 to 5, where 0 means a total inability to
execute the activity and 5 means a condition of doing the
physical activity without difficulty.

The ROM amplitude in the primary movements and
the coupling motions of trunk and thoracic and lumbar
segments of able-bodied subjects and LBP patients were
determined using univariate analysis (ANOVA) with a
threshold of p < 0.05. Fig. 2: Reliability coefficients of the five principal

RESULTS
 

Right and left lateral bending ROM was grouped
together since there was no statistical difference within
each group. Similarly right and left ROM internal rotations
were cumulated for the same reason. Fig. 2 presents the
inter-class correlation coefficients for the five primary
motions for two to five successive repetitions. The
average coefficient decreased by increasing the number
of repetitions. It was 0.77 between the first two
repetitions;   then    there   was   a   significant  reduction
of 10.4% (p = 0.0007) for two to four repetitions and 11.7%
(p = 0.0002) for two and five repetitions. For all of primary
motions, the Pearson correlation coefficients were 0.94 or Fig. 3: Reliability coefficients of the coupling motions for
higher. 2, 3, 4 and 5 repetitions 

Fig.  3  presents  the  inter-class  coefficients  for  all
the coupling motions associated with all the primary The amplitudes for forward flexion were on average
movements. The average coefficient was 0.70 between the 41.3°±10.8° for the trunk, 38.1°±10.9° for the thoracic
first two repetitions that was 9.0% less than for the segment  and  14.7°±7.6°   for   the   lumbar  segment.
primary movements. It decreased by 12.9% for two to five These data were similar to those found in the literature
repetitions.  There  was a significant difference of 10.0% [26, 32, 33].
(p = 0.004)  for    two    to    four    repetitions    and   12.9% The only significant differences were observed in
(p = 0.002) for two to five repetitions. An average coupling motions. These were noted for trunk lateral
correlation coefficient of 0.90 was observed for all the bending and rotation only between patients before
coupling motions. treatment and the other groups. During the primary

The results of the questionnaire indicated a motion of lateral bending, rotation of the lumbar segment
significant reduction in pain after physiotherapy of significantly reduced as indicated in Fig. 4. A decrease of
39.5%±14.4% to 15.0% ±15.2% (p = 0.006). The able- 29.0% (p = 0.022) and of 26.4% (p = 0.025) in the rotations
bodied subjects and the LBP patients before and after were noted between the LBP group before treatment and
treatment displayed similar primary ROM. The ROM in the able-bodied group and the LBP subjects after
lateral bendings were on average 43.2°±6.9° for the trunk, treatment respectively. No significant difference was
18.4°± 6.0° for the thoracic segment and 25.4°±3.2° for the observed between the control group and the LBP subjects
lumbar segment. The ROM for rotations were on average after treatment.
33.4°±5.9° for the trunk, 36.0°±6.2° for the thoracic During the primary motion of rotation, differences
segment    and    10.1°±5.8°    for    the    lumbar    segment. were  observed  in lateral bending of the whole trunk and

movements for 2, 3, 4 and 5 repetitions 
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Fig. 4: Maximum coupling in rotation for the lumbar Fig. 6: Maximum coupling in bending of the thoracic
segment during lateral bending of the trunk segment during trunk rotation

Fig. 5: Maximum coupling in bending of the trunk during repeated measurements of trunk mobility using other
trunk rotation devices [11, 17, 18, 35]. The reliability coefficient as

that of the thoracic segment. Fig. 5 presents differences study, nor were other analysis techniques using the
for average whole trunk coupling motions in lateral coefficient of variation [7] or linear regression [18],
bending. The LBP group before treatment had 8° less because these methods seek to establish a relationship
amplitude  in  lateral  bending   than   the   control  group between two sets of data and not to differentiate them.
(p = 0.032) and  6° less   amplitude   than   the  patients We realized that errors associated with marker placement,
after treatment (p = 0.035). No significant difference was the instructions given by the technician and the intrinsic
observed between the control group and the LBP patients variability of the subjects in carrying out the same
after treatment. movement could affect our work. Nonetheless, a single

Statistical differences in the coupling in lateral trunk kinematic evaluation appears satisfactory and more
bending were recorded at the thoracic level for the primary trials decreased the reliability.
motion of rotation, as indicated in Fig. 6. The group of The second and third objectives were to test if trunk
patients before treatment showed about 15° less primary and coupling motions are perturbed in LBP
amplitude  in   lateral   bending   than   the   control  group patients and to determine whether trunk range of motion
(p = 0.027). After treatment, the patients' lateral bending increased and pain level decreased after eight weeks of
amplitude increased by 13.5° (p = 0.032). No significant physiotherapy. Before treatment patients had a pain level
differences were observed between the control group and that varied from moderate to severe. The pain index was
the patients after treatment.  Values for coupling in lateral translated into the decreased mobility in the coupling
bending  are  higher  for  the  thoracic  segment   because motions of the trunk only. After treatment, the pain

the trunk angle is measured from S1. For example, a 17°
trunk (T1-S1) lateral bending corresponds to a thoracic
(T1-T12) lateral bending of about 25°.

DISCUSSION
 

The first objective of this study was to estimate the
minimum number of trials required for clinical assessment
in  able-bodied  subjects  using  a  three-dimensional
video-based motion system. The reliability coefficient of
0.77 presents good repeatability [34] and is comparable to
those reported in the literature for the evaluation of

presented by Mayer and et al. [10] was not applied in our
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decreased significantly but still remained at a score of CONCLUSION
15% measured by the Quebec back pain disability scale.  
The range of movements of patients after treatment The ROM measurements are reliable for both primary
represented almost a complete return (92%) of mobility, and coupling motions of the trunk and the thoracic and
very close to that of the able-bodied subjects. lumbar segments. The principal movements do not seem

Contrary to those studies which found significant to be an indicator of trunk mobility in LBP patients.
differences in the primary motions between able-bodied Reduction in the coupling motion and higher pain level
subjects and LBP patients [26, 36], the ROM in this study were observed for LBP patients before treatment while
was similar to those reported by Porter and Wilkson [26]. near normal values were reached after treatment.
It appears that the ROM of the primary motions is a
relatively variable measurement. In the present study, the ACKNOWLEDGEMENTS
evaluation of the principal motions did not allow us to
identify the area of reduced motion in the principal trunk The authors wish to express their gratitude to Shéla
movements. Significant differences, however, were Sim Camille and Mont Bofraire for their technical
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