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Kinematic Analysis of Different Spinal and
Hip Regions during the Performance of A
Sagittal Object-Lifting Task in Asymptomatic
Individuals

Abstract

Background & aims: This study examines if modelling the cephalocaudal regions
into four separate regions reveals different kinematic patterns of spinal motion in
relation to hip motion when lifting an object (a 5 kg dumbbell) from the ground to
an upright position.

Methods: Thirty-two male participants (mean age = 28.2 + 4.2 years; weight =
74.4 + 11 kg; height =1.70 + 0.04 meters) agreed to participate in this study. The
cephalocaudal region of the spine was divided into four distinct regions of the
spine (Head-Cervical, Thoracic, Upper-Lumbar and Lower-Lumbar) to obtain their
range of motions and velocities against the hip region during a sagittal object-
lifting task.

Results: There were significant differences in the range of motions between each
of the five regions (p<0.001) during an object-lifting task as well as velocities
significant differences between number of spinal regions and hip. The hip region
produced the most kinematic motion and velocity followed by the Lower-Lumbar
and Upper-Lumbar during the functional lifting task. There were significant
correlations found between head-cervical and lower-lumbar, head-cervical and
hip, thoracic and upper-lumbar, Thoracic and hip, upper-lumbar and lower-lumbar,
and Lower-Lumbar and hip during both range of motion and velocity analysis.

Conclusion: The results of this study demonstrate differences in the contribution
of five anatomical regions during a functional lifting task. Hip and Lower-Lumbar
and Upper-Lumbar made up the most significant proportion of total kinematic
motions and velocity during the functional lifting task.
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Introduction

Numerous factors cause Lower Back Pain (LBP), one of the most
common of which is erroneous object lifting. Indeed, one of the
most significant factors that cause LBP among handling workers
is poor lifting technique. Therefore, healthcare providers always
recommend a proper lifting technique in which the hands are
positioned close to the body while lifting objects to avoid spinal
injuries. The everyday task that most pertinently influences spine

and hip kinematics is lifting objects from the ground, which is a
systematic and regular activity especially for persons occupied
in physical labour [1]. Commonly, employers provide training
sessions for their staff engaged in handling duties to prevent
LBP [2]. This training mainly educates them on the proper way
to lift objects, as this can place a considerable load on the spine
and is regularly mentioned as provoking LBP [3]. Indeed, human
spinal Range of Motion (ROM) information is key to developing
clinicians’ awareness of spinal disorders [4].
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Accurate knowledge of physiological movement of the lumbar
spine and hip regions and the behaviour of each regional
movement during an object-lifting task is important. Spine and
hip motion play an essential role in daily functional activities, such
as self-caring or performing occupational duties. The interest of
researchers and therapists in movement behaviour has grown,
revealing the extent of injuries suffered and also bringing about
improvements in movement behaviour. Measuring the regional
breakdown of spinal motion in the sagittal plane and describing
the relative motion of different regions of the spine can provide
useful clinicalinformation, which can be usedin clinical procedures
for spinal assessment [5]. A considerable amount of literature has
been focused on measuring the lumbar spine comparative to hip
movement, while performing a number of daily duties [1,6-8].
However, the majority of these studies have treated the lumbar
spine as a single region. Over the last ten years, a number of
studies have adopted multi-regional lumbar spine models across
clinical populations [9,10] and healthy subjects [4,5,11-14],
identifying differences in regional contribution. Clinical studies
have previously confirmed differences in this ratio between
those with and without back pain [1,8], whilst alterations in this
ratio affect the bending and compressive stresses on the lumbar
spine [15,16]. Subsequently, another study investigated how the
upper and lower lumbar regions contributed to spinal movement
relative to hip motion, when performing everyday tasks [5].
Unfortunately, study [5] focused on the lumbar spine while the
other spinal regions were overlooked in terms of movement
over time relative to hip kinematic behaviours. The study of a
multi-regional lumbar spine model versus hip motion over time
during object lifting has not yet been undertaken. Data arising
from such a study would significantly assist in achieving a better
understanding of lumbar spine kinematics, especially when
supplemented by multiregional velocities [17], as the relative
movement behaviour of the hip and its interaction with the
lumbar spine is considered important [18,19].

Therefore, this study aimed to examine if modelling the
cephalocaudal regions into four separate regions would give
a different kinematic pattern of spinal motion with respect to
hip motion. This is the first study to adopt this approach to the
kinematic analysis of multi-spinal regions against the hip region
during an object-lifting task.

Materials and Methods
Participants

Thirty-two male participants (mean age =28.2 + 4.2 years; weight
=74.4 + 11 kg; height =1.70 £ 0.04 meters) agreed to participate
in this study. The Scientific Research Ethical Committee at Najran
University approved this study (Ethic no. 442-37-5101 at 22-
01-1442), and its participants were recruited via social media
applications which were used to advertise to staff, undergraduate
students, and the community surrounding Najran University. In
addition, the researcher also issued invitations orally, meaning
our cohort was a convenience-based sample. This study faced
difficulty in recruiting both genders, particularly females;
therefore, all participants in this study were male. Moreover,
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among those who initially agreed to participate, some of them
denied to complete the experimental process when they asked
to get their shirts off in order to attach sensors into their bodies.
All participants were selected based on specific criteria. Each
participant was provided with a sheet containing the study
information, indicating their rights, confirming the confidentiality
of information, outlining potential risks, and explaining what to
do in the event of something going wrong. Each participant had
consented to participate. Finally, participants provided written
informed consent before participating in this study.

Instrumentation

A six tri-axial accelerometer sensors system was applied on a
number of points on each participant’s body. This system was
explained in a previously published study [4] and had shown
excellent reliability relating to spinal motion analysis with an
intraclass correlation coefficient between 0.88 and 0.99 and a
standard error of measurement between 0.4° and 5.2°. Moreover,
the tri-axial accelerometer sensors system has been used to
measure spinal regions and hip kinematics in a number of other
studies [4,5,11].

Procedures

All of the experiments were conducted in the research laboratory
of the physiotherapy clinics in the College of Applied Medical
Sciences, Najran University. Participants were asked to wear
light clothes when it came to measuring their height and weight
and to then sit on a chair without a backrest. A medical swab
was used to disinfect the places where the sensor needed to
be attached. Sensors were affixed using double-sided adhesive
tape at six different locations: the forehead, the first and twelfth
thoracic vertebra, the third lumbar vertebra, the first sacral
vertebra (Figure 1), and the lateral aspect of the mid-thigh. The
sensors measured the movement and velocities of the head-
neck, thoracic, upper and lower lumbar regions associated with
hip during the task of lifting an object off the ground (a 5 kg
dumbbell (1 pc)) and returning to an upright position. Such an
approach was also used by Alghtani et al. [11] to measure spinal
regions over time relatively.

Data analysis

Data were collected at 30 Hz and the raw data were relocated
to MATLAB (R2011a) and filtered at 6 Hz (low-pass, Butterworth)
to delete high-frequency noise [20]. The Head-Cervical (HC)
was expressed as the relative angle between the forehead and
T1 sensors. The Thoracic region (T) was defined as the relative
angle between the T1 and T12 sensors. The Upper Lumbar
spine region (UL) was stated as the relative angle between
the L3 and T12 sensors, and the Lower Lumbar spine region
(LL) as the relative angle between the S1 and L3 sensors. Hip
kinematics was determined by the relative angle between the S1
and thigh sensors. Positive and negative velocities of all regions
during the performing of an object-lifting task were obtained by
distinguishing the ROM data. Each region measurement (either
ROM or velocity) was defined as the relative motion between
adjacent distal and proximal sensors (i.e., relative angles).
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Figure 1 Scheme illustrates application 3A sensors on spine.

Consequently, regional spinal ROM-time curves were generated
for HC, T, UL, LL, and Hip from which peak ROM values [4].

Correlations between regional movements and velocities were
explored comparing ROM and velocity profiles using Pearson
correlation coefficient calculated in matrix laboratory software
(Matlab R2011a, MathWorks). One-way analysis of variance
was performed using the Statistical Package for the Social
Sciences software (Statistics 21, IBM, Armonk, NY) to determine
if significant differences are evident between the region's
kinematics. Post hoc analysis was carried out using the Turkey
procedure to determine the location of any differences. Statistical
significance was accepted at the 5% level for all tests. Spinal
regions and hip ROM and velocities ratios were determined for
object-lifting task using Excel formulas.

Results

Table 1 details the descriptive statistics for mean (SD) range of
motion and velocity for the object-lifting task at five anatomical
regions. Where the hip region moved about 63 degrees, the lower
and upper lumbar regions moved around 40 and 22 degrees,
respectively, during the object-lifting task. However, thoracic (-5
degrees) and head-cervical (-22 degrees) regions moved in an
opposite direction. Similarly, the hip region showed the highest
positive and negative velocity followed by the LL and H-C regions
during the object-lifting task (Figure 2).

Table 2 presents the differences, correlations, and regional ratios
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Table 1 Mean (SD) range of motion and velocity for the object-lifting task
at five anatomical regions.
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Figure 2 Mean range of motion and velocities for the Head-
Cervical (H-C), Thoracic (T), Upper Lumbar (UL), Lower

\ Lumbar (LL) and Hip during object lifting. J

for ROM and velocities of five anatomical regions, revealing
significant differences in the ROM during the object-lifting task.
The ratio of hip motion was larger than other regional motions
during the object-lifting task. Similarly, the ratios of UL and
LL motion were greater than the H-C and T regions during the
lifting task. Additionally, all of the anatomical regions showed
significantly different positive and negative velocities except HC
and T, or HC and LL, or T and UL during the object-lifting task.

There were fair correlations between HC and UL or hip, or T
and UL or LL or hip, or UL and LL kinematic motion during the
object-lifting task. Meanwhile, there was medium correlation
between HC and LL, or LL and hip ROM during the object-lifting
task. Moreover, there were fair to strong correlations between
positive or negative velocities during the object-lifting task over
all five anatomical regions.

Discussion

The current study examined the kinematic patterns of spinal and
hip motion using four separate regions of the cephalocaudal
region. This is the first study to have adopted this approach to
examine a kinematics (ROM and velocity) of cephalocaudal
and hip regions during an object-lifting task. The results of this
study demonstrate significant differences between kinematic
motions of separate cephalocaudal regions (HC, T, UL, or LL) and
the hip region. The results of this study suggest that separating
the cephalocaudal region into four separate regions may help
in exploring the contributions of spinal and hip regions during
an object-lifting task. A previous study compared two separate
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Table 2 Table demonstrating significant differences (p-value), correlation (r) and regional ratio for ROM and velocity of five anatomical regions.

Comparative

S Ratio ofROM ' ositive
regions

ROM (p) velocity (p)

ROM (r)

lumbar spine regions (UL and LL) with the traditional single unit
model. Like the current study, that previous study found that the
LL kinematic motion contributed more than other spinal regions
during a range of daily activities. Additionally, other studies have
also demonstrated different kinematic behaviours of the UL and
LL spines, which a traditional single joint lumbar model would fail
to recognize [9,13,21].

The current study showed significantly different positive and
negative velocities between most of the spinal regions and hip
region during an object-lifting task. It indicates the importance
of separating the spine into separate anatomical regions when
exploring the higher order kinematics (e.g. velocities) of different
spinal and hip regions during an object-lifting task. Similarly, a
previous study found significant differences between two separate
lumbar regions (UL and LL) during the lifting task [1,21]. However,
the previous study reported lower velocities of the UL and LL
regions during a lifting task than those found in the current study
[1,21]. These differences may be due to various methodological
factors such as age, sex (both male and female versus male only)
and pathological condition (e.g. in pain). Additionally, the current
study indicates that the LL region moved at a greater velocity
compared to other spinal regions during the object-lifting task.
Similarly, the previous study also reported greater velocity of the
LL region compared to other regions during a lifting task.

The results of the current study revealed fair to excellent
correlations between HC or T or UL or hip and other anatomical
regions during the object-lifting task. They also demonstrated
fair to moderate correlations between five anatomical regions
and positive or negative velocities during the object-lifting task.
A previous study reported a strong correlation between UL and
LL during a lifting task [14]. The associations between velocity
of different spinal and hip regions during an object-lifting task
have not been previously investigated. Therefore, the results of
this study provide new insights into the relationship between
separate regions of the spine and the hip region. While velocity
is one of the most important factors with regard to movement
quality and may thus give vital kinematic information during an
object-lifting task [21], the results of this study have important
clinical implications, having offered new information related to
velocities of spinal regions and the hip region. A growing body of
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evidence recommends the assessment of separate spinal regions
(e.g. upper and lower lumbar) to identify the role of functionally
individual spinal regions in lower back disorders [18,22]. The
current study supplements this evidence that the four separate
spinal regions are functionally different in terms of ROM and
velocity during the object-lifting task and, therefore, assessment
of these separate regions could provide a more detailed spinal
kinematic model [13]. Greater contributions to motion from
the lower lumbar and head-cervical regions, as well as greater
movement velocities at these regions, may help to understand
the increased prevalence of pathological change in the lower
lumbar and cervical regions compared to other spinal regions
[23,24]. Furthermore, greater degeneration often takes place in
the lower lumbar and cervical regions [25,26] and it is suggested
that this is mainly due to greater mechanical stress being placed
upon these regions [27].

The current study acknowledges some potential limitations. First,
this study included only male participants; therefore, its results
cannot be generalized for a whole population. Second, the sample
included only asymptomatic young adults. The inclusion of the
elderly population or people with pathological disorders (e.g.
LBP) might have given different findings. Moreover, the analysis
in the current study was limited to the sagittal plane. The use
of 3-dimensional analysis would have given detailed kinematics
regarding out-of- plane motions.

Conclusion

The novelty of this study is in its examination of the ROM
and velocity of four separate spinal regions against the hip
region. This is the first study to have adopted this approach to
examining the kinematic of multiple spinal regions against the
hip region during an object-lifting task. The results of this study
demonstrate differences in the contributions of five anatomical
regions during a functional lifting task. Hip and lumbar (LL and
UL) were responsible for the highest proportion of total kinematic
motions and velocity during a functional lifting task. Therefore,
physiotherapists should take into account that the lower lumbar
spine and hip are more commonly subjected to injuries when
they undertake spinal assessment procedures.
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As well as it is recommended that future studies in this field be
conducted on both males and females of different ages. It is also
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