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Purpose: Physical activity (PA) is a well-known, simple and effective preventive and therapeutic intervention for low back pain (LBP).
In spite of the growing interest in active lifestyles and its benefits, more needs to be known about the relationship between energy expen-
diture, body mass and lumbar-pelvic kinematics during the forward bending movement in a group of young asymptomatic people who
met PA guidelines. Young people can be identified as a future risk group of civilisation diseases and lumbar-hip kinematics can be con-
sidered as a predictor of LBP occurrence. The aim of this study was to identify the association of gender, self-reported energy expen-
diture, body mass index, and lumbar-hip kinematics in young people. Methods: Sixty-four students at pre-employment stage partici-
pated in the study. They declared moderate-to-high PA and activity-induced energy expenditure (AEE) was self-reported. Kinematic
data of the lumbar spine, pelvis and hip were collected during forward bending using a 3D motion capture system. Results: Sex was
found to be associated with pelvis (β = –0.38 p = 0.002) and lumbar mobility (β = 0.49, p < 0.001) during forward bending and BMI was
related only to lumbar mobility (β = –0.41, p = 0.001). Recreation AEE significantly predicted hip flexion mobility (β = 0.38, p = 0.002).
Conclusions: This study showed that among a sample of physically active young people, BMI, self-reported AEE and sex can partially
predict lumbar-hip kinematics during trunk flexion. Recreational PA can be regarded as improving hip mobility and thus making forward
bending more effective and less prone to injury.
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1. Introduction

Physical activity (PA) is a well-known, simple and
effective preventive and therapeutic intervention for low
back pain (LBP) [12]. Examination tools of PA in-
cluded self-reported questionnaires, e.g., International
Physical Activity Questionnaire (IPAQ), accelerome-
ters, and pedometers. One of the most popular low-cost
methods is assessing the self-reported PA and esti-
mating on this basis the activity-induced energy expen-
diture (AEE)[14]. Energy is expended during a variety
of human activities. PA defined as leisure, recreational

activity, transporting, occupational activity or house-
keeping duties results in an elevation of energy ex-
penditure above resting levels. The metabolic equiva-
lent (MET) system is widely used by researchers,
clinicians and practitioners for the estimation of AEE.
For example, MET is used in IPAQ, which is a com-
mon, easy to administer and complete questionnaire
for evaluation of self-reported PA [14]. One MET is
generally expressed in terms of oxygen uptake per
unit of body mass: 1 MET = ~3.5 ml O2 × kg–1 × min–1

[14]. However, increasing evidence suggests that esti-
mates of AEE using the MET may be inaccurate across
individuals of different body mass or body composi-
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tion. PA estimates based on MET are reliable sources
of information only when an individual’s recall re-
corded in questionnaires is accurate. Thus, the MET
system is sensitive for intentional or unintentional
misreporting of PA and may not be sufficient for
heterogeneous groups of large body mass range [14],
[36]. Body mass has been linked with various leisure
activities including PA, due to the fact that decreased
in PA level is considered as a risk factor in getting
overweight [23]. On the other hand, a seemingly
homogeneous group of people who declare a high
level of PA can significantly differ in terms of AEE
due to the fact that there is no upper limit in this
group.

Body mass index (BMI) has also been shown to
affect spine mobility. It has been previously reported
that obese female adults were characterised by re-
duced mobility of the spine flexion at both pelvic and
thoracic level [33]. Spine flexion motion, particularly
during forward bending, seems to be one of the most
relevant movements to evaluate in healthy individuals
and patients with LBP and is one of the most common
movements in daily activities, sport and occupational
work [10], [20]. It is a fast and simple non-invasive
test to examine the quality (pace, coordination, spine
curve and ribcage shape) and range of motion (ROM)
of the spine [8]. Nevertheless, the relation between PA
and flexion during forward bending has not been ex-
tensively investigated so far, despite the fact that both
can be related to LBP [37]. The research revealed that
spinal flexion ROM measurements have a relation
with the disability in LBP probably due to the fact that
forward flexion dominates in almost all human func-
tional tasks and may have a major impact on the daily
activities [1]. In work related situations, spinal flexion
can occur in both intellectual and physical work, due
to the fact that sedentary workers flexed their posture
during sitting and physical workers flexed spine dur-
ing lifting/lowering tasks.

In spite of the growing interest in active lifestyles
and its benefits, more needs to be known about the
relationship between energy expenditure, body mass and
lumbar-pelvic kinematics during the forward bending
movement in a group of young asymptomatic people
who met PA guidelines. Young people can be identi-
fied as a future risk group of civilisation diseases and
lumbar-hip kinematics can be considered as a predic-
tor of LBP occurrence [38]. On the other hand, meet-
ing PA guidelines can result in greater productivity
and fewer sickness absences [21]. However, we be-
lieve that research interest in physically active people in
this area is not sufficient. When occupational load and
work environment are in the spotlight, leisure activi-

ties, household chores or active transport behaviour
(walking, cycling) are less studied [24], [29]. Never-
theless, they are basic human activities and a part of
AEE [24], [34], [35]. Ergonomic applications focused
on non-occupational activities have emerged and de-
veloped more recently [19], [25], [29].

Based on this background, the aim of this study
was framed to investigate the relationship between sex,
BMI, self-reported energy expenditure and lumbar-hip
kinematics during trunk forward flexion in young
adults. We hypothesised that all the above-mentioned
factors can be related to pattern alternation in lumbar-
hip kinematics.

2. Materials and methods

2.1. Participants

Initially, 85 young adults (professionally inactive
university students) volunteered to take part in this study
and were examined by the physical therapist (first
author). The ethics committee (KE-0254/322/2018)
approved the procedures of the study and the experi-
ments were carried out according to Declaration of
Helsinki. Written informed consent was obtained from
all participants. Nineteen subjects were excluded
due to meeting exclusion criteria and 2 records were
excluded due to technical errors. The main inclu-
sion criterion was at least moderate level of PA
measured using the International Physical Activity
Questionnaire (IPAQ). Participants were excluded
if they had any musculoskeletal or orthopedic injury
in the year previous to the study, lower limb pain
or apparent advanced postural defects. Back pain or
neurological symptoms, like radiation to the feet
or numbness, were also identified as exclusion crite-
ria. Sixty-four subjects (23 females and 41 males)
who met the PA guidelines (13 participants declared
moderate PA level and 51 declared high PA level)
were finally included in the investigation. The num-
ber of participants with moderate and high PA level
in males and females did not differ statistically
(chi squared = 1.98, p = 0.16).

The average age was 20.73 years (SD = 0.99), the
average body weight was 70.37 kg (SD = 13.47 kg) ,
the average body height was 1.75 m (SD = 0.09 m) and
the average BMI was 22.72 kg/m2 (SD = 2.88 kg/m2)
(Table 1). The changes in hip, spine and pelvic angles
during the normalised time of forward bending (sepa-
rately for males and females) are shown in Figs. 1–3.
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Fig. 1. Mean sagittal angular displacement
of hip during forward bending

(deg ± SD in single-sided error bars)

Fig. 2. Mean sagittal angular displacement
of lumbar spine during forward bending

(deg ± SD in single-sided error bars)

Fig. 3. Mean sagittal angular displacement of pelvis
during forward bending (deg ± SD in single-sided error bars)

2.1. Experiment design

Participants were asked to perform five trials of
forward bending (Fig. 4). Each participant was also
permitted three practice attempts before data collection.
The initial position was standing looking straight ahead.
On command, participants flexed their arms forward,
parallel to the floor. Movement execution was verbally
explained and demonstrated as forward bending with
straightened knees. The pace of forward bending was
self-selected, however, participants were instructed not
to do ballistic or rapid movements. Participants were
asked to bend forward as far as they could. After three
seconds of final flexed position, participants were asked

Table 1. Descriptive statistics

Female (F)
Male (M) Mean CI

–95.00%
CI

+95.00% SD t p

F 20.31 20.10 20.51 0.47
Age[years]

M 20.99 20.62 21.33 1.13
2.71 0.01

F 59.31 56.23 62.40 7.14
Body mass [kg]

M 76.58 72.74 80.40 12.13
6.23 <0.001

F 1.66 1.64 1.69 0.06
Height [m]

M 1.80 1.79 1.82 0.06
8.72 <0.001

F 21.42 20.61 22.23 1.87
BMI [kg/m2]

M 23.46 22.48 24.44 3.10
2.87 0.006

F 6059.74 4963.06 7156.42 2536.08Total AEE
[METmin/week] M 4612.25 3758.92 5465.59 2703.525

2.10 0.04

F 44.84 38.62 51.06 14.38
ROM pelvis [deg]

M 34.41 30.81 38.00 11.41
3.19 0.002

F 66.14 60.45 71.83 13.16ROM lumbar
spine [deg] M 74.22 71.39 77.05 8.97

2.91 0.005

F 55.78 51.04 60.52 10.96
ROM hip [deg]

M 53.04 49.98 56.09 9.67
1.04 0.30

F 39.60 36.30 43.00 7.70Forward bending
depth [%] M 37.10 34.80 39.40 7.30

1.30 0.20

AEE – activity-induced energy expenditure, ROM – range of motion.
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to extend and return to their initial positions at a similar
pace. An average of three middle trials (without the
1st and 5th to avoid unpreparedness and learning ef-
fect) were analysed.

2.2. Measurements and data analysis

Data collection occurred in one session during
morning hours (between 8 am and 12 am). Kinematic
data (100 Hz) were collected using an 8-camera, 3D
motion capture system (Vicon Oxford, UK). The sys-

tem registered three-dimensional trajectories of pas-
sive markers. Spherical reflective markers were
placed on specific anatomical landmarks. A full plug-
in-gait model was created and for modelling purposes,
spine, pelvic and hip markers attached to the follow-
ing places were used: tenth and twelfth thoracic spi-
nous process (Th10, Th12), posterior and anterior
superior iliac spine, second and third sacral spinous
process (S2, S3), seventh cervical spinous process
(C7), lateral femoral condyle (39). Filtered marker
trajectories were used to compute a three-dimensional
segment (trunk and pelvis) and joint kinematics using

Fig. 4. Execution of forward bending

      

Fig. 5. Kinematic measurements: the pelvis anterior tilt angle (αp) was the angle between the line connecting markers S2 and S3
and the gravity direction axis in the global coordinate system (A); the lumbar spine angle (αs) was defined as the angle

between the line connecting Th10 and Th12 and the line connecting S2 and S3 (the relative motion of the thorax
with respect to the pelvis) (A); hip flexion angle was defined as the angle of the pelvis relative to the thigh (αh) (B)
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the modelling software (Vicon, Nexus; Oxford Metrics).
The total range of motion of pelvis segment, lumbar
spine and hip was defined as the difference between the
maximal and minimal angle in the sagittal plane during
the forward bending movement. Forward bending depth
was the quotient of (1) the height difference between
the marker C7 height in the standing position and its
height in the maximal forward bend and (2) the initial
marker height [39].

%100
max

minmax ×
−

=Δ
h

hhh ,

where:
Δh – forward bending depth,
hmax – position of C7 marker in standing,
hmin – position of C7 marker in maximal forward

bending position.
In Figure 5 a scheme of the kinematic measure-

ments taken into account in this study.
PA was investigated using the national version

of IPAQ [3], [4]. The long version of the IPAQ con-
sists questions about the amount of walking under-
taken and participation in moderate and vigorous
activities at work, in transportation, in domestic and
garden activities, and in leisure time [5]. The ques-
tionnaire describes physical activity in METs. This
unit is used to estimate the metabolic cost of PA
(energy expenditure as reflected by oxygen con-
sumption), e.g., one MET is equal to approx. 3.5 ml
of oxygen per kilogram of body weight per minute.
Total PA was defined as sum of all forms of activi-
ties (walking, moderate and vigorous activities). Total
PA was categorised as low (<600 MET min/week),
moderate (600–3000 MET min/week), or high (>3000
MET min/week) physical activity [18].

2.3. Statistical analysis

Statistical analysis was performed using Statistica
Software (Tibco, 13.3). The normality of variables was
assessed via a Shaphiro–Wilk test. The proportions of
highly/moderately active participants and males/females
in subgroups were compared using the Chi-squared test.
A significance limit of α = 0.05 was chosen. A series of
multiple linear regression analyses were performed,
with the lumbar, pelvis and hip ROM during for-
ward bending and total trunk forward bending depth
as the dependent variables. The independent vari-
ables included in the first model: sex (males coded
as 1 and females coded as 0), total energy expendi-
ture, BMI. Additionally we have split total energy
expenditure into particular activities (leisure, recrea-

tional activity, transporting or housekeeping duties) and
built a second regression model. Additionally, back-
ward stepwise linear regression was used to identify
possible predictors of the outcome (lumbar, pelvis and
hip ROM) out of the above-mentioned candidate
variables. The normal probability plot showed that
the dependent variable is roughly normally distrib-
uted overall. The effect size (ES) for multiple regres-
sion analysis is estimated by the Cohen effect size pa-
rameter f 2 and should be interpreted as: 0.02 = small,
0.15 = medium, 0.35 = large [7].

3. Results

3.1. Pelvis anterior tilt

The overall regression first model with 3 independ-
ent variables was statistically significant (R2 = 0.19,
F(3.60) = 4.81, p = 0.005, ES = 0.23). It was found
that sex significantly predicted pelvis anterior mo-
bility during forward bending (β = –0.37 p = 0.01).
The predictors explained 19.39% of the variance in the
dependent variable. Moreover, in the backward step-
wise regression model, the female sex was included as
a predictor of grater pelvis ROM during forward bending
(β = –0.38 p = 0.002). Adding specific activities into
the second model does not change much the overall
results of regression (Table 2).

3.2. Spine flexion

The results of the regression indicated that the
predictors explained 26.85% of the dependent vari-
able variance (R2 = 0.27, F(3.60) = 7.34, p < 0.001,
ES = 0.36). It was found that sex significantly pre-
dicted lumbar flexion ROM (β = 0.50, p < 0.001),
as did BMI (β = –0.40, p = 0.001). Moreover, the
backward stepwise regression model selected male
sex (β = 0.49, p < 0.001) and lower BMI (β = –0.41,
p = 0.001) as predictors of greater lumbar spine ROM
during forward bending. Adding specific activities into
the second model does not change much the overall
results of regression (Table 3).

3.3. Hip flexion

The results of the regression indicated the predictors
explained 16,10% of the variability of the dependent
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variable (R2 = 0.16, F(3.60) = 3.84, p < 0.01, ES = 0.19).
It was found that AEE significantly predicted hip flex-
ion ROM (β = 0.39, p = 0.002). The backward step-
wise regression model selected AEE as a predictor of
greater hip ROM during forward bending Adding spe-
cific activities into the model shows that EE related to
housework and recreation significantly predict hip mo-
bility during forward bending (β = 0.27, p = 0.03 and
β = 0.35, p = 0.003, respectively). However, back-
ward stepwise regression analysis includes in a model
only recreational PA EE as predictor of greater hip
ROM during forward bending (β = 0.38, p = 0.002)
(Table 4).

3.4. Forward bending depth

The overall regression was statistically significant
(R2 = 0.14, F(3.60) = 3.14, p = 0.03). It was found that
AEE significantly predicted forward bending depth
(β = 0.30 p = 0.02, ES = 0.16). The predictors explained
13.56% of the variance in the dependent variable. When
specific activities were added into the model, only the
EE related to recreation significantly predicted forward
bending depth (β = 0.31, p = 0.01). However, backward
stepwise regression analysis removed all variables from
the regression equation (Table 5).

Table 2. Regression summary for dependent variable – pelvis ROM during forward bending

First model β SE β B SE B t p-value R R2 Adjusted R2

Intercept – – 25.26 13.33 1.89 0.06
Sex –0.37 0.13 –10.23 3.51 –2.91 0.01
BMI 0.13 0.12 0.62 0.58 1.08 0.28
AEE 0.21 0.12 0.001 <0.001 1.72 0.09

0.44 0.19 0.15

Result of regression analysis with backward stepwise elimination procedure:
variables left in the model

Sex –0.38 0.12 –10.43 3.27 –3.19 0.002 0.38 0.14 0.13
Second model

Intercept 28.30 13.17 2.15 0.04
Sexr –0.35 0.13 –9.79 3.66 –2.67 0.01
BMI 0.12 0.12 0.54 0.58 0.93 0.36
Transportation EE –0.05 0.12 <0.001 0.001 –0.41 0.68
Housework EE 0.18 0.13 0.003 0.002 1.40 0.17
Recreational PA EE 0.17 0.12 0.001 0.001 1.43 0.16

0.46 0.22 0.15

SE – standardised error, B – non-standardised coefficient value, R – multiple correlation coefficient, R2 – coefficient of de-
termination, AEE – activity-induced energy expenditure, PA – physical activity, EE – energy expenditure.

Table 3. Regression summary for dependent variable – spine ROM during forward bending

First model β ES β B ES B t p-value R R2 Adjusted R2

Intercept – – 99.02 10.65 9.29 <0.001
Sex 0.50 0.12 11.55 2.81 4.11 <0.001
BMI –0.40 0.12 –1.58 0.46 –3.44 0.001
AEE 0.04 0.11 <0.001 <0.001 0.36 0.72

0.52 0.27 0.23

Result of regression analysis with backward stepwise elimination procedure:
variables left in the model

BMI –0.41 0.12 –1.59 0.46 –3.49 0.001
Sex 0.49 0.12 11.33 2.72 4.17 <0.001 0.52 0.27 0.24

Second model
Intercept 97.82 10.46 9.35 <0.001
Sex 0.46 0.12 10.79 2.91 3.71 <0.001
BMI –0.39 0.12 –1.54 0.46 –3.35 0.001
Transportation EE 0.04 0.11 <0.001 0.001 0.35 0.73
Housework EE –0.09 0.12 0.001 0.001 –0.78 0.44
Recreational PA EE 0.15 0.11 0.001 0.001 1.39 0.17

0.54 0.30 0.24

SE – standardised error, B – non-standardised coefficient value, R – multiple correlation coefficient, R2 – coefficient of determi-
nation; AEE – activity-induced energy expenditure; PA – physical activity; EE – energy expenditure



Relationship of lumbar-hip kinematics during trunk flexion and sex, body mass index, and self-reported energy expenditure... 61

4. Discussion

In this study, we have investigated the relationship
between sex, BMI, self-reported energy expenditure
and lumbar-hip kinematics in young adults. We hy-
pothesised that all the above-mentioned factors can be
related to pattern alternation in lumbar-hip kinematics.
On the basis of the obtained results, we can conclude
that the results of this study confirm the hypothesis.

However, factors enabled us to predict the kinematics
of the lumbar-hip complex in different ways.

The pelvis during trunk forward bending is tilting
anteriorly on the femur heads and positioning spine
column [2], [6]. For this reason, the pelvis can be con-
sidered as a chain link connecting the lower limbs and
trunk and transferring movement and forces. In the
current study, only sex has been shown as a signifi-
cant predictor of pelvis anterior mobility during for-
ward bending. These findings mean that females shown

Table 4. Regression summary for dependent variable – hip ROM during forward bending

First model β ES β B ES B t p-value R R2 Adjusted R2

Intercept – – 40.24 10.28 3.91 <0.001
Sex –0.06 0.13 –1.29 2.71 –0.47 0.64
BMI 0.09 0.13 0.31 0.44 0.71 0.48
AEE 0.39 0.12 0.001 <0.001 3.17 0.002

0.40 0.16 0.12

Result of regression analysis with backward stepwise elimination procedure:
variables left in the model

AEE 0.39 0.12 0.001 <0.001 3.35 0.001 0.39 0.15 0.14
Second model

Intercept 41.59 9.78 4.25 <0.001
Sex –0.03 0.13 –0.65 2.72 –0.24 0.81
BMI 0.07 0.12 0.23 0.43 0.55 0.59
Transportation EE 0.08 0.12 0.001 0.001 0.65 0.52
Housework EE 0.27 0.12 0.003 0.001 2.19 0.03
Recreational PA EE 0.35 0.12 0.002 0.001 3.08 0.003

0.49 0.24 0.18

Result of regression analysis with backward stepwise elimination procedure:
variables left in the model

Recreational PA EE 0.38 0.12 0.002 0.001 3.28 0.002 0.38 0.15 0.13

SE – standardised error, B – non-standardised coefficient value, R – multiple correlation coefficient, R2 – coefficient of determi-
nation, AEE – activity-induced energy expenditure, PA – physical activity, EE – energy expenditure.

Table 5. Regression summary for dependent variable – forward bending depth

First model β ES β B ES B t p-value R R2 Adjusted R2

Intercept – – 0.43 0.08 5.56 <0.001
Sex –0.04 0.13 –0.01 0.02 –0.27 0.79
BMI –0.15 0.13 –0.004 0.003 –1.16 0.25
AEE 0.30 0.12 <0.001 <0.001 2.41 0.02

0.37 0.14 0.09

Second model
Intercept 0.45 0.08 5.89 <0.001
Sex –0.09 0.14 –0.01 0.02 –0.64 0.52
BMI –0.15 0.13 –0.004 0.003 –1.19 0.24
Transportation EE 0.03 0.12 <0.001 <0.001 0.20 0.84
Housework EE 0.01 0.13 <0.001 <0.001 0.05 0.96
Recreational PA EE 0.31 0.12 <0.001 <0.001 2.51 0.01

0.38 0.15 0.07

Result of regression analysis with backward stepwise elimination procedure:
all variables have been removed from the regression equation.

SE – standardized error, B – non-standardised coefficient value, R – multiple correlation coefficient, R2 – coefficient of determi-
nation, AEE – activity-induced energy expenditure, PA – physical activity, EE – energy expenditure.
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greater pelvis ROM, which is consistent with previous
findings [38]. Plamondon et al. [26], [27] previously
observed that females showed different movement
strategies than males when lifting boxes from the
ground. These strategies with greater lumbar flexion
and trunk inclination, stretched posterior passive tis-
sues potentially leading to higher risk of injury. How-
ever, in this study, trunk flexion was not related with
lifting and we have noticed that greater lumbar flexion
may be more typical of males than females. Accord-
ing to Hoffman et al. [15], males demonstrated greater
end-range lumbar flexion during slumped sitting and
forward bending compared to females. Decreased mo-
bility of hip flexion motion during forward bending
encouraging greater lumbar flexion to compensate.
Females in this study demonstrate greater pelvis mo-
bility (motion is between the head of the femur and
the acetabulum of the pelvis), thus do not require as
much spine mobility for effective forward bending.
Kinematic differences between males and females noted
in pelvic motions can be a result of a wider female
pelvis. It is apparent in other studies that males pro-
duce the greater loads on their spines during lifting
and trunk sagittal angle is considered as one of the risk
factors for occupationally related low back disorders
[22]. In a previous study by Reis and Macedo [28] par-
ticipants with LBP showed restriction in the pelvis
and trunk flexion range of motion, but had higher
amplitudes in the lumbar spine during forward bend-
ing. Despite the fact that the spine can be excessively
flexed during sitting and lifting tasks, less spine mo-
bility was also observed in people with LBP in other
research, which can be related to different LBP sub-
types [16], [17]. The occurrence of LBP is probably
related to the nature and intensity of the physical ac-
tivities undertaken. In general, engaging in regular sports
activities is considered an indicator of a healthy life-
style and is not associated with back problems [13],
[32]. However, in this study, lumbar flexion was not
related to AEE.

BMI has been identified in current study as a factor
predicting lumbar mobility. Regression model showed
that greater BMI contributes to smaller lumbar spine
ROM during forward bending. This finding supports
the previous reports indicating that with increasing BMI,
thoracolumbar spine range of motion during seated and
standing forward flexion was decreased [11]. Standing
forward flexion  may be difficult to perform owing to
decreased forward stability due to abdominal fatness
and static postural adaptation with an increased ante-
rior pelvic tilt [11]. However, greater BMI can also be
related to increased muscle mass as an effect of resis-
tance training. A systematic and continuous exercise

can influence sagittal spinal curvature especially among
young people. More research is needed to investigate
whether reduced lumbar extensor strength and reduced
lumbar lordosis can lead to greater lumbar spine
flexion in young adults. Increased BMI is a risk fac-
tor for back pain in Americans and adolescent Nor-
wegian [30], [31]. However, other studies do not sup-
port a causal direct relationship between obesity and
chronic LBP [9].

In our study, AEE was a statistically significant
predictor for hip ROM and forward bending depth.
Regarding hip mobility, short hamstrings and limited
hip flexion have been previously linked to the LBP
[30], [38]. Immobility of lower limb joints as a result
of limitation in the posterior myofascial chain could
lead to decreased forward bending depth or excessive
spinal motion as a compensation [38]. Despite the fact
that in the current study we did not investigate ham-
string shortness or any other lower limb joints except
the hip, housework and especially recreational PA may
provide activities that improve whole posterior myo-
fascial chain extensibility and result in better hip mo-
bility. The increased mobility of all parts of the func-
tional myofascial chain probably translates into deeper
forward bending and enhances effectiveness of this
movement.

Limitation of the study

Our study has a few limitations. Probably the main
limitation is reliance on a single test of forward bend-
ing. We consider hamstring flexibility as the main cause
of small hip mobility during forward bending, but,
in fact, we did not investigate hamstring length using
any other tests. Moreover, the previous studies showed
that the variability of the trunk forward bending in
standing activities during work and leisure time can
significantly differ [32]. Thus, it would also be bene-
ficial to perform measurements on blue-collar workers
to investigate how occupational AEE can influence
lumbar-pelvic kinematics. Another issue is the limited
sample size in our study. However, the motion capture
portion of this study is an enormous time commit-
ment, and participation in the study was voluntary.

5. Conclusions

This study showed that, among a sample of physi-
cally active young people, BMI, self-reported AEE
and sex can partially predict lumbar-hip kinematics dur-
ing trunk flexion. Sex was related to pelvis and spine



Relationship of lumbar-hip kinematics during trunk flexion and sex, body mass index, and self-reported energy expenditure... 63

mobility during flexion, BMI was related to spine
mobility only, and AEE was related to hip mobility.
Looking closer at the AEE, it can be noticed that
recreational activity influenced forward bending
kinematics the most. Therefore, we recommend that,
when performing a clinical examination of forward
bending, gender, BMI and AEE should be considered
as a potentially modifying factors. Especially recrea-
tional PA should be taken into account as an im-
proving mobility of the hip and thus making forward
bending more effective. Finally, the results of this
research support the idea that an analysis of relation-
ship between selective factors and lumbar-pelvic
kinematics may provide new insight into the predic-
tion of LBP, especially regarding to repeated forward
bending motion.
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