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The proportions of older and obese people are increasing in both the general and working populations
worldwide. Older and obese individuals are more susceptible to work-related musculoskeletal disorders
(MSDs) in comparison with healthy, younger individuals. Manual material handling (MMH) is associated
with the development of work-related MSDs. Although previous research has suggested that one-handed
carrying is a particularly undesirable method of MMH, the effects of one-handed carrying on trunk kinet-
ics and kinematics among older and/or obese people have not been adequately studied. The objective of
this study was to examine the effects of age and obesity on trunk angles and moments during dominant
side one-handed carrying of various load magnitudes. Twenty (20) participants divided into four groups
with respect to age (young and older) and obesity (obese and non-obese) carried different loads (No-load
[0 kg], Light [5.67 kg], and Heavy [10.21 kg]) in their dominant hand for approximately 6 m. Three-
dimensional (3D) trunk angles and moments approximately about the L4/L5 vertebral segment were cal-
culated using Visual3D. The findings indicated that while carrying a load in the dominant hand plays an
important role in changing trunk kinematics and kinetics, the results were not dependent on age and/or
obesity category. Absolute moments were greatest among participants in the obese groups; however,
these moments were mitigated when normalized to body weight and height (%BW * Ht). Age did not
exacerbate the effects of load magnitude on trunk kinetics and kinematics.

� 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Approximately 12.3% of the world’s population was aged 60+
years in 2015 and the percentage is expected to increase 56% by
2030 and 130% by 2050 (UNDESA, 2015a; UNDESA, 2015b). In
the United States, the proportion of the population aged 65+ years
is expected to reach approximately 20.9% in 2050; double the per-
centage reported in 2012 (Ortman et al., 2014). The percentage of
older people comprising the American working population is
expected to increase as well (Toossi, 2015).

Obesity rates are also increasing worldwide. The global preva-
lence of overweight and obese adults increased 27.5% between
1980 and 2013 (Ng et al., 2014) while obesity increased 9.1%
among American adults between 1999 and 2000 and 2015–2016
(Hales et al., 2017). In 2030, over 50% of American adults are
expected to be obese (Wang et al., 2008; Finkelstein et al., 2012).
On average, obesity is more prevalent among people aged 45+
years than among younger individuals worldwide (Ng et al.,
2014; Hales et al., 2017). A high prevalence of obesity has also been
observed among the American working population (Gu et al., 2014;
Luckhaupt et al., 2014).

Work-related musculoskeletal disorders (MSDs) are more
prevalent among older and obese people in comparison with
healthy, younger populations (Kouvonen et al., 2013; BLS, 2015;
Schulte et al., 2007). For example, low back pain has been associ-
ated with increasing age (Hoy et al., 2012; Wong et al., 2017),
and obese people appear to be at higher risk of low back pain in
comparison to non-obese people (Sheng et al., 2017; Roffey et al.,
2013; Peng et al., 2018). Low back pain risk may be exacerbated
for individuals who are both older and obese as they tend to have
lower muscle strength than older, non-obese people (Villareal
et al., 2004). Accordingly, the changing composition of the working
population evokes the necessity for a deeper understanding of
work-related health outcomes among these populations.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jbiomech.2019.07.016&domain=pdf
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http://www.elsevier.com/locate/jbiomech
http://www.elsevier.com/locate/jbiomech
http://www.JBiomech.com


108 M. Badawy et al. / Journal of Biomechanics 94 (2019) 107–114
Previous research has indicated a strong association between
manual material handling (MMH) and the development of work-
related MSDs (Xu et al., 2013; Nelson et al., 2006; Gallagher et al.,
2017). One-handed carrying has been identified as a particularly
undesirable method of MMH since it is more physiologically and
biomechanically demanding than other methods of load carrying
(e.g., two-handed, anterior, posterior; Cook and Newmann, 1987;
McGill et al., 2013; Lind and McNicol, 1968; Ganguli and Datta,
1977). The effects of one-handed carrying on spinal loadinghas been
the focus of two studies (McGill et al., 2013; Rohlmann et al., 2014).
McGill et al. (2013) reported larger compression and shear forces on
the L4/L5 vertebral segmentwhen young, healthymale participants
(aged 22.7 ± 2.1 years) carried a load in one hand relative to when
the loadwas evenly split between two hands, or evenwhen carrying
the same load in both hands (twice the carried load). Rohlmann et al.
(2014) studied the effects of different load carryingmethods (in one
hand, in two hands, and on the back) among older individuals (aged
66.2 ± 3.8 years) with implanted (instrumented) vertebral body
replacements. Loading on the implants was higher when 10 kg
was carried in one hand thanwhen 20 kgwere carried in both hands
(10 kg in each hand). However, trunk kinematics and kinetics,which
play an important role in spinal loading during MMH and in the
development of low back disorders (Lee and Nussbaum, 2013;
Marras, 2000), have not been studied for one-handed carrying.

The objective of this study was to examine changes in trunk
angles and moments about the approximate location of the L4/L5
vertebral segment among older and obese males during dominant
side one-handed carrying of various load magnitudes. We hypoth-
esized that obese and older individuals would experience larger
changes in trunk kinematics and kinetics in comparison to non-
obese and young individuals. This hypothesis was based on previ-
ous research suggesting that excess weight of obese people can be
disadvantageous during MMH, in comparison with non-obese par-
ticipants, as it may lead to undesired effects on the musculoskele-
tal structures of the back and the capacity of bringing the load
closer to the body (Corbeil et al., 2019). Obesity is also associated
with balance impairments and abnormal gait patterns (Del Porto
et al., 2012; Bergland et al., 2000; Guelich, 1999; Zecevic et al.,
2006). In addition, Shojaei et al. (2016) suggested that larger pelvic
rotation, smaller lumbar flexion, and larger low back peak shearing
demand were observed among older participants, in comparison
with younger participants, during symmetric MMH tasks. To the
best of our knowledge, the current study is the first to evaluate
the effects of age and obesity on trunk kinematics and kinetics dur-
ing one-handed carrying (Badawy et al., 2018). This work provides
insights that may be helpful for establishing one-handed carrying
guidelines for the rapidly changing working population.
2. Method

2.1. Participants

Twenty (20) right-handed (self-reported), male participants
were recruited for this study. Five eligibility criteria were consid-
Table 1
Mean and standard deviation of personal data of each group of participants.

Group n Age (years) Weight (kg) Height (cm) BMI (kg/m2) %Bod

YNO 5 25.4 ± 2.1 70.7 ± 5.3 173.2 ± 5.8 23.7 ± 0.7 15.2
YO 5 29.1 ± 4.5 113.0 ± 19.4 179.3 ± 4.6 35.0 ± 4.7 39.4
ONO 5 59.7 ± 3.5 70.2 ± 6.6 175.3 ± 4.4 22.9 ± 0.9 16.0
OO 5 60.1 ± 0.8 104.2 ± 4.6 180.3 ± 3.6 31.9 ± 1.4 34.0

YNO: 19–35 years of age, BMI < 25 kg/m2.
YO: 19–35 years of age, BMI � 30 kg/m2.
ONO: 55–64 years of age, BMI < 25 kg/m2.
OO: 55–64 years of age, BMI � 30 kg/m2.
ered: (1) Age of 19–35 or 55–64 years; (2) A body mass index
(BMI) < 25 kg/m2 or BMI � 30 kg/m2 (WHO, 1995); (3) No history
of physician-diagnosed cardiovascular diseases or MSDs in the
neck, shoulder, extremities, or low back regions; (4) No chronic
pain in the neck, shoulder, extremities, or low back in the 6 months
preceding the study; and (5) No adhesive allergies. Eligible partic-
ipants were divided into four groups (five participants in each
group) with respect to age and obesity (Young/Non-obese [YNO],
Young/Obese [YO], Older/Non-obese [ONO], and Older/Obese
[OO]). After providing their informed consent, all participants
had a Dual-energy X-ray absorptiometry (DEXA) scan to estimate
their percentage of body fat. All study procedures were approved
by the Auburn University Institutional Review Board. Means and
standard deviations of age, weight, height, and BMI, %Fat, and fat
distribution of each group are presented in Table 1.

2.2. Pre-experiment protocol

This study was performed in the Auburn University Biomechan-
ical Engineering (AUBE) Laboratory. Seventy-nine reflective mark-
ers were placed on participants using hypoallergenic tapes. Marker
locations are listed in Table 2. A previously validated reflective
marker-based point cluster technique was used to collect lower-
extremity kinematic data (Andriacchi et al., 1998; Andriacchi and
Dyrby, 2005; Dyrby and Andriacchi, 2004). The marker set used
for the trunk was similar to the obesity-specific marker set devel-
oped by Lerner et al. (2014). Marker placement was completed by
one researcher and verified by a second researcher to ensure that
anatomical landmarks were properly located. Kinematic data were
collected at a sampling rate of 120 Hz using a 10-camera motion
capture system (Vicon, Vantage V5Wide Optics cameras, each with
22 high-powered IR LED strobe at 85 nm; Vicon Motion Systems
Ltd, Oxford Industrial Park, Oxford, UK), and ground reaction force
data were collected at a sampling rate of 2000 Hz using two force
plates (AMTI BP400600, 2000 lb. capacity; Advanced Mechanical
Technology, Inc., Watertown, MA).

2.3. Experiment

Participants were asked to perform three carrying conditions,
each replicated three times (a total of nine trials). These conditions
included walking across the lab (approximately 6 m) while carry-
ing different loads in the dominant/preferred (right) hand (0 kg
[No-load], 5.67 kg [Light], and 10.21 kg [Heavy]). The order of the
nine walking trials was randomized. The trials were separated by
a resting period of at least 1 min to avoid fatigue and/or muscle
soreness. Participants were instructed on the starting location(s)
of each trial such that each foot contacted only one force plate,
while maintaining the normal gait pattern. The two force plates
were placed tangentially; no space separated the two force plates.
Participants performed rehearsals before data collection started for
a research team member to identify the starting line for each
participant for each walking/carrying condition to avoid having a
participant fix their cadence and/or step length/width to ensure
y fat Fat mass - Trunk (kg) Fat mass - Arms (kg) Fat mass - Legs (kg)

± 4.2 7.6 ± 2.5 1.6 ± 0.5 5.1 ± 1.5
± 7.0 22.8 ± 3.1 4.3 ± 1.4 11.1 ± 2.5
± 5.6 8.9 ± 4.1 1.6 ± 0.5 4.6 ± 0.9
± 4.8 21.0 ± 3.3 3.4 ± 0.5 8.4 ± 1.5



Table 2
Marker locations (number of markers) used to define a model for each participant.

Head Trunk Upper limbs Lower limbs

Forehead
(2)

Sternoclavicular
notch (1)

Medial and lateral
epicondyles (4)

Greater trochanters
(2)

Xyphoid process
(1)

Radius and ulnar
styloid processes (4)

Thighs (18)

Acromion
processes (2)

Upper arms (2) Medial and lateral
femoral condyles
(4)

7th cervical
vertebrae (1)

Forearms (2) Medial and lateral
tibial plateaus (4)

Right scapular
inferior angle (1)

Dorsal hands (2) Shanks (12)

10th thoracic
vertebrae (1)

Medial and lateral
malleoli (4)

Iliac crests (2) 1st metatarsal
heads (2)

Anterior–superior
iliac spines (2)

5th metatarsal
heads (2)

Posterior–
superior iliac
spines (2)

Calcanei (2)

Table 3
Descriptions of 3D motions and sign conventions of the trunk.

Motion Description Sign

Extension Leaning toward the back +
Flexion Leaning toward the front –
Ipsilateral obliquity Side leaning toward the load +
Contralateral

obliquity
Side leaning away from the load –

Contralateral
rotation

Rotating the front of the body away from the
load

+

Ipsilateral rotation Rotating the front of the body toward the load –
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contact with each force plate. The loads were handed to each par-
ticipant by a researcher at their hand height while the arms were at
their neutral posture. Participants did not have to bend over (or
lean forward or sideways) to pick up or drop the load. Participants
waited approximately 2–3 s to stabilize themselves and the load in
their hand before they started walking.

2.4. Data processing

A skeletal model of each participant, scaled to their weight and
height, was constructed using Visual3D (C-Motion, Germantown,
MD, USA). A pipeline was constructed to calculate the kinematic
and kinetic results of the trunk along the gait cycle. Joint angles
(flexion/extension, ipsilateral/contralateral obliquity, and ipsilat-
eral/contralateral rotation) were calculated using a Cardan
sequence of rotations according to the Visual3D default segment
coordinate system (z-up, y-anterior; Robertson et al., 2013), con-
sistent with the Joint Coordinate System provided by Grood and
Suntay (1983). Body segments were described according to the
International Society of Biomechanics recommendations (Wu
et al., 2002). The shoulder markers (placed on the acromion) were
used to create the distal joints of the trunk segment and the two
iliac crest markers were used to create the proximal joints. Markers
on the clavicle, sternum, right scapula, and tenth vertebral body
were also tracked. Using these markers, a three-dimensional (3D)
coordinate system was created for the trunk segment. The 3D
angles between the trunk coordinate system and the lab coordi-
nate system were considered the trunk angles.

To calculate reaction moments, a bilateral Newton-Euler model
that includes the lumbar and thoracic segments was used (Seay
et al., 2008, Robertson et al., 2013). A joint was created between
the pelvis and the trunk which represents the waist for all angle
and moment calculations (Seay et al., 2008). The pelvis was identi-
fied by six markers placed on the left and right iliac crest, anterior
superior iliac spine, and posterior superior iliac spine. Based on
palpation of the lower back of participants, Chakraverty et al.
(2007) suggested that the iliac crest is in line with L3 or the L3/
L4 joint. However, based on fluoroscopic imaging, they suggested
that the line passing through the two iliac crest markers were
found to pass through the L4 or L4/L5 joint. Accordingly, it is
assumed that the waist moments in the current study are calcu-
lated approximately about the L4/L5 spinal level (Robertson
et al., 2013).
Trunk angles, and moments about the L4/L5 vertebral segment,
during the stance phase of each limb (right [loaded side] and left
[unloaded side]) were calculated. Data of one step during an estab-
lished gait (after participants walked for 3 steps) was considered.
The stance phase of each limb was identified at a ground reaction
force of 20 N (Tirosh and Sparrow, 2003). Data during each stance
phase (loaded and unloaded) were normalized to 101 time points
(t = 0% to 100%). Angles and moments of the three trials for each
carrying condition (No-load, Light, and Heavy) were averaged. The
averages of resultant values for each participant group were calcu-
lated. Two of the three Heavy load trials for one participant of the
ONO group were unusable due to data collection error, and hence
excluded. Data resulting from the remaining trial was used to rep-
resent the Heavy load condition for this particular participant.

2.5. Independent and dependent variables

Three independent variables were examined: age (young/
older), obesity (obese/non-obese), and load magnitude (No-load,
Light, and Heavy). Eighteen dependent variables were analyzed
for each stance limb (thirty-six measurements in total). These
included 3D trunk angles (tilt [extension/flexion], obliquity [ipsi-
lateral/contralateral], and rotation [ipsilateral/contralateral]) and
3D reaction moments (both absolute and normalized to body
weight and height [%BW * Ht]) at the L4/L5 vertebral segment (tilt
[extension/flexion], obliquity [ipsilateral/contralateral], and rota-
tion [ipsilateral/contralateral]). Normalized moments were ana-
lyzed to identify the effects of the independent variables
regardless of differences in weight between groups (Blazek et al.,
2013). A description of the 3D motions and sign conventions is pre-
sented in Table 3.

2.6. Statistical analysis

Shapiro Wilk and Levene’s tests were used to evaluate analysis
of variance (ANOVA) assumptions (normality and equality of vari-
ance, respectively) using Statistix 8.0 (Analytical Software; Talla-
hassee, FL, Maryland, USA) and SPSS (SPSS Inc, release 14.0,
Chicago, IL) statistics software. Fifteen of 36 measurements passed
both Shapiro Wilk and Levene’s tests without transformation.
These measurements were: (1) Unloaded side: (angles: flexion,
extension, ipsilateral rotation, contralateral rotation; moments:
ipsilateral obliquity; normalized moments: flexion, ipsilateral obliq-
uity, contralateral obliquity, contralateral rotation), and (2) Loaded
side: (angles: extension, ipsilateral obliquity, ipsilateral rotation,
contralateral rotation; normalized moments: flexion, ipsilateral
rotation). Transformations were applied as necessary for the
remaining measurements. All measurements met the normality
assumption following transformations, whereas one measurement
(ipsilateral obliquity moment [loaded side]) failed to meet the
assumption for equality of variance following transformations.
The original (untransformed) data for that specific measurement
was used since three-way ANOVA is generally robust to violations
of assumptions. The statistical significance of the main and
interaction effects of the independent variables on the dependent



110 M. Badawy et al. / Journal of Biomechanics 94 (2019) 107–114
variables were tested using ANOVA following a split-split-plot fac-
torial design (using Statistix 8.0). Tukey honest significant differ-
ence (HSD) post-hoc tests were conducted (using Statistix 8.0) to
compare each pair of the 3-level load conditions when significant
using an alpha value of 0.05, and results are presented in Figs. 1–
3. Only statistically significant effects are discussed. Main effects
were not discussed if the interaction effect was significant.
3. Results

3.1. Peak trunk angles

3.1.1. Loaded side (stance phase)
Load carrying resulted in a statistically significant change of the

3D trunk angles. All participant groups tended to have a smaller
extension angle (p < 0.01), ipsilateral obliquity angle (p < 0.01),
and contralateral rotation angle (p < 0.01) during load carrying
Fig. 1. Peak trunk angles at three load conditions. YNO: Young/Non-ob
(Fig. 1). In general, the participants walked with more trunk flex-
ion, more side bending away from the load, and more trunk rota-
tion toward the load relative to the No-load condition.

3.1.2. Unloaded side (stance phase)
Results for the unloaded side were generally consistent with

those of the loaded side. The only exception was a statistically sig-
nificant effect of age and load on ipsilateral obliquity angle
(p = 0.04). The young groups experienced smaller ipsilateral obliq-
uity angles while carrying the Heavy load compared to carrying the
Light load, whereas the older group experienced larger angles.

3.2. Absolute peak L4/L5 moments

3.2.1. Loaded side (stance phase)
A statistically significant increase in extension moment was

observed (p = 0.04). Carrying the Heavy load resulted in an
ese; YO: Young/Obese; ONO: Older/Non-obese; OO: Older/Obese.



Fig. 2. Absolute peak L4/L5 moments at three load conditions. YNO: Young/Non-obese; YO: Young/Obese; ONO: Older/Non-obese; OO: Older/Obese.
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increased extension moment compared with the corresponding
moment that resulted fromwalking with No-load for all participant
groups except for the YO group (Fig. 2).

3.2.2. Unloaded side (stance phase)
Carrying either the Light or the Heavy loads resulted in an

increased contralateral rotation moment compared with the No-
load condition (p < 0.01). Moments were greater for the obese
groups than for the non-obese groups for all three load conditions
(p < 0.02). Furthermore, a statistically significant interaction
between obesity and load was observed for the ipsilateral obliquity
moment (p = 0.02); moments among the obese groups were more
sensitive to change while the Heavy load was carried.

3.3. Normalized peak L4/L5 moments

3.3.1. Loaded side (stance phase)
Consistent with the results for the absolute moments, the

change in trunk angles due to load carrying resulted in increased
flexion moment (except for the YO group; p = 0.04), increased ipsi-
lateral obliquity moment (p < 0.01), decreased contralateral obliq-
uity moment (p < 0.01), and increased contralateral rotation
moment (p < 0.01), when compared to walking with No-load
(Fig. 3). A statistically significant interaction between obesity and
load was observed on the ipsilateral rotation moment (p < 0.01)
where the obese groups experienced the largest moments when
they carried the Light load and the smallest moments when they
carried the Heavy load.
3.3.2. Unloaded side (stance phase)
In most cases, carrying a load resulted in an increased flexion

moment (p = 0.01), an increased contralateral rotation moment
(p < 0.01), and a decreased ipsilateral rotation moment (p = 0.03).
However, both the obese and non-obese groups experienced
increased ipsilateral (and decreased contralateral) obliquity
moments while a load was carried. Considerably larger increases/
decreases were observed among the non-obese groups (p < 0.01
and p = 0.03, respectively). Age resulted in a decrease in the



Fig. 3. Normalized peak L4/L5 moments at three load conditions. YNO: Young/Non-obese; YO: Young/Obese; ONO: Older/Non-obese; OO: Older/Obese.
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extension moments among the non-obese groups, but an increase
among the obese groups (p = 0.01). Age also resulted in a decrease
in the ipsilateral rotation moment for the obese groups, but an
increase among the non-obese groups (p = 0.03).

4. Discussion

Results of this study indicate that carrying a load in the domi-
nant hand plays an important role in changing trunk kinematics
and kinetics, but the effects are not dependent on age nor obesity
category. Considering our hypotheses, the obese groups experi-
enced greater absolute moments about the L4/L5 vertebral seg-
ment; however, these moments were mitigated when normalized
to BW*Ht. Moments observed for the older groups were compara-
ble to those observed for the young groups.

While load magnitude had a statistically significant effect on
many of the tested absolute and normalized moments, increases
in moments due to carrying the Heavy load across the four groups
were smaller than the corresponding increases when participants
walked with No-load (not exceeding 25.62 N m and 2.14%BW * Ht,
respectively). However, the effects of such increases in moment on
the internal loading of the spine remains unknown. In addition,
the magnitude of the moments may be misleading while trying to
understand the impact of dominant side one-handed carrying of a
load. The ground reaction force is normally oriented towards (or clo-
ser to) the center of mass of the body, resulting in a small moment
arm and, hence, a small moment. For instance, while a carried load
in the dominant hand will cause two forces acting on the body side
ipsilateral to the load, the weight of the upper body will cause
another force acting on the contralateral side when people lean
toward the contralateral side to maintain stability of their body.
These forces have the potential to cause excessive loading of the
lumbar spine, despite small moment magnitudes. Spinal loading is
exacerbated with increased load magnitude since larger changes
in trunk kinematics would be anticipated for maintaining balance
of the body.
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The obese groups experienced greater absolute moments than
the non-obese groups during all the three load conditions (No-
load, Light, and Heavy), although they carried a smaller percentage
of their BW. Normalizing the moments to BW * Ht resulted in
fewer changes in moments among the obese people due to load
carrying compared to walking with No-load. In many cases, nor-
malized moments among the obese groups were comparable to,
if not smaller than, the corresponding moments among the non-
obese groups. These findings suggest that obesity may not be a
detrimental factor in affecting moments about the L4/L5 vertebral
segment, particularly since neither obesity nor the interaction
between obesity and any other independent variable had statisti-
cally significant effects on any of the 3D trunk angles. In fact, obese
people could have a relative advantage during load carrying
because of their heavier bodies (when solely considering the kinet-
ics and kinematics of carrying). However, the impact of additional
trunk weight may be applying an overall greater load on the spine
relative to individuals with a healthy BMI.

Despite the statistically significant interaction of age and obe-
sity on both the normalized extension and normalized ipsilateral
rotation moments on the unloaded side, the maximum differences
in moments between groups were practically negligible (1.43%
BW * Ht and 0.51%BW * Ht, respectively). Consequently, carrying
a load up to 10.21 kg in the dominant hand likely results in compa-
rable trunk angles andmoments about the L4/L5 vertebral segment
for young and older working individuals up to 64 years of age.
Therefore, older people may not be at an increased risk of MSDs
during dominant side one-handed carrying of the Light and Heavy
load due solely to kinetics and kinematics associated with the
activity. Instead, other factors such as vertebral compression frac-
ture due to aging (Old and Calvert, 2004) and muscle mass and
strength decreases (Villareal et al., 2004; Beaufrere and Morio,
2000) may play a more important role.

Overall, dominant side one-handed carrying of a load of up to
10.21 kg had a substantial effect on the trunk motion of partici-
pants and may contribute to the development of MSDs during car-
rying tasks. This result supports the one-handed carrying
maximum load recommendation of 10 kg for males provided in
previous research (Lind and McNicol, 1968; Ganguli and Datta,
1977; Kilbom et al., 1992). Importantly, however, age and obesity
do not appear to meaningfully exacerbate the effects of load on
the kinematics and kinetics of the trunk. Obese people may actu-
ally have an advantage in terms of kinematics and kineticswhile car-
rying a fixed load magnitude for short distances, since the load
represents a smaller percentage of their BW than it does for non-
obese individuals.

This research has two main limitations. First, the sample size in
each participant group was relatively small. The experiment’s
duration and complexity impaired the ability to recruit more par-
ticipants, particularly older individuals. Second, the tested loads
were examined for short carrying distances (approximately 6 m).
More research is needed to evaluate the effect of fatigue on the dis-
tribution of spinal loading during prolonged carrying tasks. Future
research is also needed to examine the effects of one-handed
carrying on ground reaction force among different age and obesity
populations. It is assumed that ground reaction force will provide a
better understanding of the change in the lumbar spine kinetics
due to carrying a load in one hand. In addition, the simultaneous
change in both trunk kinematics and kinetics during one-handed
carrying needs to be studied. The present study focused mainly
on the magnitude of change in kinetics and kinematics by examin-
ing peak trunk angles and moments. Although the present study
provided a description of the change pattern in trunk angles along
the gait cycle, the corresponding change in the moments about the
L4/L5 vertebral segment remains understudied. Furthermore,
while previous research has suggested that one-handed carrying
increases hip muscle activity/joint forces on the side of the body
contralateral to the carried load (Neumann and Cook, 1985;
Neumann et al., 1992; Neumann, 1996; Bergmann et al., 1997),
the effects of age and obesity were not the main objectives of these
studies. In addition, to our knowledge, no work has been com-
pleted to examine these effects on the biomechanics of the knee
or the ankle.
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