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Abstract

Obesity has been found to be associated with functional and structural limitations, which included differences in normal
gait, and in ascending and descending stairs. The purpose of this study was to investigate the differences between ascending
and descending stairs in an obese population compared to a normal body mass (normal mass) population. Eleven obese
(BMI 34.5 * 0.92 kg/m?) and 13 normal mass (BMI 23.39 + 0.36 kg/m?) adults participated in this study. Lower extremity
kinematic and kinetic data were collected while ascending and descending the stairs at self-selected walking speeds. A re-
peated measures ANOVA identified significant differences between the obese and normal mass groups. Normal mass group
had a significant higher range of motion (ROM) at hip and knee flexion/extension ROM (p < 0.05), and at ankle invetsion/
eversion ROM (p < 0.001) duting stair descending, and higher knee flexion/extension ROM (p < 0.05) duting stair ascend-
ing.The normal mass group had a higher peak hip adduction and peak knee abduction moments (p < 0.05) during stair de-
scending. On the other hand, the obese group had a higher peak hip adduction moment and peak knee anterior shear force
(p < 0.05) during stair ascending. No further differences where observed between the groups. The findings indicate that
obese individuals adopt a different kinematic and kinetic stair ascending and descending strategies. The strategies adopted
by the obese group may be an attempt to better dissipate the larger ground reaction forces due to their increased weight.
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Introduction viduals to normal mass individuals during ascending and descend-
ing stairs.

Obesity has been clinically implicated with musculoskeletal disoz-

ders such as osteoarthritis (OA) as a result of the direct load in-
volving weight bearing joints [18]. Obesity is the number one risk
factor for the progression of knee OA and may have long-term
adverse effects on the knee joint [9]. The most prominent physical
characteristic seen in knee osteoarthritis is joint space narrowing
in the medial and lateral tibio-femoral compartments [1]. Stur-
mer et al., (2000) [18] reported a strong association between obe-
sity and bilateral knee osteoarthritis which may potentially lead
to changes in stair ambulation patterns in an obese population.
When the joints of the lower extremity have an added load placed
on them, joint degeneration occurs. Gait analyses of obese in-
dividuals have identified kinematic and kinetic adaptations when
compared to normal body mass (normal mass) population [12],
however limited research is available when comparing obese indi-
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Walking, or more specifically gait, consists of an adaptive cycle of
balance and lower limb movement [10]. Walking is a very different
activity for someone who is obese then for a normal mass individ-
ual [10]. One of the carliest indications of impaired gait is a de-
crease in walking velocity. Several studies have found overweight
and obese individuals to have a lower preferred walking speed
[7, 8, 12]. The general stride characteristics were significantly dif-
ferent between obese participants walking at self-selected and
standard speeds compared to normal mass individuals [8]. Obese
participants walked at a 16% slower velocity with a 7% shorter
step length, and an 11% lower step rate at the self-selected speed
[8]. When the obese group and normal mass group walked at the
same velocity the obese participants had a 5% shorter relative
swing phase and a 3% longer relative stance phase compared to
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the normal mass participants [8]. Obese individuals compensated
for the excessive body weight by decreasing knee flexion when
walking, which led to reducing the forces placed on the knee [15].
Lai et al., (2008) [12], found that during gait obese adults tend to
spend more time in the stance phase, which increased their stabil-
ity [12]. When stability increased, hip and knee adduction angles
and ankle eversion angle were higher in the obese group than the
normal mass group, during the pre-swing phase. Moreover, ankle
plantarflexor moment decreased in the obese group at late stance
[12]. The study done by Carvalho et al., (2012) [5] identified that
obese participants experienced a greater difficulty in adapting to
speeds of walking, outside the normal speed, and that the gait
cycle had a greater stance phase and asymmetries in the lower
limb. Kinematic modifications included obese adults walking with
a shorter step length and an increased in-step width, in order to
adapt and keep similar velocities of normal mass adults while
walking [15].

Deveita & Hortobagyi (2003) [8] found that obese individuals
adopt a more erect posture, smaller knee flexion and a greater
ankle flexion, when compared to normal mass individuals. Brow-
ing & Kram (2007) [4] also measured peak vertical ground re-
action force (GRF) values to be approximately 60% greater for
obese versus normal mass individuals. Walking slower reduced the
ground reaction forces and net muscle moments in obese people
[19].

During level walking, obese adults employ a gait strategy of using
less knee flexion during stance [4]. However, during ascending
and descending stairs obese adults cannot decrease knee flexion
thus making the individuals work harder or change the gait pat-
tern, to ascend or descend stairs. Therefore, the obese popula-
tion may use other adaptations to assist them in ascending and
descending stairs. Adaptations may potentially lead to a lower
level of mobility and even lower quality of life, in this population.
Normal mass healthy individuals generally use a step-over-step
(SOS) technique to ascend and descend stairs [16, 17, 20]. Obese
individuals typically adopt alternative gait patterns such as the
step-by-step (SBS) method (placing both feet on the same step
before ascending or descending), walking sideways, or relying on
the handrails for stability [11, 17, 20]. Stair ambulation requires
a significant amount of balance to stabilize the body during a
forward and vertical movement, concentrically and eccentrically,
contracting muscles of the lower extremity in order to ascend
and descend efficiently [11]. Stair walking is much more demand-
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ing than level walking [16]. The difficulty with stair climbing is
attributable to increased muscular demands, which are reflected
in larger forces (6], angles [2], powers [13], moments |6, 13], and
ranges of motion (ROM) [14]. These increased demands occur
consistently at the knee joint. Strutzenberger et al., (2011) [17],
designed a staircase to study the effects of obesity on the biome-
chanics of stair-walking in children. They hypothesized that dur-
ing stair-walking lower extremity joint moments, normalized to
body mass,will be greater in obese children than in normal mass
children. The obese group had greater hip abduction moments
and knee extension moments in the obese group during stair as-
cent. During stair descent smaller hip extension moments, greater
hip flexion moments, and greater knee extension moments were
found in the obese group.

Limited research has been conducted on activities of daily living
(ADL) such as ascending and descending a flight of stairs in the
obese population. The purpose of this study was to investigate
the differences between ascending and descending stairs inan
obese population compared to a normal mass population. It was
hypothesized that the obese group would have a decrease in range
of motion at the hip, knee, and ankle, while demonstrating an
increase in moments at the hip and knee joints, when compared
to the normal mass group.

Methods
Participants

Twenty-four volunteers participated in the study. Participants
were broken down into two groups according to BMI. Eleven
participants with a BMI over 30 kg/m? composed the obese
group and thirteen participants with a BMI under 25 kg/m? were
considered the normal mass group. The demographic data of all
participants are presented in Table 1. Participants were excluded
from this study if they experienced a significant change in weight
from surgery or any weight loss program, in the six months prior
to this study. All participants were clear of any health problems
that may compromise their participation. All participants com-
pleted a short PAR-Q & You Questionnaire and verbally indi-
cated that they had no current orthopedic abnormalities or any
kind of lower extremity joint pain, at the time of testing, that may
hinder them from participation in the study. The study was ap-
proved by the University Institutional review Board.

Table 1. Participants Demographics.

Obese Normal Mass
Mean | SD | Mean | SD
Age (years) 38.09 | 477 | 23.54 | 1.01
BMI 34.50 | 092 | 23.39 | 0.36
Height (m) 0.03 | 1.69 0.03
Mass (kg) 96.13 | 5.12 | 67.19 | 2.82
BIA (% body fat) 38.52 | 1.56 | 20.37 | 1.47
Waist to Hip Ratio 0.62 | 0.83 0.01

(BIA) bioelectrical impedance analyzer
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Data Collection

Kinematic and kinetic variables were collected using synchro-
nized biomechanical instrumentations. Kinematic variables were
collected using seven cameras high speed motion capture system
(Vicon Nexus 1.8.1, Centennial, Colorado) at a sampling rate of
240Hz. Sixteen retroreflective markers were placed, according
to the plug-in gait model,on the right and left side of the body,
along the lower extremity at the posterior superior iliac spine, an-
terior superior iliac spine, lateral aspect of the femur, the knee at
the joint line, lower shank, lateral malleolus, heel, and distal head
of the second metatarsals. Kinematic data were filtered using a
Woltring quintic spline filter with a cutoff frequency of 20 Hz
and analyzed using Polygon 3.1. Kinetic variables were collected
using an AMTI force plate (Advanced Medical Technologies, Inc.,
Watertown, MA) sampled at 960 Hz. All forces and joint mo-
ments were normalized to the participant’s body mass.

Body composition was measured with a hand-held bioelectrical
impedance analyzer (BIA) (Omron Healthcare, Vernon Hills, IL)
at a fixed signal frequency of 50 kHz. Two trials within 1% body
fat were obtained for each participant. The average of these two
trials was taken for body fat percentage. Waist and hip circumfer-
ences were also measured using a standard Gulick tape and evalu-
ated to the nearest 0.1cm.

Procedures

All data were collected in a single session for each participant. Par-
ticipants did not warm up before testing procedures to simulate
activities that are performed on a daily basis. All participants were
asked to wear fitted shorts and shirt and were tested barefoot
for each test. Height and mass measurements were taken before
testing, These measurements were also taken for the calculation
of BMI. All retroreflective markers were secured propertly with
double sided tape according to plug-in gait placement described
above.

For the stair ambulation, participants were given as many prac-
tice trials as needed to become familiar with the movement. The
experimental staircase was a set of three podium stairs with two
handrails positioned 10 cm from the force plates (Figure 1). The
step dimensions were rise of 20.5 cm, width across the stair was
31 cm and length of the stairs was 92 cm. No handrail was used
when ascending or descending stairs but was present for safety.
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The force plates were positioned as the first step when ascending
the stairs and as the last step when descending the stairs on the
floor. Three successful trials at selected speeds were recorded for
each participant. Participants were given one-minute rest between
trials.

Data Analysis

Each participant’s height in meters and mass in kilograms were
recorded. This information was used to calculate Body Mass In-
dex (BMI) in kg/m? The independent variable in the study was
body composition category, as determined by BMI (normal mass
and obese). The dependent variables included hip and knee flex-
ion/extension ROM, ankle inversion/eversion ROM, peak ankle
inversion moment, peak hip adduction moment, peak knee ab-
duction moment, shear force at the knee, step length, step width,
and double and single support time from foot strike to toe off.
Ground reaction forces and joint moments were normalized to
body mass. A 2X2 repeated measures ANOVA was conducted
comparing dependent variables between groups (obese and nor-
mal mass) while ascending and descending the stairs.

Results

Significant differences in kinematic variables were observed be-
tween the obese and normal mass group. Normal mass group
had a significant higher hip flexion/extension ROM (p < 0.05), a
significant higher knee flexion/extension ROM (p < 0.001), and a
significant higher ankle inversion/eversion ROM (p < 0.001) than
the obese group, during stair descending. Normal mass group had
a significant higher knee flexion/extension ROM (p < 0.05) than
the obese group during stair ascending. No other significant dif-
ferences were observed (Table 2).

Significant differences in the kinetic variables were observed be-
tween the obese and normal mass group. The normal mass group
had a higher peak hip adduction moment (p < 0.05) and a higher
peak knee abduction moment (p < 0.05) than the obese group,
during stair descending. The obese group had a higher peak hip
adduction moment (p < 0.05) and a higher peak knee anterior
shear force (p < 0.05) than the normal group, during stair ascend-
ing (Table 3). No further differences where observed between the
groups including for the spatial temporal variables (Table 4).

Figure 1. Experimental Staircase.

Egret C, Ransom A, Amasay T, Ludwig K. Lower Extremities Biomechanics Patterns of Obese and Normal Body Mass Adults during Stairs Ascent and Descent. Inz | Anat App/

Physiol. 2019;5(4):119-123.

121




OPEN ACCESS

Table 2. Means and Standard Deviation for Kinematic Variable.
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BMI Activity of Daily Hip ROM Knee ROM | Ankle ROM
Living Mean | SD | Mean [ SD | Mean | SD
Ascending 34.7° | 1.9° | 90.2° | 1.1° | 2.1° | 0.3°

Obese -
Descending 25.6° 1.3° [ 52.89%* | 1.4° 1.7° | 0.4°
Ascending 36.4° | 1.7° | 97.1°% | 1.0° | 1.6° | 0.3°

Normal Mass -
Descending 31.8%% | 1.2° 61.7° 1.3° | 2.3%% [ 0.4°

*Fsignificantly different at p<<0.001 * significantly different at p<<0.05

Table 3. Means and Standard Deviation for Kinetic Variables.

. Peak Ankle Inversion | Peak Hip Adduction | Peak Knee Abduction | Peak Knee Anterior
BMI :;;;V;zlzfg Moment (Nm/kg) | Moment (Nm/kg) | Moment (Nm/kg) | Shear Force (N/kg)
Mean SD Mean SD Mean SD Mean SD
Obese Ascending 0.30 0.09 0.86* 0.37 0.37 0.25 3.36* 0.87
Descending 0.34 0.15 0.98* 0.4 0.51* 0.28 4.38 0.91
Ascending 0.29 0.06 0.52 0.19 0.25 0.05 2.69 0.61
Normal Mass -
Descending 0.27 0.05 1.45 0.29 0.86 0.15 4.8 1.16
* significantly different at p<<0.05
Table 4. Means and Standard Deviation for Spatial Temporal Variables.
BMI Activity of Length of Step (m) | Width of Step (m) [ Double Support (s) | Single Support (s)
daily living | Mean SD Mean SD Mean SD Mean SD
Obese Ascending 0.38 0.07 0.18 0.01 0.32 0.04 0.47 0.05
Descending 0.56 0.04 0.18 0.05 0.26 0.05 0.46 0.04
Ascending 0.39 0.08 0.14 0.02 0.28 0.05 0.42 0.04
Normal Mass -
Descending 0.59 0.02 0.14 0.02 0.23 0.04 0.43 0.04

Discussion

The purpose of this study was to investigate the relation between
body mass index (BMI) and lower extremity function of obese
and normal mass participants, using an experimental staircase.
Kinematic and kinetic variables were compared between obese
and normal mass participants during stairs ascending and de-
scending, at self-selected speeds. The first hypothesis stated that
there would be significant decrease in the range of motion at the
hip, knee, and ankle between obese and normal mass individuals,
within each functional test (stair ascending and descending). Our
hypothesis was partially supported. Ankle inversion ROM was
significantly lower during stair descending in the obese group by
0.6°. Similar results were identified at the knee and hip during stair
descending. The obese group had significantly lower knee flexion
ROM than the normal mass group by 9°. The hip flexion ROM
was smaller in the obese group by 6° than the normal mass group.
During ascending, the only significant difference was observed at
the knee. The obese group had a smaller knee flexion ROM than
the normal mass group by 7°. No significant differences were ob-
served in the ankle and hip during stair ascending. This difference,
although not large, may be due to the added mass of the obese
group. This is expected as increased body mass usually leads to
a reduced range of motion at a joint. This decreased range of
motion may be a result of swelling and stiffness accumulating
overtime in the joints due to the excessive body mass seen in the
obese group. Another aspect can be related to the body position
over the base of support. The excessive body mass may cause

the obese individual to minimize the movement of the center of
gravity out of the base of support to keep their balance, by keep-
ing their body erect.

Average walking velocity is typically 1.2m/s for obese individuals
and 1.4m/s for normal mass individuals [8]. As an individual gain
more mass, become more obese, their walking velocity seems to
decrease. In 2003, DeVeita and Hortobagyi found that the obese
population walked at a 16% slower velocity than the normal mass
population, which was related to the 7% decrease in step length
and the 11% lower step rate, at their self-selected speed. Although
not significant, the current study found that during stair ascend-
ing and descending, the obese group had shorter step length than
the normal weight group, by 2.8% and 5.8% respectively. Since
walking velocity was not controlled for, it was assumed that the
velocity decreased with the step length proportionally.

Although not significant from the normal mass group, step width
increased as step length decreased in the obese group. One po-
tential cause of the larger step width could be the increase in the
thigh diameter that prevents the obese group from placing their
feet together. As the step width changes the obese group’s base
of support changes. This is a requirement for many functional ac-
tivities of daily life such as mobility and to avoid falling [10]. The
gait pattern shows that obese adults tend to spend more time in
the stance phase, which increases their stability [12]. Although not
significant, the obese group tried to increase balance and stabiliza-
tion by spending a longer time in the double stance position and

Egret C, Ransom A, Amasay T, Ludwig K. Lower Extremities Biomechanics Patterns of Obese and Normal Body Mass Adults during Stairs Ascent and Descent. Int | Anat Appl

Physiol. 2019;5(4):119-123.

122




OPEN ACCESS

thus less time in the swing phase.

The second hypothesis predicted that the obese group would have
deviations from normal gait, seen with greater moments and forc-
es than the normal mass group, which may contribute to injury
of the of the lower extremity joints. Our hypothesis was partially
supported. The obese group had a higher peak hip adduction mo-
ment during stair ascending than the normal mass group, by 0.34
Nm/kg. Strutzenberger et al., (2011) [17] documented that obese
children had greater hip adduction and knee extension moments
during stair ascending. This is similar to the increased hip adduc-
tion moment found during stair ascending in the current study.
Strutzenberger et al., (2011) [17] found that children climbed the
stairs with the same step width as normal mass children, which
may be related to them not yet adapting their gait to maximize
efficiency. The increased hip adduction moment that was found
may have been caused by excess body mass in obese children. Al-
though not significant, our study showed an increased step width
in the obese group compared to normal mass group. The altered
gait strategy with increased step width among the obese group
may further explain why the hip adduction moments were signifi-
cantly different between the two groups.

Excessive knee valgus from hip adduction increases the Q-angle
because it displaces the patella medially relative to the tibial tu-
bercle [3]. Similatly, this study reported that excessive hip internal
rotation positions the patella more medially relative to the tibial
tubercle. Based on this, it has been predicted that hip abductors
and hip external rotator muscles weakness may cause excessive
hip adduction and hip internal rotation, as seen in this study dur-
ing stairs ascending,

In addition, significant differences were found between the obese
and normal mass group in peak knee anterior shear forces during
stairs ascending, The obese group had higher anterior shear force,
by 0.67 N/kg. To the best of our knowledge, there is no previous
research that has looked at the anterior shear force at the knee
during stairs ascending, between obese and normal mass groups.
These differences at the knee can be attributed to the location of
the center of mass. It can be assumed that when ascending the
stairs, the obese group may limit the use of the quadriceps and
hamstring muscle groups to disperse the forces and as a result
increase the shear force to control the forward movement.

In contrast to our hypothesis, peak hip adduction moment and
peak knee abduction moment were higher at the normal mass
group than the obese group during stairs descending, by 0.47
Nm/kg and 0.35 Nm/kg respectively. These findings may indi-
cate that the obese group may be more restrict in their move-
ments and range of motion while descending stairs than the nor-
mal mass group. It seems that the normal mass group has higher
range of motion in the frontal plane than the obese group, trust-
ing their muscle activation to support their body during the stairs
descending,

Conclusion

Mobility is a critical component of everyday life. This study found
a significant differences in the gait patterns between the normal
mass and obese groups. The findings from this study indicate
that obese individuals adopt a different kinematic and kinetic gait
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strategy from initial contact to toe off. The strategy adopted by
the obese group may be an attempt to better dissipate the larger
ground reaction forces due to their increased mass. Future stud-
ies should be performed on a larger sample size to make defini-
tive conclusions and analyze differences among the type of obese
population.
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