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Step down task is a similar to stair descent that is common physical activity of
daily living and important on quality of life. It is also a functional performance test for
subject with patellofemoral pain syndrome, knee in stability, knee osteoarthritis and sport
injury. Although the previous studies have explored the biomechanics of gait and sit-to-
stand movement in obese adults, the lower extremity biomechanics during step down task
in the obese adults have not been investigated. Therefore, the objectives of this study were
to compare the lower extremity alignment during standing and step down task between

normal weight and obese individuals. Methods: Fifteen female normal weight adults (BMI

18.5 to 24.9 kg/m?) and fifteen female obese adults (BMI = 30 kg/m?) participated in this
study. Sixteen reflective markers were placed according to the Vicon Plug In Gait (PIG)
lower body marker set. The kinematic data in the frontal plane of all subjects was recorded
during standing and step down task with a three-dimensional motion analysis system. All
subjects performed the step down task at preferred and controlled speeds. The meternome
was set at 60 beat per min to control speed. Independent-t test were used to compare the
hip adduction and knee valgus angles between normal weight and obese during standing
and step down task. The significance level were set at p<0.05. Results: During standing,
the obese group had significantly greater hip adduction and knee valgus angles than normal
weight group (p<0.05). During descending and ascending phases of step down task in both
preferred and controlled speeds, peak hip adduction, knee valgus and knee varus angles in
the obese group was significantly greater than those in normal weight group (p<0.05).
Conclusions: The obese persons had greater hip adduction and knee valgus during
standing whereas they had greater hip adduction, knee valgus and knee varus angles than

during step down task.
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CHAPTER 1

INTRODUCTION

Background

Obesity was recognized as a major pathology and defined as a condition of
excessive fat accumulation in adipose tissue (1, 2). The World Health Organization (WHO)
defined the obesity as a person with body mass index (BMI) equal to or greater than 30
kg/m2 (1, 3, 4). The obesity presented major risk factors for increasing number of chronic
diseases, cardiovascular disease, stroke, diabetes mellitus, respiratory diseases and
musculoskeletal disorders (4, 5). The increased body mass contributed to the physical and
mental health problem, social and environmental problem (6).

Obesity was a risk factor to increase the progression of knee osteoarthritis (OA)
(7-11). The mechanical link between obesity and OA was the repetitive of greater axial
load. Obesity may be the direct factor of OA as it causes an excessive axial load through
the knee joint. The previous studies found that BMI and the severity of OA were associated
with the varus alignment of knee joint (12-15). However, these studies did not reveal that
obesity contributes to varus malalignment which contributes to the knee OA, or obesity
leads to the knee OA and develops the varus malalignment (12-15).

The excessive body weight increases the joint reaction force in the lower extremity
(12). It also presents a major risk factor for postural balance and muscle strength which are
the cause of functional limitation. However, the body shape is influenced by the excessive
body mass which affects the posture including the centre of gravity shifts forward, increases
the lumbar lordosis together with the pelvic forward tilt, anteversion of the pelvis, internal
rotation of the hips, widely separated (genu valgum) knees and flat feet (pedis planus) (16-
18).

Obesity adults have more difficulty in performing activities daily living (ADL) than in
normal weight adults. They are typically required to transfer body weight or raise their larger
mass against the gravity. There are many studies regarding the characteristics of gait and

sit-to-stand tasks in obese adults. Increasing the body weight relative to walking have been



reported to be a shorter step length, lower cadence and velocity, a larger step width, a
longer stance phase, shorter swing phase in the obese when compared to normal weight
individuals (19-21). With regard to the kinematics obese gait, when compare with non
obese subjects, the obese group showed greater hip abduction during the latter half of
stance and reduced ankle plantar flexion throughout the entire gait cycle. The obesity
relative to sit-to stand movement has been showed the reduction forward trunk flexion and
a posterior movement of feet from the initial position (22).

Step down task is similar to stair descent that is common physical activity of daily
living and important on quality of life (QOL). It is also a functional performance test for
subject with patellofemoral pain syndrome, knee in stability, knee OA and sport injury.
Moreover, the step down task placed the greater patellofemoral joint compression force and
stress when compared to the forward step-up and lateral step-up tasks (23). Although the
previous studies have investigated the biomechanics of obese gait or sit-to-stand movement
in the obese adults, the obesity contributes to the malalignment of lower extremity during
performing step down task have not been investigated. Therefore, this study aims to
compare the lower extremity alignment between normal weight and obesity individuals

during standing, preferred and controlled speeds step down task.

Research Question

1. Is there difference in lower extremity alignment during standing between normal
weight and obese individuals?

2. Is there difference in lower extremity alignment during preferred speed step
down task between normal weight and obese individuals?

3. Is there difference in lower extremity alignment during controlled speed step

down task between normal weight and obese individuals?



Objective

General Objective

To compare the lower extremity alignment during standing and step down task

between normal weight and obese individuals.

Specific Objectives

1. To compare hip adduction and knee valgus angles during standing between
normal weight and obese individuals.

2. To compare hip adduction and knee valgus angles during preferred speed step
down task between normal weight and obese individuals.

3. To compare hip adduction and knee valgus angles during controlled speed step

down task between normal weight and obese individuals.

Hypothesis

1. There are differences in hip adduction and knee valgus angles during standing
between normal weight and obese individuals.
2. There are differences in hip adduction and knee valgus angles during preferred

speed step down task between normal weight and obese individuals.

3. There are differences in hip adduction and knee valgus angles during controlled

speed step down task between normal weight and obese individuals.

Expected Benefits

To provide the lower extremity kinematic data of step down task between obese
and normal weight individuals for the clinician. The clinician should be careful during

prescription the step down exercise in obesity.



CHAPTER 2

THE LITERATURES REVIEW

1. Epidemiology

Obesity is a most chronic disease that is spread throughout the world (1-3). World
Health Organization (WHO) found that obesity was a major health problem (24). In
Thailand, Bureau of health promotion reported that people aged above 15 years old were
obesity 21.7 percent and top five of the Asia pacific (25). There are obesity 17 million
people in others country and likely to become obesity increased 4 million people per year.
A survey of the Ministry of Public Health, Thailand in 2004, the population 15 years old or
more was 22.5% in males and 34.4% in females with obesity (25). WHO categorized the
obesity into three classifications (as shown in Table 1) (4).

Weisell RC, 2002 stated that Asia appeared to present a particularly unique
situation. The Asian population has always been characterized as ‘small’ or ‘lean’. However,
the populations of the Asian region are not homogeneous. If looking at the BMI risk-based
cut-off points classified by WHO 1998 for a North American and European population, the
prevalence of overweight and obesity appeared to be lower than elsewhere in the world.
For this reason, a tailoring of the BMI cut-off points for Asia is a necessary situation (4).

The WHO Western Pacific Regional Office, the International Obesity Task Force
proposed the classification of BMI categories for Asia which the BMI cut-off points for
obesity were lower than the cut-off points in European (4). However, the prevalence of
obesity was common in both children and adult. The prevalence in females was found more

than males (27, 28).



Table 1 WHO 1998 classification of BMI categories for Euripides (4)

Classification BMI (kg/m?) Principal Risk of co-morbidities

cut-off points

Underweight <18.50 Low (but increased risk

of other clinical problems)

Normal range 18.50-24.99 Average
Overweight: > 25
Pre-obese 25-29.99 Increased
Obese | 30-34.99 Moderate
Obese lI 35-39.99 Severe
Obese llI > 40 Very severe

Table 2 classification of BMI categories for Asia (4)

Classification BMI (kg/m?) Principal cut-off points
Underweight <18.50

Normal range 18.50-22.99

At-risk of obesity 23-24.99

Obese | 25-29.99

Obese Il > 30

2. Obesity and musculoskeletal disorders

Adult obesity has been associated with a higher prevalence of musculoskeletal
disorders (MSDs), primarily affecting the lower limbs (29). The MSDs such as osteoarthritis
(OA) are the cause of pain and disability. Pain is the most vital symptom for OA, and is the
most important cause of disability in OA. Obesity has been identified as a risk factor for

progression of OA in weight bearing joints, especially the hip and knee joints (30).



2.1 Obesity and osteoarthritis

Osteoarthritis is a degenerative condition that can affect one or more joints. It is a
common cause of disability (31). The risk factors OA (such as age, obesity, genetic
predisposition, joint congruency, increased mechanical stress and congenital anomalies)
(13, 32). That have been categorized into constitutional and local factors (as show in table

3) (14, 15, 32). Obesity is the most important risk factor that leads to the development and

progression of OA. The increased weight bearing and repetitive load during walking has

been implicated in the predisposition of OA (33).

Table 3 risk factors associated with OA (14-15, 32)

Constitutional factors Local factors
Genetic factors Extrinsic
Age Joint injury
Gender Participation in sports
Ethnicity Intrinsic
Bone metabolism Skeletal alignment
Levels of estrogen and other hormones Muscle weakness
Nutritional factors Joint laxity
Obesity Joint proprioception

Knee OA is the most common type of arthritis. There are many risk factors of knee
OA including obesity, gender, knee injury, genetic factors, nutritional factors etc.) (14, 15,
32). Moreover, obesity is also a risk factor for the progression of OA. Despite the risk that
cause defined by obesity, the mechanism by which the excessive body weight influences
disease onset and progression is unclear (32-33). Shama et al, (12) concluded that a

relationship between BMI and OA severity in those with varus knees, but not those with

valgus alignment (33). Although the knee adduction moment, which concentrates load to the



medial tibiofemoral compartment. Representing, increasing the body weight would increase

joint reaction forces, which may adversely affect to joint cartilage.

2.2 Obesity and patellofemoral pain syndrome

Patellofemoral pain (PFP) is one of the most common and clinically challenging
knee pathologies and is among the most common diagnoses in sports medicine (34-35).
PFP may be caused by overuse, injury, excessive weight, a kneecap that is not properly
aligned (patellar tracking disorder), or changes under the kneecap. Excess weight increases
the amount of pressure on the knee joints and directly related to knee pain, limits activity
(such as walking, stairs climbing) and increases the risk of needing a total knee replacement
(36-37). Research has shown that shedding excess weight can decrease the risk for
osteoarthritis of the knee joint. In sufferers, losing weight can decelerate the development of
the disease. However, excessive weight or obesity can increase the risk of developing

painful disorders of the knee joint (36-37).

3. Obesity, muscle strength and knee joint osteoarthritis

Based on the literature review found that the obesity, the muscle mass and
muscular strength are relative to the progression of articular cartilage deterioration in knee
OA (30). Obesity may be associated with a relative reduction in muscle strength and
neuromuscular control, additional fat mass may also act as a protective mechanism by
effectively damping the transmission of impulsive transients (30). Syed and Davis (38)
proposed that reduced muscle strength relative to body weight induces earlier fatigue of the
quadriceps muscles in the obese which, reduces shock attenuation and increases the
loading rate and variability at the knee during gait, respectively. One study suggested that
articular cartilage may respond to physical activity, whereby peak mineral density may be
maximized with exercise but mainly during maturation. However, the volume and mechanical
properties of knee joint cartilage appear largely independent of physical activity. Although
training appears to have slight effect on cartilage morphology, the volume of articular
cartilage found to be moderately related to the body weight and the body height, at least in

part, to account for the different effect of gender on cartilage morphology at the knee (36,



37). While the volume measurements largely reflective differences in bone size (30, 38). The
study found that, even after adjustments for differences in bone area was created, the
volume of articular cartilage, particularly of the medial compartment of the knee, was
positively related to regional and the body muscle mass. In addition, reduced body muscle
mass was associated with a greater loss of cartilage, suggesting that body muscle mass and
potentially muscular strength may be more important than adiposity in the development of

the knee OA (30).

4. Obesity, skeletal alignment and knee joint osteoarthritis

Obesity is a risk factor in the onset and progression of musculoskeletal conditions
(i.e. OA, rheumatoid etc.) at lower extremity joint (15, 18, 39-46). Excessive body weight
results in increased axial load affect to joint position and alignment are influence on the
knee joint forces and progression of knee OA in the obesity by altering stress distribution
within the joint. The repetitive application of increased axial load may impact on the load
distribution at lower extremity joint especially at the knee joint which leads to malalignment
of the knee joint (see Figure 1).

Varus malalignment are the most common deformity of knee OA. The previous
studies found that the knee is varus malalignment; the moment arm of ground reaction force
vector is increased, resulting in increased knee adduction moment. Valgus malalignment
results in a more lateral position ground reaction force vector and increases forces across
the lateral knee compartment (47-52). In patients with knee varus malalignment, the
relationship between BMI and OA severity was greatly reduced after accounting for the
malalignment, suggesting that the BMI effect was explained by the severity of varus
malalignment. The results from cross sectional studies can not reveal the direction of
relationships (i.e., obesity contributes to varus malalignment which leads to OA, or obesity
contributes to OA and varus malalignment develops subsequently). The body weight forces,
which fall through medial compartment, are concentrated by progressive varus
malalignment. Although, obesity associated malalignment is secondary to OA, it may be that
obesity contributes to progressive knee OA by amplifying and/or accelerating a cycle of

medial compartment cartilage loss and varus malalignment (see Figure 1).



The previous study explained that there are two factors affecting the osteoarthritis
of the joints is systemic factor. Another factor is when weight gain would change increase of
the weight falls on the center of the body line (53-54). BMI and the severity of OA
associated to the varus alignment of knee joint (12-15). However, these studies did not
reveal that as obesity contributes to varus malalignment which contributes to the knee OA,
or obesity leads to the knee OA and develops varus malalignment (see Figure 1) (12-15).

Mostly, the obesity displays the protrusion of abdomen which results in anterior
displacement of the center of gravity, associated with an increase in lumbar lordosis and
anteversion of the pelvis, internal rotation of the hips, widely separated (genu valgum) knees

and flat feet (pedis planus) (18).

Obesity
Increased
Axial Forces
Varus
malalignment
Medial
Hip OA tibiofemoral
OA Increased
medial load

Figure 1 Paradigm of the relationship between obesity and OA at different joint sites (12)

Although obesity can contribute to knock knees in children and contribute to varus
malalignment which leads to OA, there is a lack of research regarding the lower extremity
alignment of obesity, particularly in adults. To understand how is the difference of lower
extremity alignment between normal weight and obese individuals, therefore, the purpose
of this study will compare the lower extremity alignment between normal weight and obese

individuals during standing.
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5. Obesity and physical activities of daily living

Physical activity is defined as any bodily movement produced by skeletal muscles
that require energy expenditure such as walking, stair climbing, getting in and out of
automobiles, cycling, and participating in sports. It is required to ascertain whether obese
adults have difficulty performing activities in which they are typically required to transfer
body weight or raise their larger mass against gravity, such as ascending stairs and rising

from bed (17, 19).

5.1 Obesity and gait

The previous studies regarding the temporospatial characteristics of obese gait
reported that preferred walking speeds have been consistently reported to be slower in the
obese when compared with normal weight individuals, with concomitant reductions in step
length and step frequency (21, 55-56). In addition to a reduced walking speed, a longer
stance phase duration (~3%), shorter swing phase (~5%) and a greater period of double
support have also been reported when compared normal weight individuals (21, 55). These
changes have been interpreted as representing an underlying instability in the obese. With
a slower walking speed and longer period of double support was to assist with the
maintenance of dynamic balance (21, 56). Some studies also noted a larger step width in
obese adults when compared with normal-weight adults walking at their preferred speed

(21).

With regard to the kinematics obese gait, when compare to non obese subjects,
the obese group showed greater hip abduction during the latter half of stance and reduced
ankle plantar flexion throughout the entire gait cycle. The previous study investigating the
sagittal kinematics and kinetics of obese gait at preferred speed found that obese adults
showed reduced flexion occurring at both the hip (~5°) and knee(~4°) during stance and
relatively greater plantar flexion occurring at the ankle (~6°) when compared with the non
obese group (55). Despite their greater mass (~180%), absolute joint torques at the hip
and knee of the obese were not significantly different from that of lean subjects walking at

the same speed (55). Knee joint torque was significantly lower (~46%) but ankle torque
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substantially higher (~89%) in the obese when compared with their non obese counterparts
walking at the same speed. The study investigating the frontal plane movement of the
lower limb in morbidly obese walking found that obese gait displayed greater rear foot
eversion linearly associated with higher BMI values (57). The excessive rear foot
movement associated with obesity might place additional strain on musculotendinous

structures of the lower limb, thus increasing the likelihood of injury (57).

5.2 Obesity and sit to stand

Sit-to-stand movement (STS) is an important functional activity in daily living. In
theory, maintaining upright balance while standing from a seated position requires a
complex interplay between generating sufficient forward and vertical impulses and precise
control of the centre of mass within the limits afforded by the base of support: the feet (58).
Generally, the STS task in normal weight was characterized by a forward trunk flexion,
which resulted in the hip joint torque that was approximately twice that of the knee (22). In
contrast, the STS task in obese was characterized by reduced trunk flexion and a posterior
movement of the feet from their initial position (22). The movement strategy in obese
resulted in relatively low hip joint torque but a heightened knee joint moment, which was

almost double that observed in normal weight adults (22, 59).

5.3 Obesity and step down task

Step down task is a similar to stair descent that is common physical activity of
daily living and important on quality of life (QOL). In addition, it is a functional performance
test for subject with patellofemoral pain syndrome, knee in stability, knee OA and sport
injury. The sequence of stair descent, in the stance phase can be divided into sub-phases
described as weight acceptance, forward continuance and controlled lowering. Weight
acceptance occurs from foot placement of the swing leg on to the lower tread to toe-off of
the stance leg from the upper tread. During the forward continuance phase, the whole
body center of mass (CM) is progressed forward but does not undergo any vertical
translation. Knee extends and the body slightly rises when moving forward. The whole

body center of mass is also progressed forward. During controlled lowering, the whole
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body center of mass is lowered in the transverse plane (60). The sequence of stepping
down, the subject began by standing with straight legs (i.e. anatomical position). With
initiation of movement, ankle dorsiflexion, and knee and hip flexion occurred almost
simultaneously in the supporting leg. As flexion (hip, knee and ankle) continued, the heel of
the supporting limb was raised which occurred almost simultaneously the toes of the
contra-lateral limb contacting on the lower step. The knee of the supporting limb continued
to flex after contra-lateral limb touchdown and reached a maximum flexion to ensure the
trailing foot cleared the step as the limb was swung forwards (53).

There are only few studies that investigated the lower extremity kinematics during
stair descent particularly in frontal plane (54). They found that there were changes of the
hip and pelvis motion in frontal plane during stair descent. Increased obliquity of the pelvis
was observed (ipsilateral side higher) and the hip was more adducted in the second half of
stance in older adults. These differences resulted in the greater frontal plane range of

motion (ROM) for the pelvis and hip in older adults (p < 0.05) (61-63).

Obesity have been identified as important factors for the development and
progression of foot deformities, varus/valgus angular deformities of the knee, slipped
capital femoral epiphysis and have long term implications for developing osteoarthritis (54).
Due to the step down task placed the greater patellofemoral joint compression force and
stress when compared to the forward step-up and lateral step-up tasks (23).The stepping
down movement may be greater the difficulty of activity in obesity individuals than that in
normal weight individuals.

To date, there is no study that reported the differences in movement strategy
between obese and normal weight individuals during stepping down. To achieve for
understanding the lower extremity alignment during step down task in obese individuals,
therefore, this study aims to compare the lower extremity alignment between normal weight

and obese individuals during preferred and controlled speed step down task.
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6. The measurement for lower extremity alignment

6.1 Goniometer method

The alignment of lower limbs was recorded using a standard long-arm as
described by Cibere et al (64). Participants stood on the foot maps. The axis of the
goniometer was positioned over the center of the patella, and the arms were aligned with

the mid-thigh above the knee and with the center of ankle joint below the knee. Angles

were recorded to the nearest degree, with 180° regarded as neutral. This method was
found to be high reliable intra-class correlation coefficient (ICC) 0.84 (65). However, the

limitation of this method is not able to measure the dynamic movement (65).

6.2 Electrogoniometer

An electrogoniometer measures joint angular rotation during movement. The
device typically consists of an electrical potentiometer built into the pivot point (hinge) of
two rigid arms (66). The advantage of this method is that the output signal can be
immediately recorded or conversed into a computer (6, 67). The ICC for inter-tester
reliability of joint measurements ranged from 0.57 - 0.80 and the ICC inter-tester reliability
of joint angle measurements ranged from 0.75 —-0.88 (4, 28). The limitations of this method
are that firstly it cannot measure the absolute angle data. Secondly, it may require an
excessive length of time to fit and alignment, and the alignment over fat and muscle tissue
can vary over the time of the movement. Finally, the movement can be impeded by the

straps and cables (68).

6.3 Photography

Photography is one of the oldest techniques for obtaining kinematic data. Using
digital photographs, fair to excellent intra-tester (ICC range from 0.70-0.99) and inter-rater
(ICC range form 0.75-0.97) reliability were observed for static knee alignment and limb-

length measures (69).
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6.4 Radiography

Radiography is invasive technique measurement. The radiographic method is a
current gold standard for measuring frontal plane alignment in standing position. The long
leg radiograph, which extends to the hip and ankle (anatomical axis), represented the true
mechanical axis of the knee joint (70). The ICC for intra-rater reliability ranged from 0.90 to
0.99 (71). The disadvantage of this technique in research is expensive, lack of availability,

and exposure to radiation (70).

6.5 Digital videography

Digital videography is one of the most popular methods for collecting kinematic
data in both clinical and laboratory settings. It has replaced the photography and
cinematography analysis. The system typically consists of one or more digital video
cameras, a signal processing device, a calibration device, and a computer. Two-
dimensional (2D) movement analysis was performed with one camera whereas three-
dimensional (3D) analysis required two or more cameras. The procedures involved in
video-based systems typically require markers to be attached to a subject at selected
anatomic landmarks. Two-dimensional and 3D coordinates of markers are identified in
space a computer and are then used to reconstruct the image (or stick figure) for
subsequent kinematic analysis (66).

Video-based systems are used to analyze human functional activities ranging

from whole-body motion to small motor task (66).

6.6 Scion Image software

The Scion Image is free software to support the image capture. This software
may be used to capture, display and analyze image (72). The inter-rater reliability (ICC)
ranged from 0.65-0.97. Scion image provides validity and reliability measurements of

specific structures (72).
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6.7 Kinovea software

Kinovea is free download and mostly used to sport movement analysis. It can be
measure angle, distances and times. This software required input video formats AVI, MPG,
MOV, WMV, MP4, FLV, 3GP, MKV, VOB, MOD, TOD. The data analyses are spreadsheet:

ODF, MS-Excel XML, XHTML, Simple text (73).

6.8 VICON motion analysis

Motion Systems is a software technology which has been successful in the
development and use of technology for capturing and analyzing motion and behavior
patterns in three dimensional. Human motion is recorded by video cameras, captured and
converted into digital format and then analyzed using application-specific software. This
data enables an objective, reproducible and highly accurate documentation of the
movements performed. 3D video-based systems can be useful for analyze simultaneously
three planes of the movement whereas 2D movement analysis can analyze only each
plane of movement. The inter-rater reliability (ICC) for motion analysis measurements of

kinematic data ranged from 0.23-0.76 (74, 75).
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CHAPTER 3

METHODOLOGY

1. Participants

Participants were included in the study if they met the following criteria females
aged 18-49 years old; calculate BMI for the group of participants. They were divided into
two groups; normal weight group (BMI = 18.5-24.9 kg/m?) and obese group (BMI = 30
kg/m?). Participants present no pain on lower extremity.

The exclusion criteria for participants from two groups were the BMI less than
18.5 kg/m?. Had neurological diseases such as stroke, paralysis, multiple sclerosis, etc.,
and neuromuscular disease such as spinal muscular atrophy, systemic Ilupus
erythematosus. There had no fracture, history of lower extremity surgery and trauma to the
hip, knee and ankle joint. Participants signed the inform consent before participating in the
study. This study was approved by the ethical committee of the Institutional Review Board
(IRB) at the faculty of Health Science, Srinakharinwirot University, Thailand (HSPT 2014-

005).

2. Sample size

Sample size was calculated from the pilot study that compares the lower extremity
alignment between normal weight and obese females. The significance alpha level was set
at 0.05. The power level was set at 80%. Sample size for this study was calculated by

following equation;

L_2AZ,+ Z,)’c’
AZ

G2 = pool variance hip adduction = 2.82

A = difference in mean between two group = 1.76
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Ol = 0.05 (2-sided), Z ¢ = 1.96
B=020,1-$=080,2p=084
n/group = 14.309, = 15 participants

From the above calculation, the sample size for this study was 15 participants in

each group.

3. Research Design

This study was observational (cross-sectional) design.

4. Instrumentation

Ten VICON cameras (T-series) captured the 3D trajectories of sixteen reflective
markers (14 millimeter) placed on the body of participants based on the Plug-in-Gait lower
body model (VICON, Oxford Metrics, Oxford, UK). The cameras were positioned so that all
of the markers were captured within the volumn testing (Figure 2). Video cameras (Bonita
video) were recorded during standing and step down task. The infrared wand included five
reflective markers was used to create the recording volumn testing (Figure 3). VICON
Nexus version 1.8.5 was used to analyze the hip and knee angles for the frontal plane.
The joint angles were computed by VICON Nexus and report by VICON Polygon software
version 4.1.

Anthropometric data were the body weight, height, leg length, knee wide and
ankle wide. The body weight of subjects was measured by bathroom scale. Subject’'s
height was measured by the height gauges. This body weight and height was used to
calculate body mass index. Leg length was measured by tape measurement from ASIS to
medial malleolus. The knee and ankle width of subjects was measured by small
anthropometer caliper (Lafayette Instruments, Lafayette, INDIANA, model 01291).

Subcutaneous fat measurement was important to distinguish between fat and
other tissues such as muscle and bone density. The Skin fold caliper (5028/0029 PAT.NO
3,008,239 beta technology incorporated Cambridge, Maryland) was used to determine the

percentage of body fat at the location of suprailiac crest, thigh and triceps (76). The
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percentage of subcutaneous fat was calculated according to the Modified Jackson &
Pollock (77).

Lower extremity muscle strength (i.e., hip extensor, hip abductor, hip external
rotator, knee extensor and ankle plantar flexor) was measured by Nicholas handheld
dynamometer (HHD) (Base line of Electronic Push/Pull Digital Dynamometer NO 12-0342).
This dynamometer uses a load cell force-detecting system that measures static force
ranging from 0 to 199.9 kg.

The step dimension was 17.0 centimeter which was in agreement with values
proposed for the design of stairs in public environments (Figure 4). Three trials of 3
repetitions of each step down task were measured. Metronome was used to control

movement of step down task. It was set at 60 beat per minute; 1 second step down and 1

second reverse step down.

Figure 2 Volumn testing of this study
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Figure 3 Infrared wand

Figure 4 Step height

5. Procedures

Weight, height, waist and hip circumference and subcutaneous fat were measured.
They were also required to complete the screening: HOOS (78), KOOS (79, 80) and FAOS
(81) (appendix B, C, D and E).

Prior to the data collection, the system were calibrated in two parts: a dynamic and
a static system. The dynamic calibration was performed by using infrared wand with 5
reflective markers at the end. The infrared wand was waved around in order to establish the
recording volumn. After that, a static calibration was performed (Figure 3). A static
calibration was performed using infrared wand with 3 reflective markers (an L-shaped

frame), which was placed at the centre of the capture volumn to set the origin of the system.
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The X axis was the anterior/posterior direction to capture flexion and extension movement,
while the Y axis was the lateral/medial direction to capture adduction and abduction
movement and the Z axis was the vertical direction to capture internal and external rotation
movement.

Hip extensor strength in prone position, hip abductor strength in side-lying position,
hip external rotator, knee extensor and ankle plantar flexor strength in sitting position were
calculated based on each movement direction. The examiner applied resistance in a fixed
position and the person being tested exerted a 5 second isometric maximum voluntary
contraction against the dynamometer and the examiner (as shown in appendix F).

Sixteen reflective markers were placed on the body of participants based on Plug-
in-Gait lower body model. These markers were attached at both ASIS, posterior superior
iliac spine (PSIS), lateral epicondyle of the knee, lateral 1/3 surface of the thigh, lateral 1/3
of the shank, lateral malleolus, second metatarsal head and calcaneous (Figure 5).

Prior to the data collection, the participants were examined the dominant leg by
kicking a ball and placing the foot on the step. The data were collected during standing and
step down task. After that, the participants were given the opportunity to practice until they
felt comfortable with their performance. The instructions for the participants during step down
task, the starting position of all participants stood with both legs on the step. Then, the
participants lifted the non-supporting limb off the step until the heel of non-supporting limb
touched on the floor and reversed this movement by lifting non-supporting limb up and
returning to the starting position. The participants performed the task 3 repetitions per ftrial
and 3 trials for each limb. Each participant was required to step down task at preferred and
controlled speed. The metronome was used to control the speed of movement at 60 beat
per minute (b/m).

The 3D coordinates of the reflective markers were collected during the standing
and step down task at a sampling rate of 100 Hz. Reflective markers were identified
manually within the VICON Nexus software. Marker trajectories were used a Woltring filter
for smoothing data. VICON Polygon software was used to quantify motion of the hip and

knee angles based on standard anatomical conventions.



Figure 5 Plug-in Gait lower body placements in anterior (A), posterior (B) and lateral (C)

Figure 6 Static capture
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6. Data Analyses

The kinematic data were used to process the data in the frontal plane and
calculate the hip adduction and knee valgus angles of the supporting limb (on step) by
VICON Nexus and VICON Polygon software. These angles were analyzed during standing
(double support phase) and step down task (descending and ascending phase).
Descending phase was period that the heel of non-supporting limb touched to the ground
whereas the ascending phase, the participants reversed this motion to the starting position
was. Hip adduction and knee valgus angles were expressed as a minimum and maximum
value from second cycle (i.e., descending and ascending phases) of each trial during step

down task (Figure 7).

[ ] Figure 7 Standing (D) and Step down task (E and F) in obesity participants
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7. Statistical Analyses

SPSS version 11.5 was used to analyses all statistical. The normal distribution of
hip adduction and knee valgus angles were tested by the Kolmogorov-Smirnov Goodness-
of-Fit Test. Independent-t test was used to compare the hip adduction and knee valgus
angles between normal weight and obesity individuals. The significance level was set at p

<0.05.
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CHAPTER 4

FINDINGS

1. Subjects characteristics

There were 30 participants included in to this study. All data were presented the
dominant limb as means and standard deviations (SD). Table 4 were provides the
characteristics of all participants (15 normal weight participants (BMI= 18.5-24.9 kg/m?) and
15 obese participants (BMI2= 30 kg/m?)). The participants were found significant differences

in weight and body mass index (p<0.05) between normal weight and obese groups (Table

4),

Table 4 Participants characteristics

Characteristics Normal (N=15) Obese (N=15) p-Value
Mean (+SD) Mean (+SD)
Age (years) 22.40 (+4.42) 21.47 (+4.50) 0.571
Weight (kg) 53.27 (16.94) 90.85 (£11.70) 0.001*
Height (cm) 160.73 (£7.26) 162.67 (+6.83) 0.459
Body mass index (kg/m?) 20.56 (+1.46) 34.34 (£3.29) 0.001*
leg length (cm) 81.70 (£1.85) 82.43 (£1.49) 0.242
% Body fat 37.99 (£0.04) 49.08 (£7.91) 0.001*

% Body fat = Percentage of body fat

2. Intra-tester reliability

Intra-tester reliability of hip adduction and knee valgus angles were within
excellent which found to be 0.97 (0.76-0.99) and 0.99 (0.86-0.99) of the angles (appendix
A1).
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Intra-tester reliability of hip extensor muscle strength were found to be 0.98 (0.87-
0.98), hip abductor 0.98 (0.83-0.99), hip external rotator 0.97 (0.76-0.97), knee extensor

0.98 (0.81-0.98) and ankle plantar flexor 0.98 (0.79-0.96) (appendix A2).

3. Hip and knee angles in the frontal plane during standing
During standing phase; there were significantly greater hip adduction and knee
valgus angles shown in the obese (13.14+1.76, -10.16+1.73) group during standing as

compared to normal weight (11.36+1.65, -7.04+1.51) group (Figure 8).

Hip adduction and Knee valgus
during standing

- 30 *

$ 20

& 10 —F—ir

g 0 ' C '

® _1p —g-_1l ONormal
S 20 % 10bese
}]

= -30

Hip adduction Knee valgus
Normal 11.36 -7.04
Obese 13.14 -10.16

Figure 8 Average hip adduction and knee valgus angles in obese and normal weight groups

during standing (* p<0.05, ** p<0.001)

4. Hip and knee angles in the frontal plane during step down task

During preferred speed in both descending and ascending phases of step down
task, obese group were significantly greater hip adduction, knee valgus and knee varus
angles than those in normal weight group. Similar to during controlled speed in both phases
of step down task, hip adduction, knee valgus and knee varus angles in obese group were

significantly greater as compared to normal weight group (p<0.05) as shown in table 5.
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Table 5 Maximum (£SD), minimum (xSD) and range of motion (£SD) for angles (degrees) in

the frontal plane for obese and normal weight subjects during descending and

ascending of step down task in preferred and controlled stepping

Angle (degrees) Normal Obese p-Value
(N=15) (N=15)

Preferred stepping

Descending

- Hip adduction min 4.70 (£0.98) 5.49 (£0.95) 0.035*

- Hip adduction max 18.49 (£1.18) 20.25 (£1.29) 0.001*

- Range of hip motion 13.78 (£1.02) 14.76 (x1.24) 0.026*

- Knee valgus max -4.78 (£0.96) -5.93 (£0.99) 0.003*

- Knee varus max 7.90 (+0.85) 8.67 (+0.84) 0.020*

- Range of knee motion 12.68 (£1.23) 14.59 (£1.50) 0.001*

Ascending

- Hip adduction min 3.22 (+0.79) 4.28 (+0.99) 0.003*

- Hip adduction max 16.11 (£0.99) 18.77 (£0.88) 0.001*

- Range of hip motion 12.89 (£0.70) 14.49 (£0.99) 0.001*

- Knee valgus max -4.60 (£0.73) -5.41 (£0.75) 0.006*

- Knee varus max 5.96 (+0.94) 6.84 (+0.99) 0.019*
10.56 (+1.08) 12.25 (£1.01) 0.001*

- Range of knee motion
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Table 5 (cont) Maximum (xSD), minimum (£SD) and range of motion (xSD) for angles
(degrees) in the frontal plane for obese and normal weight subjects during descending

and ascending of step down task in preferred and controlled stepping

Angle (degrees) Normal Obese p-Value
(N=15) (N=15)

Controlled stepping (60 beat/min)

Descending

- Hip adduction min 4.47 (+0.87) 5.26 (+0.82) 0.017*

- Hip adduction max 17.92 (£0.98) 19.43 (£0.85) 0.001*

- Range of hip motion 13.46 (£0.80) 14.17 (£0.79) 0.020*

- Knee valgus max -4.49 +0.63) -5.79(+0.96) 0.001*

- Knee varus max 7.49 (£0.69) 8.45 (£0.71) 0.001*

- Range of knee motion 11.97 (£1.09) 14.24 (£1.34) 0.001*

Ascending

- Hip adduction min 3.20 (x0.83) 4.22 (£0.97) 0.004*

- Hip adduction max 15.37 (+0.90) 18.56 (+0.96) 0.001*

- Range of hip motion 12.17 (£0.80) 14.34 (£0.99) 0.001*

- Knee valgus max -4.57 (0.72) -5.33 (+0.64) 0.005*

- Knee varus max 5.80 (+0.80) 6.77 (+0.98) 0.006*

- Range of knee motion 10.37 (+0.99) 12.09 (+0.96) 0.001*

+ = hip adduction and knee varus

- = hip abduction and knee valgus
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We found that there were significantly differences in cadence and total time

between normal weight and obese groups (p<0.05) during preferred and controlled

stepping as shown in table 6.

Table 6 Speed and time during step down task for obese and normal

Speed and time Normal (N=15) Obese (N=15) p-Value
Mean (+SD) Mean (+¥SD)

Preferred stepping

Cadence (cyc/min) 66.02 (+8.34) 60.35 (+5.64) 0.039*

Descending time (sec) 0.92 (+0.18) 0.98 (£0.17) 0.362

Ascending time (sec) 0.92 (+0.21) 1.02 (+0.18) 0.173

Total time (sec) 1.84 (x0.23) 2.00 (x0.19) 0.046*

Controlled stepping (60

beat/min) 69.25 (+8.96) 59.74 (£2.21) 0.001*

Cadence (cyc/min) 0.84 (+0.21) 1.01 (x0.14) 0.013*

Descending time (sec) 0.89 (+0.14) 0.98 (+0.13) 0.074

Ascending time (sec) 1,72 (x0.22) 1.99 (0.09) 0.001*

Total time (sec)

6. Muscle strength

The obese group was significantly less muscle strength than normal weight group

(p<0.05) in non-normalized and normalized as shown in table 7 and 8.



Table 7 Muscle strength of lower extremity in normal weight and obese
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Muscle strength (kg) Normal (N=15) Obese (N=15) p-Value
Mean (+¥SD) Mean (+¥SD)

- Hip extensor 13.00 (+2.25) 10.83 (+2.82) 0.027*

- Hip abductor 16.05 (+3.40) 11.99 (+3.58) 0.007*

- Hip external rotator 9.53 (£1.75) 6.27 (£1.60) 0.001*

- Knee extensor 19.47 (£3.98) 15.84 (£2.90) 0.008*

- Ankle plantar flexor 14.13 (£3.47) 9.29 (£1.98) 0.001*

Table 8 Muscle strength of lower extremity normalized by body weight in normal weight and

obese

Muscle strength (% BW) Normal (N=15) Obese (N=15) p-Value

Mean (+SD)

Mean (+SD)

- Hip extensor

- Hip abductor

- Hip external rotator
- Knee extensor

- Ankle plantar flexor

24.52 (+4.18)
30.40 (+7.95)
17.92 (+2.92)
37.03 (+8.99)
26.89 (+7.54)

12.05 (+3.34)
13.47 (+4.45)
7.01 (+2.06)
17.69 (+3.97)
10.29 (+2.21)

0.001*
0.001*
0.001*
0.001*

0.001*

BW= % body weight
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CHAPTER 5

DISCUSSION AND CONCLUSION

1. Standing in obese group

This study was to compare the lower extremity alignment between normal weight
and obese individuals during standing and step down task. The hypothesis of this study
was there were differences in hip adduction and knee valgus angles during standing and
step down task between normal weight and obese individuals. The obese and normal
groups matched in age, gender and only different in weight and the BMI. The results
demonstrated that significantly greater hip adduction and knee valgus angles were shown
in the obese (13.14+1.76, -10.16+1.73) group during standing as compared to normal
weight (11.36+1.65, -7.04+1.51) group, respectively. Sahrman and Neumann stated that,
the normal alignment of knee joint in the frontal plane was a physiologic valgus angle of
170 to 175 degrees in the adult (66, 82) or deviating about 5-10 degrees from the long
axis of tibia. If the described angle was less than 170 degrees (i.e., the femur diverges
more than 10 degrees from the tibia), it was know genu valgum (66, 82). Rather this study
demonstrated, the knee valgus angle was normal alignment in both groups. The finding of
this study was consistent with the previous study. Fabris investigated to disclose the main
abnormalities found in obese compared to non-obese groups. They found that, 84% in the

obese group showed genu valgum of knee joint (18).

2 Step down task in obese group

During descending phase, knee valgus angle of the supporting limb was
decreased in initial phase or weight acceptance and changed to knee varus angle while
the non-supporting limb was in controlled lowering phase and heel touched on the floor.
Conversely, knee varus angle were decreased in the initial phase of ascending phase or
heel of non-supporting limb lifted off from floor. Until heel of non-supporting limb reversed

on the step, knee valgus angle were increased as previously.
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Knee varus angle was increased during descending and ascending phases in
both groups. However, knee varus angle in obese group was greater than those in normal
weight group. Increased knee varus angle in obese group may result from the
compensatory movement of; foot toeing out, ankle adduction with eversion, asymmetrical
pelvic obliquity and pelvic backward rotation during step down task. According to the study
of Messier, the greater prevalence of lower limb injuries in the obese was the result of
altered frontal plane mechanics of the foot and the lower limb during gait (83). Due to
obese persons have the compensated and altered movement during step down task to
decrease or maintain loading to the knee joint same as normal weight persons. Moreover,
reduced the physical activity lead to decreased muscle strength of lower extremity (Table
7&8) in obese (30, 38). The reduced muscle strength may also contribute to the alteration
of lower extremity kinematic. Consistent with Power and Dierks, the hip muscle weakness
associated with poor control femoral adduction and internal rotation which lead to the
change in lower extrimity alignment (34, 84). Cashman concluded that hip abductor muscle
weakness resulted in the excessive femoral adduction and knee abducted or knee valgus
(85). Furthermore, the previous investigators reported that decreased strength of the hip
and ankle musculature reduced the ability to stabilize the lower extremity, resulting in
malignment of the lower extremity such as adduction and rotation of the hip and knee
valgus (86-88). In the current, obesity group demonstrate less than lower extremity of

muscle strength than normal weight group.

3. Cycle time (descending and ascending phases) and cadence in obese

group

The result showed that there were significant differences in cycle time of step
down task between obese and normal weight groups. These findings were consistent with
the previous studies. McGraw found that the obese spent a double support time greater
than non obese at all walking cadences (89). Similar to the study of Pataky showed that

the obese needed more time to sit to stand (90).
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Moreover, the study showed that the obese group paced with lower cadence
during step down task compared to normal weight group in both preferred (60.35+5.64,
66.021+8.34) and controlled (59.74+2.21, 69.25+8.96) speeds (Table 6). This result may be
due to the obese intended to reduce or maintain load to joint moments. The previous
studies revealed that the obese adults walked slowly to maintain normalized knee joint
moments within the range of normal weight young adults (91) or decreased knee joints
moment (92). Lai investigated the three-dimensional gait characteristics of obese adults.
They found that the obese subjects walked with slower speed, shorter stride, longer stance
period, and longer double limb support period might be the gait adaptation to reduce the
moment about the knee and the energy expenditure per unit time (91). McMillan reported
significant differences in the lower limb joint kinematics between obese and normal weight
adolescents. The obese participants were likely to use a gait strategy in order to minimize
joint moments, especially at knee and hip level (93). Freedman determined that the
overweight or obese young adults at preferred walking velocity or at 1 m/s were slower
than the preferred velocity in normal weight. They also found that the slower walking
velocity condition resulted in decreased peak joint moments compared to the preferred
walking velocity condition (94).

Furthermore, this study revealed there were no significant differences of the
cadence and total time during step down task between preferred and controlled speeds in
both normal weight and obese groups. It seemed that the controlled speed was similar to
preferred speed although this study has controlled the speed of movement at 60 beats per
min.

There are two limitations for this study. Firstly, we investigated only the kinematic
data in the frontal plane (i.e., hip adduction and knee valgus). Further study should be
determined the kinematic data in the other planes or joints such as pelvic rotation, hip
rotation and foot toeing out in the transverse plane or pelvic obliquity in the frontal plane.
Secondly, the maker attachment of obese subjects was more difficulty in identify
anatomical landmarks, especially at the pelvis and thigh. This would affect the

determination of the hip joint centre (HJC) location. The accurate estimation of HJC is



33

important in the measurement of adduction and abduction angles of the hip which

determines varus and valgus alignment of the femur and knee angles (95, 96).

Conclusion

The obese persons had greater hip adduction and knee valgus during standing
whereas they had greater hip adduction, knee valgus and knee varus angles than the

normal weight persons during step down task.

Clinical application

This study may provide the information such as the kinematic data during step
down task in frontal plane to assist clinician better understanding the difference angle in
step down movement between obese and normal weight persons. The clinician can use this
kinematic data to evaluate the functional performance test (i.e. step down) in obese person.
Moreover, they can recommend the normal alignment in obese person while performing

step down exercise.
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The appendix A showing intra-tester reliability of marker placement of Plug in gait

lower body model and lower extremity muscle strength.

Table A1 Intra-tester reliability for marker placement of Plug in gait lower body model

Angle ICC (3,1) 95% ClI
Hip adduction 0.972* 0.760 - 0.997
Knee valgus 0.985* 0.867 - 0.998

Table A2 Intra-tester reliability for lower extremity muscle strength was measured by HHD

Mucle strength ICC (3, 1) 95% ClI
Hip extensor 0.976* 0.874 — 0.976
Hip abductor 0.983* 0.830 - 0.992
Hip external rotator 0.974* 0.763 - 0.971
Knee extensor 0.981* 0.810 - 0.984
Ankle plantar flexor 0.977* 0.793 — 0.960

ICC = Intraclass correlation coefficient

95% CI = 95% confidence interval, * = significance at p < 0.05
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Lower extremity of muscle strength

Hip extensor

Hip abductor
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Knee extensor

Ankle plantar flexor
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HOOS Manual Score calculation

Sum up the total score of each subscale and divide by the possible maximum score
for the scale. Traditionally in orthopedics, 100 indicate no problems and O indicates
extreme problems. The normalized score is transformed to meet this standard. Please

use the formulas provided for each subscale (78).

1. PAIN 100 — Total score P1 - P10 * 100 = 100 - =
40 40

2. SYMPTOMS 100 — Total score S1 — S5 * 100 = 100 - =
20 20

3. ADL 100 — Total score A1 - A17 * 100 = 100 - =
68 68

4. SPORT&REC 100 — Total score SP1 — SP4 * 100 = 100 - =

16 16

5. QOL 100 — Total score Q1 - Q4 * 100 = 100 - =

16 16
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KOOS Manual Score calculation

The slightly updated version of the formulae (used from August 2012 in the
spreadsheets available from www.koos.nu) does not need any manual imputation: Apply
the mean of the observed items within the subscale (e.g. KOOS Pain), divide by 4, and
multiply by 100; when this number is then subtracted from 100, you have the KOOS
subscale estimate for that particular cross-sectional assessment of the individual patient.

For manual calculations, please use the formulae provided below for each subscale (79):

1. PAIN 100 — Mean score (P1 - P9) *100 = KOOS pain
4

2. SYMPTOMS 100 — Mean score (S1 - S7) * 100 = KOOS SYMPTOMS
4

3. ADL 100 — Mean score (A1 — A17) * 100 = KOOS ADL
4

4. SPORT&REC 100 — Mean score (SP1 — SP5) *100 = KOOS SPORT&REC
4

5. QOL 100 — Mean score (Q1 — Q4) * 100 = KOOS QOL

4
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76

FAOS Manual Score calculation

Sum up the total score of each subscale and divide by the possible maximum score
for the scale. Traditionally in orthopedics, 100 indicate no problems and 0O indicates
extreme problems. The normalized score is transformed to meet this standard. Please

use the formulas provided for each subscale (81).

1. PAIN 100 — Total score P1 — P9 * 100 =100 - =
36 36

2. SYMPTOMS 100 — Total score S1 — S7 * 100 =100 - =
28 28

3. ADL 100 — Total score A1 - A17 * 100 =100 - =
68 68

4. SPORT&REC 100 — Total score SP1 — SP5 * 100 = 100 - =
20 20

5. Q0L 100 — Total score Q1 - Q4 * 100 =100 - =

16 16
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(ﬂﬁﬂ:ﬂﬁdﬂﬂﬂ) Lower extremity alignment during standing and step down

task in normal weight and obese females
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2

2) lannuiienuuandspssuwssaduumsiniouazimosoinlalwneandandviingn

Unfuazn1izaIn
5. AONWAANHNIIDUAZIZHLLIAN
5.1 sounAnsIee
- ATRERLITANRAS NAINLIALASUATUNTILIW 89ATNY TIWIAUATUILN
- aaBnMuAIWInge N AneapasuasunAlial Ussaudas NINNUAIHAT
5.2 52U2IMUTEN D 12 Lhan
6. ADA LAWY
6.1 3uuuM¥IIL (study design)
gﬂLmumﬁ?ﬁbLflumiﬁﬂmmﬂmyﬂmn (Observation Cross-sectional study)

6.2 ﬂﬁjwﬂiz‘mﬂsﬁﬁ]zﬁﬂm (T LW 81Y)

v

- fnfminUn@ (Body mass index > 18.5-24.9 kg/m?) WAn9 8¢ 18-49 1 §1uau 23 A
qznid v > 2 a o
- JninN2zdm (BMI 2 30 kg/m?) iwemgs a1g) 18-49 I §1mau 23 A
6.3 Mymwinwmamaiiuazingualunianarmaiaslunsid

ﬂqiﬁ’]ujm%qmu’]@]maﬂﬂéu(ﬁaaﬂqﬂlﬁlﬁaﬂa‘ﬂqﬂﬂqiﬁﬂﬂqmaﬂ "31]: LLRSA The qul 2013 I@]Uﬂhli
a a o & | vAA v A a Y X
WIguney LL%'JﬂWT]'N@nTaﬁiﬂqﬂﬂmﬁizﬁﬁqﬂﬁd‘ﬂN@]"H%N?ﬂﬂ”l JUNALRZAWDIN I@I Ell"]jﬂ'] power 80%
a ° A = a ! a A& oa @
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