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The purpose of this study was to determine minimum toe clearance and lower limb kinematics at
initial swing and mid-swing phase during walking over the obstacles in patients with knee osteoarthritis after
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before surgery, three and six months following TKA and twenty age-matched healthy controls were collected
the data for comparisons. All participants were asked to perform range of motion test, muscle length test, leg
length, leg muscles strength test, joint position sense test, single-leg balance test, Knee Injury Osteoarthritis
Outcome Score (KOOS). For gait analysis, participants were assessed while walking crossed the obstacles (2.5,
5, 10 cm) which placed at the center of an 8-m along walking path. The data were analyzed using ANOVA with
repeated measure followed by Bonferroni’s multiple comparisons. The results revealed the six-month
postoperative patients improved gait speed among the TKA patients. When they crossed over the obstacle (2.5
cm), it showed no significant difference in toe clearance at the initial swing phase. At obstacle heights of 5 and
10 cm, toe clearances of the six-month postoperative patients were lower than those of the controls. At the
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CHAPTER |

INTRODUCTION

Background and Rationales

Osteoarthritis (OA) is the most common form of arthritis and the knee is one
of the most commonly affected joints. The high prevalence of knee osteoarthritis
(KOA) is related to age and found more frequently in women than in men, especially
in persons aged over 50. Knee osteoarthritis has characterized by the breakdown of
the joint’s cartilage. It causes the bones rubbing against each other which leads to
cartilage loss, osteophyte development, and associated inflammation (1-3). The
symptoms of osteoarthritis include pain, strength deficit, proprioceptive deficit, and
loss of balance. For those individuals affected, these conditions have been indicated
as a major cause of functional limitation and a decreased capacity to perform
activities of daily living such as difficulty with standing up and sitting down from a
chair, walking, and stair ascent and descent (4-6). In addition, lower limb arthritis has
been shown to be a risk factor for fall with up to 50% reporting one or more falling
each year (7). Guidelines for the treatment of KOA are aimed to lessen the pain and
may stop the progression of the disease by giving conservative treatments such as
physiotherapy, orthopedic aids, and orthoses, pharmacotherapy. In case that none of
those treatments are achievable, total knee replacement surgery should be
considered (8).

Total knee arthroplasty (TKA) is the most frequently performed joint
replacement surgery of end-stage knee osteoarthritis (9). Joint replacement
procedures are involved with the cutting of proximal and distal surfaces and
replacing them with artificial joint implants that are made of chromium cobalt,
titanium, or stainless steel (10). The goal of total knee replacement is to provide pain
relief, improve knee function, and correct deformities (11, 12). After surgical

treatment for severe knee osteoarthritis, the patients had decreased in pain and



improved physical activity (13). In addition, a primary indicator of functional recovery
is attributed to walking (14). However, post-operative patients cannot fully reach their
normal joint function in walking (15, 16). Furthermore, the study of elderly people
who underwent TKA after 6-month revealed that an incidence of falling at 32.9%
which is higher than healthy elderly people (17) and also found that there was
approximately decrease by half in fear of falling one year after TKA (18).

The impact of falls in older persons is a matter of increasing concern to
public health system since falling causes fragility fractures in aging. This condition
leads to decrease their daily activity, may bring to needs for nursing care, and can be
associated with the cause of death in older adults (19, 20). The majority of fall occurs
during walking, and gait dysfunction is a risk factor which involves with fall as well
(21). Tripping during walking or over an obstacle is usually found as an important
factor that leads to fall in older people (22, 23). It has been documented in the
literature that 21% of tripping was commonly reported cause of falls, accounting for
49% of falls while walking in older adults (24). Additionally, the study reported that
osteoarthritis of the knee had a tendency to trip on obstacle in individual patients
(25).

Tripping occurs when the swing foot contact the ground or an object during
walking (26). One of the tripping indicators is minimum toe clearance. During walking,
minimum toe clearance (MTQ) is a critical event close to mid-swing in the walking gait
cycle (27). It is defined as the minimum distance between the distal inferior surface
of the shoe/foot and the ground surface (28). Such trips during walking may result if
insufficient clearance is maintained during swing phase to avoid uneven ground or
unseen obstacles (29). During this MTC event, the foot travels very close to the
walking surface and MTC fluctuation has the potential to cause of tripping (30).
Likewise, the study of Begg et al. (2007) suggested that a reduced MTC decreased the
ability to clear surface irregularities associated with naturally occurring hazards such

as broken paving, uneven floor coverings, and discarded objects (27).



Most of KOA patients have varus malalignment which affects the structure of
joints (31). The patients will have multi-joint coordination of posture (i.e., trunk,
pelvis, hip, knee, and ankle joint) with an increase of flexion position (32). Such
change in posture can affect stability of body and could be attributed to a factor of
tripping. In related research, it focused on kinematic strategies of individual with knee
osteoarthritis at stance phase of walking. The result reveals that the effects of pre-
and post-operative patients on the joint kinematic (the hip, knee, ankle range of
motion) had no significantly change but there was the increased of ankle dorsiflexion
in post-operative group compared to control group (14). Whereas, another study
showed post-surgery TKA patients improved knee range of motion compared to pre-
surgery patients but it indicated that the knee flexion was decreased compared to
control group (33). Although it can be seen that the TKA has been successful in
correct deformity, the knee recovery is still unable to fully function and it has impact
on the function of ankle as well. Besides, individuals with KOA have neuromuscular
changes which are negative impact on proprioception. This condition relates to the
receptor in the knee (34). Thus, the roles of sensory information during walking is
another factor that might be attributed to tripping. In osteoarthritis patients,
receptors in the knee joint are located in the cruciate ligaments and menisci. Their
function is to provide the mechanical stimulation to the central nervous system (35,
36). During walking, sensory signals enter the spinal cord through the dorsal roots.
After that sensory signals travel to the higher levels and to the brain. Finally, the
brain integrates and sends command signals to the spinal cord to set into motion of
walking process (37). Therefore, after total knee replacement, the cruciates are
resected. This condition can contribute to the loss of sensory input, which leads to
alterations in gait pattern of lower extremity, and may accelerate tripping after TKA
as well.

According to the literature review, it reveals that KOA patients who had yet to
be receiving surgery were able to step across obstacles with different heights (10%,

20%, 30% of their leg lengths) and the distance between the toe and obstacle was



higher than those of the control group. Researcher suggested that KOA group had
slightly swing knee flexion when the toe was over the obstacles and showed greater
swing ankle dorsiflexion as well (38). Additionally, in the study on post-operative TKR
patients, it shows that they could lift their feet over the obstacles of 6 and 18 cm
and the distance between foot and objects was also higher than those of the control
group. Moreover, it indicates that post-operative TKR patients compensate for deficits
in surgical knee with more hip flexion during the elevation phase of swing. It can be
seen that post-operative patients could walk across obstacles with a higher average
displacement than those of healthy people (39).

It has come to my attention that post-TKA patients still had been having
kinematic of lower extremity changes from normal group such as increased ankle
dorsiflexion, decrease knee flexion, increased hip flexion. Interestingly, the tripping
problem still persists in post-TKA patients even though such the pattern of
movement can help those patient walk across the obstacles. As mentioned earlier,
the literature review reveals that while the patients were walking across the
obstacles, the researchers measured only the displacement between the foot and
the obstacles. However, little research has been conducted to examine the evidence
of MTC during initial swing phase where the foot position is close to the walking
surface. Thus, it is likely that the foot will contact the obstacles and leads to tripping
eventually. In this study the researcher would like to investigate the minimum toe
clearance and lower limb kinematics in post-TKA patients who have resected the
knee cruciate while walking over the obstacles. This research can provide data for
assessment and prevention of fall in post-TKA and also guidelines for those patients
to gain functional stability so that they can get back to their normal activities as soon

as possible.



Research questions

How does minimum toe clearance in patients with knee osteoarthritis
following total knee arthroplasty during swing phase of walking over the
obstacles differ from a healthy control population?

How does lower limb kinematics in patients with knee osteoarthritis
following total knee arthroplasty during swing phase of walking over the

obstacles differ from a healthy control population?



Objectives

To determine minimum toe clearance at initial swing and mid-swing phase
during walking over the obstacles in patients with knee osteoarthritis after
total knee arthroplasty compared to healthy control group.

To investigate lower limb kinematics at initial swing and mid-swing phase
during walking over the obstacles in patients with knee osteoarthritis after

total knee arthroplasty compared to healthy control group.

Hypotheses

The outcome of minimum toe clearance in postoperative total knee
arthroplasty patients at initial swing and mid-swing phase during walking
over the obstacles will exhibit decrease to those of healthy control group.
The lower limb kinematics outcomes in postoperative total knee
arthroplasty patients at initial swing and mid-swing phase during walking
over the obstacles have improvement equal to those of healthy control

group.



Conceptual Frameworks
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Figure 1 Conceptual Framework




Scope of research

This study is a human experimental research in which elderly persons with or

without total knee arthroplasty as the participants. They were able to engage the

program for 6 months.

The study approval was obtained from the University Ethics Committee,

Institutional Review Board, Faculty of Medicine, Chulalongkorn University (No.

668/60). Written informed consent was obtained from each participant prior to

participation. On attendance, participants were given the details of the research

procedure and risk involved and reminded of their right to withdraw at any stage of

the study.
Assumptions
1. Al participants voluntarily participated in this study
2. Participants had a diagnosis of knee OA with stage Il or IV degenerative
osteoarthritis according to the standards of Kellgren/Lawrence (K/L) by an
orthopedic surgeon and had scheduled to receive total knee arthroplasty at
King Chulalongkorn Memorial Hospital.
3. Participants for control group should be healthy with no physical problem
that impeded the research.
4. The equipment was calibrated for standard accuracy and reliability.
Limitations
1. This study required cooperation of various institutes which all equipment
were used for the test.
2. The result of the study could not be extended to the general population

who has total knee arthroplasty in all age range.
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Operational definitions

1.
2.

Elderly is defined as participants aged between 65 to 85 years old.
Osteoarthritis of the knee is defined as participants who had stage Ill or IV
degenerative osteoarthritis of the knee according to the standards of
Kellgren/Lawrence (K/L).

Total knee arthroplasty is the surgical treatment for end-stage OA. It was
done through standard medial parapatellar approach with patellar resurfacing
under tourniquet control. It involves removing the damaged parts of bone at
the end of the femur and top of the tibia and replaces them with prosthetic
components such as chromium cobalt, titanium, or stainless steel.

Tripping is the situation that occurs when foot motion during the swing phase
of gait makes unanticipated contact with an obstacle or an abrupt change in
elevation of the walking surface.

Minimum toe clearance can be defined as the minimum vertical distance
between the distal inferior surface of the shoe or foot and the walking surface
near mid-swing.

Swing phase is the time when the foot is airborne during one gait cycle (GC)
i.e., right foot toe-off to right foot initial contact. It occurs from 62% to 100%
GC and divided into 3 phases such as initial swing 62%-75%, mid-swing 75%-
87%, terminal swing 87%-100%.

Obstacle is the soft sponge material which consists of three different heights

(depth =5 cm, width = 70 cm, heights =2.5 cm, 5 cm, and 10 cm).

Expected benefits and applications

1.

To provide data for assessment and prevention of fall in postoperative total

knee arthroplasty.
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2. To guideline for postoperative total knee arthroplasty patients to gain
functional capacity in order to get back to their normal activity daily living.

3. Providing the preliminary data for the future research.
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CHAPTER Il

BACKGROUND AND LITERATURE REVIEWS

Osteoarthritis of the knee

Prevalence, etiology and risk factors of knee OA

Osteoarthritis (OA) is the most common form of arthritis in older people,
affecting about 10% of adults aged over 60 years (40, 41) as shown in figure 2. The
prevalence of knee osteoarthritis increases with age, especially, females are
associated with a higher prevalence and severity of OA than men (42). Knee
osteoarthritis is classified in two types: primary or idiopathic OA results from joint
degeneration, this type of osteoarthritis is more commonly diagnosed. Secondary OA
causes by injuries or a variety of hereditary, inflammatory, or developmental,

metabolic, and neurologic disorders (43).

Prevalence %
50

30

Back pain

0 10 20 30 40 50 60 70 80 20
Age

Figure 2 Prevalence of musculoskeletal diseases (Palazzo et al., 2015)

The risk factors of OA can be divided into systemic risk factors include factors

such as age, ethnicity, sender and genetic variables, genetics which are related the
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development of OA and local risk factors are variables such as obesity, previous knee
injury and occupational activities. Local factors have leaded to result in abnormal
biomechanical loading of affected joints. Such a different set of risk factors acting

together may cause OA onset in any given individual (Figure 3) (44, 45).

Risk factors

Local Biomechanical

Systemic Risk Factors Risk Factors
Ethnicity Joint injury
Age Obesity
Gender and hormonal Occupation

status
Genetics Sports and physical activity
Bone density Joint biomechanics
Nutritional factors Muscle weakness

Figure 3 Risk factor of knee osteoarthritis (Garstang SV et al., 2006)

Physiopathology

Osteoarthritis affects all structures within a joint. It is caused by joint
degeneration. In early stage, it has development of surface fibrillation, increased in
water content and swelling of the cartilage matrix. Subsequently, it has increased in
remodeling of cortical plate and the loss of cartilage leads to development of cleft
and fissure. The articular cartilage loss can cause secondary changes in synovial
tissue, ligaments, and the muscles. Therefore, the role of muscle can be decreased
in normal muscle function due to the decreased knee joint motion. Finally, these
effects may bring to knee muscle atrophy. In late-stage OA, chondrocytes die by
apoptosis. The calcified cartilages expand into the articular cartilage. Finally, the

bone may become exposed (45, 46) (Figure 4).
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Figure 4 Development of knee osteoarthritis (Goldring SR and Goldring MB.,
2016)

Sign and symptom

Early phase of the disease, patients had intermittent pain and pain episodes
were self-limited. By then, the patients became severe disease and the pain episodes
were progressed into the chronic pain (47). The clinical symptoms of OA are pain,
stiffness, strength deficit, proprioception deficit, and loss of balance. Patients
suffering from osteoarthritis have a profound effect on a major cause of functional
limitation and a decreased capacity to perform activities of daily living such as
difficulty with standing up and sitting down from a chair, walking, and stair ascent and
descent (4-6). These findings suggest that knee arthritis patients are an established
risk factor for falling with pain, stiffness and functional limitation. It has been
reported to increase the risk of falls with up to 50% reporting one or more falling

each year (7).
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Treatment of osteoarthritis

The goal of treatment is to alleviate the signs and symptoms of the disease.
There are a number of treatments that can help ease symptoms and reduce the
chances of osteoarthritis becoming worse. Conservative treatment which consists of
physical therapy, orthopedic aids and orthosis, weight loss and pharmacotherapy
should begin the early stage of the treatment. The effects of these treatments are
able to reduce pain, improve mobility, improve walking improve quality of life and
delayed progression of osteoarthritis. When the patients at the end-stage level of the
disease fail to conservative treatment, surgical intervention becomes the treatment

of choice (Figure 5) (8, 48).



15

Clinically significant osteoarthritis of the knee
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® Three-compartment
replacement

Figure 5 The treatment for osteoarthritis of the knee (Michael JWP et al., 2010)

Total knee arthroplasty

Knee replacements are the most common surgical treatment for end-stage
OA and the numbers of knee replacements performed each year has increased in
parallel with the increasing incidence of OA (49). Total knee arthroplasty (TKA)

procedure is incised the skin along the anterior aspect of the knee from the patella
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to the tibial tubercle. (Figure 6) Then, split or removed the quadriceps aside to
expose the joint (50). Removing the damaged portions of bone at the end of the
femur and top of the tibia and replaces them with prosthetic components. The
principal components of these prosthetic are made of chromium cobalt, titanium, or
stainless steel. Following the surgical procedure, the anterior cruciate ligament is
excised and the posterior cruciate ligament may be resected which depends on the
severity of disease and surgeon preference (10, 51, 52) (Figure 7). The purpose of
total knee replacement is to relieve pain, allow the knee motion with joint stability,

improve the knee function and correct deformities (11).

Quadricep
muscle

Traditional TKA
incision - note

¥ cut into quadriceps
Femur tendon
Patella TKA incision -
quadriceps
tendon sparing
Tibia

Figure 6 Incisions for total knee arthroplasty (Pryde JA, 2007)
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Figure 7 Total knee arthroplasty (Wong J and Ries MD., 2013, Liddle AD et al.,
2013)

Outcomes of total knee arthroplasty

TKA patients have benefited greatly from the surgery in terms of reduced
knee pain and improved physical activity (13). Similarly, Kahlenberg et al. reported
that patient satisfaction after TKA had been described as ranging from 80% to 100%
with post-operative functional outcome and pain release which was an important
casual factor of satisfaction (53). Furthermore, OA patients also had experienced
significantly improvement in their quality of life and satisfied with their surgeries
following total knee arthroplasty (54). Likewise, Papakostidou et al. presented that
TKA patients had significantly improved their quality of life in the first three months
after uncomplicated TKA and those improvement also remained until the twelve
postoperative month (55). Additionally, it has been documented that improvements
in physical function following TKA for osteoarthritis are sustained beyond 5 years (56).
A primary indicator of functional recovery is attributed to walking (14). Brandes et al.
demonstrated that clinical outcome of gait cycle increased significantly within 12
months of TKA follow up (57). After surgery, the kinematic alignhment was one of the
important factors that involved knee function recovery. Because the kinematic
alignment had been developed to improve patient’s knee function and pain control
minimizing for ligaments balance (58). Further, there is the evidence related to the

effect of TKA on kinematic and kinetic of the knee during gait. The researchers
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reported that patients had improved changes in knee joint motion and joint loading
after 1-year surgery (59). Also, Christensen et al. presented that the quadriceps
muscle strength improved after TKA for six months. But the strength of the affected
sides was not equal to those contralateral sides. The researcher suggested that
weakness of quadriceps muscle is an important factor related with changing in
compensation patterns of gait cycle. (60). Likewise, Thomas et al. performed
isometric muscle strength testing before surgery, 1-month TKA, and 6-month TKA.
Quadriceps muscle had significantly increased strength after post-surgery at the
affected side of TKA patients. When compared the strength between patient group
and control group was found muscle strength was significantly decreased over time
points (61). Moreover, outcome of TKA had involved with standing balance. Clark et
al. reported patients had increased high velocity ML sway at 12 weeks post-TKA. This
sway may produce instability of the postural control system and could have
implications for physical function during activities of daily living (62). However, post-
operative patients cannot fully reach their normal joint function in walking (15, 16).
Even though significant improvements in pain, physical function, and strength have
been reported as mentioned earlier. These factors when combined would be
predicted to reduce the prevalence of falling in TKA patients. Nevertheless, the study
of elderly people who underwent TKA after 6-month revealed that an incidence of

falling at 32.9% which is higher than healthy elderly people (17).

Gait phase and parameters

Walking is a characteristic of the body movement by periods of loading and
unloading of the limbs. It is independent event and uses for many of the activities of
daily living. The series of movements which is repeated is referred to as a gait cycle
(GQ) (63). Gait cycle is the time period of walking which one foot contacts the ground
and ends when the foot contacts the ground again including both stance phase and
swing phase (64). The gait cycle has two phases: stance phase occurs when the foot

remains in contact with the ground, and the swing phase occurs when the foot is not
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in touch with the ground. In healthy adult, stance phase occurs from 0% to 62 % GC

and swing phase happens about 62% to 100% GC (64).

Stance phase is consisted of initial contact, loading response, midstance,

terminal stance and preswing (Figure 8).

Initial contact (0% to 2% GO): It is called as heel strike which
occurred when the foot contacts the ground.

Loading response (2% to 12% GC): It immediately happens
following initial contact of the foot and continues till the
contralateral limb lifts off the ground for swing phase.

Mid stance (12% to 31% GC): It begins with the contralateral limb
lifts off the ground where the body weight is positioned with the
forefoot.

Terminal stance (31% to 50% GQ): It begins following the heel
arises in frontal plane and continues to prior of the initial contact
of the contralateral limb.

Pre swing (50% to 62% GO): It begins with initial contact of the
contralateral limb and end with the lifting ipsilateral limb from the

ground.

Swing phase has three components as follows; initial swing, mid swing and

terminal swing.

Initial swing (62% to 75% GC): It is called toe off which occurred
when the foot lifts off the ground until the knee had increased to
maximum flexion position.

Mid swing (75% to 87% GC): It immediately starts after knee flexion
and ends when the tibia aligns in vertical position at midpoint of
swing phase when minimal toe clearance (MTC) is achieved (at
81% GO).

Terminal swing (87% to 100% GC): It starts after the tibia aligns in

vertical position to just before the initial contact (64, 65).
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Figure 8 The phases of gait events (Janet M and Adams KC., 2018)

The gait parameters are the information that obtained from gait events. They

will be used to refer to quantities defined for a whole gait cycle or part of it. They

are separated into two parts; spatial parameters and temporal parameters (Figure 9,

10).

Spatial parameters

Step length is the distance which occurs when one part of the

foot moves in front of the same part of the other foot.

- Stride length is the distance which occurs when one part of the

foot moves between the same instant in two consecutive gait

cycles.

- Stride width is the distance measured between the heels.

Figure 9 Step (--) and stride (—) lengths for symmetrical walking.
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Figure 10 Stride width for symmetrical walking.

Temporal parameters
- Stride time is the duration between two consecutive heel strikes
by the same leg which is completed one gait cycle.
- Walking speed is the distance travelled in a specified time period
(63).
Gait analysis
Gait analysis is a study of human gait that has an important role for disease
diagnosis and monitoring, treatment and planning of surgeries. This field of study is
involved a subject within biomechanics and kinesiology (65) . The test is performed
in a motion analysis laboratory by utilizing motion capture techniques to record
several walking strides of the patient or healthy people. Data which obtained by
computer software and force plates enable to reconstruction of a biomechanical
model of the walking (Figure 11). After that, the results were computed a set of
biomechanical parameters. A standardised clinical report was consisted of various
parameters such as 1) kinematics parameters, these parameters involved the
anatomical angles and their variation across three anatomical reference planes
(sagittal, coronal, and horizontal); 2) kinetic parameters, these parameters related
with ground reaction forces in three dimensions; 3) spatiotemporal parameters, these
parameters presented in cadence, velocity, step length, stance time, stride time, so

on (66).



22

Figure 11 Model of walking from gait analysis (Ancillao A., 2018)

Falling

Falls are the most common cause of injury and hospitalisation in older
people with the age of 65. It is estimated that about 28-35% of people over the age
of 65 falling each year and the incidence of falls is increasing to 32-42% for those
over the age of 70 (67). Falls in older people are attributed to physical injuries such
as bony fractures, subdural haematoma as well as the psychological effect of fear of
falling and depression (68). There are various causes for falls in older adults that
include predisposing factor (intrinsic factors and extrinsic factors) and precipitating
factors (54). (Figure 12) Falls are known to occur while walking. Gait dysfunction and
gait and balance are the primary risk factors which involve with fall in older adults
(17, 69). It has been documented in the literature that 49 % of falls occurred while
walking and 21 % were caused by tripping (24). In addition, the evidence was
reported post-operative fall incidence rates in TKA patients. After discharge within
one month, it was found that about 52% of post-THA/TKA patients fell. The fall rate
of TKA patients ranged from 6.2% to 42.6% for the first 12 months. Falling risk factor
in TKA patients was reported in various factors as follows; advanced age (65-74

years), male gender, electrolyte/fluid abnormalities, coagulopathy, history of falls,
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and reduced knee range of motion (ROM) (70). Even though, finding evidence proved
that TKA patients reduced the frequency of falls, reduced the fear of and falling rate
over a year period after TKA. However, post-TKA patients have not fully recovered in

knee extension strength, proprioception and balance performance (13, 18, 71).

Predisposing Factors
Intrinsic Factors

=  Previous falls =  \isual impairment

=  (ait and balance = Medical illnesses

=  Peripheral neuropathy =  Age

= Arthropathy =  Drugs, >4 med, psychotropics

= Vastibular dysfunction =  Dementia, deprassion
Impaired ADL

Extrinsic Factors
Footwear, environment, restraints

Precipitating factors
= Trips & slips
= Drop attacks
- Syncope
- Dizziness

=

/ )
|
\ FALL

Figure 12 Risk factors of fall (Lim SC, 2010)

Tripping

Tripping during walking is the predominant cause of falls in the older persons.
It occurs when the leg is interrupted by an unexpected force during swing the foot
contact the ground or crossing the obstacles leading to a forward rotation of the
body (Figure 13) (26, 72, 73). Tripping can be divided into two phases. The primary
phase is defined as the swing limb impacted with the obstacle. The position phase
occurred when the recovery foot or contralateral foot placed on the floor by
reactions in the recovery limb (74). Toe clearance is a gait variable that is directly
linked to the mechanism of a tripping. There is no universal standard for toe
clearance, its definition depends on which objective and research methodology
being used by each researcher. During walking, this parameter is called minimum toe
clearance (MTC) which is defined as the minimum distance between the distal

inferior surface of the shoe/foot and the ground surface close to mid-swing phase of
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gait cycle (28, 75) (Figure 14). In healthy adults, the MTC is approximately 10-20 mm
(76). At this MTC event, the foot travels very close to the ground surface and MTC
fluctuation has the possible cause tripping, especially for unseen obstacle (77).
Additionally, foot trajectory during swing phase of the gait cycle must not only
maintain progression in the direction of travel, but also incorporate a vertical
displacement component sufficient to accommodate changes in support surface
elevation (78). Thus, low toe clearance at MTC has been investigated as a predictor

of tripping risk (27).

Figure 13 Trip of right foot during left foot stance. (Ko et al., 2017)
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Figure 14 Illustration of parameters are extracted to represent the foot
clearance. The first and second local maxima of the toe clearance (MaxTCl and
MaxTC2 respectively) and minimum of the toe clearance (MinTC). The heel (black

line) and toe (light gray line) trajectories during swing phase. (Dadashi et al., 2014)

Risk factors of falling following a tripping

The advancement of OA disease in knee attributes to changes in knee
aligcnment. Varus malalisnment appears to be the most common deformity. Varus
aligcnment is involved with progression of medial tibiofemoral osteoarthritis. The
latter deformity is valgus malalienment. It is associated with progression of lateral
osteoarthritis. The ratio of prevalence of medial compartment is higher than lateral
compartment. The more severe the disease progression is; the more loss of medial
cartilage would have (31, 79, 80). The causes of malalignment consist of following
factors: increased load over the narrowed side of joint space leads to damage of
cartilage (Figure 15), released debris into joint space results inflammation, and bone
remodeling creates malalisnment. The mechanism of coexisting factors is called

vicious cycle of joint damage (77, 81).
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Figure 15 (A) Neutral alignment of lower limb, the ground reaction force (GRF)
passing medial to the knee center of rotation creates a small knee adduction
moment (KAM) that concentrates higher compressive loads on the medial
tibiofemoral compartment. (B) Varus aliecnment of the knee, the increase in the
perpendicular distance between the GRF and the center of rotation of the knee (d)
increases both KAM and compressive loads on the medial tibiofemoral
compartment. (Farrokhi et al., 2013)

KOA patients with varus deformity are rather prone to injury in lower
extremity. It affects negatively to a pelvic, leg and ankle joint malformation, changes
in motion of the pelvis, leg and ankle joints, a change in tension line of muscles, the
great amount of the imposed gravitational attraction to ligaments on the outside of
the knee in both static and dynamic positions, stretching and loosening of lateral
collateral ligament and eventually a change in the signals sending from their
mechanical receptors to the central nervous system (82). The patients will have
multi-joint coordination of posture (i.e., trunk, pelvis, hip, knee, and ankle joint) with
an increase of flexion position (32). It can be suggested that individuals with KOA may
be associated with poor posture, resulting in increased stress on the structures
around the knee and deficient balance over the base of support. Impairment of
postural control is able to limitation of participants which had capacity to maintain
the centre of mass within the base of support in the upright position in diverse
situations (83). Additionally, such change in knee alignhment can affect stability of
body and could be attributed to a factor of tripping. OA patients have decreased in
postural control due to the individuals have neuromusclular disorder which is
relevant in knee OA. Subsequently, neuromusclular disorder might lead to activity
limitations because of neuromuscular adaptation. The patients have been presented
in reduced balance, evidenced by a higher incidence of falls, increased postural
sway, altered muscle activation patterns including increased activity and co-
contraction of thigh muscles during the stance phase of gait (84, 85). According to the

study, Sanchez-Ramirez et al. determined the association of postural control with
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muscle strength, proprioception, self-reported knee instability and activity in patients
with knee osteoarthritis. The patients showed quadriceps and hamstrings muscles
weakness, proprioceptive inaccuracy and performance-based activity limitations
which were associated with decreased postural control (86).

Additionally, knee alignment abnormality also affected the biomechanics of
the lower limb. In related research, it focused on kinematic strategies of distinct
levels of knee OA disease severity: asymptomatic, moderate OA, and severe OA. The
results revealed that peak knee flexion angles in stance were reduced from the
asymptomatic to the moderate group and from the moderate group to the severe
group. Researchers suggested that the severe group had reduced peak knee flexion
angles as compared to the asymptomatic and moderate groups. Furthermore, they
also found a decreased in hip flexion and ankle plantarflexion in the severe group
(87). Likewise, Hohee et al, reported that patients with degenerative knee
osteoarthritis had the biomechanical changed in the lower extremities during gait on
level ground, ramps, and stairs. The patients had more difficulty with gait on stairs or
ramps of high inclination than on flat ground due to they had changed the kinematic
variables by increasing the flexion angles of the hip joints, knee joints, and ankle
joints during movement (88). On the other hand, there are a few studies to
investicate the effect of the knee kinematic following total knee arthroplasty for
instance, Levinger et al. examined the effect of kinematic strategies of OA patients.
The data showed the effects of pre- and post-operative patients on the joint
kinematic (the hip, knee, ankle range of motion) had no significantly change but there
was the increased of ankle dorsiflexion in post-operative group compared to control
group (14). Notably, the knee function has not fully restored in even though the
patients have corrected deformity after TKA and it has impact on ankle as well.
Similarly, Bonnefoy-Mazure et al. demonstrated OA had improved knee kinematics
up to 1 year after TKA. The changes were frequently occurred after 3 months.
Especially, TKA patients recovered the same level of gait velocity compared to the

controls. However, they still did not achieve the values of a healthy control (89).
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Knee osteoarthritis patients are associated with neuromuscular changes which
are negative impact on proprioception (34). This alteration may contribute to tripping
due to the roles of sensory information in the knee receptors. Walking involves all
levels of the nervous system and many parts of the musculoskeletal system (90).
Normal gait is dependent upon the central pattern generator (CPG) which is a neural
circuit to produce the basic rhythm and neural activation pattern underlying
locomotion (91). During locomotion, leg muscles are activated by a programmed
pattern which is produced in spinal neural circuit. This pattern is modulated by
multisensory afferent input. In control of the leg muscles, extensor muscles group is
primarily activated by proprioceptive feedback, and the flexors muscles group is

principally under central control (Figure 16) (92).

Supraspinal

Figure 16 The differential neuronal control of leg extensor and flexor muscles. (Dietz,
2002)

Similarly, in osteoarthritis patients, proprioceptive afferent information is
derived  from  various  mechanoreceptors such as  musculotendinous
mechanoreceptors (muscle spindles, golgitendon organs), articular mechanoreceptors
(parcinian corpuscles, ruffini endings), and golgi receptor that provide movement,

stretching, perception of position and motion in space (35, 93) (Figure 17). Sensory
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signals enter the spinal cord though dorsal roots and provide the signals to
supraspinal centers where it is integral to motor learning and the proceeding program
of complex movements (37) (Figure 18). After total knee arthroplasty, intraarticular
structure of the knee, especially the cruciates, are resected. These sensorimotor
deficiencies had been shown to persist even after joint replacement. For example,
Levinger et al. found the patients with TKA at least 12 months still had
proprioceptive deficits of lower extremity (94). Additionally, Poh et al. determined
the progression of sensorimotor function after total hip (THA) or knee (TKA)
arthroplasty. The patients were assigned to perform three weeks of a standard
rehabilitation protocol, which included exercise training, physical therapy, seminars,
and educational group therapy. After rehabilitation, the patients had unimproved in
measures of proprioception and static balance during quiet bipedal stance which
showed no significant main effects for time or intervention (95). This can lead to
alteration in proprioception and also change in gait pattern of lower limb. Finally, this

condition may accelerate tripping after TKA.
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Walking gait following total knee replacement patients

Previous studies had examined TKA and its influence on gait. From the
literature review revealed that TKA patients walking at self-selected speed at
approximately range 0.8-1.1 m/s. Moreover, when compared to their respective
control groups, patient groups walked at a significantly slower speed (16). McClelland
et al. investigated walking at self-selected comfortable and fast speeds using three
dimensional motion analysis. The data showed that TKA group had decrease in
cadence, reduced stride length, less knee flexion during stance and swing phases
compared to control group. Both groups increased their velocity, cadence and stride
length by a similar proportion when walking at fast speed. Nonetheless, TKA group

presented residual deficits of walking speed following 12-month surgery (96).
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Additionally, Kramers-de Quervain et al. described elderly adults with the operated
limb were significantly improved gait velocity and cadence for two years after TKA
surgery as well as peak vertical force at weight acceptance and loading/unloading
rates during walking (97). Thewlis et al. performed dynamic loading during walking
gait in preoperative, 6-week, 3- and 6-month postoperative groups in order to
detected gait asymmetries. The results presented at 6 months following TKA load
distribution during a bilateral quiet stance task remained unchanged and
asymmetrical (98). In addition, Rahman et al. reported out-patient with 12-month TKA
surgery had improved in knee flexion in swing more than pre-operative patients and
gait patterns were symmetrical (99). Despite the apparent success of TKA, the
patients cannot attain the normal joint function of walking. Falling incidence rates in
TKA patients quite persisted (70). Interestingly, many gait analysis studies have been
performed on an unobstructed laboratory floor but falling rate may be frequently
occurred when the patients were required to walk under unfamiliar and possibly

more destabilizing conditions (14, 100, 101).

Tripping on the obstacles in knee osteoarthritis patients

Tripping during walking is the predominant cause of falls in healthy elderly
and the osteoarthritis patients. In order to reduce the incident of trip-related falls,
identification of the factors that increases an individual’s risk of falling following a
tripping is needed. Toe clearance is considered as a primary factor used for a marker
of tripping risk (76). Raffegeau et al. investigated the healthy elderly women while
they walking over the obstacle (a wooden dowel fixed at 10 cm height). The finding
reported that women adapt walking in a way that might predispose them to tripping
or falling by stepping closer to the obstacle without increasing trail toe-clearance. In
addition, the researcher suggested that step length is one of the factors which might
be at risk of mobility impairments during adaptive walking tasks in women (102). Shin
et al. determined obstacle height-related differences in movements while stepping

over obstacles (5-cm, 20-cm height). In the swing phase of walking, the elderly
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women presented greater ankle and hip adduction angles for the leading limb during
stepping over the 20-cm obstacle compared with the young women. Considering the
trailing limb, the elderly women had increased ankle dorsiflexion, knee flexion, hip
flexion, and foot inversion in order to step over the obstacle. These movement
pattern were characteristic of the elderly who were unable to lift their lower limb off
the ground due to they had decreased in strength of lower extremity (103). Similarly,
Pan et al. evaluated lower limb kinematic during walking over the obstacle heights of
10%, 20%, and 30% of leg length. Elderly adults showed greater toe-obstacle
clearance of the leading leg, increased toe-obstacle distance, and shortened swing
phase of the leading limb. The researcher suggested that the data could be provide
clinicians with a quick screening tool to identify patients at risk of falling (104).

Tuning to the ability of knee OA patients to cross the obstacles. According to
the literature review, Lu et al. determined biomechanical strategy in knee
osteoarthritis patients during over the obstacle. It reveals that OA patients were able
to step across obstacles with different height (10%, 20%, 30% of leg length) and the
vertical distance between the toe marker and the obstacle was higher than those of
the control group. Researcher suggested that KOA group had slightly swing knee
flexion when the toe was over the obstacles and showed greater swing ankle
dorsiflexion as well (38). Similarly, Chen et al. studied biomechanical strategy in knee
osteoarthritis patients during over the obstacles of height 10%, 20%, 30% of leg
length with the trailing limb. They found the OA group had higher displacement than
control group. The data showed OA group had greater swing hip abduction in the
trailing limb when the trailing toe over the obstacles. For the leading stance, the data
revealed that OA group had slightly knee flexion and ankle eversion. These result
indicated that an increased displacement in trailing limb may be beneficial for
decreasing the risk of tripping (105). Additionally, in the study on post-operative TKA
patients, it shows that they could lift their feet over the obstacles of 6 and 18 cm
and the vertical distance between the toe and the top of the obstacle was also

higher than those of the control group. Moreover, it indicates that post-operative TKR
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patients compensate for deficits in surgical knee with more hip flexion during the
elevation phase of swing. It can be seen that post-operative patients could walk
across obstacles with a higher average displacement than those of healthy people

(39).
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CHAPTER Il

MATERIAL AND METHODS

Research design

This research study was a prospective analytical descriptive study which is
designed to determine toe clearance height, toe trajectory and lower limb kinematics
at initial swing phase during walking over the obstacles in post-operative total knee
arthroplasty. Participants were recruited as explained below and evaluated before
surgery, three-month post-surgery, and six-month post-surgery in comparison with an

age-matched healthy control group.

Population and sample size

Target population: Thai elderly people between 65-85 years of age,
diagnosed with stage Ill or IV degenerative osteoarthritis of the knee, and healthy
elderly people.

Study population: Thai elderly people between 65-85 years of age,
diagnosed with stage Il or IV degenerative osteoarthritis of the knee and healthy
elderly people with eligible criteria, and living in Bangkok and perimeter area.

Sample: Thai elderly people between 65-85 years of age, diagnosed with
stage lll or IV degenerative osteoarthritis of the knee and healthy elderly people with
eligible criteria, and living in Bangkok and perimeter area. They are willing to

participate in the study.

Eligibility Criteria
Inclusion criteria for participants in the total knee arthroplasty group
1. Participants aged between 65-85 years (38, 106).
2. Patients with stage Ill or IV degenerative osteoarthritis of the knee according

to the standards of Kellgren/Lawrence (K/L).
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Participants have a diagnosis of symptomatic bilateral knee OA in the medial
or lateral compartment by an orthopaedic surgeon according to the American
College of Rheumatology criteria and have scheduled to receive total knee
arthroplasty at King Chulalongkorn Memorial Hospital. (If a participant has
bilateral knee OA fitting the criteria, the more involved knee, as identified by
the patient, is used for analysis).

Participants are able to walk along the walkway without assistive devices.
Participants have no excessive pain (visual analog score less than 6) affecting
their gait while they are walking at a self-selected pace on an 8-m walkway
(38).

Participants have normal or corrected vision.

Participants are informed about the nature of the study and will sign a
consent form prior to participation. In case that the participants have no
ability to write, a consent form must be signed by the participants’ legally

authorized representative.

Inclusion criteria for control participants

1.

Participants are healthy individuals with no signs or symptoms of knee OA
(14).

Participants must neither undergo radiographic examination nor meet any of
the American College of Rheumatology criteria (107).

The affected limbs for the control group will be matched to corresponding
limbs of the total knee arthroplasty group.

Participants will be matched to members of the total knee arthroplasty group
on the variables of age (+ 2 years) and sex (108).

Participants have normal or corrected vision.

Participants are informed about the nature of the study and will sign a

consent form prior to participation. In case that the participants have no
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ability to write, a consent form must be signed by the participants’ legally

authorized representative.

Exclusion criteria for both groups

1.

Participants have neuromuscular diseases; disorders of the feet, ankles, hips
or spine which may have affected gait or cognitive dysfunction.

Participants have received an intraarticular corticosteroid injection in the
preceding 2 months (38).

Participants have a history of lower extremity surgery, experienced a lower
extremity injury or any condition within the previous six months, or reported
any current lower extremity pain (109).

Participants with a history of cardiovascular disease, respiratory disease,
autoimmune diseases, rheumatoid arthritis or other systemic inflammatory
arthritis, cancer, uncontrolled hypertension.

Participants have BMI > 40.0 (110).

Sample size determination

Sample size determination of this study was calculated as follows: according

to Chen et al. in Biomechanical strategies for successful obstacle crossing with the

trailing limb in older adults with medial compartment knee osteoarthritis. Journal of

biomedical 2008; 41: 753-61., they demonstrated the outcome of the toe height was

above the obstacle in knee osteoarthritis patients: the OA group had higher

displacement than control group. The data of distance between the toe and the

obstacle (mm) will be presented as mean + standard deviation; OA group = 154.19 +

33.98, control group = 119.44 + 39.35; n=15. In this present study, the researcher had

chosen the mean (X), and standard deviation (SD) from the displacement. Thereby,

the sample size of this study was estimated by using 2- independent group
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n /group 2 (zoys + 2B Y 0%/ x4~ % )

o = 0.05 (two-sided), Za,, = 1.96
B = 0.20 (two-sided), Zg = 0.84
0° = Pooled variance
= (n-1) S22+ (n,-1) S,2
nl+n2-2
= (15-1)(33.98)% + (15-1)(39.35)*
15+15-2

= 1351.53
n/group = 2(1.96 + 0.84 ) (1351.53) / (154.19 - 119.44)*
= 171/55

Sample sizes for each group was 18 persons. To prevent dropout rate during
the experiment and detect more reliability, participants were added for more 10%.

Thus, total participants were 20 persons for each group.



Participants recruitment

N=40

A 4

Signed the informed consent

A

Check for inclusion/exclusion

criteria

A 4

20 Allocated to control group

20 Included in analysis

20 Allocated to knee osteoarthritis

group

Before total knee arthroplasty
(TKA) (N=20)

After TKA for 3 months (N=19)

Unable to follow up (N=1)

After TKA for 6 months (N=17)

Unable to follow up (N=3)

A4

17 Included in analysis

Figure 19 Flow chart diagram of the study

38



39

Instrumentation

1. A certificate of approval

2. A case record form

3. A portable stadiometer

4. A portable electronic scale

5. A Jamar tape measurement (Sammons Preston, USA)

6. A Jamar goniometer (Sammons Preston, USA)

7. An Isometric dynamometer

8. A biopac MP 100 system (Biopac System Inc., Canada)

9. An acgKnowledge software version 3.7.3 (Biopac System Inc., Canada)

10. The H-frame device; an active motion apparatus for joint position sense
assessment

11. The soft sponge obstacle bar which had three different heights (depth = 5
cm, width = 70 cm, heights =2.5 cm, 5 cm, and10 cm)

12. InBody 770 Body Composition Analyzer (InBody, USA)

13. Qualisys Camera Oqus 500 model 5-series: 10 cameras (Qualisys, Sweden)

14. Bertec force plate model FP 4060-08 (Bertec Coporation, USA)

15. Reflective marker; Pearl marker size 15.9 mm sphere (B&L Engineering, USA)

Procedure

Preparation for the testing protocol

All participants were informed about experimental protocol and they signed a

consent form prior to study enrolment. After that, their personal information data

were recorded as well as healthcare screening questionnaires were conducted. Then,

they were asked to wear a compression pants and got a seated rest period before

starting the experimental protocol.
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Anthropometric measurement and body composition analysis
Standing Height

1. Height was measured by using a portable stadiometer which was fixed on the
wall.

2. Participants were asked to stand with barefeet with feet paralleled to each
other, toes pointing forward and soles flat on the floor. Their weight was
distributed on both feet.

3. Then, they were informed to stand fully erection, inhale deeply breath in and
out, and relax their shoulders with arms by sides. The buttocks, scapulae, and
head were positioned back against the vertical scale.

4. All measurements were recorded in centimeters.

Body weight measurement
The body weight, body mass index, and skeletal muscle mass were measured

by using bioelectrical impedance analysis (INBody770®USA)

Bioelectrical impedance analysis (BIA)

Bioelectrical impedance analysis is a noninvasive method of assessing the
body composition. It measures the impedance by applying alternating currents on
the human body. It has 30 impedance measurements by using 6 different
frequencies (1kH, 5kHz, 50kHz, 250kHz, 500kHz, 1000kHz) at each of 5 segments

(Right arm, left arm, trunk, right leg, and left Leg).

BIA measurement protocol
1. Participants were advised to dispose of urine and remove everything from
their pockets and all accessories prior to the measurement.
2. The InBody770 was turned on and automatically started booting and

performed a self-weight calibration for 5 minutes.



41

3. Participants stepped on the footplate barefoot by placing their feet on the
footpads as the shape of electrodes guide. After that participants’ information
was filled in following the machine protocol.

4. While the assessment begins, participants should keep their elbows straight
and did not touch the sides of the body, their thumb placed on the top of
the handgrip, and the other four fingers loosely grasped the bottom surface
of the handgrip.

5. Participants stood on the machine until the data analysis was completed 100

percent. After that the results was showed on the screen.

;‘:'4.52 R i .. ",..,‘,

Figure 20 bioelectrical impedance analysis

Range of motion of lower limb
The universal goniometer is the instrument most commonly used to measure

joint position and motion at all joints of the body (Jamar goniometer; Sammons
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Preston, USA). It’s consisted of two parts such as movable arm and stationary arm. A
range of motion is measured in degrees. Six measurements were taken in each
position. All range of motion measurements were collected by the same investigator
and analysis of these data revealed excellent reliability as follows: hip flexion
(ICC=0.989), hip extension (ICC=0.972), knee flexion (ICC=0.992), knee extension
(ICC=0.984), plantarflexion (ICC=0.983), dorsiflexion (ICC=0.953)
The hip flexion
1. Participants were advised to lie down on the bed in supine position with the
hips, the knees extended and both hips in 0 degrees of abduction, adduction,
and rotation. After that, researcher instructed the participants to perform
active hip flexion by lifting the thigh off the bed and passive knee flexion
during the motion. Additionally, the participants were not allowed the hip to
flex past point at which pelvic motion begins to occur (111, 112).
2. Researcher measured the motion by using goniometer which was located as
follows:
- Axis: greater trochanter of the femur
- Movable arm: lateral midline of the femur toward the lateral
femoral epicondyle
- Stationary arm: lateral midline of the pelvis and trunk
3. At the end of the hip flexion, researcher used one hand to align the movable
arm and to maintain the hip in flexion. The other hand shifted from the pelvis
to hold stationary arm aligned with the lateral midline of the participants’
pelvis. Then, range of motion was recorded.

4. Participants were performed 3 successful trial for each leg.
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Figure 21 Hip flexion

The hip extension

1. Participants were advised to lie down on the bed in prone position with the
hips, the knees extended. After that, researcher instructed the participants to
perform active hip extension by raising the lower extremity from the bed and
maintain the knee in extension throughout the movement (111, 112).

2. Researcher measured the motion by using goniometer which was located as
follows:

- Axis: greater trochanter of the femur

- Movable arm: lateral midline of the femur toward the lateral
femoral epicondyle

- Stationary arm: lateral midline of the pelvis and trunk

3. At the end of hip extension, researcher used one hand to hold the stationary
arm in alignment. The other hand supported the participants’ femur and kept
the movable arm in alignment. Then, range of motion was recorded.

4. Participants were performed 3 successful trial for each leg.
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Figure 22 Hip extension

The knee flexion

1. Participants were advised to lie down on the bed in supine position with the
hips, the knees extended. After that, researcher instructed the participants to
perform active knee flexion by sliding the foot toward the pelvis (111, 112).

2. Researcher measured the motion by using goniometer which was located as
follows:

- Axis: lateral epicondyle of the femur.

- Movable arm: lateral midline of the fibula, in line with the fibular
head and lateral malleolus

- Stationary arm: lateral midline of the femur toward greater
trochanter

3. At the end of the knee flexion, researcher used one hand to maintain knee
flexion and also to keep the movable arm of the goniometer aligned with the
lateral midline of the leg. Then, range of motion was recorded.

4. Participants were performed 3 successful trial for each leg.
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Figure 23 Knee flexion

The knee extension

1. Participants were advised to lie down on the bed in supine position with the
hips, the knees extended. After that, researcher instructed the participants to
perform active knee extension by straightening the knee as far as possible
(111, 112).

2. Researcher measured the motion by using goniometer which was located as
follows:

- Axis: lateral epicondyle of the femur.

- Movable arm: lateral midline of the fibula, in line with the fibular
head and lateral malleolus

- Stationary arm: lateral midline of the femur toward greater
trochanter

3. At the end of the knee extension, researcher used one hand to maintain the
stationary arm of the goniometer aligned with the lateral midline of femur
and also to keep the movable arm of the goniometer aligned with the lateral
midline of the leg. Then, range of motion was recorded.

4. Participants were performed 3 successful trial for each leg.
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Figure 24 Knee extension

The ankle plantarflexion

1. Participants were advised to lie down on the bed in supine position with the
hips, the knees flexed and supported by a towel. After that, the researcher
instructed the participants to perform active ankle plantarflexion (111, 112).

2. Researcher measured the motion by using goniometer which was located as
follows:

- Axis: at intersection of lines through lateral midline of the fibula
and lateral midline of the 5™ metatarsal

- Movable arm: lateral midline of the 5" metatarsal

- Stationary arm: lateral midline of the fibula, in line with the fibular
head

3. At the end of the plantarflexion, researcher used one hand to maintain
plantarflexion and to align the movable arm. The other hand stabilized the
fibular and aligned the stationary arm of the goniometer. Then, range of
motion was be recorded.

4. Participants will be performed 3 successful trial for each leg.
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Figure 25 Ankle plantarflexion

The ankle dorsiflexion

1. Participants were advised to lie down on the bed in supine position with the
hips, the knees flexed and supported by a towel. After that, researcher
instructed the participants to perform active ankle dorsiflexion (111, 112).

2. Researcher measured the motion by using goniometer which was located as
follows:

- Axis: at intersection of lines through lateral midline of the fibula
and lateral midline of the 5" metatarsal

- Movable arm: lateral midline of the 5™ metatarsal

- Stationary arm: lateral midline of fibula, in line with the fibular
head

3. At the end of dorsiflexion, researcher used one hand to align the stationary
arm along the line of fibular head while the other had maintained
dorsiflexion and alignment of the movable arm. Then, range of motion was
recorded.

4. Participants were performed 3 successful trial for each leg.
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Figure 26 Ankle dorsiflexion

Muscle length test

Muscle length of lower limb was assessed by using universal goniometer

(Jamar goniometer; Sammons Preston, USA). Pilot testing revealed excellent

intrarater reliability of all muscle length test as follows: Iliopsoas (ICC=0.995), rectus

femoris (ICC=0.997), hamstrings (ICC=0.985), gastrocnemius (ICC=0.905).

Iliopsoas Muscle Length: Thomas Test

1.

3.

Participants were advised to lie down on the bed in supine position with the
hips extended and the knee extended pass the edge of the bed. After that,
the participants were instructed to grasp knee to chest, only enough to
flatten lumbar spine against support surface of the bed (111, 112).
Researcher measured the motion by using soniometer which was located as
follows:

- Axis: greater trochanter of the femur

- Movable arm: lateral epicondyle of the femur

- Stationary arm: lateral midline of the trunk
The end of the motion for testing the length of the hip flexor muscle. Range

of motion was recorded. The participants have normal length of the hip
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flexors: the hip is able to extend to 10 degrees and the thigh is remained on
the bed. If decreased muscle length of iliopsoas is present, participants’ thigh
will rise off the bed.

4. The participants were performed 3 successful trial for each leg.

Figure 27 Iliopsoas Muscle Length

Rectus Femoris Muscle Length: Thomas Test
1. Participants were advised to lie down on the bed in supine position with the
hips extended and the knee extended pass the edge of the bed. After that,
participants were instructed to grasp knee to chest, only enough to flatten
lumbar spine against support surface of the bed (111, 112).
2. Researcher measured the motion by using goniometer which was located as
follows:
- Axis: lateral epicondyle of the femur
- Movable arm: the lateral malleolus

- Stationary arm: greater trochanter of the femur
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3. The end of the motion for testing the length of the knee extensor muscle.

Range of motion was recorded. The participants have normal length of the
knee extensor: the knee is able to extend at 90 degrees. If the muscle length

decreases, the patients’ knee will slightly extend.

4. The participants were performed 3 successful trial for each leg.

Figure 28 Rectus Femoris Muscle Length

Hamstring Muscle Length: Straight Leg Raise Test

1.

Participants were advised to lie down on the bed in supine position with the
hips, the knees extended. After that, researcher flexed the participant’s hip
by lifting the lower extremity off the bed and kept the knee in full extension
by applying firm pressure to the anterior thigh. Their pelvis and lower back
were flattening against the bed (111, 112).

Researcher measured the motion by using soniometer which was located as
follows:

- Axis: greater trochanter of the femur
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- Movable arm: lateral epicondyle of the femur

- Stationary arm: lateral midline of the trunk

3. The end of the testing motion for the length of the hamstring muscles

occurred when the resistance was felt from the muscle tension. Range of
motion was recorded. The participants have normal length of the hamstrings:
the hip can be passively flexed to 70 to 80 degrees with the knee held in full

extension.

4. The participants were performed 3 successful trial for each leg.

2
Figure 29 Hamstring Muscle Length

Gastrocnemius Muscle Length Test

1.

Participants were advised to lie down on the bed in supine position with the
hips, the knees extended. After that, researcher was passive dorsiflexion of
the ankle through full available ROM. The foot was not allowed to rotate and
move into inversion or eversion during the test (111, 112).

Researcher measured the motion by using soniometer which was located as

follows:
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- Axis: the lateral malleolus
- Movable arm: parallel to the fifth metatarsal
- Stationary arm: head of the fibula
3. The end of the testing motion for the length of the gastrocnemius muscles
took place when researcher could not move the foot further because the
resistance was felt from muscle tension. Range of motion was recorded.

4. The participants were performed 3 successful trial for each leg.

?

Figure 30 Gastrocnemius Muscle Length Test

Leg length discrepancy

1. Participants were informed to lie down on the bed in supine position with the
hips, the knees extended. The legs separated and paralleled to each other
about 15 to 20 cm. The ankles put in neutral position with no rotation of the
foot.

2. The test was performed 3 times by using tape measure (Jamar tape
measurement; Sammons Preston, USA) between two parts of the lower
extremity: firstly, femur length was defined by using tape measure between

the anterior superior iliac spine (ASIS) and the joint space. Secondly, tibia
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length was identified by using tape measure between the joint space and the
lateral malleolus (113). All tests were collected by the same investigator.
Intrarater reliability (n=30) based on a Cronbach’s Alpha was r=0.993 (femur
length) and r= 0.997 (Tibia length).

During the test, the thumb pressed the tape firmly and fixed it against the
inferior aspect of the right ASIS. The thumb of the other hand was instantly
placed to lateral aspect of the joint space and the lateral malleolus and
pushed against it respectively. Then, the procedure was repeated on the
other leg.

Leg length was recorded and analyzed. The difference between both leg is

approximately 1-1.5 cmy which is considered normal (114).



Figure 31 Leg length discrepancy
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Leg muscles strength test

Leg muscles strength was measured by using a modified load cell strain gauge
isometric dynamometer (Max. 120 kilogram-force, error + 5% kgf). It was utilized to
measure the peak force of knee extensor and flexor muscles on isometric module by
using a biopac MP 100 system with an acgknowlLedged software version3.7.3 (Biopac
System Inc, Canada). Knee extensor/flexor strength were quantified in kilogram force.
The data was normalized to body weight for between-subject comparisons.

Test-retest reliability was performed with isometric knee flexion and
extension. The test was conducted on two separate occasions by the same tester.
The data were collected from 10 participants (age 61.40 + 4.60). Analysis of these
data revealed excellent reliability as follows: knee flexion (ICC=0.920), knee

extension (ICC=0.969)

Figure 32 A modified isometric dynamometer
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Isometric testing procedure

1.

Participants performed bilaterally stretching exercise for the lower limbs
(stretching of the quadriceps, hamstrings and gastrocnemius muscles).
During exercise, participants stretched the leg muscles at a point of mild
discomfort or tightness at the end of the range of motion and hold the
final position for 15 seconds. The exercise has performed for 4 times
(115). To achieve stability, participants could avoid falling by standing with
their hands supported on a steady chair when they perform the exercise.
The participants sat on the chair and stabilized them with  fastened belts
around the trunk, waist, and distal part of the thigh. They were tested in
the seated position

with hip flexion of 90° (116) and the knee flexion 90° (117, 118).
Additionally, Shin' pad which was fixed of a modified isometric
dynamometer was positioned perpendicular to anterior or posterior
aspect of the tibia and 5 cm proximal of the medial malleolus as
described by Koblbauer et al. (119).

They were asked to perform three 3-second maximal voluntary isometric
contractions flexion and extension trials with one-minute rest between
the trials (120). While performing the test, they were required to fold their
arms across their chest and were not permitted to hold on to the
equipment in order to prevent compensation movement. To ensure
maximal effort, verbal encouragement could be given. Prior to actual trial,
they were familiarizing with the testing procedures by performing non-
operated leg for example by manual isometric testing.

The participants were performed 3 sets of leg extension or flexion for
each leg. Then, the highest peak force among trials of both quadriceps

and hamstring muscles were recorded in kilogram-force for analysis.
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Figure 33 Leg muscles strength test

Proprioception testing of the knee joint
The test used an H-frame for joint position sense assessment which was
developed similar to the one that was used for knee active joint position sense test
(121). Reliability data were collected from 10 participants. All joint position sense
measurements were collected by the same investigator and analysis of these data
revealed high reliability as follows: knee flexion (ICC=0.993) and knee extension
(ICC=0.993). Prior to the measurements, participants wore a compression pants and
were barefoot. Reflexive markers were attached to each participant, either directly to
the skin, onto clothing to the following body locations; the lateral malleolus, head of
fibula, femoral lateral epicondyle, and mid-point between the femoral lateral
epicondyle and greater trochanter (121).
1. Participants comfortably seated on a chair with the lower legs hanging
relaxed and unsupported. The knee joint was maintained in individual flexion

position which was defined as starting position.
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2. Participants were passively moved their legs to the target angles (15° of knee
flexion and 15° of knee extension) (122) and held at the target position for 5
seconds (121, 123) Subsequently, participants actively moved their legs to the
starting position. To make certain that these target angles were corrective
position, participants were cued by using the H-frame. It is an instrument
which used as a range of motion guide. The uprights were made of steel
pipes and the crossbar was formed elastic stretch tighten around the uprights.
While participants hold the target angles, the H-frame was placed until the
crossbar contacted the anterior or posterior ankle joint line.

3. After learning and practicing, participants were blindfolded to eliminate visual
cue. They were passively moved their legs to the target position again and
asked to maintain and mentally visualize this position for 5 seconds. Then
moved their legs back to the starting position and moved the H-frame aside
(121).

4. After a relaxation period of 5 seconds, participants were instructed to actively
re-position the legs at the same joint angle and maintained the position for 5
seconds. Each of the angles were reproduced for 3 times with five seconds

rest between each trial (121, 123).
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Figure 34 Proprioception testing of the knee joint

5. The knee joint position test was captured by using reflexive markers and
Oqus cameras and the data was analyzed by qualisys software. The

repositioning absolute angular error (AAE) was obtained through the
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calculation of the difference between the target angle and repositioning

angle.

Single-leg standing balance

1. Participants were asked to stand barefoot on force plate (Bertec force plate
model FP 4060-08, USA) feet aligned about hip-width apart, and their arms
placed at their sides.

2. Participants were instructed to lift the contralateral leg off the ground and
kept their leg from touching while maintaining balance on the affected leg for
as much as possible. During the test, they were allowed to keep their eyes
open (124). Three successful standing balance trials were recorded.

3. After participants had completed the test with eyes open, they were
continued to the test with eyes close as the same procedure.

4. The mean of each COP path area for the three eyes-open and eyes-closed

trials was used for statistical analysis.
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Figure 35 Single-leg standing balance

Gait analysis Equipment

1.

A three dimensional motion analysis system (Qualisys Camera Oqus 500
model 5-series) with 10 cameras at a sampling rate of 100 Hz were used to
capture and analyze motion of the lower leg.

Two force plates (Bertec Corporation, Ohio, USA) embedded in the floor were
used to detect gait cycle events. The kinematics and the force plate data
were synchronized and sampled at 100 Hz.

Thirty retro-reflective markers (B & L Engineering, California, USA) were placed
at anatomical landmarks, including the pelvis (ASISs and PSISs), as well as
each thigh (greater trochanter, mid-thigh, medial and lateral epicondyles),
shank (head of fibula, tibial tuberosity, medial and lateral malleolus) and foot
(first and fifth metatarsal base, big toe and heel) as described by Chen et al
(105).
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Figure 36 Retro-reflective markers

4. Marker trajectory data were collected at low-pass filtered using a Butterworth

filter with cut-off frequency of 6 Hz.
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Figure 37 Location of body landmarks

Gait analysis protocol

1.

2.

After putting on markers as described above and a 2 min seated rest period,
each participant was instructed to walk barefoot at a self-selected walking
pace along the level walkway. They were asked to walk for three trials and
had taken a 5 min rest period in between each of the trials (125).
Then participants were asked to walk barefoot at a self-selected walking pace
along the walkway and crossed three different obstacle heights which were
placed in the middle of the walkway in random order and kept walking to the
end of the walkway.
- The obstacles consist of three different heights (depth = 5 cm, width =
70 cm, heights = 2.5 cm, 5 cm, and10 cm) (120).
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Figure 38 A height-adjustable obstacle

- The material was made of soft sponge to prevent falls associated with
contact and was placed at the middle of the walkway.
- The reflective markers were put inside it in order to detect the incidence
of tripping when the participants could not lift their legs over the
obstacles.
Participants were instructed to walk and crossed obstacles with their affected
leg first and kept the same walking pace throughout the experiment. To avoid
the influence of fatigue, they had taken a 5 min rest period in between each
of the trials.
Before the experiment was collected, participants were allowed to familiarize
themselves with the walkway.
Three successful trials were collected for the affected leg at each obstacle
height.
Data was recorded and analyzed by a computer running Qualisys Motion
Capture System and Visual-3D Basic /RT ver.3.99.25.6. The kinematic
parameters of lower extremity: joint angles of the hip, knee, and ankle in

sagittal plane and minimum toe clearance at level walk and crossing over the
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obstacles were evaluated as well as the spatiotemporal gait outcomes of

walking speed, stride length, step length, and step width.
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Figure 39 Computer set for data analysis
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Figure 40 Walking crossed a height-adjustable obstacle

Data Analysis

All analyses were performed using the IBM SPSS Statistics, ver. 22.0 (IBM Co.,
Armonk, NY, SA), with an @ level of P < 0.05. The results were reported in terms of
mean + standard deviation and percentage. The Shapiro-Wilk Goodness of Fit test
was used to test the data distribution. For the normally distributed variable i.e.
differences between the time points of assessment (pre-operatively and three- and
six-month postoperatively) were analyzed in terms of KOOS score, spatiotemporal
parameters, MTC, and joint angle. TC heights, the slope of toe trajectory, and lower
limb kinematics for each parameter at the swing phase (swing phase: 62%-100% gait
cycle; initial swing 62%-75%, mid-swing: 75%-87%; terminal swing: 87%-100%) (60),
limb length discrepancies, lower extremity range of motion, leg muscle strength, leg
muscle length, knee joint position sense test and single leg balance were evaluated

using the repeated measure for the analysis of variance (ANOVA). The Bonferroni post

hoc adjusted test was used to assess the differences of pairwise. Differences between
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the six-month postoperative group and the control group were assessed using the
independent t-test for the aforementioned variables. The intraclass correlation
coefficients were used to determine an instrument’s capability and intrarater

reliability of continuous measurements in testing protocol.
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CHAPTER IV

RESULTS

Forty eligible participants were selected according to set criteria of TKA
patients and healthy controls. Twenty were elected to undergo TKA before surgery
and were followed up at the third- and the sixth- postoperative month; of these,
three participants withdrew from the study as they did not proceed to follow-up
after surgery. Thirty-seven participants were included in the final analysis. Twenty
participants did not attend the knee surgery and could be invited as the control
group. Baseline characteristics of the participants were shown in Table 1. In general,
characteristics of age, height, and skeletal muscle mass were similar between pre-
operative and control groups, except body weight, percent body fat and body mass

index. It was found the preoperative group was heavier than control group.

Table 1 Characteristics of the participants.

Parameters Pre-operative group Control group P Value
n= 20, Mean (SD) n=20, Mean (SD)

Gender

Male, n (%) 0 (0%) 0 (0%) -

Female, n (%) 20 (100%) 20 (100%) -
Age (yr) 71.65 (5.90) 70.40 (3.69) 0.427
Height (cm) 150.30 (6.16) 153.33 (4.44) 0.083
Body weight (kg) 61.43 (10.69) 54.34 (8.08) 0.023"
Body mass index (kg/m?) 27.09 (3.63) 22.99 (2.80) 0.000"
Percent body fat 39.93 (6.91) 33.33(5.21) 0.002"
Skeletal muscle mass (kg) 18.91 (2.54) 18.92 (2.06) 0.995

* Significant differences between groups are reported with a significance value set at P < 0.05.
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The severity of knee OA with Kellgren/Lawrence was as follows: 70% knees
had grade 3 (moderate) lesions and 30% knees had grade 4 (severe) lesions (Table 2).
Among those with knee OA, 13 participants had the right knee pain, whereas the
other seven participants had the left knee pain. In patient group, fifteen participants
had varus knee alignment except for five participants who presented with valgus
knee alighment. Tibiofemoral angles (TF) at the pre-operation was 168.30 + 39.88°
and the three-month postoperation was 175.75 + 41.43°. The result showed a

significant difference of mean TF angle between assessment times.
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When comparing with Knee Injury Osteoarthritis Outcome Score (KOOS)
subscales among the patient groups, the six-month postoperative group had
reported good outcome of symptoms, pain, ADL and quality of life (p < 0.05) (Table
3). For Sport and recreation, the outcome was not significantly difference among the
patient groups (p=0.065). However, the global satisfaction with five subscales was

improved especially the quality of life.
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The leg length discrepancy which is considered normality is approximately 1-
1.5 cm (114). From the data analysis, the results of all groups in this study had
normal leg length discrepancy. The mean femoral and tibial length difference was
not significant difference (p > 0.05) among time points. Additionally, lower limb
length difference tended to decrease after surgery for six months. It could be
interpreted that the knee joint alisnment had changed due to the effect of total
knee arthroplasty. Thus, those change might be involved the lower limb length.
The LLD of the control and pre-operative groups was not significantly difference (p >
0.05). After surgery for six months, the femoral length also had no difference
(p=0.295) but the tibial length demonstrated a significant difference in comparison

with the control group (p=0.030).
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Before knee surgery, the patients had significantly decreased in hip flexion,
hip extension, knee flexion and knee extension compared with the control group;
p=0.033, p=0.002, p=0.000, p=0.000, respectively. Additionally, the means ankle
plantarflexion and dorsiflexion were found no significantly difference between both
groups (p=0.507, p=0.107).

There was no statistically significant difference in mean hip flexion, hip
extension, knee extension, ankle plantarflexion and ankle dorsiflexion among the
patient groups (p > 0.05). In addition, it was observed that mean knee flexion was
significantly  difference  between the pre-operative and the three-month
postoperative groups (p=0.013).

Following TKA for 6 months, the patients also had significantly decreased in
hip extension, knee flexion and knee extension compared with the control group;
p=0.003, 0.000, 0.000 respectively. Furthermore, the six-month post-operative group
had no significantly difference in hip flexion, ankle plantarflexion and ankle

dorsiflexion compared with control group (p=0.578, p=0.942, p=0.368).
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Quadriceps muscle strength were significantly decreased from 0.26 + 0.09
kef/KgBW in pre-operative group to 0.20 + 0.07 kegf/KeBW in the three-month
postoperative group (p=0.048). In addition, the strength of quadriceps muscle tended
to increase after surgery for six months (0.23 + 0.08 kgf/KgBW). No significant
difference was observed in hamstrings muscle strength among the patient groups
(p=0.690).

Knee extensor strength in pre-operative and six-month postoperative groups
were significantly lower strength than control group (p=0.000, p=0.000). Similar result
was observed in hamstrings muscle. Flexor muscles strength were significantly

decreased compared with the control group (p=0.000, p=0.000) (Table 6).
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All groups had normal iliopsoas muscle length. The six-month post-operative
group had significantly increased in muscle length compared with the pre-operative
and three-month post-operative groups (p=0.001). In addition, iliopsoas muscle
length of control group was no significantly difference compared with the pre-
operative and six-month post-operative groups (p=0.392, p=0.632).

Participants had tightness of knee extensor length. In patient groups, the data
revealed that there was no significantly difference in quadriceps muscle length
among the groups (p=0.078). Likewise, the pre-operative groups had no significantly
difference in knee extensor muscle length compared with control group (p=0.688).
Moreover, the six-month post-operative group had significantly increased in knee
extensor length than control group (p=0.043).

The hamstrings muscle length was normal in all groups. There was no
significantly difference in knee flexor muscle among the patient groups (p=0.474).
Furthermore, the result presented that hamstrings muscle length of control group
was no significantly difference compared with the pre-operative and six-month post-

operative groups (p=0.803, p=0.582).

All participants had tightness of gastrocnemius muscle length. There was no
significantly difference among the groups in gastrocnemius muscle length (p=0.806).
Additionally, the pre-operative and six-month post-operative groups had no
significantly difference in gastrocnemius muscle length compared with control group

(p=0.525, p=0.246).
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The mean absolute measures of the knee flexion were not significantly
difference among the patient groups (p=0.319). In the same test positions, the mean
absolute errors of pre-operative groups had no significantly difference compared with
control group (p=0.642). After surgery for 6 months, it was found that the absolute
error of knee flexion had no significantly difference compared with the control group
(p=1.141). Besides, the average absolute error values of the knee extensor were not
significantly difference among the patient groups (p=0.267). There were no
significantly differences between the pre-operative and control groups with respect
to the knee extensor absolute error (p=0.093). When compared the knee extensor
absolute error between six-month postoperative and control groups, it was showed

no significantly difference of the two groups (p=0.756).
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For all the analyzed parameters, the value of the differences among the
results obtained in patients with the eyes closed and eyes opened trials had no
significantly difference in the study groups (p> 0.05). Also, there were no statistically
significant differences in the results of eyes closed and eyes opened between the
pre-operative and control groups (p=0.071, p=0.249). Additionally, the areas of COP
between six-month post-operative and control groups were not significantly

difference in the eyes closed and eyes opened (p=0.621, p=0.226).
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The results revealed that the pre-operative group had significantly decreased
in speed (0.61 + 0.13 m/s vs 1.03 + 0.16 m/s; p = 0.000), increased stride width (0.13
+ 0.05 m vs 0.09 + 0.02; p = 0.001), shorter stride length (0.79 + 0.23 m vs 1.11 + 0.11
m; p = 0.000), and reduced step length (0.40 + 0.09 m vs 0.56 + 0.06 m; p = 0.000)
compared to the control group. Following six-month post-surgery, the
spatiotemporal parameters were significantly different compared to the control group
(Table 1). In term of any parameters were found no significant difference among the
patient groups, while the gait speed of TKA at six months was found to be higher
than those with TKA at three months (p = 0.005).

At the swing phase, the height of MTC in control group was similar to those
pre-operative group (p = 0.199) (Table 10, Figure 41). Likewise, the six-month
postoperative groups demonstrated that same MTC height as the control group (2.43
+ 0.72 cm vs 2.22 + 0.67 cm, p = 0.347). In addition, the MTC height exhibited no
significant difference among the patient groups (p=0.187). At the time of MTC, the
pre-operative group showed significantly higher hip flexion than the three-month
postoperative group (p=0.030). The knee flexion and ankle dorsiflexion were not
different among the patient groups (p=0.464, p=0.386). After surgery for six months,
the hip flexion and the knee flexion had significantly decreased compared to control
group (p=0.000, p=0.000). However, there was found no significantly different in ankle

dorsiflexion between the groups (p=0.692).
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Figure 42 The line graph represented the swing phase which was the time
when the foot is airborne during one gait cycle i.e., operated foot toe-off to operated
foot initial contact while crossing the obstacle. Toe clearance of the knee OA groups
had no significant differences at the initial phase (0-34%) of the swing phase, mid-
swing phase (34-65%), and terminal swing phase (65-100%) (p = 0.212, p = 0.485, p



88

= 0.564). Also, the toe clearance data between the control and six-month
postoperative groups had no significant differences at the initial, mid-, and terminal

swing phases (p = 0.261, p = 0.122, p = 0.890.).
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Figure 43 Toe clearance over the obstacle at 5 cm
IObstacle

In the knee OA patient groups, it was found that toe clearance heights had no
significant differences throughout the swing phase when crossing over the obstacle
(Figure 43) (p = 0.587, p=0.183, p=0.604). In comparison, toe clearance of the control
group was higher than that of the six-month postoperative groups at the initial swing
phase (p = 0.004). Nevertheless, toe clearance heights of both groups were not

significantly difference at the mid- and terminal swing phases (p = 0.363, p = 0.560).
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Figure 44 Toe clearance over the obstacle at 10 cm
I Obstacle

Toe clearance of the knee OA groups illustrated no significant difference in
the swing phase (Figure 44) (p = 0.474, p = 0.767, p = 0.744). Furthermore, the toe
clearance of control group was significantly higher toe clearance at the initial phase
(p = 0.001) and smaller toe clearance compared to the six-month postoperative
group at the terminal swing phase (p = 0.035). Besides, the toe clearance value of
both groups was not significantly different in the mid-swing phase (p = 0.470).

When the patient groups stepped with their operated limb to cross all
obstacles in accordance with figure 42-44, their gait cycle and toe trajectory had a
similar pattern of movement in all conditions of the swing phase. As stated earlier,
movement of the foot during the swing phase comes in contact with the surface or
obstacle can cause tripping (24-26). Therefore, the initial swing phase is the primary
marker which involved the tripping accident because the foot position is close to the
object. Considering at the slope of the line graphs. At the initial swing phase, the line
graphs of toe trajectory in the knee OA groups were exhibited in a similar pattern and
had no significant changes in the slope of the trajectory at all conditions as follows:

slope at 2.5-cm, 5-cm, and 10-cm obstacle; p = 0.297, p = 0.930, p = 0.558.
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Additionally, the slopes of the six-month postoperative group were smaller than
those control group at 5-cm and 10-cm obstacles (p = 0.028, p = 0.010), except the
slope of 2.5-cm obstacle (p = 0.060).
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% Initial swing phase
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2.5-cm obstacle 5-cm obstacle 10-cm obstacle

& Control - Pre-operative 8 Post-operative 3mo — Post-operative 6mo

* Significant differences between pre-operative and CG and ** Significant differences between post-

operative 6mo and CG are reported with a significance value set at P<0.05

Figure 45 Swing phase during walking before stepping over the obstacles

Before crossing over the obstacles, the participants put forward their lower
extremities higher than the obstacle heights at different time points of the initial
swing phase (Figure 45). Comparison among the patient groups revealed no significant
difference time points at the initial swing phase of 2.5-cm, 5-cm, and 10-cm obstacle
heights (p = 0.872, p = 0.386, p = 0.819). At 2.5-cm obstacle height, pre-operative
group had no significantly different time point compared with control group
(p=0.100). At 5-cm and 10-cm obstacle heights, the pre-operative group showed the
decreased time points compared with the control group (p=0.010, p=0.000).

In addition, the six-month postoperative group had no significantly different
time points compared with the control group at the 2.5-cm obstacle height (p =

0.110). At 5-cm and 10-cm obstacle heights, the six-month postoperative group could
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not swing the leg faster than control group (p = 0.003, p = 0.000). In order to clear

the top of the obstacle, postoperative patients tended to lift their limb higher with

an increase in the obstacle height. However, the patients still moved their leg slower

than the control group at the initial swing phase.
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Figure 46 Sagittal kinematics of the hip, knee, and ankle when walking over
the obstacle at 2.5 cm; positive hip joint angle, flexion; positive knee joint angle,

flexion; positive ankle joint angle, dorsiflexion

Figure 46 illustrated that the pre-operative group had higher hip flexion at
initial swing than the six-month postoperative group (p = 0.003). At mid-swing and
the terminal swing phase, the pre-operative group still had significantly increased hip
flexion compared to the three-month postoperative group (p = 0.016, p = 0.036).
However, the six-month postoperative group had significantly decreased hip flexion
compared to the control group when crossing over the obstacle of the swing phase
(p = 0.002, p = 0.001, p = 0.013).

No significant differences in knee flexion were found at the initial, mid-, and
terminal swing phases (p = 0.430, p = 0.088, p = 0.802) among the patient groups. In
addition, the six-month postoperative group had reduced in knee flexion compared
to the control group at the initial and mid-swing phases (p = 0.000, p = 0.000).

At the ankle, the pre-operative group had higher ankle dorsiflexion compared
to the postoperative groups throughout the swing phase (p = 0.335, p = 0.948, p =

0.085). Following the surgery, no significant differences were observed at the ankle
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dorsiflexion of the six-month postoperative group compared to the control group (p

= 0.247, p = 0.948, p = 0.085).
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Figure 47 Sagittal kinematics of the hip, knee, and ankle when walking over
the obstacle at 5 cm; positive hip joint angle, flexion; positive knee joint angle,

flexion; positive ankle joint angle, dorsiflexion

At the hip, the pre-operative group exhibited greater hip flexion at initial and
mid-swing phases compared to the postoperative groups (p = 0.003, p = 0.008). At
terminal swing phase, the results showed hip flexion of the pre-operative group was
higher than the three-month postoperative group (p = 0.027). After surgery for six
months, the hip flexion was significantly decreased throughout the swing phase
compared to the control group (p = 0.001, p = 0.000, p = 0.005).

When crossing over the obstacle, the patient groups exhibited no significant
differences in knee flexion at the initial, mid-, and terminal swing phases (p = 0.344, p
= 0.209, p = 0.599). Further, the six-month postoperative group had decreased in
knee flexion compared to the control group at the initial and mid-swing phases (p =
0.000, p = 0.000).

There were no significant differences in ankle dorsiflexion among the patient

groups throughout the swing phase groups (p = 0.552, p = 0.944, p = 0.665). Similarly,
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the patients following TKA in the sixth month indicated no significant difference in
ankle dorsiflexion compared with the control group throughout the phase (p = 0.074,

p =0.271, p = 0.461).
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Figure 48 Sagittal kinematics of the hip, knee, and ankle when walking over
the obstacle at 10 cm; positive hip joint angle, flexion; positive knee joint angle,

flexion; positive ankle joint angle, dorsiflexion

At the hip, the pre-operative group had higher hip flexion compared with the
three-month postoperative group at the initial swing (p = 0.002) and the ranges of
this group were also higher than the postoperative group from the mid-swing to the
terminal swing phase (p = 0.003, p = 0.022). Besides, the six-month postoperative
group displayed significantly decreased hip flexion throughout the swing phase
compared to the control group (p = 0.001, p = 0.000, p = 0.010).

No significant differences in knee flexion was found for the patient groups at
the initial, mid-, and terminal swing phases (p = 0.333, p = 0.479, p = 0.756).
Additionally, the six-month postoperative group showed a decrease in knee flexion
at the swing phase compared with the control group (p = 0.000, p = 0.000, p =
0.001).

From the initial to the terminal swing phase, the patient groups displayed no
significant difference in ankle dorsiflexion among the groups (p = 0.459, p = 0.824, p

= 0.768). In addition, the six-month postoperative group had showed no significant
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difference in ankle dorsiflexion compared to the control group at the swing phase (p
= 0.100, p = 0.617, p = 0.487).

The results revealed the six-month postoperative group had decreased in hip
flexion, knee flexion, and increased in ankle dorsiflexion at all the swing phases when
walking over the obstacles. It could be suggested that the kinematics of the lower
extremity had not completely returned to their normal function although the patient

had improved in walking pattern from total knee arthroplasty.
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CHAPTER V

DISCUSSION

The present study found that no significant differences in participant
demographics were observed between pre-operative group and control group for
age, height and skeletal muscle mass. The mean body weight (61.43 + 10.69 kg) and
BMI (27.09 + 3.63) of the pre-operative group was significantly greater than the mean
of those (54.34 + 8.08 kg, 22.99 + 2.80) control group. Although the researcher
attempted to match knee OA participants to healthy control for body weight and
BMI, the differences of these variables between groups in current study were similar
to what others had reported in earlier for participants of the same age range with
knee OA (126, 127). According to previous reported, the body mass in an individual
increase was associated an increased risk of knee OA onset and progression (128).
Similarly, the increased in weight or adiposity excess were prevalent condition of the
disease in knee OA patients (129). Additionally, the three-month postoperative group
had difference in mean tibiofemoral angles compared with pre-operative group. It
was suggested that the knee joint alignment was improved closed to normal knee
alignment after surgery (130).

Changes in lower extremity movement were observed following the surgery.
The six-month TKA patients had decreased in hip extension, decreased in knee
flexion and extension compared with control group. However, the values of those
TKA patients showed no significant difference in hip flexion, ankle plantarflexion and
ankle dorsiflexion compared with control group. Generally, the researchers mostly
performed the knee range of motion i.e. knee flexion and knee extension. Siow et al.
conducted knee join motion in 2-year TKA patients among three ethnic groups,
namely, Chinese, Malays, and Indians. The data found no differences for flexion and
extension among the ethnic races preoperatively. The average knee flexion was

114.8-116.1 degrees and knee extension was 4.8-7.4 degrees. After surgery, the ROM
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revealed that the patients had no significant knee flexion but the knee extension was
decreased (131). Additionally, Mutsuzaki et al. studied the time course of
improvement in knee ROM for up to 12 months after TKA. At pre-operatively, the
mean value of knee flexion was 118.5 + 18.3 degree; knee extension was 8.7 + 9.6
degree. After surgical for 12 months, the patients had 113.6 + 15.3 degrees of knee
flexion and 1.5 + 3.8 degrees of knee extension. Researchers suggested that the
alteration of knee flexion was plateaued three months following TKA and the
changes in knee extension was plateaued six months following TKA. In order to
maintain knee joint motion, the patients should continue rehabilitation from 3-12
months for knee flexion and from 6-12 months for knee extension (132). As
mentioned earlier, the patients had slightly improved knee flexion after surgery
compared with pre-operative group. However, the values of those TKA patient could
not reach at the knee flexion level of the control group. It may be stated that
preoperative soft tissue condition can influence the postoperative flexion and
extension angle. Even though they had corrected knee alignment and improved
quality of life, the range of motion was revealed movement deficiency due to
decreased quadriceps and hamstrings muscle strength.

Considering leg muscle strength after TKA respected to gait kinematics. In the
current study, quadriceps muscle strength in the six-month postoperative groups was
significantly lower than control g¢roup. Likewise, Schache et al. performed the
systematic review to determine lower limb strength following TKA. The results
illustrated that TKA patients had weaker quadriceps than the controls at time period
postoperatively (4-6 months, 1-3 years or greater than 3 vyears). In addition,
hamstring muscles strength in patients 4-6 months following TKA had decreased
compared with control group. Hamstring strength for patients 1-3 years post-
operatively also showed weakness and no significant difference in hamstring strength
at more than 3 vyears post-operatively (133). Accordingly, Lauermann et al.
investicated muscle strength in elderly adults with TKA for 4-8 months. The data

showed that quadriceps muscles strength of the patients were weaker than the
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control group (134). Yoshida et al. designed a structured and progressive
rehabilitation protocol for the TKA patients. After finishing the program, the patients
were conducted maximal voluntary isometric contraction of the quadriceps femoris
muscle strength. It was found that the TKA patients also had decreased in muscle
strength compared with control group even though they had rehabilitation program
(135). As mentioned previously, patients continually presented weakness of
quadriceps following TKA and had not reached levels similar to control group. The
persistent phenomenon of knee muscle weakness could be related the long-term
outcomes of OA on knee structures, the severity of soft tissue injury produced by
TKA surgery, and arthrogenic muscle inhibition (134). Arthrogenic muscle inhibition is
a reflex response after joint injury. This response had inability to completely contract
of the muscle and protect it from further damage. Thus, the protective mechanism
might be led to lower leg muscle weakness (136, 137).

Following 6-month TKA, the patients had a normative range of values for
muscle length in the hamstrings, iliopsoas compared with control group. Both groups
had gastrocnemius and quadriceps muscle tightness. Although, the six-month
postoperative group show slightly increased in degree of quadriceps muscle length. It
could be suggested that the patients were given exercise prescription such as knee
range of motion exercise (flexion/extension), walking exercise by orthopedic surgeons
in order to enhance physical performance whereas the control group had not
performed following the instruction.

In the current study found that the six-month postoperative group had no
significant difference in joint position sense (knee flexion and extension) compared
with the control group. Considering of the knee joint extension test, the absolute
error angle of the six-month postoperative group was slightly higher than control
group. Wada et al. investigated the active knee joint position sense in the elderly
patients with posterior cruciate ligament retaining prosthesis. The results revealed
that pre-operative group had the mean absolute angular error at 4.4 + 2.4° and the

values had changed to 3.6 + 1.9° after 18-month surgery. When compared the
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absolute angular error with the control group (2.4 + 1.1°), those values of
postoperative group showed significantly increase (138). The average absolute angle
error range might be differed from the current study due to the patients still had
partially parts of the knee receptor. Similarly, Mahmoudian et al. examined the
effects of proprioceptive input in patients with early and established knee OA
compared to asymptomatic controls. The patients performed active repositioning
test in sitting position. At 20° flexion, there were no significantly different
repositioning error among the groups but the established OA group showed slightly
high repositioning error values compared to the control group (139). From this
previous study, it had been manifested that knee OA patients had been associated
with proprioceptive deficits (140). Thus, knee OA patients might deliver inadequate or
distorted proprioceptive information to their central nervous system (141).
Additionally, active tests of knee proprioception had been performed using
concentric-to-isometric quadriceps and hamstring muscles actions (121). These
actions quite related to function of the joint mechanoreceptor and muscle spindles
which had important roles in joint position. The severity of OA pathology can cause
the alteration in knee receptors (142, 143). In the current study was suggested that
performing knee surgery might be effected the proprioceptive sensory due to the
patients had resected the cruciate ligaments. The surgical technique may affect in
joint position sense as well because it acted directly to muscle fibers that could
contribute to muscle spindle impairment (144). Thus, differences in absolute error
angle could be described by differences in severity of knee OA and consequently to
the joint mechanoreceptor which was presented in the six-month postoperative
group compared with control group.

Patients with six-month TKA tended to decrease in single leg balance
compared with the controls. Similarly, Butler et al. conducted single leg balance in
12-month TKA patients. The patients had passed single leg balance for 10 s with their
eyes open at the rate 69% (145). Moutzouri et al performed the systematic review

which involved in the effects of TKA on balance and incidence of falls. The resulted
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presented TKA patients had improved in static-limb stance about 60% after 11- day
surgery compared with pre-surgery group (71). In addition, there was the related
literature which studied of the effects of postural stability with double-limb standing.
Shin et al. examined static ability balance of patients after TKA. The data revealed
TKA patients had decreased in static balance compared with the control group (146).
As mentioned earlier, it could be suggested that the maintaining standing balance
with the single leg depended on the knee joint proprioception. However, the TKA
patients had loss the knee joint proprioception due to the surgical treatment. Thus,
the patient could not reach the level of single balance compared with the control.
Spatiotemporal gait parameters were examined among the patient groups
during level walk. These characteristics were presented that the patients following
TKA for six months exhibited improvement in spatiotemporal gait parameters, i.e.,
the six-month postoperative group was walking faster than the three-month
postoperative group. When compared those variables to the control group, the six-
month postoperative group still had slow walking speed, increased in stride width,
decreased in stride length and step length. The previous study presented that the
elderly adults walked with larger step widths because they tried to control their
body posture during walking (147). In addition, other researchers also suggested that
decreased in stride length and gait speed in knee OA patients caused by the
mechanoreceptors damage in the proprioceptive system from the degenerative joint
disease (34, 147). Even though the changes achieved with surgery were associated
with knee pain release, collected knee alignment and improved gait ability,
participants with TKA could not gain walking performance as the same as healthy
individuals. For MTC, the study findings indicated that the patients with TKA surgery
for six months had a decrease in slope of TC at the initial swing phase and tend to
slightly decrease MTC closed to the control group during level walk. At the time of
MTC, the six-month postoperative group had significantly decreased hip flexion and
knee flexion compared to control group. A similar phenomenon was observed in

knee OA patient who had no surgical treatment, the result indicated that the MTC
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height of knee OA participants was found to be resemble to asymptomatic controls
even though the significant differences in the joint motion of the hip, knee, and ankle
of the affected lower extremity reached the same height (148). A restricted knee
flexion was frequently described in knee OA patients with or without knee surgery
which had been aspect to the decreased range of motion of the affected limb (99,
149). The patients who had limited in knee flexion might not be efficient in achieving
higher foot clearance and this could be an important problem in case that obstacle
clearance was required. The patients who had conservative treatment or undergone
TKA compensated their lower extremity movements to accomplish mobility
functions. It could be suggested that the progressive knee OA patients had negative
effect on sensorimotor skills including proprioception (150) and neuromuscular
control. The inefficient of sensorimotor demonstrated with movement patterns and
muscle weakness. Furthermore, these problem had been represented carry on with
TKA patients (98, 151). Thus, the degrade of sensory information in knee receptors
which manifested as the gait movement pattern change could contribute to tripping
during walking.

Generally, all groups of the knee OA patients exhibited no significant
difference in toe clearance height when they crossed over the obstacles (2.5 cm, 5
cm, and 10 cm) at initial and mid-swing phase. After surgery for six months, the
patients showed no significant difference in toe clearance at 2.5-cm obstacle height
compared to the control group. At the same period, they illustrated decreased in toe
clearance compared with control group while increasing the obstacle height (5 cm
and 10 cm) at initial swing phase. In contrast, Byrne et al. had examined knee OA
patients and undergone unilateral posterior cruciate-retaining knee replacement
while walking crossed a 6 or 18 cm obstacle. The results reported that the patients
had higher toe clearance of the affected limb than that of control group at all
different heights. To maintain the toe clearance ability, the patients usually showed
the increased hip hiking and hip flexor work during swing over the obstacle (39). It

also appeared that toe clearance height and toe trajectory of TKA patients were



104

varied due to the effect of different surgical techniques. In the current study the
patients with TKA had resection of anterior and posterior cruciate ligaments.
Therefore, the gait movement pattern especially the knee joint could be altered
knee joint function because proprioceptive sensory loss is presented. Besides, Lu et
al. performed obstacle crossing in elderly adults with bilateral knee OA. It was found
that the patients were able to cross obstacles of heights of 10%, 20% and 30% of
their leg lengths. During swing the lower limb, the patients presented in decreased
knee flexion and increased ankle dorsiflexion. Additionally, toe clearance of the
patients was higher than healthy adults (38). It may be concluded that progression of
knee OA and typical surgery treatment were involved impaired proprioceptive of the
knee that could be effect on gait movement. Although, all groups of the patients are
able to cross the obstacle by using compensate biomechanics of lower extremity.
These affects may influence on the risk of falls especially in knee OA patients
undergoing TKA.

Interestingly, the patients following TKA surgery for six months exhibited a
decrease in slope of the toe trajectory at the initial swing phase compared to the
control group (5-cm and 10-cm obstacles). In addition, they had tended to swing
their legs faster the pre-operative group and showed the movement of their legs
slower than the control group when lifting their leg off the ground before crossing
the obstacles. These circumstance which occurred at the initial swing phase were
relatively crucial because the toe moved close to the obstacles and it might lead to
a trip-related fall. Furthermore, toe clearance of the surgical limb was manifestly
relative in the lower extremity joint kinematics when swing the lower limb crossed
over the three different obstacles (2.5 cm, 5 cm, and 10 cm) (Figure 45-47). The six-
month postoperative group exhibited a significant decrease in hip flexion and knee
flexion compared to the control group. On the other hand, there was no significant
difference in the angle of ankle dorsiflexion of both groups. Likewise, Byrne et al.
investigated the kinematic analysis of the gait over the obstacles. The TKA patients

had decrease in knee flexion and increase in hip hiking compared with the control
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group (39). The study of the affected-limb kinematic movement over the obstacles
usually reported a significant decrease in knee flexion. The related study suggested
that TKA patients might recognize chronic osteoarthritic motor pattern in human
walking because they had walking with the OA knee pattern for many years.
Following TKA surgery, they had not been accustomed to walking with their implants
(152). For this reason, kinematic gait variables of TKA patients were particularly
different compared with the control group. Accordingly, another possible reason of
biomechanical change might be related to the effect of knee osteoarthritis
pathology. Knee OA patients commonly had deformity of lower extremity was known
as genu varum deformity. The negative outcomes of this deformity were affected
lower limb function, biomechanical changes in the pelvic, leg and ankle joints, an
alteration in muscle tension, a change in the tension of the outward knee ligament,
and a signal adjustment circuit transferred from their mechanical receptors to the
central nervous system (82). These numerous changes as mentioned previously were
related to gait mechanics during walking, particularly to neuromuscular changes,
which had a negative impact on proprioception (34).

Normally, knee joint proprioception derived neural input from
mechanoreceptors in joints, muscles, tendons, and skin. Subsequently, the afferent
input was conducted the information to integral motor learning and the proceeding
program of complex movements at supraspinal centers (153). Joint
mechanoreceptors had capability to detect the actual joint position and joint motion
and integrated the signals at the higher level. Then, they also transferred the sensory
signal feedback such as proprioception, modulates and activates knee muscles to
the joint. Thus, knee joint proprioception is essential for neuromotor control due to
it had ability to accurate modulation and activation of muscles that related to
physical performance task (154-156). When natural movement is initiated, the central
pattern generator (CPG), which is a neural circuit in the spinal cord, regulates the
basic rhythm and neural activation pattern. The pattern-generation in human is

involved the rhythmic activation of motor neurons and left-right alternation (91).
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Additionally, the control of locomotion involves the use of sensory input from a
variety of sources in the visual, vestibular and proprioceptive systems. During walking
or crossing over the obstacles, the movement pattern is regulated by the
multisensory afferent input. In order to control the activity of the leg muscle,
extensor muscles are principally regulated determined by proprioceptive feedback,
and the flexor muscles are mainly controlled by higher center (92). In the current
study, knee OA patients with TKA had cut out the cruciate ligaments, the patients
demonstrated kinematic gait alterations i.e. decreased hip flexion and decreased
knee flexion. It could be said that the afferent input which derived from the ankle
joint had decreased the gain of some reflex pathways to the higher center as a result
of absence of knee proprioceptive ability while the patients crossed over the
obstacles. Therefore, the interpretation of the signals from lower limb such as the
ankle, knee, and hip joint receptors were unavailable. It was reasonable to assume
that pathology of knee osteoarthritis and the effects of TKA produced gait movement
pattern alteration and a trip-related fall because of sensory processing disorder in the
knee receptors. To clarify another possible explanation that effects of the
abnormality gait pattern when crossing over the obstacles. The sensory input from
visual field could be considered. Earlier research determined the role of visual
information. The data revealed visual information during obstacle crossing can be
used a feedforward which defined as the use of visual information in order to viewed
the situation prior to crossing the obstacles. These characteristic can provide the
adjustment of toe clearance for the individuals when stepping prior to crossing (157,
158).

In summary, the patients with 6-month postoperative TKA had improved in
walking speed and negatively impacted quadriceps strength and slightly decreased in
static balance. Before stepping crossed over the obstacles at different heights, they
still moved their leg slower and displayed reduced the slope of the TC trajectory at
the initial swing phase. To clear the top of the obstacles, postoperative patients

tended to lift their foot higher and moved the lower limbs with different kinematic
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strategies (i.e., a decrease in hip flexion and knee flexion). These altered gait
movement pattern with decreased toe clearance had identified as risk factors for
tripping during obstacle-crossing due to the toe trajectory close to the ground
surface. Even if TKA patients had high satisfaction with their treatment in terms of
pain relief, functional recovery, and improved in the quality of life. The effects of
surgical treatment could not bring them to reach the normal gait pattern. Therefore,
training program of lower extremity such as strengthening of lower limb muscle or
balance training exercise may be an important component of the effective
postoperative rehabilitation programs. Further study is needed to investigated training
program in hip flexor/extensor muscles, knee flexor/extensor muscles and balance
training exercise in TKA patients during walking over the obstacle or situation with a

lisht-adjustable room in order to maintain physical performance after TKA.
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191 (Toe clearance and lower limb kinematics during swing phase of walking over the obstacles in

postoperative total knee arthroplasty.)
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(Screening Questionnaire)
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Thai version of KOOS

The consistency of the translated Thai version of KOOS to the original English version has been
evaluated and approved by 3 Thai physical therapists who have had clinical and research
experiences in knee osteoarthritis (OA)1. The test-retest reliability was assessed using Intraclass
correlation coefficents (ICC) and Cronbach’s alpha within 5 domains. There were 25
participants (18 fermales, age 63.4+7.0) in the study. High reliability (ICC = 0.78-0.82) for pain
and activity daily living domains and acceptable reliability (ICC = 0.71-0.72) for sport and
recreation and quality of life domains were found while lower but still acceptable ICC = 0.45)
far symptoms were recorded. Cronbach’s alpha for internal consistency reliability from all

derrains was 0.9.

Constructed walidity was assessed using Soearman’s corelation coefficlent to test the

nship of eacn KOOS domain to muscle strengtn and Aggregated functional performance
time, includine walking 15 melers, get up from chair and walk 15 meters, ascending and
descending 11 steps of stairs. Data obtained from 48 participants (37 ferales, age 66.15+7.32)

showed moderate correlation of 2 domains of KOCS inciuding sport and recreation dornain

and qualty of Ufe doma™m to knee fiexor and extensor muscie strength of the <nee OA side

(r =0.35-0.5). Outcomes from 4 domains except pain dornaln showed moderate correlation to
AFPT (r = 0.38-0.5)

Thai version of KOOS was used in a clinical study as a self-reported functicnal outcome after
d-week simpie home-based exercise in participants with knee OA 2. It was alsc been used to
evaluate the functional outcome after autologous chondrocytes implantation for traumatic

cartilage cefects of the knee3,4.

Information about the Thai version of KOOS can be required from:

Kanda Chaipinye, PT, PhD. wetes e Tadely

Physical Therapy Division, aann1en i1 Un pusarvEans
Faculty of Health Science, W IMNRUFSUATUNT LT
Srinakharinwirot University. DInsng uATLTEN 26120

INSTITUTIONAL REVTF 'L 2
Faculty of Medicine, ¢

b8 460

TRB NOwwwereirsormmsnssl i

Date of Approval,

e

130



Ongkharak, Nakhon-nayok, 26120 A1d kanda@swu.ac.th
Thailand.

Fax: int+ 66 37395438

Email: kanda@swu.ac.th
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APPENDIX D



WaUsEARIL TNy

wuuduiindayavesananainsgitnsauidy

/9/U N3

NAFABDU .,
LT O 1S iy
Muscle length test
Muscle Times Rt. The average Lt. The average
(degree) of Rt. Muscle (degree) of Lt. Muscle
length length
1
lliopsoas 2
3
1
Rectus femoris 2
3
1
Hamstring 2
3
1
Gastrocnemious
g
Leg length discrepancy
Part of LE Times Rt. Lt. Leg length
(cm) (cm) difference (cm)
ASIS to joint space 1
(Femur length) 2
3
Joint space to 1
lateral malleolus 2
(Tibia length) 3
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Lower extremities range of motion

Joints Right leg

1 2 3

The average
of ROM
(degree)

Hip
Flexion/extension

(120°/20°)

Knee
Flexion/extension

(150°/0°)

Ankle

Plantarflexion/dorsiflexion

(50°/20°)
Joints Left leg The average
1 2 3 of ROM
(degree)
Hip
Flexion/extension
(120°/20°)
Knee

Flexion/extension

(150°/0°)

Ankle
Plantarflexion/dorsiflexion

(50°/20°)
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Leg muscles strength test

Right leg

1. Quadriceps muscle

/9/U N3

142

Test No. Baseline (volt) | Outcome (volt) | Different value Strength (kg)
(volt)
1
2
3

2. Hamstring muscle

Test No. Baseline (volt) | Outcome (volt) | Different value Strength (kg)
(volt)
1
2




Left leg

1. Quadriceps muscle

143

Test No. Baseline (volt) | Outcome (volt) | Different value Strength (kg)
(volt)
1
2
3

2. Hamstring muscle

Test No.

Baseline (volt)

Outcome (volt)

Different value

(volt)

Strength (kg)
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Active knee joint position sense test

Right leg
1. Knee flexion
Test No. | Starting position | Target position | Level of cross Absolute angle
(degree) (degree) bar (cm) error (degree)
1
2
3
2. Knee extension
Test No. Starting position Target position Level of Absolute angle
(degree) (degree) cross bar error (degree)
(cm)
1
2
3
Left leg
1. Knee flexion
Test No. Starting position Target position Level of Absolute angle
(degree) (degree) cross bar error (degree)
(cm)
1
2
3
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2. Knee extension
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Test No. Starting position
(degree)

Target position

(degree)

Level of cross

bar (cm)

Absolute angle

error (degree)

wuuduiindayavesananainsgiinsauidy

TYAUTEIUT IR e

Balance test

..................... 2/9/U NS

1. Single-leg stance with eyes open

Right leg Left leg
Path length 1 2 3 2 3
area (mm)
2. Single-leg with eyes close
Right leg Left leg
Path length 1 2 3 2 3

area (mm)
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