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Etiology of plantar fasciitis among novice conscripts is multifactorial. The
combination of all potential factors should be included for multivariate analysis to
determine the significant predictors. The present study aimed to identify the
intrinsic predictors of plantar fasciitis among novice conscripts. Two hundred and
seventy healthy male conscripts who were without lower back or lower extremity pain
prior to the commencement of military training were participated in this study.
Intrinsic  predictors which included individual, anatomical, and biomechanical
variables were assessed at baseline. After 10 weeks of training, 113 participants were
assessed again and classified as having (n = 71) or not having (n = 42) plantar
fasciitis. Multiple logistic regression was used to identify significant predictors. The
primary criterion variable was the presence or absence of plantar fasciitis. Current
results indicated that the conscripts with poorer quality of movement were two times
more likely to exhibit plantar fasciitis (OR = 1.996). The conscripts with
more femoral anteversion angle decreased the risk of presenting with plantar fasciitis
(OR =0.720). Regarding individual component, the conscripts with higher body mass
index and more stress level increased more risk of plantar fasciitis (OR = 1.238 and
1.110, respectively). In addition, the conscripts with higher physical exercises level
before military program reduced the risk of presenting with plantar fasciitis (OR =
0.242). In conclusion, multiple factors — especially individual characteristics and the
abnormalities from proximal region (other than foot and ankle) — contributed to the

prediction of the development of plantar fasciitis among Thai conscripts.
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CHAPTER 1

INTRODUCTION

1.1 Background and Rationale

Plantar fasciitis is an overuse syndrome that affects up to 15% of all adult
foot complaints and 10% of the population over the course of a lifetime. It
accounts for 8-10% of running or training related injury and 80% of heel pain (1,
2). Plantar fasciitis is the most common foot condition diagnosed by health care
provider. It has been estimated that more than 1 million patients with plantar
fasciitis seeking for professional care in each year (2, 3). Diagnosis of plantar
fasciitis is based on physical examination and patient history(4). Most patients
have medial heel pain at the origin of plantar fascia which is due to repetitive force
in weight-bearing position. They typically complain their first-step pain in the
morning or after non weight-bearing position for prolonged time; however, the
symptom will decrease gradually after walking for a few steps. Moreover, heel
pain is aggravated after prolonged standing, prolonged walking, barefoot walking,
tip-toe walking, and stair climbing (2, 3). On physical examination tests, the
findings generally reveal that patients’ sensations are intact. Patients with
moderate-to-severe heel pain may avoid shifting weight on the painful foot or walk
with antalgic gait. Palpation on medial side of the calcaneus will elicit stabbing or
sharp pain, radiating into the arch of the foot (4). The nature of pain from plantar
fasciitis is not usually disabling; however, it has impacts on the restriction of the
ability to perform weight-bearing activities in daily life, work, social and family

functions (5).
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The etiology of plantar fasciitis is probably multifactorial. The condition is
likely to occur in obese persons, working adults with sedentary life and young
adults with intense physical activity (3, 6). Regarding to the running or training
related with an overuse injury from plantar fasciitis, previous studies reported a
number of risk factors which included greater training frequency, training duration,
training on hard surface, inappropriate footwear, as well as sudden changes in
running variables such as distance, frequency, speed, and surface (6, 7). Anyways,
the inverse association was found between the previous physical activity level and
subsequent injury among military recruits during their training. Individuals with
higher level of physical activity had a trend to decrease the risk of overuse injury
(8).

Plantar fasciitis is an overuse injury that commonly related with prolonged
weight-bearing activities (9). Considering the training-related with injury, the
military program consists of high-load weight bearing exercises; thus, this
occupation may have higher risk to increase lower-extremity injuries (8, 10). The
previous study reported the highest prevalence of overuse injury at lower extremity
when compared with spine and upper extremity region among Thai military
recruits (11). Basic training program for Thai conscripts included long distance of
running for approximately 8 km per day, inverted crawls, hops, high jumps as well
as hiking with pack and equipment which might be related with a number of lower-
extremity injuries (11). However, the etiology among military trainees is not fully
understood. The condition is considered to be multifactorial and numerous risk

factors are implicated in its development.
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Furthermore, some anatomical and biomechanical factors were reported as
the main potential risk factors to develop the condition among the runners and the
military trainees (12, 13). The anatomical impairments from the previous findings
consisted of limited ankle dorsiflexion, limited 1% metatarsophalangeal joint
movement, heel pad thickness, flat arched foot, high arched foot, excessive
pronation of the foot, and calcaneal spur (6, 14-16). Repetitive microtrauma at
proximal attachment of the plantar fascia may induce the loss of fascia elasticity,
resulting in the reduction of medial arch height and excessive pronation movement
at midfoot (14, 17, 18). Plantar fasciitis feet are likely to be an excessive kinematic
version of normal foot mechanics (18-21). Compared with uninjured feet, plantar
fasciitis feet exhibited greater rearfoot motion in frontal plane, forefoot motion in
frontal plane, and higher arch flattening during the stance phase of gait cycle (21),
of which were consistent with the theoretical causation of plantar fasciitis (17).

Based on the concept of overload condition as seen in Figure 1.1, the change
in mechanical properties of the plantar fascia from its tensile overload leads to the

gradually anatomical alteration including ankle plantarflexors inflexibility and
weakness. This may affect the functional biomechanical deficit which involves the
abnormal gait adaptation (17). It has been postulated that there is anatomical
connection between Achilles tendon and plantar fascia; thus the tensile stress of
plantar fascia may increase the tension in Achilles tendon (22). Both the
inflexibility and deficit strength of Gastrosoleus muscles lead to the change of foot
kinematics during the stance phase of gait cycle (17). The inflexibility of
Gastrosoleus muscles causes an excessive midfoot pronation which is due to a

compensatory mechanism from a lack of ankle dorsiflexion movement during the
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midstance subphase; while the deficit strength of those results in restriction of
midfoot supination to provide arch stability during the propulsive subphase (1, 3,
23). Abnormal foot biomechanic such as excessive foot pronation may lead to the
functional change of lower-extremity kinetic chain that could provide the path of
least resistance to motion and the site of compensation for various proximal
structures such as lower extremity muscles, ankle joint, knee joint, and hip joint
(24).

In addition, the abnormal control of hip musculature, especially hip
abductors can also lead to the mechanic changes in lower parts during walking (25,
26). The hip abductors function to prevent a frontal plane pelvic drop during the
stance phase of gait cycle; the impairment may have kinematic consequences of
increased femoral adduction and femoral internal rotation, possibly followed by
tibial internal rotation which can lead to poor shock absorption and decreased
pronation control, resulting in the repetitive injuries of distal part and more tensile
stress of the plantar fascia during walking (25, 26). The previous study about hip
musculature control in foot and ankle pathology found that women with posterior
tibial tendon dysfunction had the lower strength and endurance of ankle
plantarflexors, hip external rotators, and hip abductors compared with the control
subjects (26). However, there is no similar study among the patients with plantar
fasciitis. Furthermore, the studies of kinematic changes in plantar fasciitis are only
emphasized on the foot motion using either single-rigid foot model or multi-
segment foot model without the consideration of pelvic, hip and, knee kinematics

(18, 20, 21, 27). Therefore, further studies are needed to investigate the kinematics
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difference of the lower extremity between individuals with plantar fasciitis and
healthy subjects.

Repetitive microtrauma at proximal attachment of plantar fascia may
enhance anatomical alteration of lower extremity including both the inflexibility
and deficit strength of Gastrosoleus muscles that lead to the change of foot
kinematics during the stance phase of gait cycle (17). The previous study reported
an excessive foot kinematics as well as a decreased arch height (21) among
individuals with plantar fasciitis. Based on the review of literature, we assume that
multiple intrinsic factors including anatomical and biomechanical factors of hip
and knee may be also associated with plantar fasciitis, as hypothesized in Figure
1.2. Further studies are needed to compare the change in anatomy and
biomechanics of lower extremity between individuals with and without plantar
fasciitis. Therefore, the aims of the study are to determine the association between
intrinsic factors (individual, anatomical and biomechanical factors) and the
presence of plantar fasciitis and to investigate the differences of lower-extremity
kinematics between individuals with and without plantar fasciitis in Thai male

conscripts.
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Figure 1.2 Conceptual Framework of the present study

1.2 Research Questions

= Are there any associations between intrinsic factors and the presence of
plantar fasciitis in Thai male conscripts?
= Are there any associations between intrinsic factors and the average pain

intensity during last week from plantar fasciitis in Thai male conscripts?
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Are there any differences in lower-extremity kinematics between the
subjects with and without plantar fasciitis during the stance phase of gait

cycle in Thai male conscripts?

1.3 Research Objectives

To determine the associations between intrinsic factors and the presence of
plantar fasciitis in Thai male conscripts

To determine the associations between intrinsic factors and the average pain
intensity during last week from plantar fasciitis in Thai male conscripts

To determine the differences in lower-extremity kinematics between the
subjects with and without plantar fasciitis during the stance phase of gait

cycle in Thai male conscripts

1.4 Research Hypotheses

There are associations between intrinsic factors and the presence of plantar

fasciitis in Thai male conscripts.

There are associations between intrinsic factors and the average pain

intensity during last week from plantar fasciitis in Thai male conscripts.

There are differences in lower-extremity kinematics between the subjects
with and without plantar fasciitis during the stance phase of gait cycle in

Thai male conscripts.
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1.5 Operational definition
1.5.1. Extrinsic factors

Extrinsic factors are those that are from the outside of the body
(environment-related factors). These include competition level, skill level, shoe
type, ankle bracing, and playing surface (28).

1.5.2. Intrinsic factors

Intrinsic factors are those that are from within the body (person-
related factors) (28). The present study aimed to investigate the association between
intrinsic factors and the presence of plantar fasciitis among Thai male conscripts
who were under similarly extrinsic factors. The intrinsic factors could be
categorized into 3 factors consisting of individual, anatomical, and biomechanical
factors (7).

Individual factors included age, body mass index (the calculation

form of the weight and height), physical activity level, and psychological distress
(depression, anxiety, and stress) (29, 30).

Anatomical factors were composed of the bony factors and the soft

tissue factors. Bony factors involved with the lower-extremity alignment that could
only be altered surgically such as femoral anteversion or retroversion, quadriceps
angle, tibial torsion, and foot structure. And the soft tissue factors related to the
range of joint motion; the involved structures were muscle, tendon, and ligament
such as the muscle flexibility, muscle strength, and ligamentous laxity (12).

Biomechanical factors were defined as joint-related factors that

interact with the forces, moments and kinematics in and around the joints (31). In
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addition, these included the quality of movement or movement coordination that
referred to the biomechanics of the lower extremities, trunk and arms in relationship

with its surrounding during physical activities (32).

1.6 Scope of the study

The etiology of plantar fasciitis is probably multifactorial. Various factors
which are commonly used to explain the overload condition related with running
or training can be classified into two categories consisting of intrinsic and extrinsic
factors (6, 7). To clearly understand the intrinsic factors including anatomical and
biomechanical factors associated with plantar fasciitis, the present study will
conduct among the male conscripts with younger age ranged between 18 and 26
years; therefore the environmental or extrinsic factors of each subject are quite
similar. The other main reason to study among this specific population is due to
their overload weight-bearing trainings which could induce more injury from
plantar fasciitis. The previous study of Scher et al., collected the total numbers of
plantar fasciitis patients from the Defense Medical Epidermiology Database during
the years 1998 to 2006 among military recruits in the United States; the authors
revealed that the overall incidence rate of military recruits was 10.5 per 1000
person-years (10). Additionally, we recently conducted a survey study among male
conscripts (339 subjects) and found that the prevalent rate of plantar fasciitis was
23.6%. The conscripts reported their pain at foot region with the highest rate of
20.4% when compared with other regions including lower leg region of 16.5%,

upper leg region of 14.5%, ankle region of 12.7%, and knee region of 9.4%
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respectively (Appendix A). The conceptual framework from the present study is

shown in Figure 1.2.

1.7 Expected benefit and application

The results from the present study could provide epidemiological
information about the risk factors of plantar fasciitis with regards to the anatomical
and biomechanical variables of lower extremity during basic military training in
Thai male conscripts. In addition, the kinematics differences of lower extremity
between individuals with and without plantar fasciitis were determined. The
knowledge was useful to prevent overuse injuries of lower extremity from military

training program.
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CHAPTER 2

LITERATURE REVIEW

2.1 Anatomy and functions of plantar fascia

Plantar fascia is a fibrous structure which consists of dense well-organized
collagen triple helix with minimal elastic fibers (23). It originates at medial tubercle
of the calcaneus and extends to each digit in three distinct bands including medial,
lateral and central bands. Medial and lateral bands are virtually thin structures that
provide the partial origins of the flexor hallucis brevis and the abductor digiti
minimi respectively (33). Regarding the central band, it originates from the medial
calcacaneus and obtains some fibers from the Achilles tendon. With 12 to 29-mm
width of triangular shape, it expands cover the plantar surface of the foot and
provides the partial origin of flexor digitorum brevis. It divides into five separate
bands at mid-metatarsal level; with each band proximally to the metatarsal head,
they divide again into superficial and deep tracts (34). For superficial tract, they
insert into the skin while the deep tract continue longitudinally to reach medial and
lateral sides of each digital flexor (35). Central band of plantar fascia is the most
structural and functional structure of the plantar fascia and often used to explain the

pathomechanism of plantar fasciitis (Figure 2.1) (24).
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Sole of left foot

Plantar aponeurosis

Figure 2.1 The anatomy of plantar fascia

Due to the triangular shape of plantar fascia (Figure 2.2), it functions to
support medial longitudinal arch of the foot during static stance and gait. To
understand the loading of plantar fascia, the foot acts as a truss which includes a tie-
rod or plantar fascia and the beams or osseous structures of the longitudinal arch
which include medial three metatarsals, navicular, cuneiforms, talus, and calcaneus
bones (33). During static stance, the superior border of the medial arch i.e. osseous
structures are under compression, while the inferior surface i.e. plantar ligaments
and plantar fascia are placed under tension. Plantar fascia acts as a spring or rope to
bind two beams i.e. heel and forefoot and provides primary passive support of the
medial arch (24). The tension of plantar fascia limits an elongation of medial arch or
prevents the arch from collapsing during both static stance and dynamic loading

(33).
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Figure 2.2 The triangle shows the truss formed by the calcaneus, midtarsal joint,
and metatarsals bone

Considering the function of plantar fascia during gait, it prevents excessive
medial longitudinal arch elongation together with eccentric contraction of toe
flexors muscles during the midstance subphase. An increased tension of plantar
fascia provides the arch stability and assists re-supination of the foot during the late
midstance and propulsive subphases (24). At toe off, the foot functions as rigid
lever arm via windlass mechanism or arch-raising mechanism. Extension of the 1
metatarsophalangeal joint pulls the plantar fascia which wraps the plantar side of
metatarsal head into downward movement. The plantarflexed position of the rays
raises the medial longitudinal arch and increases stability of midtarsal joint (Figure
2.3) (36). Thus, the plantar fascia plays an important role in supporting the arch
under different loading condition and assisting in toe off (36). The previous in-vitro
and in-vivo studies focused on the function of plantar fascia and its role to support
medial longitudinal arch. For example, Wright and Rennels conducted an
experiment design using human cadaveric feet to measure the arch elongation under
different loading conditions. They found that the higher load condition resulted in

the more flattening of the arch and the loss of plantar fascia elasticity which was
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calculated from a stress-strain curve (37). Similar to the other, the authors
concluded that the plantar fascia was the most passive structure to maintain medial
arch compared with other ligamentous structures such as spring ligament, short, and
long plantar ligament. They reported that the resection of plantar fascia led to 25%
reduction of its original arch stiffness which was the greatest reduction compared
with the others. Anyways, after the resection of four combined passive structures,
the arch stiffness remained 63% of its original stiffness (38). The in-vitro studies
supported the plantar fascia as the main arch stability during loading; however,
these studies could not determine the contribution of extrinsic and intrinsic muscles
of the foot which were vital to dissipate any loads on the foot and maintain arch
length during the stance phase of walking. To address these limitations, the in-vivo
studies were needed to measure additional supporting structures of the arch during

loading.

Figure 2.3 The starting position (a,c) and Windlass effect via an extension of 1°
metatarsophalangeal joint (b,d)

Dynamic control of arch stabilizer

Dynamic stabilizers that contribute to the medial arch support include

twelve extrinsic and nineteen intrinsic muscles. The leg muscles provide the
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strongest control of the foot during gait. They act as the force recruitment to propel
the body forward as well as the control of smooth progression through the stance
phase of gait cycle (24). The Gastrosoleus muscles are active to control
eccentrically of the tibia over the foot during the midstance subphase and then to
generate force for toeing off during the propulsive subphase. In addition to the
Gastrosoleus muscles, other ankle plantarflexors especially tibialis posterior also
acts to stabilize the medial arch during gait. Tibialis posterior is the strong invertor
which is active to prevent excessive calcaneal eversion during the midstance
subphase and provide the rigidity of the foot by locking the midtarsal joint during
the late stance and propulsive subphases (24). The previous in-vitro study (38) also
supported that the tibialis posterior acts as the main arch stabilizer under the 350 N
and 700 N loads. Similar to the in-vivo study of Basmajian and Stecko, the authors
reported that the arch stabilier muscles were less active under the smaller load; thus
the passive structures especially the plantar fascia were more active during this
condition. When the loading condition up to 400 pounds, the muscle supports were
primary facilitated instead. The results supported the function of plantar fascia and

arch stabilizer muscles under each different loading condition (39).

2.2 Epidemiology of plantar fasciitis

Plantar fasciitis is an overuse syndrome that affects up to 15% of all adult
foot complaints and 10% of the population over the course of a lifetime. It
accounts for 8-10% of running or training related injury and 80% of heel pain (1,
2). Plantar fasciitis is the most common foot condition diagnosed by health care

provider. It has been estimated that more than 1 million patients with plantar
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fasciitis seeking for professional care in each year (2, 3). Generally, plantar
fasciitis is a degenerative condition found among the older aged population;
anyways, the updated evidence found an increasing prevalence of heel pain among
younger aged population who spent more times with overload weight-bearing
activities especially in runners and military personnel. A prospective study among
166 runners found that 98 runners (59%) reported their lower limb overuse
injuries, with the highest incidence of plantar fasciitis (30 runners, 31%) (40). An
increasing number of activity-induced injuries which include plantar fasciitis
become the main public health problem due to its frequent occurrence, resulting in
an immobility and reduction of activity levels (41, 42).

In military environment, musculoskeletal training-related injuries are a
major problem which leads to a loss of time from work and a high cost of
treatment (41, 43). The recent study among 1,411 conscripts reported that 51% of
the participants suffered from overuse injury with the most frequent rate at lower
extremity (67%) followed by the back (18%) (8). The other study also documented
that the most common mechanisms of injury were overuse injury and
exacerbations of pre-existing condition of lower extremity respectively (44). The
pre-existing condition includes the previous history of musculoskeletal injuries
before the training which result in the sensitivity to aggravate more symptoms. The
musculoskeletal overuse injury is commonly insidious onset and associated with
repetitive weight-bearing activities; while other injuries such as contusions, blisters
and laceration are acute onset and not included in the musculoskeletal problem
(44). The previous studies found the high incidence of lower-extremity overuse

injuries ranged from 19% to 79% among military population (8, 13).
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During military training, running is the primary mode of maintaining
aerobic fitness; however, it is the main cause of overuse injury often seen in the
military personnel. Increase in running intensity and mileage has been contributed
to the injuries (8, 41). In addition to the running, other activities related to the
training such as load carriage, long distance walking, prolong standing, and
wearing of combat shoes may also attribute to the lower-extremity injuries (8, 41).
The previous studies found that the workers with mostly time of prolong weight-
bearing activities increased the risk of plantar fasciitis; anyways the evidence about
the prevalence of plantar fasciitis among military recruits is limited (9, 45).

The previous reviews of military training-related injuries clearly reported
the higher rate of injury associated with vigorous weight-bearing activities; and
plantar fasciitis was found to be the five most commonly diagnosed injuries (41,
44). The study of Scher et al. collected the total numbers of plantar fasciitis
patients from the Defense Mediacal Epidermiology Database during the years 1998
to 2006 among military recruits in the United States; the authors revealed that the
overall incidence rate of military recruits was 10.5 per 1000 person-years and
when compared with other recruits i.e. Navy, Air force, and Marine, the highest
rate was found among the Army recruits (14.8 per 1000 person-years) (10). Our
recent study among army recruits (339 subjects) from each military training unit in
Bangkok found that the prevalent rate of plantar fasciitis was 23.6%. Moreover,
the conscripts reported their pain at foot region with the highest rate of 20.4%
when compared with other regions including lower leg region of 16.5%, upper leg
region of 14.5%, ankle region of 12.7%, and knee region of 9.4% respectively

(APPENDIX A).
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2.3 Clinical presentation of plantar fasciitis

Plantar fasciitis is a common cause of chronic plantar heel pain which is
often results from the overuse injury of plantar fascia at its origin on medial
calcaneus. Diagnosis of plantar fasciitis is based on physical examination and
patient history (4). Most patients have medial heel pain at the origin of plantar
fascia which is gradually onset due to repetitive force in weight-bearing position.
They typically complain their first-step pain in the morning or after non-weight
bearing position for prolonged time; however, the symptom will be gradually
decreased after walking for a few steps. Moreover, heel pain is aggravated after
prolonged standing, prolonged walking, barefoot walking, tip-toe walking, and
stair climbing (2, 3). On physical examination tests, the findings generally reveal
that patients’ sensations are intact. Patients with moderate-to-severe heel pain may
avoid shifting weight on the painful foot or walk with antalgic gait. Palpation on
medial plantar calcaneus region will elicit stabbing or sharp pain, radiating into the
arch of the foot (4). The nature of pain from plantar fasciitis is not usually
disabling; however, it can lead to the reduction in both every day and sporting
activities (5).

Although plantar fasciitis is the most common cause of plantar heel pain, the
differential diagnoses are needed to exclude other causes from bone, soft tissue,

nerve, or systemic disease as described in table 2.1 (46).
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Table 2.1 Differential diagnoses of plantar heel pain

Source Pathology Clinical characteristics
Bone Calcaneal stress Diffuse heel pain which is aggravated
fracture immediately with any weight bearing
activities
Bone | Apophysitis of the Heel pain which is elicited by squeezed test
calcaneus and also aggravated by weight bearing
activities without any sign of inflammation
Bone Osteomyelitis Inflammation and swelling around the area of
infected bone
Soft Fat pad atrophy Heel pain which is centrally located and not
tissue presented during the first step in the morning
Soft Plantar fascia rupture | Acute onset of heel pain which is followed by
tissue ecchymosis at the origin of plantar fascia
Soft Calcaneal bursitis Posterior heel pain with the sign of
tissue inflammation
Nerve | Nerve entrapment Numbness and tingling pain over the heel, a
positive finding of Tinel test
Nerve | L5-S1 nerve root Positive finding of straight leg raising (SLR)
compression test
System | Tumor Constant heel pain which is not relieved
disease during rest or non weight-bearing period
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2.4 Pathomechanics of plantar fasciitis

The plantar fascia consists of dense well-organized collagen fibers with
minimal elastic fibers (23). Considering the mechanical properties of plantar fascia,
the elastic fibers are theorized to allow arch elongation during normal loading or
arch deformation under excessive loading of plantar fascia; while the collagen fibers
are theorized to increase tension of plantar fascia under arch elongation or
deformation (37). These histological findings supported that plantar fasciitis is due
to repetitive microtrauma at the proximal attachment of plantar fascia from
prolonged or overload weight-bearing activities. The constant loading inhibits the
normal repair process, resulting in collagen disorganization and collagen
fragmentation respectively (Figure 2.4). These degenerative changes lead to the
perifascial odema and then mechanical adaptation; thus the plantar fascia elasticity
is reduced and unefficient to resist tensile loading (14, 17).

Based on the concept of overload condition as shown in Figure 1.1, the
change in mechanical properties of the plantar fascia leads to the gradually
anatomical alteration rather than acute transition from normal to abnormal. The
anatomical alteration, for example, ankle plantarflexors inflexibility and weakness
may affect the functional biomechanical deficit which involve the abnormal gait
adaptation (17). It has been postulated that there is anatomical connection between
Achilles tendon and plantar fascia; thus the tension in Achilles tendon may increase
tensile stress of plantar fascia (22). During the midstance subphase of the gait cycle,
the inflexibility of Gastrosoleus muscles causes the excessive midfoot pronation
which is due to a compensatory mechanism from a lack of ankle dorsiflexion

movement (1, 3, 23). Regarding to the propulsive subphase, the excessive foot
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kinematics affect the inefficient recruits of ankle plantarflexors, resulting in an arch
instability during gait and the more tension force at the origin of plantar fascia as
well (21). Abnormal foot biomechanics such as excessive foot pronation may lead
to the functional change of lower-extremity kinetic chain that could provide the path
of least resistance to motion and the site of compensation for various proximal
structures such as lower extremity muscles, ankle joint, knee joint, and hip joint
(24). In addition, the abnormal movement control of hip musculature, especially hip
abductors also cause abnormal lower-extremity biomechanics such as femoral
internal rotation, tibial internal rotation, subtalar pronation and excessive midfoot
pronation as well, resulting in the repetitive injuries of distal part and more tensile
stress of the plantar fascia during walking (25, 26). The latter process is described

as negative feedback cycle of the overload condition as presented in Figure 1.1.

Constant overload
during weight bearing

A
Create micro-tears and/or
inflammation in the
musculotendinous origin of The presence of

the plantar fascia plantar fasciitis

A

\ 4

Inhibit normal repair process,
lead to collagen degeneration Cause structural changes and

and the reduction of plantar perifascial oedema
fascia elasticity

A 4

Figure 2.4 Pathomechanics of plantar fasciitis
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2.5 Factors associated with plantar fasciitis

The etiology of plantar fasciitis is probably multifactorial. The condition is
likely to occur in obese persons, working adults with sedentary life and young
adults with intense physical activity as well (3, 6). Plantar fasciitis often results
from the overuse injury of plantar fascia at its origin on medial calcaneus.
Repetitive movement of walking and running can cause microtrauma of the fascia,
leading to an acute inflammatory response and chronic degenerative condition or
spur formation at medial heel (2). Plantar fasciitis has its impacts on the restriction
of the ability to perform weight bearing activities in daily life, work, social and
family functions (5). The various factors which are commonly used to explain the
overload condition related with running or training can be classified into four
categories consisting of individual, environmental, anatomical, and biomechanical
factors (6, 7). The present study will conduct among the conscripts with younger
age ranged between 18 and 26 years; therefore the environmental or extrinsic

factors of each subject are quite similar.
2.5.1. Extrinsic factors

Regarding to the training-related injuries among military personnel,
extrinsic or environmental risk factors are difficult to modify; the attributed factors
may include the magnitude of running, load carriage as well as the wearing of
combat boots (47, 48). The higher magnitudes or volumes of impact force as
experienced during running or load carriage are a major risk factor for overuse
injuries (47). Many previous studies showed an association between running

volume and overuse injuries (7, 13, 44, 48). Adults commonly take an average of
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10,000 steps; anyways, this dosage increases with running. The ground reaction
force at the midstance subphase during running ranged from 1.5 to 5 times body
weight among both military population and competitive runners (49). Even with a
shorter run, ground reaction force and joint excursion are double in magnitude
compared with walking, resulting in more tension stress on joints and soft tissues of
the foot which include plantar fascia (18, 50). As described previously, the
repetitive stress from overload condition leads to the structural change of plantar
fascia (18). A number of studies among military recruits have demonstrated a dose-
response curve in relation to running and other weight-bearing activities; the
positive association is found between the presence of lower-extremity injuries and
the frequency, duration, and total amount of training (13, 41, 44). Additionally, the
less cushioning of combat boots is also the other contributed factor leading to the
higher volumes of impact forces. The previous study compared the mechanical
force between the combat boots and commercially available footwear; the results
showed the higher peak impact force at heel region in the military boots (41). A
shoe with higher impact force could absorb less shock; it consequently transmits
more forces to the musculoskeletal system, leading to the injuries of lower-limb
kinetic chain (41).

2.5.2. Intrinsic factors
a) Individual characteristics

Plantar fasciitis is a degenerative condition commonly found among
adults with aged over 45 years old. Anyways, the update evidence found the high
prevalence of the condition among younger adults whose activity related with high-

load training or running which lead to the repetitive micro tear and the mechanical
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properties change of the plantar fascia as well (14). And for body mass index
(BMI), many previous studies supported the strongly association between the
overweight and the presence of plantar fasciitis (1, 51, 52). The higher BMI may
lead to an additional stress to the plantar fascia which acts as the truss to support
medial longitudinal arch. The tensile force from body weight directs downwardly to
the metatarsal head and the heel; thus the tension within the fascia is increased
especially at its proximal attachment which leads to the periosteal lifting and
calcaneal spur formation as well (51).

Regarding to the training-related injuries, the previous studies found the low
level of past physical activity and previous musculoskeletal injuries to be attributed
factors of lower-limb overuse injuries among military population (8, 48). It has been
suggested that the patients with previous injuries especially at foot and ankle
regions may be more likely to experience re-injury due to the change of tissue
properties from the original tissue after repaired process, resulting in the
susceptibility to re-injury during vigorous physical training (14). The previous data
from epidemiological studies among the patients with plantar fasciitis reported the
reoccurrence of injuries ranging from 21 to 70% (14, 18). The specific regions of
lower extremity should be included for further studies to determine the association
of the previous musculoskeletal injuries and the presence of overuse injuries
including plantar fasciitis (14). The recent study also documented the association
between the low level of past physical activity and subsequent overuse injuries (8).
Mostly military training emphasizes on weight-bearing activities such as running,
marching, and load carriage which exert more load on lower limbs (13, 41). The

result from prospective cohort study found that the level of physical activity was a
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predictor for musculoskeletal injuries during intensive training (8). The high level
of physical activity may result in the body adaptation to prevent overuse injuries
when the conscripts are subjected to new strain; thus the untrained conscripts before
military entry may overload their musculoskeletal structures and tissues more often

than their active counterpart (8, 53-56).

b) Foot alignment

Generally, the foot functions as the shock absorption, body weight
support, and the gait propulsion via its rigid lever arm during the late stance phase.
At initial contact, the foot is in supinated position and then immediately changes
into pronation through the midstance subphase. The foot increases its mobility for
shock absorption within this period. When it reaches maximum pronation at the late
stance, the foot becomes supinated to increase the stability for propulsion (24). The
forces generated during each position may contribute the tension of the plantar
fascia which acts as the main medial arch support of the foot (24). Abnormal foot
function both excessive pronation and rigid supination lead to the more tensile
stress of the fascia at its proximal attachment (24). Structural deformity of the foot
such as forefoot varus and rearfoot varus may contribute an excessive foot
pronation during static stance and dynamic position (24, 57). The flattening arch
from the foot hypermobility can increase the stress of plantar fascia via an
elongation of soft tissue within the foot (24). A forefoot varus deformity is an
abnormal inverted position relative to the rearfoot which was commonly measured
in prone position. The compensated forefoot varus results in the more subtalar

pronation that allows the medial metatarsal head to contact the floor (58). Similar to
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the compensated rearfoot varus, the excessive subtalar movement brings the medial
heel to contact the floor as well (57, 59, 60). During gait, an excessive pronation of
the midfoot causes the arch instability or insufficient windlass mechanism during
the late stance that is needed for efficient propulsion of walking (24). The altered
timing during this period may disrupt the synchronous movement of the foot, tibia,
femur, and pelvic regions which lead to any injuries within the kinetic chain of
lower extremity (57, 61).

In addition, the presence of plantar fasciitis may result from an inability of
the foot to dissipate force during the midstance which is commonly found among
the patients with rigid pes cavus foot. Decreased shock absorption results from the
reduction of distance between metatarsal head and the calcaneus; the plantarflexed
first ray of high-arch foot leads to an increased tensile stress at the origin of plantar
fascia (24). The uncompensated rearfoot varus and compensated forefoot valgus
may contribute the movement of subtalar joint in @ more supinated position which
increase more load on the lateral side of the foot (57, 59, 60). During gait, the rigid
foot leads to an inability to elongate the plantar fascia for the shock absorption in
the midstance, resulting in the compression injuries or stress fracture of the foot
(24).

The previous studies investigated the association between the foot alignment
and the presence of plantar fasciitis. For example, the study of Rome et al., the
authors compared the difference of the navicular height between case and control
groups and found no significant difference (14). The other two studies investigated
the differences of foot posture using foot posture index (FPI) to classify into normal

foot, pronated foot, and supinated foot. One study found that the case group had
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more pronated feet than the control group significantly (52); while the other showed
no significant difference among runners (51). The anatomical study of Pohl et al.
found that the runners with a history of plantar fasciitis had significantly higher
medial longitudinal arch angle than the control group. The authors concluded that
the presence of plantar fasciitis is related with flatten medial longitudinal arch;
while the rearfoot alignment in standing position showed no difference between
groups (18). Similarly to the study of Ribeiro et al., the authors found the
significantly arch flattening in the runners with plantar fasciitis more than the
runners without symptom; anyway there was no difference in rearfoot valgus angle
during standing position (20). Due to the different techniques, the conflicted results
among the studies were found. The foot measurement in non weight bearing is vital
to determine the forefoot alignment while the measurement in weight bearing
position is generally used to categorize the compensated pattern of individual
abnormality (57). Commonly, the mechanism of overuse injuries during running or
walking is explained by the rearfoot structure including its kinematic variables as
well; the forefoot structure has been largely overlooked in the research setting (57).
Regarding to the previous studies, one study inferred that only 4° of forefoot varus
could lead to the significant greater hip flexion and rearfoot eversion during
walking when compared with the subjects without forefoot varus (58). The
abnormality has also been linked with the hip injuries among older-aged adults.
Holt and Hamill explained that forefoot varus abnormality related with the
occurrence of prolong midfoot pronation during heel-off and toe-off subphase of the
gait cycle, resulting in any injuries of the proximal segment such as hip and knee

pain (62). The observation analysis among prolong standing workers implied that
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the patients with plantar fasciitis had more forefoot pronation during gait than
control group significantly (45). Anyway, there is a lack of information about the
forefoot abnormality which was measured in weight-bearing position and the
presence of plantar fasciitis.

c) Ankle plantarflexors performance

As described previously, foot pronation has often been implicated
with the presence of plantar fasciitis. It has been postulated that the occurrence of
foot pronation may be due to the structural abnormality or compensatory
mechanism from a lack of ankle dorsiflexion (1, 16). During gait, the Gastrosoleus
muscles are active to control eccentrically of the tibia over the foot during the
midstance subphase and then to generate force for toeing off during the propulsive
subphase. Thus the inflexibility of Gastrosoleus muscles causes the excessive
dorsiflexion at midfoot instead of ankle joint, resulting in the more tensile stress of
plantar fascia (1, 16, 52). In addition, the poor strengths of Gastrosoleus also lead to
an insufficiency to generate their concentric force for gait propulsion. The plantar
fascia then increases its tension to support arch instead (17, 63). Considering other
ankle plantarflexors especially tibialis posterior, it is the strong invertor which is
active to prevent excessive calcaneal eversion during the midstance subphase and
provide the rigidity of the foot by locking the midtarsal joint during the late stance
and propulsive subphases (24). Tibialis posterior dysfunction leads to an excessive
dorsiflexion of midfoot as well as the late supinated midfoot to provide the arch
stability during gait, resulting in the more tension of passive structure to enhance

the foot rigidity (64, 65).
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The previous studies investigated the role of ankle plantarflexors to the
presence of plantar fasciitis. Considering the flexibility of Gastrosoleus muscles, the
study of Irving et al. measured the degrees of ankle dorsiflexion using the lunge
test. The authors found no significant difference of the mean angles between
chronic plantar heel pain group and control group. They inferred that decreased
ankle dorsiflexion might not play an important role to the presence of plantar heel
pain (52). Contrary to the result from other two studies, for example, the study of
Riddle et al. using a matched case-control design found that the cases had ankle
dorsiflexion less than 5 degrees and 10 degrees respectively when compared with
the control subjects. The measurement was done in prone position with knee
extension (1). The other study measured in supine lying with both 90° knee flexion
and knee extension; the authors found the numbers of cases with ankle limitation
significantly more than the control in both knee positions. The normal degrees of
ankle dorsiflexion with knee extension were 10 degrees and with 90° knee flexion
were 15 degrees (16). The clinical practice guideline of plantar fasciitis
management recommended that clinician should measure the degrees of ankle
dorsiflexion as the predisposing factors to the presence of plantar fasciitis (2, 3).
With regards to the muscle strength, one study found that the cases had decreased
ankle plantarflexors strength than the control which was measured by the peak
torque of Cybex dynamometer (17). The other study also implied that the patients
with plantar fasciitis limited their ability to repeat the standing heel raise task (65).
The measurement of tibilalis posterior muscle size from magnetic resonance images
(MRI) found that the cases had smaller cross sectional area (CSA) than the control

(21). The study of Allen and Gross measured the toe flexor strength with
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dynamometer; there was significantly weaker in the subjects with plantar fasciitis
than the control (63). Thus the extrinsic leg muscles may play an important role to
the tension of plantar fascia and related with the presence of chronic plantar heel
pain.

d) First metatarsophalangeal joint motion

The repetitive microtrauma of plantar fascia from the overload
weight-bearing activities causes the changes of its mechanical properties such as the
collagen fragmentation and the loss of fascia elasticity which may lead to the loss of
toe extension movement as well (63). Thus an additional arch support from plantar
fascia via windlass mechanism is not effective enough to provide the foot stability;
the tensile stress of plantar fascia is then increased and related with the presence of
plantar fasciitis during excessive walking or running (18, 24). The previous studies
examined the movement of first metatarsophalangeal joint from static physical
examination and kinematic laboratory. To measure in non weight-bearing position,
one study found a significant decrease in dorsiflexion of first metatarsophalangeal
joint range of motion among the patients with plantar fasciitis when compared with
the control subjects (Creighton and Olson, 1987) while the other study show no
significant difference between group (63). The recent kinematics study (21) found
that the patients with plantar fasciitis increased dorsiflexion of first
metatarsophalangeal joint during walking when compared with the control subjects,
similarly to the previous one (18). The greater extension during walking is
enhanced by the ground reaction force during propulsion subphase; consequently
the patients with plantar fasciitis may increase more movement to provide the foot

stability from the reduction of plantar fascia extensibility (21, 66).
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e) Lumbopelvic-hip function

The stabilization of trunk and pelvis are necessary to control the
movement of lower extremity (25). The empirical evidence had suggested that the
poor control of hip musculature was related with the lower-extremity overuse
injuries (61, 67, 68). The core control of hip muscles especially hip abductors and
hip external rotators are necessary to control the alignment of distal segment; they
function to maintain the pelvic level and prevent excessive movement in femoral
adduction and internal rotation during single-limb support of walking (25, 69). In
addition, they affect the abilities of hamstrings and quadriceps muscles to either
generate force or resist force of lower extremity during athletic movement (61). The
poor recruitment of core hip muscles such as gluteus medius, gluteus minimus and
gluteus maximus affect the stability of hip joint as well as the frontal, transverse and
sagittal plane movement of distal lower limb (26, 70). There is growing evidence
that proximal musculature dysfunction lead to the change of weight-bearing line to
more medial side of each joint, resulting in an excessive internal rotation of the
femur and tibia as well as more foot pronation (68). The subsequent movement
from these changes is proposed to increase the activation of two-joint muscles
which consist of tensor fascia latae, rectus femoris, and hamstrings muscles (61,
67). The subsequent tightness of tensor fascia latae and rectus femoris are due to the
poor control of gluteus medius muscles. In addition, the more active of hamstring
muscles which are due to the poor control of gluteus maximus may lead to hip
hyperextension and abnormal anterior glide of femoral head during double-limb

support of walking (25). An increased tightness of hamstrings contributes to the
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more flexion of the knee which then induces forefoot loading and limited ankle
dorsiflexion, resulting in the tension stress of the plantar fascia (71).

Regarding to the proposed mechanism from foot to core dysfunction, an
abnormal foot pronation may lead to the disruption of plantar fascia from excessive
tension as described previously. In addition, it is coupled with excessive internal
rotation of the tibia and femur, a knee valgus, and more anterior pelvic rotation. The
consequent internal rotation of the femur causes its head to move backward against
the posterior portion of the acetabulum which leads to the anterior tilting of pelvis
(25, 67). The previous study showed the significant positive association between
internal rotation of the leg and anterior pelvic tilt (r=0.58) (68). The alteration of
pelvic alignment is hypothesized to increase more strain of pelvic and hip muscles
which are composed of iliopsoas, piriformis, and gluteal muscles. There is
subsequent narrowing of the greater sciatic notch due to the anterior rotation of
pelvis, resulting in sagittal plane wedging of intervertebral discs as well as the more
strain of lumbosacral and sacroiliac joints (59, 72).

Despite there was the strong theoretical basis linking foot function to
biomechanical dysfunction of the lower limb and consequent injuries in the
previous studies, the empirical support is still lacking (61). Considering the hip
musculatures related with the presence of plantar fasciitis, the previous three studies
investigated the role of hamstrings tightness to the presence of plantar fasciitis. The
study of Harty et al. found that the patients with plantar fasciitis had significantly
more popliteal angle than the control subjects. The more popliteal angle represents
the more knee flexion angle which contributes to the presence of hamstrings

tightness. The authors also investigate the association between the forefoot loading
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and increased knee flexion angle; the results show that an increased knee flexion
from 0° to 20° and from 20° to 40° had significantly increase forefoot loading. The
prolonged forefoot loading may induce the activation of windlass mechanism,
resulting in repetitive injury to the plantar fascia during each step of walking (71).
Similarly to the other two studies, one study used popliteal angle to clarify the
tightness of hamstrings; the results showed that there were the numbers of case with
hamstring tightness (knee flexion more than 20°) 8.7 times more than the control
subjects (73). The other study classified the persons with hamstring tightness using
straight leg raising (SLR) testing. The authors concluded that the cases had the
degrees of hip flexion significantly less than the control subjects. They also
evaluated the diagnostic power of the SLR test with the method of ROC curves and
the test showed 94% of sensitivity and 82% of specificity. The persons with hip
flexion less than 80° were considered to have the tightness of Hamstrings (16).

f) Lower-extremity alignment

Anatomical factors associated with overuse injuries are categorized
into bony factors and soft tissue factors (12, 32, 74). This topic will explain the
bony factors which related to the bony alignment of lower extremity; these factors
can be altered with only surgical that is not recommended for clinical setting.
Anyways, an extensive physical examination should include these measurements
due to their association with the overuse injuries (12, 32). These factors are
composed of excessive femoral anteversion, static quadriceps angle (Q angle),
abnormal tibiofemoral angle in frontal plane (Genu valgus/Genu varus), genu
recurvatum, leg length inequality, excessive tibial torsion, rearfoot varus/valgus

position, and forefoot varus/valgus position (12, 32). The previous studies revealed
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that the excessive foot pronation causing from either structural or functional could
lead to the presence of plantar fasciitis. The compensation from this structural
abnormality could enhance the kinematic change of lower extremity as described
previously (57, 59, 60). Regarding to the abnormality of proximal structure, for
example, an excessive femoral anteversion may enhance the internal rotation of the
lower extremity and result in the gait compensation with toe-in movement (25).
These changes lead to the more loading on the forefoot which could induce more
tension of the plantar fascia during the propulsive subphase. For abnormal knee
alignment such as genu recurvatum or knee hyperextension, it is often associated
with excessive movement of ankle plantarflexion, hip extension, and posterior
pelvic tilt (25); therefore the inflexibility of Gastrosoleus may occur and then
increase more tension of the plantar fascia (40). And for abnormal in frontal plane,
Genu valgus increases more compressive force on lateral side and more tensile
stress on medial side of the knee which may induce more pronation of the foot.
While genu varus increases more compressive force on medial side and more tensile
stress on lateral side of the knee which may induce more supination of the foot (25).
Considering an excessive external tibial torsion, it may be due to the compensation
from excessive femoral anteversion; the individual attempts to correct toe in by
lateral deviation movement of the foot while maintaining femoral internal rotation.
When this abnormality is present, the foot pronation should not be corrected in
clinical setting (25). For the quadriceps angle, it represents the line of resultant force
of the quadriceps; the larger angle produces excessive lateral forces on the patella.
Q angle can be increased by foot pronation, external tibial torsion, genu valgus,

genu recurvatum and excessive femoral anteversion (25). Regarding to the leg
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length discrepancy, it has disruptive effects on gait, posture, and ambulation. The
explanation from the previous study concluded that the abnormality might
contribute to the development of plantar fasciitis by producing the more pronation
on the shorter side (12). While the other study indicated that there was a strong
correlation between a longer limb and unilateral plantar fasciitis (75). The further
investigation is needed to perform.

The previous studies revealed the association between abnormal alignment
and the presence of overuse injuries among runners and military population. The
previous studies among military found that the high arch, low arch, genu valgus,
and larger quadriceps angle were related to the presence of lower-extremity injuries
(13, 41). While the incidence of plantar fasciitis among the runners was associated
with genu varus; the results found the genu valgus to be a protective factor of
plantar fasciitis (40). The conflict evidence with the previous retrospective study
among runners with plantar fasciitis revealed that the numbers of patients with genu
valgum was higher than genu varus (51). There is a lack of information about the
anatomical abnormality in the more proximal structure and the presence of plantar

fasciitis.

2.6 Kinematic assessment of individuals with plantar fasciitis

Extensive research has been conducted previously to determine the foot
posture and range of motion among the patients with plantar fasciitis. Anyways,
there has been limited study on the mechanical effects of plantar fasciitis to the
lower extremity during gait. The previous studies implied that the patients with

plantar fasciitis generally shorten their stride length in the affected side to reduce
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weight bearing on the painful foot (17). Compared with normal kinematics, the
patients may decrease hip extension angles during the midstance subphase of the
gait cycle which leads to the poor control of the tibia over the foot (25). This
subsequent gait adaptation also affects the tightness of posterior leg muscles i.e.
Hamstrings and Gastrosoleus muscles. As previously described, the shorten length
of Hamstrings limits knee movement which is due to the knee stiffness in flexion,
resulting in the more forefoot loading (71). Consequently, the ankle plantarflexors
are tightness and limit ankle dorsiflexion during the heel-off subphase. The
movement at least 10 degrees of ankle dorsiflexion is needed to provide the smooth
motion of the tibia over the foot (1, 16). The previous anatomical studies found that
the limitation of ankle dorsiflexion could enhance tensile stress of the plantar fascia
which is due to the compensatory movement at midfoot, resulting in an excessive
foot kinematics (1, 15).

The previous two studies used motion analysis to determine the kinematic
changes of multi-segment foot during walking and running among the patients with
plantar fasciitis (21, 27). This review will focus on the stance phase of gait
kinematics. The study of Chang et al. compared the rearfoot and forefoot kinematics
between plantar fasciitis feet and healthy feet with the constant walking speed of
1.35 m/s. Considering the rearfoot motion, it positions inverted during the initial
contact; then it becomes everted in the midstance subphase and reaches the
maximum eversion at about 80% of the stance phase. The immediately change into
the stability position causes the inverted movement during the propulsive subphase.
The total rearfoot motion is mainly in frontal plane with the average angle of 6.2

degrees. The result showed that the patients increased their total rearfoot motion
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significantly when compared with the control subjects. Regarding to the forefoot
motion, it positions plantarflexed during the initial contact; then it becomes
dorsiflexed in the midstance subphase and reaches the maximum dorsiflexion at
about 80% of the stance phase. The immediately change into the stability position
causes the plantarflexed movement during the propulsive subphase. The total
forefoot motion is mainly in sagittal plane with the average angle of 9.4 degrees.
The result showed that the patients increased their total rearfoot motion significantly
when compared with the control subjects (21).

Consequently, an excessive foot kinematics among the patients with plantar
fasciitis induces more pronation of the midfoot during the midstance subphase
which leads to the limitation of tibial movement over the foot in the late stance
phase. Thus the successive motion may produce more internal rotation of the
proximal structures i.e. tibia and femur. And due to the limitation of ankle
movement, the patients also compensate their movement by increasing knee
hyperextension which could then stimulate the excessive anterior tilt of ipsilateral

pelvis during the single-limb support (25).

2.7 Lower-extremity physical examination

Plantar fasciitis is one of the most overuse injuries among runners or
individuals with prolong weight-bearing activities. It has been proposed that plantar
fasciitis may arise from abnormal muscular or structural impairments, resulting in
the change of lower kinetic chain and repetitive microtrauma at the proximal
attachment of plantar fascia. Although many previous studies reported the

specifically anatomical measurement of lower extremity, little information existed
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on the comprehensive selection of anatomical factors related with plantar fasciitis.
The clinicians should perform an extensive physical examination to investigate the
definite impairments of each patient which generally include the lower-extremity
assessment such as structural alignment, muscle performance, range of motion, and
quality of movement.

The previous studies recommended the essential lower-extremity
examination to determine the impairments related with overuse injuries including
plantar fasciitis (3, 32, 74). The tests are composed of pelvic angle, leg length
measurement, lumbopelvic-hip function, femoral anteversion, Q angle, tibiofemoral
angle, genu recurvatum, tibial torsion, foot alignment, ankle plantarflexors
performance, ankle dorsiflexion and 1% metatarsophalangeal dorsiflexion range of
motion assessment. The details of each measurement from the previous studies will
be described as the following. The pilot study was also conducted to determine the
intra-rater and inter-rater reliability of each test. Among the tests with continuous
outcome, the results showed the intraclass correlation coefficient for intra-rater
reliability (ICC 3 ;) ranging from 0.52 to 0.96 and intraclass correlation coefficient
for inter-rater reliability (ICC , ;) ranging from 0.51 to 0.92 as presented in
Appendix I. And for the tests with categorical outcome, the results showed the
Kappa coefficient ranging from 0.82 to 0.95 for intra-rater reliability and ranging
from 0.76 to 0.91 for inter-rater reliability. According to the conclusion of Portney
and Watkins, the coefficient below 0.50 represents the poor reliability; from 0.50 to
0.75 indicates the moderate reliability; and above 0.75 means the good reliability

(76).
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2.7.1. Pelvic angle

In clinical practice, the most common technique to assess pelvic asymmetry
in the patients with lower-extremity overuse injuries is the inclination angle
between anterior superior iliac spine (ASIS) and posterior superior iliac spine
(PSIS) using PALM inclinometer. The previous studies reported that the intraclass
correlation coefficient for intra-rater reliability (ICC 3 i) ranged from 0.87 to 0.98
and the intraclass correlation coefficient for inter-rater reliability (ICC », ) ranged
from 0.86 to 0.97 (77-79). The standard error of measurement (SEM) and minimal
detectable change (MDC) were 1.1 and 2.5 degrees respectively (79). When
compared with the radiographic measurement, the result found the intraclass
correlation coefficient of 0.93 (77).

2.7.2. Leg length measurement

Leg length is commonly measured using both direct and indirect methods.
The tape assessment for direct method showed the ICC (3,k) ranging from 0.98 to
0.99 and the ICC (2,k) ranging from 0.87 to 0.91. The standard error of
measurement (SEM) ranged from 0.29 to 0.44 cm (80, 81). When compared with
radiographic measurement, the result found the intraclass correlation coefficient of
0.75 (80). Regarding to the lifting technique with 3.2 mm boards for indirect
method, it showed the Kappa coefficient ranging from 0.98 to 0.99 for intra-rater
reliability and the Kappa coefficient ranging from 0.84 to 0.87 for inter-rater
reliability (80, 82). When compared with the radiographic measurement, the result

found the intraclass correlation coefficient of 0.93 (80).
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2.7.3. Lumbopelvic function

According to the recommendation from the previous studies about the
anatomical factors associated with overuse injuries, the assessment of Lumbopelvic
function should include the core hip strengths, the quality of trunk and pelvic
movement, and the length of hip muscles (32, 83). For the core hip strength, the
handheld dynamometer measurement of hip external rotators had ICC (2,2) of 0.79,
ICC (3,2) ranging from 0.71 to 0.97, and SEM of 2.4 kilograms for inter-rater
reliability (32). The measurement of hip abductors had ICC (2,2) of 0.85, ICC (3,2)
ranging from 0.59 to 0.86, and SEM of 1.8 kilograms for inter-rater reliability (32).
To measure the quality of movement, the lateral step down test had Kappa
coefficient of 0.67 for both inter-rater and intra-rater reliability (32). Regarding to
the length of hip muscles measurement, the Thomas test for iliopsoas length had
ICC (2,1) of 0.52, ICC (3,1) ranging from 0.60 to 0.71, and SEM of 1 degree for
inter-rater reliability (Peeler and Anderson, 2007). The modified Thomas test for
quadriceps length had ICC (2,2) of 0.91, ICC (3,2) ranging from 0.90 to 0.93, and
SEM of 3.8 degrees for inter-rater reliability (32). Similarly test for the tensor fascia
lata length, it had ICC (2,2) of 0.97, ICC (3,2) ranging from 0.90 to 0.99, and SEM
of 2.1 degrees for inter-rater reliability (32). The straight leg raising (SLR) test for
Hamstring length had ICC (2,k) ranging from 0.61 to 0.88, ICC (3,k) ranging from
0.78 to 0.95, and SEM ranging from 13.16 to 19.31 degrees (16, 32, 78).

2.7.4. Lower-extremity alignment

The measurement of structural alignment includes the femoral anteversion
angle, Tibiofemoral angle, genu recurvatum angle, quadriceps angle, and tibial

torsion angle (32, 83). For the assessment of femoral anteversion angle, the Craig
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test had ICC (2,k) ranging from 0.45 to 0.83, ICC (3,k) ranging from 0.64 to 0.90,
and SEM ranging from 3.1 to 4.5 degrees (32, 84). When compared with the
radiographic measurement, the result found the ICC ranging from 0.67 to 0.69 (84).
The measurement of quadriceps angle had ICC (2,k) ranging from 0.66 to 0.70, ICC
(3,k) ranging from 0.77 to 0.87, and SEM ranging from 2.2 to 2.4 degrees (32, 78).
To measure the genu valgus/varus, the assessment of Tibiofemoral angle in frontal
plane had ICC (2,1) ranging from 0.51 to 0.58, ICC (3,1) ranging from 0.82 to 0.87,
and SEM ranging from 0.7 to 2.1 degrees; to measure the genu recurvatum, the
assessment of knee extension angle had ICC (2,k) ranging from 0.56 to 0.75, ICC
(3,k) ranging from 0.88 to 0.97, and SEM ranging from 0.5 to 2.7 degrees (32, 74).
The assessment of tibial torsion angle had ICC (2,k) ranging from 0.69 to 0.91, ICC
(3,k) ranging from 0.88 to 0.97, and SEM ranging from 0.8 to 2.9 degrees (32, 74).
When compared with CT scan, the result found the ICC of 0.72 (85).

2.7.5. Foot and ankle measurement

The classification of foot posture includes the measurement of rearfoot angle
in weight-bearing position and medial longitudinal arch angle. The previous study
reported the Kappa coefficient of 0.88 for inter-rater reliability and the coefficient
of 0.94 for intra-rater reliability (86). In non weight-bearing position, the rearfoot
angle measurement had ICC (2,1) of 0.86 and ICC (3,1) of 0.88 (86); the forefoot
angle measurement had ICC (2,1) of 0.90 and ICC (3,1) of 0.97 (87). For ankle
dorsiflexion measurement, the knee-extension postion had ICC (2,1) of 0.92, ICC
(3,1) ranging from 0.78 to 0.97, and SEM of 1.6 degrees for inter-rater reliability;
the knee-flexion position had ICC (2,1) of 0.86, ICC (3,1) ranging from 0.85 to

0.92, and SEM of 2.2 degrees for inter-rater reliability (32). Regarding to the first
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metatarsophalangeal joint angle, the assessment had ICC (2,1) of 0.82, ICC (3,1)
ranging from 0.86 to 0.92, and SEM ranging from 1.4 to 2.0 degrees (88). The
measurement of hallux valgus angle had ICC (2,1) of 0.92 and ICC (3,1) ranging
from 0.78 to 0.98. When compared with the radiographic measurement, the result
found the ICC of 0.98 (89).

2.7.6. Kinematic assessment

The marker placement set used for the present study were Helen Hayes
marker set and multi-segment foot model (90). Regarding to the Helen Hayes
marker set, it is a relatively simple set of external markers which was developed for
time efficient video analysis of lower extremity kinematics. This marker
configuration minimizes the patient preparation, data acquisition time and reduces
the numbers of trajectories that must be tracked or edited. The adding of sacral
marker and heel marker provide a more appropriate functional reference for the foot
and pelvis; this set also includes the tibial and femur wands that allow the femoral
and tibial rotations to be quantified for the first time (Motion, 2012). The multi-
segment foot model that commonly used in the previous kinematics study among
the patients with plantar fasciitis was the model of Leardini (21, 27). It is better to
describe the motion of separate segment within the foot i.e. rearfoot, midfoot, and
forefoot than the rigid-segment foot model. The model could also track the
movement of tibia through multiple gait cycles in six degrees of freedom (90). The
previous study reported the reliability of kinematics assessment from Helen Hayes
marker set in the ankle angle, knee angle, hip angle, and pelvic angle measurement
with ICC (2,1) ranging from 0.62 to 0.96, ICC (3,1) ranging from 0.57 to 0.96,

SEM ranging from 0.3 to 2.7 degrees, and MDC ranging from 0.59 to 5.08 degrees
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(91). For multi-segment foot model, the assessment of total foot motion in each

segment had ICC (3,1) ranging from 0.71 to 0.94 (27).

2.8 Conservative treatment of plantar fasciitis

Multiple treatment modalities from conservative treatments to aggressive
steps such as infiltrations and surgery are employed for plantar fasciitis (4).
Conservative treatments include both chemical i.e. anti-inflammatory agents and
physical treatments. The common physical modalities which consist of
extracorponeal shockwave, ultrasound, and iontophoresis can reduce pain and
improve function; however, the biomechanical prospective among these physical
treatment is unclear. Based on the concept of overload condition as shown in Figure
1.1, the change in mechanical properties of the plantar fascia i.e. an arch
deformation from repetitive microtrauma could lead to the functional biomechanical
deficit which involves the abnormal gait adaptation. Thus the appropriate
intervention for the treatment of plantar fasciitis should reduce more tension of the
plantar fascia and prevent its mechanical adaptation. The previous kinematics
studies found an immediate effect to the change of multi-segment foot kinematics
after applying taping and foot orthotics in the uninjured subjects. For example, the
study of Lin et al., (2013) compared the foot orthotics condition with barefoot
condition during toe-off subphase; the authors found that the foot orthotics
condition significantly decreased the maximum plantarflexion angle of the forefoot
and increased the minimum medial longitudinal angle (arch height) than the other.
These findings supported the use of foot orthotics for the treatment of plantar

fasciitis by effectively reducing the windlass effect. Similarly to the kinematics
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study of the taping intervention, the previous study found that the low dye taping
had an immediate effect to the significant reduction of medial arch angle which led
to the higher arch during the toe-off subphase when compared with barefoot
condition; anyways this continued effect was reduced after 48 hours of applying an
intervention. The effect was short-lived and there was no conclusive finding about
the kinematics change of more proximal joint during gait (92).

Although a few biomechanical studies after applying intervention were
conducted, the several clinical trials had been done to investigate the effectiveness
of taping and foot orthotics for the treatment of plantar fasciitis. Regarding to the
foot orthotics, it is commonly used as a part of the conservative treatment for
plantar fasciitis. As described in American clinical practice guideline, customized
foot orthosis (CFO) and prefabricated foot orthosis (PFO) could be used to reduce
pain and improve function for short-term (3 months) to long-term management (12
months) in the treatment of plantar fasciitis (2, 3). Anyways, our recent study found
no significant difference among the CFO, PFO, and control groups in the pain
reduction, functional disability of lower extremity, and foot function improvement
at 1-month, 3-month and 6-month follow up.

Additionally, some previous studies supported the use of taping technique as
an alternative to stabilize subtalar joint in neutral position and to stress off the
plantar fascia (93, 94). From the evidence-based review, the authors reported the
strong evidence in the effectiveness of low-dye taping to reduce pain at 1-week
follow up while the reduction of functional ability of lower extremity was
inconclusive (95). Likewise, the other study also found the significant pain

reduction in the low-dye taping group when compared with the sham taping and no
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taping groups at 1-week follow up (96). Obviously, the several studies reported the
reduction of pain intensity in the taping group while the functional disability of
lower extremity was not changed during the follow-up period. The adverse effects
from low-dye taping were reported in the previous studies such as the skin irritation
from adhesive glue on the rigid tape as well as the limitation of joint motion in daily
activity (93-96). Consequently, an elastic therapeutic tape becomes widely used by
practitioners; it is a thin cotton fabric with acrylic adhesive that could reduce the
skin irritation. After taping, the joint can maintain their range of motion and reduce
pain by enhancing the skin lifting to promote normal flow of blood and lymphatic
fluids (97). Further studies should be conducted to investigate the kinematics

changes of lower extremity after taping among individuals with plantar fasciitis.
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CHAPTER 3

GENERAL METHODOLOGY

3.1 Research framework

This dissertation was divided into three studies in response to the research

questions which are consisted of

Study | Predictors of plantar fasciitis in Thai novice conscripts

after 10-week military training: A prospective study

Study 11 Impacts of physical and psychological variables on pain

intensity in conscripts with plantar fasciitis

Study 111 Differences in lower-extremity kinematics between

individuals with and without plantar fasciitis




3.2 Sampling procedure

457 Thai male conscripts from the

center camp in Bangkok assessed 187 excluded:

for eligibility ¢ 171 had lower back and lower-
extremity pain
¢ 10 had history of

fracture/surgery

e 6 had nositive sian from SLR

270 conscripts participated in

the study 157 excluded:

10-week follow-up | ¢ 23 lost follow up in any phases

e 134 had lower back and lower-

/ extremity pain other than PF
113 conscripts analyzed in
the study 1 and 2
42 non-injured conscripts 71 injured conscripts from PF

Were invited to participate in the study 3

60 conscripts agreed to

participate in the study 3

30 non-injured conscripts 30 injured conscripts from PF
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3.3 Brief method

Three studies were conducted to investigate the anatomical and
biomechanical factors related to plantar fasciitis as well as to investigate the
differences of lower-extremity kinematics between individuals with and without
plantar fasciitis in Thai male conscripts, as shown in Figure 3.1. A prospective
cohort study design with a follow-up of 10 weeks was performed in the study 1 and
2; while a cross-sectional study design was performed in the study 3. Brief details in
each study were described below.

Study |

Male conscripts were recruited in the present study. A self-reported
questionnaire and a set of lower-extremity examination were used to collect data
after screening process. With a follow-up period of 10 weeks, both tools were
repeated. Dependent variable was the presence and absence of plantar fasciitis. The
associated factors in regards to anatomical and biomechanical variables with the
presence plantar fasciitis were determined.

Study 11

Male conscripts were recruited in the present study. A self-reported
questionnaire and a set of lower-extremity examination were used to collect data
after screening process. With a follow-up period of 10 weeks, both tools were
repeated. Only male conscripts with plantar fasciitis were included for the statistical
analysis. Dependent variable was the average pain intensity during last week from
plantar fasciitis. The associated factors in regards to anatomical and biomechanical

variables with the pain intensity were determined.
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Study 111

Male conscripts from the study 1 and 2 were recruited in this study. All
participants were divided into two groups which consisted of plantar fasciitis group
and control group. To collect kinematics data, the assessment of lower extremity
which consisted of hip, knee, ankle, rearfoot, midfoot and forefoot motion during
the stance phase of gait cycle were performed in the musculoskeletal biomechanics
laboratory using a three-dimensional (3D) motion capture system with eight
cameras. The kinematic variables of lower extremity between groups during the

stance phase were compared.
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Study 1 &2 Individual factors

(e.g. age, BMI, psychological

1
1
1
1
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Anatomical factors
(e.g. bony alignment, muscle
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_______________________________________

Biomechanical factors
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_______________________________________
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rotation
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Biomechanical alteration
(Functional biomechanical deficit)
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T Total forefoot motion
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T Total rearfoot motion
in frontal plane
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during midstance

Figure 3.1 Scopes of the present study
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CHAPTER 4

STUDY I: PREDICTORS OF PLANTAR FASCIITIS IN THAI NOVICE

CONSCRIPTS AFTER 10-WEEK MILITARY TRAINING

4.1  Abstract

Etiology of plantar fasciitis among novice conscripts is multifactorial. The
combination of all potential factors should be included for multivariate analysis to
determine the significant predictors. The present study aimed to identify the
intrinsic predictors (individual, anatomical, and biomechanical predictors) of plantar
fasciitis among novice conscripts. Two hundred and seventy healthy male
conscripts who were without lower back or lower extremity pain prior to the
commencement of military training were participated in this study. Intrinsic
variables were assessed in all participants at baseline. After 10 weeks of training,
113 participants were assessed again and classified as having (n = 71) or not having
(n = 42) plantar fasciitis. Multiple logistic regression was used to identify
significant predictors. The primary criterion variable was the presence or absence of
plantar fasciitis. Current results indicated that the conscripts with poorer quality of
movement were two times more likely to exhibit plantar fasciitis (OR = 1.996). The
conscripts with more femoral anteversion angle decreased the risk of presenting
with plantar fasciitis (OR = 0.720). Regarding individual component, the conscripts
with higher body mass index and more stress level increased more risk of plantar
fasciitis (OR = 1.238 and 1.110, respectively). In addition, the conscripts with
higher physical exercises level before military program reduced the risk of

presenting with plantar fasciitis (OR = 0.242). In conclusion, multiple factors —
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especially individual characteristics and the abnormalities from proximal region
(other than foot and ankle) — contributed to the prediction of the development of

plantar fasciitis among Thai novice conscripts.

4.2 Introduction

Plantar fasciitis (PF) is a common lower-extremity tendinopathies among
conscripts who are otherwise healthy (8, 98). Typical training programs for novice
conscripts include running long distances, marching, calisthenic training, crawling,
jumping, lifting and carrying loads. Each of these are extrinsic factors that can result
in overuse injuries in the lower extremities (99). The requirement that trainees be on
their feet for long periods is thought to increase the risk of developing PF (98).

A combination of extrinsic factors, such as vigorous training program and
inappropriate footwear, and intrinsic individual, anatomical and biomechanical
factors are thought to predispose trainees for developing PF and other lower-
extremity overuse injuries (7, 12). Among the intrinsic factors previously shown to
predict PF are higher body mass index (BMI), having history of musculoskeletal
symptoms at lower extremity, having psychological symptoms (such as depression,
anxiety, and stress), limited ankle dorsiflexion, limited first metatarsophalangeal
(MTP) joint movement, hamstrings tightness, low ankle plantarflexors strength,
having an abnormal foot arch, and excessive foot pronation (3, 14, 16, 52, 100).
Such abnormal muscular or structural impairments are thought to change the lower
kinetic chain and induce repetitive microtrauma at the proximal attachment of

plantar fascia during vigorous activities (3, 17, 101).
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The etiology of PF is probably multifactorial (3, 100). Thus, a physical
examination specific to only the ankle and foot regions may not provide enough
information for the effective prediction and management of PF (12, 102). Clinicians
should also perform additional physical examinations of the proximal regions
related to the lower kinetic chain. For example, lower-extremity examinations
should include the assessment of structural alignment, muscle performance, range
of motion and movement patterns (103). Although no previous research has
indicated the biomechanical linkage between foot and the whole extremity as
playing a role in PF, a recent systematic review on the relationship between hip
muscle performance and the injuries in leg, ankle, and foot found that less muscle
strength and delayed onset activation were related to leg, ankle and foot injuries
(102). Another previous study compared the kinematics and muscle activity of
lower extremity between the runners with Achilles tendinopathy and non-injured
controls. The study reported that the lower range of knee motion and lower muscle
activity of tibialis anterior, rectus femoris, and gluteus medius were significantly
found in the injured group (104).

However, there is a lack of high-quality longitudinal studies which have
sought to identify the predictors of the development of PF prospectively (100).
Although numerous studies using cross-sectional or matched case-control designs
have been conducted, such research is not able to identify causal factors. We were
only able to identify one prospective cohort study investigating the risk factors of
PF in runners. These investigators found that both varus knee alignment and cavus
arch posture were significantly associated with a higher risk of the development of

PF in their sample among runners (40). However, while these investigators used an
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appropriate design, the predictors evaluated were limited to just the extrinsic
variables and structural alignment of knee and foot. Additional research is needed
not only to replicate these findings, but extend them to include additional potential
predictors, in order to develop a more comprehensive model of the development of
PF.

Given these considerations, the aim of this prospective cohort study was to
identify the intrinsic risk factors of PF among Thai novice conscripts. This
population is ideal for addressing the study aim because they were under the same
extrinsic condition. We hypothesized that various factors especially the
abnormalities from proximal region, other than foot and ankle, contributed to the

presence of PF during 10-week military training.

4.3 Materials and Methods

4.3.1. Study design

A prospective cohort with 10-week follow up was conducted among Thai
male conscripts who attended basic military training from May to July of 2016 at
the Infantry Battalion of 11™ Military Circle, the center camp of military training in
Bangkok, Thailand. Baseline measurement regarding to the various predictors of PF
were collected prior to the beginning of military training. After 10 weeks of military
training (APPENDIX B), all participants were classified into two groups: (1) a
group that developed PF and (2) a group that had not developed PF.

4.3.2. Study population

The study was described to 502 Thai male conscripts who were 20 years old

or older and they were invited to participate; 457 of these agreed to participate,
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signed the informed consent form, and completed a screening questionnaire.
Exclusion criteria were (1) having current or history of lower back or lower
extremity pain in the last 3 months rated as 3 centimeters or more on a 10-
centimeter Visual Analog Scale (VAS), (2) having history of lower-extremity
fracture/surgery, or (3) having medical diagnosis of gout, rheumatoid arthritis,
systemic lupus erythymatosus (SLE), cancer and infection disease. In addition,
individuals with true leg length differences more than 1 centimeter and positive sign
from the straight leg raise (SLR) test as indicated by numbness, paresthesia or
referred pain at posterior leg were also excluded (105). One hundred and eighty-
seven potential participants met at least one of these criteria, and so were excluded
from the study. The remaining 270 conscripts were re-assessed after they completed
10 weeks of military training. The study procedures were approved by the Internal
Review Board of Chulalongkorn University (approval No. 077/2016).

4.3.3. Questionnaire

A self-administered questionnaire and a set of physical examination will be
adopted from literature review. Two different sets of questionnaires were used to
assess the study variables. The first set was designed to collect individual factors at
baseline, consisting of age, body mass index (BMI), psychological symptoms, and
baseline activity. The Depression, Anxiety and Stress Scale short version (DASS-
21) was used to assess psychological symptoms including depression, anxiety, and
stress (106, 107). Depression scale contains items related to low positive affect,
hopelessness, devaluation of life, self- deprecation, and inertia. It does not contain
somatic items. High scores on this scale are associated with mood disorders. The

anxiety scale has items related to autonomic arousal, physiological hyperarousal,
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feelings of fear, and panic attacks. High scores on this scale are associated with
panic disorder. The stress scale contains items reflecting difficulty relaxing, tension,
impatience, irritability and agitation, and overreactivity to stressful events. High
scores have been associated with generalized anxiety disorder (106). Baseline
activity was assessed using the physical exercises in leisure (PEL) part of the
Baecke physical activity questionnaire (108). Both the DASS-21 and PEL have
demonstrated validity and reliability in the research setting (106, 108). The second
set of questionnaires was administered after 10 weeks of military training. These
assessed pain intensity in the lower back, hip/thigh, knee, lower leg, and foot/ankle
regions (109) as well as the psychological symptoms (106, 107).

4.3.4. Lower-extremity physical examination

All participants were also given a lower-extremity physical examination at
baseline. This examination was adapted from clinical measures assessing
anatomical and biomechanical characteristics (32, 103) of the lower extremity, as
well as from clinical practice guidelines (2, 3). The goal was to assess physical
impairments thought to be related to the development of PF. Each of the
assessments used in the present study had been shown to be reliable in the context
of lower extremity examination (32, 74, 103). With respect to biomechanical
assessment, the lateral step down (LSD) test has been reported as an appropriate
tool for determining lower-extremity movement patterns instead of using 3D motion
analysis system, the gold standard for biomechanical assessment (32, 110). Prior to
collecting data for the current study, we performed a pilot study to compute the

intra-rater reliability of all physical examination among 10 male conscripts. The
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results showed 1ICC(3,1) ranging from 0.70 to 0.97 and SEM ranging from 0.1 to
3.2 (APPENDIX C).

Pelvic angle was assessed in standing position from anterior (ASIS) and
posterior superior iliac spine (PSIS) landmarks. Image J program was then used to
measure the angle from digital photograph (Figure 4.1A) (111). Femoral
anteversion angle was measured using the Craig test in prone lying with 90° knee
flexion of the tested leg (Figure 4.1B) (112). And the tibial torsion angle was
determined as the angle between a transmalleolar line and a mid-parallel line to the
long axis of femur (Figure 4.1C) (85).

The assessment of knee alignment from photographic analysis included
quadriceps angle and knee extension angle. Quadriceps angle at middle patella was
determined as the angle between the ASIS and the tibial tuberosity landmarks
(Figure 4.1D) (112). To determine the genu recurvatum angle, we measured the
knee extension angle at lateral femoral condyle between the greater trochanter and
the lateral malleolus landmarks (Figure 4.1E). Participants were classified as having
an abnormal angle with the angle more than 10° (113).

Hamstring length was assessed with passive SLR test (Figure 4.1F) (16).
Ankle plantarflexors strength was assessed using the single-leg heel rise task
(Figure 4.1G). Normal strength was defined as individual repetition at least 25 times
and, with each repeat, the range of movement (RoM) was more than 50% of
individual full RoM at the 1% time (114). Active ankle dorsiflexion angle was
assessed with both knee extension and knee flexion of 90° (Figures 4.1H and 4.1,
respectively) (1). The RoM of the first MTP joint extension was determined as the

angle between a line parallel to the bisection of proximal phalange and a line



71

parallel to the bisection of metatarsal bone (Figure 4.1J) (88). Foot alignment was
assessed in the standing position. The rearfoot angle was determined as the angle

between a line connecting the calcaneal points and the other connecting the leg

points (Figure 4.1K) (87).
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Figure 4.1 Physical assessment in the present study

Lower-extremity movement pattern was measured using LSD test with the
contralateral leg hanging down off the 15-centimeter step height (Figure 4.1L).

During this task, the examiner rates the participant with respect to five criteria that
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include arm strategy, trunk alignment, pelvic plane, knee position, and steady
stance, as described in table 4.1. The sum score can range from 0 to 6 point, with
higher scores indicating poorer quality of movement. Lower-extremity movement
pattern is then classified into three quality of movement levels labeled good (0-1
point), moderate (2-3 points), or poor (4-6 points) (32).

Table 4.1 The scoring of lateral step down test (32)

Criterion Interpretation Score
Arm strategy Removal of a hand off the waist 1
Trunk Leaning in any direction 1
alignment
Pelvis plane Loss of horizontal plane 1
Knee position Tibial tuberosity medial to second toe 1

Tibial tuberosity medial to medial border of foot 2
Steady stance Subject stepped down on nontested limb, or foot 1
wavered from side-to-side

4.3.5. Study procedure

A total of 270 participants completed the self-report questionnaires and
received the physical examination prior to the beginning of military training from
three physical therapists (PTs) who conducted the specific assessments in a
standardized manner. At the end of the 10 week military training, a physical
therapist (P.H.) with 9 years of clinical experience in the assessment and treatment

of foot and ankle problems met with 247 of the participants to diagnose the
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presence or absence of PF. In addition, the participants were asked to complete the
follow-up questionnaire at this time. This questionnaire assessed pain intensity in
the lower back, hip/thigh, knee, lower leg, and foot/ankle regions as well as the
psychological symptoms. Any participants who endorsed having plantar heel pain
for at least 1 week were evaluated for PF using the PF criteria guidelines, which
include the presence of tenderness of the medial calcaneal tubercle, heel pain from
ordinary weight-bearing activities and heel pain during the first few steps of
walking after prolong period of inactivity that gradually decreased after walking for
a while (2, 3).

After the follow-up evaluation, the 247 participants were divided into three
groups consisting of individuals (1) with a diagnosis of PF (n = 71), (2) without a
diagnosis of PF and lower back and lower-extremity pain (n = 42), and (3) without a
diagnosis of PF but with lower back and lower extremity pain (n = 134) (see figure
4.2). As this study emphasized the prediction of PF, the participants who endorsed
having lower back or lower extremity separately from PF during the military
training were excluded from further analysis, leaving 113 participants for the
planned analyses.

4.3.6. Statistical analysis

SPSS software version 22.0 was used for quantitative data analysis. We first
performed a series of univariate analysis to identify any univariate differences
between the participants with and without PF, using either the Independent T test or
the Mann-Whitney U test. We then entered any predictors that evidenced significant
univariate difference in a multiple logistic regression analysis, using the forward

stepwise method. We also calculated adjusted odd ratios (115). The more painful
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side was selected for the analysis. In case of bilaterally non-injured legs of the
healthy group or having equal foot pain intensity of the PF group, the leg side was
randomly selected using random numbers generated from a computer program.
There were no significant differences of the whole physical examination between
both leg sides. All statistical analyses were performed using SPSS software version

22.0 (IBM statistics), with a significance level of P < .05.

457 Thai male conscripts from the

center camp in Bangkok assessed 187 excluded:

for eligibility ¢ 171 had lower back and lower-

Screening process XMty pain

¢ 10 had history of fracture/surgery
¢ 6 had positive sign from SLR test

270 conscripts participated in

the study 157 excluded:

e 23 lost follow up in any phases
10-week follow-up

y

113 conscripts analyzed in

e 134 had lower back and lower-

extremity pain other than PF

this study

42 non-injured conscripts 71 injured conscripts from PF

Figure 4.2 A flow diagram of the participations in this study
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4.4 Results

Seventy-one (26%) out of 270 conscripts had PF symptoms after 10 weeks
of military training. The 71 participants with PF had an average age of 21.54+1.14
years (mean + standard deviation) and a mean BMI of 23.37+3.81 kg/m?. The
average age of the 42 participants without PF was 21.24+1.03 years, and they had a
mean BMI of 20.80+2.69. Sixty participants with PF (85%) reported unilateral foot
pain; while 11 (16%) reported bilateral foot pain. As shown in Table 4.2, the PF
participants had significantly higher BMI, lower PEL scores, more psychological
distress, lower femoral anteversion angle, lower ankle plantarflexors strength, and
poorer quality of movement than the participants without PF at baseline (Ps < .05).
At 10 week follow up, the average pain intensity score of the 71 participants with
PF was 4.76 £ 2.46 centimeters on the VAS, while the 42 participants without PF
had no pain. Regarding the psychological distress, the PF participants also had more
depression, anxiety, and stress scores than the participants without PF at the end of
military training (P = .002, .001, and .001, respectively).

As shown in Table 4.3, the final logistic regression model was statistically
significant with a chi-square value of 50.90 (P < .001). All of the predictor variables
explained 50% (Nagelkerke R?) of the variance in the incidence of PF and correctly
classified 78% of cases. The results indicated that every 1 kg/m? increase in the
BMI would increase the odds of being in the PF group by 1.238 (95% CI, 1.046-
1.466). With respect to the stress score, every 1 point increase in stress score
increases the odds by 1.110 (95% CI, 1.020-1.208). Every 1 point increase in the
PEL score decreases the odds by 0.242 (95% CI, 0.091-0.642). Individuals with the

more 1 degree of femoral anteversion angle decreased the odds by 0.720 (95% ClI,
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0.567-0.914), while a 1 point higher score for the LSD test increases the odds by
1.969 (95% CI, 1.074-3.608). The strength of ankle plantarflexors was the only

significant univariate factor that was excluded from the logistic model.



Table 4.2 Comparison of each predictor between healthy and PF groups

N (%), Mean (S.D.)

Variables Healthy PF P-value
(n=42) (n=71)

Individual factors
Body mass index 20.80 (2.69) 23.37(3.81) <.001*
Physical exercise index 2.94 (0.61) 2.63 (0.57) .005*
Depression scores 7.10 (5.14) 9.92 (6.16)  .022*
Anxiety scores 7.33 (5.20) 12.20 (7.75)  .001*
Stress scores 9.95 (4.87) 15.69 (7.45) < .001*
Anatomical factors
Pelvic angle 9.03 (5.24) 8.78 (5.34)  .812
Femoral anteversion angle 11.93 (1.72) 10.25 (2.67) <.001*
Tibial torsion angle 20.26 (4.11) 21.84 (5.19) .096
Quadriceps angle 16.45 (5.88) 16.53 (6.82)  .949
Knee extension angle (genu recurvatum) 3.08 (2.26) 3.65 (2.55) 311
Hip flexion angle (hamstring length) 54.17 (5.50) 52.49 (8.74) 213
Ankle plantarflexor strength (heel raising 23.31 (4.21) 21.00 (6.51) .033*
times)
Ankle DF angle with knee extension 4.64 (4.88) 5.11 (5.33) .815
Ankle DF angle with knee flexion 19.38 (9.13) 17.66 (7.91) .293
First MTP joint dorsiflexion angle 79.95 (8.55) 77.49 (8.79) 149
Rearfoot angle 8.79 (6.35) 8.94 (4.94) .890
Biomechanical factors
Quality of movement scores 3.21 (0.78) 3.65 (0.86) .005*

* Significance level at P < .05

77
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Table 4.3 Multivariate logistic regression analysis of factors associated with an

incidence of PF? (n=113)

Predictors Beta S.E. Adjusted OR (95% CI) P-value
Body mass index 0.214 0.086 1.238 (1.046 — 1.466) .013*
Physical exercise index -1.418 0.498 0.242 (0.091 - 0.642) .004*
Stress score 0.104 0.043 1.110 (1.020 — 1.208) .015*
Femoral anteversion angle -0.329 0.122 0.720 (0.567 — 0.914) .007*
Quality of movement scores 0.677 0.309 1.969 (1.074 — 3.608) .028*

* Significance level at P < .05
® Model chi-square test, ¥2 (5) = 50.897 (P < .001). Overall percentage of correctly predicted =

77.9%. Goodness of fit (Hosmer and Lemeshow test) = 0.829. Pseudo-R?= 0.495.

4.5 Discussion

The purpose of this prospective longitudinal study was to identify the
multivariate risk factors for developing PF in a sample of young men subject to
significant physical exercise and activity (i.e. Thai novice conscripts undergoing 10
weeks of military training). They all were under the same risk of PF, such as high-
load activities, training on hard surface, long-distance running and the uses of rigid
footwear (8, 10, 51), as shown in APPENDIX B. Of the 113 participants who
developed PF or not, the results identify specific intrinsic risk factors for PF among
Thai novice conscripts, which include BMI, baseline physical exercise activity,
psychological stress, the femoral anteversion angle, and quality of movement from
LSD task.

The current findings support a conclusion that multiple factors contribute to

the development of PF. While there is some overlap between the predictors of PF in
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the current study and those from other studies (40, 45), not all of the intrinsic
predictors from the current study were the same as those identified in previous two
studies. Werner et al. (45) found that intrinsic predictors among the plant workers
included job dissatisfaction, forefoot pronation, and high metatarsal pressure.
However, the Werner et al. study was not a prospective longitudinal design, so it is
not possible to determine these predictors as the cause of PF.

In the only prospective study we could identify, Di Caprio et al.(40) found
that the intrinsic risk factors of PF among runners included having a cavus arch and
a varus knee. However, in the current sample, the eversion range of both groups fell
within normal range (between 3° and 9°) (87) as seen in Table 4.2. These results
suggest that most participants in both groups did not have a high arch, low arch or
pronated foot. Thus, even if these factors contribute to PF, it would not have been
possible to identify them as predictors in the current study due to the lack of
variability in these at baseline.

Among all of the anatomical variables, only the femoral anteversion angle
was included in the final predictive model. Although the mean angle of both groups
were in normal range (between 8° and 15°) (25), the PF group anatomically
demonstrated less femoral anteversion than the non-PF group. The magnitude of
this difference was higher than the SEM (APPENDIX C). Such difference indicates
more lateral rotation of the hip during non-weight bearing; however, these might
induced the medial rotation via the subtalar joint articulation during weight
acceptance (69). Thus, while walking, the body weight is transferred to the medial
side of the foot earlier, which can result in stress on medial foot structures including

the plantar fascia, and also reduces the strength of primary foot and ankle muscles



80

for ambulation such as gastrosoleus muscles (24, 25). Although our study did not
find the lower strength of ankle plantarflexors to be the significant predictor,
individuals with PF reported the lower strength than the healthy participants.
Theoretically, the poor strengths of gastrosoleus can lead to an insufficiency to
generate their concentric force for gait propulsion. The plantar fascia then increases
over tension during windlass mechanism for dynamic arch support (24). The altered
timing during this period may disrupt the synchronous movement of the foot, tibia,
femur, and pelvic regions which lead to any injuries within the kinetic chain of
lower extremity (24, 69).

There is growing evidence for proximal and distal factors as contributing to
lower-extremity injury. In this view, each bony segment in the lower limb can be
viewed as a rigid link with the connecting joints including the subtalar, ankle, knee
and hip joints (69). The current findings indicate poorer quality of movement at
baseline in the PF group than in the non-PF group with an acceptable SEM
(APPENDIX C). The assessment of movement quality from LSD task included the
entire trunk and lower extremity. This suggested the possibility that an alteration of
lower-extremity movement pattern, consisting of excessive femoral adduction and
medial rotation as well as knee valgus, may have significant implications for distal
limb function. Owing to these changes, the overload weight-bearing activity
produced excessive medial rotation of femur and tibia as well as more foot
pronation, which could lead to the disruption of plantar fascia (21, 61). Despite
there being a strong theoretical basis linking between biomechanical dysfunction of

the lower limb and foot function, information regarding to the proposed mechanism
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of PF is needed to further determine the causal chain(s) that can lead to PF. Such
analysis could potentially come from research using motion analysis.

Our results also demonstrated a higher risk of PF among the conscripts with
higher BMI at baseline. A systematic review also reported BMI as a significant
factor concurrently associated with the presence of PF (3). Through the use of a
prospective longitudinal design, the current findings provide stronger support for
the causal influence of BMI on the development of PF. Individuals who are
overweight or obese are two to six times more likely to also have PF, respectively
(1). Higher BMI causes additional stress to the plantar fascia especially at its
proximal attachment during prolonged weight bearing, which could then induce
periosteal lifting and calcaneal spur formation (51).

The present study also identified an association between lower baseline
exercise activity level and the development of PF. This finding is in line with
previous research investigating overuse injuries in young conscripts (8). It confirms
physical activity level as a key predictor of the development of various overuse
injuries during military training. Conscripts with lower baseline activity levels have
lower tolerance for the physical demands of military training. As a result, they are
more susceptible to injury than individuals with higher levels of exercise activity
prior to the beginning of military training (8).

Psychosocial factors also appear to play an important role for the
development of PF (5, 45). The present study identified the stress as psychological
risk factor for the development of PF and also the remaining factor of being PF. As
found in the current result, there was significant difference between groups at the

end of follow up. Such difference indicated the higher stress score in the persons
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with PF than those without PF. Previous research in factory workers similarly found
job dissatisfaction as social risk factor for the development of PF (45). Another
study investigating the impact of depression, anxiety and stress on foot pain scores
from the foot health status questionnaire (FHSQ) among the patients with PF found
that depression and perceived stress were the significant predictors of foot pain,
although anxiety was not associated with foot pain in their model (5). In general,
psychological symptoms have been identified as key causes of detrimental impacts
on functional status and physical fitness (8). Stress scale from DASS-21 has items
related to persistent tension, irritability, and a low threshold for becoming upset or
frustrated (negative affect) (106). There are direct interactions between the brain,
perceptions and emotional reactions, and the body that influence physical function
and symptom expression in each person (116). Every emotional state stimulated a
numbers of neurotransmitters from the brain to the body’s tissue via the
bloodstream. The stress signal that was manufactured from the brain could induce
anxiety, depression, and physical pain. Individual mind which contained some
physical distress may continue to alarm the fear of movement. The brain, therefore,
orders a reduction of blood flow to any specific bones and tissues such as the foot
structure and plantar fascia. Such mechanism results in the oxygen deprivation of
these specific tissues and susceptibly produce pain symptom (117).

The current study has some limitations which should be considered when
interpreting the results. For example, the participants in this study were novice
conscripts (i.e., young otherwise healthy men) who underwent a specific course of
vigorous physical activity. Thus, the results may or may not generalize to other

populations, such as women or older individuals. Replication of the current
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findings in other populations would be needed in order to determine their
generalizability. And the sample size in this study was quite small. According to the
rules of thumb for determining sample sizes, at least 186 conscripts were needed to
achieve 80% power from the regression analysis (118) (APPENDIX D). However,
as seen in Table 4.2, only eight variables were included for the multiple logistic
regression; thus, the target sample size should be 114 conscripts.

Despite these weaknesses, the current study also has important strengths.
Primary among them is the use of a longitudinal prospective predictive design,
which allows for the ability to draw causal conclusions regarding the factors that
could contribute to the development of PF. Moreover, to our knowledge, it is the
first study to evaluate a broad range (over 17 predictors in all) of potential factors in
the same sample. This allowed us to directly compare the relative importance of the
predictors. As a result, we were able to identify a number of factors that included
both anatomical and psychosocial factors. The findings also highlighted the
importance of proximal structures as contributing to the development of PF.

The findings also have important practical clinical implications. For
example, they provide an empirically based guide for screening novice conscripts
who may be at the greatest risk for developing PF prior to the beginning of military
training. Also, as the level of physical exercise and BMI were both found to be
associated with greater risk, novice conscripts could be told to both (1) increase
their physical fitness and (2) lower their BMI prior to attending the military
program. Specifically, a muscle strengthening program of the core trunk and hip
could also be included in the military training program to potentially reduce the

incidence of PF in this population.
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4.6 Conclusion

In conclusion, the results indicated that conscripts with poorer quality of
movement were twice as likely to exhibit PF. The conscripts with a lower femoral
anteversion angle were at increased risk of presenting with PF. In terms of
individual components, the conscripts with a higher body mass index and higher
stress level were at increased risk of PF. In addition, the conscripts with a higher
physical exercise level before the military program had a reduced risk of presenting
with PF. These findings provided epidemiological information regarding the risk
factors for PF, which would be useful for preventing overuse injuries of the lower
extremities, especially from a military training program. Both prevention and
treatment programs should consider the importance of proximal structure and

psychological factors in order to achieve a better outcome.
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CHAPTER 5

STUDY II: IMPACTS OF PHYSICAL AND PSYCHOLOGICAL
VARIABLES ON PAIN INTENSITY IN CONSCRIPTS WITH PLANTAR

FASCIITIS

51  Abstract

Ideal strategies to prevent and reduce pain from plantar fasciitis should
emphasize both physical and psychological factors. Therefore, identification of the
key factors that are highly correlated with pain is important to monitor change in
plantar fasciitis management. The objective of this study was to determine the
predictors of pain intensity with respect to physical and psychological variables
among Thai novice conscripts with plantar fasciitis. A total of 270 Thai novice
conscripts without musculoskeletal pain were included. Data were collected on
physical variables (i.e. ankle dorsiflexion angle, ankle plantarflexor strength, and
quality of lower extremity movement scores) and psychological variables (i.e.
depression, anxiety, and stress scores) at baseline. After 10 weeks of military
training, 71 Thai novice conscripts developed pain from plantar fasciitis. Data from
these participants were analyzed using multiple linear regression with forward
stepwise method to determine the significant predictors of pain intensity from
plantar fasciitis. The final model from forward regression indicated that the only
variables associated with pain intensity from plantar fasciitis were anxiety (P <
.001) and quality of movement scores (P = .005). In conclusion, the conscripts who
had higher scores of anxiety and movement quality from the lateral step-down task

at baseline developed higher pain intensity from plantar fasciitis after the 10-week
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military program. Both prevention and treatment programs should consider the
importance of functional core stability and psychological factors in order to achieve

a better outcome.

5.2 Introduction

Plantar fasciitis (PF) is the most common cause of patients presenting with
plantar heel pain which has an unfavorable impact on health-related quality of life
(2). It affects up to 15% of all adult foot complaints and accounts for 8-10% of
running or training-related injury. The prevalence of this condition is commonly
reported across athletic, occupational, and military settings (2, 3, 10). The training
program for male recruits consists of long-distance running of at least 10 km per
week and high-load weight-bearing exercises that could increase the risk of PF and
other lower extremity injuries (8). Persons with moderate-to-severe heel pain might
avoid shifting weight onto the painful foot or walk with an antalgic gait. The nature
of pain from PF is not usually disabling; however, it restricts the ability to perform
weight-bearing activities in daily life, work, and social and family functions (3).

Although the development of pain from PF is associated with high-load
activities, other non-biological mechanisms could affect pain perception (5).
Emotional stress of the conscripts in the training program is also the main cause of
detrimental impacts on functional status and physical fitness, which lead to
susceptibility to overuse injuries (8). Therefore, ideal strategies to prevent and
reduce pain should emphasize not only physical factors (e.g. stretching and
strengthening exercises of calf muscles (2, 3)), but also psychological factors, in the

form of a multidisciplinary intervention. Identification of the key impairments
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related to pain may assist in depicting physical therapy approaches for patients with
PF. If it can be shown that particular impairments induce pain intensity, focusing on
such impairments may improve the effectiveness of physical therapy intervention
for patients with PF.

Repetitive microtrauma of the plantar fascia induces the loss of fascia
elasticity which increases the plantar fascia thickness, especially at the heel region
or at its proximal attachment (17). It has been postulated that there is an anatomical
connection between the Achilles tendon and plantar fascia; thus, the tensile stress of
plantar fascia may increase the tension in the Achilles tendon, which leads to the
onset of pain and functional changes in gait (17, 24). Persons with inflexible
gastrosoleus muscles produce dynamic midfoot pronation to compensate for a lack
of ankle dorsiflexion during the midstance phase. Those with deficit strength have a
reduced ability to generate concentric force for gait propulsion. The plantar fascia
then increases in tension during the windlass mechanism for dynamic arch support
(24). Moreover, any changes in foot biomechanics may disrupt the synchronous
movement of the foot, tibia, femur, and pelvic regions, which lead to changes in
lower extremity movement (17, 21). A numbers of studies have additionally
mentioned the reduction in core trunk and hip muscles as possible risk factors for
PF (101, 119). Such impairments could induce greater femoral adduction and
femoral medial rotation, possibly followed by tibial medial rotation, which lead to
poor shock absorption and result in repetitive injuries of distal parts, including the
plantar fascia, during walking (69).

As patients with PF have anatomical and biomechanical alterations of their

lower extremities, a number of clinical studies have used stretching and
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strengthening programs to reduce pain and improve function. However, most of
these demonstrated short-term effects (2, 3, 101, 119). A recent meta-analysis study
indicated that conservative treatments commonly used for PF management could
not provide clinically significant improvements with regard to the minimal clinical
important difference (MCID) for the visual analog scale (VAS) of 3 cm (120).
Possibly, incomplete recovery or failure to respond to the treatment may be
associated with some specific patient characteristics, including physical and
psychological factors that would influence the treatment response.

Nowadays, there is limited evidence from prospective cohort studies
regarding the prognosis of PF. Since pain is the main complaint of patients with PF,
the current study was therefore carried out to examine the predictors of pain
intensity in individuals with PF. The objective of this prospective cohort study was
to determine whether physical variables (i.e. ankle dorsiflexion angle, ankle
plantarflexor strength, and quality of lower extremity movement scores) and
psychological variables (i.e. depression, anxiety, and stress scores) were associated
with pain intensity in patients with PF. We hypothesized that both physical and
psychological factors could influence pain intensity from PF during the military

training program.

53 Materials and Methods

5.3.1. Study design

A prospective cohort study with a 10-week follow-up was conducted among
Thai male conscripts who attended basic military training from May to July 2016 at

the Infantry Battalion of the 11™ Military Circle, the military training center in
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Bangkok city. Baseline measurements were collected prior to the beginning of the
military training. After 10 weeks of military training, 71 conscripts were diagnosed
as having PF.

5.3.2. Study population

A total of 502 Thai male conscripts aged 20 years and over were invited to
enroll in the present study. Of these, 457 conscripts agreed to participate and were
subsequently asked to fill out a screening questionnaire. The exclusion criteria
consisted of individuals with lower back and/or lower extremity pain during the last
three months with a VAS of more than 3 cm, a history of lower extremity
fracture/surgery, a medical diagnosis of gout, rheumatoid arthritis, systemic lupus
erythematosus (SLE), cancer, and infectious disease. On physical examination,
individuals with true leg length difference of more than 1 cm and positive signs
from the straight leg raising (SLR) test such as numbness, paresthesia or referred
pain in the posterior leg were excluded (105). One hundred and eighty-seven
conscripts had at least one of these criteria and were excluded from the study. The
remaining 270 conscripts were followed up for a period of 10 weeks during military
training. The training program combined daily physical training and military skills
training. The daily physical training program comprised running about 40 km per
week and physical exercise such as push-ups, sit-ups, pull-ups and chin-ups for
about two hours per day. The military skills training included postural training with
and without a weapon, periodic road-march training, marksmanship training,
maneuvers during the day and at night, throwing explosives, camouflage and

reconnaissance training. All participants gave written informed consent before
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participating and their rights were protected. The study procedures were approved
by the ethical committee of Chulalongkorn University (approval no. 077/2016).

5.3.3. Questionnaire

Two different sets of questionnaires were used during the study period. The
first set was designed to collect individual and psychological factors at baseline,
including age, body mass index (BMI), depression, anxiety, and stress scores. The
Depression, Anxiety and Stress Scale short version (DASS-21) was used to evaluate
the psychological symptoms; higher scores indicated higher severity of the
symptoms (106, 107). Depression scale contains items related to low positive affect,
hopelessness, devaluation of life, self- deprecation, and inertia. It does not contain
somatic items. High scores on this scale are associated with mood disorders. The
anxiety scale has items related to autonomic arousal, physiological hyperarousal,
feelings of fear, and panic attacks. High scores on this scale are associated with
panic disorder. The stress scale contains items reflecting difficulty relaxing, tension,
impatience, irritability and agitation, and overreactivity to stressful events. High
scores have been associated with generalized anxiety disorder (106). The second set
was a follow-up questionnaire used to screen the conscripts with PF and collect data
on average pain intensity from PF in the previous week (2).

5.3.4. Lower-extremity physical examination

Physical variables included ankle dorsiflexion angle, ankle plantarflexor
strength, and lower extremity movement pattern. The Lateral Step Down (LSD)
test, a clinical biomechanical assessment, was used to determine lower extremity
movement patterns (32, 110). Prior to collecting data for the current study, we

performed a pilot study to compute the intra-rater reliability of all physical
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examination among 10 male conscripts. The results showed ICC(3,1) ranging from
0.72 10 0.96 (APPENDIX C), which indicated moderate to good reliability (76).

Active ankle dorsiflexion angle was assessed in a prone position lying with
knee extension. The angle was formed between a vertical line and a lateral line of
the fifth phalange (Figure 5.1A) (1). In addition, ankle plantarflexor strength was
assessed from the single leg heel rise task (Figure 5.1B). The number of sufficient
single heel rises was counted and recorded. The task was terminated if the height of
the heel rise was less than 50% of the full height measured at the beginning of the
task (114).

The lower extremity movement pattern was measured using the LSD test
with the contralateral leg hanging down from a 15 cm step height (Figure 5.1C).
The participants were instructed to bend the knee of the tested leg until the
contralateral leg touched the floor and then return to the starting position. During
the LSD task, the examiner rated the scores using five criteria: arm strategy, trunk
alignment, pelvic plane, knee position and steady stance. The sum score ranged
from 0 to 6 points and a higher score indicated a poorer quality of movement. The
abnormalities that could be observed during assessment included: removal of a hand
from the waist (1 point), leaning in any direction of the trunk (1 point), movement
of the pelvis in the horizontal plane (1 point), medial movement of tibial tuberosity
to either the second toe (1 point) or to the medial border of the foot (2 points), and
stepping down on the non-tested limb (1 point). Lower extremity movement
patterns could be categorized into three levels, consisting of good (0-1 point),

moderate (2-3 points) and poor (4-6 points) quality of movement (32).
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Figure 5.1 Physical assessment in the present study

5.3.5. Study procedure

Prior to the beginning of military training, a total of 270 participants
completed a self-report questionnaire and underwent a physical examination by a
physical therapist who was assigned to conduct specific assessments in a
standardized manner. At the end of the training, a physical therapist (P.H.) with
nine years of clinical experience in the foot and ankle regions met the participants
for the diagnosis of PF. All participants were asked to complete the follow-up
questionnaire. Those who reported plantar heel pain for at least one week were
evaluated for PF following the criteria of PF guidelines, which include tenderness
of the medial calcaneal tubercle, heel pain from ordinary weight-bearing activities
and immediate heel pain during the first few steps of walking after a prolonged
period of inactivity that gradually decreased after walking for a while (2, 3). After
the follow-up evaluation, 71 conscripts were diagnosed as having PF (Figure 5.2).
Data from this group were used for statistical analysis.

5.3.6. Statistical analysis

Descriptive statistics were used to present the baseline characteristics of the
participants and average pain intensity from PF during the previous week. We

firstly performed a correlation matrix of the variables to determine the univariate
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relationships among all variables, by calculating either Pearson or Spearman p
coefficients. In the case of high correlation (r = 0.65) among all independent
variables, only the one that was most correlated with the pain intensity was retained
for the multiple linear regression.

To investigate the predictors of pain intensity (in unit cm) among Thai
novice conscripts with PF, all independent variables of BMI, depression, anxiety,
stress, ankle dorsiflexion angle, ankle plantarflexor strength, and quality of lower
extremity movement scores were included for multiple linear regression with the
forward stepwise method. Since the significant predictors should be sequentially
entered into the regression model (one by one) according to their relationship with
the dependent variable, we used the forward selection procedure to analyze data.
The significant level of the linear regression was tested at each step and the
standardized P coefficients for each variable in the final model were calculated.
Regression diagnostics (collinearity and residuals analysis) were performed to
check whether the data were appropriate for regression analysis (121). We
additionally performed the second model to investigate the predictors of quality of
lower extremity movement score, with two independent variables including the
ankle dorsiflexion angle and ankle plantarflexor strength. The most painful side was
selected for the analysis. In the case of having equal foot pain intensity in the PF
group, the leg side was randomly selected from a computer program. However,
there were no significant differences in all physical examination tests between both
legs. All statistical analyses were performed using SPSS software version 22.0

(IBM statistics), with a significance level of P < .05.
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extremity pain

¢ 10 had history of fracture/surgery

¢ 6 had positive sign from SLR test

10-week follow-up]

157 excluded:
e 23 lost follow up in any phases
e 134 had lower back and lower-

extremity pain other than PF

Figure 5.2 A flow diagram of the participations in this study

5.4 Results

Seventy-one (26%) out of 270 conscripts had PF symptoms after 10 weeks

of military training. Seventy-one out of 270 conscripts had PF symptoms at the end

of the follow-up; an incidence of 26.2%. Among the 71 conscripts with PF, the

average age was 21.54 + 1.14 (mean * standard deviation) with a mean BMI of

23.37 + 3.81. Sixty participants with PF (84.5%) reported unilateral foot pain, while

11 (15.5%) reported bilateral foot pain. The average pain score of the 71

participants with PF was 4.76 = 2.46. Characteristics of the participants are

presented in Table 5.1.

Since the anxiety score was highly correlated with the depression and stress

scores (Table 5.2), only the variable of anxiety score was included for the multiple



95

linear regression. As shown in Table 5.3, the final model from forward regression
indicated that the average pain intensity was associated with anxiety (P < .001) and
quality of lower extremity movement (P = .005). The conscripts with PF who
reported higher levels of pain intensity scored higher anxiety and quality of lower
extremity movement. From the regression model, there was a 0.129 cm increase in
pain intensity for each point of anxiety score; and there was a 0.873 cm increase in
pain intensity for each point of quality of lower extremity movement score. The
overall model accounted for 25% of the variation in pain intensity. As seen in Table
5.4, the additional regression model indicated that the only variable associated with
quality of lower extremity movement was ankle dorsiflexion angle (P = .021). The
conscripts with PF who reported poorer quality of movement had a lower angle of
ankle dorsiflexion. Two models from the regression analysis met the assumptions of
homogeneity of variance and linearity; additionally, the residuals were
approximately normally distributed.

Table 5.1 Characteristics of the participants (n=71)

Variables Mean S.D.
Age 21.54 1.14
Pain level from visual analog scale 4.76 2.46
Body mass index (kg/m?) 23.37 3.81
Depression scores 9.92 6.16
Anxiety scores 12.20 7.75
Stress scores 15.69 7.45
Ankle dorsiflexion angle 5.11 5.33
Ankle plantarflexor strength (heel raising 21.00 6.51

times)

Quality of movement scores 3.65 0.86
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Table 5.2 Correlation analysis among the variables

Correlation coefficient

) ) o Plantarflexor Quality of
BMI  Depression  Anxiety Stress Dorsiflexion
strength  movement

Pain intensity 0.072 0.253* 0.378*  0.265* -0.113 -0.101 0.303*
BMI 0.076 0.066  0.145 0.141 -0.140 -0.093
Depression 0.648*  0.717* -0.180 -0.261* 0.047
Anxiety 0.733* -0.210 - 0.394* -0.017
Stress - 0.296* -0.361* - 0.052
Dorsiflexion 0.224 -0.201
Plantarflexor 0.177
strength

* Significant level at P < .05.
Table 5.3 Multiple linear regression to predict pain intensity among Thai novice

conscripts with plantar fasciitis¥

B S.E. B Ttest P-value
Intercept -0.002 1.207
Anxiety score 0.129 0.033 0.406 3.868 <.001*
Quality of movement scores 0.873 0.299 0.307 20917 .005*

* Significant level at P < .01

Abbreviations: B, unstandardized coefficient; S.E., standard error of coefficient; j3,
standardized coefficient

" R square = 0.250

Table 5.4 Multiple linear regression to predict quality of movement scores among

Thai novice conscripts with plantar fasciitist

B S.E. B Ttest P-value
Intercept 3.875 0.138
Ankle dorsiflexion angle -0.044 0.019 - - .021*
0.274 2.369

* Significant level at P < .05

Abbreviations: B, unstandardized coefficient; S.E., standard error of coefficient; 3,
standardized coefficient

" R square = 0.075
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55 Discussion

The main purpose of the current cohort study was to determine the physical
and psychological predictors of pain intensity among conscripts with PF. The
authors conducted research among this specific population, since they were enrolled
in a vigorous training program that could increase injury from PF, with high-load
activities, training on hard surfaces, long-distance running, and the uses of rigid
footwear (8, 10). This was to ascertain that the level of pain intensity was dependent
on physical and psychological variables, not environmental variables. Of the 71
participants with PF studied, the significant variables included the anxiety score and
the movement quality from a LSD task. The variables that were found to be highly
correlated with pain intensity were important to monitor changes in plantar fasciitis
management (122).

Among all physical variables, the current study demonstrated that a higher
score from the LSD test—which reflects poorer core stability and quality of lower
extremity movement—was associated with higher pain intensity in conscripts with
PF. Generally, the components of core stability assessment include strength,
endurance, flexibility, motor control, and function (123). The LSD test is the
functional assessment of core stability to determine the movement coordination of
the arms, trunk, and lower extremities. During this task, the joints of the stance leg
are required to flex in order to move the contralateral foot to the floor. Impairment
in range of motion or decreased neuromuscular control at any section of the lower
extremity may require alternative strategies to complete the task (124). As seen in
Table 5.1, the mean angle of ankle dorsiflexion was less than the normative data

(angle < 10°) (16). Although this factor had little association with the pain intensity,
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it was significantly associated with poor quality of movement. Individuals with
insufficient ankle dorsiflexion might induce excessive knee valgus and trunk
leaning to move the contralateral foot to the floor. A compensatory movement to
attain more dorsiflexion is pronation of the subtalar joint, which is then related to
internal rotation of the tibia and dynamic valgus of the knee (124). It has been
assumed that the patients with higher pain intensity from PF had more dynamic
pronation of the subtalar joint, which led to elongation and excessive tension of the
plantar fascia. In addition, instability of the ankle joint might be associated with the
higher pain intensity that led to the poorer quality of movement; however, the
present study did not assess the proprioception of the ankle joint and report the
history of ankle joint instability.

Although higher BMI and some physical assessments of lower extremity
(i.e. lower ankle dorsiflexion angle and lower ankle plantarflexor strength) were
reported as risk factors for PF (3, 17), there was little association with the pain
intensity. The variables from the current study were different from the variables
investigated in previous studies with a multiple regression approach. For example,
Riddle et al (122) collected the variables of age, BMI, pain duration, pain intensity,
and ankle dorsiflexion angle into the regression model to predict self-reported
disability in patients with PF. They found only BMI to be significantly associated
with disability. The contrasted findings could reflect not only differences in patient
population and condition, including severity and duration of symptoms, but also
variable differences in the multiple linear regressions.

With respect to psychological variables, anxiety was the most significant

predictor of pain intensity in conscripts with PF. The anxiety scale has items related
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to autonomic arousal, physiological hyperarousal, feelings of fear, and panic
attacks. High scores on this scale are associated with panic disorder (106). This
symptom might induce withdrawal and avoidance of functional activities due to
negative appraisal of individual capacities. Persons suffering from this condition
might reduce their ability to cope with pain. Fear of being hurt and the anticipation
of suffering are factors that were found to be highly correlated with the pain
intensity (125). However, the current study reported psychological factors
differently from previous research. For example, Cotchett et al conducted two
studies to determine the impact of psychological factors on foot pain scale in
patients with PF (5, 126). One study reported no significant association between
each psychological variable i.e. depression, anxiety, stress and foot pain scores from
the foot health status questionnaire (FHSQ) in male patients with PF (5).
Meanwhile, the other study found significant association between first step pain and
pain catastrophizing (126), which is defined as “an exaggerated negative mental
state brought to bear during an actual or anticipated painful experience” (127). The
latter study also indicated the role of psychological factors in patients with PF.
Given the importance of these factors in clinical decision-making, the routine
detection of such symptoms might be a further strategy for the -effective
management of PF.

Some limitations should be noted in the present study. The participants in
this study were novice conscripts who represent a population who do vigorous
physical activity. The results are not applicable to the general population, such as
athletic groups and male groups with the same age range. Therefore, the clinical

implication should be recognized before applying to other groups of population and
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the present results should be validated in other samples of patients with PF. In
addition, the sample size in this study was quite small. According to the rule of
thumb for determining sample sizes (118) (APPENDIX D), the current study
needed 106 conscripts to achieve 80% power from the regression analysis.
However, as seen in TABLE 5.2, only five variables were included for the multiple
linear regression; thus, the target sample size should be 90 conscripts.

Despite these limitations, the study’s major strength was that it was the first
prospective cohort study to investigate physical and psychological factors that relate
to pain in conscripts with PF. Our study provided information regarding the role of
proximal biomechanics, other than only foot and ankle regions, to the development
of PF. The significant predictors can be used further to screen novice conscripts
who may develop higher pain intensity from PF. Since quality of movement was
found to be a predictor of pain from PF, a muscle strengthening program of the core
trunk and hip should be additionally included in the military training program prior
to the beginning of military training. In addition, further studies should determine

the role of psychological factors and how they relate to the pain level from PF.

5.6 Conclusion

The results demonstrate that conscripts who had anxiety and poor quality of
lower extremity movement at baseline developed higher pain intensity from PF
after the 10-week military program. Focusing on such variables may improve the

effectiveness of physical therapy intervention for patients with PF. Both prevention
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and treatment programs should consider the importance of functional core stability

and psychological factors in order to achieve a better outcome.
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CHAPTER 6

STUDY IlI: DIFFERENCES IN LOWER-EXTREMITY KINEMATICS

BETWEEN INDIVIDUALS WITH AND WITHOUT PLANTAR FASCIITIS

6.1  Abstract

Tensile stress of plantar fascia from vigorous activities may induce
kinematic change of multi-segment foot that could lead to functional changes of
lower-extremity kinetic chain during gait. However, this possibility has not yet been
adequately examined. This study aimed to evaluate the role that influenced gait by
comparing lower-extremity kinematics during the stance phase of the gait cycle
between individuals with and without plantar fasciitis. A total of 60 male conscripts
participated in the study including 30 conscripts with plantar fasciitis and 30 aged-
match controls. Kinematic data of the lower extremity and multi-segment foot
regarding the range of motion were analyzed using a three-dimensional motion
analysis system. The plantar fasciitis group evidenced significant differences in
motion in the multi-segment foot, the ankle, the knee, and the hip from the control
group during various subphases of the stance phase. Specifically, and relative to the
control group, the plantar fasciitis group had significantly higher rearfoot motion in
transverse plane during contact phase. They exhibited lower forefoot motion, knee
motion and hip motion in sagittal plane during midstance phase. Moreover, the
statistically significant increase in ankle motion in transverse plane and hip motion
in frontal plane were detected in the plantar fasciitis group during propulsive phase
(@all Ps < 0.05). In conclusion, individuals with plantar fasciitis evidenced more

flexibility in the ankle-foot complex. It seemed that they could not effectively
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supinate rearfoot; therefore, it was difficult for persons to naturally transfer body
weight from the rearfoot to the medial forefoot during the knee and hip extension.
This might lead to the functional change of the lower extremity in the persons with
plantar fasciitis when the foot needs more stability to perform appropriate

propulsion.

6.2 Introduction

Plantar fasciitis (PF) is an overuse injury commonly related to prolonged
weight-bearing activities (100). Military training programs that involve long-
distance running, prolonged standing, inverted crawling, hopping, high jumping,
and hiking with backpack can increase the risk of lower-extremity injuries,
including PF (8, 10). Mechanical overload of plantar fascia from vigorous activities
causes microtrauma and subsequent degenerative changes at its proximal
attachment, which lead to the loss of fascia elasticity (71, 128). As found in the
survey of the present study, risk factors of PF related to anatomical structure and
biomechanics were the lower femoral anteversion angle and poorer quality of
lower-extremity movement, respectively (129). Such anatomical difference
indicates more lateral rotation of the hip during non-weight bearing; however, these
might induce the medial rotation via the subtalar joint articulation during weight
acceptance (69). Thus, while walking, the body weight is transferred to the medial
side of the foot earlier, which can result in stress on medial foot structures including
the plantar fascia (24, 25). This suggested the possibility that an alteration of lower-
extremity movement pattern, consisting of excessive femoral adduction and medial

rotation as well as knee valgus, may have significant implications for distal limb
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function in the person with PF (129). Owing to these changes, the overload weight-
bearing activity produced excessive medial rotation of femur and tibia as well as
more foot pronation, which could lead to the disruption of plantar fascia (21, 61).
Such functional changes of lower-extremity kinetic chain provide the path of least
resistance to motion and the site of compensation for various proximal structures
such as lower-extremity muscles, ankle joint, knee joint, and hip joint (24, 130).
Extensive research has been conducted to determine the foot posture and the
range of ankle-foot motion related to PF (3, 17, 18, 20, 21, 100). However, much of
the previous research of kinematic changes in PF using motion analysis has
centered on either single-rigid foot or multi-segment foot models without
consideration of hip and knee kinematics (18, 20, 21). With respects to the
kinematic study by Chang et al. (21) using the multi-segment foot model, the study
compared the rearfoot and forefoot kinematics between PF feet and healthy feet
during the stance phase of walking with the constant speed of 1.35 m/s. There were
similar movement pattern of the rearfoot and forefoot between groups in all three
subphases i.e. contact phase, midstance phase, and push-off phase. This study
defined the contact phase as the duration from ipsilateral heel contact to
contralateral toe off; the midstance phase as the duration from contralateral toe off
to contralateral heel contact; and the push-off phase as the duration from
contralateral heel contact to ipsilateral toe off. At heel contact, the rearfoot was
inverted and the forefoot was significantly plantarflexed. Then, the rearfoot became
everted and the forefoot became dorsiflexed until 80% of the stance phase that
reached the maximum movement of the rearfoot and the forefoot during midstance

phase. Subsequently, immediately changes into the stability position caused the
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inverted movement of the rearfoot and dorsiflexed movement of the forefoot during
the propulsive phase (21). Although the similar gait pattern was found, the PF feet
exhibited more range of rearfoot motion in frontal plane while there was no
difference of forefoot kinematics when compared with the healthy feet (21). While,
the other two studies using single-rigid foot model found no difference of the
rearfoot motion between groups (18, 20). Up to date, the kinematic characteristics
of PF in each subphase during stance phase were unclear.

Preliminary research suggests that there are also important biomechanical
correlates of PF in aspects of the whole lower extremity during gait. For example,
some studies suggest that individuals with PF may shorten their stride length on the
affected side to reduce weight-bearing on the painful foot (17, 131). Patients with
PF also appear to reduce hip extension during midstance, which results in poor
control of the tibia over the foot (25). However, there is limited empirical evidence
regarding the role that leg biomechanics — as assessed using motion analysis — plays
in PF. Such knowledge has important clinical implications. If research using motion
analysis confirms a key role for biomechanics related to the entire leg in PF, then
assessment and treatments that target those biomechanics may be important to
reduce the risk and severity of PF.

Given these considerations, the main objective of the current study was to
identify any differences in lower-extremity kinematics during the stance phase of
the gait cycle between individuals with and without PF. Compared with healthy
controls (i.e., individuals without PF), we hypothesized that a group of individuals
with PF would exhibit (1) more range of motion (RoM) in the frontal and transverse

planes of rearfoot and forefoot and (2) less RoM in the sagittal plane of ankle and
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forefoot in all subphases of the stance and (3) different RoM of hip and knee during

the stance phase.

6.3 Materials and Methods

6.3.1. Study design

A nested case-control design within a prospective cohort study had been
conducted from July to September of 2016 among Thai male conscripts, who
attended 10-week military training from May to July of 2016 at the Infantry
Battalion 11" Military Circle, the center camp of military training in Bangkok,
Thailand. The study protocol was approved by the Ethics Committee of
Chulalongkorn University, Bangkok, Thailand (approval No. 077/2016)

6.3.2. Participants

A total of 60 conscripts agreed to participate in the present study. There
were 30 individuals with PF (PF group) and 30 age-matched individuals without
any musculoskeletal symptoms of the lower extremity during the military training
(control group). They all gave their informed consent prior to the beginning of the
study. Participants were included if they were diagnosed as having PF sign and
symptom including tenderness of the medial calcaneal tubercle, heel pain after
prolonged weight-bearing activities, and heel pain during the first few steps of
walking after a prolonged period of inactivity (3); and having numerical pain rating
scale (NRS) of less than or equal 3 at heel during gait. Individuals with a positive
sign on the straight leg raising test, abnormal foot arch assessed by the arch ratio
(132), or leg length discrepancy more than 1 centimeter were excluded. The sample

size in this study was calculated based on the study of Chang et al.(21); with that, at
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least 26 participants per group would have a power of 80% and significant level of
5% to detect the outcome differences between groups (APPENDIX D).

6.3.3. Physical assessment of the lower extremity

Participants’ baseline characteristics were assessed prior to the gait
assessment. All participants were given a lower-extremity physical examination
including the measurements of femoral anteversion angle, tibial torsion angle, ankle
dorsiflexion angle, and lower-extremity movement pattern. The intra-rater
reliability of all tests in the physical examination showed ICC(3,1) ranging from
0.70 to 0.96 and SEM ranging from 0.1 to 2.9 (APPENDIX C).

Femoral anteversion angle was measured using Craig’s test in prone position
with 90° knee flexion of the tested leg (Figure 6.1A) (112). Tibial torsion angle was
measured to determine tibial rotation in the transverse plane (Figure 6.1B) (85).
Ankle dorsiflexion angle was assessed in prone position with two knee positions i.e.
full extension (Figure 6.1C) and 90° flexion (Figure 6.1D) (1). Biomechanical
assessment from lateral step down (LSD) task was also measured to determine the
lower-extremity movement pattern (Figure 6.1E). The lower extremity movement
pattern was measured using the LSD test with the contralateral leg hanging down
from a 15 cm step height (Figure 5.1C). The participants were instructed to bend the
knee of the tested leg until the contralateral leg touched the floor and then return to
the starting position. During the LSD task, the examiner rated the scores using five
criteria; arm strategy, trunk alignment, pelvic plane, knee position and steady
stance. The sum score ranged from 0 to 6 points and a higher score indicated a
poorer quality of movement. The abnormalities that could be observed during

assessment included: removal of a hand from the waist (1 point), leaning in any
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direction of the trunk (1 point), movement of the pelvis in the horizontal plane (1
point), medial movement of tibial tuberosity to either the second toe (1 point) or to
the medial border of the foot (2 points), and stepping down on the non-tested limb
(1 point). Lower extremity movement patterns could be categorized into three
levels, consisting of good (0—1 point), moderate (2—3 points) and poor (4—6 points)
quality of movement (32). The poorer quality of movement from LSD test reflects
the poorer muscular control from Gluteus maximus, Gluteus medius, Biceps

femoris, Vastus medialis, Tibialis anterior, and Gastrosoleus during this task (133).

« 3
—

Figure 6.1 Physical assessment in the present study

6.3.4. Gait assessment

Gait assessment was performed at the motion analysis research laboratory of
the Faculty of Allied Health Sciences, Chulalongkorn University. This laboratory
consists of an eight camera motion analysis system (Motion Analysis Corporation,
Santa Rosa, CA, USA) with a sample rate of 120 Hz. The cameras were

synchronized with three force transducers (Bertec force plate, Columbus, OH,
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USA), which were set to have a sample rate of 1200 Hz on a 10-meter walkway.
The software for the motion analysis system was Cortex version 2.5 with three
major functions consisting of calibration of capture volume, tracking and
identifying marker locations in calibrated 3D space, and post-processing tools for
tracking, editing, and preparing data for other packages. Marker histories and
analog signals were smoothed with a 6" order, low-pass Butterworth filter at 5 Hz
and 50 Hz, respectively.

All participants were instrumented with spherical retro-reflective markers
using double-sided tape. Markers were placed on anatomical landmarks according
to the Helen-Hayes model (134) and the multi-segment foot model (Figure 6.2)
(90). Each participant was then asked to walk barefoot on a force plate with a self-
selected speed. They performed the walking trials until at least three representative
trials were accepted.

Gait parameters were collected from the participants throughout the stance
period including walking speed, cadence, stride length, step length, and step width.
The stance phase of the gait cycle was defined as the duration between first contact
and last contact of the same foot, which was normalized with 100% of the gait
cycle. Two peaks of vertical ground reaction forces were used to determine four
time periods of the stance phase, which included initial contact phase (ICP),
forefoot contact phase (FFCP), foot flat phase (FFP), and forefoot push off phase
(FFPOP) (135). With that, ICP was the duration between first foot contact and first
metatarsal contact which was similar to the events from ipsilateral heel contact to
contralateral heel off (136); FFCP was the duration between first metatarsal contact

and forefoot flat which was similar to the event from contralateral heel off to
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contralateral toe off (136); FFP was the duration between the forefoot being flat and
heel off which was similar to the event from contralateral toe off to contralateral
heel contact (136); and FFPOP was the duration between heel off and last foot
contact which was similar to the event from contralateral heel contact to ipsilateral
toe off (136). The combination of FFCP and FFP was grouped into the midstance

phase (135).

Figure 6.2 Marker placement based on the Helen-Hayes model and
the multi-segment foot model

Kinematic data of the lower extremity during each phase of the gait cycle
were computed using custom Mathlab software (R2017a) in all three planes
(sagittal, frontal, and transverse). A total of 7 segment models were studied
including pelvis, thigh, shank, foot, calcaneus, midtarsus, and metatarsus. Joint
angles were calculated using a Cardan XYZ sequence of rotations with six degrees
of freedom; and the distal segment was relative to the proximal segment i.e. pelvis-

thigh (hip motion), thigh-shank (knee motion), shank-foot (ankle motion), shank-
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calcaneus or Sha-Cal (rearfoot motion), calcaneus-midtarsus or Cal-Mid (midfoot
motion), and midtarsus-metatarsus or Mid-Met (forefoot motion) (90, 134). RoM
was defined as the difference between the maximum and minimum joint angles
within each subphase of the stance phase (135). The intra-rater reliability testing of
lower-extremity and multi-segment foot kinematics showed ICC(3,1) ranging from
0.69 to 0.98 and SEM ranging from 0.01 to 1.85 (APPENDIX C).

6.3.5. Statistical analysis

The comparison of demographic/descriptive variables between participants
in the non-PF group (n=30) and the PF group (n=30) was performed using either the
independent t-test or the Mann-Whitney U test. RoM of the joints within the lower
extremity during the aforementioned gait phases was also compared between groups
using either the independent t-test or the Mann-Whitney U test.

In bilaterally symptomatic participants, data from the more symptomatic
limb was selected for data analysis; in cases of equal symptoms in both limbs,
selection was based on a randomization process. In the control group, the numbers
of right and left data sets were randomly matched to the numbers of leg sides from
the PF group. There were no significant differences of the kinematic data between
both leg sides. Descriptive data were presented with mean (standard deviation). All
statistical analysis was performed using SPSS software version 22.0 (IBM

Statistics), with a statistical significance level of P < 0.05.

6.4 Results

Average age of the study participants was 21.84 (1.46) years with a mean

BMI of 21.91 (2.99) kg/m?. The numbers of right leg and left leg in both groups for
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this analysis were 20 and 10, respectively. Average NRS during gait in the PF group
was 1.26 + 0.46. As shown in Table 6.1, the PF group had a significantly higher
BMI than the non-PF group. Physical assessment of the lower extremity indicated
that both groups were significantly different from each other on bony structures; the
PF group had less anteversion angle with more tibial torsion angle than the control.
There were a higher number of participants with poor quality of movement in the
PF group. However, other variables showed no significant differences between
groups.

With respect to the gait assessment, there were no significant differences in
walking speed, cadence, stride length, step length, and step width between groups,
as seen in Table 6.2. Qualitatively, the overall movement patterns of the foot
segment, ankle, knee, and hip during the stance phase of the gait cycle were similar
between groups (Figure 6.3). During ICP, the ankle was plantarflexed at the
beginning and then dorsiflexed at the late of this phase. The movement of rearfoot
was similar to the ankle pattern. It was distinctly everted and adducted; the forefoot
was dorsiflexed. The knee was also flexed and internally rotated with hip extension.
Regarding the midstance (FFCP and FFP), the ankle was dorsiflexed and the
rearfoot became inverted and abducted. With this movement of the rearfoot, the
knee was externally rotated and extended with hip extension. The forefoot remained
dorsiflexed in this phase. During FFPOP, the ankle was plantarflexed, and the
rearfoot was more inverted and abducted than the previous phase. The forefoot
motion switched to the opposite direction from the previous phase. And the knee

became internally rotated and flexed with hip flexion.
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RoM of each segment during the four subphases of the stance is presented in
Table 6.3. During ICP, the PF group had significantly higher rearfoot motion in the
transverse plane and lower forefoot motion in the sagittal plane than the control.
However, there was no significant difference between groups of the knee and hip
motion. Regarding the FFCP, the PF group showed significantly higher forefoot
motion in the frontal plane, whereas lower knee and hip motions in the sagittal
plane and lower knee motion in the transverse plane were found. In the FFP, only
the forefoot motion in the sagittal plane was different between groups with the
lower RoM in the PF group. And during FFPOP, the statistically significant
increase in ankle motion in the transverse plane and hip motion in the frontal plane
were detected in the PF group.
Table 6.1 Baseline characteristics of the participants in control (n=30) and PF

(n=30) groups

N (%), Mean (S.D.)

CTRL T
Body mass index, in kg/m? 204 (24) 222(29) .015*f
Femoral anteversion angle, in degrees 11.9(1.7) 10.9(2.6) .047*
Tibial torsion angle, in degrees 204 (4.1) 233(5.0) .017*!
Ankle DF angle with knee extension, 5.6 (5.0) 7.3 (5.6) 257

in degrees

Ankle DF angle with knee flexion, in 20.1(8.7)  20.3(7.5) 935
degrees

Quality of movement scores, in points 3.2(0.8) 3.8(0.8) .010*"

* Significant level at p-value < 0.05 " Non-parametric analysis
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Table 6.2 Gait parameters of the participants in control (n=30) and PF (n=30)

groups
N (%), Mean (S.D.)
P-value
CTRL PF

Walking speed (m/sec) 1.52 (0.10)  1.55(0.10) .268
Cadence (steps/min) 45.56 (5.97) 47.32(3.78) 442
Stride length (m) 1.14 (0.08) 1.13(0.08) .755
Step length (m) 0.67 (0.08)  0.69 (0.05) 544
Step width (cm) 12.92 (1.37) 1299 (1.16)  .988

6.5 Discussion

The primary aim of this study was to compare the lower-extremity
kinematics between individuals with and without PF. We controlled the internal
validity of this study by recruiting all participants without lower-extremity pain at
the beginning of the study and following them up until they developed PF within
the period of military training. This was to ascertain that the incidence of PF was
due to the military training, not from degenerative processes or chronic conditions.
As heel pain from PF could lead to an alteration in gait pattern and kinematic
changes of the lower extremity (17, 21), all participants in the PF group were
assessed while they had mild heel pain (NRS < 3) during gait. Therefore, the
differences of kinematic data between the PF and control groups might be due to the

bony structure and quality of movement other than pain. This was confirmed by the
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results of spatiotemporal data, as the PF group could walk with similar walking
speed, cadence, stride length, step length, and step width as did the control group.

Although the gait pattern was similarly observed between groups, the
current study demonstrated differently kinematic data from the control group during
the stance phase of gait cycle. In ICP, the significant differences between groups
were found only in the multi-segment foot; the PF group had higher RoM of
rearfoot in transverse plane and lower RoM of forefoot in sagittal plane. In FFCP,
the PF group had more RoM of knee in sagittal and transverse planes, hip in sagittal
plane, and forefoot in frontal plane. In FFP, only the lower RoM of forefoot in
sagittal plane was found in the PF group. In FFPOP, the PF group had higher RoM
of ankle in transverse plane and hip in frontal plane. Such differences were higher
than the expected variation in observed data due to measurement error or SEM
which were ranged between 0.03 and 0.26 (APPENDIX C). Kinematic information
during each subphase of the stance is discussed below.

In healthy feet, after the heel contact the floor, the weight is normally
transferred to the lateral side of the talus. This creates a valgus thrust on the subtalar
joint that resulted in the talus adduction during weight acceptance. The action at this
joint precedes and contributes to dorsiflexion of the forefoot and flexion of the knee
joint. The tibia and femur were normally internal rotating for shock absorption
during this phase (137). According to the present results, an increased transverse
plane RoM at rearfoot indicated the more subtalar adduction in the PF group during
ICP (Figure 6.3). As adduction is one component of subtalar pronation in the
weight-bearing position (136), one might assume that the PF group exhibited more

pronation during gait. Increased pronation of the subtalar could facilitate the
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shifting of the center of pressure from lateral to medial side of the foot, which could
inhibit the sagittal movement of the foot and induce early tension of the plantar
fascia (138). Another possible cause of increased pronation might be the higher
tibial torsion angle presented in the PF group. Greater tibial torsion angle could lead
to the excessive movement of the subtalar joint during ICP (139). Once the PF
group exhibited more subtalar pronation, they increased the frontal movement of the
forefoot during arch flattening as found in the present result. This phenomenon
might indicate the elongation of plantar fascia. It was also supported by the fact that
the PF group had significantly higher BMI than the control. Previous research
suggested that being overweight could add stress on the plantar fascia during gait
(51). Subsequently, elongating plantar fascia reduced its elastic properties for
storing elastic energy and produced less kinetic energy in the propulsive phase
(140).

The mean differences of kinematic data between groups were considered
small. Although there was a lack of information regarding the clinically meaningful
differences, previous studies and statistics supported meaningful results (21, 141).
In accordance with the study of Chang et al. (21), the author compared the multi-
segment foot kinematics between individuals with and without PF. They implied
that the PF group exhibited a greater magnitude of foot pronation when compared
with non PF group. In this study, the mean difference of total rearfoot motion was
statistically significant with 1.2° that could represent a 19.3% relative increase of
the total motion exhibited by PF individuals (21). Also, a change in the arch angle
with approximately 1° could induce plantar fascia tension for almost 50% of its

starting tension during the first half of stance (141). These previous studies
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suggested that small changes of the angle in foot motion might lead to a higher
magnitude of fascia strain and other injuries of lower extremity (21, 141).

Since the subtalar joint motion links the foot motions with the motions at
lower-extremity joints during the stance phase of the gait cycle (142), any changes
in foot biomechanics would alter the vector alignment at ankle, knee, and hip (17).
During the FFCP and FFP, the subtalar normally became supinated that could
induce the midtarsal axes to become non-parallel alignment, resulting in the more
rigid of the foot than the previous phase to support the body weight (142). As the
axis of rotation of the ankle joint locates in superior and anterior directions, the
supinated subtalar normally promotes this axis to externally rotate the lower
extremity during knee and hip extension (136). The current result from the physical
assessment of lower-extremity structure demonstrated that the PF group had more
external tibial torsion than the control. This difference of the bony alignment, which
facilitated the medial malleolus to shift forward and lateral malleolus to shift
backward, might propose that there was a change of axis of rotation. It seemed that
PF individuals could not effectively supinate the subtalar joint, since they exhibited
less external rotation of the tibia. Consequently, it was difficult for persons to
naturally transfer body weight from the rearfoot to the medial forefoot during the
knee and hip extension (139).

Moreover, the PF group had poorer quality of movement. It was thus
assumed that they had less activation from the hip and knee extensors to stabilize
the trunk and limb against the rapid transfer of body weight (133). Since the
femoral anteversion angle and tibial torsion angle of the current sample fell within

normal range (between 8° and 15° for femoral anteversion; and between 20° and
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40° for tibial torsion), any changes in multi-segment foot and lower extremity
kinematics during this phase might be due to the poor muscular control from trunk
and hip other than the anatomical structures. These might reduce external rotation of
the tibia and supination of the subtalar joint. The tensile stress of plantar fascia was
thus increased due to the reduction of foot stability, which might lead to the lower
RoM of forefoot, knee, and hip in sagittal plane as well as knee in transverse plane
relative to the non PF group.

Normally during FFPOP, extension of the 1% metatarsophalangeal joint pulls
the plantar fascia into downward movement. The plantarflexed position of the ankle
and the rays raise the medial longitudinal arch and supinate the subtalar joint to
enhance arch stability; the hip and knee were thus flexing and externally rotating to
propel the body forward (136). According to the present result, the PF group
exhibited more adduction of the ankle and more abduction of the hip (Figure 6.3).
Such kinematic differences might be explained by the poorer quality of movement
in this group. Generally, quality of movement is accepted as the function of
neuromuscular control or movement coordination, not just muscular action (143).
As the PF group had poorer quality of movement, there might be more drop of the
pelvis of the pushing leg. When considering the pelvic movement relative to the
femur, dropping of the pelvis involves ipsilateral hip abduction. It was assumed that
the PF group had less activation from the Gluteal muscles to stabilize the trunk and
Gastrosoleus muscles to push the limb forward. Excessive activity might be
required from extrinsic and intrinsic muscles of the foot to reinforce the medial

arch, leading to more tension on the plantar fascia (144).
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A number of study limitations should be considered when interpreting the
results. For example, the sample was from a population of healthy young men who
participated in 10 weeks of military training. The extent to which these findings
generalize to other populations of individuals with and without PF is not known.
Additional research with other populations would be needed in order to determine
their generalizability. Moreover, the present study investigated only kinematic data;
we did not assess kinetic data or muscle activity during gait assessment.
Longitudinal and experimental research would be needed to gain more information
and to establish causal relationships between these biomechanical assessments and
the presence of PF.

Despite the study’s limitations, the findings provide important new
information on the kinematic factors that distinguish individuals with PF from those
without PF. To our knowledge, this is the first study to investigate kinematic data of
knee and hip motion in individuals with PF. The role of the proximal segment in the
development of PF was investigated in the current study. Further studies should
provide more information regarding the role that these factors may play as
mechanisms of PF and as factors that differentiate individuals with and without PF

in general population.
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6.6 Conclusion

With normal foot arch, the significant observation between groups clarified
some differences of lower-extremity kinematics. The PF group had different
kinematic data of the whole lower extremity and multi-segment foot from the
control group in all four subphases. In ICP, the PF group had more transverse plane
RoM at subtalar and less sagittal plane RoM at forefoot. In FFCP, the PF group had
more frontal plane RoM at forefoot, whereas less sagittal plane RoM at knee,
transverse plane RoM at knee, and sagittal plane RoM at hip. In FFP, the PF group
had less sagittal plane RoM at forefoot. In FFPOP, the PF group had more
transverse plane RoM at ankle and frontal plane RoM at hip. The study provides
clear evidence that individuals with PF had more flexibility of the ankle-foot
complex and poor overall quality of movement. Apart from the distal segment, the
proximal involvement possibly affected the presence of PF. Consideration of the
intervention for the conscripts with PF should include the biomechanical adaptation
of hip, knee, and ankle other than only multi-segment foot. These notions need

further investigation, including in additional populations.
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CHAPTER 7

GENERAL DISCUSSION AND CONCLUSION

Current study identify a number of interesting factors that related with PF
such as psychological issue, the role of proximal structure, not from foot and ankle,
and biomechanical assessment of lower extremity. As the present findings
highlighted the importance of proximal contribution to the development of PF,
consideration of the intervention for PF should include the biomechanical

perspectives of hip, knee, and ankle other than only foot.

7.1 General discussion

Regarding general walking biomechanics during the stance phase, the hip
and knee extensor muscles are activated to stabilize the trunk and limb against the
rapid transfer of body weight during the initial contact and forefoot contact phases.
There is also an increase in the hamstrings and single joint hip extensors to enhance
knee stability. The control from ankle dorsiflexors provides a heel rocker for
progression and knee flexion for shock absorption. During the single-limb support
or midstance phase, the trunk stability depends almost entirely on ankle
plantarflexors especially soleus and gastrocnemius. Knee and hip extensor stability
is provided passively by body alignment. Activation of the hip abductors that
actually began in the previous phase enhances lateral stability of the pelvis and
trunk on the stance limb. Subtalar and midfoot stability is gained from the peri-

malleolar muscles. During the propulsive phase, the limb is unloaded by the rapid
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transfer of body weight onto the other limb. The knee and hip are unlocked from
their extended positions, and flexion is initiated. Dynamic dorsiflexion provides the
necessary foot control (137). The Gastrosoleus muscles are most active to generate
force for toeing off. In addition, other ankle plantarflexors especially tibialis
posterior also acts to provide the rigidity of the foot by locking the midtarsal joint
(24).

Considering the function of plantar fascia during gait, it prevents excessive
medial longitudinal arch elongation together with eccentric contraction of toe
flexors muscles during the midstance phase. An increased tension of plantar fascia
provides the arch stability and assists re-supination of the foot during the late
midstance and propulsive phases (24). The foot functions as rigid lever arm via
windlass mechanism or arch-raising mechanism. Extension of the 1%
metatarsophalangeal joint pulls the plantar fascia which wraps the plantar side of
metatarsal head into downward movement. The plantarflexed position of the rays
raises the medial longitudinal arch and increases stability of midtarsal joint (36).
Thus, the plantar fascia plays an important role in supporting the arch under
different loading condition and assisting in toe off (36).

As found in the current results, the overall movement patterns of the foot
segment, ankle, knee, and hip during the stance phase of the gait cycle were similar
between groups. However, the PF group had different kinematic data of the whole
lower extremity and multi-segment foot from the control group in all four
subphases. Such kinematic differences might be due to the anatomical and
biomechanical differences between groups. The results indicated that the PF group

had lower femoral anteversion angle and higher tibial torsion angle than the control.
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Such anatomical differences may induce more dynamic pronation of the foot in the
PF group during the contact phase. Increased foot pronation could facilitate the
shifting of the center of pressure from lateral to medial side of the foot, which could
induce early tension of the plantar fascia from its elongation (138).

Regarding the biomechanical perspective, individuals with PF had poorer
quality of movement from the lateral step down test, reflecting the poorer muscular
control from Gluteus maximus, Gluteus medius, Biceps femoris, Vastus medialis,
Tibialis anterior, and Gastrosoleus during this task (133). Although the present
study did not assess the muscle activity during gait, it was assumed that there were
differences of muscle activation between the PF and the control groups. The PF
group might reduce activation from the hip and knee extensors to stabilize the trunk
and limb against the rapid transfer of body weight (133). With poorer hip control in
the PF group, excessive activity might be required from extrinsic and intrinsic
muscles of the foot to reinforce the medial arch especially during the windlass
mechanism, leading to more tension on the plantar fascia (144). This might explain
the reason why the PF group exhibited more adducted movement of the ankle to
propel the body forward as reported in the present result.

To clearly understand the pathomechanics of PF, this study provide a new
framework in Figure 7.1. A number of intrinsic factors pronounced the tensile

overload of plantar fascia which led to repetitive microtrauma at proximal
attachment of plantar fascia or the presence of PF. Any changes of plantar fascia
properties after the injury might induce the changes of multi-segment foot and

lower-extremity during the stance phase of gait cycle. Consequently, there was
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alteration in the gait pattern that might induce the tensile overload of plantar fascia

as the cycle of overuse injury.

Individual factors
(e.g. age, BMI, psychological

_______________________________________

Inducing factors REE

Anatomical factors
! (e.g. bony alignment, muscle
_____ Biomechanical factors
i (e.g. ! control of hip musculature) !
Tensile overload of | Alteration in
plantar fascia p Iy performance/ gait pattern
v
Plantar fasciitis

A

Biomechanical alteration of lower
extremity including multi-segment foot

Figure 7.1 A new conceptual framework

7.2 Strength and Limitation

The current study has important strengths. Primary among them is the use of
a longitudinal prospective predictive design, which allows for the ability to draw
causal conclusions regarding the factors that could contribute to the development of

PF. Moreover, to our knowledge, it is the first study to evaluate a broad range (over
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17 predictors in all) of potential factors in the same sample. This allowed us to
directly compare the relative importance of the predictors. The findings also provide
important new information on the kinematic factors that distinguish individuals with
PF from those without PF. To our knowledge, this is the first study to investigate
kinematic data of knee and hip motion in individuals with PF. The role of the
proximal segment in the development of PF was investigated in the current study.
Despite these strengths, a number of study limitations should be considered
when interpreting the results. Firstly, the sample was from a population of healthy
young men who participated in 10 weeks of military training. The extent to which
these findings generalize to other populations of individuals with and without PF is
not known. Secondly, the present study investigated only kinematic data; we did not
assess kinetic data or muscle activity during gait assessment. Other than the lower-
extremity biomechanics, the trunk and pelvis should be additionally investigated.
Also, the biomechanical assessment should include data from the swing phase
especially during the late swing phase to determine the joint position and muscle
activity before the initial contact; such data may be used to clearly explain the
pathomechanics of PF. Longitudinal and experimental research would be needed to
gain more information and to establish causal relationships between these
biomechanical assessments and the presence of PF. Thirdly, the physical assessment
of the lower extremity should include the assessment of hip range of motion in all
directions and the muscle strength of hip adductors, hip extensors, knee extensors.
Moreover, the assessment of lumbar spine curvature and its movement should be
included for this analysis to clearly determine the biomechanical linkage of trunk

and lower extremity in the persons with PF. Consequently, the more participants at
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baseline should be included to determine the comprehensive predictors of PF.
Lastly, the follow-up period was quite short to clarify the risk of PF and detect any
changes of tissue properties from the injuries. Further studies to determine the risks

among general population should concern the appropriate times of following up.

7.3 Implication for current practice: Bridge among study I, 11, 111

Differences of lower-extremity kinematics may be due to the poor quality of
movement, reflecting poor trunk and hip control. To prevent the injury from PF, the
conscripts should be assessed for mental health status, BMI, physical activity level,
lower-extremity alignment and quality of movement prior to the beginning of
military training. Both prevention and treatment programs should consider the
importance of functional core stability in order to achieve a better outcome. In
addition, psychological consulting for mental health should be provided to reduce

the risk of PF during the military training.

7.4 Recommendation for further studies

The assessment of muscle activity during walking should be added to clearly
understand the kinematic differences in each subphase. Kinematic and kinetic
values in swing phase should be additionally evaluated to increase the
understanding of gait pattern. Further studies should determine the joint
stabilization and movement pattern of trunk and pelvis during walking. In addition,
the role of other dimensions of psychological factors, such as coping strategy or fear

avoidance belief and how they relate to pain from plantar fasciitis should be
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additionally evaluated. Replication of the current findings in other populations

would be needed in order to determine their generalizability.

75 Conclusion

The results indicated that conscripts with poorer quality of movement were
twice as likely to exhibit PF. The conscripts with a lower femoral anteversion angle
were at increased risk of presenting with PF. In terms of individual components, the
conscripts with a higher body mass index and higher stress level were at increased
risk of PF. In addition, the conscripts with a higher physical exercise level before
the military program had a reduced risk of presenting with PF. With respect to the
predictors of average pain intensity during last week in the conscripts with PF, the
results demonstrate that conscripts who had anxiety and poor quality of lower
extremity movement at baseline developed higher pain intensity from PF after the
10-week military program.

The PF group had different kinematic data of the whole lower extremity and
multi-segment foot from the control group in all four subphases. In initial contact
phase, the PF group had more transverse plane RoM at subtalar and less sagittal
plane RoM at forefoot. In forefoot contact phase, the PF group had more frontal
plane RoM at forefoot, whereas less sagittal plane RoM at knee, transverse plane
RoM at knee, and sagittal plane RoM at hip. In foot flat phase, the PF group had
less sagittal plane RoM at forefoot. In forefoot push off phase, the PF group had
more transverse plane RoM at ankle and frontal plane RoM at hip. The study

provides clear evidence that individuals with PF had more flexibility of the ankle-
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foot complex and poor overall quality of movement. Apart from the distal segment,

the proximal involvement possibly affected the presence of PF.
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APPENDIX A
THE PREVALENCE OF PLANTAR FASCIITIS AMONG MALE

CONSCRIPTS UNDER ROYAL THAI ARMY IN BANGKOK

A cross-sectional survey study was conducted to describe the presence of
plantar fasciitis during military training among the male conscripts under Royal
Thai Army in Bangkok. Data collection was done in August 2015. Five hundred
questionnaires were sent into the military training units. A total of 339 participants
sent the questionnaire back. All of them were male conscripts with the average age
of 21.8 £ 1.2 (means + standard deviation) and average BMI of 22.0 £ 2.9 which
were classified into normal group (the cut-off value for overweight group = 25.0
kg/m?) (WHO, 2004). One hundred and thirty four participants (39.5%) reported
their heel pain during the training period. Eighty participants (23.6%) reached the
criteria of plantar fasciitis. For the open-ended question, the subjects reported their
pain at foot region with the highest rate of 20.4%, then at lower leg region of
16.5%, upper leg region of 14.5%, ankle region of 12.7%, and knee region of 9.4%

respectively. All data were presented in the table below.
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Table Characteristics of male conscripts (n=339)

Characteristics N % Mean SD
Age (Years) (min-max: 18-26) 21.8 1.2
Body mass index (kg/m2) (min-max: 17.6-26.3) 22.0 2.9
Prevalence of Heel pain 134 39.5
Prevalence of Plantar fasciitis 80 23.6
Reported upper leg pain 49 14.5
Reported knee pain 32 9.4
Reported lower leg pain 56 16.5
Reported ankle pain 43 12.7

Reported foot pain 69 20.4
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APPENDIX B

MILITARY TRAINING PROGRAM

The 10-week military training combined between daily physical training and
military skill training. The participants must perform daily physical training every
day. The average times for physical training were 4 hours per day with each 2 hours
in the morning and evening. In each 2 hours, the program contained running about 2
km and subsequently physical exercise which included push-up, sit-up, pull-up as
well as chin-up. The running distance would be gradually increased until 4 km in
the later phase of military training. Regarding the military skill training, it could be
divided into 3 phases. The first phase (a 3-week period) included postural training
with and without weapon, periodic road march training as well as general military
subjects which consisted of theoretical knowledge and the uses of military
equipment. During this phase, all conscripts were instructed to wear the sport shoe
during the first phase of the military training. The second phase (a 5-week period)
mainly contained the use of weapons and tactical training, for example,
marksmanship training, maneuver during the day and the night, explosives
throwing, camouflage and reconnaissance training. And the third phase (a 2-week
period) included the individual testing of both physical fitness and military subjects.
After the first phase, they were instructed to use the combat boot throughout the
training period. The weight of combat boot is around 1.2 kg. It contains adhesive

rubber sole, smooth leather lining with 8-hole cording, and bolstered boot.
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APPENDIX C

RELIABILITY TESTING OF PHYSICAL ASSESSMENT

Prior to collecting data for the current study, we performed a pilot study to
compute the intrarater reliability of all physical examination among 10 male
conscripts. To determine the reliability of measurement, the test-retest reliability
was calculated by the Intraclass correlation coefficient (ICC), standard error of
measurement (SEM), and minimal detectable change (MDC) between two repeated
measurements (145). SEM indicates the expected variation in observed data due to
measurement error and MDC indicates the minimal magnitude of change beyond
which the change is likely to be real, rather than due to random measurement error.
It can be used as a threshold to judge whether a certain measure between groups

signifies real difference (145).
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Table 1 The reliability coefficient (ICC), standard error of measurement (SEM) and

minimal detectable change (MDC) of each physical assessment

Physical assessment ICC SEM MDC
Pelvic angle 0.88 1.7 4.7
Femoral anteversion angle 0.85 1.0 2.8
Hip abductor strength 0.85 1.8 5.0
Hip external rotator strength 0.79 2.4 6.6
Tibial torsion angle 0.70 2.9 8.0
Quadriceps angle 0.70 2.4 6.6
Knee extension angle (genu recurvatum) 0.97 0.1 0.3
Hip flexion angle (hamstring length) 0.93 2.7 7.5
Ankle plantarflexor strength (heel raising times) 0.96 0.3 0.8
Ankle DF angle with knee extension 0.92 1.6 4.4
Ankle DF angle with knee flexion 0.86 2.2 6.1
First MTP joint dorsiflexion angle 0.91 3.2 8.8
Rearfoot angle 0.93 0.7 1.9
Quality of movement scores 0.72 0.1 0.3

* Significance level at P < .05
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APPENDIX D

SAMPLE SIZE CALCULATION

Study 1

According to the rule of thumb, the sample size (N) was calculated from the

formula below (118).
Sample size (N) =50 + 8m

When m is the number of predictors i.e. 17, the sample size thus should be at
least 186 participants to achieve 80% power from the regression analysis.
Study 2

According to the rule of thumb (118), the sample size (N) should be at least
106 participants to achieve 80% power from the regression analysis, when the
number of predictors was 7.
Study 3

According to the results from previous study, they reported the significant
difference of total rearfoot motion during the stance phase of gait cycle between the
plantar fasciitis group and the control group with 1.2 ° £ 1.5 ° (means + standard
deviation) (21). As a result, the kinematics data was used to calculate sample size
for Independent T-test (a = 0.05, B = 0.80) using a power and sample size

calculation program (PS software) as shown in the figure below.
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APPENDIX E

QUESTIONNAIRE FOR STUDY 1 & 2
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APPENDIX F
SCREENING QUESTIONNAIRE FOR STUDY 3



152

RULAANTDY

LI i RN, e Alansu GIeRYY: X I LTURLNAT
ANDUDI m;rm@lauﬁﬁmwnﬂ‘*ﬁamumwmﬂm?a Taglataanuaslutasing wiatdan

o a o o A & \ A A \/
(‘;n@]aﬂﬂaa@ﬂﬂaﬂﬂﬂﬂ’)’]uﬂﬂlﬂumaﬂ‘ﬂ’]u&]’]ﬂ“ﬂq(ﬂ I(ﬂ UI&L@]S@G%N’]U 1% [....]

n) nudlsalszanamsalal
...] lifilsadszdrenlag
...] finnzvelsaasdeluil (aevldunnin 1 79)
[..] ﬁﬂymummmﬁmﬂﬂ@maas:uuluﬁfﬁammmnmﬁﬁaﬁwamwnET LT
msdiilasenriamsdaisa S’fiaagﬂmw’mmﬁ'ﬂmmﬂLLWWJ"’QL%meJmww:ma
[...] JUszifasmaausIsENIfen Iﬂsm’zu‘ ...........................................
[....] I8N IRNVRINTZANLTUTBNIAIN Iﬂsm:qu%nmﬁiﬁn ................
L..1 lésumsitadsanunndindlsassaaluil Tseunsf wiolsawsise
nzgn wialsawmiuiidermazh #i0lIANIZQNANLAL LTU JANAaud
[..] B9 TR VA O AN OO

Y

U v
) agammsﬂmamm

1) Iwsay 1 ddaindinan vnudannsdandmwni wield

[..] laile L]t lsaszydne O g Oan Ons219

' a o ) ik o = 'Y &
2) vhufloansthadurmlussudastaniduszszinm.... d..den......... floni

1 = o U v =1 (23 =} 1
3) muuaﬂwmzmaammsﬂmaum%mmp6] 1auau wIathauldunsalal
[..] laile [..] b [] 8% TUIATEY
\ ~ & Ao Y [ A \
4) muummsﬂ’muazq@n@Laummmmﬂu (e931)) wiali
[...] Ll [..] 1 [.] 8349 102 e
v v 1 Q 1 =) g o =Y
5 e mIthaguinvadsrnulaneumeaos g iadu wazdniiaa1ny
{ ' & o A o o o
m(ﬂLﬁ'amuqnmumﬂLﬁmmaﬁuuau@amm ﬁamamﬂ%q@wn
AanTrundnmsastinrsnudwawiunialy
[..] hails [..] % [] B3 THIATEY s
[ LY ' t o a o Py
6)  21NILIARULYINVIVINUIUADULTIRARIRRILAURNTLHZWILI LLazﬁmﬂ’ﬁEuLLi\‘l&J’m
131 (=3 L= 1 U 1 (%3 o &/ dl a v 1
VI DL T WAAINIBATLTINUIZATIIN Tagarn1sUaun T wunnAw i at@wrinulan
‘3’ L= A a v v A ]
Fuiinla nIaduarslanarinnialal
[...] haile [..] 5 [] 839 TUTATEY e



153

AT VD IRTINLATAINNIY X AIUWLEUATIONUEN NAATINTT2aUAMNNUINATINUAA
] =3 A = =1

Yiw 1AURNIELRT 0 WNNBDd [Hd1n717020188 LazRaNuLal 10 wanudy Ja1713120
mnﬁg@@um?ﬂ@” H9LaTaInaNY X ayjmwmﬁmmmﬁoﬂmmﬂ

‘8 1 o & 6
A1) ﬁagammsﬂ‘m‘maszuunsz@lmmznﬁ'mLﬁamuﬂawmmuazsma 12|

o e’ 1 1 = R ] A wR A 1 a
7%5811 1 dUa19%nAIuN1 Ynulagidain1sla ﬂ?’ﬁllgﬁﬂvlallﬁﬂ’]ﬂ %iaﬂﬁ'lllgﬁﬂ'ﬂvlllﬂﬂ@l

(1w Ak wiandeuuss iudu) iunauwuenaias 1 T luuSuasgdwialal

1) BAIEINUWLE

UAIHIRL LD

2
azlwnm@dnan

12N

' ¥
WaI AR TIRTH

5 2 8
VBN

0 10
Taite 11aunfga
2) azlwniawan
0 10
Taite taaunfga
3) 121
0 10
Taite taaunfga
1 v v
4) 1HaIRRILY
0 10
Taitae ﬂa@mnﬁqm
v U v
5) 2NN
0 10
Taitae 1aaunnga



154

APPENDIX G
CERTIFICATE OF ETHIC APPROVAL

AF 02-12

Participants, Health Sciences Group, Chulalongkorn University
Jamjuree | Building, 2ud Floor, Phyathai Rd., Patumiwan district, Bangkok 10330, Thailand,

% The Research Ethics Review Committee for Research Involving Human Research
=t
Tel/Fax: 0-2218-3202 E-mail: eccu@chula.ac.th

COA No. 077/2016

Certificate of Approval

Study Title No.037.1/59 : ANATOMICAL AND BIOMECHANICAL ~ FACTORS
ASSOCIATED WITH PLANTAR FASCITIS IN THAI MALE

CONSCRIPTS
Principal Investigator - MISS PAVINEE HARUTAICHUN '
Place of Proposed Study/Institution : Faculty of Allied Health Sciences,

Chulalongkorn University

The Research Ethics Review Commitice for Research Involving Human Research
Participants, Health Sciences Group, Chulalongkorn University, Thailand, has approved
constituted in accordance with the International Conference on Harmonization — Good Clinical

Practice (ICH-GCP).

S TS e (hvichuaingson]

Signature: ..... LA A r’ e Signature: ....... WAL RSN E e
(Associate Professor Prida Tasanapradit, M.D.) (Assistant Professor Nuntaree Chaichanawongsaroj, Ph.D.)
Chairman Secretary
Date of Approval : 18 April 2016 Approval Expire date : 17 April 2017

The approval documents including

1) Research proposal

2) Patient/Partici Sheet and Informed Consent Foy

N Protonmt NO L

AR

3) Researcher

H ,*;.}Saln of Approves....
'lé’-\
1

\x

4) Questionna , /wrgugi Expire Date.
The approved investigator.ust fn‘p Jy with the following conditions:
 The re_ygarch/projétr'Zi'&ivilr'es must end on the approval expired date of the Research Ethics Review
Committee for Research Involving Human Research Participants, Health Sciences Group, Chulalongkern
University (RECCU). In case the research/project is unable to complete within that date, the project
extension can be applied one month prior to the RECCU approval expired date.

2. Strictly conduct the research/project activities as written in the proposal.

3. Using only the documents that bearing the RECCU'’s seal of approval with the subjects/volunteers (including
subject information sheet, consent forr, invitation letter for project/research participation (if available).
Report to the RECCU for any serious adverse events within 5 working days
Report to the RECCU for any change of the research/project activities prior to conduct the activities.

Final report (AF 03-12) and abstract is required for a one year (or less) research/project and report within
30 days after the completion of the researchiproject. For thesis, abstract is required and report within 30
days after the completion of the researchiproject.

7. Annual progress report is needed for a two- year (or more) research/project and submit the progress report

before the expire date of certificate. After the completion of the research/project processes as Ne. 6.

SNl
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APPENDIX H
INFORMATION SHEET FOR STUDY 1 & 2
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APPENDIX |
INFORMATION SHEET FOR STUDY 3
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APPENDIX J
INFORMED CONSENT FOR STUDY 1 & 2
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APPENDIX K
INFORMED CONSENT FOR STUDY 3
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