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Background and rationale: Since the plantar fascia and the Achilles tendon are
anatomically connected, it is therefore plausible that stretching of both structures
simultaneously will result in a better outcome. Methods: Fifty participants aged 40-60 years
with a history of plantar heel pain greater than one month were recruited. They were
randomly assigned into two groups. Group 1 was instructed to stretch the Achilles tendon
while Group 2 simultaneous stretched the Achilles tendon and plantar fascia. The stretching
interventions were performed for four weeks and the outcome measures were recorded at
baseline, at the end of the 4™ week, and at the end of three months. Results: After four weeks
of both stretching protocol, participants in Group 2 demonstrated a greater significant increase
in pressure pain threshold than participants in Group 1 (p = .040). No significant differences
between groups were demonstrated in other variables (p > .05). Concerning within-group
comparisons, both interventions resulted in significant reductions in pain at first step in the
morning and average pain at the medial plantar calcaneal region over the past 24 hours while
there were increases in the VAS-FA score and range of motion in ankle dorsiflexion (p <
.001). More participants in Group 2 described their symptoms as being much improved to
being completely improved than those in Group 1. Conclusion: The simultaneous stretching
of the Achilles tendon and plantar fascia for four weeks is an effective intervention for plantar
heel pain. Compared to the stretching of the Achilles tendon by itself, the simultaneous
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CHAPTER 1
INTRODUCTION

1.1 Background

Plantar fasciitis (PF) is characterized by pain along the medial plantar aspect
of the heel or at the insertion site of the plantar fascia at the medial tuberosity of the
calcaneal bone (League, 2008; Martinelli, Bonifacini, Romeo, & Giovanni, 2014). It
is found in approximately 11-15% of all foot pain (Almubarak & Foster, 2012).
Treatments of the PF can be either surgical or nonsurgical but the nonsurgical
interventions are advocated initially to manage plantar heel pain with approximately
90% of patients respond positively to the interventions (Neufeld & Cerrato, 2008).
The nonsurgical interventions used for pain reduction consist of many modalities such
as shock-wave therapy, manual therapy, therapeutic ultrasound, myofascial trigger
point therapy, nonsteroidal inflammatory drugs, and therapeutic orthotic (Thomas et
al., 2010). In addition, stretching of the Achilles tendon and/or the plantar fascia is
recommended as the effective treatments for PF (Digiovanni, 2003; Martin et al.,
2014; Renan-Ordine, Alburquerque-Sendin, de Souza, Cleland, & Fernandez-de-Las-
Penas, 2011). It was shown that weight-bearing stretching of the Achilles tendon
could decrease plantar heel pain and improve foot and ankle function(Porter, Barrill,
& Oneacre, 2002). When the plantar fascia was specifically stretched, a greater pain
reduction was reported in comparison to the weight-bearing Achilles tendon-
stretching program (Digiovanni, 2003). Since the Achilles tendon and the plantar

fascia are connected along the myofascial meridian of the superficial back line



(Myers, 2009), it is therefore plausible that the simultaneous stretching of these two

structures would result in greater pain relief and lower foot and ankle disability.

1.2 Objective

To compare the effects of the simultaneous stretching of the Achilles tendon
and the plantar fascia using a specially designed instrument to the stretching of the
Achilles tendon on average 24-hour pain, pressure pain threshold, and foot and ankle

disability in patients with PF.

1.3 Study hypothesis

The simultaneous stretching of the Achilles tendon and plantar fascia using a
specially designed instrument could improve PF symptoms greater than the Achilles
tendon stretching exercise. There would be statistically significant lower average 24-
hour pain in the simultaneous stretching of the Achilles tendon and plantar fascia than

the Achilles tendon stretching exercise.

1.4 Scope of study

Patients aged between 40 and 60 years, both male and female, who suffered

from PF were investigated.



1.5 Expected benefit

If proven to be effective, the simultaneous stretching of the Achilles tendon
and the plantar fascia on a specially designed instrument would be an alternative

intervention for patients who suffered from PF.

1.6 Conceptual framework

.. Treatments
Intrinsic factors —

-Advanced age 1. Surgical Interventions

-Abnormal foot posture (+) (-) 2. Conservative
-Overweight Interventions

-Tightness of Achilles -Therapeutic exercise
tendon and/or plantar -Therapeutic orthotic
fascia insoles

-Injections and

Plantar fasciitis

Extrinsic factors - -
1\ Stretching exercise
_Poor footwear {Therapeutic exercise)
2
-Repetitive trauma (+) (-)
| -Achilles tendon
i — -Plantar fascia
mm -Achilles tendon + plantar fascia
{Therapeutic exercise)

-Simultaneous of Achilles tendon (+) = promote

and plantar fascia (- )= mhibit




CHAPTER 2

LITHERATURE REVIEW

This chapter describes about PF in terms of its prevalence, biomechanics,
clinical manifestation, physical examination, contributing factors, and treatments.

Then, the physiological effect of stretching is described.

2.1 Prevalence of PF

PF commonly affects people age between 40-60 years (Lareau, Sawyer, & Wang,
2014; Rosenbaum, DiPreta, & Misener, 2014). In Australia, 3.6% of the population
are affected by PF of which 33.4% complain of chronic pain (Almubarak & Foster,
2012). Approximately 10%-16% of the American population (almost 2 millions)
suffers from PF and approximately 75% of these patients turn to their family
physician (Rompe & Cacchio, 2010; Thomas et al., 2010). The cost of treating PF in
the United States was estimated to be $284 million each year (Lareau et al., 2014;

Rosenbaum et al., 2014)

2.2 Anatomy of plantar fascia

The plantar fascia or plantar aponeurosis consists of connective tissue of 2-4
millimeter thickness which supports the longitudinal arch of the foot (Bartold, 2004;
Rosenbaum et al., 2014). The central part of the fascia covers the first layer of the
foot muscles which are the flexor digitorum brevis, abductor hallucis, and abductor

digiti minimi. It attaches from the tuberosity of the calcaneus to the heads of the



metatarsal bones (Figure 2.1). The plantar fascia then blends with the deep transverse
metatarsal ligaments and spreads to each toe. The surrounding structures that may be
affected and cause symptoms in association with PF are subcalcaneal bursa, medial

branch of the posterior tibial nerve, medial plantar nerve and lateral plantar nerve.

Sole of left foot

S

e ——=s
=) %f-i‘

\
Plantar fasciitis

Plantar aponeurosis

Figure 2.1 Plantar fascia (plantar aponeurosis) attaches between medial tuberosity
of the calcaneus and phalanges (Bolgla & Malone, 2004).

The plantar fascia is divided into three bands; i.e. lateral, central, and medial
bands. Medial band is twice as thick as the lateral and central bands and most
commonly involved in PF (Bartold, 2004; Rosenbaum et al., 2014). The plantar fascia
connects proximally to the Achilles tendon therefore load applied at the Achilles
tendon can lead to tightening of the plantar fascia. For this relation, the Achilles
tendon stretching or other treatments that stretch the Achilles tendon would also
provide stretching to the plantar fascia (Rosenbaum et al., 2014). Furthermore, the
plantar fascia could be considered to have a connection with hamstring, sacrotuberous
ligament, erector spinae muscles, and epicranial fascia through the Achilles tendon.

This linkage becomes ‘the superficial back line’ known in the scope of the myofascial



meridian (Myers, 2009) which is a continuous line that starts at the plantar surface
and travels up the entire posterior side of the body over the head (Figure 2.2). The

function of this line is to extend and upright the body.

Figure 2.2 Connection of the superficial back line from the Achilles tendon
through hamstring, sacrotuberous ligament, erector spinae muscles, and epicranial
fascia (Myers, 2009).

2.3 Biomechanics of plantar fascia

The foot is responsible for many functions such as load absorption, adaptation
to unexpected surface, and body weight support. During the stance phase of gait,
which consists of heel strike, foot-flat, midstance, push-off, and toe-off, the foot has
to bear body weight and propel the body. The calcaneus, midtarsal joints, and
metatarsal bones form the truss’s arch while the plantar fascia that attaches between
the calcaneus and the phalanges forms a tie-rod (Figure 2.3) (Bartold, 2004; Bolgla &

Malone, 2004). During weight bearing, the medial longitudinal arch is flattened and



the distance between the calcaneus and the metatarsal heads becomes farther. This
would then generate tension the plantar fascia which helps hold the calcaneus and the
metatarsal heads together so that the height of the medial longitudinal arch is

maintained.

Figure 2.3 The triangular configuration of the plantar fascia and ligaments of foot
(Bolgla & Malone, 2004).

During the propulsive phase, the metatarsophalangeal joints are extended
while the heel risen above the ground. This movement causes a pull on the medial
insertion of the plantar fascia at the calcaneus and shortens the truss which raises the
height of the arch with supination and external rotation of the foot and lower limb

(Bolgla & Malone, 2004). This phenomenon is called the windlass mechanism.
2.4 Clinical manifestation of PF

PF is characterized by pain along the medial plantar aspect of the heel or at the
insertion site of the plantar fascia at the medial tuberosity of the calcaneal bone
(League, 2008; Martinelli et al., 2014). It has gradual onset with the symptoms

worsen over a period of time. Patients often have a history of some injuries in the



foot. The pain might not be present at the time of the injury but some damages might
have occurred within the fascia. In general, patients experience pain in the morning at
first step or after a prolonged non-weight bearing (League, 2008; Martinelli et al.,
2014). After a short period of walking or gentle activity, the pain recedes. Activities
such as stairs, hills, running, jumping, or barefoot activities aggravate pain. Rest, foot

elevation, and massage often facilitate pain relief.

2.5 Physical examination

Physical examination of PF often shows localized pain when palpating on the
medial tuberosity of the calcaneus (Lareau et al., 2014)). Pain usually presents at the
origin of the plantar fascia and limited range of motion would be found when
performing a passive toe extension with ankle dorsiflexion (Bartold, 2004;
Puttaswamaiah & Chandran, 2007). In general, swelling is not observed but it can be

found in acute stage.

Physical examination should include gait evaluation, assessment of foot and
lower limb alignment, observation for swelling and atrophy of heel pad. In some
patients, x-ray may show a spur protrusion at the calcaneal tuberosity which is the
origin of the plantar fascia (Menz, Zammit, Landorf, & Munteanu, 2008). Abnormal
sensations might be demonstrated in case of entrapment of medial calcaneal nerve or

muscular branch of the lateral plantar nerve.

In order to make an accurate diagnosis of the PF, differential diagnosis of the
condition from other conditions such as plantar fascia rupture, fat pad syndrome,

calcaneal stress fracture, and tarsal tunnel syndrome is important (Bartold, 2004;



Lareau et al., 2014; McPoil et al., 2008; Rosenbaum et al., 2014). Patients with
plantar fascia rupture have history of a sudden knife-like pain in association with a
gap in the fascia when palpation. For fat pad syndrome, pain generally presents as a
deep and non-radiated pain that relates to weight-bearing or direct pressure to the
calcaneal tuberosity. Symptoms are usually aggravated by barefoot activity or weight-
bearing on hard terrains. When passive toe extension is performed, pain is typically
absence and is not related with morning pain (Lareau et al., 2014). Patients with
calcaneal stress fracture usually complain of heel pain at the posterior aspects of the
calcaneal tuberosity. Patients often experience tenderness along the lateral wall of the
calcaneal tuberosity (Lareau et al., 2014). When there is an entrapment of tibial nerve
in the tarsal tunnel at the posteroinferior aspect of medial malleolus, decreased
sensation along the tibial nerve distribution is observed. A positive Tinel’s sign will

be found. Weakness is rarely found unless the compression is severe (Sawyer, Lareau,

& Mukand, 2012).

2.6 Contributing factors of PF

Although the etiology of PF is multifactorial, biomechanical abnormalities
from foot abnormality are considered to play a major role in this condition (League,
2008; Sullivan, 2015). These factors consist of tightness of the Achilles tendon and
the plantar fascia, reductions of strength in some foot and ankle muscles, abnormal
foot alignment, high body mass index, and poor footwear. The conditions that put
excessive stress on the plantar fascia which then generate traction forces on its

attachment at the medial tubercle of the calcaneus are considered as contributing
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factors for PF. With repetitive use of the foot, a chronic degenerative change with

marked thickening and fibrosis of the plantar fascia develops (Thompson, 2014).

Tightness of the Achilles tendon and/or the plantar fascia can also contribute to PF.
The tightness can be directly developed from various factors such as foot structure
abnormality and occupational activity that requires high load and repetitive foot
movement. The non-compliance of the Achilles tendon and the plantar fascia when

force is being applied would lead to minor injury within the structures.

Excessive foot pronation (pes planus) which characterizes as the lowering of
the medial longitudinal arch of foot causes the plantar fascia to elongate during the
stance phase. The windlass mechanism that requires the tension in the plantar fascia to
lift up the medial longitudinal arch is compromised. Risen-up on tiptoes during the
propulsive phase is therefore difficult and more muscular effort from the foot
supinators is needed. Together with the weakness of the tibialis posterior which is the

main supinator muscle of the foot, more stress would be placed on the plantar fascia.

Persons with high arched foot (pes cavus) also have inefficient foot function.
The foot has low joint mobility so limits the plantar fascia to dissipate force during
weight bearing. More tension force would be found at the insertion site of the plantar
fascia. In case of the limited extension of toes, the plantar fascia would develop an
adaptive shortening which worsens its dissipation ability during weight bearing. High

tension would therefore be generated at the insertion site of the plantar fascia.
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2.7 Treatments of PF

Treatments of PF can be either surgical or nonsurgical but the nonsurgical

interventions are advocated initially to manage PF with approximately 90% of

patients respond positively to treatment (Neufeld & Cerrato, 2008).

2.7.1 Surgical treatment

Surgical treatment is indicated when the conservative treatment for at least six
months fails to relieve the patients signs and symptoms. The surgeries can be
performed such as resection of the plantar calcaneal spur, endoscopic plantar
fasciotomy, and nerve decompression. The results showed an improvement of the
patients’s signs and symptoms after endoscopic plantar fasciotomy in terms of pain
and function (Bazaz & Ferkel, 2007; Tomczak & Haverstock, 1995). No report of
patients’ satisfaction after surgery as well as complications and re-surgery were

found.

2.7.2 Conservative treatment

Initial treatments for PF that have been suggested in the literature are as
follows: padding and strapping of the foot, over-the-counter arch supports and heel
cups, oral anti-inflammatory medicine, localized corticosteroid injection, Achilles
tendon and plantar fascia stretching, avoidance of barefoot walking or wearing a flat
shoes, avoidance of a high impact activities, and cryotherapy. Patients should respond
to the initial treatments within 6 weeks of their applications for the treatments to be

continued until the symptoms are improved (Martinelli et al., 2014; Puttaswamaiah &
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Chandran, 2007, Thomas et al., 2010). If the patients do not respond to the initial
treatments, other conservative treatments would be recommended. They are
prefabricated custom orthotic devices, night splint, repeated cortisone injections,
botulinum toxin, cast immobilization, and weight reduction in overweight patients.
The patients should respond to these latter treatments within 2-3 months otherwise the
treatments would be discarded. A clinical practice guideline reported that the patients

usually resolved within 1 year (Thomas et al., 2010).

This heading will describe the conservative treatments for PF that were

studied in the recent systematic review (Martin et al., 2014).

2.7.2.1 Myofascial trigger point therapy

A randomized clinical trial studied two groups of patients with PF which one
group received stretching exercise plus myofascial trigger point therapy to calf
muscles and the other group received stretching exercise only (Renan-Ordine et al.,
2011). The results revealed that the group that received the 4-week intervention of
stretching exercise plus myofascial trigger point therapy showed a greater

improvement in foot and ankle disability as well as pressure pain threshold.

2.7.2.2 Taping

Elastic taping applied on the gastrocnemius and the plantar fascia is
recommended for relieving PF symptoms. A study that applied the tape continuously
for one week in addition to ultrasound thermotherapy and low-frequency

electrotherapy reported a significant reduction in pain scores and thickness of the



13

plantar fascia at the insertion site (Tsai, Chang, & Lee, 2010). The taping with Low-
dye technique for one week also led to a decrease in the first step pain in the morning

(K. B. Landorf & Menz, 2008). However, the benefits of taping tend to be short-lived.

2.7.2.3 Foot orthosis and night splints

Foot orthosis was found to help alleviate PF symptoms. Together with night
splint, the patients that received a combination of foot orthosis and night splint

showed superior improvement in pain and function than those who received foot

orthosis alone (Lee, Wong, Kung, & Leung, 2012; Martin et al., 2014).

2.7.2.4 Stretching

A systematic review suggested that stretching exercise of the Achilles tendon,
calf muscles, and plantar fascia was superior to other conservative treatments for PF
(Almubarak & Foster, 2012). A study found stretching of the Achilles tendon for four
months could improve ankle range of motion, pain, and foot and ankle function but
there were no significant differences in all outcome measures between sustained and
intermittent stretching (Porter et al., 2002). Another study stretched the Achilles
tendon by having the patients stood with forefoot placing on a wooden wedge shape

while keeping the heel on the ground (Radford, Landorf, Buchbinder, & Cook, 2007).

The results demonstrated that the stretching of the Achilles tendon every day
for two weeks could improve the first step pain in the morning (1.98 centimeters) and

foot function. However, these improvements provided no benefit when comparing to
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not stretching and the differences between before and after stretching were not

statistically significant.

Comparing between the Achilles tendon stretching and the plantar fascia
specific stretching, the results revealed a greater pain reduction and higher foot
function index in the group that received the plantar fascia specific stretching
(Digiovanni, 2003). The pain reduced significantly both in the worst pain (p = 0.02)
and pain at first step in the morning (p = 0.006) at 8 weeks. When being compared to
the shock wave therapy, the plantar fascia specific stretching also demonstrated a
superior outcome in foot function index (p < 0.001) (Rompe & Cacchio, 2010).
Addition of myofascial trigger point manual therapy to stretching of the Achilles
tendon and the plantar fascia also found to add up the benefits of the stretching

protocol (Renan-Ordine et al., 2011).

2.8 Physiological effect of stretching

Stretching can provide many benefits such as prevention of injury,
enhancement of sport performance, improvement of range of motion, and reduction of
muscle pain. There are many types of stretching; i.e. ballistic, static, passive, and
proprioceptive neuromuscular facilitation (Taylor, 1990; Wilkinson, 1992). This

section describes the static passive stretching as it is related to the current study.

Static stretching is performed by stretching a muscle or a group of muscles for
6 to 60 seconds (Taylor, 1990). The stretch should be gently and painless. It can be

done both actively and passively. For passive stretching, an external force is required.
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An increase in tissue length after stretching can be explained by the viscoelastic
property of muscle, tendon, ligament, and fascia. The elastic property allows the
tissue to respond to deformation or change in length in proportional manner to the
applied force. The viscous property causes the tissue deformation to occur as time and
rate dependences. When viscoelastic tissue is stretched at a constant length for
prolonged period, the stress or force used for stretching will gradually decline. This
phenomenon is called ‘stress relaxation.” When a constant force is slowly applied to
the viscoelastic tissue for prolonged period, the tissue will gradually stretched.
However, the tissue would tear if it is stretched rapidly. This is known as ‘creep
phenomenon.” With static stretching under a constant load being applied slowly, creep

phenomenon will happen and lead to an increase in tissue length.

Once the force is removed, the viscoelastic tissue will take some time to
recover its original length. By repeatedly stretch the tissue, the new acquired length
would be maintained. This phenomenon is called ‘hysteresis.” Previous study
demonstrated by stretching extensor digitorum longus muscle 10 times that the
greatest change in muscle-tendon unit and muscle length was found in the first four
stretches while the rest of the stretches did not significantly increase the muscle

length.
2.9 Outcome measures in PF

Several outcome measures have been used to demonstrate the effectiveness of
interventions or treatment programs for PF. They could be divided into three

categories according to the aspects that they measure.
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2.9.1 Outcome measures for pain

The tools that are commonly used to measure pain intensity are the visual

analog scale (VAS) and numerical pain rating scale (NPRS).

The VAS is a linear line with 100-mm length such that 0 on the left-sided end
represents no pain and 100 on the right-sided end represents the worst pain
imaginable (Hawker, Mian, Kendzerska, & French, 2011). A patient would be asked
to put a mark on the line to show the patient’s pain intensity. The distance between
the left-sided end to the mark is measured in millimeters. For the test—retest reliability
revealed good for literate patients (r = 0.94, p < 0.001) (Ferraz, Quaresma, & Aquino,
1990). Validity of VAS, no report of gold standard for pain, thus criterion validity
cannot be evaluated. For construct validity, the pain VAS has been shown to be highly
correlated with a numeric rating scale with correlations ranging from 0.62-0.91
(Downie & Leatham, 1978). The minimal important difference (MID) for the 100 mm

VAS of average pain was 8 mm and first-step pain was 19 mm (K. B. Landorf, 2010).

The NPRS is a measure of pain intensity in adults (Jensen & McFarland,
1993), is an integer in a range from 0 to 10 with O representing one pain extreme (e.g.,
“no pain”) and 10 representing the other pain extreme (e.g., “pain as bad as you can
imagine” and “worst pain imaginable”) (Jensen & McFarland, 1993). The NPRS can
be measured verbally (Jensen, Karoly, & Braver, 1986).The participants are asked to
indicate or interpret the numeric value on the scale that reflect their pain intensity.
The number that the participants indicate or interpret on the scale is their pain
intensity. Scores range from 0-10, higher scores indicate higher pain intensity. High

test—retest reliability has been revealed in literate patient with rheumatoid arthritis (r =
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0.96) (Ferraz et al., 1990). For the validity, the NPRS was shown to be highly
correlated to the VAS in patients with rheumatic and other chronic pain conditions
(pain > 6 months): correlations range from 0.86 to 0.95 (Downie & Leatham, 1978;
Ferraz et al., 1990). A reduction of two points, or 30%, on the NPRS scores to be a
minimal clinically important (Farrara, 2001). It is simple to record and easy to

understand for both of VAS and NPRS.

For objective pain, the pressure pain threshold is used. Pressure pain threshold
was measured with a pressure algometer (JTECH Medical, Midvale, UT) with the
surface area of the round tip of 1 cm2. The instrument was found to be highly reliable
with a Cronbach’s alpha of 0.94-0.98 (Park, Kim, Park, Kim, & Jang, 2011).
Pearson’s correlation coefficient revealed 0.9 (95% CI of 0.8 to 1.0 and p < 0.001) for
the validity of pressure pain algometer (Thongbuang, Chatchawan, Eungpinichpong,
& Manimmanakorn, 2014). The algometer probe tip was applied gradually
perpendicularly over the tender point of the plantar fascia at the medial plantar
calcaneal region. Participants were instructed to report when the pressure changed to
pain and the readings of the algometer were registered. The tender point was defined
as the point where the participants were unable to tolerate a pressure of more than 3
kg/cm2 or where the pressure threshold was at least 2 kg/cm2 lower than the

asymptomatic side (Park et al., 2011).
2.9.2 Outcome measures for range of motion

Various tools have been used for measuring range of motion. They are

universal goniometer, Back Range of Motion (BROM), hydro-goniometer,
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kyphometer, flexicurve, and tape measure. For the lower back range of motion was

measured by Back Range of Motion (BROM), inclinometer

BROM was used to measure lumbar flexion-extension, side flexion, and rotation, but
our study explained for only flexion-extension measuring which appropriate to out
protocols. The instrument consists of the BROM flexion/extension unit which
comprised of an inclinometer with a level vial and an L-shaped slide arm. It was
found to provide a reliable mean of measuring back range of motion with high
intrarater reliability in lumbar flexion (ICC 0.84) and lumbar extension (ICC 0.91)
(Atya, 2013). To measure lumbar flexion-extension range of motion, the inclinometer
was secured to the skin overlying the participant’s sacrum by using self-adhesive
straps around the pelvis so that the level vial was centered. The participant was
instructed to stand erect and position feet at shoulder width. The L-shaped slide arm
was inserted into the distal portion of the inclinometer and the linear distance between
the T12 and S1 spinous processes was recorded in centimeters. At the same time the
corresponding angular distance in degrees on the inclinometer was also noted. Then,
the participant was instructed to maximally bend forward or backward. The linear and
angular distances between the T12 and S1 spinous processes were again recorded. The
difference in degrees between the pre- and post-bending represented the lumbar

flexion-extension range of motion.

For the Schober’s method, this method used two point movement for
measuring. Participant is asked to stand erect and feet position with shoulder width.
Two points were applied as landmark, first point was placed at the midpoint between
the superior aspects of the iliac crests, and second point 10cm superior to first point.

The assessor approaches behind the participant and asks participant to fully bend
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forward with knees fully extended during the motion. The difference between two
points is recorded. A similar measuring also be used for lumbar extension (Portek,
Pearcy, Reader, & Mowat, 1983). Higher reliability was found (Intratester ICC =
0.95; Intertester ICC = 0.94) (Mellin, 1989). However, Schober’s method have a weak
correlation with radiographic measurements (Rezvani, Ergin, Karacan, & Oncu,

2012), cause of inconsistent of landmarks of skin movement during performing.

Tape measurement for lumbar spine ROM is used with the fingertips-to-floor
approach, participant is asked to stand on a stool and bend forward as far as possible
with fully extended knees. Distance difference between fingertips and platform is
measured in centimeter. If the fingertips inferior to platform, it will be recorded as a
positive value; if not, it will be recorded as a negative value. Poor reliability for the
measures of vertebral flexion (ICC= 0.10) cause of hamstring tightness are involved
the distance, and it is not come from only lumbar ROM (Miller, Mayer, Cox, &

Gatchel, 1992).

Standard Goniometer is composed of two arms joined at a common axis.
Sagittal and frontal planes are measured with this instrument. Fitzgerald43 Side
bending is measured by standing, the axis places on the level of the lumbosacral
junction. The stationary arm is kept vertically to the ground, and the movable arm is
kept in line with the C7 spinous process. For lumbar extension, the subject is also in
standing position, but the assessor approaches at participant's lateral side. The axis is
placed at the most rostral part of the iliac crest in the line of the midaxillary line, and
the stationary arm is kept vertically to the ground. The movable arm is parallel to the
midaxillary line and the subject has to move into lumbar spine extension while

keeping the knees fully extended. This measuring revealed an inter-observer
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reliability coefficients for extension (r = 0.88), left lateral bending (r = 0.91), right
lateral bending (r = 0.76). However, this is suggested that it is not appropriate to
measure complex motions with the standard goniometer (Mayer, Tencer,

Kristoferson, & Mooney, 1984)

The inclinometer seem an instrument with great validity for measuring lumbar
spine ROM. Inclinometers have a various forms (e.g. mechanical vs. electrical; analog
vs. digital). Typically, inclinometers provide a degrees for measuring relative to the
gravity vector. Measuring of lumbar spine flexion-extension, the participant is in
standing on a flat surface. The assessor places an inclinometer over T12 and S1
spinous process as a landmarks. The participant is asked to move slowly for lumbar
flexion or extension until the maximal reaching is performed. The values are recorded
in this position compare to starting position (the difference between the reading of the
T12 and S1 inclinometers). The reliability of measures using the dual inclinometer
technique has been tested in both healthy individuals and patients with LBP (Portek et
al., 1983). Poor reliability for extension (r = 0.15 to 0.42) (Reynolds, 1975), and high
for flexion (r = 0.73 to 0.88) (Reynolds, 1975; Saur, Ensink, Frese, Seeger, &
Hildebrandt, 1996). High correlations (0.73-0.98) have been found with measures

taken from radiographic analysis (Saur et al., 1996).

No report of MID of these instruments of lumbar range of motion
measurement. However, we choose the BROM in this current study with high
reliability and instrument seems to be appropriate. For ankle range of motion
measurement, standard goniometer, Lunge test (with goniometer, digital inclinometer,

and a tape measure) are also included.
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Lunge test with goniometer, patient stands against wall with about 10
centimeters between feet and wall then move affected foot front to intact foot. Bend
the front knee touch the wall while the heel keep on ground, in case of knee cannot
reach the wall then move front foot closer to the wall. In contrast, the knee touch the
wall without heel off then move front foot away from the wall and repeat. If knee can
touch wall without heel coming off ground, move foot further away from wall then
repeat until feel a light touch of knee while heel keeps on the ground (Konor &
Morton, 2012). Measuring with 3 instruments: 1.) goniometer is parallel with floor
(stable arm) and another arm (mobile arm) parallel the shaft of the fibula. 2.)
inclinometer places at the tibial tuberosity along with the anterior tibial crest. 3.) tape
measure, the assessor measured the distance between the great toe and the wall to the
nearest 0.1 cm. All 3 instruments are measured in Lunge position. The results of intra-
rater reliability showed: tape measure (right 0.98, left 0.99), digital inclinometer (right
0.96; left 0.97), and goniometer (right 0.85; left 0.96). The MDC was range of 1.1-1.5
cm. for tape measure, 3.7-3.8° for digital inclinometer, and 5.0-7.7° for goniometer

(Konor & Morton, 2012).

Standard goniometer, patient is positioned prone with the knees straight. The
subtalar joint is in neutral position, the axis of the goniometer placed over the lateral
malleolus, and movable arm is parallel with the lateral border of the foot while the
stationary arm is parallel with the lateral border of the lower leg (Diamond, Mueller,
Delitto, & Sinacore, 1989). The assessor passively dorsiflexes the talocrural joint, and
the angle is measured in degrees. The intra-rater reliability showed: ankle dorsiflexion

(ICC = .74 and .87; right and left side, respectively) and the inter-rater reliability
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showed ankle dorsiflexion (ICC = .89 and .96; right and left side, respectively)

(Diamond et al., 1989).

2.9.3 Outcome measures for disability

There are many tools that have been reported for measuring foot and ankle
disability. For example, Revised Foot Function Index (FFI-R), Foot Health Status
Questionnaire (FHSQ), and visual analog scale foot and ankle questionnaire (VAS-

FA).

The FFI-R has 68 question and divided in to 4 subscales: pain and stiffness (19
questions), social and emotional outcomes (19 questions), disability (20 questions),
and activity limitation (10 questions). FFI-R participant completes on a Likert scale of
1-5 or 6 for some items also contain a sixth possible response indicating that it is not
applicable to the respondent (Budiman-Mak, Conrad, Stuck, & Matters, 2006).
Calculating score by summing scores and dividing by the maximum score on each
subscale, the percentage scores for each will present. Higher scores represent
worsening foot health and foot-related quality of life on the FFI-R. The survey
developers noted the FFI-R test-retest reliability was 0.96 and the item reliability was
0.93. The results revealed Cronbach’s alpha of 0.93, 0.86, 0.93, and 0.88 for the pain,
psychosocial, disability, and functional limitation subscales, respectively, representing
high internal reliability (Budiman-Mak et al., 2006). For validity, when compared the
results between FFI-R and 50-foot walking time (Budiman-Mak et al., 2006). The

results showed a significant correlation between walk times and the FFI-R score (r =
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0.31, p = 0.018) (Budiman-Mak et al., 2006). No report of Minimum detectable

difference and minimum clinically important difference for the FFI-R.

FHSQ is consisted of 4 subscales: foot pain (4 questions), foot function (4
questions), footwear (3 questions), and general foot health (2 questions) (Riskowski,
2011). For the subscales of pain, function, and general foot health, a 5-point Likert
scale ranges from no problems, pain, or limitations to severe problems, pain, or
limitations. Whereas the 5-point Likert scale responses for footwear questions ranges
from strongly disagree to strongly agree. The total scores are reported as O (poorest
state of foot health) to 100 (optimal foot health). Higher scores indicate a good foot
health and quality of life. Reliability of FHSQ, the results showed Cronbach’s alpha
for subscales was 0.85 (footwear), 0.86 (foot function), 0.88 (general foot health), and
0.88 (foot pain) in podiatric patients (P. J. Bennett, Patterson, Wearing, & Baglioni,
1998). The intraclass correlations were 0.74 (footwear), 0.78 (general foot health),
0.86 (foot pain), and 0.92 (foot function) for the test-retest reliability of routine care
patients (P. J. Bennett et al., 1998). Validity was assessed with the goodness-of-fit
index, an absolute was fit was 0.90 and comparative fit index (CFI), a relative
measure of fit was 0.96 (P. J. Bennett & Patterson, 1998).The survey developers
assessed validity with 111 podiatric patients. The root mean standard error of
approximation was 0.08, which suggests a moderate fit of the FHSQ to measure foot
health related to quality of life (29). The goodness-of-fit index, an absolute index of
fit, was 0.90, while the comparative fit index (CFI), a relative measure of fit, was 0.96
(17). For minimally important difference (K. B. Landorf & Radford, 2008), for pain
was 14 points, for function was 7 points, and general foot health was 9 points to

indicate improved foot-related health in plantar fasciitis.
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The foot and ankle disability was assessed by the Thai version of the visual
analogue scale foot and ankle questionnaire (VAS-FA) (Angthong, Chernchujit,
Suntharapa, & Harnroongroj, 2011). It consists of 20 items of three different question
categories (four relating to pain, 11 to functional limitation, and five to other
complaints). Each item is scored 0-100 points where O represents the most severe
disability and 100 represent no disability. The highest possible total score is divided
by 20 so the final score ranges from 0-100 points. The lower the score, the higher the
foot and ankle disability. The VAS-FA has been shown to be highly reliable with an
intraclass correlation coefficient of 0.995 and Cronbach’s alpha of 0.995 (Angthong et

al., 2011).

2.9.4 Outcome measures for patient’s satisfaction

To represent the satisfaction of a patient to the received intervention, the
global perceived effect questionnaire is commonly used. The global perceived effect
questionnaire asks the patient to mark on a numerical scale that reflect their condition
has improved or worsen since some predefined time point. The global perceived
effect is simple and quick to manage and interpret. It consists of a 7-point scale
ranging from 1 to 7 (1 = completely recovered, 2 = much improved, 3 = slightly
improved, 4 = no change, 5 = slightly worsened, 6 = much worsened, and 7 = worse

than ever (Ostelo & de Vet, 2005). Intraclass correlation coefficient values of 0.90-0.99

indicate excellent reproducibility of the global perceived effect questionnaire

(Kampera, 2010)
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Minimally clinically important change of global perceived effect
questionnaire, from review found that the global rating are categorized into two
groups. The first is an ‘improved’ and second is ‘unchanged group’. Generally, the
first two categories (completely recovered and much improved) were considered as
‘improved’, and category 3 (slightly improved) was considered as ‘unchanged’.

(Ostelo & de Vet, 2005)

2.10 Gaps of the studies

From the literature review, we found that Achilles tendon and plantar fascia
stretching were the effective treatments for PF. But no studies have investigated the
simultaneous stretching of the Achilles tendon and plantar fascia which are found to
be connected to each other and impaired in patients with PF. Previous studies showed
effectiveness of the intervention for patients with PF by measuring the changes in
pain, ankle range of motion, and foot and ankle disability. The changes in lumbar

range of motion and the global perceived effect have not been examined.



CHAPTER 3

METHOD

This chapter describes materials and methods used in this study
3.1 Research design

A randomized control trial with a mixed design was used in this study. This

study was registered trial at http://www.isrctn.com/ISRCTN16661280 (Appendix I).

3.2 Participants

A total of 50 patients with unilateral plantar heel pain between the ages of 40
and 60 years at a local physical therapy clinic participated in this study. Prior to take
part in this study, written consent was obtained from all participants in accordance
with the approval from the Research Ethics Review Committee for Research
Involving Human Research Participants, Health Sciences Group, Chulalongkorn

University, Thailand on 01/10/2015 (Appendix I1).
3.2.1 Inclusion criteria
Participants were required to meet the following criteria:

e Had pain on the first step in the morning greater than or equal to four out of 10
on an 11-point Numeric Pain Rating Scale (NPRS) and this pain had to
decrease with movement such as walking (Lareau et al., 2014; Neufeld &

Cerrato, 2008).

e Had experienced plantar heel pain for at least one month.
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e Had tenderness on palpation of the medial plantar calcaneal region.
3.2.2 Exclusion criteria
Participants were excluded if they met any of the following criteria:

Precautions to manual therapy (i.e., tumor, rheumatoid arthritis, osteoporosis, severe

vascular disease, etc.).

e Had diabetes mellitus.

e Had a history of the fracture of lower extremities and/or prior surgery of lower

extremities.

e Had neural problems in lower extremities.

e Had any conditions that could be referring pain to the heel.

e Female participants if they were pregnant.

e Had planned to continue using other treatments or medications during the

study period.
3.2.3 Sample size calculation

In the current study, the sample size calculations were performed for three
outcome measures. They were average pain change over the past 24 hours, pressure
pain threshold, and foot and ankle disability score. Configuration error was set at o =
0.05 with a power (1-B) of 0.90. The formula for sample size calculation

(Lohsoonthorn, 2007) is shown as follows:
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N = (% +%)(SD* +SD%)
AZ

Where: N = sample size needed in each comparison group
z = area under the normal curve

a=0.05 %2 =1.96

B =0.10 Zy =128
SD; = standard deviation of group 1
SD, = standard deviation of group 2
A = magnitude of the minimum clinically significant difference

For detailed calculations see Appendix X. This study required at least 24

participants per group.

3.3 Investigator and assessors

One investigator and two assessors involved in this study. The investigator
was a physical therapist with 5-year experience conducted the stretching protocols.
Two assessors were physical therapists with two- and three-year experience
performed the pre- and post-treatment outcome measures. Intra-rater and inter-rater

reliabilities for two assessors are shown in Appendix XI.
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3.4 Outcome measures
3.4.1 Pain intensity

Two pain variables were measured: pain at first step in the morning and
average pain at the medial plantar calcaneal region over the past 24 hours. The former
was measured using the 11-point NPRS. The latter was measured using the VAS for
pain. It is a 10-centimeter line of which O represents no pain and 10 represents the

worst pain imaginable (Appendix I1I).
3.4.2 Pressure pain threshold

Pressure pain threshold was measured with a pressure algometer (JTECH
Medical, Midvale, UT) with the surface area of the round tip of 1 cm? (Figure 3.1).
The instrument was found to be highly reliable with a Cronbach’s alpha of 0.94-0.98
(Park et al., 2011). The algometer probe tip was applied gradually perpendicularly
over the tender point of the plantar fascia at the medial plantar calcaneal region in
supine lying position. Participants were instructed to report when the pressure
changed to pain and the readings of the algometer were registered. The mean of three
trials with 10 seconds between each trial was calculated and used for analysis. In this
study, the tender point was defined as the point where the participants were unable to
tolerate a pressure of more than 3 kg/cm? or where the pressure threshold was at least

2 kg/cm? lower than the asymptomatic side (Park et al., 2011).
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3.4.3 Ankle range of motion

Ankle dorsiflexion and plantar flexion were measured when the participants
lay supine with the knees extended. A universal goniometer was aligned with a pivot
point over the lateral malleolus, a stationary arm parallel to the fibular bone, and a
movable arm parallel to the fifth metatarsal bone (Reese & Bandy, 2002). The mean

of three trials in each direction was used for analysis.
3.4.4 Back range of motion

The Back Range of Motion instrument (BROM 1) (Performance Attainment
Associates, Roseville) was used to measure lumbar flexion and lumbar extension. The
instrument consists of the BROM flexion/extension unit which comprised of an
inclinometer with a level vial and an L-shaped slide arm (Figure 3.2). It was found to
provide a reliable mean of measuring back range of motion with high intra-rater
reliability in lumbar flexion (ICC 0.84) and lumbar extension (ICC 0.91) (Atya,

2013).
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an L-shaped slide arm of its flexion/extension unit.

To measure lumbar flexion range of motion, the inclinometer was secured to
the skin overlying the participant’s sacrum by using self-adhesive straps around the
pelvis so that the level vial was centered (Figure 3.3A). The participant was instructed
to stand erect and position feet at shoulder width. The L-shaped slide arm was
inserted into the distal portion of the inclinometer and the linear distance between the
T12 and S1 spinous processes was recorded in centimeters. At the same time the
corresponding angular distance in degrees on the inclinometer was also noted. Then,
the participant was instructed to maximally bend forward. The linear and angular
distances between the T12 and S1 spinous processes were again recorded (Figure
3.3B). The difference in degrees between the pre- and post-bending represented the

lumbar flexion range of motion. The mean of three trials was used for analysis.

To measure lumbar extension range of motion, the participant was instructed
to stand erect and position feet at shoulder width with their hands on their shoulders.
The participant was instructed to maximally bend backward. The linear and angular

distances between the T12 and S1 spinous processes were recorded (Figure 3.3C).
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The difference in degrees between the pre- and post-bending represented the lumbar

extension range of motion. The mean of three trials was used for analysis.

A. Neutral position B. Lumbar flexion C. Lumbar extension

Figure 3.3 Measurements of lumbar range of motion using the Back Range of
Motion instrument (BROM I1).

3.4.5 Foot and ankle disability

The foot and ankle disability was assessed by the Thai version of the visual
analogue scale foot and ankle questionnaire (VAS-FA) (Appendix IV ) (Angthong et
al., 2011). It consists of 20 items of three different question categories (four relating
to pain, 11 to functional limitation, and five to other complaints). Each item is scored
0-100 points where O represents the most severe disability and 100 represent no
disability. The highest possible total score is divided by 20 so the final score ranges
from 0-100 points. The lower the score indicates the higher the foot and ankle
disability. The VAS-FA has been shown to be highly reliable with an intraclass
correlation coefficient of 0.995 and Cronbach’s alpha of 0.995 (Angthong et al.,

2011).
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3.4.6 Global perceived effect

Clinical success in the participants’ perspective was examined by the Global
Perceived Effect questionnaire (Appendix V). It is a single-item questionnaire that
asks participants to rank their perceived change after a 4-week intervention. It consists
of a 7-point scale ranging from 1 to 7 (1 = completely recovered, 2 = much improved,
3 = slightly improved, 4 = no change, 5 = slightly worsened, 6 = much worsened, and

7 = worse than ever (Ostelo & de Vet, 2005).
3.4.7 Medication or other treatment questionnaire

Participants were asked whether they had received any medication or other
treatments during the 4-week intervention. They were required to write the name,
amount and frequency of medication or types of treatment received. A questionnaire
(Appendix VI) was sent to participants every week for four weeks. All participants

returned the questionnaire at the end of the study.

3.5 Procedure

Using a computer-generated randomized table of numbers, the qualified
participants were randomly assigned into 2 groups. All participants received the
participant information sheet (Appendix VII) which explaining information,
objectives, procedure, and expected benefit. Participants who accepted all information
of this research were asked to sign the informed consent (Appendix VIII) and
complete a screening questionnaire (Appendix IX). When all previous procedure
finished, the participants were instructed to perform the intervention with respect to

their assigned group.
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3.5.1 Group 1 — stretching of the Achilles tendon

The participants instructed to stretch the Achilles tendon by placing the
symptomatic foot furthest away from the wall in walk standing (Figure 3.4). The
second toe and the calcaneal bone were aligned in the sagittal plane. Participants were
instructed to lean forward towards the wall while keeping the symptomatic heel on the
floor and the knee straight until they felt a stretch in their calf and the Achilles tendon

area.

Figure 3.4 Stretching of the Achilles tendon

3.5.2 Group 2 — simultaneous stretching of the Achilles tendon and the plantar fascia

The participants simultaneously stretched the Achilles tendon and plantar
fascia by standing on a specially developed stretching instrument (Figure 3.5)
(Purepong, Kalayanaphotporn, & Eksakulkla, 2015). The device consists of two
wooden bases covered with a Bene-feet mat which is composed of many long flexible

spikes with the shorter spikes located at the front and the back and the taller ones in
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the middle. Each wooden base is equipped with a goniometer and a motor that can
move the base up and down independently for each foot. The speed of movement was
set at 0.8-1.3 degrees per second to provide a gentle stretch to the Achilles tendon and

the plantar fascia with minimal risk of injury.

Figure 3.5 Simultaneous stretching of the Achilles tendon and the plantar fascia
using a specially designed instrument.
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1. VAS
2. Medication or other treatment questionnaire
} } }
) | | | | )
a3 | | | | >
Baseline 1 2nd 3vd 4th 3 months
week  week week week
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Pain at first step in the 1. VAS

1. Pam at first step in the 11
morning (on 0-10 NPRS) morning (on 0-10 NPRS) 2. VAS-FA
2. Average pain at the medial 2. VAS
plantar calcaneal region 3. Pressure pain threshold
over the past 24 hours (on 4. Ankle range of motion
0-10 cm VAS) 5. Back range of motion
3. Pressure pain threshold 6. VAS-FA
4. Ankle range of motion 7. Medication or other
5. Back range of motion treatment questionnaire
6. Foot and ankle disability
(VAS-FA)

7. Medication or other
treatment questionnaire

Figure 3.6 Diagram of the testing protocol used and the outcome measures taken
in the main study.

Figure 3.6 shows diagram of the testing protocol used in the main study. The
stretching protocol for both groups was five sets of a 20-second stretch and a 20-
second rest. The stretch was performed twice a day for five days per week for four
consecutive weeks. Assessors who were blinded to the group of the participants
collected the pre-treatment data of pain intensity at first step in the morning, average
pain at the medial plantar calcaneal region over the past 24 hours, pressure pain
threshold, ankle range of motion, and foot and ankle disability. At the end of the 4-
week intervention, the same outcome measures as the pre-treatment data and the
global perceived effect were recorded as the post-treatment data. In addition, the
average pain at the medial plantar calcaneal region over the past 24 hours was
recorded every week during the 4-week intervention. At 3-month follow-up, two
outcome measures were collected. They were average pain at the medial plantar

calcaneal region over the past 24 hours and foot and ankle disability.
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Any received medications and other treatments that might have been taken
throughout the intervention period were documented. All participants were required to
record their exercise in an exercise log which was collected at the end of the 4-week

intervention.

3.6 Statistical analysis

The SPSS 17 (SPSS, Chicago, IL, USA) was used for statistical analysis.

Statistical significance was set at p < .05.

A total of seven dependent variables were analyzed: pain at first step in the
morning, average pain at the medial plantar calcaneal region over the past 24 hours,
pressure pain threshold, ankle dorsiflexion range of motion, ankle plantarflexion
range of motion, foot and ankle disability, and global perceived effect. Means and
standard deviations were calculated. Separate two-way repeated measures analyses of
variances (ANOVAs) were performed to investigate the effects of treatment
intervention (Group 1 and Group 2) and time (pre-treatment and post-treatment) for
all dependent variables except the global perceived effect. Post-hoc pairwise

comparisons were adjusted for multiple comparisons using Bonferroni’s procedure.



CHAPTER 4

RESULT

This chapter presents the results of the study. Table 4.1 summarizes the
characteristics of the participants in each group. No significant differences between
groups in demographic details and pretreatment data were found (p > .05). Most
participants showed high degrees of adherence to both interventions. Of the 20
possible sessions, participants in Group 1 attended 16.7 (1.8) sessions on average

while participants in Group 2 attended 16.6 (1.7) sessions.

Means and standard deviations of all outcome measures at each measurement
period for group 1 and group 2 are shown in Tables 4.2 and 4.3, respectively. For the
variables that were examined for four weeks, the two-way ANOVAs showed a
significant interaction effect between group and time in only one variable, i.e.
pressure pain threshold (p = .003) as shown in Table 4.4. Post hoc analysis revealed
that the pressure pain threshold increased significantly from pretreatment in both
groups (p < .001). The intervention in Group 2 resulted in a greater significant
increase in pressure pain threshold at posttreatment than the intervention in Group 1
(p = .040). No significant differences between groups were demonstrated in other
variables (p > .05). Regarding within-group comparisons, both interventions resulted
in reductions in pain at first step in the morning and average pain at the medial plantar
calcaneal region over the past 24 hours while there were increases in VAS-FA score
(p < .001), range of motion in ankle dorsiflexion (p < .001), and lumbar extension (p

= .019).



Table 4.1 Means (standard deviations) of participants’ characteristics and outcome
measures at pre-treatment (n = 50).

Variables Group 1 (n = 25) Group 2 (n=25) p-value
Gender (male/female) 10/15 8/17 -
Symptomatic side (left/right) 12/13 13/12 -
Walking duration (min/day) 120-240 120-240 -
Age (years) 49.8 (6.5) 49.7 (6.5) 931
BMI (kg/m?) 23.7 (2.9) 23.7 (2.8) 983
Pain duration (months) 6.0 (4.5) 8.5(7.1) 134
Pain intensity
Pain at first step in the 5.4 (1.3) 5.8(1.2) 319
morning (NPRS 0-10)
- Average pain at the medial 4.0 (1.4) 39(11) 824
plantar calcaneal region over
the past 24 hours (VAS 0-10
cm)
Pressure pain threshold 2.5 (1.3) 2.1(0.9) 167
(kg/cm?)
Ankle range of motion
(degrees)
Dorsiflexion 12.2 (5.1) 11.7 (4.8) 733
Plantarflexion 35.7 (6.9) 36.6 (6.7) 638
Lower back range of motion
(degrees)

- Flexion 26.6 (9.6) 27.5 (8.0) 796

- Extension

8.9 (4.0) 7.7 (4.6) 327

VAS-FA 81.8 (1.1) 82.6 (4.4) 635

BMI = body mass index, VAS-FA = visual analogue scale foot and ankle score

For the variables that were also examined at three months, the two-way
ANOVAs showed no significant interaction effects between group and time in any
variables (p > .05) while there were significant main effects of group and time (p <

0.001) (Table 4.5). Post hoc analysis revealed that there were significant differences
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in the average pain intensity over the past 24 hours from baseline throughout the study
(p < .001) with significant differences between groups at four weeks (p < .001) and
three months (p < .001) (Figure 4.1). Post hoc analysis revealed that there were
significant differences in VAS-FA score from baseline throughout the study (p <
.001) with significant difference between groups at three months (p = .003) (Figure

4.2).
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Table 4.4 Means (standard deviations) of the pretreatment and the posttreatment data
at 4th week and the results of the two-way ANOVAs of within-group, between-group,

and interaction effects (n = 50).

Within-
group effects

Between-

Outcome group effects p- Interaction
measures/Group (post-pre) p-value (Groups 2-1) value p-value
Pain at first step in the morning

Group 1 -3.4(0.2) <0.001* -0.2(0.3) 0.418 0.115
Group 2 -4.0 (0.2) <0.001*

Pressure pain threshold (kg/cm?)

Group 1 1.8 (0.4) <0.001* 0.4 (0.6) 0.288 0.003"
Group 2 3.5(0.4) <0.001*

Ankle dorsiflexion (degrees)

Group 1 3.4 (0.6) <0.001* -0.2(1.2) 0.848 0.752
Group 2 3.6 (0.6) <0.001*

Ankle plantarflexion (degrees)

Group 1 3.8(1.5) 0.016F7 -2.2(1.6) 0.168 0.157
Group 2 0.7 (1.5) 0.640

Lumbar flexion

Group 1 0.9(1.1) 0.383 0.4 (2.4) 0.868 0.493
Group 2 2.0 (1.1) 0.069

Lumbar extension

Group 1 0.03 (0.4) 0.948 -0.3 (1.0) 0.775 0.102
Group 2 1.0 (0.4) 0.019%

Significance 1p < 0.05,#p <0.005,* p <0.001
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Table 4.5 Means (standard deviations) of the pretreatment and posttreatment at 4-
week and 3-month follow-up for average pain over the past 24 hours and VAS-FA
as well as the results of the two-way ANOVAs of within-group, between-group,
and interaction effects (n = 50).

Within-group

effects Between-group Interaction
Outcome measures/Group p-value effects p-value p-value
Average pain over the past 24 <0.001* <0.001* 0.140
hours
VAS-FA <0.001* <0.001* 0.344

Significance * p <0.001

Average pain over the past 24 hours

Baseline 1st week 2nd week 3rd week 4th week 3 months

e Group 1l ce @+ Group 2

Figure 4.1 Changes in the average pain intensity over the past 24 hours at
baseline, at the end of each intervention week, and at 3 months.

% p < 0.05 when comparing between baseline and each measurement time and
% %k p < 0.001 when comparing between pretreatment and posttreatment data at each
time
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Figure 4.2 Changes in the foot and ankle disability score (VAS-FA) at baseline, at
the end of the 4th week, and at 3 months

% p < 0.05 when comparing between baseline and each measurement time and

%k % p < 0.001 when comparing between pretreatment and posttreatment data at
each time.

After four weeks of the interventions, all participants in both groups reported
that their symptoms had improved. More participants in Group 2 (96%, 24 from 25
participants) described their symptoms as being much improved to being completely
improved than those in Group 1 (76%, 19 from 25 participants) (Table 4.6). Only one
participant in Group 1 reported the use of medication for general muscle soreness for
a few days prior to the 4th week measurement and this was due to extraordinarily hard

work in that week.
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Table 4.6 The number of participants who rated their global perceived effect in each
of the 7-point scale categories at 3 months (n = 50).

Global perceive effect scale Group 1 Group 2
1: completely recovered 7 14
2: much improved 12 10
3: slightly improved 6 1
4: no change 0 0
5: slightly worsened 0 0
6: much worsened 0 0
7: worse than ever 0 0

Total 25 25




CHAPTER 5

DISCUSSION

The results of this study suggest that simultaneous stretching of the Achilles
tendon and plantar fascia and the standard conservative stretching technique of
stretching the Achilles tendon by itself for four weeks could benefit participants with
plantar heel pain. The outcomes were also maintained towards the 3-month follow-up.
However, the simultaneous stretching of the Achilles tendon and plantar fascia
showed significantly greater reduction in pressure pain threshold. A better global
perceived effect was also described among participants who received the

simultaneous stretching intervention.

To the best of the researchers’ knowledge, this is the first study on the effect
of the simultaneous stretching of the Achilles tendon and plantar fascia. Direct
comparison with previous studies is therefore inappropriate. However, comparison
with studies that used similar stretching interventions for the Achilles tendon reveals
that the present study resulted in better outcomes between pre-treatment and post-

treatment variables.

In regard to pain, all pain related variables showed an improvement in both
groups. After four weeks of the interventions, the mean reduction of pain at first step
in the morning was 3.4 centimeters for group 1 and 4.0 centimeters for group 2.
Although there are several studies on the stretching of the Achilles tendon, only two

studies were found to investigate its effect on pain at first step in the morning. After



48

8-week stretching of the Achilles tendon stretching, a reduction of pain at first step in
the morning of 1.3 centimeters was reported (Digiovanni, 2003). By stretching
Achilles tendon on a wooden wedge for two weeks, a 1.98-centimeter mean reduction
in pain at first step in the morning was reported (Radford et al., 2007). The
discrepancies among studies might be due to the differences in the participants’
characteristics. The greater chronicity of the symptoms of longer than three months in

the previous studies might cause the tissue to be stiffer and more difficult to stretch.

The magnitude of the mean changes in pain intensity and pressure pain
threshold for both stretching interventions in this study is noteworthy as they were
larger than the minimum clinically important change documented by previous studies.
The pain reductions of 2.5 to 4.0 points were more than the 2-point minimum
clinically important change for pain (Farrara, 2001; Ostelo & Deyo, 2008). The
increases in pressure pain threshold of 1.8 to 3.5 kg/cm2 were greater than the
smallest difference for the change in pressure pain threshold at the heel of 1.6 kg/cm2
(Sullivan, 2015).These results therefore suggest that the effects of the interventions

used in this study were clinically relevant.

In general, it is noted that the mean changes between pretreatment and
posttreatment for most of the variables in group 2 — the simultaneous stretching
intervention were greater than group 1 — the stretching of the Achilles tendon
intervention (Table 2). The reasons for the greater pain-relieving effect of the
simultaneous stretching intervention could be that higher tension was generated
within the Achilles tendon and plantar fascia. With greater tension, greater flexibility
and range of motion is expected. As it has been found that the tissue being stretched

develops greater stretch tolerance (Knudson, 2006), this might then allow the tissue to
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move with less pain. In the current study, greater pain reductions were observed both
for pain at first step in the morning and average pain at the medial plantar calcaneal
region over the past 24 hours. This hypoalgesic effect of the stretching therefore helps
to increase the pressure pain threshold. Consequently, foot and ankle disability is

improved.

Interestingly, the good results found in this study were obtained with a
protocol that required the participants to perform the stretching program 5 days per
week, and not a daily program liked previous studies (Digiovanni, 2003; Porter et al.,
2002; Renan-Ordine et al., 2011). These findings support the guidelines generally
recommended that the stretch should be performed at least 2 to 3 days per week by
holding the stretch for 15-30 seconds and repeating 2 to 4 times (Page, 2012). The
total stretching time of the current study was 200 seconds per day which therefore

deemed sufficient for improving tissue flexibility.

The increase in the ankle range of motion in plantarflexion was unexpected.
Since the stretching occurred in the posterior structures, the increase in range of
motion should occur in the direction of dorsiflexion. However, these results should be
interpreted with care. Due to the mean change of less than 5 degrees being considered
a measurement error (Rome & Cowieson, 1996), the changes would have no clinical

significance.

This current study revealed no significant differences in range of motion of
lumbar flexion and extension between groups at the end of four weeks. A significant
increase in range of motion one degree on average was found only in the direction of

lumbar extension in group 2 not group 1. Since the magnitude of increment was so
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small, the change might be regarded as non-clinically significance. These
nonsignificant findings might be related to the amount of force used for exerting
tension within the extensible structures in the superficial back line. The force being
generated at the Achilles tendon and plantar fascia might be inadequate to be
transferred up to the thigh and lumbar regions. Furthermore, the participants in this
present study were deemed to have normal lumbar range of motion both in flexion
and extension. A previous study that investigated lumbar motion in normal 91
participants using BROM instrument showed an average lumbar flexion and extension
in the range of 32.91 to 32.99 degrees and 10.09 to 10.45 degrees, respectively

(Kachingwe & Phillips, 2005).

At 3-month follow-up, both groups continued having less average pain
intensity over the past 24 hours and more VAS-FA score than the values at baseline
(Figures 4.2 and 4.3). The statistically significant differences in these values between

groups suggest that group 2 provided a superior intervention than group 1.

In this study, participants who reported complete recovery from their symptoms at the
end of the 4-week intervention in the simultaneous stretching group (56%) were
double that of the stretching of the Achilles tendon group (28%). These outcomes
indicate that the simultaneous stretching of the Achilles tendon and plantar fascia is

superior to the stretching of the Achilles tendon.

Limitations of the study

The results of the current study should be interpreted with consideration of

some potential limitations. First, this study investigated the effects of the stretching
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interventions for 4 weeks. Studies examining the effects of these stretching
interventions over a longer duration are required. Second, the researcher did not
strictly monitor the stretching protocol for the participants in group 1 which
performed self-stretching of the Achilles tendon at home. Some deviation from the set
protocol might occur. However, the researcher provided the participants with a note
which helped remind the correct stretching technique and weekly reviewed the
stretching with all participants at the end of the 4-week intervention when they were
appointed to the laboratory for having their average pain intensity over the past 24
hours measured. Third, the participants were deemed to have minimal foot and ankle
disability such that their mean VAS-FA scores were greater than 80. The effects of
the stretching interventions used in the present study in individuals with higher levels

of foot and ankle disability are unknown.

Areas for further study

This study monitored two outcome measures at three months. Future study

should also investigate other outcome measures at longer duration.

The soleus muscle also has a role in PF, an investigation of the effect of soleus
stretching on the PF should be conducted. The researcher should amend the stretching

protocol by having the participants flexed their knees during stretching.

Big toe extension range of motion was not measured in this study. Further
study should measure big toe extension range of motion in order to confirm that the

plantar fascia was stretched.
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With the use of diagnostic ultrasound, the changes in Achilles tendon and
plantar fascia length should be imaged. This would provide the proof whether the

stretching interventions could lengthen these tissues.



CHAPTER 6

CONCLUSION

The results of this study suggest that the simultaneous stretching of the
Achilles tendon and plantar fascia for 4 weeks is an effective intervention for plantar
heel pain. In comparison with the stretching of the Achilles tendon by itself, the
simultaneous stretching of the Achilles tendon and plantar fascia tends to be superior

in some aspects.
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APPENDIX V
GLOBAL PERCEIVE EFFECT QUESTIONNAIRE
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APPENDIX VI
MEDICATION OR OTHER TREATMENT QUESTIONNAIRE
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APPENDIX IX
SCREENING QUESTIONNAIRE
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APPENDIX X
SAMPLE SIZE

The calculations were based on the findings of the similar outcome measures from a

previous study (Renan-Ordine et al. 2011).

Average pain change over the past 24 hours

The expected pain difference (A) was 15 points with standard deviations of 17.5 (SD1)

and 13.8 (SD2) millmeters on a 0-100 millimeter visual analogue scale (VAS).

N =(1.96 + 1.28)? (17.5% + 13.8%)

152

N=23.15=24

Pressure pain threshold

The expected between-group difference for the pressure pain threshold at the calcaneal

region (A) was 1.2 kg/cm? with standard deviations of 1.3 (SD1) and 0.9 (SD2) kg/cm?.

N =(1.96 + 1.28)? (1.32 + 0.9%)

1.2

N=1821=19
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Foot and ankle disability

For the change in foot and ankle disability, the change (A) of 20 points with a standard
deviation of 19.4 (SD1) and 12.2 (SD2) points on a physical function domain of SF-36

questionnaire was selected.

N =(1.96+1.28)% (19.4% + 12.2%)

202

N=13.77=14

Consequently, this study required at least 24 participants per group
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APPENDIX XI
RELIABILITY STUDY

Two assessors were blinded and involved in this study. They graduated
Bachelor degree in Physical Therapy program with two- and three-year experience.
They conducted the measurements of pressure pain threshold and ranges of motion in
the directions of ankle dorsiflexion, ankle plantarflexion, lumbar flexion, and lumbar
extension. Both intra-rater and inter-rater reliabilities were calculated.

Ten participants with the same characteristics of the main study took part in
this study. Each assessor measured each participant twice with 100-120 minutes apart.
Half of the participants were measured first by one assessor while the other half were
measured first by the other assessor. All participants were measured in the same order
which started with pressure pain threshold and ranges of motion in the directions of
ankle dorsiflexion, ankle plantarflexion, lumbar flexion, and lumbar extension.

Both assessors showed high intra-rater reliabilities for the measurements of
pressure pain threshold as well as lumbar and ankle ranges of motion. Most of the
ICC3,3) values were greater than 0.90 (Table A.). Only the measurement of lumbar
flexion range of motion taken by assessor 2 showed good intra-rater reliability. These
results suggest that both assessors could reliably measure these outcomes of interest.

High inter-rater reliabilities with the majority of the ICC, 3y values greater
than 0.90 were observed when comparing the measurements of both assessors.
Considering comparisons of the first set of the measurements, only the measurement
of lumbar flexion range of motion showed good inter-rater reliability (Table B.). As a
result, the assessors took only one set of the measurements for each outcome.

Table A. The reliability coefficients of the intra-rater reliability ICCs 3 for the
outcome measures measured on two occasions (n = 10).

Intra-reliability

Outcome measures Assessor 1 Assessor 2
Pain pressure threshold 919 .897
Ankle dorsiflexion 984 971
Ankle plantarflexion 994 946
Lumbar flexion .897 796

Lumbar extension .978 974




Table B. The reliability coefficients of the inter-rater reliability ICC 3 for the
outcome measures measured by two assessors (n = 10).

Inter-reliability

Outcome measures Round 1 Round 2
Pain pressure threshold 932 171
Ankle dorsiflexion 923 .940
Ankle plantarflexion 965 942
Lumbar flexion 753 .816

Lumbar extension .920 901
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