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Evidence-based use of cold for plantar fasciitis
Michael S. Laymon?, Jerrold S. Petrofsky®, Faris Alshammari®, Stacy Fisher®

aDepartment of Physical Therapy, Touro University Nevada, Henderson, NV, USA
bDepartment of Physical Therapy, Loma Linda University, Loma Linda, CA, USA

Objective: The purpose of this study was to examine the effect of cold applied the night before or in the morning on pain and
symptoms of plantar fasciitis.

Design: Experimental study.

Methods: Thirty subjects with plantar fasciitis were recruited for this study. Subjects with plantar fasciitis either had no inter-
vention, cold applied (20 minutes) at night before bed, or 20 minutes in the morning upon wakening. Plantar fascia tenderness and
pain were evaluated. There were ten subjects in each group. Measures included visual analog scale, plantar facial thickness via
high resolution ultrasound, algometer measure, and range of motion of the ankle and foot. There were 3 groups of 10 subjects, con-
trol (no intervention), cold the night before bed, and cold in the morning before rising.

Results: The greatest relief of symptoms was cold used at bedtime the night before the measurements. Cold used in the morning
was not as effective as cold used in the evening before bed. Cold use reduced the thickness of the plantar fascia and irritation. There
was a 13% reduction in plantar fascia thickness with cold the night before (p<0.05), a 44% reduction in pain and an 86 % increase
in the force that could be applied to the bottom of the foot without pain (p<0.05).

Conclusions: Cold applied for 20 minutes prior bedtime is effective for reduced symptomology caused by plantar fascia

inflammation.

Key Words: Cryotherapy, Foot, Pain, Plantar fasciitis

Introduction

Plantar fasciitis (PF) is a common disorder of the foot that
affects millions of people [1,2]. It involves inflammation of
the plantar fascia causing mild to severe pain when moving
the foot or walking [1,2]. The plantar fascia is a thick fibrous
connective tissue which originates at the medial tuberosity
of the calcaneus and inserts into the proximal phalanges [3].
The central portion is the thickest, attaches at the posterior
aspect of the medial tuberosity of the calcaneus posterior to
the origin of the flexor digitorum brevis tendon, and is 1.5 to
2.0 cm in width, distally, at the level of the metatarso-pha-
langeal joints; the central portion of the plantar aponeurosis
divides into five fascicles, one for each of the toes [4,5]. The

lateral portion of the plantar aponeurosis arises from the lat-
eral aspect of the medial tuberosity of the calcaneus and its
distal medial and lateral bands attach to the plantar plate of
the fourth toe and to the base of the fifth metatarsal re-
spectively and is 1.0 to 1.5 cm in width. The medial portion
of the plantar aponeurosis is thin and continuous medially
with the dorsal fascia and laterally with the central portion of
the plantar aponeurosis. Edema in the plantar fascia there-
fore effects movement in the foot by inhibiting normal ten-
don movement to flex and extend the foot [4,5].

The etiology is quite variable [5-7] and includes ageing
[6-9], abnormal foot positioning, increased body mass index
more than 30, tight Achilles tendon, poor footwear, high in-
tensity athletic activity and repetitive trauma and diabetes
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[8-10]. Other inflammatory conditions can also contribute to
this disorder. It is generally treated by stretching, heating
with ultrasound, and even steroid injections [9]. But even
with these modalities, the inflammation can return and se-
verely limit normal gait.

However, one recurrent problem is that with normal con-
servative treatment for this disorder, modalities are mixed.
What this means is that a physician or physical therapist will
manipulate the foot by stretching and apply heat or cold and
use non-steroidal anti-inflammatories or steroids and ortho-
tics. Thus, if the inflammation gets better, there is no way of
knowing why. It may be one modality, the combination of all
interventions, or just normal healing.

In the present investigation we used cold as the only inter-
vention and measured plantar fascia inflammation, pain lev-
el, tolerance to pressure on the plantar surface, and a stand-
ardized functional assessment instrument. Cold was applied
for 20 minutes either at night at bedtime or first thing in the
morning before weight bearing.

Methods
Subjects

Thirty subjects were recruited for this study. Eligible sub-
jects were required to meet all the following inclusion cri-
teria: (1) subjects of both genders are diagnosed with PF, (2)
subject’s age is between 18-65 years, (3) duration of symp-
toms is less than 5 years, and (4) plantar fascia thickness
greater than 4 mm as assessed by imaging ultrasound.
Exclusion criteria included: (1) previous fracture or surgery
to the foot or (2) specific metabolic and connective tissue
disorder associated with or contributing to the diagnosis of
PF. All purposes and procedures were approved by the in-
stitutional review board (IRB) and each patient signed a
statement of informed consent. The demographics of the
subjects are listed in Table 1. There is a statistical difference

Table 1. General characteristics of subjects (N=30)

e Control Cold night Cold morning
Characteristic (n=10) (n=10) (n=10)
Age (yr) 51.9(3.6) 523(5.5 43.8(9.5
Height (cm) 155.2(26.5) 164.1 (4.5) 171.4(6.7)
Weight (kg) 85.4(15.8) 75.8(19.1) 81.3(19.0)
BMI 294 (42) 279(5.8) 275(5.2)
FAAM 302(8.5) 219(54) 23.8(16.9)

Values are presented as mean (SD).
BMI: body mass index, FAAM: foot and ankle ability measure.

in age between group 3 and groups 1 and 2. This study was
approved by Solutions IRB.

Visual analogue scale

A visual analogue scale (VAS) was used to measure heel
pain. It was a numerical scale 10 cm long where 0 indicated
no pain, and 10 indicated the worst pain ever. The patient
self-rated his/her foot pain based on his/her first steps in the
morning, by placing a mark on the line representing his/her
level of pain. This scale has been established as a reliable
and valid instrument to measure acute and chronic pain.

Pressure algometer

A handheld pressure algometer was used to measure the
heel tenderness threshold. Tenderness threshold was defined
as the minimum pressure or force that produces pain. A pres-
sure algometer is a force gauge fitted with a hard rubber tip
and calibrated in kg/cm2 (Wagner Inc., Greenwhich, CT,
USA). To assess tenderness, the principal investigator first
placed the patient in a supine position with legs fully ex-
tended and palpated and marked the tender point over the
origin of the plantar fascia at the medial calcaneal tubercle.
He then dorsiflexed the ankle and toes passively and applied
the algometer over the mark placed on the medial calcaneal
tubercle. The algometer contact head was aligned perpen-
dicularly to the skin and the principal investigator gradually
increased the algometer pressure until the patient reported
pain. The algometer reading, which represented the pressure
needed to elicit pain (in Newton per square centimeter), was
recorded. Higher algometer scores indicated greater pres-
sure tolerance and, hence, less tenderness. Lower algometer
scores indicated less pressure tolerance and, thus, greater
tenderness. The reliability and validity of pressure algo-
meter as a measure of tenderness has been documented in
the literature.

Foot and ankle ability pain in activities of daily living

To assess functional activities levels, the subjects were
asked to record their ability to perform daily activities using
the activities of daily living (ADL) subscale of the foot and
ankle ability measure (FAAM). The ADL/FAAM identifies
21 daily activities, and participants rated their ability to com-
plete each activity based on a scale ranging from no diffi-
culty to inability to complete. Individual participant re-
sponses to the ADL/FAAM questions were converted to nu-
merical scores using a 5-point scale, with scale ranging from
0 “no difficulty” to 4 “unable to do,” certain daily activity.
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Thus a lower ADL/FAAM score indicates a higher func-
tional activity level. FAAM is a self-reported instrument
specific to those with lower leg musculoskeletal disorders.
FAAM is a reliable, valid, and responsive self-reported in-
strument for assessing the activity and function level for pa-
tients with lower leg musculoskeletal disorders.

Ultrasound

Musculoskeletal ultrasound is a useful imaging tool in
confirming a diagnosis of PF by measuring plantar fascia
thickness before and after a given treatment regimen to
gauge the treatment’s efficacy. The standard “normal” or
asymptomatic thickness value reported for the plantar fascia
is 2.3 to 4.0 mm, averaging 3.4 mm. It is accepted that a
thickness of greater than 4 mm would be consistent with PF.
Each involved foot was evaluated sonographically with a
L14-6 MHz linear array transducer (Mindray-M7 diagnostic
ultrasound system) and acoustic coupling gel applied to the
plantar surface of the foot. The plantar fascia is best exam-
ined with the patient in the prone position, with the affected
foot hanging over the edge of the examination table with his
or her ankle in neutral position. The ultrasound probe was
applied vertically to the plantar aspect of the heel. The sag-
ittal thickness of the proximal insertion of the plantar fascia
was measured, at a standard reference point 5 mm from the
proximal insertion at the anterior aspect of the inferior bor-
der of the calcaneus. A typical picture is shown in Figure 1.

Applying cold to the foot

Cold was applied by a ThermaCare (Pfizer Consumer
Healthcare, NY, USA) cold wrap as described by the manu-

A 0.50cm

B 0.66cm

Figure 1. Typical subject pre modality.

facturer for 20 minutes.
Procedures

The baseline evaluation included the measurement of: (1)
heel pain with the VAS, (2) heel tenderness with the pressure
algometer, (3) disability level, and (4) sagittal thickness of
proximal plantar fascia.

The subject was assigned to one of 3 groups. One group
was the control and only had measurements taken 2 days
apart without intervention. The pre and post evaluation in-
cluded: (1) heel pain; (2) heel tenderness; (3) disability level
using ADL/FAAM, and (4) sagittal thickness of proximal
plantar fascia with the ultrasound transducer. For the other 2
groups, the same measures were taken but an intervention
was provided between the measures. In different groups,
cold was used either the night before or at morning. All plan-
tar fascia thickness measures were taken first thing in the
morning for all groups.

Data analysis

Analysis of variance (ANOVA) test was used to de-
termine if significant differences exist among the groups in
terms of pain, tenderness, ADL, and fascia thickness. The
level of significance was set at p <0.05.

Results

As seen here the measures were made 5 cm from the cal-
caneus and then the full thickness width was measured,
which was here, 0.66 cm. A typical subject before cold is
shown in Figure 2. Figure 2 shows the pre data where the

A 0.50cm B 0.48cm

Figure 2. A subject before application of cold.
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A 0.50cm

Figure 3. A subject after cold application.

Visual Analog Pain Scale
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% Change After Modality

-60
70
Figure 4. Percent change in the analog visual pain scale from the

first to the second day after application of each modality. The data
is the mean of 10 subjects +/— the SD.

thickness of the plantar fascia was 0.48 cm whereas post
cold, it was reduced to 0.39 cm (Figure 3).

As shown in Figure 4, cold applied at night before bed
clearly produced the greatest reduction in pain the next
morning. Cold at night and in the morning were significantly
better than the control subject data (»p <0.01). The control
data was not significantly different in the first and second
measurements.

A similar change is seen in Figure 5. The greatest reduc-
tion in the thickness of the plantar fascia was with cold ap-
plied at bedtime. Cold applied the night before for 20 mi-
nutes had a carryover effect of a reduction in plantar fascia
thickness of 13% in the morning. This was a statistically sig-
nificant decrease at p <0.01. Both cold groups showed a re-
duction in the size of the plantar fascia but the night data was
significantly more than the morning cold group (p <0.05).
Thus cold needs time to have an effect and simple acute ad-

plantar thickness
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K W plantar thickness
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Figure 5. Change in plantar fascia thickness pre and post modality.
The data is the mean of 10 subjects +/— the SD.
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Figure 6. The change in algometer pressure for perception of pain
before and after each modality in 10 subjects +/— the SD.

ministration of cold was not as effective as cold the night
before.

Figures 2 and 3 show the ultrasound recordings in a typi-
cal subject before and after cold. There was a clear reduction
in plantar thickness. This reduced thickness also reduced
tenderness in the area. The pressure applied to the plantar
fascia with the algometer almost doubled when cold was
used at night and was over 40% higher for cold used in the
morning. For both cold groups the increase in pressure was
significant (p <0.01). There was no difference in the algo-
meter data pre vs. post in the control group (Figure 6).

Discussion

PF is a common clinical disorder usually seen in people
who walk or run incorrectly or are overweight [11,12].
“Classic” PF is intense, sharp heel pain with the first couple
of steps in the morning primarily at the origin of the plantar
fascia where it attaches to the anterior calcaneus [13]. This
disorder costs between $192 and $376 million [14]. The
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plantar fascia can be easily overstressed. This can happen
due to bone spurs (almost 50% of all cases) or other patholo-
gies but the etiology is largely unknown [15]. The in-
flammation results in an increase in plantar facial thickness
which can last for days or years or never fully heal [15].
Almost half of PF is due to heal spurs [16].

There have been many modalities used to treat PF. These
include custom orthotic devices [15], rest, ice baths [13,14],
heat, and stretching [15]. Night splinting and corticosteroid
injections have also been used [17]. Heat is applied at night
and in many cases has positive results but the results are un-
predictable [18].

One method of examining PF is ultrasound [19]. It has
been shown to be just as reliable as MRI in showing plantar
swelling and thickness [19]. Power sonography has been
shown to show vascularization, calcification and thickness
of fascia and tendons [20]. Real time axial strain sonography
has also been used to diagnose PF [21]. Studies clearly show
thickening to over 6mm in many patients with PF [22].

Heat has been tried in the past. Infrared heat, for example,
was used for 6 months and only resulted in a reduction of
37% in the visual analog scale scores, a reduction similar to
the one seen here but this one was after 1 treatment with ice
[23]. Cold suffers from the same lack of evidence although
web sites recommend cold or ice therapy. Furthermore,
treatment is usually analyzed in terms of night splints,
stretching, iontophoresis, low-energy extracorporeal shock
waves, cold lasers and non-steroidal anti-inflammatories
[13,24]. Very little attention has been paid to cold therapy
applied in isolation to other interventions. Home modalities
are largely ignored in the scientific literature.

Although there is a statistically significant difference in
age between group 3 and groups 1 and 2, the actual age dif-
ference does not correlate to a difference in tissue metabolic
or healing rates. The results for the use of cold for treatment
of PF here are striking. This study investigated a single ap-
plication of cold, further investigation is needed for multiple
application.

Cold applied for 20 minutes prior bedtime is effective for
reduced symptomology caused by plantar fascia inflam-
mation.
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