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ABSTRACT

E9TETE Plantar fasciitis is the most common cause of heel pain. The night splints are used to prevent
nocturnal contractures happening in the calf muscles and plantar fascia. The objective of this study was
to investigate the effects of using a tension night splint for calf and plantar fascia on the range of motion
of foot and ankle complex, pain severity, and quality of life.

30 people (27 female) with plantar fasciitis volunteered in a parallel-group
clinical study. Participants were allocated to three study groups: a tension calf splint, a tension plan-
tar fascia splint, and a control group (heel pad). The study outcomes were the range of motion of
foot and ankle complex, pain severity, and quality of life measured with a goniometer, visual analog
scale, and 36-Item Short Form Survey (SF-36) questionnaire, respectively. The post-session was four
weeks after participants received their interventions. The analysis of covariance statistical test was
used to analyze the within and between-group differences.

[EST® The analysis of covariance test showed statistically significant differences for pain (F=9.35,
P=0.001, n*=0.44) and extension of the first metatarsophalangeal (F=4.76, P=0.017, n*=0.27). There was
no statistically significant difference in the quality of life and the ankle dorsiflexion range between groups
(P>0.05). The Bonferroni post-hoc showed a significant reduction of the reported pain post-session in all
study groups (P<0.05). The calf tension splint caused a greater extension of the first metatarsophalangeal
post-session (P=0.02).

[@TEIERT All three orthoses used in this study significantly reduced pain in people with plantar fasciitis.

Received: 03 May 2021 © Theresults also suggest that a tension calf splint has greater effectiveness in improving pain severity and
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Introduction

nflammation of the plantar fascia is the most com-

mon soft tissue complication in the foot area and

one of the leading causes of foot pain [1, 2]. This

complication is caused by excessive and repeated

pressure on the heel, which causes damage to the
plantar fascia [2]. This complication can disrupt daily living
activities, reduce patients’ quality of life, and impose high
costs on the health system [3]. Treatments for plantar fasci-
itis usually include non-surgical procedures, such as weight
loss, topical corticosteroid injections, physical exercise and
physiotherapy modalities, and orthoses [4].

One standard treatment method for problems, such as
plantar fasciitis is to pay attention to the risk factors of the
complication (risk factor) and design therapeutic interven-
tions to control and reduce the risk factors associated with
lesions [5]. Previous review studies have shown that de-
creased dorsiflexion movement in the ankle and metatar-
sophalangeal joints are a risk factor for plantar fasciitis [2,
6]. Stretching the plantar muscles and fascia increases the
dorsiflexion amplitude of the ankle and metatarsophalan-
geal joints, reduces pain, and increases motor function and
satisfaction in patients with this complication [6, 7]. One
of the measures to apply stretch on soft tissue structures
involved in plantar fasciitis is the use of orthoses [8]. Or-
thopedic treatments for this complication of plantar fasci-
itis generally include medical insoles and night splints [1].
While medical insoles reduce pressure on the heel in the
weight-bearing position [9], night splints are commonly
used to prevent muscle contraction and stiffening of the
soft tissues around the ankle and foot [10]. Therapeutic
recommendations using night splints are based on the con-
traction of the calf muscles and the shortness of the plantar
fascia at rest, which reduces the flexibility of soft tissues
and thus increases the vulnerability of the tissue to forces
(such as the force of body weight in standing position) [11].
Therefore, two types of night splints can be considered to
apply stretch to these tissues: one type of splint to apply
stretch to the calf muscle set and the other type of splint
to apply stretch to the plantar fascia. Previous research has
mainly compared the effect of one type of splint (calf mus-
cle stretch) with other conservative treatments (especially
medical insoles) and has not widely considered the effects
of using a plantar fascia stretching splint on this complica-
tion [12]. The present study aimed to compare the effects
of using a night splint to stretch the calf muscles with a
night splint to stretch the plantar fascia on the range of mo-
tion of ankle and foot joints, pain intensity, and quality of
life in patients with plantar fasciitis.
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Materials and Methods

Thirty people with inflammation from those who were
referred to orthopedic outpatient clinics voluntarily en-
tered the clinical study in parallel groups. Inclusion crite-
ria included morning pain and stiffness at the origin of the
plantar fascia (under the heel) and a pain score higher than
three based on the visual pain scale, which was exacer-
bated by passive thumb extension (Windlass test). People
with a history of surgery, fractures, or peripheral nerve
involvement in the lower extremities were excluded.
Participants were divided into three study groups based
on age and body mass index [13]. Study groups included
group 1 (night splint of calf muscle stretching and daily
use of heel pad), group 2 (night splint of heel fascia and
daily use of heel pad), and group 3 (control group without
night splint and daily use of heel pad). Measurements re-
lated to the pre-test session were performed at the baseline
and before the interventions started. After four weeks of
interventions, individuals were called to perform the mea-
surements in the post-test. Before entering the study, the
volunteers were informed about the details of the project
and provided written consent was signed.

The night splint for stretching the calf muscles (Figure
1-a) consisted of a prefabricated plastic orthosis, includ-
ing the ankle-foot orthosis that kept the ankle at 5 degrees
of dorsiflexion (Code B0904, Bahgam Co., Isfahan, Iran).
The night splint to stretch the plantar fascia was a neo-
prene sock-shaped support (Figure 1-b) that brought the
toes close to the dorsum surface of the leg with an adjust-
able strap (Salamat Teb Co., Tehran, Iran). The heel pad
was made of flexible silicone rubber (Figure 1-c), which
was made of softer material in the area under the heel
(code 21600, Teb & Sanat Co., Tehran, Iran). All three
orthoses used in this study were given to the participants
based on measurements.

The primary outcomes of this study included pain in-
tensity, quality of life, and range of motion of the meta-
tarsophalangeal and ankle joints. The Visual Analogue
Scale was used to assess pain intensity in the pre-test and
post-test. The Persian version of the 36-Item Short Form
Survey (SF-36) questionnaire was used to record patients’
quality of life, which assesses the physical and mental
health of a person in various activities during the past
month [14]. The flexibility of the calf and plantar fascia
muscles was measured by dorsiflexion goniometry of the
ankle and first metatarsophalangeal extension (thumb),
respectively [15].
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Figure 1. Study interventions from right to left
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A: Calf stretch splint, B: Plantar fascia stretch splint, and C: Silicone heel pad

Each measurement of the angles was repeated three
times, and the mean values were used for statistical analy-
sis. analysis of Covariance (ANCOVA) was used to com-
pare the data in the three study groups. The alpha error
rate for all statistical tests was considered 0.05.

Results

The study participants were 27 females and three males,
equally distributed among the study groups. The recipient
group of splint for calf muscle stretching was 46.4+8.6
years old, 169.4+4.8 cm tall, and 69.3£13.1 kg. These
values were 45.2+10 years old, 165.6+8.8 cm tall, and
70+12.6 kg in plantar fascia stretch splint recipients and

45+6.8 years old, 169.4+5.16 cm tall, and 74.1+10.2 kg
in the control group. All participants completed the study
steps, including the pre-test, use of orthoses, and post-test.
Also, none of the participants used any other therapeutic
interventions during the study except oral anti-inflammato-
ry drugs (prescribed by a specialist). The independent t-test
showed an insignificant difference between the variables
of age, height, and weight of the three groups (P>0.05).

The results of ANCOVA (factor analysis of the study
group) indicated a statistically significant difference
between the study groups in the post-test in pain inten-
sity (n>=0.44, P=0.001, F=9.35) and the amount of first
metatarsophalangeal joint extension (n*=0.27, P=0.017,

Table 1. Comparison of mean study variables in pre-test and post-test in the three study groups

Mean+SD

Intragroup Comparison

Outcome Group Pre-test Post-test P (95% Confidence Interval)
Stretch the calf 7.4+1.64 4.11+1.36 <0.001"(2.38 t0 4.06)
Intensity of pain Fascia stretch 6.020.94 4.6+1.35 0.001"(0.71t0 2.1)
Control 7.0+1.05 5.89+1.45 0.005" (0.47 to 1.97)
Stretch the calf 41.81+17.98 51.62+32.87 0.24 (8.06 to 27.69)
Quality of Life Fascia stretch 51.1+19.02 58.25+17.08 0.056 (-0.23 to 14.52)
Control 48.49+19.78 53.33+15.86 0.35(-3.53t0 8.9)
Stretch the calf 14.82+1.66 16.31+2.61 0.15(-0.7 t0 3.67)
Ankle dorsiflexion Fascia stretch 16.8946.09 17.445.1 0.27 (-0.48t0 1.5)
(degree)
Control 16.65+5.38 16.52+4.25 0.75(-1.01to0 0.75)
Stretch the calf 53.27+5.16 56.72+5.84 0.002" (1.69 t0 2.5)
Toe stretch (degree) Fascia stretch 52.317.72 53.17+7.97 0.48 (-1.82 to 3.56)
Control 49.97+10.04 49.86+9.19 0.85(-1.44 to 1.21)

“Indicates a statistically significant difference.
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Table 2. Group factor analysis (covariance) for study variables and pairwise comparison (intergroup)

Outcome

Intergroup Comparison

P (95% Confidence Interval)

Pre-test

Post-test

Factor Analysis

Intensity of pain

Quality of life

Ankle dorsiflexion
(degree)

Toe extension

Calf stretch - fascia stretch
Calf stretch -control
Fascia stretch - control
Calf stretch - fascia stretch
Calf stretch -control
Fascia stretch - control
Calf stretch - fascia stretch
Calf stretch -control
Fascia stretch - control
Calf stretch - fascia stretch

Calf stretch -control

0.002" (0.57 ot 2.75)

0.016" (0.42 ot 2.8)

(Degree)
Fascia stretch - control

1(-2.48 0t 4.11)

F=9.35
0.026" (0.14 ot 2.65) 0.001" (0.75 ot 3.15) P=0.001"
n?=0.44
1(-0.9 ot 1.42) 1(-1.68 0t 0.82)
1(-12.16 ot 22.65) 1(-17.43 0t 18.72)
F=0.24
0.85 (-25.49 0t 9.91) 1(-14.53 ot 22.49) P=0.78
n?=0.02
1(-20.34 ot 15.24) 1(-13.53 0t 22.78)
0.85 (-1.38 ot 3.43) 1(-2.88 ot 1.65)
F=1.08
0.93 (-4.02 0t 0.76) 0.46 (-0.96 ot 3.55) P=0.35
n?=0.08
1(-30t1.8) 1(-1.54 0t 2.9)
0.22 (-0.91 0t 5.71) 0.13 (-0.55 ot 6.86)
F=4.76
0.77 (-0.26 ot 6.68) 0.02" (0.56 ot 7.07) P="0.017
n?=0.27

1(-2.06 ot 4.39)
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“Indicates a statistically significant difference; fis the value obtained by dividing the variance between groups on the variance within

the group; n? indicates the magnitude of the effect of interventions on the variable (0.2 indicates a weak effect, 0.5 indicates a moder-

ate effect, and 0.8 shows a strong effect).

F=4.76). The three study groups showed a statistically
insignificant difference between the quality of life score
and the degree of ankle dorsiflexion (Table 1). The Bon-
ferroni test for pair-to-pair comparison within the group
showed that all three study groups expressed lower pain
intensity in the post-test compared to the pre-test. Also, in
the group receiving calf muscle stretch splint, the amount
of first metatarsophalangeal joint extension in the post-
test significantly increased compared to the pre-test (1.69
to 2.5: 95% confidence interval (CI), P=0.002) (Table 2).

The rate of pain reduction in calf stretch splint recipients
was higher compared to plantar fascia stretch splint re-
cipients (0.24 to 2.8: 95% CI, P=0.016) and control group
(0.75 to 3.15: 95% CI, P=0.001) (Table 2). The differ-
ence between the other groups was related to the first leg’s
metatarsophalangeal extension. This variable showed no
difference in the three groups in the pre-test (P>0.05).
Post-test comparisons between groups showed that the
use of night splint stretching compared to the control
group increased the range of motion of the first metatarso-

phalangeal joint (0.56 to 7.1: 95% CI, P=0.02) (Table 2).

Discussion

This study showed that using orthoses (including silicone
heel pads and night splints to stretch the calf and plantar fas-
cia) could reduce the severity of pain in people with plantar
fasciitis. Simultaneous use of stretching night or fascia splint
with heel pad inside the shoe showed a better effect than us-
ing heel pad alone in reducing participants’ pain. Also, the
rate of pain improvement in the calf stretch splint group was
higher than in the fascia stretch splint group. These results
suggest that night splints of the ankle and plantar can accel-
erate the improvement of painful complications in a short
period by increasing the flexibility of the foot’s soft tissues.

The results of this study were in line with the reports of
previous studies stating that short-term stretching of the tis-
sues around the ankle, especially the Achilles tendon, can
effectively improve the complication of the plantar fascia
[16, 17]. The use of night orthoses to position the ankle
has long attracted the attention of researchers in this field.
In 1991, a case-series article on the benefits of using night
splints in the plantar fascia was published for the first time
[18]. At the end of the study, 11 patients (out of [14] re-
covered from pain due to plantar fascia inflammation [18].
Then, a tiny clinical trial compared the effects of night
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splint against oral medication and heel pad (study control
mode) and confirmed the benefits of using night splint [19].

Our study also showed that using a plantar fascia stretch
splint could reduce pain in people with plantar fasciitis. Be-
cause the plantar fascia is located along the Achilles tendon
and the forces from the robust calf set are transferred, it is
also considered in stretching interventions [16]. If there is no
flexibility in the fascia, this tissue may be exposed to small
and sudden tears (mainly in athletes) [12]. Scientific evi-
dence regarding splints’ night stretching of the plantar fascia
was limited to two previous studies [20, 21]. Barry et al. used
a sock-like night splint in their study that covered from the
tip of the foot to below the knee and stretched the toes by
stretching the straps [20]. Barry considered the stretch of the
calf set in the standing position. It was reported that the splint
group had a shorter recovery period than the standing stretch
group [20]. Lee et al. used a sock splint with a similar height
to the present study and considered using a softer insole un-
der the heel for the control group [21]. Lee et al. reported
that in the splint group, leg function and pain intensity im-
proved more after two and eight weeks [21]. Our study did
not confirm these results because there was an insignificant
difference between groups compared to fascia stretch splint
and heel pad (medical insole), but both groups reported sig-
nificantly less pain after four weeks. One possibility of in-
significant changes in the outcomes of physical function or
flexibility of the calf set may be related to the short duration
of the present study. It has been reported that complete re-
covery of this complication takes about 12 months, which is
even longer in chronic cases [22]. Feedback from patients in
the post-test study also indicated that the interventions were
“helpful” rather than “therapeutic.” Pain intensity scores in
the post-test, despite a significant decrease compared to the
pre-test, showed that patients’ pain remained significant. Ac-
cordingly, all interventions (even control mode) have been
effective in reducing the severity of pain, but splint calf was
more effective. Observing an increase in the amount of toe
extension after using a calf stretch splint is also in support
of previous theories that fascia is located along the Achilles
tendon and confirmed the effect of manual stretching of the
calf muscles on improving fascia flexibility [23].

Conclusion

The results of this study should be interpreted by taking
into account the following limitations: First, the duration of
the complication is one of the determining factors in deter-
mining the prognosis. This study variable was omitted be-
cause the study participants were available and did not have
medical records. Second, in this study, providing the same
shoes for the participants was impossible; each had to use his
shoes. Third, in this study, facade intervention was not used,

July 2022. Vol 23. Num 2

and for the control group, one of the most effective foot or-
thoses [24] was used to treat the complication (silicone pad).
Although this issue reduced the ethical considerations for the
study, it makes it difficult to deduce the net effect of night
splints on the study’s outcome. Finally, and most impor-
tantly, in this study, despite providing verbal advice to par-
ticipants for regular use of interventions, direct monitoring
of this issue was impossible.

The results of this study provide basic concepts to con-
firm the feasibility and effectiveness of using plantar fas-
cia stretch splints in treating plantar fasciitis. Therefore, in
future studies, we can pay attention to the design and op-
timization of plantar fascia stretch splints, examining the
comfort level, patient admission, longer-term effects of us-
ing these splints, and evaluating the reliability of the effects
through studies with larger sample size.
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1. Windlass test
2. Ankle-foot orthosis (AFO)
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3. Visual Analogue Scale (VAS)
4. 36-Item Short Form Survey (SF-36)
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5. Foot function index
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