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Abstract
Background: A plantar calcaneal spur (PCS) is an atypical osseous projection located at

%

tocorreSpondence the inferior aspect of the calcaneus. Heel spurs can alter natural posture and may lead to
Dr. Mai Afifi complications such as back pain. Increased pain correlates with elevated proprioceptive
Saad, inaccuracies and diminished balance and functional mobility. Purpoese: We aim to
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compare the balance and proprioception of individuals with PCS and age-matched
controls. Methods: A cross-sectional study conducted at Cairo University's Faculty of

Basic Science  Physical Therapy involved 46 participants, including 23 patients with PCS and 23 healthy
Department. individuals. Static balance was assessed through a single-leg stance balance test, dynamic
E‘maﬂ: ~ balance was assessed through the Biodex balancing system, foot function was quantified
maiafifi8S@gmai  hy the foot pain index, and proprioception was tested with the ankle active reposition test
L.com employing a digital inclinometer. Results: There was a statistically significant change in
Artide history: the static balance test during open-eyes results across both groups (P = 0.005), which
Submitted:  22-3- 1ndicates that the control group (group A) scored higher thanental group (group B). There
2025 was a significant change in dynamic balance regarding overall stability index score and
Revised: 13-4-2025  anteroposterior (AP) and mediolateral( ML) stability index score between both groups (P
Accepted:  22-4- < (,05). The experimental group scored higher than the control group. There was a
2025 significant change in pain, disability, and activity limitation score among the two groups
(P<0.05), which indicates that the experimental group scored higher than the control
group. Conclusion: According to the study, as compared to healthy subjects, patients with
plantar calcaneal spur had considerably worse static and dynamic balance, foot pain, and
functional performance.
Key words: Balance,Calcaneal spur,Pain, Proprioception.
Introduction without symptoms, and the underlying

A calcaneal spur, also called enthesophyte, is
an osseous protrusion located in the inferior aspect
of the calcaneus, representing the most prevalent
location for bony spur formation. While it is well
accepted that a calcaneal spur is a prevalent source
of heel discomfort, over 20% of calcaneal spurs are

pathophysiology is not completely explained. ! The
most of confirmed cases have been hypothesized
under the theory of vertical compression, which
correlates with the significant link between
elevated Body Mass Index and its rising occurrence
with advancing age.?
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Numerous risk factors contribute to the
development of heel spurs, including obesity,
flatfoot, microtrauma, age, and certain athletic
activity such as running, leaping, and ballet.
Calcaneal spur is a prevalent etiology of heel
discomfort.!

Planter calcaneal spur can alter natural
posture during walking and, over time, may lead to
complications such as back pain and knee pain.’
Elevated pain correlates with heightened
proprioceptive inaccuracy and diminished balance
and functional mobility. Prior research has
demonstrated that pain is a substantial element that
might elevate fear of movement and limit motor
control.*

Plantar fasciitis (PF) 1is a chronic
degenerative illness that results in discomfort at the
medial aspect of heel and leading to about roughly
one million medical consultations annually.
Individuals suffering with PF undergo discomfort
that is most acute during their initial steps of the
day or following extended periods of
standing.’Plantar fasciitis, a common
musculoskeletal disorder, is characterized by
inflammation of the plantar fascia, a thick band of
tissue that connects the heel bone to the toes. The
plantar fascia plays a crucial role in supporting the
arch of the foot and absorbing shock during
movement.®

Planter calcaneal spur was observed in 89%
of patients with PF, in contrast to 32% in age- and
gender-matched asymptomatic controls. Several
authors have indicated that plantar heel spur is a
major contributor to heel pain associated with PF.”*8
while others claim that plantar heel spur arises
from continuous traction forces on the plantar
fascia, leading to chronic inflammation, and the
osteogenesis of the bone spur.’

Ankle Joint position Sense (JPS) denotes
the capacity to properly sense and replicate the
spatial location of the ankle joint.'° Balance,
conversely, involves the positional stability of the
ankle joint during both static and dynamic
activity.!! Individuals with plantar fasciitis employ
compensatory techniques to alleviate the pain
experienced at the origin of the plantar fascia.
These compensations alter joint position sense
perception and muscle activations, resulting in
body oscillations that hinder the preservation of an
upright posture within the base of support (BOS).
This may impact static and dynamic balance as
well as proprioception!? .Deficits in ankle

proprioception may render subjects susceptible to
instability, falls, and further orthopedic problems.
Considering that pain and structural alterations
linked to calcaneal spurs might modify sensory
input and motor responses, evaluating
proprioception and balance in these individuals is
essential for developing successful rehabilitation
programs.'?

Although its clinical significance, few
research have comprehensively investigated the
degree of balance and proprioceptive impairments
in subjects with calcaneal spurs.the study aims to
assess these factors to enhance comprehension of
the functional limits caused by PCS and to enhance
treatment strategies designed to improve patient
outcomes.the current study aimed to examine
balance and proprioception between individuals
who had plantar calcaneal spurs and age-matched
controls.

Methods
Study design

A cross-sectional observational research
was conducted at the outpatient clinic of the
Faculty of Physical Therapy at Cairo
University.Forty Six both genders subjects were
participated in the study, aged between 40 and 60
years.All participants signed an informed consent
document subsequent a comprehensive
explanation of the objectives, advantages, and
dangers associated with the research. The
participants  were  categorized into  two
groups:Group A is a control group consists of 23
healthy subjects”and Group B is a study group
consists of 23 participants diagnosed with PCS by
an orthopedic expert.

Subjects

Participants in the research group were
chosen based on the existence of unilateral
calcaneal spur, pain, and inflammation at the
bottom of the heel or the location where the spur is
present.'* Participants experienced acute, knife-
like pain in the heel upon rising in the morning, as
well as intense discomfort with initial steps after
prolonged periods of rest and dispersing when
weight bearing is started.'* All diagnosed patients
were assessed and validated radiologically by a
specialist physician by carrying out of a standard
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X-ray foot profile image. The calcaneal spur
appears radiologically as a bony exostosis on the
sagittal scan, protruding inferomedially from the
calcaneus.!” Participants were excluded if they had
undergone ankle surgery due to a fracture within
the last 6 months and sensory or motor paralysis,
received ankle steroid injections within the last 3
months and lower limbs difference of > 1 cm and
systemic diseases in the past six months that might
affect an individual to heel pain (e.g., theumatoid
arthritis and lupus).'*

Procedure

The research ethics committee of the
Faculty of Physical Therapy certified the study
protocol (NO: P. T. REC/012/005501), and it was
registered with the Clinical Trial Registry
(NCT06740617). Prior to testing, the study's
objectives and methodologies were thoroughly
described to the participants, and signed informed
consent was collected. Upon participants' consent
to engage in the research, their general
characteristics were documented, the eligability
criteria were validated, and study measures were
conducted.

Instrumentations and procedures for evaluation:
1) Balance biodex system (BBS)

The Balance biodex system, Version 3.1, has
been utilized to assess postural balance. The
Balance biodex system is multiaxial equipment
that objectively evaluates and documents the
participant's capacity to steady the affected joint
under dynamic stress. It employs a circular
platform capable of simultaneous movement along
the anterior-posterior and medial-lateral axes.'®
Unilateral standing with eyes open for a duration of
20 sec was evaluated.. Stability levels were
established at 8level.'” and participants were
directed to sustain their center of pressure inside
the smallest concentric zones (balancing areas) of
the BBS monitor, referred to as Zone A. Initially,
participants were positioned on the secured
platform of the BBS. The stability platform was
unlocked to provide motion in order to evaluate the
foot position coordinates and determine the
optimal foot location for the individuals during
testing. Participants were directed to modify the
foot's location until they achieved a state of
platform stability. The platform was thereafter
locked, testing proceeded upon its release, and

participants were instructed to keep a steady
standing posture. To accomplish the trial,
equilibrium must be sustained for 20 seconds. All
participants had one minute of training to adapt to
the machine, followed by three practice trials with
a 5-second intertrial rest interval to mitigate any
learning effects. A mean score was determined
from the three trials.'8

2) Using the Foot Pain Index (FFI)

the impact of foot disease on function
including pain, disability, and activity limitation
was investigated.!” .The range of dependability for
the FFI subscale and total scores is 0.87 to 0.69.%°
Nineteen Disability (5 items), activity limitation (9
items), and pain (9 items) were the three subscales
that comprise the questionnaire's 23 items. A
visual analogue scale was used to answer each
question, making it easier to convert any given
score from O to 10. The FFI % was calculated by
summing the subscale scores, dividing by 230, and
multiplying by 100. A higher value indicates
greater severity of discomfort or limitation in foot
function?!.

3) The single-leg stance balance test (SLS)

was utilized to evaluate static balance and
functional capability.?> The SLS test Replace the
word by reliability has been recorded as 0.89 with
open eyes and 0.86 with closed eyes.?* Participants
were told to stand on the affected foot while
positioning their hands on the iliac crests. They
were instructed to elevate the heel of one foot and
maintain a stationary posture with their eyes open,
followed by a repetition with their eyes closed for
30 seconds, during which time was recorded. The
interval between each repetition was 10
seconds.”* Errors comprised hands elevated from
the iliac crests and compensatory modifications,
such as the displacement of the ball of the non-
dominant foot. The test was conducted twice, and
the superior result was documented.?

4) Digital inclinometer

The Digital Inclinometer Pro 360 was
utilized to evaluate ankle proprioception.?® The
inclinometer has shown high to excellent reliability
(ICC > .088).27 The participant was instructed to
actively perform 10 repetitions of full ranges of
dorsiflexion (DF) and plantar flexion (PF) of the
ankle. The examiner positioned the participant's
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foot into DF or PF at angles of 10 degrees and 15
degrees, commencing from the neutral position.?8

The achieved position corresponded to the
intended angle. The participants were directed to
sustain that position for 15 sec and commit it to
memory. The angle was determined by positioning
the inclinometer on the plantar surface of the foot.
Every participant was instructed to actively move
the ankle ten times. Subsequently, the examiner
returned the foot to its neutral position (0 degrees
of DF and PF), and participant was instructed to
actively replicate the intended angle from memory
with maximal accuracy. The participants indicated
that they had arrived at the specified location by
stating "YES." The disparity between the original
and final angles, referred to as the reposition error,
was identified as joint reposition error. Three trials
were conducted, and their means were noted as the
final result.?’

Sample size calculation:

Version 3.1.9.7 of the G*power program
was employed to identify the sample size, which
was conducted depending on applied pilot study
along with the outcomes that were reported.!” A
previous power analysis was performed with an a

Participants’ Characteristics:

error probability of 0.05 and a power (1-B beta
error probability) of 0.95. The minimal sample size
for the investigation was 46 subjects.

Statistical analysis

SPSS software version 22 was used to
conduct all statistical analyses. The data was
checked for homogeneity using Levene’s test,
which indicated that the data was homogenous.
The significance level for all statistical analyses
was determined at P <0.05. Related to age, weight,
height, BMI, static balance (SLS) (30 sec),
dynamic balance (Biodex) (postural stability test),
and joint reposition test (digital inclinometer).

The data was explored for normality using
the Shapiro-Wilk test, which indicated that it was
normally distributed. The Unpaired T-test was
employed to compare the two groups.

Related to (FFT index): The Shapiro-Wilk
test was applied to determine the data normality,
revealing a non-normal distribution. The Mann-
Whitney U test was utilized to compare the two
groups.

Results

The data reported no significant variation across both groups regarding the participants’
characteristics, including age, weight, height, and BMI (p > 0.05) (Table 1).

Table 1. Comparison of characteristics between both groups

Group A (n:23) Group B (n:23) |p-value t-value
Control Experimental
X+ SD X+ SD
Age (years) 50.38+6.1 49.9+6.2 0.803 0.251
Weight (kg) 82.1+8.7 82.8+10.7 0.838 0.206
Height (cm) 166.7+7.2 166.8+6.4 0.946 0.068
BMI (kg/m?) 29.3+£2.3 29.2+2.6 0.951 0.062

Mean, SD: Standard deviation, p-value: Probability value, *: signiﬁcancei
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Between-Group Analysis

1-Static Balance open and closed test (Single leg stance test, 30 sec)

There was a statistically significant change in open eye test results across both groups (P= 0.005), which
revealed that group A had a high score compared to group B while there was no significant difference in

closed eye test result between the two groups (P= 0.123) (Table 2).

Table 2. Comparison between groups A and B regarding opened eye test

Opened eye test Group A (n:23) Group B (n:23) Comparison between
Control Study groups

X+ SD 27.3+1.7 25.3+2.5 F-value | P-value

SE 0.4 0.6 2.942 0.005*

MD Between group 1.95

Closed eye test Group A (n:23) Group B (n:23) Comparison between groups
Control Study

X+ SD 5.7£2.2 4.6+2.5 F-value | P-value

SE 0.5 0.5 2.477 0.123

MD Between group 1.143

Mean, SD: Standard deviation, SE: Standard Error, p-value: Probability value, *: significance,

MD: Mean difference

2- Dynamic Balance (Biodex, postural stability test)

There was a significant change across both groups in the overall stability index score (P=0.00012), (AP)
stability index score (P=0.005), and (ML) stability index score (P= 0.007), which indicated that group B
(study group) had a higher level than group A (control group) (Table 3).

Table 3. Comparison between both groups regarding postural stability test

Group A (n:23) Group B (n:23) Comparison between
overall stability index score Control Study groups
F-value P-value
x+ SD 2.28+0.75 3.21+0.67 18.064 0.00012*
SE 0.16 0.14
MD Between group -0.93
Group A (n:23) Group B (n:23) Comparison between
AP stability index score Control Study groups
F-value P-value
x+ SD 1.795+0.599 2.376+0.657 8.956 0.005*
SE 0.13 0.14
MD Between group -0.581
Group A (n:23) Group B (n:23) Comparison between
ML stability index score Control Study groups
F-value P-value
x+ SD 1.624+0.577 2.21+0.739 8.198 0.007*
0.13 0.16
SE
MD Between group 0-586

Mean, SD: Standard deviation, SE: Standard Error, p-value: Probability value, *: significance,

MD: Mean difference
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3- Joint reposition test (Digital inclinometer)

There was no significant change across both groups in closed eye at angles of (10 degree) test result (P=
0.493) and in closed eye at angle of (15 degree) test result (P=0.411) (Table 4).

Table 4. Comparison between both groups regarding Joint reposition test

Closed eye (10) test result | Group A (n:23) | Group B (n:23) Comparison between groups
Control Study F-value | P-value
x+ SD -1.76+2.68 -1.1942.67 0.478 0.493
SE 0.59 0.58
MD Between group 0.571
closed eye (15) test result | Group A (n:23) | Group B (n:23) Comparison between groups
Control study F-value | P-value
x+ SD -0.9+2.3 -0.19+£3.2 0.689 0.411
SE 0.51 0.6
MD Between group 0.71

Mean, SD: Standard deviation, SE: Standard Error, p-value: Probability value, *: significance, []

4- Foot function index (FFT index)

There was a significant change across both groups in pain score (P<0.05), disability score
(P<0.05), activity limitation score (P<0.05), and total score (P<0.05) which indicated that group B
(experimental group) had a higher score than group A(control group) (Table 5).

MD: Mean difference

Table 5. Comparison between groups A and B regarding Foot function index scores

Pain score Group A (n:23) Group B (n:23) Comparison between groups
Control Study Z-value | P-value

X+ SD 8.6+1.7 43+4.4 -5.569 P<0.05

SE 0.4 0.9

MD Between group 34.4

Disability score Group A (n:23) Group B (n:23) Comparison between groups
Control Study Z-value P-value

X+ SD 4.5+3 21.6x1.5 -5.576 P<0.05

SE 0.7 0.3

MD Between group 17.1

Activity limitation score Group A (n:23) Group B (n:23) Comparison between groups
Control Study Z-value P-value

X+ SD 27+4.1 48.5+6.4 -5.556 P<0.05

SE 0.9 1.4

MD Between group 21.5

Total score (100) Group A (n:23) | Group B (n:23) Comparison between groups
Control Study Z-value P-value

X+ SD 13.1+£2.2 37.3+£3.2 -5.567 P<0.05

SE 0.5 0.6

MD Between group 24.2

X: Mean, SD: Standard deviation, SE: Standard Error, p-value: Probability value, *: significance,

MD: Mean difference
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DISCUDSSION

The current study aimed to examine
balance and proprioception among subjects with
PCS and age-matched controls. The results
indicated statistically significant difference in
static balance with open eyes, dynamic balance,
and foot function index (FFI) scores; however, no
significant difference was seen in static balance
with closed eyes or joint repositioning test results
evaluated by a digital inclinometer.

The current results may be due to that
Patients with heel spurs often experience heel pain
during walking and other activities to alleviate
discomfort, they tend to walk more slowly, take
shorter steps, and spend less time on the affected
foot. These pathomechanical adaptations naturally
result in reduced step cadence as patients adopt
these strategies to protect the painful area.
Individuals with heel spurs also demonstrate a
higher double support time compared to the healthy
group. Heel pain during weight-bearing activities,
especially walking, leads patients to spend less
time on the affected foot and distribute their weight
more evenly between both feet.> ,also Heel spurs
can alter natural posture during walking and, over
time, may lead to complications such as back pain
and knee pain.® Pain impacts the somatosensory
system, resulting in diminished balancing
capability. Furthermore, the pathways for balance
control and muscular inhibition induced by pain
overlap some routes within the central nervous
system. Consequently, pain-induced muscle
inhibition processes might negatively impact
balancing capabilities.>

Furthermore, PF might compromise
balance owing to the discomfort experienced in the
plantar fascia. Individuals with PF employ
compensatory methods to mitigate the discomfort
experienced at the origin of the plantar fascia. They
often have an antalgic gait pattern, characterized by
reduced heel contact duration with the ground and
increased support on the lateral and anterior aspects
of the foot. These compensations alter joint
position perception and muscle activations,
resulting in body oscillations that hinder the
preservation of an upright posture within BOS.
This may compromise both static and dynamic
equilibrium.®

According to Richer and Fortin (2022).%
,who studied the influence of PF on postural
control and walking in young middle-aged adults.
Clinical foot measures had shown no significant

change across the groups, with exception of pain
palpation in the plantar fasciitis group. The fasciitis
group had worse postural control, particularly
during difficult balance tests, and alterations in
walking patterns during three velocities.’!

Additionally, Jalalvand (2024)° examined
the variations in spatiotemporal gait parameters
between healthy people and patients with plantar
fasciitis. The results show that those with heel
spurs walk more slowly than those in the healthy
group. These people walk more slowly to keep
their balance because they have poorer postural
control> A separate research assessed fifty
individuals under the age of 65. The study revealed
that postural balance was compromised,
particularly in the anteroposterior plane, leading to
an elevated risk of falls among young-adult
patients with plantar fasciitis condition, with no
significant differences seen between groups in
static and dynamic ML balance assessments.'”
Experimental group's balance deterioration may be
due to calcaneal spur, a result of long-term stress
on plantar fascia®? and foot muscles, possibly due
to plantar fasciitis. This can lead to muscular
weakness, reduced fascia flexiility, and tension in
the Achilles tendon, causing proprioception
impairment and poor postural balance.?!

Sajja, et al.,(2023)** presents a case of 47-
year-old male diagnosed with PF and a calcaneal
spur. The findings indicate that plantar fasciitis and
calcaneal spurs can cause significant chronic heel
pain.*? Menz et al. (2019)* studied the
relationships between PCS, PF thickening, and
plantar heel pain (PHP), concluding that both PCS
and PF thickening are linked with plantar heel pain.
PHP is a prevalent condition linked to activity
restrictions, depression, and diminished quality of
life.3

The results of the present study concurred
with those of Gongalves et al. (2020)!°, who
examined functional performance with static and
dynamic balance in individuals with and without
PF. The researchers determined that individuals
with PF had reduced reach distances in the Star
Excursion Balance Test (SEBT), indicating a
deficiency in dynamic balance and functional
capacity relative to control individuals.'®

Landorf et al. (2022)* evaluated health-
related quality of life (HRQoL) in people with and
without PHP, comprising adults of both sex from
Australia. The researchers determined that
significant changes existed between both groups
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for foot-specific HRQoL, namely in Visual
Analogue Scale pain (first step pain, mean pain,
and mean pain over the last 7 days), the FHSQ (all
domains), and the FFI-R (all sub-scales)®. A
particular study investigated gender-related
differences in range of motion and balance in the
lower limbs, revealing that decreased ROM of the
plantar flexors may adversely affect overall
balance.*® This research contrasts with another by
examining the dynamic balance of athletes with PF
against those without, indicating that no significant
difference exists in their dynamic balance?’.

Patients with heel spurs exhibited
significantly reduced balance performance and
altered plantar pressure distribution. These
impairments were attributed to changes in plantar
fascia thickness, heel pad elasticity, and localized
pain, which collectively compromise sensory input
and motor control mechanisms essential for
maintaining stability.’® The (ROM) of the ankle
joint is a crucial component of the human kinetic
chain, significantly influencing postural balance
and gait, and it is a fundamental element in lower
limb injuries and ankle injuries in sports. Other
investigations  indicated  that  insufficient
dorsiflexion (DF) may result from various ankle
joint problems, including dorsiflexor weakness,
plantar flexor spasticity, passive stiffness of the
plantar flexors, or ambulation restrictions. The
reduction of ankle joint range of motion affects
several facets of function and balance.*¢

Hansen et al. (2018)*° discovered that (first
step pain, current average pain, and average pain
over the last 7 days) was significantly more severe
in the plantar heel pain group, with effect sizes
rated considerable for all three measures. The
occurrence of initial pain (discomfort in heel upon
initially getting out of bed) is indicative of (PHP),
as everyday pain intensified with exercise and pain
can persist for several years in certain
individuals.** .The findings of the present study
rejected the hypothesis that calcaneal spur with
plantar fasciitis does not significantly affect static
and dynamic balance, foot pain, and functional
performance in comparison to healthy individuals.

Limitations

The study was limited by body mass index
Range of Participants as study included
participants with (BMI) less than or equal to 32,
due to the limited availability of cases with an ideal
BMI (<29). This may have introduced potential

confounding effects, as higher BMI can
independently influence balance. Also,
Unspecified Onset Duration: The exact duration of
symptom onset was not included as a criterion,
which may have resulted in variability in symptom
chronicity among participants. This could have
influenced the severity of balance impairment
observed.

CONCLUSION

According to the current study, as
compared to healthy subjects,patients with
calcaneal spur and plantar fasciitis had

considerably worse static and dynamic balance,
foot pain, and functional performance.
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