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ABSTRACT

Aims: Our aim was to compare the electrophysiological and psychometric properties of the effects of the dry needling
technique, graston technique, and muscle energy technique in treating myofascial pain syndrome.

Methods: The study included 21 patients diagnosed with myofascial pain syndrome (MPS) and an active trigger point in the
upper trapezius muscle. The patients were randomly divided into three groups of 7 each. The first group received only exercise
and dry needling technique (DNT), the second group received graston technique (GT), muscle energy technique (MET) and
exercise, and the third group received only exercise. Evaluations were conducted before and after treatment. The trigger point
detected with an algometer in the upper trapezius muscle was evaluated with needle electromyography (EMG). The study used
the Beck Depression Inventory (BDI) to determine its effects on psychological state.

Results: The change in EMG variable over time was significant in each treatment group (p<0.05). The improvement in EMG
change was more pronounced in the DNT group compared to the other groups. There was also a significant decrease in BDI
scores before and after treatment (p<0.05). Pairwise comparison analysis revealed an improvement in the BDI scores of all
groups, except the control (exercise) group, after treatment, when compared to pre-treatment.

Conclusion: During the trigger point needle EMG examination of all subjects in the study, we detected spontaneous muscle
activity (SMA) in addition to entry activity. After treatment, we observed improvement in SMA. These results suggest that the
applied techniques are effective in treating trigger points.The effectiveness of the applied techniques can be evaluated in terms
of creating alternatives.

Keywords: Dry needling, manual therapy, graston technique, muscle energy technique, myofascial pain syndrome

INTRODUCTION

Myofascial pain syndrome (MPS) is a non-inflammatory
syndrome that affects a specific area of the body, characterized
by taut bands on skeletal muscle fibers and fascia. It is very
common among musculoskeletal system problems. Pain
and muscle spasm develop due to myofascial trigger points
(MTP) on taut bands. Movement restriction may occur in
the joints related to MTP and regional autonomic symptoms
may be seen.”” MTPs are palpable and may produce tense,
aching, tender, and referred pain on palpation. Passive

MTPs do not produce referred pain. They can become active
through physical activity or coercion.” MTPs can be found
in many different muscle groups.It is frequently seen in the
postural muscles and upper trapezius muscle and the muscles
surrounding the pelvis.*’

Although methods such as sonoelastography, thermography,
doppler imaging, magnetic resonance elastography have
been used in diagnostic imaging in recent years, there is no
technique that specifically defines MTPs radiologically.*”

Cite this article: Ates S, Citaker S, Demirci Coban A, Sénmez AT, Oztiirk Y. Comparison of the effects of dry needling technique and combination of
different manual therapy techniques on electrophysiological and psychological status in patients with myofascial pain syndrome - randomized, controlled,
single blind, a pilot study. ] Orthop Res Rehabil. 2023;1(2):21-25.
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Electrophysiologically, changes such as spontaneous increase
in electrical activity and delayed relaxation have been shown
in MTPs.'"" Methods such as biochemical laboratory tests are
not imaging, pressure algometer value and EMG continue to
be investigated to obtain information about MTPs.*'*"" Many
invasive and non-invasive treatment methods are used for
trigger points in MPS. Dry needling technique (DNT) is an
invasive and effective method.It is applied directly on tension
bands and MTPs with acupuncture needles of various sizes."
Graston technique (GT) and muscle energy technique (MET)
are noninvasive manual therapy techniques.”*"* It is applied
with tools made of stainless steel in various sizes designed
according to the areas where GT is applied. The purpose of GT
is to support healing with microtrauma in soft tissue and to
increase tissue elasticity.”” MET was developed by osteopaths."
The practice includes movements that require the active
participation of the patient.’”” These movements primarily target
the soft tissue and increase the range of motion of the joint.
Also known as active muscle relaxation technique."*'

The aim of this study is to compare the electrophysiological
and psychometric properties of the effects of dry needling
technique and graston and muscle energy techniques in the
treatment of myofascial pain syndrome.

METHODS

The study was carried out with the permission of Ankara
Medicana International Hospital Ethics Committee (Date:
29.03.2021, Decision No: 12). All procedures were carried out
in accordance with the ethical rules and the principles of the
Declaration of Helsinki.

The study included 21 patients who applied to Medicana
International Ankara Hospital Physical Therapy and
Rehabilitation Polyclinic between August 2021 and June 2022,
diagnosed and signed the consent form. The diagnosis of
MPS was made based on the diagnostic criteria described by
Travell and Simons."” Patients with neck and/or shoulder and/
or back pain who had at least one active trigger point detected
by algometry and palpation in the upper trapezius muscle
were included in the study. Those with cervical radiculopathy,
cancer, fracture, inflammatory disease diagnosis and surgery
history in the last 6 months, and those who were under
pregnancy follow-up were not included in the study.

Participants were randomly(By cart selection) divided
into 3 groups and the patients in the first group were
given exercise+DNT, the patients in the second group
exercise+t MET+GT, and the patients in the third group only
exercised. The treatments were applied as 3 sessions in two
weeks. The exercises were given as a home program (Three
times for every day). Depression level before and after the
treatment was evaluated with Beck Depression Inventory
(BDI) and electrophysiological activity of detected MTPs with
needle electromyography (EMG). BDI is a questionnaire that
expresses the level of depression, consists of 21 questions in
total and has 4 items in each question (scored between 0 and 3
points). High scores indicate the severity of depression.'* The
patients filled the scale, which was organized in the form of a
questionnaire, under the supervision of a physiotherapist by

choosing the expression they felt closest to them. Needle EMG
evaluations of MTPs were made by a blinded neurologist. The
motor unit potential (MUP) amplitude value in the needle
EMG examination we performed was recorded as a unit value
in the report. In the upper trapezius muscle trigger point
examination, SMA was observed except the entry activity.
Measurements from the same trigger point before and after
treatment were compared.

Statistical analyzes were performed using the SPSS (IBM
SPSS Statistics 23) package program. Descriptive statistics
such as mean and standard deviation were given for numerical
variables. Percentage values and frequency tables were given
for categorical variables. Whether the numerical measurements
to be taken from the patients changed over time were similar
between the 3 groups, was analyzed by analysis of variance in
repeated measurements. In order to determine the effects of the
intervention on the measured variables, a mixed design ANOVA
was applied with time (pre-treatment and post-treatment) as
an within-subject factor (pre-treatment and after-treatment)
and between-groups (exercise+DNT, exercise+tMET+GT,
exercise) as an inter-subject (group) factor. The Bonferroni
test was used for pairwise (post-hoc) comparisons in case of
significant factors or interactions. Statistical significance level
was accepted as p <0.05. In this study, the efficacy of 3 different
treatment methods (including the control group) in patients
diagnosed with MPS was investigated under exercise control.
It was examined whether the EMG test results of the patients
and the results to be obtained from BDI differ according to
time and treatment type. As the primary outcome, the EMG
value, which determines the pain intensity of the patients at the
trigger points, was discussed.

RESULTS

The study recorded age, gender, height, weight, body mass
index, smoking status, sleep problems, and average daily
sleep time data of the included patients. Table 1, 2 presents
demographic characteristics of patients with MPS.

Table 1. Demographic Characteristics of the Patients Participating in
the Study -1

Variable Number  Rate
Gender Female 16 76.2%

Male 5 23.8%
Smoking  No 13 61.9%
Status Yes 8 38.1%

18.5 and under Underweight 19.0%
BMI* 18.5 - 24.9 Normal Weight 14 66.7%

25-29.9 Overweight 3 14.3%
Sleeping No 15 71.4%
Problem  yes 6 28.6%

*Body Mass Index (BMI)

Table2. Demographic Characteristics of the Patients Participating in
the Study -2

Variable Minimum Maximum Average flgrril;itiil;ﬂ
Age 21 50 31.8 10.1
Weight (kg) 52 85 66.4 8.5
Height (cm) 157 184 170.1 73
BMI (kg/m2)* 23 17 28.0 2.6
Sleeping time (hours) 5 10 6.9 1.2

*Body Mass Index (BMI)
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The average age of the patients between the ages of 21-
50 who participated in the study was 31.8 years.The sleep
duration of the patients varies between 5-10 hours per day,
with an average sleep duration of 6.9 hours (Table 2). The
mean EMG MUP amplitude values in all treatment groups
were 5.3 units before treatment and 1.9 units after treatment.
In each treatment group, a decrease was observed in the
mean EMG value after treatment compared to pretreatment
(Figure 1).

I EMG_BT
T EMG_PT

95% CI

T T T
Exercise+DNT Exercise+MET+GT Exercise

Group

Figure 1. Exercise+Dry Needling, Exercise+Muscle Energy+Graston, and
Exercise Effect on EMG (error bar graph with 95% Confidence Interval)

IElectromyography Before Treatment (EMG BT)
IElectromyography Post-Treatment (EMG PT)

According to the results of the ANOVA analysis in
repeated measurements, the interaction effect between the
groups was found to be significant for the EMG variable on
a time basis (p<0.05). In other words, the change in EMG
values over time differs according to the treatment methods
(Table 3).

Table 3. Average EMG Values Before and After Treatment According to
Treatment Groups

Before Treatment  After Treatment

Group Average+Standard Average+Standard p

Deviation Deviation
Exercise+DNT (n=7) 6.7+1.1 1.9+1.1
Exercise+DNT+GT (n=7) 6.0+1.5 1.7+0.8 <0.05
Exercise (n=7) 3.3+0.5 1.9+0.9

It was determined that a curative effect occurred before
and after treatment in each treatment group evaluated
with EMG values. According to the pairwise comparison
analysis, improvement was detected in each group after
treatment when compared with pre-treatment (Table 4). The
difference between before and after treatment in all groups
was statistically significant (p<0.05). When the pairwise
comparison results are examined, it is seen that the greatest
improvement in terms of EMG values is in the group treated
with exercise and DNT.

While the mean BDI values were 14.1 units before
the treatment in all treatment groups, it was 9.9 units
after the treatment. In each treatment group, a decrease
was observed in the mean BDI value compared to before
(Figure 2).

Table 4. Paired Comparisons of Before and Post-Treatment EMG
Values According to Treatment Groups

Confidence
Interval
Group Average Standard
Difference error Lower Upper
Limit Limit
Exercise =~ BT PT 4.8 046  0.00 3.88  5.83
+DNT PT BT -4.8 0.46 0.00 -5.83  -3.88
Exercise BT PT 4.2 046 000 331 526
+MET+GT pr BT -4.2 0.46  0.00 -526 -3.31
. BT PT 1.1 0.46 0.02 0.17 2.12
Exercise
PT BT -1.1 0.46 0.02 -2.12 -0.17
I BDI_BT
30+ I BDI_PT
25
20 _
o
2 154
3
10 1
-
o
Exercis'e+DNT ExerciseLMETd’GT Exerlcise
Group

Figure 2. Exercise+Dry Needling, Exercise+Muscle Energy+Graston, and
Exercise Effect on BDI (error bar graph with 95% Confidence Interval)

IBeck Depression Inventory Before Treatment (BDI_BT)
IBeck Depression Inventory Post Treatment (BDI_PT)

According to the results of the ANOVA analysis in
repeated measurements, the interaction effect between the
groups was found to be significant for the BDI variable on
a time basis (p<0.05). In other words, the change in BDI
values over time differs according to treatment methods
(Table 5).

Table 5. Average Beck Depression Inventory Values Before and After
Treatment

Before Treatment  After Treatment

Group Average+Standard Average+Standard p

Deviation Deviation
Exercise+DNT (n=7) 18.4+9.9 11+8.7
Exercise+DNT+GT (n=7) 12.346.1 8.143.5 <0.05
Exercise (n=7) 11.6+4.4 10.6+4.1

It was determined that there was a curative effect
before and after the treatment in the exercise+DNT applied
treatment group evaluated with BDI values and in the
exercise+MET+GT treatment group.

The difference between before and after treatment in
these groups is statistically significant (p<0.05). According
to the pairwise comparison analysis, improvement was
determined after the treatment in the exercise+DNT applied
group and the exercise+tMET+GT group compared with the
pre-treatment. It is observed that the greatest improvement in
BDI values was in the group treated with exercise and DNT
(Table 6).

23
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Table 6. Paired Comparisons of Beck Depression Inventory Values
Before and Post-Treatment According to Treatment Groups

Confidence
Grou Average  Standard Interval
P Difference  Error Lower Upper
Limit Limit
Exercise BT PT 7.4 1.630  0.00 40 109
+DNT PT BT 7.4 1.630 0.00 -109  -4.0
Exercise BT PT 4.1 1.630 002 07 7.6
+MET+GT pr BT -4.1 1.630 0.02 7.6  -0.7
. BT PT 1.0 1.630 0.55 -2.4 4.4
Exercise
PT BT 1.0 1.630 0.55 -4.4 2.4
DISCUSSION

In our study, we aimed to compare the effects of invasive
and non-invasive treatments. Our results showed that DNT,
MET and GT applications were more effective than exercise
application.

In MPS, pain is sometimes reflected in areas that are
trigger points, usually in areas far from trigger points. It can
cause motor dysfunction, fatigue and autonomic disorders."*

It is one of the most common causes of pain encountered
in the clinic. It is among the most common diseases among
the musculoskeletal system disorders involving the neckand
waist region.”” Treatment in MPS is usually directed towards
pain management and MTP. Inactivation of trigger points and
loosening of taut bands is the first step in coping with pain.”
Many treatment approaches, including invasive and non-
invasive, are used in the treatment of MPS.?” Among the invasive
methods, dry needling, acupuncture, steroid, local anesthetic,
botulinum toxin and prp injections; pharmacological drug
therapy, physical therapy agents, exercise applications, postural
and ergonomic supports, kinesiology taping and manual
therapy techniques are preferred among noninvasive methods.
There are many studies on these methods in the literature.”"*
Exercise is a frequently preferred method in the treatment of
MPS.In MPS, especially light stretching and posture exercises
are preferred to resistance strengthening exercises. Because, in
the presence of an active trigger point, mechanical stress on
the muscle may increase symptoms.” Although there are many
different studies showing the efficacy of DNT in MPS, recent
systematic reviews have low and moderate levels of evidence.
There is a need for more randomized controlled studies with
specific evaluations for MTPs.”** MET is an effective method
for the treatment of chronic and acute neck pain. Used to
reduce pain, increase flexibility and range of motion.”* MET
has been found to be effective in comparative studies on MTPs
in the upper trapezius muscle.It produces muscle relaxation
with postisometric relaxation and respiratory inhibition.
Since it works with a mild active contraction during the
application, it reduces the pain and allows the stretched
band to relax.””*" The number of studies in the literature
on GT has been increasing in recent years. There are studies
showing its effectiveness on pain, muscle strength and range
of motion.”>* Studies comparing DNT with MET and GT and
studies combining DNT with other applications have been
published.”**** A combination of MET in practice has been
recommended in some systematic reviews.”® In recent years,
GT and MET have been used together in clinical applications.
There is no study in the literature comparing the combination
of DNT with GT and MET. Many different imaging methods
are used in the evaluation of MTP."*"" Although subjective
evaluation methods were mostly preferred in comparative

studies of DNT with different treatment approaches in the
literature, objective studies evaluating its direct effectiveness
were also conducted.'>*>*¢ In our study, we preferred specific
needle EMG evaluation over MTP."**” We planned to compare
DNT with the combination of MET and GT. We found that
both DNT and GT and MET combination groups were
effective on MTP EMG activation and depression symptoms
compared to the control group. We think that studies with a
larger sample size will be more effective in demonstrating the
superiority between groups.

CONCLUSION

In the treatment of MPS, DNT, GT and MET showed
a healing effect in upper trapezius muscle active MTPs.
Clinicians may not always prefer invasive methods in
practice when there are some obstacles such as patient fears.
For such reasons, comparative studies are important in
terms of creating an alternative. This study may play a role
in clinicians’ choice of invasive and non-invasive treatment
modalities in patient management.
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ABSTRACT

Aims: Various methods are used in the evaluation of spasticity, which is common in Cerebral Palsy (CP). However, studies
measuring upper extremity spasticity with Surface Electromyography (SEMG) were found to be insufficient in children with
CP. In this study, the comparison of Modified Ashworth Scale (MAS) and SEMG measurements for bilateral upper extremity
spasticity in children with Hemiparetic CP was aimed.

Methods: 33 (11.03 + 3.82 years, 11F-2M) patients with hemiparetic CP and 32 healthy controls (10.31+ 2.88 years, 16F-16M)
with a similar mean age were included in the study.

Results: Upper extremity spasticities of both sides of the cases were evaluated with MAS and SEMG. Affected side MAS results
were found to be higher than the unaffected side (p<0.05). The mean SEMG value of the wrist flexors was lower on the affected
side during voluntary contraction and higher during voluntary relaxation (p<0.05). In addition, the maximum percentage of
voluntary contraction was measured higher on the affected side (p<0.05).

Conclusion: Spasticity, as assessed by SEMG and MAS, was increased on the affected side. MAS and sEMG give consistent
results. These results show us that the YEMG method can be used for spasticity measurements. It is considered that MAS would

be a preferable method in evaluating spasticity owing to the fact that it is easy to use and it does not constitute extra costs.

Keywords: Cerebral palsy, muscle spasticity, surface electromyography

INTRODUCTION

Cerebral Palsy (CP) is a non-progressive developmental
disorder that occurs as a result of brain damage during the
prenatal, perinatal, or post-natal period and it is the most
striking reason for disability in children. The most common
type is the Spastic type, characterized by an increase in
the muscle tonus." As well as the motor functions of the
patients, the sensory, cognitive, behavioral, perceptive,
and communication skills of the patients are also affected
severely.” Amongst the common problems observed along
with Spasticity could be muscle shortness, involuntary
contractions, and negligence of the affected side.**

When one half of the body is more affected than the
other half, it is called hemiparetic CP. Although it may seem
that only one side is affected in hemiparetic CP, both halves
of the body are affected at different levels. This is defined
by the transverse advancement of 90% of the corticospinal
pathways whereas the rest advance ipsilateral.”” It has been
determined that there is a more distinctive impaction on the
upper extremity, hands in particular, on 50% of the children
with hemiplegic CP.* Observed in most of the patients, the
hemiplegic hand, which is a spastic pattern where the forearm

is in pronation, the elbow-wrist and fingers are in flexion and
the thumb is in the palm, is an indicator of such impaction.”"!

Spasticity clinical manifestation, recognized as tonus
increase, is characterized by decreased voluntary motor
movement, increased reflex responses, and agonist-antagonist
tone regulation disorder.®” Since it is a multifaceted finding,
its clinical evaluation is difficult. No measurement method
can evaluate spasticity in all its aspects (speed dependence,
frequency, severity, involuntary muscle contractions, phasic and
tonic components, etc.)."” The most frequent clinical evaluation
of Spasticity is implemented using the Modified Ashworth Scale
(MAS), in which resistance to passive movement is graded, as
well as the Modified Tardieu, Fugyl Meyer, and Tonus Evaluation
Scales.'>'* Recent studies reveal that Surface Electromyography
(SEMG) applications are also used in spasticity measurements.'”
Contrary to the aforementioned scales, the sSEMG is a method
that provides objective data and measures the electrical activity
of skeletal muscles. SEMG, which is a non-invasive method,
indicates the action potential values of the muscles during
contraction and relaxation.'® In the literature, studies measuring
upper extremity spasticity using sEMG were found to be
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insufficient in children, unlike adult hemiplegia patients.”” " In
this study, it was aimed to evaluate upper extremity spasticity
in children with hemiparetic CP using SEMG and MAS and to
compare the results of affected and unaffected extremities with
each other and with healthy controls.

METHODS

This was a cross-sectional study. In this study,
children who were rehabilitated in Special Education and
Rehabilitation Centres and diagnosed with Hemiparetic CP
were evaluated.

Before initiating the study, ethical approval was obtained
from the Hatay Mustafa Kemal University Tayfur Ata S6kmen
Medical Faculty Clinical Researches Ethics Committee
(Date: 08.04.2021, Decision No: 2021/35). All procedures
were carried out in accordance with the ethical rules and the
principles of the Declaration of Helsinki

After giving detailed information about the study to the
patients and their relatives, patients who voluntarily agreed
to participate in the study and signed the consent form were
recruited. Patients 12 years of age and older gave their consent
for the study. Parental consent was obtained for patients
younger than 12 years of age.

The inclusion criteria:

o Patients diagnosed with Spastic Hemiparetic CP
o Clinically stable patients
« Patients in the age group of 5-17 years.

The exclusion criteria are:

« Patients with severe cognitive impairment

o Those with pulmonary, neurological, and orthopedic
diseases that will affect functionality.

o Patients who have undergone Botox procedures in the last
6 months.

« Patients with a history of surgery in the upper extremity.

o Patients hospitalized due to acute infection or
exacerbation.

Patients’ information such as age, height, weight, gender,
disability, background, and family history were recorded via
data recording and evaluation form.

In this study, MAS and sEMG were used for spasticity
assessment. MAS is the most widely used clinical scale to
evaluate spasticity. Despite its widespread clinical use, the
reliability of the scale is questioned in some studies.'>'®

During the MAS evaluation, the individual lies on the bed
in a relaxed supine position and the upper extremity to be
evaluated is manually moved by the physiotherapist quickly
and repetitively. During this passive movement, an appropriate
score from 0 to 4 (0,1,1+,2,3,4) is attributed to the spasticity
level as per the resistance of the muscle to be evaluated.”” The
increase in the score indicates an increase in spasticity.

sEMG is a method in which electronic devices are used
to measure the electrical activity of active skeletal muscles.
This electrical energy is converted into a form that humans
can perceive and is transferred to the computer screen as a
graphic or sound. Electrodes are used non-invasively in
sEMG. It is a painless, harmless, and objective method. It also
provides the opportunity to document muscle activity. The
higher the sEMG activation, the greater the force produced

by the muscle. The EMG signal is the electrical appearance of
the neuromuscular activation of the contracted muscle and is
one of the most easily measurable signals.’

In this study, a four-channel Neurotrac Myoplus Pro 4
EMG Biofeedback device was used for sSEMG Biofeedback
measurements. The program of the sEMG Biofeedback
device was installed on the laptop computer and the device
was connected to the computer via Bluetooth. The sEMG
measurements of the wrist extensor and flexor muscles of
the patients were performed as per the action potentials
during “work=voluntary contraction” and “rest=voluntary
relaxation” (Figure 1).
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Figure 1. Affected Side sSEMG result sample

When the individual to be tested was given “flex”
and “relax” commands during flexor muscle activity, s/
he contracted and relaxed the forearm flexor muscles.
During the measurements which lasted 50 seconds, the
measurement data were automatically recorded while the
patient made voluntary muscle contractions and voluntary
muscle relaxations five times. Mean contraction and mean
relaxation activities, maximum contraction and relaxation
activity percentages, mean deviation of relaxation, peak
and minimum values, mean onset and release times were
recorded with the device (Figure 1).

All evaluation measurements of the patients were
conducted by the same physiotherapist.

IBM SPSS 20.0 statistical program was used for statistical
analysis. Descriptive statistics of the variables were calculated.
In the comparison of affected and unaffected parties, the
t-test was used in independent groups, and in the cases where
the data did not comply with the normal distribution, the
Mann Whitney-U test was used. The Spearman correlation
analysis was used to evaluate the relationships.

In the interpretation of the correlation coefficient (r);
Between 0.00-0.25 for a very weak correlation, 0.26-0.49 for a
weak relationship, 0.50 and 0.69 for a moderate relationship,
0.70-0.89 for a high correlation, and between 0.90-1.0 for high
correlation.”” The probability of error in statistical analysis
was determined as p<0.05 unless stated otherwise.

According to the G-Power (3.1.9.7) post hoc power analysis
performed after the study, the effect size was calculated
as=0.74, and the power of the study has been calculated as (1-
$)=0.91 while a=0.05.

RESULTS

33 patients and 32 healthy controls were included in the
study (Figure 2). The sEMG values of the dominant sides of
32 healthy children [10 (8-13) years] who were in the same age
range as the patients [12 (8-14) years] were used as the control
group (p=0.341).
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Healthy control group
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the study

(n=32)
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(n=5)
e Refused participating in
the study (n=3)
¢ orthopaedic disease (n=2)

4

Included in the study Included in the study

(n=33) (n=32)

Figure 2. Workflow diagram

Age, height, weight, body mass index, gender, and
demographic characteristics of the affected side of patients
with CP and healthy controls are shown in Table 1. In Table
2, MAS measurement values for the pronator, wrist flexor,
and elbow flexor muscles in children with CP are given for
the affected and unaffected side and the MAS results on the
affected side were found to be statistically and significantly
higher than the unaffected side (p<0.05) (Table 2).

The mean SsEMG value during voluntary muscle
contraction of the wrist flexor muscles on the affected side
was statistically and significantly lower than the unaffected
side, and the minimum sEMG value was higher (p<0.05). The
mean sEMG and voluntary contraction percent MVC (%)
values of the wrist flexor muscles during voluntary relaxation
were also higher on the affected side (p<0.05). Maximum
voluntary contraction percent MVC (%) values of wrist flexor
muscles during voluntary muscle contraction were found to
be similar on both sides (p>0.05) (Table 2).

The minimum sEMG value during voluntary muscle
contraction of the wrist extensor muscles and the minimum
SEMG and voluntary contraction percent MVC values during
voluntary relaxation were higher on the affected side (p<0.05)
(Table 2).

When the sEMG values of the unaffected side of the
patients were compared with the healthy group; AV and MVC
values of wrist extensors during voluntary contraction were
lower on the unaffected side (p<0.05, Table 3). While there
was no significant difference in the sEMG findings of the
wrist flexors, it was found that the unaffected side was higher
when the MAS data were examined (p=0.012).

Table 1. Demographic characteristics of patients and healthy controls

CP Control P
. + +
Variables N)I((_I((:)ll){) N)[((_I((:)Il)l)
Age (year) 12 (8-14) 10 (8-13) 0.314
Height (cm) 139.80+22.10 140.18+17.79 0.939
Weight (kg) 37 (23-50.50) 36.50 (26.25-55) 0.713
BMI (kg/m2) 17.63 (15.67-21.55) 19.26 (15.47-21.23)  0.865
n/%
Gender 0.213
Female 11 (33.3) 16 (50)
Male 22 (66.7) 16 (50)
Affected side
Right 20 (61)
Left 13 (39)

X: mean, SD: Standard Deviation, M: Median, BMI: Body Mass Index.

Table 2. Comparison of SEMG and MAS measurement values on the
affected and unaffected side in children with CP

AS UAS
Variables X+SD X+SD P
M (IQR) M (IQR)
WFM Work
AV (uV) 63.10 (45.05-77.45) 80.80 (56.50-111.90) 0.033*
MIN (uV) 4.7 (3.05-8.20) 3 (1.75-4.80) 0.022*
MVC (%) 30.89+14.10 26.14+9.38 0.112
WEM Rest
AV (uV) 12.90 (7.20-17.95) 8.90 (4.55-13.95) 0.027*
MIN (uV) 2.60(1.10-5.50) 1.80(1.00-3.30) 0.172
MVC (%) 5.10(2.60-10.70) 2.70(1.20-4.25) 0.001*
WEM Work
AV (uv) 67.90 (45-125.35) 95.10 (66.95-156.55) 0.081
MIN (uV) 5.60(2.85-9.85) 2.60(1.00-4.80) 0.005*
MVC (%) 34.76+11.09 31.29£10.42 0.195
WEM Rest
AV (uV) 15.30 (10.60-23.25) 9.20 (5.95-14.15) 0.001*
MIN (uV) 4.20 (2.45-6.90) 1.80(1.00-3.30) <0.001*
MVC (%) 7.60(4.30-11.25) 2.60 (1.55-4.60) <0.001*
PS (MAS) 3(2-3) 0(0-0.50) <0.001*
WES (MAS) 2(2-3) 0 (0-0) <0.001*
EFS (MAS) 2(1-2) 0(0-0) <0.001*

*p<0,05, X: mean, SD: Standard Deviation, M: Median, uV: Microvolt, AS: Affected Side, UAS:
Unaffected Side, MVC: Maximum Voluntary Contraction Percentage, WFM: Wrist Flexor
Muscles, WEM: Wrist Extensor Muscles, AV: Average EMG value, MIN: Minimum EMG value,
MAS: Modified Ashworth Scale, PS: Pronator Spasticity, WFS: Wrist Flexor Spasticity, EFS:
Elbow Flexor Spasticity.

Table 3. Comparison of SEMG values of the unaffected side and healthy
controls in children with CP

UAS CONTROL
Variables X+SD X+SD
M (IQR) M (IQR)
WEFM Work
AV (uV) 80.80 (56.50-111.90) 98.40 (60.30-140.12) 0.325
MIN (uV) 3 (1.75-4.80) 3.30 (1.67-4.30) 0.979
MVC (%) 26.14+9.38 27.16+£6.46 0.615
WEFM Rest
AV (uV) 8.90 (4.55-13.95) 7.45 (6.65-9.47) 0.783
MIN (uV) 1.80 (1.00-3.30) 2.40 (1.65-3.02) 0.318
MVC (%) 2.70 (1.20-4.25) 2.30 (1.50-3.27) 0.581
WEM Work
AV (uV) 95.10 (66.95-156.55)  154.35 (108.85-195.35)  0.005
MIN (uV) 2.60 (1.00-4.80) 2.70 (1.45-4.37) 0.773
MVC (%) 31.29+10.42 38.18+5.41 0.001
WEM Rest
AV (uV) 9.20 (5.95-14.15) 11.55 (5.67-13.02) 0.763
MIN (uV) 1.80 (1.00-3.30) 1.95 (1.17-3.80) 0.152
MVC (%) 2.60 (1.55-4.60) 2.80 (1.72-3.65) 0.665

*p<0,05, X: mean, SD: Standard Deviation, M: Median, pV: Microvolt, UAS: Unaffected Side,
MVC: Maximum Voluntary Contraction Percentage, WFM: Wrist Flexor Muscles, WEM: Wrist
Extensor Muscles, AV: Average EMG value, MIN: Minimum EMG value.

There was a weak positive correlation between the MAS
on the affected side and the minimum sEMG (p=0,016
r=0,416) and MVC (p=0,021, r=0,401) values of the wrist
flexor muscles during voluntary relaxation and a weak
negative correlation between the mean sEMG value (p=0,030,
r=-0,379) during voluntary contraction.

DISCUSSION

In this study, which aims to measure and compare
spasticity values in children with hemiparetic SP using
MAS and sEMG methods; [1] mean sEMG values of wrist
flexor muscles during voluntary contraction are lower on the
affected side; [2] mean FEMG values of wrist flexor muscles
during voluntary relaxation are higher on the affected side;
[3] SEMG values of the unaffected wrist extensors during
voluntary contraction were lower compared to the healthy
group; [4] There is no significant difference in sSEMG findings
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of wrist flexors with healthy controls. When the MAS data
is considered, it has been determined that spasticity on the
unaffected side was higher; [5] it was ascertained that there
is a positive correlation between the MAS of the wrist flexor
muscles on the affected side and the minimum sEMG values
during voluntary relaxation, and a negative one between the
mean SEMG values during voluntary contraction.

Spasticity; It is an important complication that often
accompanies CP and limits the mobility of the person.”
Although it is easy to detect the presence of spasticity, it is not
easy to quantify and grade. The degree of spasticity can vary
from mild muscle stiffness to severe and sometimes painful
muscle spasms.*

In the evaluation of spasticity, scales such as Ashworth
Scale (AS), Modified Ashworth Scale (MAS), Modified
Tardieu Scale (MTS), Fugyl Meyer Scale, Tonus Evaluation
Scale are used in the clinic."*'>*

MAS is frequently preferred in the clinic because it does
not require any measuring device, it is easy and fast to apply.”*
However, the objectivity of MAS is questioned in current
studies and it is emphasized that more studies are needed on
this subject.>*

Tederko et al.’® evaluated the relationship between MAS
and clinical examination results in 30 patients with spinal
cord injury in a study they conducted and stated that MAS
was insufficient to evaluate the tone of individual muscles,
but it could indicate the increase in the muscle tonus in total.
In addition, it was pointed out that it is difficult to repeat
in young patients and that it is not a suitable method for
evaluation in case of contracture. In a double-blind study of
spinal cord injuries, the reliability of MAS was investigated
among different evaluators. They reported that the MAS
results were of poor reliability, both in the individual
measurements of the evaluators and when compared with
each other. In the same study, it was emphasized that the
MAS was not psychometrically reliable and insufficient to
measure rehabilitation effectiveness and it was argued that its
use should be terminated.”

Alibioglu et al.”> compared the MAS and neuromechanical
measurement results of 34 stroke patients on both paretic
and nonparetic lower and upper extremities. As a result,
they found that there was no significant correlation between
quantitative measurements of neural and muscle components
of joint dynamic stiffness and MAS scores for neither the
upper extremity nor the lower extremity. With these findings,
they stated that Modified Ashworth scores were quite
inconsistent with more objective spasticity measurements.

In their study comparing MAS and MTS measurements,
Numanoglu and Giinel evaluated the lower and upper
extremity muscles of 37 children with Spastic CP using both
methods. As a result, it was determined that the reliability of
MTS was better than MAS in each tested muscle. Although
MAS is more advantageous than MTS in terms of applicability
and time, it has been stated that it does not meet the
requirements for clinical use because it depends on subjective
decisions.” In our study, it was found that MAS can be used
to detect the presence of spasticity and it is significantly
higher on the affected side. Since the rehabilitation program
was not applied to our patients and did not include follow-
up results, the effect of determining the change in spasticity
cannot be explained by the results of this study.

In addition to manual tests which are used to determine
the severity of spasticity in the clinic, there are also

biomechanical and electrophysiological methods that provide
objective data.*

Electromyography and surface electromyography are
among the evaluation methods that measure the electrical
activity of active skeletal muscles with electronic devices."

In a study conducted on spastic diplegic patients using
EMG, it was shown that the mean EMG frequencies of the
muscles in CP were higher than in the control group. In
addition, it was also emphasized in the same study that
dysfunction in the distal extremity muscles was more
pronounced than in the proximal muscles.”” In a study by
Feltham et al.** on children with spastic hemiparetic CP, it
was reported that SEMG values were higher in all muscles of
the affected upper extremity and in the wrist and elbow flexor
muscles of the unaffected side than in healthy controls. It
was emphasized that this situation could be explained by the
presence of systematic atrophy of type I muscle fibers in the
heavily damaged (affected) arm.**** Similarly, in our study,
mean sEMG values of wrist flexor muscles during voluntary
contraction were lower on the affected side; whereas the mean
SEMG values of the wrist flexor muscles during voluntary
relaxation were higher on the affected side. In the literature, it
is suggested that the high-frequency components of the EMG
spectrum are a reflection of the content of high-frequency
action potentials produced by fast type II muscle fibers, while
it is emphasized that slow type I muscle fibers produce low-
frequency action potentials.*>*°

When a muscle action potential is measured with sSEMG
in healthy individuals, it is expected that the muscle action
potential will be high during maximum voluntary contraction
and the muscle action potential will be at the lowest level
during maximum voluntary relaxation.””** Our results show
that the muscle action potential value during maximum
voluntary contraction may be lower than expected, and the
muscle action potential value during maximum voluntary
relaxation may be higher than expected in individuals with
spasticity.

Unilateral brain injury causes changes in motor control
not only of the contralateral body side but also of the
ipsilateral side.”>*’ Staudt et al."' stated that in unilateral
brain damage, there may be motor changes not only on the
contralateral side but also on the ipsilateral side.

In our study, data from least affected parties were
compared with healthy controls. Similar to the literature,
SEMG values of the wrist extensors of the unaffected side
during voluntary contraction were found to be lower
compared to the healthy group.”® While there was no
significant difference between the FEMG findings of the
wrist flexors and the healthy controls, it was observed that
spasticity was higher on the unaffected side when the MAS
data were examined.

In our study, the fact that MAS and sEMG revealed similar
results when compared to both affected and unaffected
extremities, as well as healthy controls, indicates that both
measurement methods can be used in the evaluation of
spasticity. When the correlation between MAS results and
FEMG was examined, it was determined that there was a
positive correlation between the MAS of the wrist flexor muscles
on the affected side and the minimum sEMG values during
voluntary relaxation, whereas there was a negative correlation
between the mean sEMG values during voluntary contraction.

Validity and reliability studies for MAS will further
clarify this study.
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Because the study was conducted during the pandemic
period, the high rate of absence of patients attending Special
Education and Rehabilitation Canters as a precaution caused
longer measurement times and problems in transportation to
patients.

The results of future studies with more patients may
differ and bring more clarity to the issue. The results can be
generalized by conducting studies not only in a single city
but also in other cities to be selected from different regions
of Tiirkiye.

CONCLUSION

As aresult, although sEMG is not as widely used as MAS
in spasticity measurements in children with hemiparetic
CP, the fact that the data obtained from sEMG have results
based on numerical computerized measurement data may
show that it can provide more objective data. In addition,
our results show that MAS, which is widely used in clinic,
gives results compatible with sEMG. These results show
us that the YEMG method can be used for spasticity
measurements. It is considered that MAS would be a
preferable method in evaluating spasticity since it is easy to
use and does not constitute extra costs. It is suggested that
there is a need for validity and reliability studies in which
the sEMG measurement method used in the evaluation of
spasticity is investigated in detail.
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ABSTRACT

Aims: The present study attempted to investigate the relationship between pain, kinesiophobia, functionality, and physical
activity among patients with knee osteoarthritis (OA).

Methods: We recruited 88 patients aged 40-70 years with OA, 21 males and 67 females, who applied to Gebze Fatih State
Hospital, Department of Physical Therapy and Orthopedic Clinic between February 2022 and January 2023. We evaluated
the patients’ pain status with the Visual Pain Scale (VAS), their functional status with the WOMAC Osteoarthritis Index
(WOMAC), their kinesiophobia with the TAMPA Scale for Kinesiophobia (TKS), and their physical activity levels with the
International Physical Activity Questionnaire-Short Form (IPAQ-SF). We performed all statistical analyses using SPSS 25.0
(SPSS Inc., Chicago, IL, ABD) and p-value < 0.05 was accepted as statistically significant.

Results: The majority of the participants were females (76.1%, n=67), and the mean body mass index (BMI) was found to be
30.33. The findings revealed low positive correlations between the patients’ BMI and their VAS (p=0.029) and WOMAC scores
(p=0.017). While we found a moderate positive relationship between the patients’ VAS and WOMAC scores (p=0.001), it was
low between their TAMPA and WOMAC scores (p=0.001).

Conclusion: As a result of the study, the relationship between pain, kinesiophobia, functional status and physical activity levels
of individuals with knee OA was revealed; The necessity of planning applications to increase the physical activity level of these

individuals and to reduce their body mass index has been underlined.

Keywords: Osteoarthritis, physical activity, pain, functional status, kinesiophobia

This study was presented as a thesis at Kirikkale University.

INTRODUCTION

Osteoarthritis (OA) is a long-term persisting chronic
condition characterized by the deterioration of the cartilage
in the joints, resulting in the bones rubbing against each
other and causing stiffness, pain, and mobility impairment.
This condition often affects the joints in the knees, hands,
feet, and spine and is relatively prevalent in the shoulders
and hip joints. Despite being primarily related to aging,
OA is also associated with a variety of both modifiable and
non-modifiable risk factors, including obesity, sedentary
lifestyle, genetic predisposition, bone density, occupational
injury, trauma, and sex." In obese individuals, pain emerges
most commonly in the lower extremities and weight-bearing
joints, including the lower back, but may also occur in the
upper extremity joints, hands and fingers, thoracic spine,
and neck. Studies in cadavers have revealed that obesity
is associated with higher knee OA severity compared to
normal-weight individuals. In addition, the progression
of OA is faster in obese individuals than in normal-weight

individuals. Physical disability due to pain leads to obesity,
followed by gait abnormalities and muscle weakness. In this
regard, pain becomes an important factor by leading obesity-
related deterioration in physical functionality and health-
related quality of life.> Another important less-studied issue
in OA is fear of movement (FOM), or kinesiophobia. It is
defined as the fear of physical movement or activity resulting
from the belief that it would cause pain, injury, or re-injury.
The relevant research to date showed that FOM is associated
with increased pain, poorer physical functionality,
and greater physical and psychological disability, all of
which are important paramaters for individuals with
musculoskeletal disorders. In addition, FOM is associated
with physical inactivity, which is particularly important for
individuals with OA as activity is an essential component of
their OA management.’ Kinesiophobia due to pain is also
linked with loss of functioning and physical performance
in patients with knee OA. Thus, regular physical activity
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in light to moderate intensity is strictly recommended for
its contribution to cardiovascular fitness and reducing the
risk of diabetes and obesity. However, it is noticeable that
previous research on individuals with OA rarely assessed
their physical activity levels.*

When the literature is investigated, it is possible to come
across various studies evaluating pain, functionality and
balance in people with knee OA. However, there are few
studies in which kinesiophobia and physical activity levels
are evaluated in detail. Therefore, there is a need for studies
evaluating the relationship between pain, kinesiophobia and
physical activity levels.

The aim of this study is to investigate whether there is a
relationship between pain, functionality, kinesiophobia and
physical activity levels in individuals with knee OA.

METHODS

We carried out this study in Gebze Fatih State Hospital
to explore the relationships between pain, kinesiophobia,
functional status, and physical activity levels in individuals
with knee OA. The Non-interventional Clinical Researches
Ethics Committee of Kirikkale University granted
ethical approval to our study (Decision No: 2021.12.03,
Date: 01.12.2022). All procedures were carried out in
accordance with the ethical rules and the principles of
the Declaration of Helsinki. In this regard, we recruited
88 patients aged 40-70 years with osteoarthritis, 21 males
and 67 females, who applied to the Department of Physical
Therapy and Orthopedics Clinic between February 2022
and January 2023. Individuals with knee pain lasting
more than 6 months, diagnosed with stage 2 or stage
3 knee osteoarthritis according to Kellgren Lawrence
radiological staging in the radiological evaluation, and
volunteered to participate in the study were included in this
research. Nevertheless, we excluded patients having a hip
or knee prosthesis, suffering any neurological disorders,
having a different pathology other than gonarthrosis that
could cause knee pain, having had an intraarticular knee
injection for any reason in the last six months and having
any cognitive and communication problems.

The G* Power program (version 3.0.10 Universitdt
Diisseldorf, Diisseldorf, Germany) was used for the prior
power analysis.” The effect size obtained in the reference
study was found to be moderate (r=0.332). Considering that
a lower level of effect size can also be obtained (r=0.3), as a
result of the power analysis; It has been calculated that 80%
power can be obtained at 95% confidence level when at least
82 people are included in the study. 88 people were included
in our study. The effect size of the relationship between
TAMPA questionnaire values and WOMAC levels obtained
from these individuals was found to be moderate (r=0.355).
For this effect size, it was calculated that our study reached
94% power at 95% confidence level.®

We administered a questionnaire to inquire about the
participants’ physical characteristics and demographic
data. A Visual Analogue Scale (VAS) was used to assess
pain. It is a ten cm-line scale ranging from 0 (no pain)
to 10 (unbearable pain). In pain assessment, one is asked
to mark a point on the scale according to the severity of
the pain they feel. Then, the number denoted by that line
is identified with the help of a ruler and noted down.”
Besides, we utilized the TAMPA Kinesiophobia Scale

(TKS) to measure the patients’ fear of movement/re-injury.
Published by Vlaeyen et al.® in 1995, it is a 17-item tool to
measure fear of movement/re-injury and includes injury/
re-injury and fear-avoidance parameters in work-related
activities. Finally, we evaluated the patients’ functional
status with the WOMAC Osteoarthritis Index (WOMAC)
and their physical activity levels with the International
Physical Activity Questionnaire-Short Form (IPAQ-SF).

While continuous variables are presented as means,
standard deviations, minimums, and maximums,
categorical variables are demonstrated as numbers and
percentages. Spearman’s rank correlation coefficient (p) was
calculated to reveal the associations between the variables.
A p-value between 0.05-0.30 was accepted as a very weak
or negligible correlation, between 0.30-0.40 as a low-to-
moderate correlation, and between 0.40-0.60 as a moderate
correlation, and between 0.60-0.70 as a robust correlation,
and 0.70-1.00 as a perfect correlation.” We performed
all statistical analyses using the Statistical Package for
Social Sciences (SPSS) 22.0 (SPSS Inc., Chicago, IL, USA)
program and considered a p-value < 0.05 to be statistically
significant.

RESULTS

In the study, there were 88 patients, 21 males (23.9%)
and 67 females (76.1%), aged between 40-70 years. While the
youngest participant was 42 years old, the oldest one was 70
years old (M=57.69+7.95 years). Body mass index values were
as follows: 48.9% (n=43) was found to be overweight, 27.3%
(n=24) to be obese, 10.2% (n=9) to be severely obese, 4.5%
(n=4) to be morbidly obese, 5.7% (n=5) to be normal, and
3.4% (n=3) to be underweight. The majority of the patients
(67%, n=59) were housewives, 19.2% (n=17) were retired, 8%
(n=7) were workers, and 5.7% (n=5) had a desk job.

Table 1. Patients’ Demographic and Physical Characteristics

Variables n=88 % M+SD Min.-Max.
Age 57.69£7.95 42-70
Employment

Desk job 5 5.7

Worker 7 8

Retired 17 19.3

Housewife 59 67
BMI 30.33+5.2 17.58+46.88

Underweight 3 34

Normal 5 5.7

Overweight 43 48.9

Obese 24 27.3

Severely obese 9 10.2

Morbidly obese 4 4.5

SD: standard deviation, BMI: Body Mass Index, Min.: minimum, Max.: maximum, n: number of
patients, %: percentage

The mean VAS score of the participants was found to be
6.25 (SD=1.4, min.=4, max.=9). The patients’ BMI values
varied between 17.58 and 46.88 (M=30.33, SD=5.2), while
they scored between 29 and 51 on the TSK (M=43.35,
SD=3.62). Their mean WOMAC score was calculated to be
40.06 (SD=16.41; min.=3, max.=75). Regarding IPAQ-SF,
the lowest and highest metabolic equivalent of task (MET)
were calculated to be 66 and 7413, respectively (M=836.09,
SD=1127.64 (Table 2).
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Table 2. Findings of Research Variables

n=88 M=SD Min.-Max.
VAS 6.25+1.4 4-9
BMI 30.33+5.2 17.58-46.88
TKS 43.35+3.62 29-51
WOMAC 40.06+16.41 3-75
IPAQ-SF / MET 836.09+1127.64 66-7413

n: number of patients, SD: standard deviation, Min.: minimum, Max.: maximum, VAS: Visual
Analog Scale, BMI: body mass index, TSK: TAMPA Kinesiophobia Scale, WOMAC: Western
Ontario and McMaster Universities Osteoarthritis Index, IPAQ-SF: International Physical
Activity Questionnaire - Short Form, MET: metabolic equivalent of task.

We discovered 60.2% of the patients (n=53) to be inactive,
34.1% (n=30) to be minimally active, and 5.7% (n=5) to be
very (HEPA) active (Table 3).

Table 3. Patients’ Physical Activity Levels

Level n %

Inactive 53 60.2
Minimally active 30 34.1
Very (HEPA) active 5 5.7
Total 88 100

%: percentage, n: number of patients

Table 4 presents the relationships between pain, BMI,
kinesiophobia, functionality, and physical activity among the
participating patients.

The findings revealed a low positive correlation between
the patients’ VAS scores and BMI (p=0.029) but no significant
relationship between their VAS and TKS scores. The patients’
VAS scores had a low positive relationship with the WOMAC
stiffness (p=0.026) and moderate positive associations with
their WOMAC pain (p=0.001), WOMAC physical function
(p=0.001), and WOMAC total scores (p=0.001). Except for
WOMAC stiffness, the patients’ BMI showed low positive
correlations with their WOMAC pain (p=0.019) and WOMAC
physical function (p=0.018), and WOMAC total scores
(p=0.017). We could not conclude a significant relationship
between the patients’ TKS and IPAQ-SF scores. However, we
discovered low-to-moderate associations between the patients’
TKS scores and their WOMAC pain (p=0.001), WOMAC
stiffness (p=0.003), WOMAC physical function (p=0.002), and
WOMALC total scores (p=0.001) (Table 4).

DISCUSSION

In this study, we investigated the relationships between
pain, kinesiophobia, functional status, and physical activity
among patients with knee OA. Our findings showed that the
patients’ pain status had a low relationship with their BMI
and a moderate link with their functional status. However,
we could not find significant associations between the
patients’ pain and their kinesiophobia and physical activity
levels. It was also the case between their kinesiophobia and
functionality and physical activity levels. Similarly, there
was no relationship between their functionality and physical
activity levels.

The female sex is known to be one of the primary reasons
for knee OA." Despite little knowledge of why it is prevalent
among women, it was previously claimed to be due to some
factors, such as menopausal changes, changes to cartilage
structure, and weaknesses in muscle strength and postural
alignment in the lower extremities."" The prevalence of knee
OA was also shown to be higher in women than in men."” In
the study conducted by Tas et al.”’ on individuals with OA,
66 individuals were female and 14 individuals were male. Our
study consisted of 88 individuals, 21 male and 67 female, and
is compatible with the literature.

The incidence of symptomatic knee osteoarthritis is
expressed as 13% in people over 55 years of age. In our
country, knee OA due to symptoms in individuals over the
age of 50; it was found to be 22.5% in female patients, 8% in
males, and 14.8% in total."” In our study, the mean age was
found to be 57.69 years, which is consistent with the literature.

Obesity and OA are two related health problems affecting
the majority of the adult population." It is predicted that the
number of those with knee OA will increase due to the aging
of the world population and the prevalence of obesity.”” In the
study by Ozcakar et al.'® the mean BMI value of the patients
with knee OA was 31.9. Similarly, in our study, the BMI values
of individuals with osteoarthritis were found to be high, with
an average of 30.33. In addition to negatively affecting many
body systems, it is apparent that BMI is a significant risk
factor for OA and needs to be controlled.

Table 4. Relationships Between Research Variables

WOMAC
VAS BMI TSK
Pain Stiffness Physical Function Total Score
VAS
r=0.232
BMI
*p=0.029
TSK 0.128 0.187
0.235 0.082
. r=0.596 r=0.250 r=0.363
ain
#p<0.001 *p=0.019 p=0.001
W r=0.238 0.175 r=0.313 r=0.382
o Stiffness .
o *p=0.026 p=0.103 *p=0.003 *p<0.001
A ‘ . r=0.494 r=0.252 r=0.322 r=0.818 r=.612
¢ Physical Function
**p<0.001 *p=0.018 *p=0.002 **p<0.001 **p<0.001
Total S r=0.530 r=0.253 r=0.355 r=0.875 r=0.624 r=0.991
otal Score
p<0.001 “p=0.017 p=0.001 ©4p<0.001 p<0.001 tp<0.001
IPAQ-SF/MET 0.001 0.083 0.073 -0.044 -0.168 -0.072 -0.075
0.996 0.44 0.499 0.686 0.118 0.505 0.489

Spearman’s Rank-Order Correlation, *p < 0.05 **p < 0.001. SD: standard deviation. BMI: body mass index. WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index. IPAQ-SF:
International Physical Activity Questionnaire - Short Form, MET: metabolic equivalent of task TSK: TAMPA Kinesiophobia Scale
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In obese individuals, pain commonly appears in the
lower extremities and weight-bearing joints, including the
lower back. Studies in cadavers have revealed that obesity is
associated with higher knee OA severity compared to normal-
weight individuals. Obesity is also associated with a faster
progression of OA than normal weight. Reyes et al."* found that
the risk of developing knee OA increased by two times in the
overweight and up to 4.7 times in level 2 obese individuals.

Physical disability due to pain leads to obesity, followed by
gait abnormalities and muscle weakness. It is also considered
a significant factor that leads to impairment in physical
functioning and health-related quality of life* In a study
conducted by Atamaz et al.”” regarding pain and disability in OA;
obesity, advanced age, female gender, and advanced radiological
stage have been shown to be important factors. In our study, we
found a significant relationship between the participants’ BMI
values and VAS scores. In line with this result, when we consider
the mechanical effects of obesity in terms of OA, we see that
individuals with high BMI have to cope with more pain.

People who are afraid of pain tend to perform worse
because they want to avoid pain while doing activities of
daily living. In OA patients who are more inactive, reductions
in muscle strength are also seen, resulting in more activity
limitation."”® Pain occurring in the case of an injury restricts
movements; the person may be afraid to move even when the
injured part is recovered. The higher level of pain perception,
the more avoidance response is seen in the person. Kori et
al.”” defined kinesiophobia as the feeling of sensitivity and
anxiety against active movement caused by a pain-resulting
injury and re-injury. Many studies have shown the negative
effect of fear during movement in individuals with OA.* In
the study of Scopaz et al.”’ in which they investigated the
relationship between fear, anxiety, and depression of patients
with knee OA, and their physical functions, it was found
that high fear avoidance was associated with a decrease in
patients’ functionality. Similarly, in our study, a statistically
significant correlation was found with TAMPA values in
all sub-parameters of WOMAC such as pain, stiffness and
physical function, and in the total WOMAC score. It was
observed that the functional status of individuals with high
levels of fear was also negatively affected. For this reason,
kinesiophobia was seen as the possible reason why individuals
with knee OA approach with fear and experience functional
difficulties while participating in daily life activities.

Pain is considered a leading physical and psychological
barrier for individuals with OA.*> About 80% of patients
with OA have movement restrictions due to pain, 11% have
difficulties in personal care, and 25% deal with problems
in their activities of daily living.” In our study, we found
a significant relationship between pain and all WOMAC
parameters. Thus, it can be proposed that pain negatively
affects physical functioning.

A study was conducted by Alaca examining the
relationship between pain and fear of movement and clinical
parameters in individuals with knee OA. As a result of this
research, a moderate statistical relationship was found
between pain and kinesiophobia, and it was emphasized
that individuals’ pain perception levels were also important
in this process.”* In another study conducted by Erden et
al.® to investigate pain status, kinesiophobia, anxiety level
and quality of life in patients with knee osteoarthritis, no
relationship was found between kinesiophobia and pain. In
our study, similar results were found with Erden et al. No

statistically significant relationship was found between the
pain states of the individuals and their fear of movement.
As stated in the study by Alaca, we think that individuals’
perception of pain is important in reaching this result.

In the study on the relationship between the psychological
status and physical activity levels of individuals with knee
OA, Uritani et al.*® found physical activity status to be
associated with kinesiophobia. In the study conducted by
Giiney-Deniz et al.”® on 46 patients who had undergone knee
replacement surgery, the effect of post-operative fear on the
functional status of patients in the early period was examined.
According to the results of the study, the range of motion,
pain status and physical activities of individuals with low
kinesiophobia were found to be statistically more significant
than individuals with high kinesiophobia scores. In another
study by Monticone et al.”” in which 110 individuals with
knee replacement surgery were included, it was shown that
the kinesiophobia of individuals who regularly engaged in
physical activity decreased over time. In this research, we
could not find a significant relationship between the patients’
kinesiophobia scores and physical activity levels, which can
be attributed to the participants’ sedentary lifestyles.

Rosemann et al.”® evaluated patients with hip and knee
OA with the IPAQ to determine the factors affecting physical
activity. Their results showed that 55% of the cases were
sedentary, 38% were minimally active, and 7% were active.
Then, they stated that it is essential to increase physical activity
in the conservative treatment of OA. Considering the physical
activity levels of our participants, 60.2% (n=53) were inactive,
34.1% (n=30) were minimally active, and 5.7% (n=5) were rather
active. Therefore, in parallel with the literature, the majority of
OA patients were found to be inactive. This situation should be
taken into consideration when evaluating individuals with OA,
and individuals should be tried to be more active with activities
which are prescribed specific to patient needs.

Voorrips questionnaire was applied by Thomas et al.”’
to examine the level of physical activity in 59 patients with
knee osteoarthritis. When they compared the level of physical
activity with healthy individuals, they found that it was low
in all areas (such as housework, leisure time, exercise). While
it was stated that this condition was associated with low
functional performance, they said that it was not associated
with pain. In the study conducted by Tonetelli et al.’® on 208
individuals with knee OA, pain alone was not to be sufficient
to determine the level of physical activity; and showed that
although there were significant differences between the pain
states of individuals, their physical activity states were to
be possibly similar. In our study, no statistically significant
relationship was found between physical activity scores and
pain, in line with the results of Thomas et al. We think that the
reason for this may be depending on many factors, especially
psychological ones, that affect physical activity as well as pain.
In this direction, it was seen that it was necessary to carry out
studies to increase the physical activity levels of individuals.

CONCLUSION

The results of our study contributed to the literature
in terms of demonstrating the relationship between pain,
kinesiophobia, functionality and physical activity in
individuals with knee osteoarthritis. Since studies evaluating
physical activity are limited in the literature, an additional
contribution has been made to the literature in this sense.
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It has been observed that individuals with knee OA
are overweight, and since it is known that this situation
will overload the joint mechanically, we think that these
individuals should be referred to dietitians for appropriate
diet programs. At the same time, this process should
definitely be supported with exercise programs and trainings
to be organized in accordance with these individuals. Since
it is seen that the pain conditions of individuals with OA
negatively affect the individuals functionally, preventive
measures should be taken and studies should be carried out
for pain. Again, since these individuals are seen to be inactive
people, it is necessary to provide trainings to increase the
level of physical activity, to raise awareness of individuals and
to create appropriate exercise programs.

The lack of a control group in our study and the fact that
the mini mental test was not used to determine the cognitive
levels of individuals more objectively were considered as
limitations.
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ABSTRACT

Lateral ankle sprain (LAS), which is common in recreational and professional athletes, recurs and becomes chronic if left
untreated. Since the number of mechanoreceptors it contains is high, LAS should not be considered only as a musculoskeletal
disorder. A detailed clinical evaluation is recommended. Clinically, the patient presents with limitation of dorsiflexion range
of motion (ROM), muscle atrophy and unequal strength between the muscles, deterioration in walking, running and jumping,
and proprioceptive losses. The patient should be approached from a biopsychosocial perspective both in the evaluation and
treatment phases. The treatment of the patient is carried out in 3 phases and the transition between phases should be based
on mentioned criterias. In the acute phase of rehabilitation, emphasis should be placed on eliminating pain and edema, and
preventing loss of ROM and muscle strength. In the subacute and chronic stages, emphasis should be placed on increasing the
proprioceptive sense and muscle strength, improving the biomechanics of daily life and sports-specific movements such as

walking, running, jumping. If the patient is an athlete, return to sports should be planned after the criterias met.

Keywords: Lateral ankle sprain, rehabilitation, foot, ankle

INTRODUCTION

Stabilization of the talocrural joint is provided by the
passive subsystem, the active subsystem, and the neural
subsystem. While the active substructures responsible for
stabilization are intrinsic and extrinsic foot muscles, the
neural subsystem is musculotendinous receptors, local
and global ligamentous receptors, and plantar cutaneous
receptors.”” The passive subsystem consists of the bone
structures that make up the arches, the plantar fascia and the
ligaments." Medial to the ankle joint is the deltoid ligament,
while lateral to the ankle joint is the anteriortalofibular
ligament (ATFL), calcaneofibular ligament (CFL) and
posteriortalofibular ligament (PTFL). Injury to one or
all of these ligaments is called a lateral ankle sprain
(LAS). LAS is also known as inversion or over-supinated
injuries.” LAS is not only a musculoskeletal injury but also
a neurophysiological injury due to the high number of
mechanoreceptors contained in the ligaments.>* LAS is one
of the most common musculoskeletal injuries among both
recreational and professional athletes. LAS accounts for 15-
20% of injuries in the musculoskeletal system. LAS is seen
in 50% of sports involving movements such as jumping,
running, and cutting. While ATFL is injured in isolation in
65-73% of these injuries, ATFL and CFL are injured together
in 25% of these injuries.”

FUNCTIONAL ANATOMY AND
BIOMECHANICS OF THE FOOT-ANKLE
COMPLEX

Ankle joint is composed of three joints: the talocrural
joint, the subtalar joint and the distal tibiofibular joint.®
Talocrural joint; the dome of the talus is formed by the
union of the medial malleolus, lateral malleolus, and the
lower surface of the tibia.® Due to its shape during walking,
the talocrural joint is responsible for transferring the load
by external/internal rotation of the tibia and fibula and
pronation/supination of the bare foot. The axis of rotation
of the talocrural joint passes through the medial and lateral
malleolus.® The axis of rotation passes slightly behind the
fibula as it passes slightly in front of the tibia in the frontal
plane. While the dorsiflexion/plantar flexion movement,
which is the main movement of the talocrural joint, occurs
in the sagittal plane, a small movement occurs in this joint
in the transverse and frontal planes.” Passive stabilization
of the talocrural joint is provided by the joint capsule,
ATFL, CFL, PTFL, and deltoid ligament.”

The ATFL is located on the dorsolateral aspect of the
foot. It courses from the lateral malleolus anteriorly and
medially to the talus at an angle of approximately 45 degrees
in the frontal plane. ATFL averages 7.2 mm wide and 24.8
mm long.® In vitro kinematic studies have shown that ATFL
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prevents anterior displacement of the talus from the tenon
and excessive inversion and internal rotation of the talus on
the tibia.” The tension in the ATFL increases as the ankle
moves from dorsiflexion to plantar flexion. Studies on the
ATFL, PTFL, CFL, and deltoid ligament have shown that
the ATFL has the least tensile and maximum load-bearing
capacity. This explains why the ATFL is most often injured."

The CFL runs downward and posteriorly from the
lateral malleolus and attaches to the lateral calcaneus at an
angle of approximately 133 degrees from the long axis of
the fibula.® CFL restricts excessive supination of both the
talocrural and subtalar joints. In vitro experiments have
shown that CFL restricts excessive inversion and internal
rotation of the bare foot and is most tense when the ankle
is in dorsiflexion.” The CFL is the second most frequently
injured ligament within the lateral talocrural ligaments.’

The PTFL runs posteriorly from the lateral malleolus
and terminates in the posterolateral portion of the talus.
The PTFL has wide endings on both the talus and the
fibula. It limits both inversion and internal rotation of the
talocrural joint during walking. PTFL is the least injured
of the lateral ankle ligaments."’

The distal tibiofibular joint is formed between the
distal ends of the tibia and fibula. This joint, in the form
of syndesmosis, has limited range of motion between the
two bones.”” However, the limited gliding movement in
this joint is important for the normal mechanics of the
entire ankle complex. In the LAS, the normal position of
the distal tibiofibular joint is impaired and therefore the
ankle dorsiflexion movement is restricted.''? Therefore,
posterior and superior mobilizations to the fibula bone in
the early and middle period of rehabilitation allow patients
to relieve their symptoms."’

By contracting the muscles, they create stiffness in the
muscle-tendon units and thus contribute to the dynamic
stabilization of the joints. Muscles are responsible for
releasing movement by concentric contraction, and by
eccentric contraction, they make an important contribution
to dynamic stabilization.'*'” The peroneus longus and brevis
muscles contract eccentrically to support the lateral ankle
ligaments during supination of the bare foot. In addition,
the tibialis anterior, extensor digitorum longus, extensor
digitorum brevis and peroneus tertius muscles on the front
of the leg contract eccentrically during supination of the
hind foot and support the lateral ligaments. These muscles
provide support by slowing the ankle plantar flexion
movement, especially when the bare foot is in supination.'*"

INJURY MECHANISM

LAS most commonly occur due to excessive supination
of the bare foot about an externally rotated tibia and fibula
soon after initial contact of the bare foot during gait or
landing from a jump.'® Excessive inversion and internal
rotation of the bare foot, coupled with external rotation
of tibia and fibula, results in strain to the lateral ankle
ligaments. If the strain in any of the ligaments exceeds the
tensile strength of the tissues, ligamentous damage occurs.
Increased plantar flexion at initial contact appears to
increase the likelihood of suffering a lateral ankle sprain.'®
The ATFL is the first ligament to be damaged during a
lateral ankle sprain, followed most often by the CFL. PTFL
injury appears to be least common.'¢

After LAS, damage to the ligaments and sensory
disturbances in the central nervous system occur.”
Subsequently, changes in ligament structure and inhibition
of spinal reflexes appear. The result is altered joint loading
and altered normal movement patterns. Thus, the risk of
osteoarthritis in the ankle increases."”

CLASSIFICATION OF LATERAL ANKLE
SPRAIN

LAS can be classified according to the severity and
duration of the injury. Traditionally, LAS are diagnosed by
a grading system. Grade I LAS are the most common type
of sprains, and patients with grade I LAS typically present
with mild pain and swelling over the ATFL with no joint
instability."® Patients with grade II LAS present with greater
disability, moderate pain, and swelling over both the ATFL
and the CFL. Furthermore, grade II LAS typically involve
complete rupture of the ATFL and stretching of the CFL
fibers. The most severe sprains are classified as grade III,
but these are relatively uncommon in athletes and result in
extreme disability. This type of injury involves damage to
the ATFL, CFL, and PTFL.18 According to the duration of
the injury, it is called acute ankle instability for 0-6 weeks,
subacute for 6-12 weeks, and chronic ankle instability for
12 weeks and above.’

CHRONIC ANKLE INSTABILITY

Chronic ankle instability (CAI) is defined as a
continuous ankle sprain and feeling of emptiness 1 year
after the ankle injury. CAI is divided into functional
and mechanical.”” If anatomical changes occur in the
first ankle injury, mechanical instability develops in
the ankle. Mechanical instability with untreated injury
leads to other changes. These changes are pathological
laxity, deterioration in arthrokinematic movements, and
degenerative joint damage. These changes can occur in
isolation or in combination with each other."

Injury to the lateral ligaments of the ankle results
in adverse changes to the neuromuscular system that
provides dynamic support to the ankle. Freeman et al.*
first described the concept of functional instability in
1965. They attributed impaired balance in individuals
with lateral ankle sprains to damaged articular
mechanoreceptors in the lateral ankle ligaments, which
resulted in proprioceptive deficits. The contribution of
impaired proprioception, while important, does not fully
explain why ankle-ligament injury predisposes athletes to
functional ankle instability. The pathoetiologic model is
not com plete without including impaired neuromuscular
control, thus resulting in inadequacies of the dynamic
defense mechanism protecting against hypersupination of
the bare foot.*

CLINICAL EVALUATION

Usually following 3 tests are used in physical
examination:
o Anterior drawer test
o Anterolateral drawer test
o Reverse anterolateral drawer test
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Musculoskeletal care providers routinely examine
talocrural joint integrity with the anterior drawer test
(ADT) to identify the severity of anterior talocrural joint
laxity in the acute setting, to advance clinical progression
during rehabilitation, or to assign subjects to a research
group on the basis of those joint examinations. The
ADT presumably can be used to detect the presence of
injuries to the ATFL. The clinician performs the test by
manually applying an anteriorly directed force at the
calcaneus or a backward push on the tibia and attempting
to discern pathological talocrural joint laxity from
normal physiological laxity.”’ van Dijk et al. evaluated
160 inversion ankle injuries and reported a sensitivity
of 71% and specificity of 33% in the diagnosis of ankle
ligament tears when the physical exam was based on a
cluster of signs and symptoms, such as the formation of a
hematoma, location of pain, palpation, and the results of
the ADT, with arthrography used as the gold standard.”
In the ADT, when the ATFL is injured, the medial deltoid
ligament can remain intact, which can lead to false
negative results.”’

The test is performed in a sitting position with the
calf hanging over the edge of the examination bed. While
the tester stabilizes the tibia with one hand and pulls the
calcaneus forward with the other hand while the ankle is
plantar flexed, he tries to feel the forward displacement of
the talus with his thumb. More specifically, the index and
middle fingers are pressed firmly against the posterior
aspect of the heel to provide the force directed forward.
The palm supports the sole of the foot to provide 10°-15°
plantar flexion and tighten the lateral ligaments. The
thumb is placed on the relatively flat plane of the lateral
surface of the anterior talar dome and 1 ¢cm proximal to
the tip of the anterior surface of the lateral malleolus.
Evaluation is done as in ADT.*

The examination is perform, while the patient was lying
in the bed with the knee flexed and the angle of the knee
adjusted to facilitate plantar flexion. The heel is completely
pressed on the bed by the examiner with one hand after
adjusting the ankle to a 10°-15° degree plantar flexion and
unconstrained internal rotation. The index and middle
fingers is place along the relatively smooth plane of the
lateral aspect of the anterior talar dome and the anterior
aspect of the lateral malleolus 1 cm proximal to its tip. The
other hand hold the distal tibia, and the base of the palm
pushed against the tibia to induce a posteriorly oriented
displacement of the tibia with a force parallel with that
of the articular surface arch of the talus. This test is more
sensitive than ADT and ADLT.”

CLINICAL SYMPTOMS

Inflammation symptoms such as pain, edema, increased
temperature, redness and loss of function occur after acute
ankle injury. In CAI the symptoms are divided into 4 main
headings: i) limitation of movement, ii) loss of strength, iii)
loss of balance, and iv) functional limitation.?®

Loss of range of motion (ROM) in LAS may occur due
to arthrokinematic and osteokinematic reasons. ROM is
the both a cause and a consequence of the LAS. It has been
reported that patients with ankle dorsiflexion limitation
of motion are more likely to have LAS.” In daily life, 10
degrees of passive ankle dorsiflexion movement is required
for walking and going down stairs, and 20-30 degrees of
active ankle dorsiflexion movement is required for running
and sprinting.”’ People with dorsiflexion limitation of
motion change their biomechanics to compensate for the
loss of ROM. Thus, they become more vulnerable to injury.
Due to pain and inflammation after acute LAS, patients
can only do 7-8° dorsiflexion movements.* After inversion
injury, the ATFL applies an inferior, anterior directional
traction force to the fibula. This leads to biomechanical
changes in the proximal and distal tibiofibular joints,
resulting in loss of dorsiflexion range of motion.” At
the same time, in chronic LAS, ankle dorsiflexion ROM
decreases due to limitations in posterior talus sliding
movements.**?!

Both concentric and eccentric strength losses are seen
in CAI” The ability of the skeletal muscle surrounding the
ankle to provide dynamic support duringjoint decelerations
and perturbations is important for normal ankle function
and injury prevention.’” Following an acute LAS, isometric
eversion strength is reduced when compared bilaterally
for up to 3 weeks following injury.**** However, inversion
strength deficiencies have also been described in the first
few weeks following a LAS, and therefore both inverter
and evertor muscle strength may be equally important
in the early stages of LAS rehabilitation.”> During early
recovery, strength deficiencies can be predicted to be
associated with previous deficiencies present before the
initial injury, pain-related muscle inhibition and swelling
from the acute inflammatory process, or acute stretching
of the surrounding musculature. However, the long-term
consequences of a LAS, including decreased physical
activity, decreased ankle ROM, and altered motion
patterns, potentially result in recurrent strength deficits
in a subset of developing patients.’® For this reason,
atrophy that may occur can be prevented by isometric
muscle strengthening in the acute period of the injury.
Concentric, eccentric and pilometric strengthening should
be emphasized in the middle and late periods."

Individuals with LAS injury have decreased
neuromuscular control and proprioception sense
compared to healthy controls.”® As the reason for the
decrease in postural control; Inhibition of spinal reflexes
due to disruption of sensory pathways in the central
nervous system can be demonstrated.” Although
there are differences in the physiological definitions of
neuromuscular control and proprioception, both can be
improved with balance exercises. After LAS, the static
balance of the patients can be evaluated by standing on one
leg, and the dynamic balance can be evaluated with the Star
Excursion Balance Test.”® In the literature, it is stated that
balance exercises reduce the incidence of ankle sprain.*
In rehabilitation after LAS, balance exercises should have
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an important place in improving neuromuscular control
and proprioception sense. Balance exercises should be
progressed with different methods such as from static
to dynamic, from simple to difficult, from single task to
double task, from fixed floor to moving floor.””**

Loss of functional activity in CAI occurs during
walking, running, jumping and cutting movements. In the
acute and chronic period after LAS, an increasing inversion
pattern is observed in the ankle before the first contact in
walking.”” In addition, patients experience a decrease in
plantar flexion ROM and increase in knee flexion ROM. The
reason for this is that they feel safe by putting their ankle in
the closed position.*' Thus, especially in the acute phase of
the injury, patients walk with shorter stride length, shorter
single leg support time and reduced maximum power.** In
the literature, it has been shown that gait training given
to patients after LAS injury improves the gait of patients.*’
There are changes in the biomechanics of jumping and
landing in patients after LAS.*® Acute LAS patients decrease
the flexor moment on the injured side and increase the
extensor moment on the healthy side while jumping. This
creates an asymmetry between the two sides. The reason for
this is that they slow down the body and exhibit a protective
mechanism. Similarly, protective reactions continue in
the descent position and patients use increased hip flexion
to reduce ground reaction.” In chronic LAS, patients use
increased inversion and knee flexion while descending
extra.*

BIOPSYCHOSOCIAL MODEL OF LATERAL
ANKLE SPRAIN

If the LAS injury is not treated, CAI develops. Detailed
biopsychosocial model has been stated by Hertel et
al.*® Primary tissue injury occurs after LAS. There is an
effect of biopsychosocial factors in both recovery and
chronicity of LAS. The biopsychosocial model of LAS
includes pathomechanical disorders, sensory-perception
disorders, and motor-behavioral disorders, and there
are personal and environmental factors that affect them.
While personal factors affecting the course of injury after
LAS are demographic information, past medical history,
physical attitude and psychological state, environmental
factors are physical activity, work-home demands,
social support and access to health care.*® Evaluation
and treatment of patients after chronic LAS within the
framework of a biopsychosocial model may allow patients
to fully recover.*” Table 1 shows the biopsychosocial model
of LAS.

Table 1. Biopsychosocial model of LAS
Subgroups of the related impairments

Pathomechanical Sensory-Perceptual Motor-Behavioral
Pathologic laxity ~ Pain Altered reflexes
Arthrokinematic ~ Diminished No6romuskuler inhibition
restrictions somasosensation
Osteokinematic Perceived instability Muscle weakness
restrictions
Secondary tissue  Kinesiophobia Balance deficit
injury
Tissue adaptations Lower self-reported Altered movements
funciton patterns
Reduced quality of life Reduced physical activity

REHABILITATION

LAS injuries are treated in 3 phases: acute, subacute and
chronic.

During this period, which covers the first 4 weeks, the
patient has pain, edema, and limitation of movement. This
period is important to prevent the disease from becoming
chronic and to reduce functional losses. Our aim in this
phase is to restore the ankle joint and soft tissue, to prevent
muscle imbalance, to increase proprioceptive sensation and
to provide normal ROM (Table 2)."*

Therefore, POLICE (Protect, Optimal Loading, Ice,
Compression, Elavation)*® application should be started
immediately after injury. Ice application can be applied to the
area where the lateral ligaments are located for 12-15 minutes
either as a fixed or as an ice massage every 2 hours. In Grade
IT and IIT injuries, brace, rigid taping and kinesiotaping can
be used for immobilization if necessary.'**

Due to the deterioration of the biomechanics of the distal
tibiofibular joint and talocrural joint, limitations in ankle
dorsiflexion movement may develop. Therefore, the anterior-
posterior mobilization of the talocrural joint and the upward
and posterior mobilization of the distal talofibular joint
will increase the ankle dorsiflexion movement. This reason,
mobilization exercises for ATFL injuries are important in the
restoration of ROM. Green et al.”” reported that the anterior
and posterior mobilization of the talus increases painless
dorsiflexion movement in the acute period ATFL sprain. In
subacute and chronic period, it has been reported that there
is a discernable treatment effect on ankle ROM and pain with
early mobilization with movement."***" When edema and
pain disappear, Phase 2 is started.*

Table 2. Rehabilitation techniques in the acute period
POLICE
Active dorsiflexion-plantar flexion movements of the ankle

4-way isometric muscle strengthening to the muscles around the ankle
4-way isotonic strengthening of the muscles around the hip area
TENS, NMES

In-water proprioceptive applications

Posterior mobilization of the talocrural joint

Distal talofibular joint mobilization with movement

Cardiovascular training with stationary bike

Lumbopelvic region exercises

TENS: Transcutaneous electrical nerve stimulation, NMES: neuromuscular electrical
stimulation

This period, when the patient has no or minimal pain and
edema, covers 3-6 weeks. The subacute phase begins when
the patient begins to tolerate weight bearing. Neuromuscular
training and balance exercises are emphasized for the provision
of impaired proprioceptive sense, muscle hypertrophy and
proprioceptive sense. Mobilizations are continued to increase
the ankle dorsiflexion ROM. Balance exercises should be
given progression such as double-leg-single-leg, fixed surface-
moving surface, eyes open-closed. Wobble board exercises
and stretching exercises for the gastrosoleus muscle are
performed on the incline board. Initially, the focus should
be on dorsiflexion and plantar flexion. When the ligament
healing is completed, first active movement and then resistant
movements are started in inversion and eversion movements.
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Elastic bandage is recommended for foot exercises. After
single-planned movements, exercises should also be performed
in the diagonal plane (inversion/eversion). During this period,
clinicians should perform exercises aimed at sitting and
correct walking biomechanics. When full ROM without pain is
achieved, phase 3 is initiated when the muscle strength reaches
80-90% of the contralateral side (Table 3).5

Table 3. Rehabilitation techniques in the subacute period

Ankle resistant dorsiflexion-plantar flexion motion
Active eversion-inversion motion of the ankle

Resisted eversion-inversion movement of the ankle [If there is no pain
in active movement, VAS<3 in resistance exercise (concentric first / then
eccentric)]

4-way isotonic strengthening of the muscles around the hip area
NMES

Proprioceptive applications (Must be progressive)

Mobilization techniques for the talocrural and distal talofibular joint
Heel-raise

Cardiovascular training with stationary bike

Walking training

Balance exercises (must be progressed)
Core stabilization exercises

NMES: Neuromuscular electrical stimulation

During this period when the patient’s symptoms are not
relieved, muscle strengthening, increasing proprioceptive,
coordination, correction of walking and running
biomechanics, and advanced exercises are included. It is
continued until the 3*¢ month. After the 34 month, sports-
specific movements are started (Table 4).

Table 4. Rehabilitation techniques in the chronic period

Advanced proprioceptive exercises

Advanced balance exercises

Exercises for resistant (concentric/eccentric) lower extremity muscles
Plyometric exercises

Improvement of walking, running, jumping, cutting biomechanics
Aerobic exercises

Sport-specific movements

Core stabilization exercises

CURRENT CRITERIAS FOR RETURN TO
PLAY AFTER LAS

Due to the high re-injury rate after rehabilitation,
the time to return to sports and recreational activities
should be well planned. There are no common criterias for
returning to sports after LAS in the literature. Although
there are different opinions for the criteria for returning
to sports after LAS, the criteria in Table 4 as a result of
the literature review can be used to decide on returning to
sports. However, further studies are needed.

CONCLUSION

LAS, which is common in recreational and professional
athletes, recurs and becomes chronic if left untreated. Since
the number of mechanoreceptors it contains is high, LAS
should not be considered only as a musculoskeletal disorder.
A detailed clinical evaluation is recommended. Clinically,
the patient presents with limitation of dorsiflexion ROM,
muscle atrophy and unequal strength between the muscles,
deterioration in walking, running and jumping, and
proprioceptive losses. The patient should be approached from
a biopsychosocial perspective both in the evaluation and
treatment phases. The treatment of the patient is carried out
in 3 phases and the transition between phases should be based
on mentioned criterias. In the acute phase of rehabilitation,
emphasis should be placed on eliminating pain and edema,
and preventing loss of ROM and muscle strength. In the
subacute and chronic stages, emphasis should be placed on
increasing the proprioceptive sense and muscle strength,
improving the biomechanics of daily life and sports-specific
movements such as walking, running, jumping. If the patient
is an athlete, return to sports should be planned after the
criterias met.
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Pain/edema NPRS Free of pain and swelling
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8 Standing jump 90% of uninjured limb strength

Static balance Single-leg balance test
Balance error system

. SEBT

Dynamic balance Y balance test
Run program

Running Running technique

Lateral hopping
Vertical hopping
Shuttle run
Sport-specific test
Jumping and cutting
Agility T test

Sports-specific movements

Foot and ankle ability measure
Lower-extremity function scale

Fatienibasediteports Lower limb task questionnaire

Ability to balance without pain
Maintain single-limb stance for 10 s

Compare with the uninjured limb
80% of uninjured limb reach
Balance test with little to no pain

Little to no pain while running
Run at max speed without pain

80% of the uninjured leg amount
Consistent T-test times between 8.9 and 13.5 s
Speed and quality movement during sport-specific test

Athlete feels confident
The athlete is ready to return

Injury-psychological readiness to return sport scale

VAS: Visual analog scale, NPRS: Numeric pain rating scale, SEBT: Star excursion balance test
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ABSTRACT

Bilateral capitellar fractures are very rare injuries. If the anatomy is not restored properly, limitation in elbow movements
and permanent disability are inevitable. Fixation of the capittal fracture to allow early movement is important. In prolonged
immobilization, limitation of movement is encountered. We present a case of a 52 years old women affected by a shear fracture
of a capitellum after fall from chair. Open reduction and internal fixation were performed for both capitellum fractures.
Early rehabilitation was initiated to prevent joint motion contracture. As a result of the long-term follow-up of the patient, no
limitations were observed in the activities of daily living. We suggest early rehabilitation following open reduction and internal

fixation in patients admitted to us with capitellum fracture.

Keywords: Capitellum fracture, open reduction, headless screw, early rehabilitation

INTRODUCTION

Capitellar fractures are rare injury’s." They account only
%1 of all elbow fracture’s (isolaterd fracture of capitellum).
These fracture often can occur after fall from outstretched
hand.” The mechanism of the fracture is axial loading force
admitted radial head to capitellum humeri. The clasification
system most commonly used for capitellar fracture is Byran-
Morrey.” There are three type of capitellar fracture has been
described by Byran and Morrey. Type 1 fractures are coronal
shear fractures that include most of the capitellum fractures.
As a importance of the capitellum anatomic reduction and
proper fixation is necessary to allow early elbow range of
motion and preserve elbow from arthritis (fracture of the
capitellum) There is a few bilateral capitellar fracture has
been published in the literature yet."**

CASE REPORT

We report case 52 years old female who felt from chain
on his out stretched hands. First examination; lateral sided
elbow pain at both elbow, swelling and dermabrasion. Pain
was triggered with motion. Bilateral elbow had range of
motion restriction. Patient didn’t fully extend his elbow both
pasifly and actively. There was no laxity on both elbow. No
neurovascular injury was noted during the administration
to the emergency room (ER). We confirmed bilateral Type 1
hahn- steinthal capitellum fracture both on radiographs and
CT scan (Figure 1).

A posterolateral Kocher approach was applied for
anatomic reduction and stable fixation. Stable fixation
maintained with two headless screw in convergent
configuration, though to Posterior anterior direction and
additional one screw at different direction to improve fixation

strength (Figure 2). Before the definitive fixation, temporary
k wire used to facilitate reduction. No early postoperative
complication was reported.

Figure 1. Preoperative Xray and CT scan views
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Figure 2. Postoperative right and left elbow X-rays

Both elbows were immobilized for two weeks, and early
intensive rehabilitation started after cast removal to preserve joint
from stiffness. On the 12 week both fracture’s healed without
any reduction loses or implant failure. Trabecular unification
presented at 12 weeks on control radiographs (Figure 3).

Figure 3. Postoperative 12. Week control X-ray

At final fallow up 6 moths postoperatively her both elbows
had residual flexion contracture 5 degrees at both side, there
was no flexion restriction on both side, there was no pain at
elbows during the Daily activity she had satisfactory outcome
from surgery (Figure 4).

Figure 4. Postoperative 8 month range of motion

DISCUSSION

Bilateral capitellum fractures are rarely encountered in
daily orthopedic practice. Few cases of bilateral capitellar
fractures have been reported in the literature. Capitellum
fracture is relatively rare injury that can occur female
patient more often due to superior carrying angle of elbow
(hanh steinhanh fracture report of two cases)(fracture of
the capitellum and trohlea) Type 1 hahn- steinthal fracture
is the most common type that produced by axial loading on
the outstretched hand.” If surgical treatment isn’t performed
precisely, displaced capitellum fracture block motion both
flexion and extension.” Considering the cases treated for
bilateral capitellar fractures, it was observed that the results
were not satisfactory if anatomical reduction and early
mobilization could not be achieved in cases followed up with
closed reduction and plaster cast.! There are several treatment
option for capitellar fracture such as; open reduction and
internal fixation, fragment excision, closed reduction and
cast immobilization, arthroplasty.®” Few studies in literature
have reported about fragment excision, according to this
studies result of the fragment excision much similar to radial
head. Short and mid-term results are acceptable. Fragment
excision can be treatment option. If the fracture that are not
amenable for open reduction and internal fixation."’ It has
been shown that poor results are obtained as a result of k-wire
applications for capitellar shear fractures. The reason for this
was that the k-wire was insufficient for fixation and prolonged
immobilization was observed.*

Most of the studies advocate open reduction and stable
fixation for large capitellar fracture. We prefer headless
compression screw placement in posterior to anterior
direction and additional screws at different direction to
improve fixation strength. Better functional results with
only one direction (posterior-anterior) screw placement
has mentioned before at literature."" Mighell et al.'* argued
that when posterior- anterior direction prefer, it can disturb
circulation of the capitellum and it can cause AVN. We didn’t
observe any AVN findings at our patient. Screw placement at
anterior-posterior direction has been shown biomechanically
superior to posterior-anterior direction.”” In our patient we
haven’t seen any reduction lose or implant failure at fallow ups.
We haven’t seen any additional screw related complication.
Ruchelsman et al.”* recommends fixation with 2 screws in
divergent direction in order to avoid iatrogenic fracture and
to provide adequate fixation. In order to avoid iatrogenic
fracture, attention should be paid to the distance between the
two screws.”” In our case, no iatrogenic fracture associated
with the application of 3 screws was encountered. Additional
plate fixation is recommended for more complex fracture
patterns. In more complex fracture patterns, additional
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plate fixation is recommended in cases where the posterior
cortex is not intact."” There are studies showing that the use
of biodegradable screws for capitellar shear fractures gives
good clinical results.’® In addition, arthroscopic approaches
for capitellum fracture fixation have been described and good
results have been reported.”

Limitation of the elbow range of motion is the most
common complication of the capitellar fracture 3. Other
common complication of capetellum fracture is arthritis.
Especially after joint incongruity after inadequate reduction."
Arthritis range from %11-51 after capitellum fractures.”
We havent seen any arthrosis finding at our fallow-ups for 2
years. Early range of motion seem to be the key to successful
outcome. Early mobilization of the elbow can prevent elbow
from joint stiffness.”’” Anatomic reduction, stable fixation
and early mobilization is the key success of the capitellar
shear fractures.

CONCLUSION

In the surgical treatment of capitellum fractures,
attention should be paid to anatomical reduction and stable
fixation. Early movement and rehabilitation can prevent
joint movement limitations. Fixation of capitellum fractures
with headless screw allows early rehabilitation and joint
movement.

ETHICAL DECLARATIONS

Informed Consent: All patients signed the free and
informed consent form.

Referee Evaluation Process: Externally peer-reviewed.

Conflict of Interest Statement: The authors have no
conflicts of interest to declare.

Financial Disclosure: The authors declared that this
study has received no financial support.

Author Contributions: All of the authors declare that
they have all participated in the design, execution, and
analysis of the paper, and that they have approved the final
version.

REFERENCES

1. Schindler OS. Bilateral capitellum humeri fracture: a case report and
review of the literature. ] Orthop Surg (Hong Kong). 2003;11(2):207-212.
doi:10.1177/230949900301100218

2. Amis AA, Miller JH. The mechanisms of elbow fractures: an
investigation using impact tests in vitro. Injury. 1995;26(3):163-168.
doi:10.1016/0020-1383(95)93494-3

3. Rausch V, Kénigshausen M, Schildhauer TA, Gessmann J, Seybold D.
Fractures of the capitellum humeri and their associated injuries. Obere
Extrem. 2018;13(1):33-37. d0i:10.1007/s11678-018-0441-9

4. Polat O, Arikan M, Giingor S, Karatas M. Bilateral capitellum humeri
fracture; a case report. Acta Chir Belg. 2009;109(5):647-650. doi:10.1080
/00015458.2009.11680508

5. Zaddoug O, Benchakroun M, Lazrak K. Fracture bilatérale du
capitulum, & propos d’un cas avec revue de la littérature [Bilateral
capitulum humeri fracture, a case report and review of the literature].
Chir Main. 2006;25(3-4):159-162. doi:10.1016/j.main.2006.04.004

6. Are A, Tornatore I, Theodorakis E. Operative management of a

shear fracture of the bilateral capitellum: A case report and review

of the literature. Chin J Traumatol. 2016;19(4):231-234. doi:10.1016/j.
cjtee.2015.11.017

Dubberley JH, Faber KJ, Macdermid JC, Patterson SD, King GJ.

Outcome after open reduction and internal fixation of capitellar and

trochlear fractures. ] Bone Joint Surg Am. 2006;88(1):46-54. doi:10.2106/

JBJS.D.02954

8. Cutbush K, Andrews S, Siddiqui N, Brown LM, Ross M. Capitellar
fractures-is open reduction and internal fixation necessary?. ] Orthop

N

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Trauma. 2015;29(1):50-53. doi:10.1097/BOT.0000000000000148

. Chang N, King GJW. Elbow Hemiarthroplasty for the Treatment of

Distal Humerus Fractures. Orthop Clin North Am. 2020;51(2):265-277.
d0i:10.1016/j.0c1.2019.11.009

Garner MR, Schottel PC, Hotchkiss RN, Daluiski A, Lorich
DG. Capitellum fracture fragment excision: a case series. HSS J.
2015;11(3):204-208. d0i:10.1007/s11420-015-9452-x

Lopiz Y, Rodriguez-Gonzalez A, Garcia-Fernandez C, Marco F. Open
reduction and internal fixation of coronal fractures of the capitellum in
patients older than 65 years. ] Shoulder Elbow Surg. 2016;25(3):369-375.
doi:10.1016/j.jse.2015.12.004

Mighell M, Virani NA, Shannon R, Echols EL Jr, Badman BL, Keating
CJ. Large coronal shear fractures of the capitellum and trochlea treated
with headless compression screws. ] Shoulder Elbow Surg. 2010;19(1):38-
45. doi:10.1016/j.jse.2009.05.012

Elkowitz SJ, Polatsch DB, Egol KA, Kummer FJ, Koval KJ. Capitellum
fractures: a biomechanical evaluation of three fixation methods. J
Orthop Trauma. 2002;16(7):503-506. doi:10.1097/00005131-200208000-
00009

Ruchelsman DE, Tejwani NC, Kwon YW, Egol KA. Coronal plane
partial articular fractures of the distal humerus: current concepts
in management. ] Am Acad Orthop Surg 2008;16(12):716-728.
d0i:10.5435/00124635-200812000-00004

Wang P, Kandemir U, Zhang K, et al. Treatment of capitellar and
trochlear fractures with posterior comminution: minimum 2-year
follow-up. J Shoulder Elbow Surg. 2019;28(5):931-938. doi:10.1016/j.
jse.2018.09.004

Kramer M, Pamnani A, Strauch RJ. Internal fixation of a capitellum
fracture using a biodegradable screw. Orthopedics. 2002;25(7):765-766.
d0i:10.3928/0147-7447-20020701-20

Yari SS, Bowers NL, Craig MA, Reichel LM. Management of distal
humeral coronal shear fractures. World J Clin Cases. 2015;3(5):405-417.
doi:10.12998/wjcc.v3.i5.405

Guitton TG, Zurakowski D, van Dijk NC, Ring D. Incidence and risk
factors for the development of radiographic arthrosis after traumatic
elbow injuries. ] Hand Surg Am. 2010;35(12):1976-1980. doi:10.1016/j.
jhsa.2010.08.010

Heck S, Zilleken C, Pennig D, Koslowsky TC. Reconstruction of
radial capitellar fractures using fine-threaded implants (FES). Injury.
2012;43(2):164-168. doi:10.1016/j.injury.2011.04.009

46



