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Abstract

Objectives: To evaluate the relationship between cartilage loss and differences in muscle thickness and/or leg length
in poliomyelitis sequelae (PMS). Our study is the first to evaluate the relationship between cartilage loss and both muscle
atrophy and leg length discrepancy in the same population. Methods: 37 patients with PMS and 38 healthy controls
were included. Talar and distal femoral cartilage thicknesses and gastrocnemius medialis and quadriceps femoris muscle
thicknesses were measured via ultrasound. Leg length differences and manual muscle strength were also evaluated.
Results: The mean muscle thicknesses and cartilage thicknesses were thinner in the more affected legs than in the less
affected legs in the patient group. All of the ultrasonographic measurements were thinner in the less affected legs of
the patient group than in the right legs of the control group, except for the knee cartilage thicknesses. While there was
a correlation between the cartilage thickness difference and the muscle thickness difference between the less and more
affected legs in the patient group, there was no correlation between the cartilage thickness difference and leg length
differences. Conclusions: Patients with PMS are predisposed to osteoarthritis. Talar and knee cartilage thicknesses may
be more associated with the muscle thickness than the leg length discrepancy in PMS.
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Introduction

Poliomyelitis (PM) is a fecal orally transmitted viral disease
that often causes infection in young children, can involve the
central nervous system, and may even cause various sequelae
that persist in adulthood in some individuals'. Although great
strides were made to prevent PM with the development of the
vaccine in the 1950s, the disease is still endemic in a few
countries such as Nigeria and Pakistan. It is estimated that
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there are 12 to 20 million individuals currently still living with
PMS globally3.

Poliovirusinfectionoftenhas asubclinical course. However,
it can also be seen in a typical clinical picture characterized
by flaccid paralysis and muscle weakness as a result of
diffuse anterior horn involvement in the central nervous
system. Paralytic PM, which can cause severe limitations in
activities of daily living develops in 0.5% of all infections®.
The disease often affects one or both lower extremities to
varying degrees. In individuals with PMS, joint diseases
develop earlier as a result of muscle weakness, abnormal
alignment patterns such as genu valgum, hypotonia, and
ligament laxity and related pathologies (genu recurvatum).
Soft tissue release and corrective osteotomy operations
can be applied to correct alignment and stability of the
joint before the pathologies progress further. Total knee
arthroplasty should be considered in the presence of painful
osteoarthritis, particularly the genu recurvatum associated
with ligament laxity'. Osteoporosis, scoliosis, kyphosis,
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and degenerative disc diseases are other musculoskeletal
problems that develop as a result of muscle weakness>®,
Prevention of obesity, exercise, treatment of osteoporosis,
orthoses (such as antirecurvatum orthoses to protect the
anatomical structure of the knee and prevent and delay
surgery) and walking aids (to reduce the risk of falling and
related fractures) are important steps in the management of
the patients with PMS®7,

Theonlystudyintheliterature evaluatingthetalaranddistal
femoral cartilage thickness in PMS patients did not address
the relationship between leg length difference and cartilage
thicknesses. In addition, lower extremity muscles were not
evaluated by an imaging method in the previous study®. In
our study, we investigated whether there is a relationship
between talar and distal femoral cartilage thicknesses, lower
extremity muscle thicknesses and strengths, and leg length
differences in PMS patients. Our study is the first to evaluate
the relationship between cartilage loss and both muscle
atrophy and leg length discrepancy in the same population.

Materials and Methods
Participants and Demographic Characteristics

Our study included 37 patients aged 18-65 years whose
PM diagnosis was supported by electro-neurophysiological
examinations. All electro-neurophysiological studies were
performed by the same specialist (clinical neurophysiologist).
38 healthy people with similar demographic characteristics
were included as the control group. Patients with
rheumatologic disease, malignancy, fracture in the lower
extremity, other neurological diseases, and total knee
arthroplasty were excluded from the study. Age, gender,
body mass index, and FAC (Functional Ambulation Category)
levels of all participants were noted. The study was conducted
between December 2021 and August 2022.

Grading of Muscle Strength by Manual Method

Hip, knee, and ankle flexor and extensor muscle strengths
were evaluated manually. With this method, muscle strength
was rated as 5/5 (full muscle strength), 4/5 (muscle
strength showing partial resistance to full counterforce),
3/5 (muscle strength that can only complete the movement
against gravity), 2/5 (the muscle strength that completes the
movement only when the effect of gravity is removed), 1/5
(unable to complete its movement even when the effect of
gravity is removed, only contraction), and O (no movement
or contraction).

Assessment of Leg Shortness

While the patient was lying in the supine position, the
amount of leg shortness was calculated by measuring
the lengths of the lower extremities on both sides. Lower
extremity lengths were calculated by measuring the distance
between spina iliaca anterior superior and medial malleolus
using a tape measure®. The amount of shortness was
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Figure 1. Distal femoral cartilage thickness measurement A:
Medial femoral condyle B: intercondylar area C: Lateral femoral

condyle.
N J

Figure 2. Talar cartilage thickness measurement (Asterisk).
- J

determined as the difference between the lengths of the right
and left extremities.

Ultrasonographic measurements

Both distal femoral cartilage thicknesses were measured
from the suprapatellar region with the knees at maximum
flexion, while the participants were lying on their backs.
Measurements were made in the axial positionusingawireless
linear ultrasound (US) probe (Clarius L7 HD before May 2022
and Clarius L7 HD, after May 2022). Distal femoral cartilage
thicknesses were measured from the midpoints of the lateral
femoral condyle, intercondylar area and medial femoral
condyle. Cartilage thickness was determined by measuring
the distance between the thin hyperechoic line at the synovial
space-cartilage interface and the sharp hyperechoic line at
the cartilage-bone interface'® (Figure 1). Cartilage thickness
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values of the lateral femoral condyle, intercondylar area and
medial femoral condyle were summed up and the result was
divided by 3. The average knee cartilage thickness was also
calculated for both sides.

Talar cartilage thickness measurements were made
while the patient was lying on his back with his knees flexed
at 90° and his feet were in a straight position, in contact
with the examination bed. The US probe was placed in the
longitudinal position medial to the tibialis anterior tendon.
Talar cartilage thickness was determined by measuring the
distance between the sharp hyperechoic line at the cartilage-
bone interface and the thin hyperechoic line at the fat tissue
interface in the resulting image'' (Figure 2).

For quadriceps femoris muscle thickness measurement,
US images were taken from the midpoint of the distance
between the anterior superior spina iliaca and the upper end
of the patella while the patient was in the supine position.
At this point, the quadriceps femoris muscle thickness was
considered as the sum of the vastus intermedius and rectus
femoris muscle thicknesses when the probe was in the
sagittal position. The distance between the femoral bone
cortex and the superficial fascia of the rectus femoris was
measured'? (Figure 3).

The gastrocnemius medialis muscle thicknesses were
measured while the patients were lying in the prone position
with their legs extended and relaxed and their feet hanging off
the examination bed. After scanning the muscle throughout
the entire length of it in the sagittal plane, the measurement
was made from the thickest part of the muscle'® (Figure 4).

All measurements were made 3 times by a physiatrist
experienced in musculoskeletal ultrasonography and the
mean values were included in the study. Optimum probe
contact was applied to the tissue to obtain an image,
especially in the muscle thickness measurements, and the
reduction of tissue thickness due to excessive compression
was avoided. All sonographic measurements were made
by a physiatrist with 6 years of US experience. Since the
ultrasonographic measurements of both sides of the healthy
control group were similar, the right leg data of the control
group were used in the study.

Evaluation of Measurements for Correlation Analysis

Leg length discrepancy is an indicator of the difference
between the lengths of both lower extremities. Therefore,
we used the difference values between both legs to evaluate
the relationship between leg length difference and other
parameters. We calculated the difference between less
affected and more affected leg measurements in the patient
group separately for each parameter (muscle thickness
and strength, cartilage thickness, and leg length). We then
evaluated the correlation between these parameters.

In this study, femoral and talar cartilage thicknesses,
and quadriceps femoris and medial gastrocnemius muscle
thicknesses were measured by ultrasonographic evaluation
of both lower extremities in the patient and control groups.
These values were compared between the patient and control
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groups and between the less and more affected extremities
in the patient group.

Statistical Analysis

Descriptive statistics were given as arithmetic mean
+ standard deviation, median and interquartile range for
continuous data, and as frequency and percentage for
categorical data. Conformity of continuous data with the
assumption of normality was evaluated according to the
Shapiro Wilk Test and coefficient of variation. The statistical

230



A. Uysal et al.: Cartilage and muscle thicknesses and leg length discrepancy in poliomyelitis

Table 1. Demographic data of groups.

Control (n=38)

Patient (n=37)

Female (n/%) 12(32.4) 14 (36.8)
Gender 0.688*
Male (n/%) 25 (67.6) 24 (63.2)
Age 4991 +5.41 51.50+ 7.34 0.293**
Weight (kg) 80.43 + 15.65 79.13 £ 10.41 0.672**
Height (cm) 1.69 £ 0.06 1.69 £ 0.06 0.919**
BMI (kg/m?3) 28.10+5.13 27.64 +3.45 0.647**
BMI, body mass index, * Pearson Chi-Square Test, ** Independent Sample T-Test.

Table 2. Comparison of the mean muscle strengths of the less affected legs and the more affected legs within the patient group.

More Affected legs (n=37)

Median (IQR 25/75)

Less affected legs (n=37)
Median (IQR 25/75)

Hip flexor 2.0(1.0/4.0) 5.0(2.0/5.0) <0.001
Hip extensor 2.0(1.0/4.0) 5.0(2.0/5.0) <0.001
Knee flexor 2.0(1.0/4.0) 5.0(2.0/5.0) <0.001
Knee extensor 2.0(1.0/4.0) 5.0 (2.0/5.0) <0.001
Ankle dorsiflexor 2.0(0.0/4.0) 5.0 (2.0/5.0) <0.001
Ankle plantar flexor 2.0(0.0/4.0) 5.0 (2.0/5.0) <0.001
IQR 25/75; quarterly interval, * Mann-Whitney U Test.

Table 3. Ultrasound values of the less affected legs and more affected legs of the patient group and the right legs of the control group.

Patient Group Control Group
More ;:\;Le;_t;)ed legs Less a(:‘f:;’;e)d legs Right legs (n=38)
LFCT (mm) 1.29 +0.43° 2.04 £0.48° 2.16 £0.25° <0.001
ICNT (mm) 1.01 £0.40° 1.98 £ 0.48° 2.08 +0.30° <0.001
MFCT (mm) 1.23+£0.43° 1.97 £0.47° 2.11 £0.24° <0.001
ADFCT (mm) 1.18 £ 0.38° 2.00 +0.45° 2.12+0.25° <0.001
TCT (mm) 0.55+0.13° 0.90+0.21° 1.04+£0.22° <0.001
QFMT (mm) 18.23 £6.53° 28.09 £ 8.01° 37.09 £4.18° <0.001
GMMT (mm) 10.69 + 2.00° 16.95 + 1.96° 18.79 + 1.69° <0.001

LFCT, lateral femoral condyle thickness; ICNT, intercondylar notch thickness; MFCT, medial femoral condyle thickness; ADFCT, average
distal femoral condyle thickness; TCT, talar cartilage thickness; QFMT, quadriceps femoris muscle thickness; GMMT, gastrocnemius medialis
muscle thickness

* One-Way Analysis of Variance, The difference between means with different lowercase letters in the same row was found to be statistically

significant (p<0.05).

difference between the patient and control groups in
terms of categorical variables was determined by Pearson
Chi-Square Test. The statistical difference between the
groups in terms of continuous variables was evaluated
with the Independent Sample t test if the assumption of
normality was provided; If not, it was determined by the
Mann Whitney-U Test. Statistical difference between
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groups in terms of continuous variables was determined
by One-Way Analysis of Variance. If a significant difference
was detected between the groups as a result of the One-
Way Analysis of Variance, the pairwise comparisons that
caused the difference were made with the Tukey Post-hoc
Test. Spearman correlation analysis was performed for
the analysis of the relationship between the variables.
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Table 4. Correlations in the patient group.

| ApFctD | TCTD QFMTD | GMMTD | KESD PFSD | LLD
Correlation coefficient 1.000 0.493** 0.432** 0.082 0.413* 0.106 0.228
ADFCTD Sig. (2-tailed) . 0.002 0.008 0.629 0.011 0.531 0.175
N 37 37 37 37 37 37 37
Correlation coefficient 0.493** 1.000 0.154 0.347* 0.458** 0.303 0.039
TCTD Sig. (2-tailed) 0.002 . 0.364 0.036 0.004 0.068 0.820
N 37 37 37 37 37 37 37
Correlation coefficient 0.432** 0.154 1.000 0.219 0.524** -0.085 0.244
QFMTD Sig. (2-tailed) 0.008 0.364 . 0.193 0.001 0.615 0.146
N 37 37 37 37 37 37 37
Correlation coefficient 0.082 0.347* 0.219 1.000 0.234 0.610** 0.008
GMMTD Sig. (2-tailed) N 0.629 0.036 0.193 . 0.164 0.000 0.962
37 37 37 37 37 37 37
Correlation coefficient 0.413* 0.458** 0.524** 0.234 1.000 0.222 0.295
KESD Sig. (2-tailed) 0.011 0.004 0.001 0.164 . 0.186 0.076
N 37 37 37 37 37 37 37
Correlation coefficient 0.106 0.303 -0.085 0.610** 0.222 1.000 0.256
PFSD Sig. (2-tailed) 0.531 0.068 0.615 0.000 0.186 . 0.127
N 37 37 37 37 37 37 37
Correlation coefficient 0.228 0.039 0.244 0.008 0.295 0.256 1.000
LLD Sig. (2-tailed) 0.175 0.820 0.146 0.962 0.076 0.127 .
N 37 37 37 37 37 37 37
ADFCTD, average distal femoral condyle thickness difference; TCTD, talar cartilage thickness difference; QFMTD, quadriceps femoris
muscle thickness difference; GMMTD, gastrocnemius medialis muscle thickness difference; KESD, knee extensor strength difference; PFSD,
plantar flexor strength difference; LLD, leg length discrepancy
** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

In all statistical analyses, the limit of significance was
determined as p<0.05 and SPSS 22 statistical package
program was used.

Results

Demographic data of both groups were similar (p>0.05)
(Table 1). The median strength values of all the muscles
examined in the patient group were lower in the more
affected leg than in the less affected leg (p<0.001) (Table
2). The median FAC level of the patients was 2 (0-5). The
leg length discrepancy of the patients with PMS was 3.1 cm
(mean value) or 3 cm (median value).

In terms of lateral femoral condyle thickness (LFCT),
intercondylar notch thickness (ICNT), medial femoral condyle
thickness (MFCT), and average distal femoral condyle
thickness (ADFCT) values, a statistical difference was found
between the more affected leg and the less affected leg or the
most affected leg of the patient group and the right leq of the
control group (p values <0.001) (Table 3). The talar cartilage
thickness values were statistically different from each other
in all 3 groups (all p values <0.005). QFMT and GMMT values
were statistically different in all three groups (all p values
<0.001) (Table 3).
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We observed a positive and moderate correlation between
the differences in the thickness of the knee cartilage and
the differences in knee extensor muscle strength (r=0.413,
p=0.011), quadriceps femoris muscle thickness (r=0.432,
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p=0.008) (Figure 5), and talar cartilage thickness (r=0.493,
p=0.002) betweenbothlower extremitiesinthe patient group.
We observed amoderate correlationbetween the differencein
talar cartilage thickness and the difference in gastrocnemius
medialis muscle thickness (r=0.347, p=0.036), and knee
extensor strength (r=0.458, p=0.004). We found a moderate
correlation between QFMTD and KESD (r=0.524, p=0.001)
and between GMMTD and PFSD (r=0.610, p=0.000) (Table
4). A correlation between leg length differences and ankle
dorsiflexor muscle strength differences (r=0.419, p=0.01)
or knee flexor strength differences (r=0.600, p=0.000) was
found in the present study.

Discussion

We found that the mean talar and knee cartilage
thicknesses and quadriceps femoris and gastrocnemius
medialis muscle thicknesses of the PM patients were thinner
in their more affected legs than in their less affected legs. In
the less affected side of the patient group, the mean values
of all US measurements were thinner than the mean values
of the healthy group, excluding the knee cartilage thickness.
We found a positive and moderate correlation between the
differences in the thickness of the knee cartilage and the
differences in knee extensor muscle strength, quadriceps
femoris muscle thickness, and talar cartilage thickness
between both lower extremities in the patient group. We
observed a moderate correlation between the difference in
talar cartilage thickness and the difference in knee cartilage
thickness, gastrocnemius medialis muscle thickness,
and knee extensor strength. A correlation between leg
length differences and ankle dorsiflexor muscle strength
differences or knee flexor strength differences was found in
the present study.

Leg length discrepancy is the height difference between
both legs. Therefore, we used a method similar to that of
Eckstein et al.'* to evaluate the correlation between leg length
difference and other parameters. Eckstein et al. measured
the thickness of the knee cartilage at different times in the
OA patient group and the control group. They then calculated
the cartilage thickness change between different times in
both groups and compared the cartilage thickness changes
of both groups'.

The relationship between increased mechanical load on
the joint and osteoarthritis has been shown previously'®. As a
result of muscle weakness in PMS patients, more loadis placed
on the joint and surrounding ligaments and joint instability
develops. Therefore, musculoskeletal problems are more
common in individuals with PMS'®. In the etiopathology of
joint diseases in patients with PMS, besides muscle weakness
and some related mechanic disorders such as abnormal
alignment and ligamentous laxity, leg length discrepancy
is also blamed'®. Leg length discrepancy worsens gait and
function in patients with PMS'". Leg length discrepancy can
also be seen in cerebral palsy, especially in the unilateral
form'®. Moreover, upper extremity shortness may develop in
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individuals with neonatal brachial plexus palsy over years, and
this can be partially cured by neurosurgical reconstruction'®.

It is known that leg length discrepancy in people without
neurological impairment can trigger joint degenerationin the
early period?°, by impairing gait balance and weight transfer
and can lead to knee osteoarthritis?'.

However, PM is a neurological disease that can result in
both muscle and bone pathologies such as muscle paralysis
and atrophy, bone thinning, and short limb length?2. Although
both muscle weakness and leg length asymmetry have been
suggested as parameters that may cause arthrosis in PMS
patients'®, the data of our study showed that there was a
relationship between only muscle weakness difference and
cartilage thickness difference in PMS patients, not the leg
length disperency. As supported by our data, the relationship
between muscle weakness and cartilage destruction may
be stronger than the relationship between leg length
discrepancy and cartilage destruction. We think that the
results were like this because PM is a disease characterized
by combined pathologies such as muscle weakness and
leg length difference. Although it was thought that there
was a relationship between leg length discrepancy and
osteoarthritis in patients with PMS®, we did not find a study
on this subject in the literature review.

The literature on the relationship between the severity
of muscle paralysis and the level of leg shortness in
patients with PMS is contradictory®®. We did not observe
any correlation between leg length differences and muscle
strength differences, except for ankle dorsiflexor muscle
strength differences or knee flexor strength differences.

Nam et al. found an association between leg length
difference and falling in PMS patients whereas they did not
detect any association between muscle strength and falling?*.

We observed a relationship between cartilage thickness
measurements and muscle thickness measurements. In
the patient group, a positive and moderate correlation
was found between the knee cartilage thickness difference
and quadriceps femoris muscle thickness difference,
and between the talar cartilage thickness difference and
gastrocnemius medialis muscle thickness difference. US
is a reliable method used in the determination of muscle
thickness. Muscle cross-sectional area is a good indicator of
muscle strength and is related to muscle thickness. Gellhorn
et al. showed that muscle thickness measurement is superior
to strength measurements for assessing quadriceps function
in individuals with knee osteoarthritis?>.

Gilles et al. measured the quadriceps muscle thickness
by US and the quadriceps cross-sectional area by MRI in
patients with patellofemoral pain syndrome and found a good
correlation between both measurements?®.

Consistent with the literature, there was a correlation
between the quadriceps femoris muscle thickness difference
and knee extensor strength difference, and between
gastrocnemius medialis muscle thickness difference and
plantarflexor muscle strength difference in our study.
However, a study published in 2020 showed that muscle
quality (the amount of fat in the muscle) was more effective
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on walking speed than muscle thickness in individuals with
knee osteoarthritis?’.

In our study, we found a correlation between the knee
cartilage thickness difference and knee extensor muscle
strength difference. Contrary to the literature?®2°, we did
not find a correlation between the difference in plantar flexor
muscle strength and the difference in the talar cartilage
thickness. We think that this may be related to manual muscle
testing as stated in the limitation of the study.

A meta-analysis determined that there was a significant
decrease in isometric plantar flexion, dorsiflexion,
eversion, and inversion torque measurements in patients
with ankle OA. However, it is not clear whether ankle OA is
more related to the plantar flexor or the dorsiflexor muscle
weakness or both?°,

Angerova et al. found that the knee cartilage thickness
values of PMS patients were thinner in the more affected legs
than in the less affected legs. They found that talar cartilage
thicknesses were similar between both lower extremities
in the patient group. They also compared the data of the
patient group with those of the healthy control group. They
observed that the patient group had thinner knee cartilages
in the more affected legs and thinner talar cartilages in both
legs compared to the healthy control group®. In constrast to
previous study we found that talar cartilage thicknesses were
thinner in the more affected legs than in the less affected
legs. We found that the mean talar cartilage thickness on
the less affected side of the patient group was thinner than
the mean value of the healthy subjects. Change (decrease)
in cartilage thickness is an indicator of progression in
osteoarthritis'4. Angerova et al. observed a moderate and
statistically significant correlation between knee cartilage
thickness and knee extensor muscle strength®. Similarly,
we found a positive and moderate correlation between the
differences in the thickness of the knee cartilage and the
differences in knee extensor muscle strength between both
lower extremities in the patient group.

Thoren-Jonsson et al. showed that approximately half
of the patients who were offered mobility aids did not
want to use them3°. Patients should be informed about the
importance of using orthoses and/or mobilization aids to
improve weight transfer, correct knee genu recurvatum,
facilitate mobilization, and reduce the risk of falling. Future
studies involving larger patient groups are needed to clarify
possible interactions in this regard.

The relatively small size of our patient group is the first
limitation of our study. Second, the muscle cross-sectional
area was not evaluated. Third, the pennation angle and echo
intensity parameters of the muscles were not included in
the study. Grading of muscle strength by manual method is
another limitation of our study. The last limitation of our study
was that we did not use an X-Ray for leg length measurement,
but we preferred measuring with a tape measure in our study
due to the radiation risk.
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Conclusion

In our study, we found that the ankle and knee joints of
patients with PMS were prone to osteoarthritis. Moreover,
we observed a relationship between the progression of
osteoarthritis and the difference in muscle thickness.
Orthoses and/or walking aids should be prescribed to
patients who need them to reduce the overload on the
joint associated with muscle weakness and to support joint
stabilization. In the light of the data of our study, we have no
doubt that future studies will be conducted on the effect of
regular use of orthoses and/or walking aids on the prevention
of osteoarthritis in patients with PMS or other neurological
deficits such as hemiplegia and cerebral palsy. We think that
new studies are needed to develop other evidence-based
treatment approaches.
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