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Abstract

Study design Cross-sectional

Objective To investigate the association between skeletal muscle mass and spasticity in people with spinal cord injury (SCI).
Setting Tertiary level hospital in Seoul, Korea

Methods Spasticity was evaluated in 69 participants with SCI using the spasticity sum score (SSS), Penn Spasm Frequency
Scale (PSFS), and Spinal Cord Assessment Tool for Spastic Reflexes (SCATS). Skeletal muscle mass was measured using a
dual-energy X-ray absorptiometry scanner, and skeletal muscle index was calculated by dividing skeletal muscle mass by
height squared. Laboratory parameters including hemoglobin, albumin, creatinine, fasting glucose, and cholesterol were
measured. Spearman’s correlation analysis was performed to assess the association between the skeletal muscle mass and
spasticity scales. Multiple linear regression analysis was used to present the independent association between them.
Results The participants’ mean age was 41.8 years; 54 (78.3%) were male, and 46 (66.7%) were tetraplegic. Skeletal muscle
index of lower extremities was significantly correlated with all spasticity scales. Spearman’s correlation coefficients
were 0.468, 0.467, 0.555, 0.506, and 0.474 for SSS, PSFS, SCATS clonus, SCATS flexor, and SCATS extensor with p-
values < 0.001, respectively. After adjustment for age, sex, level of injury, body mass index, and serum creatinine, all
spasticity scales were significantly associated with skeletal muscle index of lower extremities in multiple regression analysis.
Standardized coefficients were 0.228, 0.274, 0.294, 0.210, and 0.227 for SSS, PSES, SCATS clonus, SCATS flexor, and
SCATS extensor.

Conclusions Spasticity was significantly correlated with the skeletal muscle mass even after adjusting for possible con-
founders. Spasticity may need to be considered as an influencing factor in interventions such as electrical stimulation to
preserve skeletal muscle mass.

Introduction

Spasticity has been reported to affect ~65-78% of people
with chronic spinal cord injury (SCI) [1, 2]. Spasticity
hinders walking and self-care, causes pain and fatigue, and
contributes to the development of contractures, thus
severely impairing patients’ quality of life [3, 4]. However,
in some cases, spasticity provides stability when sitting or
standing and can facilitate transfers [3, 5]. Therefore,
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strategies for managing spasticity should consider both the
risks and benefits of the symptom.

Loss of skeletal muscle is another common problem
after SCI. Substantial muscle atrophy, especially that
involving contractile proteins, occurs after SCI [6]. Gor-
gey et al. [7] reported that the cross-sectional area of thigh
skeletal muscle decreased while intramuscular fat content
increased after SCI. This change in body composition may
contribute to the development of obesity, diabetes melli-
tus, and metabolic syndrome [8]. In preventing muscle
atrophy, therapeutic interventions such as functional
electrical stimulation have been reported to deliver some
benefits [9].

Considering that spasticity induces muscle contraction,
the question of whether spasticity can prevent or attenuate
loss of skeletal muscle mass may be clinically important.
Two previous studies demonstrated that knee spasticity was
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correlated with the preservation of muscle mass [10, 11].
However, the sample sizes of these reports were small, and
spasticity was evaluated only by the Modified Ashworth
scale, which can be affected by factors other than spasticity
such as viscoelastic properties of soft tissues and joints [12].
Therefore, the objective of this study was to investigate the
association between the skeletal muscle mass of the lower
extremities assessed by a dual-energy X-ray absorptiometry
(DEXA) and spasticity using a panel of spasticity scales to
increase the accuracy of the evaluation.

Methods
Participants

Individuals with chronic SCI who visited the outpatient
clinic of Seoul National University Hospital in Korea were
screened. The inclusion criteria were as follows: more than
1 year after SCI, age between 18 and 60 years, American
Spinal Injury Association Impairment Scale A or B (motor
complete), and informed consent. Individuals with cauda
equina syndrome associated with severe lower extremity
muscular atrophy were excluded. In addition, three parti-
cipants with body mass index (BMI)<15 or >30 kg/m* were
excluded. Data about age, gender, level of injury, and years
after injury were collected. The level of injury was defined
as tetraplegia or paraplegia.

Evaluation of spasticity

Three scales were used to evaluate spasticity: the spasticity
sum score (SSS), Penn Spasm Frequency Scale (PSFS)
[13], and Spinal Cord Assessment Tool for Spastic Reflexes
(SCATS) [14]. All spasticity scales were assessed in the
supine position by the physical medicine and rehabilitation
specialist at a single visit.

To calculate the SSS as in the study of Hagenbach et al.
[15], the Modified Ashworth scale scores of the bilateral
knee and ankle flexors were measured. The original Mod-
ified Ashworth scale of O, 1, 1+, 2, 3, and 4 was translated
to 0, 1, 2, 3, 4, and 5, respectively. Then, SSS was calcu-
lated by dividing the sum of all scores (both knee flexors
and ankle plantar flexors) by four. The PSFS measures self-
assessed global spasm frequency on a 5-point scale (0 =no
spasm, 1 =mild spasm induced by stimulation, 2 = infre-
quent full spasms occurring less than once per hour, 3 =
spasms occurring more than once per hour, and 4 = spasms
occurring more than 10 times per hour). The intra-rater and
inter-rater reliability of the PSFS have been reported as
fairly good in people with chronic SCI [16]. The SCATS
evaluates three distinct spastic motor behaviors in the lower
extremities: clonus, flexor spasm, and extensor spasm. For
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each subscale, the spasm is triggered and then rated with a
score ranging from O to 3 (0 = no reaction, 1 = mild lasting
less than 3 s, 2 = moderate lasting from 3 to 10s, and 3 =
severe lasting more than 10s). The SCATS is useful in
differentiating three different types of spastic behaviors and
well correlated with kinematic and electromyographic
recordings [14].

Assessment of anthropometrics and skeletal muscle
mass

Participants’ body weight (kg) and height (m) were mea-
sured, and BMI was calculated as body weight divided by
height squared (kg/m?). Waist circumference was measured
in the supine position at a midpoint level between the lowest
rib and the superior border of the iliac crest.

A DEXA scanner (GE Lunar Prodigy, Madison, WI,
USA) was used to measure bone mineral content, body fat,
and lean body mass. Lean body mass was considered as
skeletal muscle mass and the sum of lean body mass of
both arms and legs was defined as the appendicular
skeletal muscle mass, following the method suggested by
Heymsfield et al. [17] We adjusted appendicular skeletal
muscle mass for height by dividing it by height squared (kg/
mz), which was then defined as skeletal muscle index
(SMI). The SMI is used as the criterion for low skeletal
muscle mass required for diagnosis of sarcopenia [18]. The
skeletal muscle index of the lower extremities (SMIL) was
defined as the skeletal muscle mass of the lower extremities
divided by height squared.

Laboratory tests

Participants underwent a series of blood tests after fasting
for at least 8 h. The exam included hemoglobin, albumin,
creatinine, fasting glucose, glycosylated hemoglobin
(HbAlc), and lipid profile (total cholesterol, high-density
lipoprotein, low-density lipoprotein, and triglyceride). The
serum levels of C-reactive protein and apolipoprotein B
were also assessed.

Statistical analysis

Demographic data were presented with means + standard
deviation or in percentage. Differences between individuals
with tetraplegia and paraplegia were evaluated using the y*
test and Student’s t-test for categorical and continuous
variables, respectively. Spearman’s correlation analysis was
performed to assess the correlation between the spasticity
scales and SMIL. Multiple linear regressions were per-
formed to examine the independent association between the
spasticity scales and SMIL. Pearson’s correlation analysis
was used to evaluate the correlation between SMIL and
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:;?llga: q BZ$§§£1pgics (mean + Total participants Tetraplegia Paraplegia P-value
percentages) (n=069) (n=406) (n=23)
Age, years 41.8+10.8 414+11.1 42.4+10.2 0.713
Male (%) 54 (78) 37 (80) 17 (74) 0.536
Years after injury 13.0+£8.3 12.8+7.2 13.3+104 0.836
Complete injury (AIS A) (%) 39 (57) 27 (59) 12 (52) 0.606
Body mass index, kg/m> 22.16 +3.09 22.30+3.27 21.87+2.74 0.590
Waist circumference, cm 85.9+10.5 87.5+10.3 82.7+10.2 0.074
Body fat mass, kg 22.05+7.24 22.60 +7.67 20.96 + 6.33 0.381
BMC, kg 2.58+0.53 2.59+0.56 2.57+0.46 0.871
ASM, kg 15.57£3.93 15.60 +3.93 15.52+4.01 0.934
SMI, kg/m? 5.29+1.00 5.23+1.00 541+1.02 0.490
SMIL, kg/m> 3.65+0.79 3.80+0.73 3.37+0.84 0.034?
SSS, /5 points 1.56 +1.36 1.89+1.39 0.92+1.08 0.005*
PSFS, /4 points 1.29+1.12 1.53+1.22 0.83+0.98 0.019?
SCATS clonus, /3 points 1.47+1.22 1.64+1.17 1.13+1.29 0.103
SCATS flexor, /3 points 0.75+0.90 0.89+0.91 0.48 £0.85 0.076
SCATS extensor, /3 points 0.99+0.99 1.20+1.06 0.57 +£0.66 0.011*
Laboratory tests (reference range)
Hemoglobin, g/dL (13.5-17.5 for 143+1.7 14.0+1.7 150+1.5 0.020*
men, 12.0-15.5 for women)
Albumin, g/dL (3.5-5.5) 4.17+0.32 4.09+0.30 4.33+0.31 0.003*
Creatinine, mg/dL (0.84-1.21) 0.55+0.16 0.53+0.17 0.59+0.13 0.163
Fasting glucose, mg/dL (70-100) 94.6 £17.1 94.7+20.3 94.4+7.8 0.919
Hemoglobin Alc, % (4.0-5.6) 5.28 £0.64 5.32+0.74 5.18+0.35 0.270
Total cholesterol, mg/dL (<200) 178.3 +30.7 174.3 £26.1 186.3+37.6 0.177
HDL-C, mg/dL (>40) 41.3+8.2 40.0+8.3 43.8+7.5 0.071
LDL-C, mg/dL (<130) 109.9 +25.0 107.5+21.1 1147+314 0.332
Triglyceride, mg/dL (<150) 145.8 +82.5 148.0 +90.0 141.3 £66.5 0.754
C-reactive protein, mg/L (<1.0) 0.54+0.99 0.47+0.64 0.69+1.47 0.489
Apolipoprotein B, mg/dL (40-125) 100.4 +20.2 98.3+16.0 104.7 +26.7 0.297

AIS American spinal injury association Impairment Scale, BMC bone mineral content, ASM appendicular
skeletal muscle mass, SMI skeletal muscle index, SMIL skeletal muscle index of lower extremities, SSS
spasticity sum score, PSFS Penn spasm frequency scale, SCATS spinal cord assessment tool for spastic
reflexes, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol.

denotes statistical significance (p < 0.05)

other variables. The regression analyses were adjusted for
age, sex, level of injury, BMI, and serum creatinine level.
All analyses were performed using SPSS version 21.0
(SPSS, Chicago, IL, USA). P-values <0.05 were con-
sidered to be statistically significant.

Results
Clinical characteristics of the study population

A total of 69 participants (54 men and 15 women) were
included. Demographic data are shown in Table 1. The

mean age was 41.8 years, and 54 (78.3%) were male. The
neurological level of injury ranged from C1 to L1. Forty-six
(66.7%) had tetraplegia; they had higher SSS, PSFS, and
SCATS extensor spasticity scores and lower hemoglobin,
and albumin levels than individuals with paraplegia. SMIL
was significantly higher in individuals with tetraplegia than
in those with paraplegia, although SMI was not significantly
different between the groups.

Correlation analysis

Spearman’s correlation analysis revealed that SMIL was
significantly positively-correlated with SSS, PSFS, and all
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Fig. 1 Correlations between skeletal muscle index of the lower
extremities and spasticity sum score (a), Penn spasm frequency test
(b), and spinal cord assessment tool for spastic reflexes (¢). SMIL

three SCATS assessments (Fig. 1 & Table 2). SCATS
clonus had the strongest correlation (r=0.555, p<
0.001), while PSFS had the weakest correlation (r=
0.467, p <0.001). All spasticity scales showed significant
correlations with one another. Pearson’s correlation ana-
lysis indicated that BMI, waist circumference, body fat
mass, bone mineral content, and blood levels of serum
creatinine, and high-density lipoprotein were significantly
correlated with SMIL. SMIL was higher in men than
women (3.82 and 3.06, respectively, p=0.001). The
other analyzed factors (age, years after injury, and
laboratory parameters of hemoglobin, albumin, fasting
glucose, glycosylated hemoglobin, total cholesterol, low-
density lipoprotein, triglyceride, C-reactive protein, and
apolipoprotein B) were not significantly associated with
SMIL.

Regression analysis
Table 3 shows the relationship between SMIL and spas-
ticity in multiple linear regression analyses. SMIL was

significantly associated with all spasticity scales (SSS,
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skeletal muscle index of the lower extremities, SCATS spinal cord
assessment tool for spastic reflexes

PSFS, and SCATS) even after adjusting for age, sex, level
of injury, BMI, and serum creatinine. SCATS clonus had
the strongest association (f=0.294, p<0.001), while
SCATS flexor had the weakest association (= 0.210,
p=0.011).

Discussion

This study found that spasticity was positively associated
with skeletal muscle mass in people with chronic, motor
complete SCI. This correlation remained significant after
adjusting for age, sex, level of injury, BMI, and serum
creatinine. All three spasticity scales (SSS, PSFS, and
SCATS) were well correlated with one another and sig-
nificantly correlated with SMIL. This finding is concordant
with previous studies of Gorgey et al., which demonstrated
that spasticity of the thigh may be an important factor for
preventing thigh muscle atrophy [10, 11]. However, the
present study has several strengths that set it apart from
previous research. We analyzed a larger number of parti-
cipants (n = 69) than that in previous studies (n =10 and
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Table 2 Correlation between skeletal muscle index of the lower extremities and spasticity

SMIL SSS PSFS SCATS clonus SCATS flexor SCATS extensor
SMIL
SSS r=0.468
p<0.001
PSFS r=0.467 r=0.544
p<0.001 p<0.001
SCATS clonus r=10.555 r=0.423 r=0.610
p<0.001 p<0.001 p<0.001
SCATS flexor r=0.506 r=0.643 r=0.498 r=0.440
p<0.001 p<0.001 p<0.001 p<0.001
SCATS extensor r=0.474 r=0.581 r=0.574 r=0.567 r=0.463
p<0.001 p<0.001 p<0.001 p<0.001 p<0.001

SMIL skeletal muscle index of the lower extremities, SSS spasticity sum score, PSFS Penn spasm frequency scale, SCATS spinal cord assessment

tool for spastic reflexes

Table 3 Adjusted® multiple regression models for skeletal muscle
index of lower extremities (n = 69)

Variable Standardized coefficient ~Adjusted R*>  P-value
SSS 0.228 0.675 0.010
PSFS 0.274 0.702 <0.001
SCATS clonus 0.294 0.706 <0.001
SCATS flexor 0.210 0.673 0.011
SCATS extensor 0.227 0.680 0.005

SSS spasticity sum score, PSFS Penn spasm frequency scale, SCATS
spinal cord assessment tool for spastic reflexes.

*Adjusted for age, sex, level of injury, body mass index, and serum
creatinine

13). We attempted to improve the accuracy of spasticity
measurement by employing spasticity scales other than the
modified Ashworth scale, which evaluates the perceived
spasticity of participants with SCI (PSFS) and distinct
spastic motor behaviors (SCATS). Moreover, possible
confounding factors were assessed and adjusted for in
multiple linear regression analyses. Consequently, this
study can provide more robust results concerning the rela-
tionship between spasticity and skeletal muscle mass.

Spasticity is a component of upper motor neuron syn-
drome, characterized by a velocity-dependent increase in
tonic stretch reflexes [19]. It is possible that spasticity can
preserve skeletal muscle mass by maintaining muscle con-
traction. Additionally, spasticity may preserve muscle
condition by attenuating the shift in slow-to-fast muscle
fiber transformation [20, 21]. Therefore, treatment strategies
for spasticity may consider its potential benefit to skeletal
muscle preservation as well as known risks such as pain,
decreased mobility, and impaired quality of life.

Skeletal muscle mass begins to decline substantially as
early as 6 weeks after SCI [6]. This characteristic decrease
of skeletal muscle was also evident in our study population:

53 participants (76.8%) in our study population met the
criteria for low skeletal muscle mass in Korea (SMI<6.58
kg/m2 for males or 4.59 kg/m2 for females) [22]. Mean-
while, body fat continues to accumulate after injury [23].
The average body fat percentage of our study population
was 33.7%, which can be regarded as obese [24]. In addi-
tion, the average waist circumference was also higher than
the obesity cut-off value for Korean individuals with SCI
[25]. Such muscle atrophy and concomitant fat accumula-
tion can result in glucose intolerance and insulin resistance,
which may eventually lead to metabolic syndrome [26, 27].

Physical exercise programs and therapeutic interventions
using functional electrical stimulation (FES) showed some
promising results in attenuating the decrease of skeletal
muscle mass after SCI [28]. Early exercise interventions using
FES within 3 months after injury were also associated with
muscular hypertrophy or increase of lean body mass [29].
Physical exercise performed 2-3 times per week increased
physical capacity and muscular strength in the population
with chronic SCI [30]. In future studies, spasticity might be
considered as an important confounding factor when asses-
sing the effect of interventions aimed at preserving skeletal
muscle mass in individuals with SCI. For example, spasticity
may be included as a parameter in the analysis of participants’
characteristics and affect the selection of target muscles in
FES therapy considering that muscles with less spasticity
could be associated with more severe muscle atrophy.

This study revealed the association between spasticity
and SMIL, correlation coefficients of which ranged from
0.467 to 0.555, reflecting moderate correlations. However,
other factors that could contribute substantially to SMI
should be addressed. First, aging is known to be associated
with skeletal muscle loss, leading to the development of
sarcopenia [31]. Shafiee et al. reported that about 10% of
adults over 60 years old have sarcopenia [32]. However,
there was no association between age and SMIL in our
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study, possibly because the study population was relatively
young (with mean age of about 42 years). Second, comor-
bid conditions and pharmacological interventions should be
considered [33]. Finally, the level of physical activity and
nutritional status could significantly affect muscle mass
[34]. Factors such as these that are known to affect skeletal
muscle mass should be considered when interpreting the
results of this study concerning muscle mass preservation in
an SCI population.

There are some limitations to our investigation. First,
since this study was cross-sectional, a causal relationship
could not be established. A large cohort study with pro-
spectively collected data in which possible confounders can
be initially identified through directed acyclic graphs would
be required to explore the effect of spasticity on skeletal
muscle mass. Second, we did not collect information about
participants’ current medication. Anti-spasticity medica-
tions such as baclofen can alter spasticity status. However,
considering that individuals with long-term chronic SCI
(more than 13 years) were included, participants’ spasticity
was unlikely to have changed markedly in the time shortly
before the study. Third, data concerning activity level,
functional electrical stimulation, and nutritional status were
not collected. Finally, the accuracy of body composition
measurement by DEXA should be considered. Reproduci-
bility of the measurement was found to be worsened in
individuals with higher body fat or lower muscle mass [35],
which are prevalent in those with SCI. In addition, Panisset
et al. [36] reported that DEXA could underestimate muscle
mass in individuals with acute SCI. To improve the accu-
racy of DEXA measurements, participants who were very
obese or lean (BMI>30 or <15 kg/m?, respectively) were
excluded from this study.

Conclusion

Spasticity was significantly correlated with skeletal muscle
mass in individuals with chronic SCI even after adjusting
for possible confounders. Treatment strategies in rehabili-
tation and medical management for spasticity should
therefore consider its potential benefits for the preservation
of skeletal muscle mass.
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