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Severe spasticity in lower extremities is associated with
reduced adiposity and lower fasting plasma glucose level
in persons with spinal cord injury

I-Y Jung1, H-R Kim2, SM Chun1, J-H Leigh1 and H-I Shin1

Study design: Cross-sectional study.
Objectives: To investigate the effects of severe lower extremity spasticity on anthropometric dimensions, body composition and
metabolic profiles in persons with chronic motor complete spinal cord injury (SCI).
Setting: Outpatient clinic.
Methods: Fifty-five of the 61 participants were divided into two groups (no or mild spasticity group, 28; severe spasticity group, 27)
based on the assessment of the extensor muscle spasticity according to the modified Ashworth scale. Anthropometric dimensions
(waist circumference (WC), waist-to-height ratio (WtHR)), body composition (fat mass (FM), body fat percentage (BFP), fat-free mass
(FFM), fat-free mass percentage (FFMP), bone mineral density (BMD)) and metabolic profiles (leptin, total cholesterol, low-density
lipoprotein (LDL), high-density lipoprotein (HDL), triglyceride (TG), fasting plasma glucose (FPG) and glycosylated hemoglobin
(HbA1c)) were compared between the two groups with different degree of spasticity.
Results: Spasticity of the extensor muscle group negatively correlated with BFP (r=−0.458, Po0.001). Patients with severe
spasticity showed a lower WC and WtHR than those in the no or mild spasticity group (P=0.038, P=0.006, respectively). The FM,
BFP, leptin and FPG of the severe spasticity group were significantly lower than those of the patients in the no or mild spasticity group
(P=0.003, Po0.001, Po0.001 and P=0.037, respectively). However, no differences in BMD, total cholesterol, LDL, HDL, TG and
HbA1c were observed between the groups.
Conclusions: The results of this study suggest that severe spasticity in lower extremities is associated with reduced adiposity and lower
FPG levels in persons with chronic motor complete SCI.
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INTRODUCTION

Spasticity is known to manifest as complex symptoms of increased
skeletal muscle tone, reflex and clonus, which result from an injury to
the upper motor neurons, such as spinal cord injury (SCI).1

The development of spasticity after SCI is known to impair the
quality of life by restricting the patients’ activities of daily living,
effective walking and functional movement, as well as by inducing
pain.2,3

By contrast, spasticity may have beneficial effects on paralyzed
skeletal muscle, that is, defending against skeletal muscle atrophy.4–7

Gorgey and Dudley6 demonstrated that eight higher-level SCI persons
showed larger thigh muscle cross-sectional areas as compared with
five lower level (T12–L2) SCI persons with no or mild spasticity.
Gorgey and Gater7 also showed that knee extensor spasticity positively
correlated with knee extensor and whole thigh skeletal muscle
cross-sectional areas.
However, with the exception of the report by Gorgey et al.,5 few

reports providing evidence that these local effects of spasticity on
paralyzed muscles could have effects on the whole body composition

and metabolic profiles are available. Gorgey et al.5 showed that
knee extensor spasticity negatively correlated with abdominal
circumference, plasma level of low-density lipoprotein (LDL)
cholesterol and body fat percentage (BFP) estimated from
dual-energy X-ray absorptiometry in 10 individuals with chronic
motor complete SCI.
In the present study, we compared anthropometric measurements,

body composition and metabolic profiles of SCI patients with
severe spasticity with those of SCI patients with no or mild spasticity,
while excluding patients with moderate spasticity in a larger sample
compared in a previous study.5 Through these analyses, we sought to
demonstrate the beneficial effects of severe spasticity on body
composition and metabolic profiles in individuals with chronic motor
complete SCI.

PARTICIPANTS AND METHODS
A total of 62 patients (47 men and 15 women) with chronic complete SCI who

visited outpatient clinic were initially enrolled in the study. The study was
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Hospital (IRB No. 1412-115-634); all participants read and signed a study
consent form approved by the local Ethics Committee.

Inclusion and exclusion criteria
The subjects were included if they (a) were aged between 18 and 60 years;
(b) had an interval of at least 1 year since the injury; (c) were motor complete
SCI patients; American spinal injury Association Impairment Scale A or B; and
(d) had a body mass index (BMI) between 15 and 30 kg m− 2. Subjects with an
BMIo15 or 430 kg m− 2 were excluded, as an excessively lean or obese status
could mask the effects of spasticity on body composition and metabolic
profiles; also, it has been reported that the dual-energy X-ray absorptiometry
significantly underestimates BFP in very lean individuals, while overestimating
it in very obese persons.8

Evaluation of spasticity
The modified Ashworth scale (MAS) for the knee extensors and ankle extensors
was used to evaluate lower extremity spasticity. The MAS comprises 6 grades
according to the severity of spasticity; we converted MAS 1+ grade to 2. MAS
grades 2, 3 and 4 were changed to 3, 4 and 5, respectively, as shown in
Table 1.5,9

The MAS was measured in the supine position by the same examiner. The
score of ΣMASextensor muscle group was calculated using Equations (1)–(3):

(1) MASave knee extensors= (MASright knee extensor+MASleft knee extensor)/2
(2) MASave ankle extensors= (MASright ankle extensor+MASleft ankle extensor)/2
(3) ΣMASextensor muscle group=MASave knee extensors+MASave ankle extensors

The ΣMASextensor muscle group score ranges from 0 to 10; the subjects with a
score ⩽ 2 were classified as having no or mild spasticity and the participants
with a score ⩾ 4 were classified as having severe spasticity. The subjects with a
score 42 and o4 were classified as having moderate spasticity and were
excluded from the analysis to make clear the difference of spasticity. The Spinal
Cord Assessment Tool for Spastic Reflexes (SCATS)10 and Penn Spasm
Frequency Scale (PSFS)11 scores were also measured.

Anthropometrics and dual-energy X-ray absorptiometry
Body weight (kg) and height (m) were measured in each patient. The weights of
the candidates were measured using a wheelchair scale (Kyongin medical,
Seoul, Korea) while they sat in a wheelchair; to determine the weight of the
candidates, the weight of the wheelchair was subtracted from the total weight.
BMI (kg m− 2) was calculated by dividing weight (kg) by height squared (m2);
the waist-to-height ratio (WtHR) was calculated by dividing waist (cm) by
height (cm). Waist circumference (WC) was measured at the end of normal
expiration with the subject in the supine position by using a flexible tapeline at
a level midway between the lowest rib and the superior border of the iliac crest;
the measurement was rounded to the nearest 0.1 cm.12

A dual-energy X-ray absorptiometry scanner (GE Lunar Prodigy, Madison,
WI, USA, coefficient of variability o1%) was used to measure fat-free mass
(FFM, kg), fat mass (FM, kg), fat-free mass percentage (FFMP, %), BFP (%)
and bone mineral density (BMD, g cm− 2). With regard to BMD, the average
value of the bilateral lower extremities for one group was compared with that
for the other group. The subjects were transferred from the wheelchair to an
adjustable height stretcher car with the help of two persons and then moved to
a scanner bed using a transfer board.

Lipid and glucose metabolic profiles
Prior to undergoing a blood examination, the patients fasted for at least
8 hours. Total cholesterol, LDL, high-density lipoprotein, triglycerides, fasting
plasma glucose (FPG) and glycosylated hemoglobin (HbA1c) were assessed.
The plasma concentrations of lipid profiles and glucose concentrations were
determined using the commercially available chemistry analyzer AU5800
(Beckman Coulter, Brea, CA, USA) and HbA1c was checked by VARIANT II
TURBO HbA1c testing system (Bio-Rad Laboratories, Hercules, CA, USA). The
serum levels of leptin were assayed by radioimmunoassay using the Human
Leptin RIA Kit (LINCO Research, St Charles, MO, USA).13

Statistical analyses
Spearman’s rank correlation test was used to correlate lower limb spasticity and
the body composition data: BFP and FFMP. A chi-square test, one-sample t-test
and independent-sample t-test were used to compare the clinical and laboratory
characteristics of the two groups. Statistical Package for the Social Sciences
version 20.0 (IBM, Armonk, NY, USA) was used for the analysis. P-values
o0.05 were considered to be statistically significant.

RESULTS

Of the 62 participants, 1 subject was excluded as insufficient
information was available regarding spasticity. Moreover, six further
participants were classified as having moderate spasticity and were
excluded from the comparative analysis. Thus 55 subjects were finally
included in the analysis (Figure 1). Of these patients, 43 were male and
12 were female. The mean age of the patients was 42.4± 9.6 years, and
the mean period of injury was 14.3± 8.5 years. The average BMI and
WC were 21.9± 2.9 kg m− 2 and 85.6± 10.4 cm, respectively. Of the
55 patients with SCI, 35 had a cervical lesion and 20 had a thoracic
lesion. According to the American spinal injury Association Impair-
ment Scale, 31 patients were classified as A and 24 were classified as B.

Correlation between lower limb spasticity and body composition
Spearman’s rank correlation test was used to correlate
ΣMASextensor muscle group to BFP and FFMP. The ΣMASextensor muscle

group negatively correlated with BFP (correlation coefficient=− 0.458,
Po0.001, Figure 2). The ΣMASextensor muscle group positively correlated
with FFMP (correlation coefficient= 0.441, Po0.001).

Table 1 Six grades of the modified Ashworth scale

Grade 0: No increase in muscle tone

Grade 1: Slight increase in muscle tone, manifested by a catch or by minimal resistance at the end of the ROM, when the affected part(s) is moved in flexion or extension

Grade 2: Slight increase in muscle tone, manifested by a catch, followed by minimal resistance throughout the remainder (less than half) of the ROM

Grade 3: More marked increase in muscle tone through most of the ROM, but the affected part(s) can be easily moved

Grade 4: Considerable increase in muscle tone, and passive movement is difficult

Grade 5: Affected part(s) is rigid in flexion or extension

Abbreviation: ROM, range of motion.

Figure 1 Flow diagram of grouping the subjects according to the severity of
spasticity.
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Comparisons between the groups according to the severity of
spasticity
Gender, level of injury, age, BMI and duration of injury did
not differ between the two groups (Table 2). Based on the
ΣMASextensor muscle group scores, the severity of spasticity of the
extensor muscle groups significantly differed between the two groups
(Po0.001). Moreover, the SCATS and PSFS scores also differed
between the two groups.

Anthropometric measurements and body composition
The subjects in the severe spasticity group had a smaller WC
(P= 0.038) and lower WtHR (P= 0.006) as compared with those in
the no or mild spasticity group. Moreover, FM and BFP were lower in
the severe spasticity group than in the no or mild spasticity group
(P= 0.003 and Po0.001, respectively). FFMP was higher in the severe
spasticity group than in the no or mild spasticity group (Po0.001).
However, BMD values did not differ between the two groups
(see Table 3). No significant differences between paraplegic and
tetraplegic subjects in FM, FFM, BFP and FFMP were observed
(the data are not shown).

Metabolic profiles
In the severe spasticity group, the serum leptin levels were evaluated in
25 subjects, but all other metabolic profiles were evaluated in 27
subjects. The serum leptin and FPG levels were lower in the severe
spasticity group than in the no or mild spasticity group (Po0.001 and
P= 0.037, respectively). However, no difference in the lipid profile and
HbA1c levels was observed between the two groups (see Table 4).

DISCUSSION

Compared with the chronic spinal cord injury patients with no or
mild spasticity, those with severe spasticity showed reduced adiposity:
lower BFP and FM. The sum of MAS for knee extensor muscles and
ankle extensor muscles negatively correlated with BFP. These results
are compatible with previous results that showed the beneficial effects
of spasticity on whole body composition.5 More importantly, WC,
which is known to be a good surrogate measure of visceral adipose
tissue in the persons with SCI, as well as in able-bodied population,
was lower in the severe spasticity group.14,15 Because increase in
visceral adipose tissue is known to be associated with altered

carbohydrate and lipid metabolism in both able-bodied and SCI
populations,16,17 severe spasticity, especially in lower extremities as
presented in this study, might be regarded as to have protective effects
against adverse metabolic profiles commonly seen in individuals
with SCI.
However, the lipid profiles, including LDL cholesterol level, did not

differ between the two groups in the present study. This could be
regarded as inconsistent with a previous report that demonstrated a
negative correlation between knee extensor spasticity and plasma LDL
cholesterol level.5 Considering that several variables, such as genetics,
diet, exercise and smoking, can influence blood profile measurements,
a difference in the local skeletal muscle activity owing to spasticity may
not lead to a significant difference in the lipid profile. Similarly,
the effects of functional electrical stimulation applied to paralyzed
muscles on lipid profiles remain debatable, as some trials have
shown a modest improvement in lipid panels, whereas others have
documented no changes.18,19

In the present study, the FPG level was found to be lower in the
severe spasticity group. This result could be partially explained by the
higher glucose uptake in more spastic muscles.4 However, as neither
oral glucose tolerance nor fasting or stimulated plasma insulin
concentrations were evaluated in our study, a possible difference in
insulin sensitivity between the groups discordant for the level of
spasticity could not be addressed. In a previous study, spasticity did
not influence insulin sensitivity, which was estimated from surrogate
markers, such as Matsuda and Defronzo formula or the homeostasis
model assessment index, although an increase in hip extensor
spasticity correlated with a reduction in plasma insulin concentration
at T30 (30 min after oral glucose administration).5

In addition, the BMD did not differ between the two groups. The
results of previous studies on the influence of spasticity on bone
density have been inconsistent, and attempts to improve bone mass by
modulating muscle tone, activity or weight bearing have not yielded
clear benefits.20,21

In the SCI persons with severe spasticity, recruitment of large
skeletal muscle contraction by involuntary spasticity could result in
higher energy expenditure and defend against the BFP increment.
Additionally, researchers also suggested several hypotheses behind the

Figure 2 Correlation between the sum of the modified Ashworth scale (MAS)
for knee and ankle extensor muscles and body fat percentage (BFP).

Table 2 Comparisons between groups according to the severity

of spasticity

No or mild spasticity

(n=28)

Severe spasticity

(n=27)

Sex (male/female) 20/8 23/4

Level of injury (cervical:

thoracic)

15:13 20:7

Age (years) 44.6±9.8 40.0±8.9

BMI (kg m−2) 22.4±2.7 21.5±3.1

Mean duration of injury

(years)

12.4±8.1 16.4±8.6

ΣMAS score: extensor

muscles*

0.84±1.03 6.04±1.82

SCATS: ankle clonus* 1.00±1.19 2.02±1.08

SCATS: flexor spasm* 0.30±0.50 1.22±1.01

SCATS: extensor spasm* 0.36±0.47 1.56±0.97

PSFS: frequency* 1.00±1.02 1.93±1.17

PSFS: severity* 1.07±1.02 2.19±0.79

Abbreviations: BMI, body mass index; MAS, modified Ashworth scale; PSFS, Penn Spasm
Frequency Scale; SCATS, Spinal Cord Assessment Tool for Spastic Reflexes. *Po0.001.
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protective effects of spasticity. First, spastic muscles might attenuate
the shift in slow-to-fast muscle fiber transformation; slow fibers have a
higher mitochondrial concentration that may be responsible for the
increased fat oxidation.22,23 Second, SCI is characterized by diminished
growth hormone (GH), insulin-like growth factor-1 (IGF-1) and
testosterone; the decline in anabolic hormones may further exacerbate
muscle atrophy and FM gain below the level of injury.24–26 Spasticity
may provoke muscular IGF-1 that compensates for the reduced
growth hormone–IGF-1 axis after SCI.7

Although MAS is the most commonly used tool for measuring
spasticity in clinical practice and research, the reliability and validity of
this scale remain unclear.27,28 Moreover, the degree of spasticity can
vary according to the patient’s physical and emotional conditions, even
within a single day.28 Therefore, to separate the two groups (no or
mild spasticity group vs severe spasticity group) clearly, we excluded
six subjects with moderate spasticity from the analysis. In addition, to
ensure an accurate assessment of the differences between the groups,
we evaluated the SCATS and the PSFS scores, as well as the MAS
scores. The SCATS measures spastic reflexes of individuals with SCI.
This scale is divided into three subscales, each addressing a separate
spasm: clonus, flexor spasms, and extensor spasms. To assess each
subscale, a spasm is triggered and then rated with a score ranging
from 0 to 3.10 On the other hand, the PSFS is a self-reported measure
that assesses an individual’s perception of spasticity frequency
and severity.11 Both SCATS and PSFS scores were much higher
in the severe spasticity group than in the no or mild spasticity
group.
This study has several limitations. First, the medications adminis-

tered to alleviate spasticity may cause increased FM and altered glucose
homeostasis. On the contrary, some authors reported that the
administration of low-dose oral baclofen resulted in an increased
IGF-1, which is known to increase FFM and reduce FM.29 However,
we did not collect information regarding the medications administered
to the participants and, therefore, we were unable to estimate the
influence of medications, such as baclofen, on our results. Second, to
verify the beneficial effects of severe spasticity on cardiovascular risk
modulation in persons with SCI, its impact on insulin sensitivity
should be explored. However, we did not measure insulin
concentration, and therefore, we were not able to demonstrate the
difference in insulin sensitivity between the two groups.
For future research, it would be necessary to explore the insulin

sensitivity in SCI persons with severe spasticity, which could be
estimated from plasma insulin and glucose concentration before and
after oral glucose administration. In addition, mechanisms through
which severe spasticity ameliorates the derangement of body
compositions and glucose homeostasis could be investigated. For
example, differences in the expression of glucose transport protein,

GLUT4 proteins,30 IGF-1 concentration7,29 and muscle fiber type
composition22,23 have been suggested as related mechanisms.
This study suggests that, in individuals with SCI, severe spasticity

in lower limbs could influence the body composition and glucose
homeostasis. Hence, severe spasticity might be included as an
associated variable in future studies on cardiovascular risk factors in
individuals with SCI.
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