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Cerebral palsy (CP) is a group of motor disorders 
caused by an abnormality or non-progressive injury 

to the developing brain. Spasticity, one of the most com-
mon impairments of CP, is characterized by a velocity-de-
pendent increase in the tonic stretch of muscles [1]. This 
change in tonus, along with other impairments such as 
disuse and immobilization, results in morphological and 

structural alterations and related joints’ passive range of 
motion (PROM) restrictions, or contractures. The Mod-
ified Ashworth Scale (MAS) and the Modified Tardieu 
Scale (MTS) are the most commonly used clinical tools 
for spasticity evaluation [1, 2]. Despite their frequency 
of use, these assessments are criticized for being over-
simplified and insufficient. The subjective nature of them 

ABSTRACT
OBJECTIVE: The Modified Ashworth Scale, the Modified Tardieu Scale, and measuring the passive range of motion is com-
monly preferred examination tools for spasticity in cerebral palsy (CP). Ultrasonography has become increasingly used to 
provide relevant insight into spastic muscle morphology and structure recently. It was aimed to reveal associations between 
the clinical and ultrasonographic parameters of gastrocnemius medialis (GM) and lateralis muscles in this population.

METHODS: Thirty-four children with spastic CP aged between 4 and 12 years who did not have botulinum neurotoxin A in-
tervention within 6 months or had no previous history of any orthopedic or neurological surgery were included. The spasticity 
of GM and lateralis was evaluated firstly by the Modified Ashworth Scale, Modified Tardieu Scale, and ankle passive range of 
motion. Then, the cross-sectional area (CSA), muscle thickness (MT), qualitative and quantitative echo intensity (EI) values 
of both muscles were measured from their ultrasonographic images.

RESULTS: The CSA of GM, and qualitative EI of both muscles were found to be mild-to-moderately correlated to all clini-
cal examination tools (p<0.01), whereas the CSA of gastrocnemius lateralis was mildly related to Modified Ashworth Scale 
(p=0.009). The MT and quantitative EI of both muscles were not associated with any of the clinical tools (p>0.05).

CONCLUSION: Ultrasonographic measurements of GM and lateralis partially reflect ankle spasticity in children with CP. Ultra-
sonography can be used as an alternative tool in this patient population where the clinical evaluation can not perform ideally.
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leads to limited intra- and inter-rater reliability [3–6]. 
Moreover, they can not always be performed ideally, espe-
cially in the pediatric patient population. Thus, imaging 
modalities are rising to prominence with more relevant 
insight into the condition by quantifying morphological 
and structural alterations of the muscle. Magnetic reso-
nance imaging techniques and three-dimensional (3D) 
ultrasonography systems can capture these alterations 
objectively with satisfactory reliability results. 2D ultra-
sonography, due to its easy accessibility and relatively 
low-cost, has been widely preferred in the studies [7, 8].

The gastrocnemius medialis (GM) in children with 
spastic CP has been reported consistent evidence of re-
duced muscle size indicated by volume, cross-section-
al area (CSA), muscle thickness (MT), or belly length 
[1, 9–12]. In addition to these well-documented gross 
morphological changes, a few studies have also exam-
ined GM muscle composition indicated by echo inten-
sity (EI) that reflects the amount of intramuscular fat 
and collagen, possibly contributing to weakness and 
stiffness. Both qualitative and quantitative EI values 
have been found to be higher in spastic CP compared 
to typically developing children [7, 10, 13]. Recently, the 
use of botulinum neurotoxin A (BoNT-A), which is a 
common treatment in spastic CP, is blamed for induc-
ing chemodenervation-induced atrophy and for causing 
more apparent alterations in muscle morphology and 
composition. In a study that a 3D ultrasonography sys-
tem was used to obtain the GM volume and echo-in-
tensity, significant alterations were found in the spastic 
CP cohort compared to typically developing children. 
These alterations were shown to be highly associated 
with BoNT-A history and Gross Motor Function Clas-
sification System (GMFCS) level [14]. This study aims 
to investigate the relationship between the clinical and 
ultrasonographic parameters that are achieved from 2D 
ultrasonography in children with spastic CP. The hy-
pothesis is that CSA, MT, and EI of GM and gastroc-
nemius lateralis (GL) are associated with ankle PROM 
and spasticity, and concurrently correlated to patients’ 
number of BoNT-A interventions and GMFCS levels.

MATERIALS AND METHODS

This study was conducted between October 2016 and 
January 2019 at Marmara University Physical Medicine 
and Rehabilitation Department, Istanbul, Turkey. Chil-
dren with spastic CP, whose diagnosis was confirmed by 
cranial magnetic resonance imaging and clinical exam-

ination were included. The study was approved by the 
local ethics committee (Marmara University School of 
Medicine, 09.2011.0047), and informed consent was ob-
tained from the parents of all participants. The inclusion 
criteria were determined as follows: (1) Age between 4 
years and 12 years; (2) naive to BoNT-A interventions 
or at least 6 months after the last BoNT-A intervention; 
(3) no previous orthopedic or neurological surgery.

Patients’ age, gender, weight, height, type of CP 
(hemiplegia, diplegia, and quadriplegia), GMFCS lev-
el, and BoNT-A history were recorded. Ankle PROM 
of the involved leg (affected leg in hemiplegia, both legs 
in diplegia, and quadriplegia) was measured by a 4-year 
trained physiatry resident (FA) using a handheld goni-
ometer in the supine position while the knees were ful-
ly extended. Both dorsiflexion and plantarflexion angles 
were measured as positive, considering the neutral po-
sition of the ankle as 0°. It was measured as negative, in 
case of the PROM angle was more limited than the neu-
tral position. The gastrocnemius muscle spasticity was 
evaluated by the same examiner (FA) using MAS and 
MTS also in the supine position while the knees were 
fully extended. The MAS, 0–4 grading scale based on as-
sessing the resistance to passive stretch of a relaxed joint, 
(0, no increase in muscle tone; 1, slight increase in muscle 
tone at the end of the range of motion; 1+, slight increase 
in muscle tone through less than half of the range of mo-
tion; 2, more marked increase in muscle tone through 
most of the range of motion; 3, considerable increase in 
muscle tone; 4, joint is rigid), was considered 0–5 (0=0; 
1=1; 1+=2; 2=3; 3=4; 4=5) for statistical purpose [5, 
15]. The MTS was used to measure spasticity angles (R1, 
R2) at which the muscle reaction occurred at two differ-
ent velocities: R2 was defined as the full range of motion 
during a slow-velocity, where R1 as the threshold angle 
of catch-and-release or clonus during a fast-velocity. The 
difference between these angles (R2-R1) was calculated 
to reflect the dynamic component of spasticity [3, 16].

Highlight key points

• Subjective clinical assessment tools for spasticity can not 
always be performed ideally in the pediatric patient popu-
lation.

• Ultrasound measurements of gastrocnemius medialis and 
gastrocnemius lateralis were found to be correlated with an-
kle passive range of motion and stiffness.

• The Gross Motor Function Classification System level of the 
patients was found to be significantly related to the ultra-
sound measurements.
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Ultrasound measurements were performed by a 
physiatry specialist with 5 years of experience in mus-
culoskeletal ultrasonography (KGA) from the most 
prominent bulge of the GM and GL of the involved leg 
while the ankle in a resting position with the knee fully 
extended. Each patient lay prone on the examination 
table with the feet hanging over the edge. The ankle 
angle was fixed at an approximate plantarflexion angle 
of 20° [5, 7] (Fig. 1). The CSA (mm2) in the transverse 
view and MT (mm) in the longitudinal view were mea-
sured using a 6–18 MHz linear array probe (Logiq P5, 
General Electric, Boston, MA, USA) (Fig. 2a, b). The 
probe was held with a light touch in order not to cause 
any difference in the muscle size. The CSA of both 
muscles was normalized to body mass (mm2/kg) to 
investigate associations [17]. Since EI is known to be 
influenced by the ultrasound acquisition settings, care 
was taken to ensure frequency (10 MHz), depth (5.5 
cm), focus (1.8–2.8 cm), gain (38%), dynamic range 
(44 dB), and unaltered time-gain compensation kept 
constant [14]. The qualitative EI was visually graded 
using I-IV Heckmatt Scale in the transverse view by 
two different examiners (KGA, FA): Grade I is normal, 
grade II represents an increase in EI while bone echo 
is still distinct, grade III indicates a marked increase 
in muscle EI with a reduced bone echo and grade IV 
indicates a very high muscle EI and a complete loss of 
bone echo [13]. The quantitative EI (expressed in a 
grey-scale of 256 values) was obtained from the first 
examiner’s ultrasonographic image by excluding data 
outside the muscle region of interest and then ex-
porting in jpeg format into MATLAB (R2015b, The 
MathWorks, Natick, MA, USA) for 2-D image histo-
gram-based analysis [10].

Statistical Analysis
Statistical analysis was performed with a statistical soft-
ware package (SPSS Inc. Released 2009. PASW Sta-
tistics for Windows, Version 18.0. Chicago, USA). The 
normal distribution of quantitative values was assessed 
using a histogram, a Q-Q plot, and the Shapiro-Wilk 
test. Spearman’s rho correlation analysis was performed 
to examine the relationship between ultrasonographic 
findings, clinical examination tools, BoNT-A history, 
and GMFCS level. The strength of the correlation was 
described as weak when the absolute value of rho be-
tween 0.20 and 0.39, whereas moderate between 0.40 
and 0.59 and strong between 0.60 and 0.79. The intra-
class correlation coefficient (ICC) estimates and their 
95% confidence intervals for inter-rater reliability analy-
sis of the I-IV Heckmatt Scale for GM and GL were cal-
culated based on single measurement, consistency, 2-way 
random-effects model. A statistical significance level of 
p<0.05 was accepted.

RESULTS

A total of 50 children with spastic CP aged between 4 
and 12 years were assessed for eligibility. Of these, 16 
children were excluded because of previous orthopedic 
surgery (n=9), BoNT-A intervention within the last 6 
months (n=6), and refused to participate (n=1). The 

Figure 1. The position of the patient on the examination 
table while performing ultrasound measurements.

Figure 2. (A) Cross-sectional area of gastrocnemius media-
lis (This image represents grade 2 echo intensity according 
to I-IV Heckmatt Scale), (B) Muscle thickness of gastroc-
nemius medialis.

A B
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demographic and clinical characteristics of 34 patients 
included in the study are presented in Table 1. The an-
kle PROM, gastrocnemius spasticity, and ultrasound 
measurements of their 61 involved legs (affected leg in 
hemiplegia, both legs in diplegia and quadriplegia) are 
shown in Table 2.

Associations between Ultrasound Measurements and 
Clinical Examination Tools
Thirty-four patients’ 61 involved leg outcomes were in-
cluded to investigate associations between ultrasound 
measurements and clinical examination tools. Mild to 
moderate significant correlations were found for GM, 
whereas weaker associations for GL. Normalized CSA 
of GM was positively correlated with the ankle dor-
siflexion PROM. Normalized CSA of both muscles 
was negatively correlated with MAS. The qualitative 
EI grades of both muscles were negatively correlated 
with the ankle dorsiflexion PROM and the difference 
between MTS spasticity angles (R2-R1), while posi-
tively correlated with MAS and MTS spasticity angle 
at a fast-velocity (R1). On the other hand, the quan-
titative EI value of GM was only positively correlated 
with the MTS spasticity angle at a fast-velocity (R1) 
and negatively correlated with the difference between 
MTS spasticity angles (R2-R1) (Table 3).

Characteristic Patients

Age (month) 75.59±29.3
Gender (F/M)  47.1/52.9
Weight (kg) 19.13±6.27
Height (m) 1.07±0.13
Type of cerebral palsy
 Hemiplegia 20.6
 Diplegia 41.2
 Quadriplegia 38.2
GMFCS level
 I 17.6
 II 20.6
 III 17.6
 IV 20.6
 V 23.5
BoNT-A intervention (>6 mo)
 0 14.7
 1 35.3
 2 26.5
 3 14.7
 4 5.9
 5 2.9

Data=(%), Mean±SD; GMFCS: Gross motor function classification system, 
BoNT-A: Botulinum neurotoxin A.

Table 1. Demographic and clinical characteristics of the 
study population (n=34)

Clinical examination tools Median (95% CI) Min–Max

Ankle dorsiflexion PROM (deg) -25 (-29.9–18.75) -60–15
Ankle plantarflexion PROM (deg) 60 (51.42–60.06) -25–80
MAS (0-5) 2 (2.2–2.68) 0–5
MTS (deg)
 R1 -20 (-23.35–12.23) -70–60
 R2-R1 25 (14.36–30.33) -105–100

Ultrasound measurements GM GL

  Median (95% CI) Median (95% CI)

CSA (mm2) 262.54 (248.9–14.73) 177.11 (169.25–221.47)
CSA-norm (mm2/kg) 14.55 (13.5–15.9) 8.88 (9.07–11.37)
MT (mm) echo intensity 7.3 (7.1–8.38) 6.2 (6.11–7.37)
 Heckmatt Scale ((I-IV) 2 (2.11–2.52) 3 (2.55–2.93)
 Histogram-based analysis (0–255) 139.95 (130.05–150.65) 143.98 (135.35–159.16)

PROM: Passive range of motion; MAS: Modified ashworth scale; MTS: Modified Tardieu scale; CSA: Cross-sectional area; CSA-norm: Cross-sectional area normalized to 
body mass; MT: Muscle thickness; GM: Gastrocnemius medialis; GL: Gastrocnemius lateralis; CI: Confidence interval; Min: Minimum; Max: Maximum.

Table 2. Clinical features and ultrasound measurements of patients’ involved legs (n=61)
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Association between Ultrasound Measurements and 
BoNT-A History, and GMFCS Level
Only one leg of the patients, in the case of both legs in-
volvement, the right one was chosen, was included to in-
vestigate associations between ultrasound measurements 
and BoNT-A history and GMFCS level. The number 
of BoNT-A interventions was not found to be associ-
ated with any of the ultrasound measurements of GM, 
but only moderately correlated with the qualitative EI 
grade of GL. The GMFCS level had strong negative cor-
relations with normalized CSA and thickness of GM, a 
moderate negative correlation with normalized CSA of 
GL, and moderate positive correlations with the qualita-
tive EI grades of both muscles (Table 4).

Inter-observer Reliability of Qualitative EI Grading 
(I-IV Heckmatt Scale)
Inter-observer reliability of the I-IV Heckmatt Scale was 
shown to be good for both GM and GL; ICC (95%CI) 
was found to be 0.725 (0.527, 0.841) and 0.706 (0.491, 
0.830), respectively. In addition, the I-IV Heckmatt Scale 
of both muscles was found to be moderately correlated 
to quantitative histogram-based EI analyses (rho=0.582, 
0.560, p<0.001 for GM and GL, respectively).

DISCUSSION

This study showed varying degrees of correlations be-
tween ultrasound measurements of GM and GL mus-
cles, and ankle PROM and spasticity. The normalized 
CSA of GM and EI of both GM and GL were found 
to be associated with ankle dorsiflexion PROM, MAS, 
and MTS, whereas the normalized CSA of GL was only 
related to MAS. These results were consistent with the 
outcomes of studies in adult patients with stroke [15, 
18, 19]. However, muscle size and spasticity association 
could not be shown in the previous studies that includ-
ed children with spastic CP [11]. Muscle size, especially 
in children with CP, was proven to differ prominently 
between subjects depending on body size, therefore, pre-
ferring normalized values were suggested to reduce the 
heterogeneity when investigating muscle architecture 
[17]. The relationship between muscle size and spastic-
ity could have been overshadowed because normalized 
values were not used in the previous studies. Indeed, in 
this study, spasticity was found to be associated with the 
normalized CSA of both muscles. Thus, it was not re-
lated to the MT that could not be normalized due to 
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the lack of an identified equation. 
Muscle EI, contrary to muscle 
size, was not recommended to 
be corrected depending on age, 
height, or weight, because of their 
slight relationship [20]. Conse-
quently, in this study, along with 
previous ones that included chil-
dren with CP, EI was found to be 
significantly correlated with ankle 
PROM and stiffness [13].

The number of BoNT-A in-
terventions applied in the past 
was found to be associated with 
only qualitative EI of GL, but 
none of the ultrasound measure-
ments of GM. This result was 
inconsistent with the outcome of 
the study by Schless et al. [14] 
because of two potential reasons. 
The first one could be the differ-
ence in the BoNT-A intervention 
numbers of the studies. Schless et 
al. included patients with a mini-
mum of three recurrent BoNT-A 
interventions into the BoNT-A 
group, whereas 72.5% of patients 
included in this study undergone 
one or two BoNT-A interven-
tions. Fewer interventions might 
only have affected GL, a smaller 
muscle in size, but not the GM. 
The second one could be the ex-
tensive detection ability of 3D 
ultrasonography on determining 
structural changes when com-
pared to a 2D ultrasonography 
image. Finally, although the effect 
of BoNT-A history on EI could 
not have been shown directly in 
this study, the inverse relationship 
found between EI and the spastic-
ity angle difference of MTS (R2-
R1) could support the evidence of 
BoNT-A response reduction in 
muscles with increased EI [21].

The GMFCS level was found 
to be significantly related to mus-
cle size and EI of both GM and 

GL. These results confirmed the 
study by Schless et al. yet were 
in contrast to the study by Bat-
tisti et al., which found the level 
of GMFCS was only associated 
with EI of soleus, not GM and 
GL [13, 14]. This discrepancy 
might have been caused by the 
exclusion of GMFCS level V 
patients in the Battisti et al. [13] 
study. Since soleus was not exam-
ined in this study, whether it was 
affected more than GM or GL 
depending on GMFCS level was 
remained ambiguous.

In this study, both the qualita-
tive and quantitative EI were ap-
plied to the same ultrasonography 
images, and it was shown that the 
qualitative EI grades with suffi-
cient inter-rater reliability reflected 
clinical outcomes better than the 
quantitative EI values. This finding 
was considerably unexpected by 
reason of the qualitative evaluation 
of EI that compared intramuscular 
tissue to the bone was always con-
sidered to be a simple, naked-eye 
assessment while the quantitative 
evaluation was offering a more 
objective further analysis [22]. 
Accordingly, a similar result was 
found in a study that included 
adult patients with amyotrophic 
lateral sclerosis, and it was at-
tributed to the difference between 
categorical and scale assessments 
[23]. Both studies supported the 
evidence of the qualitative EI was 
more specific while the quantita-
tive EI more sensitive [13].

Limitations of this study 
could be listed as relatively small 
sample size and lack of a control 
group. However, the sample size 
was comparable to the previously 
reported research designs, and a 
control group was not necessar-
ily due to constant confirmation 
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of muscle size and EI evidence in this patient group. In 
addition to these, the relatively low number of patients’ 
BoNT-A interventions might have masked the associ-
ation between structural changes and BoNT-A history.

Conclusion
Ultrasonographic measurements of both GM and GL 
in children with spastic CP were found to be associat-
ed with spasticity of the ankle and GMFCS level. Even 
though 3D ultrasonography systems can capture the 
alteration more accurately, 2D ultrasonography can be 
preferred as an alternative tool in children with spastic 
CP, where the clinical evaluation can not perform ideally. 
However, the lack of association between these measure-
ments and BoNT-A intervention raises doubts about 
the clinical usefulness without examination.
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