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Original Research
Upper Extremity Muscle Strength in
Children With Unilateral Spastic
Cerebral Palsy: A Bilateral Problem?
Koen J.F.M. Dekkers, Eugene A.A. Rameckers, Rob J.E.M. Smeets,
Andrew M. Gordon, Lucianne A.W.M. Speth, Claudio L. Ferre,
Yvonne J.M. Janssen-Potten

Objective. The objective was to investigate whether muscle strength in the nonaffected
and affected upper extremities (UEs) in children (7–12 years) with unilateral spastic
cerebral palsy (USCP) differs from that in children with typical development (TD).

Methods. A cross-sectional study design was used. Isometric arm strength (wrist flexion,
wrist extension with flexed and extended fingers, elbow flexion/extension) was assessed
in 72 children (mean age = 9.3 [SD = 1.9] years) with USCP, and isometric grip/pinch
strength was assessed in 86 children (mean age = 9.3 [SD = 1.8] years) with USCP.
Arm/grip/pinch strength was assessed in 120 children (mean age = 9.5 [SD = 1.7] years)
with TD. Arm strength was measured with a hand-held dynamometer, and grip/pinch
strength was measured with a calibrated, modified (digitized) grip dynamometer and a
pinch meter. The nonaffected UE of children with USCP was compared with the preferred
UE of children with TD because both sides represent the preferred UE. The affected UE
was compared with the nonpreferred UE of children with TD, as both sides represent the
nonpreferred UE.

Results. In all measurements except for grip strength of the preferred UE, children with
USCP were weaker than children with TD.

Conclusions. In children with USCP, muscle strength weakness exists in both UEs.

Impact. When unimanual or bimanual ability limitations are present in children with
unilateral cerebral palsy, investigation of the muscle strength of the nonaffected UE should
be part of the assessment.
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Bilateral Strength Problems in Unilateral CP

U nilateral spastic cerebral palsy (USCP)
is characterized by motor impairments lateralized
to 1 body side, resulting in an “affected” body side

and a “nonaffected” body side.1–3 Several studies have
shown that muscle strength of the affected upper
extremity (UE) is considerably impaired compared with
the nonaffected UE and compared with the UE strength of
children with typical development (TD).4–6 Muscle
strength weakness of the affected UE is one of the motor
impairments affecting manual abilities.6,7

Several magnetic resonance imaging (MRI) studies in
children with supposed USCP have shown bilateral brain
lesions.8–11 Also, many clinicians perceive problems in the
“nonaffected body side,” and often this body side is
appropriately referred to as the “less-affected body side.”
However, only a few studies have described possible
impairments of the nonaffected body side or found
reduced performance of the nonaffected UE in children
with cerebral palsy compared with children with TD.12–15

Whether muscle strength weakness in the more-affected
UE is the cause of this reduced performance is unclear,
and one should keep in mind that these differences can
also be attributed to problems with speed and/or
coordination. So far, only 2 studies have investigated the
muscle strength of the nonaffected hand in children with
USCP, with opposite conclusions. One study showed that
grip strength of the nonaffected hand of the children with
USCP was, on average, 12% weaker compared with a
group of children with TD.12 Another study found no
significant differences between grip/pinch strength of the
nonaffected hand of children with USCP compared with
norm values of children with TD.14 Both studies only
investigated grip/pinch strength, and studies on the
strength of the nonaffected forearm and upper arm
muscles are lacking. Hand strength is important for
executing fine motor activities, but also the strength of
upper and lower arm muscles is important during gross
motor UE activities, such as lifting and carrying
objects. It is therefore important to assess whether
muscle weakness in the nonaffected UE is present, as this
might have consequences when selecting the
proper assessment/treatment to map/improve UE
function.

Research on this topic has been done among adults after
unilateral stroke, with several studies reporting motor
impairments in the nonaffected UE in adults after
unilateral stroke.16–23 Although these motor impairments
are substantially less severe than in the affected UE, they
can produce significantly limiting (bilateral) functional
impairments, including problems performing the activities
of daily living.24–26

In more than 50 articles, most of which focused on
activities involving the lower limb of adults with unilateral
stroke, muscle strength appeared to be related to

functional activity performance.27 Such a relationship was
also demonstrated for the upper limb,28 and it has been
proven that strengthening interventions not only improve
muscle strength but also activity after stroke.29

Although the cause for both USCP and stroke originates in
the brain, the body functions in children with USCP have
hardly developed at the time the brain
injury/malformation occurs. Because children with USCP
only use their nonaffected UE spontaneously in daily
activities,30,31 the nonaffected UE is maximally stimulated
during development. Adults who have had a stroke used
both hands normally before the stroke occurred.
Therefore, it cannot simply be concluded that the findings
in adults with stroke also apply to children with cerebral
palsy.

The aim of this study was to investigate whether muscle
strength in the “nonaffected” UE in children with USCP
differs from children with TD. As prior studies that
assessed the strength of the affected side used small
sample sizes and/or only studied hand strength and/or
used a measurement instrument that shows wide grading
values when applied in children with moderate to good
muscle strength,4–6 the muscle strength of the affected UE
is also examined within this study.

Methods
Study Design
All data were obtained according to a cross-sectional
study design. Data were collected in the Netherlands and
the United States from 2009 to 2017.

The nonaffected UE of children with USCP was compared
with the preferred UE of children with TD because both
sides represent the preferred UE. The affected UE was
compared with the nonpreferred UE of children with TD,
as both sides represent the nonpreferred UE.

Participants
Permission was granted by the Medical Ethical Board of
the Maastricht University Medical Center and Maastricht
University, Maastricht, the Netherlands (METC azM/UM;
trial number NL45430.068.1) and by Teachers College,
Columbia University, New York, NY (USA).

For the children with USCP, muscle strength values were
obtained from a study on the reliability of maximum
isometric arm and grip/pinch strength measurements.32

Within this study population, the sample sizes for arm and
grip/pinch strength varied due to the availability of the
children and/or measurement instruments at the facilities.
Children were recruited from 4 different Dutch
rehabilitation centers and related schools for special
education: Adelante Rehabilitation Center, Valkenburg;
Libra Rehabilitation and Audiology, Tilburg; Revant
Rehabilitation Centers, Breda and Goes; and Tolbrug
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Bilateral Strength Problems in Unilateral CP

Rehabilitation Center, Den Bosch. In the United States, the
children with USCP were a convenience sample of
children participating in an ongoing intensive UE training
program at Teachers College, Columbia University. To be
included, the child had to be diagnosed with USCP and
aged between 7 and 12 years. The child also had to be
classified as Gross Motor Function Classification System33

level I or II and Manual Ability Classification System
(MACS)34 level I, II, or III. All participants were capable of
following simple instructions. A child was excluded when
he/she had surgery or botulinum toxin A treatment in the
UE in the past 6 months.

The children with TD were recruited in the Netherlands.
Primary schools in different regions, both in cities and the
countryside, were approached to participate in this
research. After informed consent of the management of
the school, children were selected at random and invited
to participate in this study. After informed consent had
been received from their parents (and from the children
who were 12 years old), the children were invited for the
measurements.

Procedure
The measurements took place in the child’s own
environment: the rehabilitation center for the children
with USCP, and primary school for the children with TD.

A standardized protocol with detailed descriptions of all
procedures and measurements was used. Prior to testing,
body weight and height, MACS, and Gross Motor Function
Classification System level (for the children with USCP)
were determined. All children performed 1 set of strength
measurements, consisting of isometric arm strength (IAS)
with the hand-held dynamometer (HHD) and isometric
grip/pinch strength (IGPS) with the E-Link evaluation
system (see Measures for a description). The sequence of
strength measurements was randomized. Both UEs were
measured successively, with the preferred UE being tested
before the nonpreferred UE.

The HHD and E-Link measurements were performed 3
consecutive times, and the mean of the 3 measurements
was calculated. In this way, variation in muscle strength
due to variations in placing the measurement instrument
near the described measurement spot was minimized.
Between each measurement, the child had at least
30 seconds of rest, leaving sufficient time for the muscles
to recover.

Test scores were read by the therapist and registered by
the same therapist on a test form. For the E-Link
evaluation system, test scores were also stored on the
E-Link evaluation system computer.

All measurements were performed by 10 different
assessors having no direct professional relationship with

the participants. Two of the assessors (K.J.F.M.D.,
E.A.A.R.) involved during the entire project were
experienced pediatric research physical therapists. The
other 8 assessors involved in the study for 6 months were
master’s students in pediatric physical therapy. Each
assessor received 4 hours of training from K.J.F.M.D. or
E.A.A.R. regarding use of the standardized protocol.

Measurements
The child was seated in an upright position on a chair
with back support and armrests. The armrests of the chair
were used to support the arms during testing. The initial
posture was a neutral position (0◦) of the wrist joint and
90 degrees of flexion of the elbow joint. For elbow
extension, the initial posture was adjusted so that the
lower arm could move and elbow extension was possible.
If a child was unable to perform the test, the result of the
measurement was not used in the analysis.

Isometric arm strength. Maximum isometric muscle
strength of the wrist extension with extended fingers,
wrist extension with flexed fingers, wrist flexion, and
elbow flexion/extension were measured with the
MicroFET2 HHD (Hoggan Scientific LLC, Salt Lake City,
UT, USA). The HHD is an electronic device that fits in the
palm of the hand of the assessor. A load cell (strain gauge
technology) measures the isometric muscle strength
applied to a transducer. The “make method,” in which the
child applies force against a fixed HHD, was used.35 The
applied force was measured in newtons. Children were
encouraged by the therapist to produce maximum force.
Reliability of the measurements for children with USCP is
excellent.32

Isometric grip/pinch strength. The IGPS was measured
with the Biometric E-Link evaluation system (Biometrics
Ltd, Gwent, UK), a calibrated, computerized system that
incorporates a modified (digitized) grip dynamometer and
a pinch meter. The applied force was measured in 0.1 kg
increments. The handle position of the E-Link handgrip
was adapted to the child’s hand size according to the
E-Link guidelines for positioning. The child was also
asked where the position of the handle felt the best. When
there was uncertainty, other handle positions were tried.
Children were encouraged by the therapist to produce
maximum force. Reliability of the measurements in
children with USCP is excellent.32

Data Analysis
All statistical analyses were performed using R (The R
Foundation, https://www.r-project.org/foundation); the
script used for analyses is available as a Supplementary
File.

Participant characteristics. Descriptive statistics
including means, SDs, and confidence intervals were used
to summarize participant characteristics and strength

2020 Volume 100 Number 12 Physical Therapy 2207

D
ow

nloaded from
 https://academ

ic.oup.com
/ptj/article/100/12/2205/5898657 by M

aastricht U
niversity user on 13 D

ecem
ber 2021

https://www.r-project.org/foundation
https://academic.oup.com/ptj/article-lookup/doi/10.1093/ptj/pzaa155#supplementary-data


Bilateral Strength Problems in Unilateral CP

measurements by age and group (children with USCP or
children with TD). Independent-sample t tests were used
to compare baseline characteristics.

IAS (HHD). Exploratory analyses revealed positive
correlations between measures of arm strength in the 5
different positions (wrist extension with extended fingers,
wrist extension with flexed fingers, wrist flexion, elbow
flexion, elbow extension). Rather than analyzing each
outcome separately, and in order to avoid type I errors, a
multivariate analysis of variance (MANOVA) was
performed on the 5 variables (as a matrix of dependent
variables), with age, sex, group, and an age × group
interaction as independent variables. A separate MANOVA
was performed for the preferred UE and the nonpreferred
UE.

Given that MANOVA does not permit specification of how
the combination of dependent variables differ between
groups, linear discriminant analysis (LDA) was performed
as a follow-up. LDA is a dimensionality reduction
technique that can be used to characterize 2 or more
classes/categories. For these analyses, we used LDA to
examine which variables best distinguished between the 2
groups (children with USCP and children with TD).

IGPS (E-Link). The analysis for grip and pinch strength
involved 4 generalized linear models that were fit using a
Gaussian distribution with an identity link. The models
were separately fit to evaluate the difference between
groups for grip strength of the preferred UE, pinch
strength of the preferred UE, grip strength of the
nonpreferred UE, and pinch strength of the nonpreferred
UE. Age, sex, and an age × group interaction were also
included in the models to adjust for their potential impact,
with the associations between age and strength assumed
to be linear. In our specific analysis, the group children
with USCP was set as the reference group. Thus, the
parameter estimate for group is the difference between
the group of children with TD relative to the group of
children with USCP when adjusted for age, sex, and
age × group interaction. Given the possibility of
heteroscedasticity, robust standard errors were computed
for the parameter estimates using generalized estimating
equations with an independent correlation structure.
P values were computed using the Wald statistic.

Role of the Funding Source
The funders had no role in the design, the data collection,
analysis, and interpretation, the reporting of this work, or
the decision to submit the work for publication.

Results
Participant characteristics for sex, age, height, weight,
preferred/nonpreferred side, and MACS levels (for
children with USCP) are provided in Table 1.

All children were able to perform the measurements. For
children with USCP, muscle strength values of 72 children
for the IAS measurements and 86 children for the IGPS
measurements were taken. For the children with TD, a
total of 120 children were included in all measurements.
There were no significant differences between the
groups in age (USCP-IAS/TD: P = .53; USCP-IGPS/TD:
P = .56), height (USCP-IAS/TD: P = .07; USCP-IGPS/TD:
P = .06), or weight (USCP-IAS/TD: P = .93; USCP-IGPS/TD:
P = .88).

Isometric Arm Strength
Preferred UE. The means and differences in arm muscle
strength are presented in Table 2. Table 3 provides the
parameter estimates for the MANOVA. For the preferred
UE, children with USCP were consistently weaker than
children with TD. A significant interaction between age
and group suggested that differences between the 2
groups were not constant across the age groups for the
combined dependent variables (F5,183 = 2.49; P < .05;
Pillai trace = 0.063). Across the age groups, the
difference in muscle strength of the elbow flexors and
elbow extensors appears to change most between
children with USCP and children with TD. It is remarkable
that at the age of 7, the group of children with USCP is
stronger in elbow flexion and elbow extension than
the group of children with TD. At the age of 12, the
group of children with TD is stronger in these muscle
groups compared with the group of children with
USCP.

Discriminant analysis was used to determine if the 5
measurements of IAS differentiated between children with
USCP and children with TD. Table 3 provides a summary
of the linear discriminant function coefficients associated
with each measurement. Wrist extension, wrist extension
with fingers flexed, and elbow extension provided the
greatest contribution to group separation. Figure 1
demonstrates the group separation using the values of the
discriminant function for the group of children with USCP
and group of children with TD. Despite differences
between the 2 groups, there is some degree of overlap in
the distributions.

Nonpreferred UE. For the nonpreferred UE, children
with USCP were consistently weaker than children with
TD. Table 3 provides the parameter estimates for the
MANOVA. There was a significant interaction between age
and group, suggesting that differences between the 2
groups are not constant across the age groups for the
combined dependent variables (F5,183 = 5.14; P < .001;
Pillai trace = 0.12). Across the age groups (young to old),
the difference between the 2 groups changes the most for
elbow flexion and elbow extension.

Table 3 provides a summary of the linear discriminant
function coefficients associated with each measurement
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Bilateral Strength Problems in Unilateral CP

Table 1.
Description of the Participants

No. of Participants
Characteristic and Measurement Age Group (y)

Total Boys Girls

Isometric arm strength (measured with HHD) in children with USCP

No. of participants = 72 (45 boys; 27 girls)
Age, mean (SD) = 9 y 3 mo (1 y 9 mo)

Affected side (no. of participants)
Right = 45
Left = 27

MACS level (no. of participants)
Level I = 23
Level II = 42
Level III = 7

Height, cm, mean (SD) = 139 (12.3)

Weight, kg, mean (SD) = 37.2 (10.2)

7 17 9 8

8 12 5 7

9 12 9 3

10 8 5 3

11 7 5 2

12 16 12 4

Isometric grip and pinch strength (measured with E-Link system) in children with USCP

No. of participants = 86 (53 boys; 33 girls)

Age, mean (SD) = 9 y 3 mo (1 y 8 mo)
Affected side

Right = 51
Left = 35

MACS level
Level I = 29
Level II = 47
Level III = 10

Height, cm, mean (SD) = 139 (12.2)
Weight, cm, mean (SD) = 37.0 (10.1)

7 19 10 9

8 14 6 8

9 17 11 6

10 9 5 4

11 11 9 2

12 16 12 4

Children with TD (all measurements)

No. of participants = 120 (60 boys; 60 girls)

Age, mean (SD) = 9 y 5 mo (1 y 7 mo)
Preferred side

Right = 106
Left = 14

Height, cm, mean (SD) = 143 (12.6)
Weight, kg, mean (SD) = 37.4 (11.6)

7 20 10 10

8 20 10 10

9 20 10 10

10 20 10 10

11 20 10 10

12 20 10 10

aHHD = hand-held dynamometer; MACS = Manual Ability Classification; TD = typical development; USCP = unilateral spastic cerebral palsy.

for the nonpreferred UE. Wrist extension with fingers
flexed and wrist flexion provided the greatest contribution
to group separation. Figure 1 demonstrates the group
separation using the values of the discriminant function
for the group children with USCP and group children with
TD. For most cases, there appears to be clear separation
between the 2 groups.

Isometric Grip/Pinch Strength
The means and differences in grip and pinch strength are
presented in Table 2. For 3 of the 4 measurements,
analysis of grip/pinch strength resulted in statistically
significant group differences. Table 4 summarizes the

results for the fitted models. For pinch strength of the
preferred UE, pinch strength of the nonpreferred UE, and
grip strength of the nonpreferred UE, children with TD on
average showed higher scores when controlling for age
and sex. In addition, for grip strength of the nonpreferred
UE, there was a significant age by group interaction with
children with TD showing greater gains in strength over
time (Fig. 2).

Discussion
The aim of this study was to investigate whether the UE
muscle strength between children with USCP and the
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Bilateral Strength Problems in Unilateral CP

Table 3.
Results from MANOVA and LDA of Isometric Arm Strengtha

UE Variable Pillai Trace Approximate F Pb Discriminant Function
Coefficientc

Preferred USCP vs TD (group) 0.23 10.83 <.001

Age 0.30 15.53 <.001

Sex 0.02 0.75 .586

Age × group interaction 0.06 2.49 <.05

Wrist extension 0.031

Wrist extension (fingers
flexed)

0.033

Wrist flexion 0.013

Elbow flexion −0.008

Elbow extension −0.030

Nonpreferred USCP vs TD (group) 0.68 78.92 <.001

Age 0.30 15.80 <.001

Sex 0.01 0.34 .888

Age × group interaction 0.12 5.14 <.001

Wrist extension 0.019

Wrist extension (fingers
flexed)

0.029

Wrist flexion 0.032

Elbow flexion −0.009

Elbow extension −0.012

aLDA = linear discriminant analysis; MANOVA = multivariate analysis of variance; TD = typical development; UE = upper extremity; USCP = unilateral spastic
cerebral palsy.
bP value from MANOVA analysis.
cBolded values are variables that likely contributed the most to group separation in the LDA.

children with TD differs for both the PUE and the
nonpreferred UE.

Muscle Strength in the Preferred UE
Overall, children with USCP were consistently weaker
than children with TD in their preferred UE, except for
grip strength. These findings are almost consistent
with the findings in adults with stroke. Impairments in
strength of the total UE were found in adults with
stroke.19,23

Muscle weakness of the preferred UE of children with
USCP seems to go beyond impairments in the hand. It is
striking that the muscle strength of the elbow flexion and
extension in the younger age groups is higher in children
with USCP than in children with TD. In the older age
groups, this difference between groups is reversed. A
possible explanation could be the intensive (bimanual)
training in children with USCP at the younger age and
more disuse of the preferred UE at the older age. More
research to explain this result is needed.

Rich et al12 and Tomhave et al14 assessed only differences
in grip and pinch strength, so the results of these 2
strength measurements can be compared. The results of
our study regarding grip strength are comparable with the
results of Tomhave et al14 but different from those of Rich
et al.12 In the study by Rich et al, older children
(8–18 years old; mean = 14.1 [SD = 2.4] years) were
included.12 As Figure 2 shows, the differences in grip
strength become larger in the older age groups. This could
explain why the differences in grip strength between the
groups is probably not yet clear in our population.

Our findings regarding the difference in pinch strength
contradict the study of Tomhave et al (similar mean value
compared with norm value).14 Although all studies use the
average of 3 measurements to determine the muscle
strength, some differences in methodology exist that may
explain these discrepancies.

A different measurement instrument was used to measure
grip strength: the digitized Biometric E-Link evaluation
system (Biometrics Ltd, Gwent, UK) in our study versus a
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Bilateral Strength Problems in Unilateral CP

Figure 1.
Group separation is shown using the values of the discriminant function for the group of children with USCP and group of children with TD.
Despite differences between the 2 groups, there is also a degree of overlap in the distributions.

Jamar hydraulic hand dynamometer (Patterson Medical,
Warrenville, IL, USA) in the other studies.12,14 The
Biometric E-Link system has (digitized) incremental steps
of 0.1 kg, whereas the Jamar hydraulic dynamometer has
(visual) incremental steps of 2 kg/5 lb. Therefore, small
differences in muscle strength are more likely to be
detected using our E-Link system.

In our study and in the study by Rich et al,36 children with
TD were used as controls, but Tomhave et al14 compared
the hand strength of children with USCP with previously
published norms. These norms were based on 199
Brazilian children recruited within the same area and
divided into 10 age/sex groups.37 About 37% of the
American children were overweight or obese, whereas in
Brazil this percentage was about 16% to 20%.38,39 Within
the Netherlands, this percentage was about 12%.40 As
increasing weight status is associated with improved grip
strength,38 it is unclear whether the norm population
sufficiently resembled the total population of children
within the United States and the Netherlands.

Regarding our results, in most measurements the group of
children with USCP showed a larger range of muscle

strength compared with children with TD. These results
cannot be compared with the other studies because this
information is not available. With this larger range in
muscle strength, it is expected that specific characteristics
related to children with USCP, such as MACS level and/or
location of the lesion, may have an impact on muscle
weakness. However, due to the small subgroups (eg, there
are only 7–9 children with MACS level III), a comparison
of muscle strength values for different MACS levels was
not possible between children with TD and children with
USCP.

Because there was no information on the overall activity
and participation levels of the children with USCP, there is
a chance that reduced overall activity and participation
levels might have affected the hand function of the
nonaffected UE.

Unfortunately, MRIs or neurophysiological data for the
children with USCP were not available, so we could not
examine whether the muscle weakness in children with
USCP is related to a specific brain damage location. In
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Table 4.
Results from GLM of Grip and Pinch Strengtha

Upper Extremity Variable Estimate SE Pb

Preferred Pinch strength, kg

Interceptc 2.88 0.23 <.001

TD relative to USCP 0.76 0.29 <.01

1-y increase in age 0.43 0.07 <.001

Female relative to male -0.28 0.17 .08

Age × group interaction -0.09 0.10 .41

Grip strength, kg

Interceptc 9.74 0.85 <.001

TD relative to USCP 1.35 1.07 .21

1-y increase in age 1.76 0.27 <.001

Female relative to male -0.68 0.64 .29

Age × group interaction 0.38 0.36 .30

Nonpreferred Pinch strength, kg

Interceptc 1.23 0.20 <.001

TD relative to USCP 2.14 0.25 <.001

1-y increase in age 0.19 0.06 <.01

Female relative to male -0.12 0.15 .44

Age × group interaction 0.14 0.09 .12

Grip strength, kg

Interceptc 4.72 0.72 <.001

TD relative to USCP 6.79 0.90 <.001

1-y increase in age 0.67 0.23 <.05

Female relative to male -0.21 0.54 .7

Age × group interaction 1.24 0.31 <.001

aGLM = generalized linear model; TD = typical development; USCP = unilateral spastic cerebral palsy.
bP values were calculated using the Wald statistic.
cThe model was centered on the age variable (the intercept represented the mean at an age of 7 y) with the USCP group set as the reference group.

addition, it is not known how much of the deficit might
be due to bilateral involvement of the brain.

Muscle Strength in the Nonpreferred UE
In the nonpreferred UE, the children with USCP produced
statistically significantly lower muscle strength values for
all measures compared with children with TD. These
differences in muscle strength are in accord with other
studies.4,5 Our study confirms the hypothesis that children
with USCP can generate less muscle strength with the
nonpreferred side compared with children with TD.
However, it is remarkable that the percentage difference
in muscle strength is less in the proximal UE muscle
groups compared with the distal UE muscle groups. A
possible explanation is that the severity of hand function
is closely related to the integrity and organization of direct
corticospinal projections to the hand muscles and that
these largely control distal movement/force.41 A second

explanation might be that because most children with
USCP only use the nonpreferred UE to support the
preferred UE, the proximal muscle groups may be used
more compared with the distal (fine motor) muscle
groups.

Limitations
We used a cross-sectional study design to compare
differences in muscle strength between both groups.
However, it should be noted that we did not study
changes in muscle strength within each individual child.
To do so, a longitudinal study design is more appropriate,
but such studies are logistically challenging to execute.

Because the age of our study population ranges from 7 to
12 years, these results cannot be extrapolated to other age
groups. The children with USCP are American and Dutch
whereas the children with TD were exclusively Dutch
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Figure 2.
Differences in grip strength between TD children and children with USCP.

children. Important patient characteristics, such as weight,
height, and age, did not differ significantly between the
2 groups; therefore, the possible influence of country of
residence is likely to be minimal. However, because most
participants were Dutch, it is unknown if the differences
in muscle strength are generalizable to populations with a
lower or higher percentage of overweight or obese
children.

We tried to have all therapists testing both the children
with USCP and children with TD, but unfortunately this

was not always possible for practical reasons. Therefore,
personal measurement errors could have influenced the
results. However, the measurement therapists also
participated in a reliability study and showing excellent
reliability,32 indicating that they were likely sufficiently
trained and consistent.

Although we already included more participants than
most other studies on this topic, more participants are
needed to be able to better differentiate which variables
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Bilateral Strength Problems in Unilateral CP

differs most between groups. Therefore, the results must
be interpreted with some caution. A more global
collaboration is needed to produce studies with a larger
sample size.

In children with USCP, muscle weakness in both UEs
occurs. When unimanual or bimanual ability limitations
are present, investigation of muscle strength in the
nonaffected UE should be part of the assessment. Future
research should focus on whether particular
characteristics related to children with USCP can explain
these differences in muscle strength and whether and
where muscle weakness is present in the UE in
adolescents with USCP.
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