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Objective  To investigate the relationship between gross motor function and daily functional skill in children with 
cerebral palsy (CP) and to explore how this relationship is moderated by the Gross Motor Function Classification 
System, Bimanual Fine Motor Function (BFMF), neuromotor types, and limb distribution of CP.
Methods  A cross-sectional survey of 112 children with CP (range, 4 years to 7 years and 7 months) was performed. 
Gross motor function was assessed with the Gross Motor Function Measure-66 (GMFM-66) and functional skill 
was assessed with the Pediatric Evaluation of Disability Inventory-Functional Skills Scale (PEDI-FSS).
Results  GMFM-66 scores explained 49.7%, 67.4%, and 26.1% of variance in the PEDI-FSS scores in the self-care, 
mobility, and social function domains, respectively. Significant moderation by the distribution of palsy and BFMF 
classification levels II, III, and IV was found in the relationship between GMFM-66 and PEDI-FSS self-care. Further 
significant moderation by the distribution of palsy was also observable in the relationship between GMFM-66 and 
PEDI-FSS mobility.
Conclusion  These findings suggest that limb distribution and hand function must be considered when evaluating 
gross motor function and functional skills in children with CP, especially in unilateral CP.
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INTRODUCTION

Cerebral palsy (CP) is defined as ‘a group of permanent 
disorders of the development of movement and posture, 
causing activity limitation, that are attributed to non-
progressive disturbances that occurred in the develop-
ing fetal or infant brain.’ The motor disorders present in 
CP are often accompanied by disturbances of sensation, 
perception, cognition, communication, and behavior, by 
epilepsy and secondary musculoskeletal problems [1]. 
This definition includes the concept of activity limitation, 
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which is the term used in the International Classification 
of Functioning, Disability, and Health (ICF), as defined 
by the World Health Organization (WHO) in 2001 [2,3].

However, since motor disability related with sitting, 
standing, walking and running appears as the main 
symptom in children with CP, the assessment and treat-
ment of CP have focused on gross motor function (ca-
pacity). The Gross Motor Function Measure (GMFM) 
designed by Russell et al. [4] in 1993 is used to measure 
the level of motor development and changes of gross mo-
tor function in a standardized environment in children 
with CP. GMFM-66 is comprised of a subset of the 88 
items identified (through Rasch analysis) as contributing 
to the measure of gross motor function in children with 
CP, ranging from 0 (lowest motor function) to 100 (highest 
motor function).

The Pediatric Evaluation of Disability Inventory (PEDI) 
designed by Haley et al. [5] is used to measure if a child 
can perform certain activities (capability) and carries 
out these activities (performance) in daily environments 
such as home, kindergarten or school, rather than mea-
suring capacity in standardized environments. Capabil-
ity and performance in real-life situations, as defined by 
the WHO, are reflected in the PEDI’s evaluation items, 
including communication, self-care management and 
getting in and out of cars. In recent years, the PEDI has 
been widely used to evaluate the daily functional skills in 
children with CP for clinical and experimental purposes 
[6,7].

Several studies have explored the relationship between 
the GMFM and the PEDI in order to identify whether 
improvement in gross motor function is actually related 
with improvement in daily functional skills. Smits et al. [8] 
reported that the GMFM-66 explained 90% of variables 
in the mobility domain of the PEDI in 116 children with 
CP aged between 4 years and 8 months and 7 years and 
7 months. Holsbeeke et al. [9] reported that the correla-
tions between motor capacity, motor capability, and mo-
tor performance were high, between 0.84 and 0.92, and 
significant (p<0.001) in children with CP aged 30 months 
on average. However, when comparing children with the 
same level of motor capacity or capability, large ranges 
at the level of motor performance were found. Tieman et 
al. [10] also reported statistically significant difference in 
performance across multiple settings for children with 
CP in all capability groups. As gross motor function (ca-
pacity) and functional skill (capability or performance) 

do not always correlate with each other, examination of a 
child’s capability and performance in the settings that are 
important to the child’s daily life, such as home, school 
and outdoors, needs to be considered.

As most previous studies have compared the gross mo-
tor function only with the mobility domain of the PEDI, 
studies addressing the relationship between the gross 
function and other domains of functional skills (self-care, 
social function) that can be affected by the gross motor 
function have been limited. To our knowledge, only one 
study by Ostensjo et al. [11] has compared gross motor 
function with the domains of self-care, mobility, and 
social function in 95 children with CP aged between 25 
and 87 months. In spite of children with CP comprising a 
very heterogeneous group, this study was not conducted 
based on the Gross Motor Function Classification System 
(GMFCS). As such, understanding the correlation be-
tween the GMFM and the PEDI by the severity of CP was 
limited.

The development of daily functional skills is affected 
by personal, social, and cultural factors. Jeong et al. [12] 
conducted a study into the influence of culture on PEDI 
scores. This study reported that the PEDI scores in Kore-
an children were lower than those in American children 
in some age groups. This result implied that there may 
exist some differences in correlation between the capac-
ity and capability of Korean children with CP. 

Independent performance is also affected by fine mo-
tor function as well as gross motor function in everyday 
life. Hand function, expressed by fine motor function, is 
essential in handling objects in daily life. The Bimanual 
Fine Motor Function (BFMF, Appendix 1) classification 
system, which corresponds to the GMFCS levels, has 
been developed for the evaluation of hand function by 
severity in children with CP [13]. Various studies have 
revealed that a lack of development in hand function 
causes a decline in sensory information input, voluntary 
play, experience, and learning ability. That is, it leads to 
a functional decline in daily life and social participation 
restrictions [14]. Decline in fine motor function is fre-
quently observed in children with CP. As such, fine motor 
function needs to be considered along with gross motor 
function to more fully comprehend all domains of the 
children’s daily lives.

From this perspective, the aim of this study is to inves-
tigate the relationship between gross motor function and 
all domains of daily functional skills in the South Korean 
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children with CP, by comparing GMFM-66 and PEDI 
scores. It also aims to explore the factors which affect the 
relationship between these measures by analyzing the 
moderation effects of the neuromotor type, distribution, 
severity, and hand function in children with CP.

MATERIALS AND METHODS

Method
The present study was conducted in the form of a ret-

rospective chart review, as approved by the Institutional 
Review Board of the Samsung Medical Center. The di-
agnoses, neuromotor types, distribution of palsy and 
GMFCS levels of children with CP were recorded by an 
experienced pediatric physiatrist. GMFM was evalu-
ated by three trained physical therapists who specialize 
in children, using translated GMFM evaluation sheets 
in a physical therapy room free of disturbance [4]. PEDI 
evaluations were conducted by two trained pediatric oc-
cupational therapists through structured interviews with 
the children’s parents or persons who were familiar with 
the children, using the Korean version of the PEDI evalu-
ation sheet translated by Jeong et al. [12] BFMF evalua-
tions for assessing hand function were also conducted by 
two trained pediatric occupational therapists.

Subjects
Children with CP aged 4 to 7 years who had visited the 

outpatient clinic of the Department of Physical and Re-
habilitation Medicine at the Samsung Medical Center, 
Seoul, Republic of Korea, between February 2009 and 
September 2011, were screened. Through the hospital 
database system, 145 children aged 4 to 7 years who had 
performed GMFM as well as PEDI evaluation within the 
past two weeks were initially selected. After reviewing 
subjects’ medical records, 10 subjects who had genetic 
disease, 18 who had undergone botulinum toxin injec-
tion within the previous three months, and 5 who had 
undergone orthopedic or neurosurgical operations with-
in the past year were excluded. Thus a total of 112 chil-
dren with CP were selected for final analysis. The BFMF 
classification could be obtained for 55 out of the 112 final 
subjects. The age of the subjects ranged from 4 years to 7 
years and 9 months, and the mean age was 5.8±1.5 years. 
As for the neuromotor types and the distribution of palsy, 
the spastic type was the most frequent at 102 (91.1%) sub-
jects and of those, 83 (81.4%) were bilateral (Table 1). By 

GMFCS classification, level I was the most frequent with 
32 (28.6%) subjects and by BFMF classification, level II 
was the most frequent with 28 (50.9%) subjects (Table 1).

Data analysis
Statistical analysis were conducted using SPSS ver. 19.0 

(SPSS Inc., Chicago, IL, USA), and a p-value of <0.05 was 
considered statistically significant. The data was analyzed 
as follows, in light of both the purposes of this study and 
the characteristics of the variables.

Univariate regression analysis was used to investi-
gate the relationship between the gross motor function 
(capacity) and the daily functional skill (capability) as 
the percentage of explained variance for each PEDI-
Functional Skills Scales (PEDI-FSS) by the GMFM-66. 
We only used the PEDI-FSS to exclude the caregiver’s 
assistance. The scaled PEDI scores used in this study re-
flect the children’s functional skill, and these have been 

Table 1. Characteristics of participants (n=112)

Characteristic Participant
Age (yr) 5.9±1.5

Sex

Male 64 (57.1)

Female 48 (42.9)

Classification

Neuromotor type

Dyskinetic 4 (3.6)

Ataxic 6 (5.4)

Spastic 102 (91.1)

GMFCS level

I 32 (28.6)

II 31 (27.7)

III 28 (25.0)

IV 16 (14.3)

V 5 (4.5)

BFMF level

I 6 (10.9)

II 28 (50.9)

III 9 (16.4)

IV 10 (18.2)

V 2 (3.6) 

Values are presented as number (%) or mean±standard 
deviation.
GMFCS, Gross Motor Function Classification System; 
BFMF, Bimanual Fine Motor Function.
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transformed to a scale of 0 to 100, where 0 represents no 
ability and 100 represents full capability in performing 
the functional skill items in a particular domain. One way 
analysis of variance (ANOVA) and post hoc analysis us-
ing the Scheffe method were calculated to evaluate the 
difference between GMFM-66 and PEDI-FSS, by GMFCS, 
BFMF, neuromotor type, and the distribution of palsy. 
Finally, multivariate regression analysis for the evalua-
tion of moderation effects was carried out using GMFCS, 
BFMF, the neuromotor type, and the distribution of palsy 
as variables, to identify the factors which can affect the 
relationship between the GMFM-66 and the PEDI-FSS.

RESULTS

Relationship between the gross motor function and the 
daily functional skill

The results of the regression analysis showed that 
GMFM-66 scores explained 49.7%, 67.4%, and 26.1% of 
the variance of PEDI-FSS self-care, mobility, and social 
function scores, respectively (Table 2).

Differences in the gross motor function and daily 
functional skill by the characteristics of CP

Significant differences were observed in the mean of 
GMFM-66 scores and the PEDI-FSS scores by the neu-
romotor type and the distribution of palsy (p<0.05). 
Based on the post hoc analysis, GMFM-66 scores, and 
PEDI-FSS mobility scores were higher in children with 
unilateral spastic type compared to those with bilateral 
spastic, ataxic, and dyskinetic type (Table 3). Significant 
differences in the mean of the GMFM-66 and all domains 
of the PEDI-FSS were observed by GMFCS and BFMF 
classifications (p<0.05) (Table 1). Based on the post hoc 
analysis, significant differences in GMFM-66 scores were 
observed between each GMFCS level. Significant differ-
ences in PEDI-FSS self-care scores were observed be-
tween the individual GMFCS levels, except for between 
levels II and III. In the PEDI-FSS mobility domain, sig-
nificant differences were observed between all GMFCS 
levels, except for between levels III and IV and between 
IV and V. Meanwhile, in the social function domain, sig-
nificant differences were observed only between GMFCS 
level V and other levels (Table 1). Based on post hoc anal-
ysis by BFMF levels, significant differences in GMFM-66 
scores were observed only between BFMF levels I, II, III 
and IV, V. For the PEDI-FSS self-care, significant differ-
ences were observed between each level except for be-
tween BFMF levels I and II. For the PEDI-FSS mobility, 
there were significant differences observed only between 
BFMF levels I, II, III and levels IV and V. Further, for the 
PEDI-FSS social function, significant differences were 
only observed between BFMF level I (or II) and level IV (or  
V), and level III and V (Table 1).

Table 2. Association between PEDI-FSS and GMFM-66  
by univariate linear regression analysis

Variable R2 β±SE p-value
PEDI-FSS

   Self-care 0.497 0.72±0.06 p<0.001

   Mobility 0.674 0.98±0.05 p<0.001

   Social function 0.261 0.66±0.10 p<0.001

PEDI-FSS, Pediatric Evaluation of Disability Inventory-
Functional Skills Scale; GMFM-66, Gross Motor Function 
Measure-66; b, slope; SE, standard error.

Table 3. GMFM-66 and PEDI-FSS stratified by neuromotor type and limb distribution

No. GMFM-66
PEDI-FSS

Self-care Mobility Social function
Spastic 102 62.94±17.84 63.28±12.60 59.39±20.32 67.64±15.85

Bilateral 83 58.77±15.71a) 62.43±12.85 55.45±18.66a) 67.26±15.99

Unilateral 19 81.18±15.15b,c,d) 66.96±11.04 76.62±18.58b,c,d) 69.29±15.52

Dyskinetic 4 56.23±5.62a) 61.08±21.13 62.05±16.32a) 72.38±27.61

Ataxic 6 60.83±22.70a) 55.63±17.09 37.87±26.80a) 54.82±16.64

Total 112 62.59±17.76 62.79±13.16 58.33±20.96 67.12±16.46

Values are presented as mean±standard deviation. p<0.05.
GMFM-66, Gross Motor Function Measure-66; PEDI-FSS, Pediatric Evaluation of Disability Inventory-Functional Skills 
Scale; CP, cerebral palsy. 
Significantly different compared with a)unilateral spastic CP, b)bilateral spastic CP, c)dyskinetic CP, and d)ataxic CP. 
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The moderation effects of characteristics of CP on the 
relationship between gross motor function and daily 
functional skill

Significant moderation by the distribution of palsy 
and BFMF classification levels II, III and IV was found in 
the relationship between GMFM-66 and PEDI-FSS self-
care. Further significant moderation by the distribution 
of palsy was also observed for the relationship between 
GMFM-66 and PEDI-FSS mobility (Table 4). Additional 
univariate regression analysis within groups by distribu-
tion of palsy revealed that GMFM-66 scores explained 
only 29.7% of variance of PEDI-FSS self-care scores, 
35.2% of variance of PEDI-FSS mobility scores in children 
with unilateral spastic CP, and 61.7% and 78.2% in bilat-
eral spastic CP, respectively.

DISCUSSION

In the area of pediatric rehabilitation, reliable and valid 
measurement tools can provide solid information for 

the establishment of therapeutic planning and outcome 
measure. Therefore, measurement tools should objec-
tively reflect children’s current levels of function. The 
GMFM measures what a child can do in standardized 
circumstances (capacity) and is formally administered by 
a pediatric therapist trained in its use. The PEDI evalu-
ates what a child can do (capability) and does do (per-
formance) in a more real-world environments, without 
or with assistance, and is completed through interviews 
with the caregivers. The PEDI indicates the child’s adap-
tation or adjustment in motor functions in actual daily 
life, but takes a relatively long time to evaluate. As the 
GMFM and the PEDI provide different perspectives on a 
child’s motor function and functional skill, it is important 
to comprehend the relationship between the results of 
both measurement tools.

This study showed that daily functional skill is related 
to gross motor function in Korean children with CP 
aged 4 to 7 years, explaining 49.7%, 67.4%, and 26.1% of 
variance in the self-care, mobility, and social function 

Table 4. Interaction terms of GMFM with GMFCS level, neuromotor type, limb distribution, and BFMF by multivariate 
analysis for moderation

PEDI-FSS
Self-care Mobility

β±SE p-value β±SE p-value
GMFM-66 0.65±0.06 <0.001 1.00±0.05 <0.001

GMFM-66 * GMFCS I (ref.cat) - - - -

GMFM-66 * GMFCS II 1.29±3.13 0.680 -1.04±5.28 0.844

GMFM-66 * GMFCS III 5.56±2.18 0.053 -0.36±3.08 0.907

GMFM-66 * GMFCS IV 2.51±6.02 0.735 -12.10±10.50 0.256

GMFM-66 * GMFCS V 1.29±3.13 0.680 -1.04±5.28 0.844

GMFM-66 * Spastic (ref.cat) - - - -

GMFM-66 * dyskinetic 10.42±6.23 0.110 11.65±7.27 0.125

GMFM-66 * ataxic 1.27±3.72 0.737 -23.2±8.68 0.114

GMFM-66 * unilateral (ref.cat) - - - -

GMFM-66 * bilateral 8.80±2.48 0.001* 2.13±2.70 0.043*

GMFM-66 * BFMF I (ref.cat) - - - -

GMFM-66 * BFMF II -3.26±3.23 0.032* -3.02±3.54 0.400

GMFM-66 * BFMF III -15.71±4.86 0.008* 3.255±6.11 0.605

GMFM-66 * BFMF IV -16.96±6.59 0.017* -4.03±6.05 0.515

GMFM-66 * BFMF V -32.93±18.97 0.143 28.63±18.10 0.174

GMFM-66, Gross Motor Function Measure-66; GMFCS, Gross Motor Functional Classification System; PEDI-FSS, Pe-
diatric Evaluation of Disability Inventory-Functional Skills Scale; BFMF, Bimanual Fine Motor Function; b, slope; SE, 
standard error; ref.cat, reference category.
*p<0.05.
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domains of PEDI, respectively (Table 2). This is the first 
study performed in the Republic of Korea to have ad-
dressed the relationship between gross motor function 
and all domains of daily functional skill. In this study, 
a relatively weaker relationship between gross motor 
function and daily mobility skill was observed (67.4%) 
than was found in studies conducted in the United States 
(90.0%) [8] and Sweden (75.0%) [11]. This difference has 
also been identified from a study in China, which showed 
a correlation coefficient of (r=0.83—0.90) [15] between the 
GMFM-66 and PEDI-FSS mobility scores. These different 
results may be due to a translation gap that leads to ob-
scurity of measurement criteria when the original items 
are applied, as well as differences in childcare cultures 
and social environments. However, items in the domain 
of mobility of the PEDI, such as toilet use, moving in a 
wheelchair and moving method and speed, have been 
found to show smaller differences in translation com-
pared to items in the domain of self-care and social func-
tion. Jeong et al. [12] found that there were no significant 
differences between Korea and the United States in PEDI 
scores for the mobility domain in children aged 4 years 
or older. Therefore, the relatively weaker relationship 
between mobility and gross motor function found in this 
study is considered to have been affected by cultural and 
environmental differences rather than by a translation 
gap between the PEDI evaluation sheets.

The self-care and mobility domains of the PEDI-FSS 
showed significant differences by GMFCS levels, in con-
trast to the domain of social function. The low correlation 
for the latter function can be explained in that rates of 
low cognitive function (intellectual disability) vary sig-
nificantly between levels of CP and that levels of impair-
ment vary within cerebral palsy subtypes [16]. In addition 
social function is affected by various multifactor causes 
such as education and economic and social factors as 
well as by motor function. Meanwhile, by BFMF classifi-
cation, significant differences in PEDI-FSS mobility were 
observed only between BFMF levels I, II, III and levels 
IV and V. This result shows that the ability of the child to 
hold and release objects with only one hand and to be 
able to manipulate objects (as based on the BFMF clas-
sification) serves as an important factor in the mobility of 
daily living.

In the PEDI-FSS self-care domain, significant differ-
ences were observed between each BFMF level, except 

for levels I and II in this study. Ahn et al. [17] previously 
observed statistically significant differences at all levels 
for the correlations between the Manual Ability Clas-
sification System (MACS) and PEDI-FSS self-care. These 
conflicting results suggest that two-hand function clas-
sification systems are not always consistent. The MACS 
classifies children based on how they use both hands 
when they deal with objects in daily life and as such 
might better reflect actual functional skills. Further re-
search may be warranted to investigate the comparison 
between the two classification systems.

Significant moderation by the distribution of palsy and 
the BFMF classification levels II, III, and IV was found in 
the relationship between GMFM-66 and PEDI-FSS self-
care. Further significant moderation by the distribution 
of palsy was also observed in the relationship between 
GMFM-66 and PEDI-FSS mobility. In the mobility do-
main of PEDI, when the subjects were limited to spas-
tic children with CP, GMFM-66 scores explained 78.2% 
in children with bilateral spastic CP, which was much 
higher than the 35.2% for children with unilateral spastic 
CP. This result is consistent with previous findings from 
studies performed in the United States [8]. These find-
ings may have implications for goal-setting to enhance 
the daily functional skill of children with CP. As the gross 
motor function is transferred to real-life daily functional 
skill in bilateral spastic children with CP, treatment and 
assessment needs to focus on gross motor function en-
hancement. Conversely in unilateral spastic children 
with CP, treatment and assessment should focus on con-
tinuous situation training [8].

In children with CP, the domain of self-care in daily 
life is closely related with their hand fine motor function 
[13,17-19]. In a study by Ahn et al. [17] that examined 
children with spastic CP, the self-care domain of the 
PEDI showed high correlations with the MACS. Our study 
found that BFMF classification significantly moderated 
the relationship between the GMFM-66 and the self-
care domain of the PEDI-FSS. Meanwhile, many items 
in the self-care domain such as using the toilet, washing 
the face or body and wearing trousers require consider-
able gross motor function as well as fine motor function. 
In our study, GMFM-66 scores explained 49.7% of the 
PEDI-FSS self-care scores. This was lower than a Swed-
ish study which reported 73.0% explanation [11]. Some of 
the difference in these results is likely due to a translation 
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gap, such as ‘puree’ being translated to ‘porridge’ and 
‘unfastened shoes’ being translated as a state in which 
shoestrings have been loosened or indicating shoes from 
which the Velcro has been detached. It is also important 
to consider that the self-care ability of children with CP 
is affected by the sociocultural attitudes involved in car-
ing for CP children for activities such as spoon-feeding or 
face-washing carried out by the caregivers.

There are several limitations of the current study to be 
addressed. First, the number of recruited children with 
GMFCS level V, BFMF level V, and the ataxic and dyski-
netic types of CP were relatively insufficient for statistical 
analysis. Second, we chose to focus on the relationship 
between gross motor function and daily functional skill, 
with severity, neuromotor type, distribution, and hand 
function as moderating factors. However, daily func-
tional skills are affected by many other factors such as 
children’s motivation, age, cognitive and socioeconomic 
variables, and environmental and cultural factors. We 
were limited to explaining the daily functional skill by 
gross motor function and fine motor function only. Fur-
ther study which includes various related factors should 
be investigated in Korean children with CP.

In Korean children with CP aged between 4 to 7 years, 
the GMFM-66 explained not only the mobility domain 
of the PEDI but also some aspects of the domains of self-
care and social function. The distribution of CP and 
BFMF levels moderated the relationship between the 
GMFM-66 and the self-care domain of the PEDI-FSS. In 
addition, the distribution of CP moderated the relation-
ship between the GMFM-66 and the mobility domain of 
the PEDI-FSS. In particular, the GMFM-66 showed lower 
explanatory power in unilateral spastic CP than in bilat-
eral spastic CP. This result should be considered when 
evaluating children with unilateral spastic CP. Although 
motor function as evaluated in a standardized environ-
ment showed a strong relationship with daily functional 
skill in Korean children with CP, these results were not 
completely equivalent and showed a weaker relationship 
compared to that indicated by foreign reports. Therefore, 
evaluations of daily functional skill should be included 
for more accurate comprehension of the realities of a 
child’s daily life. The distribution of CP and hand func-
tion should be considered alongside motor function for 
goal-setting and enhancement of children’s life skills.
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Appendix 1. Bimanual Fine Motor Function 

Level Function
I One hand; manipulates without restrictions

The other hand: manipulates without restrictions or limitations in more advanced fine motor skills

II (a) One hand: manipulates without restrictions

The other hand: only ability to grasp or hold

(b) Both hands; limitations in more advanced fine motor skills

III (a) One hand: manipulates without restrictions

The other hand no functional ability

(b) One hand: limitations in more advanced fine motor skills

The other hand: only ability to grasp or worse

IV (a) Both hands: only ability to grasp

(b) One hand: only ability to grasp

The other hand: only ability to hold or worse

V Both hands: only ability to grasp or worse

Adapted with permission from John Wiley & Sons Ltd. [13].


