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ORIGINAL REPORT

MOTOR PROFICIENCY IN CHILDREN WITH MILD TRAUMATIC BRAIN
INJURY COMPARED WITH A CONTROL GROUP

Ewa Dahl, MSc' and Ingrid Emanuelson, MD, PhD?
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Objective: To assess motor proficiency and movement disor-
ders in children with mild traumatic brain injury compared
with an uninjured control group. Inclusion criteria were
based on the definitions issued by the American Congress of
Rehabilitation Medicine.

Subjects: A group of 27 children with mild traumatic brain
injury (age range 4-17 years) and a control group of 79
healthy children.

Methods: Bruininks-Oseretsky Test of Motor Proficiency
(BOTMP) was administered. This is a standardized compre-
hensive test of gross- and fine-motor function that produces
standard scores for children in this age group. It is divided
into 4 gross-motor tasks, 3 fine-motor tasks, 1 combined
task, and a test of hand and foot dominance. Tremor was
also evaluated.

Results: The mean standard scores for both groups were
within the normal range. For balance, the mild traumatic
brain injury group had a significantly poorer performance
than controls (p=0.03). Tremor was significantly more fre-
quent in the mild traumatic brain injury group (p=0.004),
and mixed-handedness was significantly over-represented in
the mild traumatic brain injury group (p=0.02).
Conclusion: In this study, children with mild traumatic
brain injury did not differ from the norm in terms of fine-
or gross-motor proficiency compared with a control group
of uninjured children, but a difference in balance skill
(p=0.03), mixed-handedness (p=0.02) and tremor (p=0.004)
was detected, to the injured children’s detriment.
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INTRODUCTION

Head injuries are common; one-third of all newborns world
wide will experience a head injury before the age of 16 years
and between 80-95% of the injuries are mild (1). In a recent
World Health Organization (WHO) study, the mean annual
incidence of mild traumatic brain injury (MTBI) at all ages is

© 2013 The Authors. doi: 10.2340/16501977-1188

estimated to be at least 600 per 100,000 inhabitants (2). In a
recently published study from Sweden, the annual incidence of
MTBI in children (0-17 years) was found to be 468/100,000
(3), which is in agreement with, and comparable to, a Swedish
adult population (1665 years of age) (4).

However, definitions of MTBI vary considerably (5), and
this makes it difficult to compare the severity and outcome
for this group (6).

Several studies highlight the fact that post-traumatic com-
plaints or post-concussion syndrome (PCS) exist after MTBI
and, in some cases, persist for years (2, 6, 7). To date, there are
no national guidelines for follow-up after MTBI that include
motor function. In Sweden MTBI is regarded as a relatively
harmless injury with complete recovery within a couple of
weeks (6, 8-10).

Movement disorders after MTBI are usually described in
the literature as mild and transient, and severe movement dis-
orders are rare (6, 7, 10, 11). The term “movement disorder”
is used to encompass tremors, hypokinetic syndromes and
“extra-pyramidal” symptoms. Koller and co-workers (8) found
post-traumatic movement disorders in 10% of patients after
mild or moderate head injury, the majority of these patients had
transient mild tremor, and persistent movement disorders were
only rarely detected. No disabling transient low-amplitude
postural/intention tremor was found in this group (8). However,
Kuhtz-Buschbeck (12) reported that hand motor skills improve
less than gait within 5 months after injury. Functional motor
function and control are affected 1-2 years after TBI (12),
whereas reaction time and movement duration are prolonged.
Co-ordination deficits are also frequent (10).

Fine-motor skills are often included in neuropsychology
tests, and several studies have been published in this area (2,
13). Only a few studies of gross- as well as fine-motor profi-
ciency post-trauma for MTBI in children have been published
(5,6, 10, 14, 15).

Another complication after severe and moderate head injury
is reduced dynamic balance, but this has been only sparsely
studied after MTBI (15, 16). According to Rosenblum et al.
(17), postural control/balance is defined as the ability to maintain
the centre of body mass or a body part over a stable or moving
base of support. Gagnon et al. (15) studied a group of injured
children and a control group, and found that children with MTBI
scored significantly worse than controls in the balance subtest.
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Aim

The aim of this study was to assess general motor proficiency
and movement disorders in a group of children over 4 years of
age, 3—6 months after a MTBI, and compare their performance
with an uninjured control group using the Bruininks-Oseretskys
Test of Motor Proficiency.

PATIENTS AND METHODS
Series
The MTBI group consisted of children, age range 0—17 years, registered
in a Brain Injury Register (BIR) at Boras Hospital in two different
6-month periods (in 1999 and 2000).

Inclusion criteria were: all children aged 0—17 years fulfilling the
criteria for MTBI according to the American Congress of Rehabilita-
tion Medicine (ACRM). MTBI is considered present if any of the
following criteria are fulfilled: focal neurological deficit(s) that may
not be transient; but where the severity of the injury does not exceed
the following: any period of loss of consciousness (LOC) of 30 min
or less; any loss of memory for events immediately before or after the
accident lasting less than 24 h, or a Glasgow Coma scale (GCS) score
of 13—15, 30 min after the injury (18).

Children living in provinces outside the County of South Alvsborg,
and children with injuries more severe than MTBI, were excluded.

The study comprised 192 children, 54 of whom agreed to evaluation.
Of these, 11 did not attend for evaluation. A total of 43 children were
evaluated (a further one was excluded because of myelomeningocele).
They were all offered a post-concussion examination (PCE) 3-6
months after injury. The PCE included a motor skills examination,
the Bruininks-Oseretsky Test of Motor Proficiency (BOTMP) test for
children older than 4 years. Of the remaining 42 children, 27 were
older than 4 years of age and were eligible for this study.

Control group

A total of 294 children aged 0—17 years, from a school situated in
Boras were asked by their parents to participate as a control group.
Inclusion criteria were: healthy children with no known concussion or
brain injury. Originally 99 children agreed to participate as controls,
but 6 were excluded because of a previous concussion episode, thus
93 remained. Of these, 88 children attended the evaluation, 79 of
whom were older than 4 years of age and were included in this study.

The study was approved by the ethics committee at Sahlgrenska
University Hospital, Gothenburg, Sweden.

Measurements

The complete battery of the English version of the BOTMP (19) was
used for the examination. This test is a standardized comprehensive
battery of gross- and fine-motor measurements that produces standard
scores for children in the age range 4—14 years. The BOTMP consists
of 3 composites, and the reliability of these parts is tested using the
coefficient alpha; gross-motor function (»=0.77), fine-motor function
(r=0.88) and general-motor function (»=0.89). The test is divided
into 8 sub-tests: 4 gross-motor tasks, 3 fine-motor tasks, and 1 com-
bined task, comprising 46 separate items and a test for hand and foot
dominance. The sub-test standard score has a mean of 15 (standard
deviation (SD) 5). Standard scores are interpreted as “below average
performance” in groups with scores between 6 and 11, and as “low
performance” for scores of less than 6. The composites are expressed
as normalized standard scores with means of 50 (SD 10). Hand pref-
erence and foot dominance are recorded from one catching and one
kicking item using a tennis ball. During the test, any changes in hand
or foot preference are noted. Administration of the complete battery
took between 45 and 60 min (19).
Any visible hand tremor during the activities was noted.
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Mild traumatic brain injury group

The children in the MTBI group (n=27) were all examined at the lo-
cal habilitation centre. All examinations were performed by the same
physiotherapist and the same child neurologist.

Control group

The children in the control group (n=79) were examined in the same
manner and by the same physiotherapist as the children with MTBI, but
the examinations were carried out at their school during school hours.

Statistics

All statistical analyses were carried out using the SPSS®. Descrip-
tive methods were used for the mean, median, age and gender. As the
samples were small, non-parametric statistics were used for comparing
the groups (Mann-Whitney U test and Pearson’s ¥ test). Statistical
significance was set at p<0.05. For comparisons between groups, a
logistic regression model was used (Fisher’s exact test), and for vari-
ances Levene’s test for equality of variances was used.

RESULTS

This study is based on 27 children with MTBI, age range 4—17
years, mean age 8.6 years (SD 2.6, standard error (SE)+0.5),
and a control group of 79 children in the same age range, mean
age 8.7 years (SD 2.4, SE+0.3).

The MTBI group comprised 16 (59%) boys and 11 (41%)
girls, and the control group comprised 41 (52%) boys and 38
(48%) girls. The groups were not initially matched by age and
gender, although there were no significant differences between
the groups (Table I) according to age and gender.

Bruininks-Oseretsky Test of Motor Proficiency

The mean standard score results for the BOTMP in both groups,
were all within the range of normal performance (15+5 points).

A significant difference between the groups (MTBI and
controls) could be seen only in capacity for balance (p=0.03)
and a tendency towards a difference in fine-motor dexter-
ity (p=0.07). Complete results for the BOTMP are given in
Table II.

The mean standard scores for each sub-test were within the
range for normal performance. A significant difference between
the groups (p <0.05) was revealed only for balance (p=0.03).

Tremor

Tremor was more common in the MTBI group; 8 children in the
MTBI group (n=27) had visible tremor in their hands during
fine-motor activities, compared with 6 (n=79) children in the
control group (p=0.004).

Table 1. Number and age distribution of all children examined by the
Bruininks-Oseretsky Test of Motor Proficiency

Group Number Mean age SD SE CI
MTBI 27 8.6 2.6 0.5 —1.18 t0 0.98
Controls 79 8.7 2.4 0.3 -1.2t0 1.0

MTBI: mild traumatic brain injury; SD: standard deviation; SE: standard
error; CI: confidence interval.
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Table 1. Bruininks-Oseretsky Test of Motor Proficiency results: the 4 subtests of gross-motor function and upper-limb co-ordination and the 3 subtests

of fine-motor function

MTBI group n=27

Control group n=79

Mean (SD) Median Range Mean (SD) Median Range p-value
Gross-motor function
Running speed and agility* 9.1(4.9) 9 1-17 9.9(3.9) 11 1-17 Ns
Balance 15.4 (4.4) 15 1-20 17.4 (4.7) 18 1-26 0.03
Bilateral co-ordination 17 (5.1) 17 1-19 18.4 (3.7) 19 1-19 Ns
Strength 16.3 (6.1) 17 1-28 17.1 (4.8) 17 1-21 Ns
Upper-limb co-ordination 16.2 (4) 17 1-17 17 (4.5) 17 1-24 Ns
Fine-motor function
Response speed 16.9 (6.2) 16 1-22 19.1 (5.6) 19 1-24 Ns
Visio-motor control 17.2 (5) 18 1-22 18.3 (4.5) 19 1-25 Ns
Dexterity 11.9 (7) 10 1-25 13.7 (4.7) 14 1-23 Ns
n=78.

Standard score [15+5 points].

Ns: not significant; SD: standard deviation; MTBI: mild traumatic brain injury.

Handedness

Several children in the MTBI group used both hands (mixed-
handed) in fine-motor activities, instead of having a left- or
right-hand dominance (Table III).

There was a positive relationship between upper-limb speed
and dexterity and hand dominance. It appears that right-handed
children perform tasks more quickly than left or mixed-handed
children (SE£5.2, p=0.05).

According to the above results a linear regression analy-
sis (Fisher’s exact test) was conducted between the groups’
(dominators), handedness (right-handed and mixed-handed)
balance, fine-motor control, dexterity and tremor (numera-
tors). The results indicate that children with MTBI run an
increased risk of developing tremor in their hands (relative
risk (RR)=0.068, SE£0.90, p=0.03) and developing balance
problems (RR=1.11, SE£0.06, p=0.07). The analysis also
indicated an increased risk of being afflicted with MTBI if
the child was mixed-handed compared with a dominant right-
handedness (RR=9.95, SE+0.82, p=0.005). Age or gender
had no impact on the results.

Subgroups

Sub-groups were detected in both the MTBI group and the
control group. The sub-groups consisted of the children who
performed less than the standard norm in one or several sub-
tests of the BOTMP. The sub-groups comprised 19 (70%)
children from the MTBI group, 11 boys and 8 girls, mean age

Table II1. Distribution of children with respect to handedness

BOTMP MTBI n=27 Controls n=79  p-value
Hand preference

Right-handed 17 (63%) 68 (86%) Ns
Left-handed 1 (4%) 0 Ns
Mixed-handed 9 (33%) 11 (14%) 0.02

Statistically significant result are marked in bold.
BOTMP: Bruininks-Oseretsky Test of Motor Proficiency; MTBI: mild
traumatic brain injury; Ns: not significant.

9.0 years (SD 2.6, SE£0.6) and 45 (59%) controls, 21 boys
and 24 girls, mean age 9.2 years (SD 2.4, SE+0.4). There were
no significant differences in performance between MTBI and
control groups, except for bilateral co-ordination (p=0.05) and
strength (p=0.05) (Levene’s test for equality of variances),
but the results were still within the standard norms for age
and gender (Table IV).

DISCUSSION

The design of this study is prospective from a BIR. The children
were encouraged by their parents, 3—6 months after the injury,
to participate in the project.

Concussion is a common occurrence. The guidelines for
follow-up after the injury have been inadequate, and there has
been a tendency for both the healthcare system and the general
public to play down any consequences. To ensure the reliability
of our results, a control group was tested.

Table 1V. Distribution of standard scores for the mild traumatic brain
injury (MTBI) and control groups

BOTMP Controls n=45
Mean Mean
Subtest (SD) SE  (SD) SE  p-value
Running speed and
agility 7.6(4.9) 1.1 7.7(3.6) 0.55 0.19
Balance 14.7 (4.6) 1.05 17.4(4.7) 0.74 0.54
Bilateral coordination  15.9 (5.3) 1.21 16.7(3.9) 0.57 0.05
Strength 152(6.8) 1.57 154 (4.2) 0.63 0.05

Upper limb coordination 15.6 (4.2) 0.97
Response speed 16.2 (6.6) 1.51
Visio-motor control 16.1(5.3) 1.23
Fine-motor control and
dexterity

15.6(52) 0.78 0.38
17.5(5.6) 0.83 0.39
17.1(5.1) 0.76 0.73

92(5.7) 130 12.0(4.7) 0.70 0.79

Statistically significant result are marked in bold.

Standard score [15+5 points].

BOTMP: Bruininks-Oseretsky Test of Motor Proficiency; SE: standard
error; SD: standard deviation.
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The BOTMP is useful as a test for comparing groups and
evaluating differences between them (19, 20, 21). The test bat-
tery is easy to administer, giving instructions is straightforward,
the items are independent of age and gender, and the children
find the test interesting and enjoyable to perform. In our study
we used the English version, as no Swedish version is available
as yet, and our plan was not to validate it to Swedish condi-
tions. We feel that there are no crucial differences between
Swedish and Canadian children in terms of their motor activity
and ability. At the time of our study only the first edition of
the BOTMP was available (19). In this study we have not col-
lected facts about the children’s motor performance pre-injury
and cannot, with absolute certainty, state whether their motor
behaviour was changed post-injury.

Fine-motor control and balance

In the present study the BOTMP test in 27 children with ac-
quired MTBI and 79 controls indicated that the MTBI group
performed less well in sub-tests of fine-motor control and
dexterity (p=0.07), which agrees with the findings presented
by Chaplin and co-workers (5). They evaluated 14 patients 16
months or later after injury using the BOTMP, and reported
that upper-limb speed and dexterity were significantly poorer
than the other fine-motor sub-tests.

In our study balance was significantly poorer in the MTBI
group compared with the control group (p=0.03), but it was
still in the range of normality. In the literature to date, cogni-
tive problems after MTBI are more frequently discussed than
motor problems. However, several research teams have found
that balance problems are frequently involved in both mild
injuries and more serious TBI (20-24). Gagnon et al. (15, 16)
have suggested that a significant number of children sustaining
an MTBI present some form of postural instability during the
first 3 months after the injury, and the risk of another injury
will therefore increase.

Tremor

The results indicated that children with MTBI run an increased
risk of developing tremor in their hands (RR=0.068, SE+0.90,
»=0.03), and the occurrence of tremor in the MTBI group
(p=0.004) compared with the control group was significant.
Hand tremor was not tested specifically, but it was noted in
the clinical examination by both the physiotherapist and the
child-neurologist independently of each another.

Tremor post-head injury is well-described in the literature,
but it is rarely seen after MTBI (6, 11, 14). When it occurs it is
often as a non-disabling, low-amplitude, postural and kinetic
tremor and might be seen as a post-concussion symptom (11,
24-26). In our study, tremor was observed during fine-motor
activities and had no impact on the child’s fine-motor function.

Handedness

In the present study 9/27 children (33%) (mean age 7.8 years)
in the MTBI group displayed mixed-handedness, compared
with 11/79 (14%) (mean age 6.6 years) in the control group
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(»=0.02). A stable hand preference can be expected at ap-
proximately 3 years of age (27). The literature describes
changes in hand dominance after severe TBI, but this is rarely
described after MTBI (28, 29). On the other hand, our analysis
indicated an increased risk of having MTBI if the child was
mixed-handed compared with a dominant right-handedness
(RR=9.95, SE£0.82, p=0.005). Age or gender had no impact
on the results. In a recent study, Domellov et al. (28) suggested
that left- and/or non-right-handedness is over-represented in
children with a history of preterm birth associated with brain
insult. The children in this study were all born at term with no
previous history of brain injury of any kind.

Subgroups

A statistical analysis was conducted for children performing
below norm in any of the BOTMP’s sub-tests. A sub-group
consisting of 19 children with MTBI (19/43) and 45 controls
(45/79) was then detected. Significant differences were
found between the injured children and the controls for the
sub-tests of bilateral co-ordination and strength (»p=0.05).
The problems with bilateral co-ordination are in agreement
with the findings of Kusch-Buschbeck and co-workers from
2003 (12).

Study strengths and weaknesses

This study was initially designed as a prospective follow-up
study, as described elsewhere (3). In order to compare motor
proficiencies between the groups the BOTMP test was used.
The BOTMP is internationally well known and validated and
has been used in several studies for the purpose of testing mo-
tor proficiency in children with varying diagnoses (5, 19, 21).
All the children in the MTBI group were examined between
3 and 6 months’ post-injury by the same physiotherapist and
the same child neurologist.

The drop-out rate was high, despite several reminders, and
only 21% (27 of 130) in the MTBI group attended the follow-up.
Although the drop-out rate was high, the patients did not differ
from the whole group of children (n=192) in terms of severity
of injury, loss of consciousness and post-traumatic amnesia (3).
We can only speculate about why so few parents with injured
children wanted to participate in a follow-up post-injury. It may
be that they did not consider it important, or that the children
had no obvious or emerging problems or symptoms following
trauma and a follow-up survey was therefore not a priority.

Conclusion

The results of this study indicate that children with MTBI
do not differ from the norm in terms of fine- or gross-motor
proficiency, compared with a control group of uninjured chil-
dren. However, a difference in balance skill (p=0.03), mixed-
handedness (p=0.02), and tremor (p=0.004) was detected,
to the injured children’s detriment. The number of children
included in the study was limited, however. Further studies
are desirable in order to develop adequate follow-up routines
for this group of patients.



ACKNOWLEDGEMENTS

This study was supported by grants from the Alice Svensson’s Memorial
Fund at The Hospital of South Alvsborg, SAS, Sweden. The authors are
especially grateful to the parents and their children who participated in
the study.

—_

11.

13.

REFERENCES

. Yeates KO. Mild traumatic brain injury and postconcussive

symptoms in children and adolescents. J Int Neuropsychol Soc
2010; 16: 953-960.

. Carroll LJ, Cassidy JD, Peloso PM, Borg J, von Holst H, Holm L,

et al. Prognosis for mild traumatic brain injury: results of the WHO
collaborating centre task force on mild traumatic brain injury. J
Rehabil Med 2004 Suppl 43: 84—105.

. Dahl E, v Wendt L, Emanuelson 1. A prospective, population based,

follow-up study of mild traumatic brain injury in children. Injury
2006; 37: 402-409.

. Andersson EH, Bjorklund R, Emanuelson I, Stdlhammar D. Epi-

demiology of traumatic brain injury: a population based study in
western Sweden. Acta Neurol Scand 2003; 107: 256-259.

. Chaplin MS, Deitz J, Jaffe KM. Motor performance in children

after traumatic brain injury. Arch Phys Med Rehabil 1993; 74: 16.

. Dumas HM, Carey T. Motor skill and mobility recovery outcomes

of children and youth with traumatic brain injury. Phys Occup Ther
Pediatr 2002; 22: 444-459.

. Jaffe KM, Polissar NL, Fay GC, Liao S. Recovery trends over

three years following pediatric traumatic brain injury. Arch Phys
Med Rehabil 1995; 76: 17-26.

. Coller WC, Wong GF, Lang A. Posttraumatic movement disorders:

a review. Mov Disord 1989; 4: 20-36.

. De Kruijk JR, Leffers P, Menheere PPCA, Meerhoff S, Rutten J,

Twijnstra A, et al. Prediction of post-traumatic complaints after
mild traumatic brain injury: early symptoms and biomechanical
markers. J Neurol Neurosurg Psychiatry 2002; 73: 727-732.

. O’Flaherty SJ, Chivers A, Hannan TJ, Kendrick LM, McCartney

LC, Wallen MA, et al. The Westmead Pediatric TBI Multidiscipli-
nary Outcome Study: use of functional outcomes data to determine
resource prioritization. Arch Phys Med Rehabil 2000; 81: 723-729.
Krauss JK, Triankle R, Kopp K-H. Posttraumatic movement
disorders after moderate or mild head injury. Mov Disord 1997,
12: 428-431.

. Kuhtz-Buschbeck JP, Hoppe B, Golge M, Dreesmann M, Damm-

Stiinitz U, Ritz A. Sensorimotor recovery in children after traumatic
brain injury: analysis of gait, gross motor and fine motor skills.
Dev Med Child Neurol 2003; 45: 821-828.

Knights RM, Ivan LP, Ventureya EC, Bentivoglio C, Stoddart

14.

15.

17.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Motor function in children with mild TBI 733

C, Winogron W. The effects of head injury in children on neuro-
psychological and behavioural functioning. Brain Inj 1991; 5:
339-345.

Quinn B, Sullivan SJ. The identification by physiotherapists of the
physical problems resulting from a mild traumatic brain injury.
Brain Inj 2000; 14: 1063-1076.

Gagnon I, Friedman D, Swaine B, Forget R. Balance findings in a
child before and after a mild head injury. J Head Trauma Rehabil
2001; 16: 595-602.

. Gagnon I, Swaine B, Friedman D, Forget R. Children show de-

creased dynamic balance after mild traumatic brain injury. Arch
Phys Med Rehabil 2004; 85: 444-452.

Rosenblum S, Josman N. The relationship between postural con-
trol and fine manual dexterity. Phys Occupat Ther Pediatr 2003;
23: 47-60.

. Kay T, Harrington DE, Adams R, Andersen T, Berrol S, Cicerone

K, et al. Definitions of mild traumatic brain injury. J Head Trauma
Rehabil 1993; 8: 86-87.

. Bruininks R. Bruininks-Oseretsky test of motor proficiency. 1978

American Guidance Service, Inc. 1401, Woodland Road Circle
Pines, MN 55014-1798.

Guskiewicz KM, Ross SE, Marshall SW. Postural stability and
neuropsychological deficits after concussion in collegiate athletes.
J Athl Train 2001; 36: 263-273.

Crock RV, Horvat M, McCarthy E. Reliability and concurrent
validity of the movement assessment battery for children. Percept
Motor Skills 2001; 93: 275-280.

Keren O, Reznic J, Grosswasser Z. Combined motor disturbances
following severe traumatic brain injury: an integrative long-term
treatment approach. Brain Inj 2001; 15: 633-638.

Cohen JS, Gioia G, Atabaki S, Teach SJ. Sports-related concussions
in pediatrics. Curr Opin Pediatr 2009; 21: 288-293.

Biary N, Cleeves L, Findley L, Koller WC. Post-traumatic tremor.
Neurology 1989; 39: 103—106.

Bawden HN, Knights RM, Winogron HW. Speeded performance
following head injury in children. J Clin Exp Neuropsychol 1985;
7: 38-54.

Wong GF, Lang A. Posttraumatic movement disorders: a review.
Mov Disord 1989; 4: 20-36.

Ronnqgvist L, Domellov E. Quantitative assessment of right and left
reaching movements in infants: A longitudinal study from 6-36
months. Dev Psychobiol 2006; 48: 444-459.

Domell6f E, Johansson AM, Ronnqvist L. Handedness in preterm
born children: a systematic review and a meta-analysis. Neuropsy-
chologia 2011; 49: 2299-2310.

O’Callaghan MJ, Burn YR, Mohay HA, Rogers Y, Tudehope DI, et
al. The prevalence and origins of left hand preference in high risk
infants, and its implications for intellectual, motor and behavioral
performance at four and six years. Cortex 1993; 29: 617-627.

J Rehabil Med 45



