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was commonly observed. As in adults, males had more trem-

or than females, tremor scores increased with age, and trem-

or scores were higher in the left than right arm, demonstrat-

ing that these clinical correlations seem to be more broadly 

generalizable to children. The functional significance of 

tremor in children, particularly as it relates to handwriting 

proficiency, deserves additional scrutiny. 

 Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 Essential tremor (ET) is highly prevalent in human 
populations  [1–5] . Milder action tremor of the hands is 
also widespread and is far more common than ET  [6] . 
These kinds of tremor have mainly been written about as 
maladies of the elderly  [7] . Yet tremors may occur in chil-
dren as well. ET has been reported in children of all ages 
 [8] . By contrast, the extent to which children exhibit mild 
action tremor is not really known. There have been no 
surveys of the prevalence of mild action tremor in chil-
dren. A cross-sectional study of tics and other neurolog-
ical disorders was conducted in Spanish children  [9] , and 

 Key Words 

 Tremor, children  �  Tremor, gender and age  �  Hand tremor  �  

Essential tremor  �  Schoolchildren, cross-sectional study 

 Abstract 

  Background:  Mild hand tremor occurs in most normal 

adults. There are no surveys of the prevalence or clinical cor-

relates of such tremor among children.  Methods:  A cross-

sectional study of tics, tremor and other neurological disor-

ders was conducted in Spanish children; thus, 819 schoolchil-

dren in Burgos, Spain, drew Archimedes spirals with each 

hand. Tremor in spirals was rated (0–2) by a blinded neurolo-

gist and an overall tremor rating (0–4) was assigned.  Results:  
The mean age was 10.9  8  3.1 years. A tremor rating of 1 (mild 

tremor) was present in either hand in 424 (51.7%) children, 

and in both hands in 88 (10.7%) children. Higher tremor rat-

ings were very uncommon. The overall tremor rating was 

higher in boys than girls (1.31  8  0.41 vs. 1.22  8  0.34, p = 

0.002) and correlated weakly yet significantly with age ( �  = 

0.09, p = 0.01). Within subjects, the left hand spiral rating was 

greater than the right (p  !  0.001).  Conclusions:  In this cross-

sectional study of 819 Spanish schoolchildren, mild tremor 
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we used this opportunity to study tremor in more than 
800 randomly selected schoolchildren in the community 
of Burgos, Spain. Each child drew spirals with each hand, 
and tremor was systematically quantified using a clinical 
rating scale.

  Methods 

 Study Sample 
 Participants were Spanish schoolchildren enrolled between 

March 2007 and December 2009 in a cross-sectional study of neu-
rological disorders. The study was conducted by investigators in 
the Department of Neurology, General Yagüe Hospital, Burgos, 
Spain. Although the neurological disorder of major interest was 
tics, tremor was briefly but systematically assessed as well.

  At the start of the project, investigators received a computer-
ized roster from the Burgos school district of all 28,706 students 
in primary and secondary education (aged 6–16 years). Using a 
random digit table, four of 161 mainstream (i.e. not special educa-
tion) schools were selected to participate. Each of the four main-
stream schools included elementary school students (grades 1–6); 
two also included students in middle school and high school.

  The study protocol was approved by the ethical review board 
of the Burgos Hospital and the School Government District (Con-
sejeria de Educación de Castilla y León). Written consent from a 
parent/guardian was obtained in all participants.

  819 (89.8%) of 912 students consented and participated; 93 did 
not. The 819 participants were similar to the 93 non-participants 
in gender (482 (58.9%) vs. 48 (51.6%) boys,  �  2  = 1.80, p = 0.18) but 
were on average 0.7 years older (10.9  8  3.1 vs. 10.2  8  2.7 years,
t = 2.09, p = 0.04).

  Study Assessment 
 Each participating child underwent a basic assessment that 

included demographic data (age, gender), a standardized tic 
screen  [9] , and two spiral drawings. Thus, each participant was 
asked to draw two spirals, as described previously  [10] . In doing 
so, each enrolled participant was asked to first use their right hand 
to draw an Archimedes spiral. Spirals were drawn on a standard 
8.5  !  11 inch sheet of paper using a pen or pencil while the par-
ticipant was seated at a table. The paper was centered at right an-
gles directly in front of them and held down by their other hand. 
The drawing hand was not allowed to rest or be supported when 
the spiral was being drawn. Participants started at the center of 
the page, without lifting their pen/pencil. This was repeated with 
the left hand, yielding two spirals  [10] . In contrast to the prior 
study  [10] , spirals were not drawn free-hand on a blank sheet of 
paper, but rather, were drawn in between the lines of a standard-
ized, pre-drawn, photocopied, spiral ( fig. 1–4 ).

  Tremor in these spirals was later rated by a neurologist special-
izing in movement disorders (E.D.L.) who was blinded to clinical 
information. Tremor ratings for each spiral were: 0 (no tremor), 
0.5 (subtle, low amplitude oscillations are present in a few spots 
but are not consistently present throughout the spiral), 1.0 (low 
amplitude oscillations are present in multiple places), 1.5 (low am-
plitude oscillations are present in multiple places and oscillations 
can at times reach moderate amplitude), 2 (moderate amplitude 

oscillations present throughout the spiral) (see examples of draw-
ings assigned ratings of 0, 0.5, 1, 1.5 and 2 in a prior population-
based study  [11]  and in the current study ( fig. 1–4 )). On both spi-
rals, the neurologist was careful to distinguish clear, regular, os-
cillations from sloppiness, spatial errors, and other irregularities 
or movement dysfluencies (present in many spirals from younger 
children) that were not strictly oscillatory. The overall tremor rat-
ing (range 0–4) was the sum of the right (0–2) and left (0–2) trem-
or ratings for each participant.

  As the focus of the main study was tics, each child who screened 
positive for tics (n = 179) and an approximately equal number of 
gender-matched controls (n = 145) also underwent a supplemen-
tary evaluation, including additional medical history (a more de-
tailed assessment of tics, history of premature delivery, birth 
weight, history of perinatal problems, history of epilepsy), and 
current usage of all medications including oral medication and 
inhalers. Given the age of the study participants, coffee, cigarettes 
and ethanol exposures were not assessed. This supplementary 
evaluation thereby provided us a subsample of children among 
whom we could assess the possible confounding effects of other 
medical conditions and use of medications on their tremor.

  Statistical Analyses 
 Age and tremor ratings were not normally distributed (Kol-

mogorov-Smirnov p  !  0.001 for each); therefore, non-parametric 

  Fig. 1.  The patient drew the spiral (lighter lines) in between the 
lines of a standardized, pre-drawn, photocopied spiral (darker 
lines). The patient’s spiral received a rating of 0. 
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tests (Mann-Whitney, Spearman’s  � ) were used when assessing 
these variables. The one exception was the within-subject com-
parison of right versus left spiral scores, for which a paired sample 
t test was used. A small number of schoolchildren (n = 2, 0.2%) 
had had to repeat grades and these 2 were  1 18 years old (i.e. 19 and 
21). Sub-analyses, in which these 2 participants were excluded, 
did not differ from those in which they were included. Pen versus 
pencil use did not influence the assigned tremor ratings; hence, 
data were not presented separately based on choice of writing im-
plement. As hand dominance was assessed in only 257 of 819 chil-
dren, data were presented in the form of right and left hand rath-
er than dominant and non-dominant hand. In one sub-analysis 
of the 257 children with known hand dominance, we presented 
data stratified by handedness. All statistical analyses were per-
formed by E.D.L.

  Results 

 There were 819 children (mean  8  SD (median) age 
10.9  8  3.1 (10) years, range 5–21), including 482 (58.9%) 
boys and 337 (41.1%) girls. Boys (10.9  8  3.0 (10) years) and 
girls (10.9  8  3.1 (10) years) did not differ by age (p = 0.73).

  A tremor rating of 1 (mild but consistent tremor;  fig. 3 ) 
was present in either hand in 424 (51.7%) children, in the 
right hand in 137 (16.7%) children, in the left hand in 287 
(35.0%) children, and in both hands in 88 (10.7%) chil-
dren. A higher rating (1.5, mild to moderate tremor) was 
present in either hand in 17 (2.1%) children, in the right 
hand in 6 (0.7%) children, in the left hand in 11 (1.3%) 
children, and in both hands in 2 (0.2%) children.

  The overall tremor rating was the sum of the right (0–
2) and left (0–2) tremor ratings for each participant. The 
overall tremor rating was 1.28  8  0.39 (1). Boys had high-
er right hand tremor ratings than girls (0.61  8  0.22 (0.5) 
vs. 0.56  8  0.18 (0.5), p  !  0.001) and marginally higher left 
hand tremor ratings than girls (0.70  8  0.27 (0.5) vs. 0.67 
 8  0.24 (0.5), p = 0.06), and the overall tremor rating was 
higher in boys than girls (1.31  8  0.41 (1) vs. 1.22  8  0.34 
(1), p = 0.002). The distribution of the overall tremor rat-
ing is shown for boys vs. girls ( table 1 ); the two distribu-
tions differed ( �  2  test = 11.42, p = 0.04).

  The overall tremor rating correlated weakly but sig-
nificantly with age ( �  = 0.09, p = 0.01). Participants were 

  Fig. 2.  This spiral received a rating of 0.5.   Fig. 3.  This spiral received a rating of 1.   Fig. 4.  This spiral received a rating of 1.5. 
Areas of tremor (i.e. oscillations) are inter-
spersed with areas of sloppiness and spa-
tial errors. 
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stratified based on the median age of the entire sample 
( ̂  10 vs.  1 10 years) into a younger (8.4  8  1.2 (9) years) vs. 
older (13.5  8  2.1 (13) years) age group; overall spiral rat-
ing was higher in the older children than younger chil-
dren (1.33  8  0.42 (1) vs. 1.22  8  0.34 (1), p  !  0.001).

  Within subjects, the left hand spiral rating was greater 
than the right (0.69  8  0.26 (0.5) vs. 0.59  8  0.21 (0.5),
p  !  0.001). The left hand spiral rating was greater than the 
right hand spiral rating in 210 (25.6%) participants versus 
only 46 (5.6%) participants in whom the right was greater 
than the left; the right and left were equal in 563 (68.7%).

  In 257 children, hand dominance was known. In the 
234 right hand children, left hand spiral rating was great-
er than the right (0.73  8  0.27 (0.5) vs. 0.59  8  0.21 (0.5), 
p  !  0.001). In the 16 left-handed children, the tremor in 
the two hands was equal (0.72  8  0.26 (0.5) vs. 0.72  8  0.26 
(0.5), p = 0.38). Seven remaining children were ambidex-
trous.

  Each child who screened positive for tics (n = 179) and 
an approximately equal number of gender-matched con-
trols (n = 145) also underwent a supplementary evalua-
tion. The overall tremor rating in these 324 children (1.28 
 8  0.39 (1)) was similar to that of the larger group of 819. 
The overall tremor rating did not differ with regards to 
any of the additional clinical variables, i.e. presence of tics 
(present in 102 children or 31.5% of a subsample of 324), 
history of premature delivery (26 children), history of 
perinatal problems (15 children), history of epilepsy (4 
children), usage of medications (21 children), and birth 
weight (data for these six comparisons not shown, but all 
p  1  0.05), indicating that these factors were not likely to 
have been the underlying cause of the tremor.

  Discussion 

 Mild action tremor is a widespread human condition, 
yet the focus thus far has almost exclusively been on the 
adult population. Curiously, there have been virtually no 
surveys of the prevalence, features or correlates of mild 
action tremor in children. There was one accelerometric 
study of tremor in 287 British children aged 2–16 years; 
the study focused on the effects of age on tremor frequen-
cy  [12] . Tremor amplitude was not assessed nor were gen-
der differences  [12] . Only the right hand was assessed, 
therefore side-side differences could not be assessed  [12] . 
In 2000, nearly 1 in 5 (i.e. 18.9%) of all people in the Unit-
ed States were aged 6–17 years, making the health of this 
age group, which also forms the core of the future adult 
population, of considerable importance. 

  We present data on tremor in 819 boys and girls at-
tending school in Burgos, Spain. Higher tremor rating 
(1.5, mild to moderate tremor) was present in both hands 
in few children (2, 0.2%). However, milder tremor (rating 
of 1) was present in both hands in approximately 1 in 10 
children (i.e. 88 or 10.7%), indicating that there is some 
tremor in this age group. It is important to note that the 
mild tremor that was observed in most children was like-
ly to be normal or enhanced physiological tremor rather 
than a pathological condition such as ET. Physiological 
tremor of the hands has been extensively studied and two 
main mechanisms have been shown to drive this tremor: 
a mechanical resonance of the oscillating limb (i.e. motor 
units firing coincidentally at a resonant frequency, caus-
ing the arm to oscillate) and a central drive originating 
from hypothesized oscillators within the central nervous 
system  [13] .

  What might be the functional significance of mild 
tremor in children? Ours was the broad survey of a large 
sample of children and was not designed to evaluate func-
tional correlates. Yet a study of 48 normal children (aged 
7.6–11.0 years) in elementary schools in the Netherlands 
showed that tremor is a major distinguishing feature be-
tween poor writers and their counterparts who are profi-
cient  [14] . The authors concluded that tremor in children 
is an unwanted movement component that contributes to 
inaccuracies and greater functional difficulty  [14] . To our 
knowledge, there are no other published data. Further 
studies of the functional correlates of tremor in children 
seem warranted, however tremor may be an additional 
feature of an immature and developing motor-coordina-
tion/cerebellar system.

Table 1.  Overall tremor ratings in boys versus girls

Overall tremor rating Boys (n = 482) Girls (n = 337)

0 0 (0.0) 0 (0.0)
0.5 3 (0.6) 3 (0.9)
1 260 (53.9) 213 (63.2)
1.5 146 (30.3) 91 (27.0)
2 62 (12.9) 28 (8.3)
2.5 9 (1.9) 2 (0.6)
3 2 (0.4) 0 (0.0)
3.5 0 (0.0) 0 (0.0)
4 0 (0.0) 0 (0.0)

O verall tremor rating may range from 0 to 4 and was the sum 
of the right (0–2) and left (0–2) tremor ratings for each partici-
pant. Values in parentheses are column percentages. �2 test = 
11.42, p = 0.04.



 Louis et al.    Neuroepidemiology 2011;37:90–9594

  The tremor scores reported in this study of normal 
children are higher than some scores previously reported 
in normal adults. Previously, tremor on spirals was rated 
in 2,524 adults aged 18–60 years in Bangladesh using a 
similar rating scale, however the results are difficult to 
compare because the Bangladeshi spirals were drawn 
free-hand whereas the children in this study were asked 
to draw within the careful confines of a pre-drawn spiral. 
Previous work has shown that spirals drawn between the 
lines tend to be more severe than those that are drawn 
free-hand  [15] . Having rigidly fixed task goals places 
more pressure on the subject, which worsens their tremor 
 [15] . Also, tremor on spirals was previously rated in a 
study of 273 normal adults in New York  [16]  but these re-
sults are difficult to compare again because spirals were 
drawn free-hand and furthermore, a rating of 0.5 was not 
used in that study, which likely resulted in lower tremor 
scores in that study. The other possibility, alluded to 
above, is that tremor may indeed be more common in 
children than previously suspected and this could be an 
additional feature of an immature motor-coordination/
cerebellar system.

  Boys had higher tremor scores than girls. There are no 
other data in children but there are similar data in adults. 
A clinical study of 273 normal adults in New York (age 
65.7  8  11.5 years, range 18–92) similarly reported that 
tremor scores in males were greater than those in females 
 [16] . An accelerometric study of 117 normal German 
adults aged 20–94 noted a trend for tremor amplitude to 
be higher in males than females but this trend did not 
reach statistical significance  [13] . The explanation for this 
gender difference is not apparent, although one proposed 
explanation is that hand volume could play a role in trem-
or mechanics  [13] .

  Aside from gender differences, we also examined oth-
er clinical correlates of hand tremor in children. We 
found that tremor scores in the left hand were higher than 
those in the right (usually dominant) hand. A study of 273 
normal adults in New York similarly reported that trem-
or scores in the left hand were higher than those in the 
right hand  [16] . Motor control, in general, is superior in 
the dominant than non-dominant arm, and this is one 
possible explanation.

  We also reported a mild increase in tremor scores with 
age among these children. Tremor scores seem to in-
crease across the age spectrum. A study of 2,524 normal 
adults, aged 18–60, reported a weak but significant cor-
relation between age and higher tremor scores  [17] . Simi-
larly, studies in the elderly continue to show mild increas-
es in tremor scores as age progresses  [18] . That the in-

crease with age is apparent even in children seems to 
indicate this is a phenomenon of aging rather than simply 
one of advanced aging or senescence. The biological basis 
is unclear.

  This study had limitations. First, we recognize that 
tremor was assessed using a clinical scale rather than ac-
celerometry. Unfortunately, accelerometry is not feasible 
as a large-scale, epidemiological, screening tool, as was 
required here. Second, while we were able to assess med-
ication use and several other factors, we recognize that we 
were unable to assess all causes of tremor in these chil-
dren. Thus, caffeinated soda and exposure to toxins (e.g. 
lead) could have acted as antecedent variables, resulting 
in the tremor we observed, and we cannot assess the role 
these could have played here. Nevertheless, this issue re-
lates to the underlying cause of the tremor rather than the 
empiric observation that tremor was present. Third, we 
realize that our assessment was limited to two handwrit-
ing samples. What is the sensitivity of this method? Our 
data in other studies  [6]  indicated that spiral drawings are 
a reasonably sensitive measure of tremor, as 97.0% of in-
dividuals with mild or greater tremor on a more detailed 
tremor examination exhibited tremor ratings  6 0.5 in 
one or more hands during spiral drawing. Fourth, the 
study was cross-sectional rather than longitudinal; addi-
tional follow-up studies are needed. Finally, to precisely 
evaluate tremor, the rater assigned ratings of 0.5 to dis-
tinguish children with subtle tremor from those with no 
detectible tremor. These were empiric observations; 
hence, we do not think the added precision falsely elevat-
ed tremor ratings. The study also had considerable 
strengths. This is the only clinical study that we are aware 
of to assess tremor in a large group of school-aged chil-
dren and to furthermore examine the correlates of that 
tremor.

  In this cross-sectional study of 819 Spanish schoolchil-
dren, mild tremor was observed in both hands in approx-
imately 1 in 10 children, indicating that it was not rare. 
More marked tremor was rare. Interestingly, as in adults, 
males had more tremor than females, tremor scores in-
creased with age, and tremor scores were higher in the left 
than right arm, demonstrating that these clinical correla-
tions seem to be more broadly generalizable to children. 
The functional significance of tremor in children, par-
ticularly as it relates to handwriting proficiency, deserves 
additional scrutiny.
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