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The purpose of this study was to determine the relationship between the asym
metrical tonic neck reflex (ATNR) and the occurrence of scoliosis in healthy 
children. One hundred eighty-four children, between the ages of 10 years, 5 
months to 13 years, 10 months, who attended a rural elementary school were 
selected for the study. The quadruped reflex-inhibiting posture was used to 
assess the ATNR. A standard orthopedic screening tool was used for assessment 
of scoliosis. The occurrence of the ATNR in children tended to increase the rate 
of referral for further testing for scoliosis. In those children who were assessed 
for scoliosis using roentgenograms and who had a positive ATNR, a relationship 
occurred between the convex side of the curvature and the side of the ATNR. 
Results did not show significant differences in the occurrence of the ATNR or 
scoliosis in regard to sex. Based on the results of this study, the addition of the 
ATNR testing to scoliosis screening may prove beneficial in the early identification 
of scoliosis. 
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Physical therapists are performing 
scoliosis screening more routinely in ed
ucational environments. These assess
ments are usually based on assessing 
structural alignment and other or
thopedic indices. Faculty from the Uni
versity of Tennessee Program in Physi
cal Therapy participated in such a 
screening of children in a public school 
system during 1982. In addition to the 
scoliosis screening, a sample of children 
who participated in the screening were 
also assessed for the presence of the 
asymmetrical tonic neck reflex (ATNR) 
as a part of an ongoing research project. 
When the results of both the scoliosis 
screening and the ATNR testing were 
reviewed, a relationship seemed to exist 
between the presence of the ATNR and 
the possibility of scoliosis. The question 
of a neurological component to the sco
liosis in otherwise healthy children thus 
arose. Indeed, if a neurological compo
nent was present, could a simple test of 
assessing the ATNR be added to the 
commonly used scoliosis screening to 
yield a more complete screening? In ad
dition, if a neurological dysfunction 

could be related to the later develop
ment of a spinal deformity in healthy 
children, routine follow-up could be in
stigated to prevent or lessen the severity 
of future scoliosis through early identi
fication. 

REVIEW OF THE LITERATURE 

Scoliosis is defined as an appreciable 
lateral deviation in the normally vertical 
line of the spine.1 Most scoliotic spines 
have a lateral curve and a rotary deform
ity; the vertebral bodies are rotated to
wards the convex side of the curve. Two 
primary types of deformation are noted: 
postural (or functional) and structural. 
The postural curve is mobile and can be 
straightened by traction or flexion, but 
the structural curve is fixed and rigid. 

Over time, scoliosis can cause physi
cal shortening in height and interference 
in lung function that can lead to cor 
pulmonale. Additionally, gross curves 
may distort the spinal canal and create 
traction on the spinal cord that may lead 
to paraparesis or paraplegia.2 

Early detection through scoliosis 
screening in the educational environ
ments has yielded good results. Most 
tests used in the screening involve ob
servation of forward bending and ob
serving the shoulders, waist, and pelvis 
from all angles. If scoliosis is suspected 
after the screening, the child is usually 
referred to a physician to confirm the 
diagnosis through roentgenograms. 

Gore et al found scoliosis to be 
present in 3.2 percent of 7,642 girls and 

4 percent of 751 boys.3 In contrast, a 
Minnesota study found 1.5 times more 
girls had scoliosis than did boys.4 Both 
studies included children between the 
ages of 10 years to 14 years. Gore et al, 
however, found that for curves greater 
than 10 degrees, the incidence was 0.5 
percent for girls and 0.1 percent for 
boys. The most common location and 
direction of the primary curve in pre
vious studies was a right thoracic with 
the majority of the curves being idi
opathic.3-5 

Several classifications have been de
rived for the etiology of scoliosis. Cate
gories commonly used are as follows: 
1. Osteopathic—scoliosis as the result 

of an abnormality in the bony parts 
of the spine caused by disease, 
trauma, or congenital malformation; 

2. Myopathic—scoliosis caused by a 
disease in the muscles themselves; 

3. Neuropathic—scoliosis caused by a 
muscle imbalance secondary to a 
neurological lesion such as polio or 
cerebral palsy; and 

4. Idiopathic—scoliosis resulting from 
no demonstrable cause. 

Other proposed theories for the cause of 
scoliosis include loss of sensory input or 
disrupted neural sensory elements, loss 
of balance of normal thoracic motion 
caused by malaligned facets, chemical 
or hormonal changes or handedness, 
and shift of the nucleus pulposus toward 
the convex side of the curve.6-9 

Two studies have taken a neurological 
approach to the etiology of idiopathic 
scoliosis. Of 100 patients with scoliosis, 
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Yamada et al found that 99 had abnor
mal equilibrium.10 The problems with 
equilibrium tended to increase as the 
degree of the scoliotic curve increased. 
When full growth was achieved in the 
children, however, the equilibrium 
problems gradually diminished and dis
appeared. Yamada et al believed the 
dysfunction in equilibrium was associ
ated with the scoliosis but not necessar
ily the cause.10 In the second study, Jen
sen and Wilson showed that subjects 
with scoliosis had a significantly de
creased duration of postrotary nystag
mus and irregularities in nystagmus 
compared with subjects without sco
liosis.11 

The ATNR is one measure for assess
ing neurological dysfunction. The reflex 
is elicited by rotating the head (either 
passively or actively). With rotation, ex
tensor tone is increased in the muscles 
of the arm and leg on the chin side, and 
flexor tone is increased in the muscles 
of the arm and leg on the occipital side. 
The ATNR is seen in infants up to 6 
months of age and in children with neu
romotor dysfunctions.12-16 The ATNR 
has also been demonstrated in healthy 
adults under stress and in healthy chil
dren up to the age of 9 years.17-19 Par-
menter, in a study of first and third 
graders, found that visible muscle tone 
changes or elbow flexion to 30 degrees 
in the arm ipsilateral to the occipital 
side can be considered normal in chil
dren through the third grade.18 Studies 
on learning-disabled children or chil
dren with minimal brain dysfunction 
have yielded information that the 
ATNR appears to be more prevalent in 
this group of children than would have 
been expected from the normative stud
ies.20-21 

Several methods are available for test
ing the ATNR. Electromyographic stud
ies have been used to measure the mus
cle activity in response to head turn
ing.22 This method, however, is not 
practical for most clinicians. Therapists 
in clinical settings have commonly re
corded the degree of flexion in the arm 
during active or passive rotation of the 
head while the patient is in the supine, 
quadruped, and standing position.1, 2 

Ayres advocates the use of a quadruped 
reflex-inhibiting posture (RIP) with the 
hand on the occipital side of the ATNR 
placed on the hip while the leg on the 
chin side of the ATNR is lifted from the 
floor into extension.23 Using the quad
ruped RIP, the reflex is stated to be 

present if 1) the child is unable to main
tain the posture when the head is turned 
to the extreme right and then to the 
extreme left or 2) the child has to make 
two or more postural adjustments to 
stay balanced.24 This position appears to 
be more stressful than other tests of the 
ATNR and seems to reveal the presence 
of a subtle ATNR that might be over
looked in other testing positions.24 

The ATNR has been shown to be 
present in healthy children and in chil
dren with neurological dysfunctions. As 
children mature, however, the effects of 
the ATNR appear to diminish. Scoliosis 
may be the result of a variety of causes 
including neurological dysfunctions. 
The purpose of this study, therefore, is 
to examine the occurrence of scoliosis 
in a sample of healthy children between 
the ages of 10 years and 14 years and to 
compare the frequency of occurrence of 
the ATNR in these children. 

The following hypotheses were tested 
in this study: 
1. significant differences will exist in the 

occurrence of a possible scoliosis in 
those children with an ATNR and 
those children without an ATNR, 

2. significant differences will exist in the 
occurrence of scoliosis and the 
ATNR between sexes, and 

3. significant relationships will exist be
tween the side of the convexity of the 
scoliosis and the side of the ATNR. 

TABLE 1 
Representation of Student Classification 
by Age and Sex 

Sex 

Boys (n) 
Girls (n) 
TOTAL 

10 

15 
21 
36 

Age (yr) 

11 

26 
39 
65 

12 

28 
33 
61 

13 

0 
22 
22 

Total 
No. 

69 
115 
184 

% 

38 
62 

100 

METHOD 

Subjects 
Scoliosis screening was performed on 

1,372 children between the ages of 10 
and 15 years. We performed ATNR test
ing in 184 of these children, 69 boys and 
115 girls, aged 10 years, 5 months to 13 
years, 10 months. The mean age of the 
children was 11.86 years (s = 10.6 
months). All of the children attended a 
public elementary school in a rural area 
outside a large metropolitan city in the 
South. Table 1 describes the children by 
age and sex. Permission for testing was 

obtained from each child's parents in 
addition to a referral from each child's 
physician. The children were tested in
dividually during the school day. Chil
dren who were presently under treat
ment for orthopedic or neuromotor 
problems were excluded from the study. 

Tests 
Each child was screened for the pos

sibility of a scoliosis using a standard 
screening tool. Each child was assessed 
for symmetry of iliac crests, shoulder 
elevation, shoulder girdle, waist creases, 
and arm-to-body space. Leg lengths also 
were assessed visibly. Additionally, we 
assessed alignment of the head over the 
gluteal cleft. Forward bending was ob
served for the presence of thoracic or 
lumbar prominences and for assessing 
structural versus functional curves. 
Children who had at least three positive 
indices on the screening tool were re
ferred for a complete medical assess
ment including spinal roentgenogram. 

The ATNR was assessed using the 
quadruped RIP. We used this posture 
because previous studies have shown 
that the quadruped RIP is more sensi
tive to the presence of the reflex than 
other testing positions.23 

Procedure 
Each child was individually assessed 

by two examiners. The first examiner 
screened the child for the possibility of 
a scoliosis using a standard screening 
tool. Each child was tested with shirt 
removed and slacks loosened. If a ques
tion of a lateral curve arose, leg lengths 
were examined. The second examiner 
assessed the child in the quadruped RIP. 
The posture was assumed by the child 
who was given both verbal and tactile 
instructions. The child was asked to 
maintain the posture while alternately 
looking over the left shoulder and the 
right shoulder. The head turning was 
repeated four times to each side while 
the child maintained the position. We 
used the rating criteria developed by 
Sieg and Shuster to rate the ATNR as 
"normal," "questionable," or "abnor
mal."24 A questionable rating was given 
if the child restricted his movements to 
obtain his balance, if body posturing 
appeared rigid or stiff, or if the head 
movements were restricted. An abnor
mal rating was given if the child had 
definite difficulty assuming the position 
with flailing of the arms or legs at least 
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TABLE 2 
Results of Chi-Square Analysis of Scoliosis and Asymmetrical Tonic Neck Reflex 

ATNR 

No ATNR 
No. observed 
No. expected 

Questionable ATNR 
No. observed 
No. expected 

ATNR 
No. observed 
No. expected 

Questionable Scoliosis 

13.0 
19.2 

8.0a 

6.0 

9.0a 

4.7 

No Scoliosis 

105.0 
98.8 

29.0 
31.0 

20.0 
24.3 

TOTAL 

118 
118 

37 
37 

29 
29 

two times, difficulty in maintaining the 
position, or if the child's head move
ments interrupted balance at least two 
times. The reflex was noted to occur 
unilaterally if the child was unable to 
maintain extension of the supporting 
arm as the head was turned to the op
posite side. For example, if the child was 
weight bearing on the right arm and was 
unable to maintain the position as the 
head was turned to the left, the reflex 
was noted as abnormal on the left. 

Data Analysis 
Statistical analysis of the data was 

done by chi-square tests for frequencies. 
The level of significance used through
out the study was p < .05. 

RESULTS 
The results of the scoliosis screening 

and the ATNR testing are presented in 
Table 2. As indicated, the occurrence of 
questionable scoliosis was significantly 
higher in those children who had either 
a questionable scoliosis or an abnormal 
rating on the ATNR ( p < .05). Table 3 
summarizes the characteristics of the six 
major groups of children identified in 
the study. The mean ages and the range 
of ages of the children were comparable 
in the six groups. 

No significant differences appeared 
between sexes in the analysis of the six 

groups shown in Table 4. Additionally, 
no significant differences occurred be
tween sexes in the separate analyses of 
scoliosis or ATNR. 

Of the 13 children identified with a 
questionable scoliosis and no ATNR, 6 
were later assessed at the University of 
Tennessee Rehabilitation Services 
(UTRS) by a physician. Three of the 6 
were diagnosed by roentgenograms to 
have at least 5 degrees of increased lat
eral curvature. Two children were 
placed on home exercise programs, and 
the third was fitted with a Boston mod
ular jacket. An additional child had a 
curve of less than 5 degrees; the remain
ing 2 children exhibited no increase in 
lateral curves. 

Eight of the 17 children identified as 
having a questionable or abnormal 
ATNR in addition to having a question
able scoliosis were assessed at UTRS. Of 
these children, 6 were documented to 
have at least a 5-degree increase in their 
lateral curve. Three of the children had 
"S-type" curves with rotation and with 
compensation. The other 3 children 
demonstrated "C-type" curves. Table 5 
presents the relationship between the 
primary curve and the ATNR in each 
of these 6 children. Furthermore, 1 of 
the 2 children who did not have in
creased lateral curves had an elevated 
left shoulder and an ATNR to the left. 

DISCUSSION 

The hypothesis that significant differ
ences would appear in the occurrence of 
possible scoliosis in those children with 
the ATNR and those children without 
the ATNR is supported by the results of 
this study. The question that must be 
raised based on these findings is whether 
the presence of a scoliosis causes the 
child to appear to have an ATNR or if 
the presence of the ATNR contributes 
to the development of a scoliosis. Ya-
mada et al10 and Jensen and Wilson11 

allude to the possibility of a neurological 
basis to idiopathic scoliosis but used dif
ferent indicators of dysfunction such as 
equilibrium and postrotary nystagmus. 
The relationship of handedness to the 
development of a scoliosis also alludes 
to a neurological component although 
no evidence has been produced to sup
port this assumption.8 

Our finding that significant differ
ences did not occur between sexes in the 
presence of a possible scoliosis or pres
ence of an ATNR supports the previous 
findings of Gore et al3 but does not 
support the findings of the Minnesota 
study.4, 5 These researchers, however, 
did not statistically analyze their data to 
determine if their differences were in
deed significant. In addition, because 
the children seen in our study for follow-
ups did not have curves of greater than 
20 degrees, the marked differences pre
viously noted in research studies in chil
dren with curves greater than 20 degrees 
may not have been seen in our chil
dren.3-5 The other possibility is that the 
curves in our children were identified 
early before marked differences in the 
girls and boys could have been detected. 
Because the mean age of the children in 
the study was 11.86 years, another ques
tion is raised regarding prepubescent 
children; a difference in the sexes in 
relationship to the degree of the curve 
may not exist. 

TABLE 3 
Characteristics of Groups Identified in Testing 

Variable 

n 
Age( yr) 

Age range 
(yr-mo) 

ATNR 
No Scoliosis 

20 
11.66 

10-8 to 13-7 

ATNR 
Questionable 

Scoliosis 

9 
11.61 

10-5 to 13-1 

No ATNR 
No Scoliosis 

105 
11.97 

10-5 to 13-8 

No ATNR 
Questionable 

Scoliosis 

13 
11.72 

10-6 to 12-9 

Questionable 
ATNR 

No Scoliosis 

29 
11.92 

10-7 to 13-10 

Questionable 
ATNR 

Questionable 
Scoliosis 

8 
11.42 

10-3 to 13-1 

a χ2 = 7.795, df = 2, p < .05. 
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TABLE 4 
Characteristics of Children as Related to Sex 

Variables 

Group 
ATNR-no scoliosisa 

ATNR-questionable scoliosisa 

No ATNR-no scoliosisa 

No ATNR-questionable scoliosisa 

Questionable ATNR-no scoliosis 
Questionable ATNR-questionable scoliosis 

Scoliosisb 

No scoliosis 
Questionable scoliosis 

ATNRC 

ATNR 
Questionable ATNR 
No ATNR 

Boys 

9 
1 

39 
2 

14 
4 

62 
7 

10 
18 
41 

Girls 

11 
8 

66 
11 
15 
4 

92 
23 

19 
19 
77 

TABLE 5 
Relationship of ATNR and Convexity of Curve 

No. 

1 
2 

3 

4 
5 
6 

Subject 

Sex 

F 
F 

M 

M 
M 
M 

A g e 

(yr-mo) 
12-11 
11-8 

12-8 

11-7 
10-7 
12-9 

Curve 

left lumbar 
left thoracic 
right lumbar with rotation T7 
right thoracic 
left lumbar with rotation T5 
right lumbar 
right thoracic 
right thoracic 
left lumbar with rotation T5 

ATNR 

left 
left 

right 
questionable left 
right 
right 
bilateral 

The hypothesis regarding significant 
relationships in the side of the convexity 
of the scoliosis and the side of the ATNR 
could not be statistically analyzed with 
validity because of the small number of 
children who were later seen for roent
genograms. Only 6 of the 13 children 
(46%) with no ATNR and 8 of the 17 
children (41%) with a questionable or 
abnormal ATNR were seen for follow-
up at UTRS. A relationship between the 
side of the primary curve and the side 
of the ATNR did appear to be present, 
however, in those children who were 
further assessed. 

CONCLUSION 
The results of this study of scoliosis 

and the ATNR raises numerous ques
tions. Children who exhibit an ATNR 
may have a higher occurrence of sco
liosis than those children who do not 
exhibit an ATNR as tested in the quad
ruped RIP. Because of the small num
bers of children tested at follow-up, we 

cannot state that the children with the 
ATNR definitely have a higher occur
rence of scoliosis. More children than 
before, however, with a questionable or 
abnormal ATNR may be referred for 
further follow-up based on the results of 
this scoliosis screening. A relationship 
appears to exist between the ATNR and 
the presence of a scoliosis based on the 
number of children that were assessed. 
In particular, the relationship between 
the side of the major curve and the side 
of the ATNR seems to raise questions 
about the role of the ATNR in the de
velopment of a scoliosis or the role of 
the scoliosis in producing a rating of a 
questionable or abnormal ATNR. This 
study should serve as a pilot study for 
further testing to determine the role of 
the ATNR in scoliosis. With more phys
ical therapists becoming involved in sco
liosis screening, the addition of the 
ATNR testing may provide a more com
plete tool in the early identification of 
scoliosis. 
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