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Chapter 1

Introduction

In 1981, the foundation of the Dutch Association of Scoliosis Patients and their
Parents instigated members of the Lower House of Parliament in The Nether—
lands to ask questions about the role of the school physician in the early
detection of scoliosis, and about the relation between early detection and onset of
adequate treatment.' At the time, orthopedic surgeons in the USA and Sweden
reported a 60% decrease of severe scoliosis since the introduction of a scoliosis
school screening program in which children aged 10 to 15 years are annually
screened for scoliosis by school nurses? In The Netherlands, examination for
spinal deformities is part of the periodical medical examinations by school
physicians. The intervals between the scheduled periodical medical examinations
may be too long, because progression of structural scoliosis is associated with
growth of the spine during puberty. Therefore, annual screening for scoliosis
during (pre)adolescence was recommended.’

In Rotterdam, the periodical medical examination is held four times during the
school career of each child, i.e. at age 4, 7 and 11 years, and during the second
year of secondary school (13-14 years). However, prevalence and incidence data
of trunk abnormalities are not routinely collected. A positive forward bending
test is an indication for referral to the family physician for further assessment of
scoliosis. Direct referral to the orthopedic surgeon by the school physician is not
possible under the Dutch health care and health insurance system. Although the
school physician has an important role in the early detection of spinal
deformities, it is no guarantee for early, adequate treatment. A difference of
opinion between family physician and school physician concerning the necessity
for referral to an orthopedic surgeon may cause a delay. The children and their
parents may also cause a delay in not following the advice of the physicians.
Intervals between the scheduled periodical medical examinations may be too long
for early detection. This is why consultation between orthopedic surgeons of the
University Hospital Rotterdam and Eudokia Hospital, and representatives of the
Department of Youth Health Care of the Municipal Health Service Rotterdam
was initiated.

The rationale for the studies presented in this thesis was the whish to answer
the question whether an extra scoliosis screening should be added to the two
periodical medical examinations during adolescence. It was decided to use data
collected in a prospective follow-up study conducted since 1984 to answer the
following subquestions:

1. What is the prevalence of trunk abnormalities, including scoliosis and
Scheuermann's disease?

2. What is the incidence of trunk abnormalities?

3. What are the determinants of trunk abnormalities?

11



Chapter 1

4. Are the current frequency of periodical medical examinations during
adolescence, and the applied method of examining posture and back, adequate
for early detection of adolescent idiopathic scoliosis?

5. Is it feasible to have scoliosis screening performed by school nurses?

6. What happens in the period between referral for scoliosis by the school
physician and the onset of observation or treatment by the orthopedic surgeon?

Chapter 2 contains a review of the literature on trunk abnormalities, focussing
on scoliosis and kyphosis. Chapter 3 contains a review of the literature on
scoliosis school screening programs. Chapter 4 describes the results of the base~
line examination at age 11 years in school year 1984-1985 (prevalence). Chapter
5 describes the results of the reexamination at age 13 years in school year 1986—
1987 (two-year cumulative incidence). In Chapter 6, determinants of trunk
abnormalities are discussed. Chapter 7 describes the results of the additional
screening carried out by school nurses in school year 1985-1986. Chapter 8
describes the follow—up of children referred for trunk abnormalities. This study
was completed in 1990. In Chapter 9 the findings of the presented studies are
discussed.
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Chapter 2

Scoliosis and kyphosis: a review of the literature

Introduction

The normal spine is composed of vertebrae, intervertebral disks, and their
related ligaments and muscles. The stability of the vertebral column is provided
by its intrinsic structures, and by extrinsic support of the rib cage and the
muscles of the trunk. The normal movement of the spine is flexion, extension,
lateral flexion and rotation in the cervical region, rotation in the thoracic region,
and flexion-extension and lateral flexion in the lumbar region. The normal spine
contour, when viewed in the frontal plane, is straight, and when viewed in the
lateral plane has physiological cervical and lumbar lordosis, and thoracic
kyphosis.

There are three basic types of spinal deformity: scoliosis, kyphosis and lordosis.
Each may occur singly or in combination. Scoliosis is the commonest type of
deformity, it is an unphysiological curving laterally from the midline. Pure
lordosis is extremely rare. In 1950, Ponseti and Friedman presented a
classification of idiopathic scoliosis based on the site and number of primary
curves.! Table 2.1 shows the classification of spinal deformity based on the
associated conditions as compiled by the terminology committee of the Scoliosis
Research Society.?

Table 2.1. Classification of spinal deformities

I Primary, progressive or structural deformities
1 Idiopathic deformities
- idiopathic scoliosis early-onset
late-onset
- idiopathic kyphosis Type I classic Scheuermann's disease

Type Il 'apprentice's spine'
Congenital deformities
Neuromuscular deformities: poliomyelitis, cerebral palsy
Deformities in association with neurofibromatosis
Mesenchymal deformities
Traumatic deformities
Deformities due to infection
Deformities due to tumors
Miscellaneous conditions
Spondylolisthesis

=0 000N hA W

[=~]

I Secondary, non—progressive or non-structural deformities
1 Postural scoliosis, kyphosis, lordosis
2 Pelvic tilt scoliosis, due to leg-lenght inequality or/and pelvic asymmetry
3 Irritative lesions associated with the spine
4 Hysterical scoliosis
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Chapter 2

Poliomyelitis and rachitis used to be the major causes of structural scoliosis and
kyphosis. In some less developed countries, paralytic scoliosis as a result of
poliomyelitis still is the commonest type.®> In Western countries, 80% of the
structural scoliosis is idiopathic, and 10-15% is congenital.

Orthotic and surgical treatment became more effective since the 1950s.* Since
the foundation of the Scoliosis Research Society in 1966, the knowledge about
the epidemiology, etiology, natural history, diagnosis and treatment of scoliosis
has increased. Data from scoliosis school screening programs and long-term
follow-up studies of idiopathic scoliosis have added new insight to the natural
history of the condition.>"

Scoliosis

Scoliosis is derived from the Greek word meaning curvature. When used in
medical literature, it signifies a lateral curvature of the spine. A normal spine has
physiological curvatures when viewed from the side, but there is no lateral
deviation when viewed anteriorly or posteriorly. These lateral curvatures must be
defined as non-structural or functional scoliosis and structural scoliosis. Non—
structural or functional scoliosis is a lateral curvature which is totally correctable
by bending forward. Clinically and radiologically it does not show rotation, and
it is without structural changes. It is frequently due to leg-length inequality, or to
irritative phenomena associated with the spine. Structural scoliosis is a lateral
curvature identified clinically when the child on bending forward shows fixed
posterior vertebral rotation including rib rotation on the convexity of the primary
curve. Radiography reveals rotation, and structural changes of wedging and
obliquity in the vertebrae; the size of the curve is measured using the Cobb
method. Rib rotation posteriorly without scoliosis on radiography can
occasionally occur. Bunnell"® stated that spinal curvatures less than 10 degrees
may be diagnosed as postural scoliosis, and curves of 10 degrees and more with
rotation and wedging as structural.

Idiopathic scoliosis is a structural lateral curvature of the spine with vertebral
rotation and wedging, the underlying cause of which is unknown. It is diagnosed
"per exclusionem". Idiopathic scoliosis occurs in the thoracic and lumbar
vertebrae, its onset may be seen between birth and the end of skeletal growth.
James' classified three types of idiopathic scoliosis according to the age of onset
(Table 2.2).

Table 2.2. Idiopathic scoliosis according to age of onset

infantile scoliosis between birth and 4 years of age
juvenile scoliosis between 4 years and 10 years of age (onset of puberty)
adolescent scoliosis from 10 years of age to the end of skeletal growth

16



Scoliosis and kyphosis

Many hypotheses about the etiology of idiopathic scoliosis have been proposed,
such as abnormal vertebral growth, spinal muscle imbalance, postural alterations,
endocrine and metabolic changes, and genetic factors.

One interesting theory is the concept of biplanar asymmetry.**** Scoliosis is a
three-dimensional deformity; thoracic idiopathic scoliosis is usually a
combination of loss of physiologic kyphosis, convex vertebral body rotation, and
lateral bending.’® Somerville'” and Roaf'® have stated that hypokyphosis (lordosis)
and rotation are the primary lesions of idiopathic scoliosis, with coronal plane
deformity occurring only secondarily. This lordosis was thought to arise from
failure of growth of the posterior elements of a segment of the spine. According
to Dickson'**, spinal asymmetry in both coronal and median planes is essential
for the development of a progressive curve. Biomechanically, it can be shown
that only when median plane asymmetry exists the spine does have any tendency
to rotate. Spinal curvatures in the median plane change during growth and in
normal children thoracic kyphosis reduces in size from age 8 to 14 years. When
it is at its minimum, girls are going through adolescent peak growth velocity, and
this may explain greater progression potential in girls. In boys, adolescent peak
growth velocity is approximately two years later when their thoracic kyphosis
becomes maximal, which may explain why boys are particularly prone to
developing Scheuermann's disease. In idiopathic scoliosis there is an increased
anterior vertebral height at the apex of the curve with posterior end-plate
irregularity. This is analogous but opposite to the anterior wedging observed in
Scheuermann's disease. However, the underlying disturbances of growth could
not be demonstrated experimentally, and the exact pathogenetic mechanics of
idiopathic scoliosis (and idiopathic kyphosis) remain controversial.

Frequency

The prevalence of scoliosis in the adult population is mainly based on reports
of mass—population roentgenographic screenings for tuberculosis, and ranges
from 1% to 2%. These reports include no data about lumbar curves.®?

Data obtained through scoliosis school screening programs showed large
differences in prevalence, depending on the method used for diagnosis and the
minimum deformity required to determine a positive screening test. Prevalence
figures range from 2% to 16%. Table 2.3 gives an overview of prevalence
studies of scoliosis.*”*** The minimum curvature required to make a diagnosis
of adolescent idiopathic scoliosis is 10° as measured by the Cobb method. At the
age of 16 years, approximately the end of growth in girls, the prevalence of
idiopathic scoliosis of more than 10° is approximately 2% to 3%. In larger
curves, the prevalence decreases. Approximately 100 per 1,000 adolescents have
minor degrees of curvature, only 2 per 1,000 warrant treatment because of curve
progression.**** Because of misuse of epidemiological terms with regard to
incidence versus prevalence, school screening surveys on incidence of
scoliosis™*®?* are actually prevalence studies. Incidence data are lacking.

17



Table 2.3. Scoliosis prevalence studies

Name Place Number Age or grade Screening method Number to d Number referred of all  Scoliosis >10°
screened screener children prevalence
Segil® 1974 Johannesburg, S. Africa 1,016 Africans N.S. N.S. N.S. NS. 1.6%
929 Caucasians
Brooks’ 1975 California, USA 3,492 gT7&8 NS. NS. 13.6% (>5°) N.S.
Span® 1976 Jerusalem, Israel 10,000 10 - 16 N.S. 13.0% X-ray 3.0% 1.5%
Drennan® 1977 Colorado, USA 58,314 10 - 13 nurses 52% 19% 02% (>15°%)
Lonstein® 1977 Minnesota, USA 511,722 er.5-10 nurses 83% 4.0% 1.1%
Flynn® 1977 Florida, USA 38,710 gr.7-9 physical education 10.6% 1.8% N.S.
teachers (PET)
Dunn®* 1978 Virginia, USA 5,000 gr.6-8 nurses and PET 13.1% 33% 12%
Howell” 1978 Edmonton, Canada 609 (girls only) 11 - 17 nurses and 45.0% 14.0% 6.4%
physiotherapists
Rogala® 1978 Montreal, Canada 26,947 12-14 nurses or physician 10.0% 6.5% 2.2%
Smyrnis® 1979 Athens, Greece 3,494 1-12 doctots 100% 6.4% 4.6% girls
1.1% boys
Dickson® 1980 Oxford, Great-Britain 1,764 13-14 physiotherapist 83% 6.9% 2.5%
Goldberg™ 1980 Dublin, Ireland 604 10-14 doctors 21.9% 64%
Ascani® 1980 Rome, Italy 16,104 6-13 NS. 72% N.S. 4.6%
2,302 6 21.6% 5.9%
2,102 11 19.5%
Owen® 1980 Liverpool, Great-Britain 15,000 age 5, age 9, age 11 nurses and school 3.2% 1.0% N.S.
medical officer
O'Brien* 1980 Oswestry, Great-Britain 903 1-14 health visitors N.S. 3.3% 2.0%
Taylor™ 1980 Perth, West-Australia 1,200 1 - 14 NS. N.S. 5.6 - 13.9% 16 - 64%
Gore* 1981 Wisconsin, USA 8,393 gr.5-10 volunteers (1* stage), 34.5% 7.5% 20%
physiotherapists and
nurses (2% stage)
Lonstein™ 1982 Minnesota, USA 250,000 10 - 14 PET (1* stage), N.S. 34% 1.2%
nurses (2* stage)
Willner®® 1982 Malmd, Sweden 17.181 7 -16 nurses and schooldoctors N.S. 43% pirls 329% pirls



Lawluna™ 1982 venmarg LT \BUIS vay) av — s s ———e .
moiré topography
Goldberg" 1983 Dublin, Ireland 21,000 10 - 14 PET, schoolnurses, 10.0% 1.4% 0.2%
schooldoctors
Randall** 1983 Alabama, USA 561 5-8 NS. 19.8% 11.2% 4.0%
Wynne® 1984 Vancouver, Canada 8,010 12-14 nurses, physiotherapists NS. 2.1% 0.5%
Adler 1984 Califommia, USA 237 (girlsonly) gr.5-8 forward bending + 21.4% N.S. NS.
moiré topography
Li High Pin® 1985 Hunan, People's Republic 8,615 6-15 doctors; 9.2% 8.0% 2.4%
of China X-ray in 2" stage
Flynn* 1985 Florida, USA 496,965 e 6-9 PET, nurses NS. 5-8% N.S.
Thompson*’ 1985 Dublin, Ireland 182 (girls only) 12 - 16 forward bending + 20.9% 14.3% (>5°) 6.0%
moiré topography
Chan* 1986 Adelaide, South Australia 3,660 14 - 16 nurses NS. 3.9% 21%
Savini® 1986 Bologna, Italy 12,832 11 - 14 doctors 10.1% 7.1% 1.4% (>15%)
Bremberg™® 1986 Sweden 7,531 gr. 1,4, 8 schooldoctors N.S. N.S 2.7%
10,644 . 1-8 schoolnurses N.S. N.S. 2.3%
Mittal’ 1987 Patalia, India 25,376 5-18 clinical examination + N.S. N.S. 0.13% idiopathic:
scoliometer 1in$
Francis™ 1988 Utah, USA 3210 (girls only) 17 -21 12.3% N.S. 54% (>20°)
Ohtsuka™ 1988 Chiba, Japan 1,245,798 g.5&6 1) clinical examination N.S. N.S. 007 - 1.77 (>15°)
+ moiré topography
e l&ll 2) low dose radiography
3) X-ray
Nissinen® 1989 Helsinki, Finland 1,060 9-13 clinical examination + N.S. N.S. 4.1%
moiré topography
N.S. = not stated

PET = physical education teacher




Chapter 2
Risk factors

The etiology of adolescent idiopathic scoliosis is unknown, but there is a
relationship between gender, growth, maturation, and the occurrence of
scoliosis.”™® A familial occurrence of idiopathic scoliosis has been reported
suggesting a genetic basis.’®

Prognosis

The main area of concern in the skeletally immature patient is the probability
of curve progression. Information about progression is derived from studies of
follow—up of untreated patients. Progression is defined as an increase of 5° for
curves of 20° or more, and as an increase of 10° or more for curves less than
20°.102856 T onstein and Carlson' reported progression in 23% of 727 scoliotic
patients with curves between 5° and 29°. In scoliotic children detected in a
school screening program, spontaneous improvement occurred in 3%-22%, and
curve progression occurred in 7%-15%.*

Certain factors have been found to be related to curve progression: gender, age
and maturity, and magnitude and pattern of the curve” ' The risk of curve
progression in girls is tenfold the risk in boys. Age is another risk indicator. The
younger the patient at time of diagnosis, the greater the risk of progression. A
critical period for rapid progression is during rapid growth at puberty.
Physiologic age as determined by skeletal maturity (Risser sign or bone age) and
onset of menarche in girls are better indicators for the risk of progression than
the chronologic age.® Curve magnitude and curve pattern are also related to
curve progression; the larger the magnitude at time of detection the higher the
risk. Thoracic and double-major curves have the highest risk of progression,
thoracolumbar curves have an intermediate level of risk, and lumbar curves have
the lowest risk. Lonstein and Carlson' used the factors age, curve magnitude,
and maturity as measured by the Risser sign to develop a progression factor
formula for curves between 20° and 29° in individual cases. Risks of curve
progression decrease with increasing skeletal maturity. After skeletal maturity,
curves less than 30° do not progress. Slight progression of larger curves may
occur.’

In adults, scoliosis is a disabling discase and affects the quality of life. Severe
scoliosis causes back pain, cardiorespiratory disturbances, psychological and
socioeconomic problems, and may lead to death. Long-term follow-up studies of
non-treated scoliotic patients, forty to fifty years after diagnosis, showed that the
average mortality of scoliotic patients was twice that in the general
population.>**® Cardiac and pulmonary discases were the causes of death in 60%
of the patients who died. Backache in adult life was a common complaint. Many
patients were unable to work. Women, in particular, were less likely to
marry.>** Bengtsson et al.* found in 26 adult women with severe scoliosis that
their superficial psychosocial adjustment was good. However, the results of the
personality-psychological examination indicated that their adjustment was less

20



Scoliosis and kyphosis

well. Their lives had become marked by their deformity. They were characterised
by hypersensitivity and insecurity; the psychological adjustment deteriorated with
increasing degree of deformity.

In early adolescence, deformities of the trunk may cause psychological
problems too. Scoliosis and its treatment often collide with the most sensitive
years of social development. Clayson® found that for adolescent girls, scoliosis
had its greatest impact on their sense of worth to others, and for boys, scoliosis
presented the greatest threat to their sense of self-worth. Kahanovitz and
Weiser” compared in 72 adolescent girls, aged 12 to 16 years, the psychological
aspects of the various treatments for scoliosis: observation for mild curves, brace
for moderate curves, and surgery for severe curves. In addition, the attitudes of
the patients' mothers toward scoliosis were assessed. It was found that type of
treatment was not related to the girl's adjustment to the condition. However,
mothers' and children's attitudes toward scoliosis were strongly related to the
children's adjustment to their condition.

Treatment

When confronted with children referred with trunk abnormalities, the decision
facing the clinician is discharge of those children whose scoliosis will never be a
health problem, observation of those with small curves at risk of progression, or
treatment of those with significant curves by bracing or surgery.

Observation is important in the management of any patient. The primary goal is
to determine whether the patient will need active treatment. At the initial
evaluation, curves between 10° and 25° to 30° in juvenile and skeletally
immature adolescent children should be observed. The risk of progression is
20% in a skeletally immature child with a 20° curve, and 60% in a similar
patient with a 30° curve. Skeletally mature children with curves under 30° do not
need observation. Contra—indications for observation are progressive curves, and
curves greater than 30° in skeletally immature patients on their first visit.
Restriction of physical activity is not necessary.*®

A progressive curvature in a skeletally immature patient is an indication for
treatment by bracing, if the magnitude of the curve is between 25° and 40°.
Prerequisites for a successful brace treatment are the cooperativeness and
willingness of the patient and the family to continue a treatment program until
the end of skeletal growth. The original brace system is the Milwaukee brace
which is a cervical-thoracic-lumbar-sacral orthosis. Of the underarm braces
(thoraco~lumbo-sacral orthoses), the Boston brace is the most widely used.

Indications for surgical treatment are severe curvatures of 40° and more in
skeletally immature patients, and of 50° and more in skeletally mature patients,
to prevent respiratory insufficiency. An unacceptable cosmetic appearance, failure
of brace treatment, and a progressive thoracic curvature associated with increased
thoracic lordosis are other indications for surgery.

21
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Chapter 2
Kyphosis

Thoracic kyphosis is a physiologic posterior convex angulation of the spine in
the sagittal plane. Normally, this kyphosis measures between 20° and 40° by the
Cobb method.* Kyphosis of more than 40°, and kyphosis less than 20° in the
thoracic spine are considered abnormal. White et al.*° suggest that any significant
amount of posterior curvature in the adult cervical and lumbar spine should be
considered abnormal.

Juvenile kyphosis remains one of the most frequently neglected trunk
deformities during childhood and adolescence. The minimal roundback deformity
of the spine is often regarded as a problem of poor posture. Postural kyphosis is
especially common in adolescent girls because breast development sometimes
makes them extremely self-conscious. They assume a round-shouldered slouch
in order to hide their breasts, especially if they are tall for their age. The round-
back deformity may prove to be a manifestation of structural deformities of the
spine.

Holger Scheuermann, in 1921, published a report describing a category of
juvenile patients, almost exclusively male, with increased thoracic kyphosis.
Radiography revealed vertebral wedging and changes similar to osteochondritis
deformans juvenilis coxae. Scheuermann labelled the kyphosis dorsalis juvenilis
as ostechondritis deformans juvenilis dorsi, now known as Scheuermann's
disease.® Scheuermann's juvenile kyphosis is defined as a fixed round back
deformity in the growing spine associated with wedging of at least three adjacent
vertebrae at the apex of the curve of 5° or more with specific x-ray changes.
The major radiologic criteria for the diagnosis of the classic form of
Scheuermann's disease are: (1) irregular vertebral end plates, (2) narrowing of the
intervertebral disk space, (3) one or more vertebrae wedged 5° or more, (4) an
increase in normal kyphosis beyond 40°.*’ The etiology of Scheuermann's disease
is unknown; mechanical factors, heavy physical work, genetic or environmental
abnormalities, muscle weakness and inflaimmation have been implicated in the
etiology. Digiovanni et al.® found a distinct anterior elongation of the vertebral
body in skeletons with Scheuermann's kyphosis. It appeared to be the result of an
alteration of normal growth in the immature spine.

The typical patient is between 13 and 17 years old and complains of poor
posture, fatigue, stiffening and/or pain near the kyphos. The kyphosis is thoracic
in about 75% of the patients (Type I Scheuermann's disease), and thoracolumbar
in the other 25% (Type Il Scheuermann's disease). According to Leatherman and
Dickson?, Type I Scheuermann's disease appears to be precisely the opposite
deformity to idiopathic scoliosis, in being another example of median plane
spinal asymmetry with anterior vertebral wedging and end-plate irregularity. In
idiopathic scoliosis, there is median plane spinal asymmetry with posterior
vertebral wedging. Lumbar lordosis is increased. Mild, generally non—progressive
scoliosis is assumed to be present in 30% to 40% of patients with
Scheuermann's disease. Deacon et al.® demonstrated in 50 cases of thoracic
Scheuermann's disease that a lateral curvature of the spine was present in 85%.
It is still debated whether Type 1 Scheuermann's disease produces back pain.
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Scoliosis and kyphosis

Bradford et al.”, and Stoddard and Osborn” consider that it does. In Type II
Scheuermann's disease, pain is a common complaint, often associated with
increased physical activity. It occurs almost solely in boys. There is an increased
prevalence of spondylolysis and spondylolisthesis. In adults with low back pain,
low Scheuermann's disease is often overlooked by both clinicians and
radiologists.”

An atypical form of Scheuermann's disease may present itself in two fashions:
vertebral body changes without wedging or increased kyphosis, or increased
kyphosis without vertebral body changes. In the second case, we see a clinical
appearance of classic Scheuermann's disease (a structural kyphosis) in a teenager
without radiographic changes of endplate irregularity or vertebral wedging.”

A kyphoscoliosis is a combination of a true kyphosis and a lateral curve. This
is very rare, and nearly always due to a congenital anomaly’™, except in
Scheuermann's disease where the scoliosis is usually mild and nonprogressive.
Scoliosis can clinically simulate a kyphoscoliosis, because the vertebral rotation
carries the rib backwards with it on the convex side to produce a hump. The
term kyphoscoliosis is a misnomer; it would be better to describe this condition
as kyphosing scoliosis.”

Frequency

Prevalences ranging from 0.4% to 8.3% have been reported, depending on
whether the diagnosis is based on clinical (8.3%) or radiographic criteria
(0.4%).™ From school screening programs, prevalences ranging from 0.1% to
1% have been reported.®” The male to female ratios reported range from 1:1 to
1:2.5" The age of omset is difficult to establish because radiographic changes
typical of Scheuermann's disease are generally not seen before the age of 11
years. Kyphosis tends to appear at a later age than scoliosis, and it progresses
later as well. Incidence has not been studied.

Risk factors

The etiology of Scheuermann's disease is unknown. Mechanical factors have
been implicated in the development of kyphosis.® A familial occurrence has been
described.” Patients with Scheuermann's disease were taller than average, and the
degree of skeletal maturity was advanced beyond the chronological age.”

Prognosis

Prognosis and clinical course of Scheuermann's disease have not been
systematically investigated, as has been done in adolescent idiopathic scoliosis.
Complications of Scheuermann's disease are cosmetic deformity, back pain, and
neurological complications. Cosmetically unacceptable appearance occurs when
the kyphosis is above 65° or 70°, because of increased compensatory lumbar and
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cervical lordosis. Back pain in the untreated adult is a common complaint,
especially in Type II Scheuermann's disease’®”, but probably no more frequent
than in the normal population® Neurological complications occur, but are
exceedingly rare.?

Treatment

Treatment depends on the severity of the problem and the radiographic changes
in the vertebrae. In pre—adolescent children, exercises alone are usually adequate
for managing postural roundback or postural increased lordosis. In Scheuermann's
disease, (Milwaukee) brace treatment is the most effective therapy. In adult life,
surgical treatment is rarely indicated for severe Scheuermann's disease. Other
types of kyphosis, such as the congenital kyphosis, are treated operatively.”%-%
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Chapter 3

Scoliosis school screening programs: a review of the
literature

Introduction

Screening is an activity directed at secondary prevention. It attempts to identify
the disease when symptoms are present, but at a much earlier stage of the discase
than when the symptoms would normally become obvious. Screening aims at
separating those who do have the disease from those who do not have the
disease. Screening is not a substitute for healthcare. It is actually an effort to
bring those who are thought to have the disease into further channels for
diagnosis and treatment. The goal of scoliosis school screening is to improve
early detection, diagnosis and treatment of this condition. A second goal of the
school screening programs is to gain information on prevalence, incidence,
etiology, and natural history of idiopathic scoliosis.

In the absence of school screening programs, scoliosis in an early stage is
mostly detected by chance because of its insidious and painless early natural
history. Scoliosis screening was introduced in Delaware, USA, in the late 1950s
by Dr. A. Shands. In reviewing 50,000 minifilms taken for a chest disease
survey, he found that 1.9% of the population had a scoliosis of 10° or more.! In
the 1960s, a school nurse started a local scoliosis screening program in Aitken,
Minnesota, USA, because her own daughter had required treatment for the
deformity. In 1973, the State Department of Health in Minnesota introduced a
statewide screening program. The American Academy of Orthopedic Surgeons
officially recommended that children should be screened during the years that
they are most at risk. Since then, school screening programs are being run in
most states of the USA, and also in many other countries.?™

Screening program

Most scoliosis school screening programs in the USA are established as a
three-tier system with the nurse~coordinator as the most important individual on
the team. She coordinates the school nurses or other first-tier screeners, helps in
the examination of difficult cases, and is involved with the documentation,
follow-up, and education on scoliosis screening. The first-tier examination is
done by trained volunteers, physical education teachers, or school nurses. All
suspect cases, based on trunk asymmetry on forward bending, are rescreened
later; from 10% to 45% of the children have a suspected deformity.”*! The
second-tier examination is done by either the nurse-coordinator or the
physician—-consultant. At this examination other screening techniques are used,
such as an inclinometer, formulator body-contour tracer, moiré topography or
low dose radiography. About 5% to 10% of screences are referred for the
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tertiary examination.>>"-%'>"2! I the third-tier screen, a thorough examination of
the locomotor system is done, including leg-length determination. A standing
posterioanterior radiography is taken and any scoliotic curve is measured by the
Cobb method. In children suspected of having kyphosis, standing lateral
radiography is done as well. After this stage, approximately 4% of all children
screened are referred for further orthopedic evaluation and treatment. Two
percent will have an idiopathic curve of 10 degrees or more, and only 0.1% to
0.3% will require brace or operative treatment.

One of the problems in scoliosis screening is the detection of a large number of
small curvatures subsequently exposed to unnecessary radiation and treatment.
Besides, it is not possible to identify in an early phase those adolescents with a
high risk of significant curve progression.

Additional screening methods

A rib hump on the forward bending test is taken as an alerting sign for the
existence of a spinal deformity such as scoliosis. As the forward bending test
detects also minor deformities and false—positive cases, the need for more
reliable and valid screening techniques arose. Five techniques have been
developed: moiré topography, the inclinometer or scoliometer, the formulator
body-contour tracer, thermography, and computerized ultrasonic digitization. The
first two techniques are used in the second stage of school screening programs.

Moiré topography is a method of projecting contour lines on the body using an
interference fringe technique with a light source passing through a grid.
Photographs of a moiré pattern on the human back will permit to assess body
shape and symmetry of the back. Armstrong® and Adair** consider the moiré
technique a more sensitive screening method than the forward bending test,
although the percentages of false positive results were approximately the same
for both methods. Willner compared the range of the asymmetry of the moiré
pattern with clinical findings and x-ray findings in patients with structural
scoliosis. Asymmetry of at least one fringe interval was regarded as a positive
result. All the observed asymmetries less than one fringe interval had a lateral
deviation of the spine of less than 10° by the Cobb method. Laulund® did not
find a correlation between the degree of scoliosis and moiré asymmetry. An
explanation is that an X-ray examination of the spine shows lateral deviation
whereas moiré topography expresses the rotation of the vertebrac. Most authors
describe moiré topography as easy to apply, rapid to perform, noninvasive, and
inexpensive. Other advantages of the moiré photography are less radiation
exposure of minor spinal deformities, a decrease in the number of cases referred,
and the possibility of three—~dimensional documentation of the status of the back
which allows a better comparison between two observations. 2?22 Qther authors
suggest that moiré topography as a screening device should be reserved for use
in the second tier of screening, since the forward bending test is an effective and
cheap method for the first tier of a school screening program. When used in
longitudinal observation of scoliosis, moiré topography can diminish the
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frequency of radiographic examinations.?>-

The second method to improve the screening results of the forward bending test
is measurement of rib hump height and of angle of trunk rotation with an
inclinometer or scoliometer. Axial rotation of the vertebrae is one of the constant
features of structural scoliosis. The spinous processes rotate toward the concavity
of the curve. Rotation of thoracic vertebrae causes rotation and deformity of the
attached rib cage, with elevation on the side of the convexity and depression on
the side of the concavity. A commonly used method employs a spirit level and a
ruler to measure the height of the rib hump at the apex of the scoliosis.®® The
index of rotation is defined as the relation between the height of the rib hump
and the distance of measuring points. Bunnell® designed an inclinometer
(scoliometer) in order to measure the angle of trunk rotation. This inclinometer
(scoliometer of Bunnell) consists of a single-radius, u—shaped tube that is filled
with fluid to dampen the motion of a ball. The ball seeks the point that is lowest
in the tube and from which the angle of rotation can be read directly. When the
child is bending forward, the scoliometer is placed on the back at the apex of the
deformity. The minimum significant deformity justifying referral for orthopedic
evaluation is a five-degree angle of trunk rotation at any level of the spine.
Children with a lesser degree of deformity should be rescreened in six to twelve
months. In The Netherlands, Pruijs et al® designed a similar device. They
concluded that neither moiré topography nor angle of trunk rotation allow a sharp
distinction between normal and pathological cases. Instead, it was preferable to
define a borderline in terms of a danger zone of rib hump height of 5-10 mm, of
rotation of 3-7°, and of moiré topography of 1-3 lines.

Another screening method, not so widely used, is the formulator body contour
tracer. To record the outline of the deformity, Thulbourne and Gillespie® , and
Burwell et al.*” used measuring devices consisting of a series of movable strips
which could be locked in position by a lever on the frame. The central strip was
marked and the frame carried a spirit level. The instrument was placed across the
back in a forward-bent patient, centred on the spinous process of the apical
vertebra, and perpendicular to the spine. Each movable strip of the horizontal
instrument had to be in contact with the skin. The strips were locked in place.
The resulting contour of the back was transferred to graph paper as a chart.

Thermography is a sensitive means of measuring differences in temperature of
the back. It consists of a scanning camera sensitive to infrared radiation, and a
display unit. The thermogram consists of dark and light tones indicating areas at
different temperatures. In scoliotic children, the thermograms showed thermal
asymmetry about the midline.*®* As far as we know, this method has not been
used in large-scale surveys.

In order to reduce the need for multiple radiographs in follow-up examinations,
Letts et al® developed the computerized ultrasonic digitization method of
identifying and documenting spinal curvatures. A probe is run along the spinous
processes emitting an ultrasonic sound, which is picked up by four sound
receivers. The signal is fed in a micro-computer which calculates the magnitude
of the curve. This method appeared to have most accuracy in curves over 30°,
and therefore it is not a method to be used for screening.
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Scoliosis screening in The Netherlands

Examination for trunk deformities, such as scoliosis and kyphosis, is a routine
procedure in the periodical medical examination of schoolchildren. During
adolescence, children in grade 7 of elementary school (approximately 11 years of
age) and in second year of secondary school (approximately 14 years of age) are
eligible for the periodical medical examinations. In 1981, annual screening for
early detection of scoliosis was recommended by orthopedic surgeons.* In
answer to this recommendation, Dikkeboer* devised a screening program to be
performed by physical education teachers in secondary schools. Cooperation with
school physicians was essential because approximately 20% of all children were
expected to be referred for reexamination.

At the same time, scoliosis surveys were started in various parts of The
Netherlands to collect prevalence data. Kornips et al.* found among 11 to 12-
year—old children a positive forward bending test in 12.9%, and among 13 to
15-year-old in 22.7%. After moiré topography, 2.4% and 6.9%, respectively,
were referred to the family physician and/or orthopedic surgeon. Pessers et al.*®
screened 10,251 schoolchildren of grades 7 and 8 of elementary school, and of
the first two grades of secondary school; measurement of height of rib hump was
included. A rib hump or lumbar prominence was found in 11.6%; referral for
orthopedic evaluation occurred in 1.8%. In the central part of The Netherlands,
Pruys et al.* did a scoliosis survey among 28,970 schoolchildren, aged 10, 12
and 14 years. Physical examination in the first phase was performed by school
physicians, 5.6% of all children had a positive forward bending test. In the
second phase, measurement of height of rib hump, measurement of rotation, and
moiré topography were performed. Of all children examined, 3.3% were found
to be positive after the second phase.
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Abstract

The prevalence of trunk abnormalities was studied in 4,915 children aged 11
years (2,528 boys, 2,387 girls); 33% of the children were of non-Dutch origin.
The following measurements were recorded: height, weight, signs of puberty, and
menarche. Trunk abnormality was assessed in the erect child (asymmetry of
shoulders, waistline, imbalance of the trunk, scoliosis, lordosis, kyphosis,
swayback and flexibility), and by the forward bending test (rib hump or lumbar
prominence, persistence of scoliosis, kyphosis, deviant lateral aspect): 85.9% of
boys and 81.3% of girls were symmetric, and abnormal forward bending test was
noted in 7.1% of boys and 10.6% of girls. In non-Dutch girls, trunk
abnormalities were more prevalent.

Introduction

Idiopathic scoliosis is a structural deformity of unknown etiology. Screening for
scoliosis has been established as a valuable method for early detection, which
makes prevention of severe deformity possible. Prevalence data regarding
adolescent idiopathic scoliosis were obtained from early studies based on chest
radiographs taken for tuberculosis screening and later from studies based on
school screening for scoliosis. Data regarding trunk asymmetries in a normal
population during the growth period are not so abundant. Schoolchildren in
Rotterdam, The Netherlands, are examined before and after onset of puberty by
school physicians. Children with abnormal findings who need further clinical
assessment are referred to the family physician and/or medical specialist, but we
did not have prevalence and incidence data regarding trunk deformities in our
population. Neither did we know whether the (for scoliosis and kyphosis)
referred children received timely and adequate treatment. We wished to obtain
prevalence and incidence data regarding trunk asymmetries, including scoliosis
and kyphosis, and their determinants. We now present data concerning the
prevalence of trunk abnormalities in schoolchildren aged 11 years in Rotterdam,
The Netherlands.

Methods

Subjects

All schoolchildren in Rotterdam, born in 1973 were eligible for the regular
medical examination by the school physician between September 1984 and April
1985 (n=5,167); 51.5% were boys. The average age of the children was 11 years
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and 5 months. Of the eligible children, 92.4% were in elementary school and
7.6% were in special schools for nonmentally retarded and nonphysically
handicapped children with learning disabilities. They attended 227 schools.
Rotterdam has a multiracial population; the distribution of the children according
to ethnic (origin) was 65.7% Dutch; 8.6% of the children were from Turkey,
3.2% were from Morocco, 8.8% were from Surinam and the Caribbean, and
12.7% were from other countries (primarily Mediterranean). Of the 5,167
eligible subjects, 4,915 (95.7%) participated in the baseline examination.
Subjects were qualified as not participating if they did not respond twice to the
invitation for the optional regular medical examination. There was no difference
in the ratio of males to females between participants and nonparticipants, but
there was a difference between the different ethnic groups. Of the children of
Turkish and of Moroccan origin, 10.8% did not participate.

Measurements

Although the school physicians were experienced in the physical examination
of the trunk, including forward bending test, as being part of the regular
examination, they received oral, audiovisual, and written ftraining, and
demonstration of patients before the study started to guarantee standardization of
measurements. The following measurements were the object of study: height in
centimeters, weight in 0.1 kilograms. Signs of puberty were examined: breast
development and menarche in girls, testis development in boys, pubic hair
development and onset of the rapid growth spurt in both sexes. Grading was
performed according to the method of Tanner.! First, pelvic tilt was determined
and leg length inequality was corrected by placing one or more 0.5-cm boards
under the short leg until horizontal symmetry of iliac crests and posterior iliac
spines was obtained. The correction was noted in centimeters. After correction,
the child's posture was observed. The standing child was viewed from front and
back for symmetries in the shoulders, scapulae and waistline. The balance of the
thorax over the pelvis was assessed with a plumbline. Flexibility of the spine was
examined in flexion, extension, and side bending. The child was viewed from the
side for areas of hyper- or hypokyphosis and hyper—- or hypolordosis. Trunk
asymmetries and abnormal curvatures in the median plane in standing position
were recorded as either absent or present, according to the proposed limits for
structural trunk asymmetries of Vercauteren et al.? The forward bending test was
performed, with the child standing with feet together and knees straight, bending
at the waist, with the arms dangling and held with fingers and palms opposed.
The back was viewed head on for symmetry; both sides were compared. The
back was also viewed from the side to assess kyphosis and rib humps. The
following four components of the forward bending test were listed as either
absent or present: (a) rib humps and lumbar prominences as signs of vertebral
rotation (a rib hump is not always associated with a scoliosis in upright position),
(b) persistence of the standing scoliosis on forward bending to discriminate
between postural and structural scoliosis (it will usually be associated with a rib
hump or lumbar prominence), (c) correctability of the kyphosis to discriminate
between postural and structural kyphosis, and (d) deviant lateral aspect.
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Flexibility of the hyperkyphosis was also tested by the prone hyperextension
evaluation. Flexibility of lordosis was demonstrated in the forward bending test,
but also with the child bending in a knee-chest position. We considered a
forward bending test abnormal if at least one of the four components listed above
was present.

Data analysis

We calculated the prevalence for each sign of puberty and each trunk deformity
separately. We also calculated the proportion of children with no trunk
abnormalities on standing examination and forward bending test. We calculated
the prevalence of a positive forward bending test and the number of
abnormalities on the forward bending test.

Results

Baseline characteristics of the participant and nonparticipant groups are shown
in Table 4.1. Table 4.2 shows the means (+SD) and ranges of height and weight,
the onset of growth spurt and stages of puberal development for boys and girls.
Tables 4.3 and 4.4 show these data for boys and girls separately. More detailed
data according to ethnic origin are given in Tables 4.5 and 4.6. At age 11 years,
girls were slightly taller and heavier; onset of growth spurt had occurred more
among girls (50.9 vs. 21.8%), and pubertal development was faster. Ten percent
of all girls had reached menarche. A subgroup analysis according to ethnic origin
showed that although the mean height and weight of Dutch children were greater
than those of children of other origin, development of puberty occurred later,
except for onset of growth spurt in boys.

Results of the clinical findings are shown in Tables 4.7 and 4.8. Detailed data
according to ethnic origin are given in Tables 4.9 and 4.10. Pelvic tilt owing to
leg length inequality was noted in 8.3% of boys and 8.9% of girls (36% of
these required a correction of 21 cm). The prevalences of most trunk
abnormalities were higher in girls than in boys, and the highest in non-Dutch
girls. Scoliosis in upright position was noted in 115 (4.5%) of boys and in 146
(6.1%) of girls, 5.1% of Dutch and 8.1% of non-Dutch origin. In 84 (3.3%) of
boys and 115 (4.8%) of girls, the scoliosis did not disappear in the forward
bending test. Kyphosis was noted in 98 (3.9%) of boys and 76 (3.2%) of girls in
standing examination; most of the kyphoses were correctable. A rib hump or
lumbar prominence was noted in 116 (4.6%) of boys and in 177 (7.4%) of gitls,
6.1% of Dutch and 9.9% of non-Dutch origin.

The majority of boys (2,170, 85.9%) and girls (1,943, 81.3%) were symmetric
on all 12 parameters of the standing examination and forward bending test. An
abnormal forward bending test was noted in 177 (7.1%) of boys and in 254
(10.6%) of girls, 9.5% of Dutch and 12.9% of non-Dutch origin (Table 4.11).
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Table 4.1. Baseline characteristics of 5,167 schoolchildren in the participant and nonparticipant groups

Characteristics Participants Nonparticipants All
Number 4,915 252 5,167
Sex (%)
Male 514 51.8 515
Female 48.6 48.2 485
Ethnic origin (%)
Dutch 66.9 423 65.7
Turkish 81 194 8.6
Moroccan 3.0 73 32
Surinam/Caribbean 89 7.3 838
Other” 12.8 11.7 12.7
Missing 03 121 0.9

* Spanish, Cape Verdian, Yugoslavian, mixed origin and other
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Table 4.2. General characteristics of growth and maturation in 4,915 schoolchildren aged 11 years

Parameter Boys Girls
Number 2,528 2,387
Height (cm) 147.5 (7.4 1489 (7.8)

Range 120-175 120-175
Weight (kg) 38.0 (7.7) 39.9 (8.6)

Range 20.0-96.0 20.0-86.0
Start of growth spurt (%) 218 50.9
Breast/testis development (%)

Stage 1 64.1 28.6
2 313 40.7
3 43 23.0
4 03 7.1
5 0.0 0.6

Pubic hair development (%)

Stage 1 714 422
2 254 324
3 3.0 18.6
4 0.2 6.1
5 0.0 0.7
6 0.0 0.1
Menarche (%) 10.2

* Standard deviation
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Table 4.3. General characteristics of growth and maturation in 2,528 boys aged 11 years according to
ethnic origin

Parameter Dutch Non-Dutch
Number 1,707 821
Height (cm) 149.0 (6.9) 1442 (7.1)

Range 124-175 120-166
Weight (kg) 38.7 (7.6) 36.4 (7.5)

Range 20.0-78.0 22.1-96.0
Start of growth spurt (%) 21.7 219
Testis development (%)

Stage 1 68.2 54.7

2 29.2 35.1
3 24 8.0
4 0.1 0.6
5 0.0 0.1
Pubic hair development (%)
Stage 1 754 62.0
2 222 341
3 23 4.6
4 0.1 0.4
5 0.0 0.1
6 0.0 0.0

" Standard deviation
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Table 4.4. General characteristics of growth and maturation in 2,387 girls aged 11 years according to

ethnic origin

Parameter Dutch Non-Dutch
Number 1,581 806
Height (cm) 1502 (7.5) 146.5 (7.9)

Range 127-175 120-170
Weight (kg) 40.5 (8.5) 38.7 8.7)

Range 22.3-84.5 20.0-86.0
Start of growth spurt (%) 471 582
Breast development (%)

Stage 1 325 20.8

2 42.0 38.1
3 20.0 28.7
4 52 109
5 0.4 1.0
Pubic hair development (%)
Stage 1 476 313
2 314 342
3 16.3 22.8
4 4.0 10.0
5 04 11
6 0.1 0.0
Menarche (%) 7.7 149

* Standard deviation
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Table 4.5. General characteristics of growth and maturation in 2,528 boys aged 11 years according to ethnic
origin

Parameter Dutch Turkish Moroccan Surinam/Caribbean Other”
Number 1,707 194 83 220 324
Height (cm) 149.0 (6.9)" 141.8 (6.8) 1426 (5.8) 1449 (6.8) 145.6 (7.4)
Range 124-175 120-166 128-161 128-163 126-166
Weight (kg) 387(76) 362(73) 350 (5.8) 352 (7.8) 37.8 (7.6)
Range 20.0-78.0 23.0-70.7 23.9-52.0 22.5-96.0 22.1-65.5
Start of growth spurt (%) 21.7 22.7 21.7 25.9 18.6
Testis development (%)
Stage 1 68.2 48.1 44.6 49.8 66.3
2 29.2 37.6 482 423 27.0
3 2.4 12.7 72 6.5 6.7
4 0.1 1.1 0.0 14 0.0
5 0.0 0.5 0.0 0.0 0.0
Pubic hair development (%)
Stage 1 75.4 50.8 482 60.9 74.6
2 222 413 47.0 33.0 222
3 23 6.9 4.8 51 32
4 0.1 0.5 0.0 0.9 0.0
5 0.0 0.5 0.0 0.0 0.0
6 0.0 0.0 0.0 0.0 0.0

Spanish, Cape Verdian, Yugoslavian, mixed origin and other
Standard deviation
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Table 4.6. General characteristics of growth and maturation in 2,387 girls aged 11 years according to

ethnic origin

Parameter Dutch Turkish Moroccan Surinam/Caribbean Other”
Number 1,581 203 65 220 318
Height (cm) 1502 (7.5)" 144.5 (7.3) 1455 (8.1) 147.6 (8.0) 1472 (7.9)
Range 127-175 120-166 131-166 125-170 126-168
Weight (kg) 40.5 (8.5) 39.0 (8.3) 38.7 (10.0) 383 (9.2) 389 (84)
Range 22.3-84.5 22.9-69.4 239-788  20.0-81.3 23.0-86.0
Start of growth spurt (%) 47.1 65.2 49.2 62.8 529
Breast development (%)
Stage 1 325 18.2 234 15.7 26.2
2 42.0 35.0 453 323 427
3 20.0 36.0 219 33.2 22.7
4 52 103 4.7 18.0 7.8
5 04 0.5 4.7 0.9 0.6
Pubic hair development (%)
Stage 1 47.6 29.1 26.6 203 414
2 314 325 422 355 337
3 16.3 25.6 219 28.6 175
4 4.0 123 7.8 134 6.8
5 0.4 05 16 23 0.6
6 0.1 0.0 0.0 0.0 0.0
Menarche (%) 17 11.9 20.3 20.8 122

Spanish, Cape Verdian, Yugoslavian, mixed origin and other

Standard deviation
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Table 4.7. Prevalence (%) of trunk abnormalities in 4,915 schoolchildren aged 11 years

Parameter Boys Girls All
Number 2,528 2,387 4,915
Pelvic tilt 83 89 8.6
Asymmetry of shoulders 438 6.3 55
Asymmetry of waistline 55 78 6.6
Imbalance of trunk 12 18 15
Scoliosis 45 6.1 52
Lordosis 24 45 35
Kyphosis 39 3.2 35
Swayback 0.9 0.5 0.7
Impaired flexibility 04 08 0.6
Forward bending test

Prominence 4.6 74 6.0

Persistence of scoliosis 33 48 4.0

Noncorrectable kyphosis 0.2 0.5 0.3

Deviant lateral aspect 2.7 2.7 2.7
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Table 4.8. Prevalence (%) of trunk abnormalities in 2,528 boys and 2,387 girls aged 11 years according to

etnic origin
Boys Girls

Parameter Dutch Non-Dutch Dutch Non-Dutch
Number 1,707 821 1,581 806
Pelvic tilt 9.1 6.6 9.0 8.7
Asymmetry of shoulders 51 43 6.0 68
Asymmetry of waistline 5.6 52 72 8.8
Imbalance of trunk 12 12 14 2.7
Scoliosis 4.5 4.6 51 81
Lordosis 23 28 4.6 43
Kyphosis 4.0 3.7 35 2.6
Swayback 0.9 0.7 0.4 0.6
Impaired flexibility 04 0.5 0.5 15
Forward bending test

Prominence 4.6 45 6.1 9.9

Persistence of scoliosis 31 38 4.0 6.5

Noncorrectable kyphosis 0.2 0.1 0.6 0.2

Deviant lateral aspect 29 23 2.8 25
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Table 4.9. Prevalence (%) of trunk abnormalities in 2,528 boys aged 11 years according to ethnic origin

Parameter Dutch Turkish Moroccan Surinam/Caribbean Other”
Number 1,707 194 83 220 324
Pelvic tilt 9.1 52 24 7.7 73
Asymmetry of shoulders 51 4.1 9.6 3.6 35
Asymmetry of waistline 5.6 52 12.0 4.1 44
Imbalance of trunk 12 16 12 0.5 16
Scoliosis 4.5 31 48 4.5 57
Lordosis 23 26 24 50 16
Kyphosis 4.0 3.6 6.0 4.1 28
Swayback 0.9 0.5 12 14 0.3
Impaired flexibility 04 0.5 0.0 0.9 0.3
Forward bending test
Prominence 4.6 2.6 3.6 6.8 44
Persistence of scoliosis 31 2.6 24 45 44
Noncorrectable kyphosis 0.2 0.0 0.0 0.0 03
Deviant lateral aspect 29 31 1.2 3.2 16

" Spanish, Cape Verdian, Yugoslavian, mixed origin and other

Table 4.10. Prevalence (%) of trunk abnormalities in 2,387 girls aged 11 years according to ethnic origin

Parameter Dutch Turkish Moroccan Surinam/Caribbean Other”
Number 1,581 203 65 220 318
Pelvic tilt 9.0 11.8 6.2 8.3 77
Asymmetry of shoulders 6.0 74 7.7 5.0 71
Asymmetry of waistline 72 83 92 55 11.6
Imbalance of trunk 14 2.5 15 18 39
Scoliosis 5.1 6.9 6.2 83 9.4
Lordosis 4.6 20 31 50 52
Kyphosis 35 34 15 28 1.6
Swayback 04 1.0 0.0 0.0 1.0
Impaired flexibility 0.5 2.0 15 23 0.6
Forward bending test
Prominence 6.1 10.3 6.2 115 9.7
Persistence of scoliosis 4.0 54 1.5 83 71
Noncorrectable kyphosis 0.6 0.0 0.0 0.5 03
Deviant lateral aspect 2.8 25 15 32 23

* Spanish, Cape Verdian, Yugoslavian, mixed origin and other
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Table 4.11. Prevalence (%) of trunk abnormalities on standing examination and forward bending test in
4,915 boys and girls aged 11 years according to ethnic origin

Boys Girls
Parameter Dutch  Non-Dutch All Dutch Non- All
Dutch
Number 1,707 821 2,528 1,581 806 2,387
Symmetric on standing examination 85.9 85.9 859 823 797 813
and forward bending test
Symmetric on forward bending test 93.2 922 92.9 90.5 87.1 89.4
Abnormalities on FBT 6.8 7.8 71 9.5 12.9 10.6
1 abnormality 4.0 5.4 4.4 6.5 7.8 6.9
2 abnormalities 15 19 17 22 4.1 28
3 abnormalities 12 05 0.9 0.8 0.9 0.8
4 abnormalities 0.1 0.0 0.0 0.1 01 01

" Thoracic or lumbar prominence, persistence of scoliosis, noncorrectable kyphosis, deviant lateral aspect

Discussion

Practically all schoolchildren aged 11 years in Rotterdam were examined in this
study. Because our study was performed in accordance with the current school
health care program in Rotterdam, we did not use measuring devices such as
inclinometer, "body contour tracer" **, or second~ or third-tier methods such as
moiré topography>, thermography’, or radiographic measurements.® Children
with trunk abnormalities who needed further assessment were referred to the
family physician and/or orthopedic surgeon.

The mean height and weight of the Dutch children in this study were nearly the
same as those reported by Roede and Van Wieringen’ in their third nationwide
survey of growth of Dutch children. In our study, pelvic tilt due to leg length
inequality was noted in 8.6%, which is more than the 4.8% of Nissinen et al.”,
but far less than the 50% of Vercauteren et al? The finding of no asymmetry in
85.9% of boys and 81.3% of girls is in agreement with Savini et al.", but does
not agree with the findings of Vercauteren et al.? and Nissinen et al.’® However,
physiologic asymmetries as measured by Vercauteren et al.”> and humps ranging
from 1 to 5 mm, occurring in 60% of the children in the study group of Nissinen
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et al.’®, were considered normal in our study and were not listed as asymmetries.
Studies of school screening for scoliosis show a wide range of prevalence; from
03% to 13.6%.>* These differences are due to differences in age groups,
definitions of scoliosis, and different detection methods. We noted one or more
abnormalities on the forward bending test in 7.0% of boys and in 10.6% of
girls. Most of those abnormalities were rib humps or lumbar prominences, and
persistence of the standing scoliosis. Both are considered alerting signs for a
structural scoliosis. The prevalence of Scheuermann's disease varies from 0.4 to
8.3% of the general population, depending on whether the diagnosis is based on
radiographic or clinical criteria.'® Ascani et al"” reported a prevalence of
kyphotic curves of 3.1% among children, aged 6-14 years (nonstructural curves
included). Drummond et al.'® reported 1.2 cases in 1,000 screened children. In
our group of children aged 11 years, we noted a prevalence of noncorrectable
kyphosis of 0.3%. A variation in prevalence of scoliosis between ethnic groups
has also been reported in other studies.”® We noted a higher prevalence of
trunk abnormalities among non—Dutch girls than among Dutch girls.

In their review on adolescent idiopathic scoliosis, Leaver et al.'* reported that 3
to 22% of all children aged 6-16 years were abnormal on first— or second-stage
examination. The children were referred for diagnosis, including, for many, a
roenigenogram of the spine. Three percent were referred to a treatment clinic.
Two percent of all children screened had curvature =10 degrees. Brace or
operative treatment was required in only 0.1-0.2% of all children screened. In
our study, the population consisted of one age group (children aged 11 years).
The examination was not performed as a scoliosis school screening program, but
as an integral part of the regular medical examination. At least one abnormal
finding on standing examination and forward bending test was noted in 14.1% of
boys and in 18.7% of girls. Although 7.0% (n=177) of boys and 10.6% (n=254)
of girls had an abnormal forward bending test, none had had radiographic
examination before referral. Referral for diagnostic examination was made only
in 1.7% (n=42) and 3.1% (n=74), respectively. This agrees with the referral rate
in U.S. screening programs. The 5.3% and 7.5% not referred were reexamined
for progression within 12 months by school physicians. All children of the study
population will be examined during the regular medical examination in 2 years.
Incidence of trunk abnormalities will be studied.
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Abstract

We conducted a study of the two-year cumulative incidence of trunk
abnormalities in a cohort of 2,819 eleven-year-old children (1,507 boys, 1,312
girls). The following data were recorded: height, weight, signs of puberty,
menarche. Trunk abnormality was assessed in the erect child (asymmetry of
shoulders and waistline, imbalance of the trunk, scoliosis, lordosis, kyphosis,
swayback and flexibility) and by the forward bending test (FBT) (rib hump or
lumbar prominence, persisting scoliosis, kyphosis, deviant lateral aspect). A
normal FBT both at baseline and at follow-up was found among 84.1% of the
boys and among 79.4% of the girls. The two-year cumulative incidence of an
abnormal FBT was 10.1% in boys and 13.0% in girls.

Introduction

Trunk abnormalities in children, such as scoliosis and kyphosis, have been
widely studied. School screening programs for scoliosis have given insight in its
prevalence and incidence, and in its natural history. However, in many studies
prevalence and incidence data are mixed. Prevalence refers to the number of
individuals with the disease existing at any time as a proportion of the number
exposed to that risk, while cumulative incidence refers to the number of
individuals developing the disease in a specified period of time as a proportion of
the number exposed to that risk. The cumulative incidence provides a good
estimate of the risk to develop the disease during a specified period of time. Also
methods of diagnosing trunk abnormalities (scoliosis) are different in the various
studies. Some are based on full clinical examination by physicians, others only
on the forward bending test (one-minute test) by school nurses or trained
laymen.

There is no consensus about the most appropriate age for scoliosis screening. In
many countries 10 to 16-year—old children are screened annually. In Rotterdam,
The Netherlands, there is no specific screening program for scoliosis, but all
school children are invited for a full medical examination by school physicians at
the age of eleven and in the second grade of secondary education (age 13-14).

We conducted a prospective follow—up study of trunk abnormalities in a cohort
of eleven-year-old children in order to obtain prevalence and two-year
cumulative incidence data. The results of the prevalence study in eleven-year—
old children have already been described." We now report the two-year
cumulative incidence of trunk abnormalities in the same cohort.
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Methods

Subjects

All school children in Rotterdam, born in 1973, who had participated in the
prevalence study (1984/1985) were eligible for follow—up. The study was
incorporated in the regular medical examination of the second grade of secondary
school, between September 1986 and July 1987. Of the approximately 6,000
second grade students, 4,663 children were born in 1973. Of 3,071 children, data
of baseline examination were available; 62.5% of the cohort of eleven—year—old
children (Figure 5.1). The mean age of the children was 13 years and seven
months; 52.8 percent were male. A number of the eligible children was examined
later than August 1987, they are considered as lost-to-follow—-up in the present
study. Other reasons for lost-to—follow—up were moving home or going to a
school outside Rotterdam, or not responding to the invitation for the optional
examination twice. There was no difference in baseline characteristics between
the follow-up and lost-to—-follow-up groups (Table 5.1). Anthropometrical data
of examinations at bascline and at follow-up are given in Table 5.2. Table 5.3
shows prevalence of clinical findings at baseline and two years later. In more
than half of the 252 children having an abnormal forward bending test (FBT) at
baseline examination, the FBT was normal at follow—up examination.

The current analysis of the two—year cumulative incidence was based on 2,819
children free of trunk abnormalities at baseline examination.

BASELINE 1,844 3,071
EXAMINATION
FOLLOW-UP 3,071 1,592
EXAMINATION
OUTFLOW COHORT OF STUDY INFLUX

Figure 5.1. Number of participating subjects of cohort 1973 in baseline and in follow-up examination

Measurements

Although the school physicians were experienced in the physical examination
of the trunk, including the forward bending test, as being part of the regular
examination, they received oral, audiovisual and written training and
demonstration of patients prior to the study to guarantee standardisation of
measurements. All family physicians and orthopedic surgeons in Rotterdam were
informed. The following measurements were object of the study: height in
centimeters, weight in 0.1 kilogrammes. Physical maturity was ascertained by
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Table 5.1 Baseline characteristics of 3,071 cohort subjects and 1,844 subjects lost-to—follow-up

Boys Girls
Parameter Cohort Lost-to-follow-up  Cohort Lost~to—follow~up
Number 1,621 907 1,450 937
Height (cm) 147.6 (7.2) 147.2 (7.6) 149.3 (7.8) 148.4 (7.8)
Range 128-175 120-171 125-172 120-175
Weight (kg) 38.0 (7.7) 379 (1.7) 39.9 (8.5) 39.8 (8.8)
Range 22.1-96.0 20.0-78.0 20.0-84.5 22.3-86.0
Start of growth spurt (%) 20.8 23.7 50.4 51.5
Breast/testis development (%)
Stage 1 66.2 60.2 28.8 282
2 29.8 34.1 393 43.0
3 38 52 23.4 223
4 0.2 03 79 59
5 0.0 0.0 0.6 0.7
Pubic hair development (%)
Stage 1 73.4 67.6 421 423
2 241 27.7 31.8 335
3 24 43 18.7 183
4 0.2 0.2 6.5 54
5 0.0 0.1 0.8 05
6 0.0 0.0 0.1 0.0
Menarche (%) 10.0 10.5

* Standard deviation
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Table 5.2. Characteristics at baseline and at two—year follow—up for 1,621 boys and 1,450 girls with data
available at both measurement points

Boys Girls
Parameter Baseline Follow-up Baseline Follow-up
(age 11) (age 13) (age 11) (age 13)
Height (cm) 1476 (1.2) 162.4 (9.1) 149.3 (7.8) 161.7 (7.4)
Range 128-175 137-197 125-172 134-182
Weight (kg) 380 (7.7) 50.5 (10.7) 39.9 8.5) 52.4 (10.1)
Range 22.1-96.0 26.5-99.8 20.0-84.5 26.0-99.8
Start of growth spurt (%) 208 62.9 50.4 873
Breast/testis development (%)
Stage 1 66.2 6.1 28.8 1.0
2 29.8 274 393 6.0
3 38 31.7 23.4 211
4 02 29.3 79 425
5 0.0 54 0.6 29.5
Pubic hair development (%)
Stage 1 73.4 122 4.1 1.7
2 24.1 27.7 318 82
3 24 285 18.7 205
4 0.2 26.0 6.5 42.6
5 0.0 4.8 0.8 25.6
6 0.0 0.9 0.1 14
Menarche (%) 10.0 73.8

* Standard deviation
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Table 5.3. Prevalence (%) of trunk abnormalities in 1,621 boys and 1,450 girls at baseline (age 11) and
at two-year follow-up (age 13)

Boys Girls
Parameter Baseline Follow-up Baseline Follow~up
(age 11) (age 13) (age 11) (age 13)

Pelvic tilt 9.1 13.1 87 11.6
Asymmetry of shoulders 41 75 6.1 78
Asymmetry of waistline 52 115 76 113
Imbalance of trunk 11 35 17 31
Scoliosis 44 64 54 88
Lordosis 23 25 44 3.7
Kyphosis 39 6.6 29 6.4
Swayback 0.7 10 0.6 0.9
Impaired flexibility 03 15 0.8 14
Forward bending test

Prominence 43 86 6.1 123

Persistence of scoliosis 33 30 43 52

Noncorrectable kyphosis 0.2 11 03 11

Deviant lateral aspect 25 23 2.8 2.6
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assessing testis development in boys, breast development and menarche in girls,
pubic hair development and onset of the rapid growth spurt in both sexes.
Grading was performed according to Tanner.? First, pelvic tilt was looked for and
leg length inequality was corrected by placing one or more boards of 0.5 cm
under the short leg until horizontal symmetry of iliac crests and posterior iliac
spines was obtained. The correction was noted in centimeters. After correction,
the standing child was observed from the front and the back for any obvious
deformities such as asymmetry of the shoulders, scapulae and waistline. The
balance of the thorax over the pelvis was assessed with the plumbline. Flexibility
of the spine was examined in flexion, extension and side-bending. The standing
child was viewed from the side for areas of hyper— or hypolordosis and hyper-
or hypokyphosis. Trunk asymmetries and abnormal curvatures in the median
plane in upright position were recorded as either absent or present, according to
the proposed limits for structural trunk asymmetries by Vercauteren et al> The
forward bending test (FBT) was performed, with the child standing with knees
straight and feet together, bending at the waist with arms hanging and palms
together. The back was viewed from the child's head, both sides were compared
for symmetry from the upper thoracic area to the lumbosacral area. The spine
was also viewed from the side in the forward-bending position to evaluate the
contour of the back for kyphotic angulation. Flexibility of hyperkyphosis was
also tested by prone hyperextension. Flexibility of lordosis was shown in the
FBT and also with the child bending in a knee—chest position. The following
four components of the forward bending test (FBT) were listed as either absent
or present: (a) Rib humps and lumbar prominences as signs of vertebral rotation.
A 1ib hump is not always associated with a scoliosis in upright position; (b) Per-
sistence of the standing scoliosis, in order to discriminate between postural and
structural scoliosis. It will usually be associated with a rib hump or lumbar
prominence; (c) Correctability of the kyphosis, in order to discriminate between
postural and structural kyphosis; (d) Deviant lateral aspect. We considered a FBT
as abnormal if at least one of the four components was present.

Data analysis
The two-year cumulative incidence was calculated for each trunk abnormality
separately, as well as for a positive FBT.

Results

Table 5.4 shows the two-year cumulative incidence of trunk abnormalities, and
of abnormal FBT. Scoliosis in upright position was found in 84 (5.6%) of the
boys and 80 (6.1%) of the girls; and did not disappear on forward bending in 36
(2.4%) and 46 (3.5%), respectively. A rib hump or lumbar prominence was
found in 107 (7.1%) of the boys and 127 (9.7%) of the girls. An abnormal FBT
was found in 152 (10.1%) and 170 (13.0%), respectively.
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Table 5.4. Two-year cumulative incidence (%) of trunk abnormalities and of abnormal forward bending
test (FBT) in 1,387 boys and 1,197 girls aged 13 years

Parameter Boys Girls All
Pelvic tilt 92 8.0 8.7
Asymmetry of shoulders 6.8 6.0 6.5
Asymmetry of waistline 104 9.1 9.8
Imbalance of trunk 2.7 21 2.4
Scoliosis 5.6 6.1 58
Lordosis 19 2.8 24
Kyphosis 54 58 56
Swayback 0.7 0.8 1.0
Impaired flexibility 12 038 1.0
Forward bending test

Prominence 71 9.7 83

Persistence of scoliosis 24 35 29

Noncorrectable kyphosis 0.7 0.9 08

Deviant lateral aspect 14 15 15
Abnormal on forward bending test 10.1 130 114

Discussion

In our prospective follow-up study, embedded in the current school health care
program, 62.5 percent of the initial cohort of eleven—year—old children were
examined for follow—up. In regard to baseline characteristics, there was no
differential lost-to—follow—up. Compared to the 1980 biometrical survey*, the
mean height and weight of boys were nearly the same. However, girls were
heavier and slightly shorter. Children with distinct trunk abnormalities who
needed further assessment were referred to the family physician and/or
orthopedic surgeon. Children with lesser trunk abnormalities were not referred.
They were reexamined by the school physician in 6 to 12 months.

The principal finding of this part of our study is that the cumulative incidence,
and thereby the absolute risk for trunk abnormalities is 11%. Most studies of
adolescent idiopathic scoliosis are based on annual screening programs in 10 to
15-year~old children; and data concern mostly prevalence, not cumulative
incidence. Our survey was conducted in one birth cohort. All children were
examined twice. First, in a prepuberal or early puberal phase at age 11; the
second examination in a puberal phase at age 13. Prevalences at age 11 and at
age 13 in our study were similar to prevalences of 10% to 20% of the first tier
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of scoliosis screening programs, and prevalence increased with age.>” However,
we found that the prevalence at the examination at age 13 mainly consisted of
the two-year cumulative incidence. Chan et al.® found in retrospect that 21 of 49
scoliosis patients had been symmetric at an earlier screening.

As in most studies, we used an abnormal FBT as an alerting sign for a
structural deformity. Many children with an abnormal FBT will have mild and
nonprogressive or resolving scoliosis, but some children will have curves that
progress. It is impossible to separate progressive from nonprogressive scoliosis
on the basis of one clinical examination. Regression of scoliosis has been
described by various authors>*° In their groups of scoliosis patients,
spontaneous improvement or regression had occurred in 3% to 22%, and in
approximately half of the patients the magnitude of the curvatures had remained
unchanged. In our study group, one-half to two-thirds of the children with an
abnormal FBT at age 11 had improved to normal at age 13. Only few of these
children had been referred for further assessment; most children referred after the
first examination did have an abnormal FBT at both measuring moments.

What do our findings mean for school health programs? It appears necessary to
perform at least two examinations for trunk abnormalities during adolescence.
Referral on one sole examination, i.c. one abnormal FBT, should only be done in
case of distinct findings; in case of less distinct findings reexamination in six
months is necessary.
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Abstract

The relationship between gender, height, weight, onset of adolescent growth
spurt, pubertal phase, menarche and incidence of trunk abnormalities was studied
in 2,819 children aged eleven years who were symmetric at baseline examination.
For all children, the two-year cumulative incidence of trunk abnormalities was
11%. The relative risk for boys was 0.78 (95% confidence interval 0.63-0.96).
Height was the strongest predictor for the development of trunk abnormalities in
both sexes. The relative risks increased after adjustment for weight, onset of
growth spurt, pubertal phase, and menarche. For girls with onset of adolescent
growth spurt, the relative risk was 1.45 (95% confidence interval 1.08-1.95)
compared to girls who had not yet started with adolescent growth spurt. For girls
who had reached menarche, the relative risk was 0.48 (95% confidence interval
0.24-0.96) compared to those who had not reached menarche. Our findings
suggest that taller eleven-year—old girls with onset of adolescent growth spurt
have an increased risk of future trunk abnormalities, but that having reached
menarche has a protective effect.

Introduction

Trunk abnormalities, particularly scoliosis and kyphosis, are frequently found in
adolescents. The unknown etiology of idiopathic scoliosis, and the relationship
between growth, maturation, and progression of idiopathic scoliosis have
prompted a number of anthropometric studies.™ In most of these studies children
with an already developed scoliosis were compared to a nonscoliotic control
group. In Rotterdam, The Netherlands, all school children are invited for a full
medical examination by school physicians at the age of eleven years and in the
second grade of secondary school (age 13-14 years). Assessment of height,
weight, pubertal development, and examination for trunk abnormalities are
routine procedures in these examinations. Between 1984 and 1987, we conducted
a two-year prospective follow—up study in a cohort of eleven—year—old children
in order to obtain prevalence and two-year cumulative incidence data regarding
trunk asymmetries, including scoliosis and kyphosis. The results of the
prevalence study have already been described.*

The purpose of the present study was to identify predictive factors for trunk
abnormalities as defined by a positive forward bending test.
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Methods

Subjects

The study was embedded in the current school health care program for
adolescents, i.e. a medical examination in a cohort of eleven—year—old children
and in second graders. Of the 5,167 eligible subjects, born in 1973 and attending
a Rotterdam school, 4,915 participated in the basecline examination at age 11
years (schoolyear 1984/1985). During the regular medical examination of the
second year of secondary school (schoolyear 1986/87), data of 3,071 children
were collected.

Not included in this study are data of 1,506 children examined later than
August 1987, and data of 338 children who attended school outside Rotterdam.
There was no difference in baseline characteristics between the follow-up group
and the groups who were not reexamined at time of follow—up.

For this study, data of 3,071 children were available. An abnormal forward
bending test (FBT) at baseline examination was noted in 252 (8.2%) of the
children; these were excluded from the data analysis. The population at risk for
future trunk abnormalities consisted of 1,507 boys and 1,312 girls with a normal
FBT at baseline. Data of these 2,819 children were used for analysis.

Measurement of determinants

The children were examined by school physicians during the (optional) regular
school medical examination, which included assessment of the following
determinants: height, weight, onset of growth spurt, pubertal development and
menarche.

Height was measured in the child standing straight, barefooted, with heels,
buttocks, midthoracic portion of the trunk, and the back of the head touching the
wall. The heels were kept together, the feet forming an angle of 45°. Metal yard—
sticks, either attached to the wall or transportable, were used. The horizontal
indicator of the yardstick was brought down to the child's head which was held
in the Frankfurt plane, i.e. the line from the lateral corner of the eye to the upper
edge of the attachment of the ear is horizontal. Height was noted in centimeters.
Weight was measured using a step-scale and recorded in hectogrammes. Signs of
puberty were examined: pubic hair development differentiated into six stages
(PH1 - PH6) in both boys and girls, testis development differentiated into five
stages (G1 ~ GS5) in boys, and breast development differentiated into five stages
(M1 - M5) in girls. Grading was performed according to the method of Tanner’,
stage 6 of pubic hair was added according to the criteria of The Netherlands
Biometric Survey.® For analysis, we constructed the following five categories of
pubertal phase:

I Prepubertal phase: both pubertal signs were graded stage 1

II Early pubertal phase: one pubertal sign was graded stage 1 and the other
pubertal sign was graded stage 2—4

III  Pubertal phase: both pubertal signs were graded stage 2-4

IV Early adult phase: one pubertal sign was graded stage 2—4 and the other
pubertal sign was graded stage 5 or 6
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v Adult phase: both pubertal signs were graded stage 5 or 6

Menarche refers to the age at the first menstrual flow. We used the 'status quo'
method by asking each girl in colloquial speech whether she had reached
menarche. Onset of individual adolescent growth spurt was assessed by
comparing the attained height with previous measurements noted in the growth
diagram, and if necessary by means of information provided by the parents.
Onset of growth spurt was noted as "no", "yes" or considered "indistinct".

Measurement and definition of outcome

Pelvic tilt was determined and leg length inequality was corrected by placing
one or more 0.5 cm boards under the short leg until horizontal symmetry of iliac
crests and posterior iliac spines was obtained. After correction, the child's posture
was observed. The standing child was viewed for symmetries in the shoulders,
scapulae and waistline. The balance of trunk over the pelvis was assessed with a
plumbline. Flexibility of the spine was examined in flexion, extension, and side
bending. The child was viewed from the side for areas of hyper- or hypo-
kyphosis and hyper- or hypolordosis. Trunk asymmetries and abnormal
curvatures in the median plane in standing position were recorded as either
absent or present, according to the proposed limits of Vercauteren et al” The
forward bending test was performed, with the child standing with feet together
and knees straight, bending at the waist, with the arms dependent and held with
fingers and palms opposed. The back was viewed head on for symmetry; both
sides were compared. The back was also viewed from the side to assess kyphosis
and rib humps. We noted four components in the forward bending test: (a) rib
humps and lumbar prominences as signs of vertebral rotation, (b) persistence of
the standing scoliosis on forward bending to discriminate between postural and
structural scoliosis, (c) correctability of the kyphosis to discriminate between
postural and structural kyphosis, and (d) deviant lateral aspect. We considered a
forward bending test abnormal if at least one of the four components listed above
was present.

New (incident) cases of trunk abnormalities are defined as subjects with a
normal forward bending test on baseline examination having an abnormal
forward bending test as listed above at age 13 years.

Data analysis

The two-year cumulative incidence was calculated for each variable, i.e.
gender, height, weight, onset of adolescent growth spurt, pubertal phase, and
menarche.

Univariate analysis of categorical data was performed with calculation of the
relative risk (risk ratio) and its 95 percent confidence interval. Stratum-specific
relative risks with 95 percent confidence interval were calculated of all variables
for strata of gender, height, change in height, growth spurt, pubertal phase, and
menarche. Numerically continuous variables, such as height, change in height,
weight, and change in weight were divided in four strata (quartiles) using the
lowest quartile as reference group.
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Logistic regression analysis was applied to estimate the adjusted relative risk
(and 95 percent confidence interval) of trunk abnormalities associated with the
independent variables at baseline examination: gender, month of birth, height,
change in height, weight, change in weight, onset of adolescent growth spurt,
pubertal phase, and menarche. Indicator variables were accomplished as follows:
height, weight, change in height, change in weight, and month of birth were
entered as numerically continuous variables. Using the five categories of pubertal
phase, a new binary variable was created. The combined pubertal categories 111,
IV and V were used as refence category for the combined pubertal categories 1
and II. Onset of adolescent growth spurt was used as reference category for no
onset of adolescent growth spurt. Menarche was used as reference category for
no menarche.

In a final analysis the predictive value of various variables for the occurrence
of trunk abnormalities was assessed by entering gender, height, weight, pubertal
phase, onset of adolescent growth spurt, and menarche in a discriminant function
with trunk abnormalities as outcome variable.

Results

Table 6.1 shows the two-year cumulative incidence of trunk abnormalities. For
boys, the relative risk of trunk abnormalities was 0.78 (95% confidence interval
[CI] 0.63-0.96) compared to girls. Therefore, we controlled for gender in all
further analyses.

In the assessment of single factors (univariate analysis), the outcome was
significantly associated with height in boys and girls, and with menarche and
onset of growth spurt in girls (Tables 6.2 — 6.5). After adjustment for weight,
onset of growth spurt, pubertal phase, and menarche, the relative risks relating
height at baseline examination to trunk abnormality at age 13 years increased
(Tables 6.2, 6.3). Month of birth, weight, and pubertal phase were not associated
with the outcome.

At adolescence, height is related to the particular stage of pubertal development
at that moment. After stratification for height (above and below median), the
relative risk for girls with onset of growth spurt was still higher than the risk for
girls in whom onset of growth spurt had not yet occurred, but this was not
significant (above median: RR 1.06, 95% CI 0.72 to 1.57; below median: RR
1.57, 95% CI 0.98 to 2.51). As all incident girls who had reached menarche had
a height above median, stratification for height showed no changes in relative
risk. For girls with early maturation (onset of growth and menarche), and late
maturation (no onset of growth spurt, no menarche), the relative risks were 0.35
(95% CI 0.16-0.78) and 0.69 (95% CI 0.51-0.92) compared to girls with
normal maturation (onset of adolescent growth spurt, but not yet menarche).

Tables 6.6 and 6.7 show the results of the logistic regression analysis. In boys,
height had a less pronounced effect than in the univariate analysis. In girls, the
greatest effect was found for height and onset of growth spurt, with an inverse
effect of menarche.

70



Determinants

Table 6.1. Population at risk for future trunk abnormalities

Total at risk New cases 2y CI
Boys 1,507 152 0.101
Girls 1,312 170 0.130
Total 2,819 322 0.114

2y CI: two-~year cumulative incidence

Table 6.2. Height in boys

Total at risk New cases 2y CI RR 95% ci RR"  95% ci’

Quartile 1 426 34 0.080 1 1

Quartile 2 345 27 0.078 098  0.61-1.59 1.30 0.81-2.08
Quartile 3 372 40 0.108 135 0.87-2.08 1.84 1.02-3.30
Quartile 4 364 51 0.140 175 1.16-2.64 217 1.11-4.22

2y CI: two year cumulative incidence; RR: relative risk; 95% ci: 95% confidence interval
* adjusted for weight, onset of growth spurt, pubertal phase

Table 6.3. Height in girls

Total at risk New cases 2y CL RR 95% ci RR’ 95% ci’

Quartile 1 358 35 0.098 1 1

Quartile 2 306 30 0.098 1.01  0.63-1.60 123 0.77-1.95
Quartile 3 374 59 0.158 162  1.09-2.40 241 1.33-4.36
Quartile 4 274 46 0.168 172 1.14-2.59 2.94 1.52-5.66

2y CI: two year cumulative incidence; RR: relative risk; 95% ci: 95% confidence interval
“ adjusted for weight, onset of growth spurt, pubertal phase, menarche
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Table 6.4. Onset of growth spurt in girls

Total at risk! New cases’ 2y CI RR 95% ci

Yes 656 100 0.152 145 1.08-1.95
No 622 65 0.105 1

! Onset of growth spurt is indistinct in 34 girls

2 Onset of growth spurt is indistinct in 5 new cases

2y CI: two year cumulative incidence; RR: relative risk; 95% ci: 95% confidence interval

Table 6.5. Menarche

Total at risk' New cases® 2y CI RR 95% ci

Yes 121 8 0.066 048 0.24-0.96
No 1,174 161 0.137 1

! Data of menarche are missing in 17 girls

% Data of menarche are missing in one new case

2y CI: two year cumulative incidence; RR: relative risk; 95% ci: 95% confidence interval

Table 6.6. Multiple logistic regression analysis for boys
Variable B! SE* Exp(B)® 95% cit
Month of birth -0.036 0.027 0.98 0.97-1.09
Onset of growth spurt -0.011 0.229 0.99 0.63-1.55
Pubertal phase 0.131 0.216 111 0.75-1.74
Height (cm) 0.398 0.224 1.49 0.96-2.31
Change in height (cm) 0.299 0.212 1.35 0.89-2.04
Weight (hg) 0141 0.225 115 0.74-1.34
Change in weight (hg) -0.135 0.217 0.87 0.57-1.34
Constant 1.285 0404

! logistic regression coefficient
% standard error of B

% odds ratio: relative increase in risk per unit change in the determinant

495% ci: 95% confidence interval
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Table 6.7. Multiple logistic regression analysis for gitls

Determinants

Variable B! SE? Exp@B)* 95% cit
Month of birth 0.018 0.026 1.02 0.97-1.07
Onset of growth spurt 0.461 0.201 159 1.07-2.35
Menarche -1.308 0.441 0.27 0.11-0.64
Pubertal phase -0.139 0.204 0.87 0.59-1.30
Height (cm) 0.636 0.214 1.89 1.24-2.87
Change in height (cm) 0177 0.199 1.19 0.81-1.76
Weight (hg) -~0.111 0.213 0.90 0.59-1.36
Change in weight (hg) -0.158 0.182 0.85 0.60-1.22
Constant 2.075 0.667

! logistic regression coefficient
2 standard ervor of B

® odds ratio: relative increase in risk per unit change in the determinant

495% ci: 95% confidence interval
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In discriminant analysis, the predictive value of the discriminant function was
small; 56% in boys and 60% in girls.

Discussion

The main finding of our study is that two-year cumulative incidence of trunk
abnormalities was associated with gender, and with height at baseline in both
sexes, and with menarche and onset of growth spurt at baseline in girls. Our
study differed from most studies of growth and scoliosis in a few aspects. First,
we conducted our study prospectively in a large group of unselected (pre-)
adolescent children embedded in the current school health care program. Most
other studies concerned only girls with diagnosed adolescent idiopathic scoliosis
(AIS) who were compared to historical or contemporary controls. Second, we
studied prevalence and incidence of trunk abnormalities not limited to diagnosed
idiopathic scoliosis. Therefore, small scoliotic curves not in need of orthopedic
observation or treatment were also included, as well as abnormal kyphosis. Third,
we had excluded all children with trunk abnormalities at age 11 years from the
study of determinants of future trunk abnormalities.

Studies in girls with AIS have shown that girls with AIS were on the average
taller than controls.®'? Retrospectively, girls with AIS appeared to be taller
before time of diagnosis’, and before onset of pubertal growth spurt.”* The
difference in height disappeared towards the end of growth.® There is a difference
of opinion whether growth is faster or more intense in scoliotic girls than in their
non-scoliotic peers'®, or that their growth pattern is similar in time and in
quantity."" Dickson and Sevitt* reported that although children with progressive
scoliosis were significantly taller than children with non-progressive scoliosis,
they were growing at a similar rate. In their opinion, increased height should be
regarded not as an etiological factor but as an indicator of bad prognosis. Our
study showed a difference in height two years prior to the detection of trunk
abnormalities. Children with a height above median at baseline examination had
a significant higher risk for future trunk abnormalities than children with a height
below median at baseline examination.

The variation in the age of onset, duration, maximum and overall gain of
adolescent growth spurt, and of sexual maturation is wide. Menarche is a rather
late event during the period of adolescent growth spurt, occurring about two
years after stage 2 of breast and pubic hair development, and about one year
before cessation of rapid growth. Although most studies showed no difference of
mean age of menarche between girls with AIS and controls®®', a positive
relationship between the age at menarche and the age at the time of diagnosis has
been reported.® Progression of scoliosis is also most rapidly in the period
between the appearance of the first signs of puberty and menarche.”” Drummond
and Rogala™ reported a delay of onset of menarche in scoliotic girls. Smyrmnis et
al.18 reported a slightly higher prevalence of scoliosis among girls who had
either early or delayed menarche. In our study, we had excluded all children with
prevalent trunk abnormalities at age 11 years. Two-year cumulative incidence of
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trunk abnormalities was lower among girls who had reached menarche at time of
bascline examination. The relative risk for future trunk abnormalities was
significantly greater in girls who had started with the adolescent growth spurt but
had not yet reached menarche. Girls who had not started with the adolescent
growth spurt at age 11 years had a significantly lower risk for trunk
abnormalities at age 13 years. It might be possible that these girls still develop
trunk abnormalities at an older age. However, the incidence of progressive
idiopathic scoliosis decreases with increasing chronological age.® Our findings
suggest that the risk of trunk abnormalities is highest in the period between onset
of adolescent growth spurt and menarche.

Our study of determinants of future trunk abnormalities was conducted in one
cohort—of-birth of eleven-year-old schoolchildren. The results would not be
valid if bias should have occurred. There are three categories of bias: selection
bias, information bias and confounding bias. It is unlikely that selection bias has
occurred. Practically all schoolchildren aged 11 years were examined in our
study. Response to follow—up was high: data of the examination at age 13 years
were obtained in 63% of the population at baseline examination. No selection
had occurred between follow-up group and lost-to—follow-up group with
respect to anthropometric baseline characteristics. Information bias, such as
observer bias and response bias, occurs when data collection differs between
index and control groups. It is unlikely that information bias has occurred in our
study. All children were examined during the regular school medical examination
with standardized methods of measurements. Moreover, there was an interval of
two years between measurement of the independent variables (height, weight,
pubertal signs, menarche, and onset of growth spurt) and of the outcome variable
(abnormal forward bending test). As for response bias, we pointed out that the
reponse to follow—up was high without selection between follow—up and lost-to-
follow—up groups. A last point in the evaluation is control of confounding. Our
study population consisted of children of the same year of birth. Therefore, the
maximal difference in chronological age was 12 months.

In summary, the findings of this follow—up study among eleven-year—old
children suggest that height, onset of adolescent growth spurt, and menarche are
not only associated with diagnosed AIS, but also with incidence of (smaller)
trunk abnormalities. Taller girls who had started adolescent growth spurt were
found to have an increased risk of future trunk abnormalities; having reached
menarche seemed to have a protective effect.
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Abstract

The aim of this study was to establish whether an additional screening for trunk
abnormalities in young adolescents ought to be added to the regular school health
care program. To this aim 775 twelve—year—old first graders were screened by
nurses for eight variables of standing examination (asymmetry of shoulders,
waistline, imbalance of the trunk, scoliosis, lordosis, kyphosis, swayback and
flexibility) and four variables of the forward bending test (rib hump or lumbar
prominence, persistence of scoliosis, kyphosis, deviant lateral aspect). Children
with at least one abnormal finding on the forward bending test (FBT) (21%)
were rescreened by school physicians. In half of these cases, 11% of the
screened population, the abnormalities were confirmed. Almost 2% of the
screened population was referred to the family physician for further examination.
The consistency of an abnormal FBT in three consecutive years was low.
Addition of an extra screening to the regular program is not worthwhile. In the
absence of a regular school health care program, however, screening for scoliosis
will contribute to early detection.

Introduction

Scoliosis is associated with a lateral curvature of the spine. The risk of
progressive development is highest during periods of rapid growth. Screening is a
method by which scoliosis and other trunk abnormalities can be timely detected.
In several countries 10 to 16-year—old children are annually screened either by
physical education teachers or by school nurses. In Rotterdam, The Netherlands,
examination for trunk abnormalities is a routine procedure in the full medical
examination performed by school physicians in children at the age of 4 years and
six months, 7 years, 11 years, and 13 or 14 years (when in second grade of
secondary school). Children with abnormalities requiring further examination or
treatment are referred to the family physician.

In the early 1980s introduction of annual screening for scoliosis in children
aged from 10 to 15 years was recommended in The Netherlands after the subject
had been discussed in the Lower House of Parliament. In order to be able to
answer the question whether it was necessary to add such a screening program to
the regular school health care program we needed information about prevalence
and incidence of trunk abnormalities, and information about the follow—up of
children referred for such abnormalities to the family physician. Moreover, we
wanted to know whether annual screening performed by school nurses would
contribute to timely detection of trunk abnormalities.
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To the latter aim we set up a three—year prospective follow—up study in a
cohort of eleven~year-old children. The prevalence and incidence study was
embedded in the regular school health care program, and has already been
reported. This paper reports the findings of the extra screening performed by
school nurses in the second year of the study.

Methods

Subjects

Between December 1985 and March 1986, a randomly selected number of 831
children born in 1973 were invited for the screening; 775 (93.3%) of them took
part. Reasons for not attending the screening were absence because of illness, or
no consent from the parents because of earlier referral (4 children). The mean
age of the children was 12 years and seven months. They were all in the first
grade of secondary school, 53% were boys, and 69% was of Duich origin.

All 775 students had the previous year participated in a prevalence study of
trunk abnormalities among 4,915 eleven-year-old children.! They also partici—
pated in the two-year cumulative incidence study among the same population.
Five boys and ten girls had already been referred to the orthopedic clinic in the
first year of the study.

Measurements

The examinations were performed by five school nurses, the reexaminations by
five school physicians. Since none of the nurses had screening experience, they
received training in advance. The children, their families and school staff were
informed in writing.

First, the undressed, standing child was observed for possible leg length
inequality. If found, it was corrected by placing one or more boards of 0.5 cm
under the short leg until horizontal symmetry of iliac crests and posterior iliac
spines was obtained. The standing child was then observed from the front and
behind for shoulder, scapular, or waistline asymmetry, and unequal arm-to—flank
spaces. A plumbline was used to check whether the spine was set upright.
Flexibility of the spine was examined in flexion, extension, and side-bending.
The standing child was viewed from the side for areas of hyper— or hypolordosis
and hyper- or hypokyphosis. Trunk asymmetries and abnormal curvatures in the
median plane in upright positon were recorded as either absent or present,
according to the proposed limits for structural trunk asymmetries by Vercauteren
et al2 Next, the forward bending test was performed, with the child standing with
knees straight and feet together, bending at the waist with the arms dangling
forward and palms together. The back was viewed from the child's head, both
sides were compared for symmetry from the upper thoracic area to the lumbo-
sacral area. The spine was also viewed from the side in the forward-bending
position to evaluate the contour of the back for kyphotic angulation. Four
components of the forward-bending test (FBT) were listed: (a) Absence or
presence of rib humps and lumbar prominences as signs of vertebral rotation; (b)
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Persistence or disappearance of the standing scoliosis, in order to discriminate
between postural and structural scoliosis; (c) Correctable or incorrectable
kyphosis, in order to discriminate between postural and structural kyphosis; (d)
Absence or presence of deviant lateral aspect. An FBT was considered abnormal
if one or more of the components was present. In that case the child was referred
to the school physician. The school physician decided whether or not the child
should be referred to the family physician for further examination, taking into
account the child's physical maturity.

Data analysis

We calculated the prevalence of each of the 12 parameters of the standing
examination and the FBT. We also calculated the proportion of children without
any trunk abnormality, the proportion with an abnormal FBT, and the number of
abnormalities on the FBT. Of the children referred for reexamination, we
calculated the agreement between the nurses' and the school physicians' findings.
To compare the findings of the screening at age 12 to the findings of the
physical examinations at age 11 and age 13, we composed three groups:
(1) Group Normal, children with no trunk abnormalities on standing examination
nor on FBT; (2) Group FBT, children with one to four abnormalities on FBT;
(3) Group Poor Posture, children with abnormalities on standing examination, but
no abnormalities on FBT. The observations in the three years were made
independently of each other.

Results

Table 7.1 shows the prevalence of the twelve parameters of the standing
examination and FBT separately and combined, and the percentage of children
referred for reexamination. There was hardly any difference between boys and
girls. On standing examination, scoliosis was found in 20% of the children. On
the FBT, 21% had one or more abnormalities; rib humps and lumbar
prominence, and persistence of scoliosis found at standing examination were
most frequent. Because the nurses also referred some children who had only
abnormal results on standing examination, the percentage of referred children
was higher than the percentage of children with an abnormal FBT (24% versus
21%).

Referred to the school physician were 95 boys and 88 girls, but six boys and
six girls refused the reexamination, so that 171 children were reexamined. Table
7.2 shows for each parameter the agreement between nurses' and physicians'
findings. In total 2,052 data were recorded by nurses and physicians (171
children x 12 parameters). The nurses registered 671 abnormal findings, 263 of
which the physicians confirmed (39%, range 11%-62%). Of the 1,381 findings
judged normal by the nurses, 120 were judged as abnormal by the physicians
(9%, range 3%-28%).

Table 7.3 shows how the nurses and the physicians classified the children on
the FBT. In 87 (51%) of the 171 children the physicians confirmed the positive
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Table 7.1. Prevalence (%) of trunk abnormalitics on standing examination and forward bending test in
775 twelve-year-old children, proportion without any trunk abnormality, proportion with abnormal
forward bending test, and percentage referred for reexamination

Parameter Boys Girls
(n=408) (n=367)
tanding examinati % %
Pelvic tilt 17,2 15,0
Asymmetry of shoulders ’ 11,2 10,6
Asymmetry of waistline 12,0 8,4
Imbalance of trunk 12,7 11,2
Scoliosis 20,8 19,6
Lordosis 2,9 71
Kyphosis 8.8 57
Swayback ' 4,9 4,4
Impaired flexibility 2,2 1,1
Forward bending test (FBT)
Prominence 17,9 16,3
Persistence of scoliosis 11,5 10,4
Noncorrectable kyphosis 34 1,9
Deviant lateral aspect 39 35
Symmetric on standing examination and on FBT 74,0 76,3
Symmetric on FBT 792 79,3
Abnormal on FBT" 20,8 20,7
1 abnormality 6,6 10,9
2 abnormalities 12,7 82
3 abnormalities 1,0 1,6
4 abnormalities 0,5 0,0
Referral to school physician 33 24,0

" Thoracic or lumbar prominence, persistence of scoliosis, noncorrectable kyphosis, deviant lateral aspect
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Table 7.2. Trunk abnormalities at screening and at reexamination in 171 twelve-year-old children

Physicians' reexamipation
Parameter Nurses' scroening Agreement Extra
Standing examination
. Pelvic tilt 57 35 20
Asymmetry of shoulders 60 18 16
Asymmetry of waistline 66 24 20
Imbalance of trunk 82 16 6
Scoliosis 135 63 14
Lordosis 13 6 6
Kyphosis 41 21 14
Swayback 28 3 0
Impaired flexibility 10 2 6
0] bending t
Prominence 115 T 8
Persistence of scoliosis 80 27 15
Noncorrectable kyphosis 15 2 5
Deviant lateral aspect 26 10 14
Total (excl. pelvic tilt) 671 263 120
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Table 7.3. Number of trunk abnormalities on FBT at screening and at reexamination of 171 children

Reexamination
Number of abnormalities on FBT

0 1 2 3 4 Total

Screening 0 19 8 2 3 2 34
1 22 23 5 2 0 52

Number of abnormalities 2 25 25 20 0 3 73
on FBT 3 3 2 3 2 0 10
4 0 2 0 0 0 2

Total 69 60 30 7 5 171

* normal FBT but abnormal standing examination

Table 7.4. Classification of trunk abnormalities in 775 children, at school medical examination at age 11
year and age 13 year, and at nurses' screening at age 12 year

Nurses' screening

School medical Total Normal FBT Poor posture
examination

Normal 11 + 13 year 511 408 80% 57 11% 46 9%
FBT 11 year 47 25 53% 18 38% 4 9%
FBT 13 year 82 26 32% 42 51% 14 17%
FBT 11 + 13 year 24 5 21% 15 63% 4 17%
Poor posture 111 61 55% 28 25% 22 19%
Total 775 525 68% 160 21% 90 12%

* FBT: Group Abnormal Forward Bending Test
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FBT. Fifty-two children had one abnormality on the FBT, 28 had two, 4 had
three, and 3 had all four. These 87 children constituted 11% of the original
population. At reexamination it appeared that in 50 (29%) children the FBT was
not abnormal. In 15 (9%) children with normal FBT at screening, who had
abnormalities on standing examination, the FBT was found to be abnormal as
well.

Table 7.4 shows the results of the nurses' screening in relation to the results of
the physical examination one year earlier and one year later. In 408 (53%) of the
775 children the FBT was considered normal on all three occasions: in 231
(57%) boys and 177 (48%) girls. In 238 (31%) children the FBT was
considered abnormal at least on one occasion. An abnormal FBT on all three
occasions was found in 15 (2%) children, five (1.2%) boys and ten (2.7%) girls.

In the first year the school physicians had referred 15 children of the screened
population to the family physician for further assessment. In the year of
screening two of them were referred to the family physician again. Fourteen
other children were now referred to the family phyician for the first time. Only
one of those had had an abnormal FBT in the previous year. The year after
screening all 16 children had an abnormal FBT. The percentage of new referrals
at age 12 amounted to 1.9% of the screened population.

Discussion

In our study, one in four children was referred for reexamination by the school
physician. The large number of children screened as positive is one of the
problems in scoliosis screening. In most countries the screening programs are on
a three—tier basis. The first screening is done by a trained layman or school
nurse. The second screening, to which is added a moiré topography is done by a
specially trained nurse. The third tier consists of X-ray and examination by an
orthopedic surgeon. If necessary the child is then referred to a scoliosis center.
Depending on the experience of the first screener, referral rates to the second
screener range from 15% to 45%. None of the nurses in our study had previous
experience in screening for trunk abnormalities. The percentage of referrals found
in our study (24%) is in accordance with that in other studies. Referral rate for
recheck will decrease with the growing experience of the first screener.>®

Mild truncal asymmetries are common in the normal population. Burwell et al.’
found that about 15% of adolescents showed evidence of asymmetry of the trunk
on quick visual examination of the back, including the FBT. When the surface of
the back was measured with a "formulator body contour tracer" the rate of
asymmetry rose to 25%. The FBT does not only produce a large number of false
positives, it also identifies a fair number of true positives with small to serious
abnormalities. Many slight scoliotic curvatures will never require treatment. It
cannot be predicted, however, which (slight) curvatures will progress. The second
and third screenings will diminish the number of false—positives, and only those
children will be referred that need orthopedic examination or treatment. School
physicians strive at discerning the ones with "no-significant problem" from those
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“at risk" and those "needing treatment”. However, there is no way of foretelling
which curves will progress.

In our study, 11.2% of the screened population was found positive on
reexamination and only 2% of the screened population was referred for
orthopedic assessment. Other studies also showed that 10% is abnormal on
recxamination, and that between 2% and 5% of all screenees were referred for
orthopedic assessment.>*™

The findings of the reexamination by school physicians were compared with the
nurses' findings at screening. The school physicians confirmed from 11% to
62% of the single parameters; an abnormal FBT was confirmed in 51%. The
best agreement was found on scoliosis and kyphosis in the standing child and on
rib hump/lumbar prominence in the bending child. The nurses failed to detect
9% of single parameters and 9% of abnormalities on FBT. Other studies showed
an even higher percentage of false-negatives, approximately 25% for scoliotic
curves between 10 and 20 degrees.*’*> We were only able to determine the
number of false-negatives in the group referred for reexamination. The
specificity of the FBT is high'; one in four children was singled out for
reexamination. We therefore presume that there is little chance that scoliotic
curvatures needing treatment have been overlooked in the other children.

The value of an additional screening program depends on how much it
contributes to the regular school health care program, for instance early detection
and treatment at an earlier stage. Comparing the results of the additional
screening with the results of the two regular medical examinations we found that
the consistency of an abnormal FBT was low. We think that this is caused by
three factors: (a) the high specificity of the FBT (also very slight deviations are
detected), (b) the child's stage of puberty development, and (c) the natural course
of trunk abnormalities. Spontaneous correction may also occur in scoliosis with
curves larger than 15 degrees.® Not until after repeated measurements is it
possible to determine whether scoliosis shows progression or regression. In o