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lntroduction

In the first clinical report on catch-up growth, Bauer [1]
described growth delay and subsequent catch-up growth
in 19 children with nephrotic syndrome. The mean of
their heights for age and sex was exactly average for the
population when the disease began; when it ended the
mean height had sunk to the l2th centile. During recov-
ery, growth returned not only to normal, but was acceler-
ated. After 12 months, the mean height reached the 25th

Abstract
Various chronic diseases and malnutrition cause growth failure in childhood
and adolescence; following recovery, catch-up growth may occur. The extent
to which growth failure can be compensated for depends on the timing, severi-
ty and duration of the growth failure, as well as on the aetiology and pathogen-
esis of the disease restricting growth and development. There are three types of
catch-up growth. In type l, when growth restriction ceases, growth occurs to
such an extent that the height deficit is rapidly eliminated. Once the original
growth curve is attained, growth proceeds normally. In type 2, when growth
restriction ceases, there is a delay in growth and somatic development. How-
ever, growth continues for longer than usual, compensating for the growth
arrest. Type 3 is a mixture of types I and2, and all three types may be com-
plete or incomplete. Two factors make it difficult to record catch-up growth
during adolescence: the large variability in timing, expression and duration of
pubertal growth and somatic development, and the relationship between the
measurement error and the increase in growth observed within a defined time
period. To avoid data collection and analysis problems, prospective and long-
term study design should be considered. Ideally, data collection should be
started in the prepubertal period and continue until final adult height is
reached. High technical standards and well-trained personnel should be used.
A variety of parameters should be assessed to obtain different dimensions of
the growth process and pubertal development. Data analysis should be related
not only to chronological age, but also to biologically oriented time-scales,
such as bone age, pubertal staging and age at peak height velocity.

centile and after l8 months the 30th centile.In 1963, the
term catch-up growth was introduced into the medical lit-
erature by Prader et al. l2]. Prader's group described
5 children whose growth had been slowed by illness or
starvation. When growth restriction stopped, there was a
rapid phase of growth until the children reached their
pre-illness growth curve.

Since 1963, much research on catch-up growth has
been published [3-6]. While catch-up growth in infancy
and childhood is a well defined phenomenon. durine ado-
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lescence it is less well-defined. During adolescence, com-
pensatory growth processes are difficult to record because
of the variability in timing, duration and expression of
growth and somatic development and the relationship
between measurement effors and the increments ob-
served within a defined time oeriod.

Definition

A prerequisite for catch-up growth is canalization [7].
Normal growth is a fairly regular process which canalizes
the growth of an organism within certain limits. Regulari-
ty in growth is the result of a dynamic and complex system
of control which makes growing organisms return to their
growth paths after deviation.

In clinical terms, canalization means that the individu-
al growth curve follows the centile curves of growth
charts. The degree of canalization varies among the var-
ious growth parameters. Anthropometric measurements
of the head follow the centile channels most closely.
Height and bone age do so moderately, while weight, cir-
cumferences of the extremities and skinfold thickness
often cross the centile curves. The degree of canalization
of growth parameters also depends on chronological age.
While height in the prepubertal period displays a high
degree of canalization, growth stayingwithin centile chan-
nels during adolescence is exceptional. In most children,
growth does not remain in the centile channels because of
different biological timetables and expression of pubertal
growth. Some children have their adolescent growth
spurts early and some late and these phase differences
lead to the centile curves being crossed. The lack of canali-
zation during adolescence makes the recording of catch-
up growth more difficult than in the prepubertal period.

Taking into account this limitation of growth canaliza-
tion during adolescence, the phenomenon of catch-up
growth may still be recognizable. Growth has a tendency
to return to its original channel if it has been pushed off its
intrinsically determined course. Three types of catch-up
growth can be distinguished [4].

Type I
When growth restriction ceases, growth velocity in-

creases to such an extent that the height deficit is quickly
eliminated. Velocity may increase up to 4 times the mean
velocity of the corresponding chronological age. When the
original curve is attained, growth proceeds normally (fig.
1). The various growth parameters are not equally af-
fected by growth restriction (table I ).

+ Indicates the degree to which growth parameters are affected by
growth restriction and catch-up growth.

Type 1 catch-up growth is common in infancy and
childhood but data prior to the onset of growth restriction
are needed for its identification. The phenomenon is
usually reported as a case study and seldom in group sta-
tistics. In adolescence, type I catch-up growth can only be
recognized in individuals followed carefully from child-
hood to adulthood, due to the variable course of growth
and somatic development.

Type 2
When growth restriction ceases, there is a delay in

growth and somatic development. Growth continues for
longer than usual (fig. 1), so that ultimately the growth
arrest is compensated. Type 2 catch-up growth has only a
small or no increase of velocity compared with the mean
velocity for chronological age. It occurs in children with a
constitutional growth delay. Late maturers show a retar-
dation in height growth, bone age and pubertal develop-
ment which is compensated for by a longer than normal
growth period.

Tvpe 3
Type 3 catch-up growth is a mixture of types I and 2.

When growth restriction ceases, there is an increase in
growth velocity as well as a delay and prolongation of
growth.

Comparison of Types
Each type of catch-up growth may be complete or

incomplete, completely or partially restoring the stature
to normal (fig. 2).In adolescence, complete catch-up is
defined by reaching final adult height within the range of
target height. During adolescence, catch-up growth types
2 and3 are the most common. thoueh in manv studies it is

Tablel.  Growth tai lure and
growth paramcters

catch-up growth: sensitivity of

Growth Catch-up
restriction growth

Skinfold thickness
Arm/calf circumferencc
Weight
Height
Bone age
Head circumference
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Fig. 1. Catch-up growth: type
type 2 (b).
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not known whether catch-up growth is complete or in-
complete because of variations in pubertal growth and
incomplete data collection.

Mechanism

Various theories have been put forward to explain the
mechanism of catch-up growth in humans [9]. Animal
experiments first shed light on the regulation of growth

[10]. An excellent review on recent research was pub-
lished by Mosier [1 1].

Peripheral tissues have some capacity for growth regu-
lation. Growth hormone and insulin-like growth factor-1
(IGF-l) receptors are present in cartilage. IGF-1 is found
in various tissues, suggesting that it is synthesized locally.
Binding proteins for growth hormone and for IGF-l may
modulate the effects of these factors.

Central control ofcatch-up growth has been extensive-
ly studied in rats. The secretion of growth hormone
increases with an increase in integrated growth hormone
secretion when fasted rats are refed [12]. After neonatal
irradiation of a narrow midJine zone of the head, the sen-
sor for body size appears to be reset. Among the brain
structures investigated, the dorsomedial hypothalamic
nucleus is the likeliest candidate for the site of a true body
size set point mechanism. When irradiated rats were
fasted and refed they caught up, but only to the preset
stunted curve I I 3]. In contrast to non-irradiated rats there
is no increase in growth hormone during the catch-up
phase in the irradiated rats, implying that catch-up
growth is not dependent on growth hormone secretion
alone. The experiments indicate that head irradiation is
reset to a smaller body size without major alterations of
metabolism or nutrition. This is illustrated by the obser-
vation that rats with lesions of the dorsomedial hypotha-
lamic nucleus develop a normal food and water intake
when referred to body weight and normal plasma glucose,
insulin, free fatty acids, glycerol, corticosterone, soma-
tomedin activity and protein parameters.

Pharmacological agents can also influence the set
point; body size is reset after perinatal administration of
thyroxine or androgen in rats, and permanent resetting to
a lower body weight may occur after treatment with the
environmental toxin 2,3,4,7 -Ielrachlorodibenzo-p-dioxin

in rats and guinea pigs. Transient changes in the set point
may result from treatment with certain neuropharmaco-
logical agents. Fenfluramine, an anorectic, may reduce
body weight in rats, independently of its effect of reducing
food intake.

Functional factors seem to influence the set point as
well. The body weight of ground squirrels varies over an
annual cycle; efforts to change the cyclic body weight set
points have evoked metabolic weight defence. Dormice,
with shorter body weight cycles, undergo cyclic changes in
feeding efficiency corresponding to the weight cycle. Body
weight set point changes in female rats have been shown
to correlate with the oestrus cycle and body size is
influenced by the in utero location of the fetus.

Causes of Growth Failure and Subsequent Catch-Up
Growth

Catch-Up Growth as a Normal Phenomenon
Short-term changes in growth leading to minor devia-

tions from the centile channels are part of normal devel-
opment. Temporary delays and subsequent catch-up
growth due to seasonal changes and episodes of ordinary
acute illness occur at all aees.

D i s e as e - Re I at ed C aus e s
Catch-up growth has been described following many

diseases, particularly chronic conditions [14]. Some of the
most recent articles reporting on disease-related catch-up
growth are listed in table 2. References to previous studies
can be found in these articles. The intensity and duration
of growth failure and of the subsequent catch-up growth
varies between diseases, and even within the same clinical
condition, catch-up growth may differ between patients.

M alnutriti on- Re I at e d C at c h-U p Gr ow t h
The impact of the various forms of malnutrition on

growth in infancy and childhood has been studied in
detall127-291. Much less is known about the effect of
malnutrition in infancy and childhood on adolescent
growth. There is strong evidence that malnutrition
causes a delay in the onset ofpubertal growth and devel-
opment [30-35]. However, the extent to which timing,
duration, and severity of food deprivation during infan-
cy, childhood and adolescence may lead to compromised
adult stature is largely unknown. Sparse evidence sug-
gests that severe caloric deprivation early in life, proba-
bly within the first 5 years of age, is needed for perma-
nent stunting.

Adolescence, as a period of accelerated growth, may be
particularly influenced by nutritional factors. Other stud-
ies [32, 36] indicate that puberty may also serve as a
catch-up period when childhood growth losses are re-
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Gastrointestinal disease
Crohn's disease
Cystic fibrosis
Coeliac disease

Renal disease
Chronic renal f-ailure
Rcnal transplantation

Respiratory discasc
Asthma

Liver disease
Transplantation

Heart disease
Endocrinological disorders

Growth hormonc deficiency

Constitutional delay of
growth and adolescence

Connective tissue
Juvenile chronic arthritrs

Metabolism
Bartter syndrome

Genetics
Turner's syndrome

Childhood cancer

Booth
Booth
Booth

Fennell et al.
Schaef'er et al.

Balfour-Lynn

Chin ct al.
Poskitt

Vanderschueren-
Lodeweyckx et al.
Crowne et al.

Al1en et al.

Procsmans et al.

Bergmann et al.
Sklar

lable2. Disease-related growth l'ailure and subsequent catch-up
growth (recent references)

Disease Authors Year Ref.

Table 4. Standard dcviation ofthe error ofmeasurement [38'l

Girls Boys

Weight, g
Supine lcngth, mm
Standing hcight, mm
Hcad circumference, mm
Upper arm circumfcrcncc, mm
Calf circumference, mm
Triceps skinlbld thickness, mm
Subscapular skinlbld thickness, mm

440
4.0
5 .0
2.4
3.'.7
3 .9
t . 4
0.6

430
5.2
4.7
2 .3
4.5
4.0
l . l
0 .6

gained. Estimates of body fat as well as direct anthropom-
etry indicate that the onset of puberty is not size-related
during chronic childhood malnutrition.

Measuring Growth

A variety of reasons make the assessment of growth
difficult during adolescence. The period of pubertal
growth is associated with major changes in all compo-
nents of body structure and composition. Pubertal growth
accounts for approximately 160/o of adult height, and body
weight almost doubles. In addition to these changes, the
measurement error and the variability of growth and
somatic development during puberty make the recording
of a temporary phenomenon, such as catch-up growth, a
difficult undertaking.

Various parameters of growth and pubertal develop-
ment have been used to record growth failure and catch-
up growth (table 3). Of these parameters, height is possi-
bly the best indicator of the final outcome following
growth failure and catch-up growth.

Ant h r op o m e tr i c M e as ur e me nt s
High technical standards and well-trained investiga-

tors are of paramount importance in studies on pubertal
growth and development [8, 37]. The study of catch-up
growth requires the calculation of velocities or increments
of growth parameters. Velocities and increments are
based on the difference between two distance measure-
ments taken within a certain time interval. In the calcula-
tion of velocities, the measurement error is of major sig-
nificance (table 4). The standard deviations of the error of
measurement not only reflect the various sources of error
caused by measuring procedures, but also the individual
variability, such as diurnal and seasonal oscillations and
spontaneous short-term changes of velocity [39].

1 9 9  I  1 5
l 9 9 l  1 5
1991 15

1990  16
1990  r7

1 9 8 7  t 8

1 9 9  l  1 9
1987 20

1987  2 r

l 9 9 t  2 2

r99 l  23

1988  24

1990  25
1991  26

Table 3. Growth parameters used to as-
sess growth f-ailure and catch-up growth

Height
Predicted adult height
Target height
Predicted adult height/target height

Weight
Weight for height
Skintbld thickness
Arm/calf circumference

Bone age
Bone agelchronological age
Cortical thickness

Secondary scxual characterist ics
Menarche
Testicular size

Parameters may be related to chronologi-
cal age, bone age, pubertal staging and agc of
peak height velocity.
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Fig.3. 950/o conlldence intervals lbr true height velocity in a boy
with an observcd yearly increment of 6 cm, calculated from height
incrcments in observation pcriods of 3, 6 and 12 months. Thc crror
o f  measurcmcnt  i s  4 .7  mnr .

Assuming that the errors of two measurements are sta-
tistically independent, the standard deviation ofthe error
of increment can be obtained by multiplying the standard
deviation of the error of measurement by the square root
of 21=1.4) and dividing the result by the time interval
(years) between the two measurements. The significance
of the measurement error and of the time interval for the
error of increment is demonstrated in fig. 3.

In the First Zurich Longitudinal Study the standard
deviation of the error of standing height measurement
was 4.7 mm for boys. With an observed yearly increment
of 6 cm the error of increment is as follows: for an obser-
vation period of 3 months the 950/o confidence interval is
12 cm, approximately twice as large as the normal range
of height velocity at this age. For time intervals of 6 and
l2 months the corresponding confidence intervals are 6
and 3 cm, respectively. It should be emphasized that the
anthropometrist in the First Zvich Longitudinal Study
was an extremely reliable person with 20 years' experi-
ence in anthropometry. Measurement errors taken by a
less experienced person may easily exceed 5 mm.

Fig.4. Individual height velocity curves of 3 girls with variable
expression ofthc adolescent growth spurt [40].

The timing, expression and duration of growth param-
eters are variable during adolescence [a0]. The pubertal
growth spurt in boys may occur as early as 12 years or as
late as 15.8 years while in girls the spurt is even more vari-
able. The duration of the adolescent growth spurt ranges
from 1.3 to 8.2 years in girls and from 2.6 to 6.5 years in
boys. About one third of girls display a peak increase in
height of less than 2 cm, some of them have virtually no
growth spurt (fig. 4).

Weight, weight for height and skinfold thickness are
also variable during adolescence and depend on the tim-
ing of pubertal development. The increase of subcuta-
neous fat tissue and muscle tissue is closely related to the
pubertal growth spurt [41].

Weight and height do not show a steady relationship
because of the dramatic changes in body composition.
Using standards which disregard pubertal development,
an individual may be judged too light or too heavy for
their height simply by virtue of pubertal status. At the age
of 12 or 13 years, girls in an advanced stage of pubertal
development are about 10 kg heavier than girls of the
same height in the first stages of pubertal development.

Predicted Adttlt Height and Target Height
Predicted adult height,target height and the difference

between the two are often used in studies of catch-up
growth during the pubertal period. Predicted adult height
is calculated either by the method of Bayley and Pinneau

l42l or that of Tanner et al. [43]. The former method is
based on actual height and bone age; the latter also takes
midparent height and menarcheal age into account. The
genetic growth potential of a child remains unknown,
though the range of heights within which 950/o of the off-
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springs of particular parents will fall can be estimated.
The following formula for target height recommended by
Tanner et al. [44] is used in most studies:

target height + (father's height + mothcr's height)/2
+ 6.5 cm for boys, -6.5 cm fbr gir ls.

The 950/o confidence interval for the expected adult stat-
ure is target height + 8.5 cm, independent of sex. In most
cases the wide range in target height of 17 cm does not
allow a decisive judgement on the completeness of catch-
up growth to be made. In addition, this formula does not
take into account the secular trend and environmental
influences which may change from generation to genera-
tion and, therefore, affect midparent height [45].

Bone Age
All children finally reach skeletal maturity regardless

of the magnitude of the growth failure and of the incom-
pleteness of catch-up growth. In most studies, bone age is
determined either according to the TW2 method [43] or
according to the Greulich and Pyle method [46]. In most
studies intra- and interobserver reliability are not re-
ported, though the expertise of the investigator may great-
ly influence the results.

Increments in bone age and the ratio of bone age to
chronological age play a role in estimating whether catch-
up growth will be complete or incomplete. It is usually
assumed that bone age advances by 12 months every year,
though the variability ofyearly bone age increments limits
the usefulness of this assumption. At the age of 10-11
years, for example, bone age may increase by 5 or 28
months and between 12 and 13 years bone age may
advance by 2 or 36 months.

Pttbertal Development
Delay in growth is often associated with a delay in

pubertal development. Thus, assessing the pubertal status
is an important part of studies on catch-up growth in ado-
lescence l4'7 , 48l.In most studies, pubertal development
is evaluated according to Tanner [41].

Pubertal development is extremely variable. In girls
and boys, pubertal stages display a variability of 4.5-6.5
years. For example, genital stage G2 may be present at
9-10 years or not before 14-15 years ofage. The interval
between pubertal stages also varies considerably. In girls
and boys the standard deviations of the intervals vary
between 0.8 and 1.4 years. One girl may proceed from
breast stage 82 to menarche within 10 months, while in
another girl menarche may occur more than 4 years after
the initiation of breast development.

height  veloci ty

0
6 8 10 ;---il---il-- ;--; 22

Age, years

Fig.5. Synchronized mean height velocity curves of 15 pubertal
boys with chronic renal f'ailure (----) and healthy children maturing
at avcragc 1-) and late age (. ...) [with permission, 17].

Biologicallv Based Time Scales
Since growth and somatic development are highly vari-

able with respect to chronological age, efforts have been
made to find more biologically based time-scales. Height
growth was based on a bone age timetable. Growth
parameters such as height, weight or skinfold thickness
were related to pubertal staging and menarche [32]. An
approach which took the characteristics of pubertal
growth into account best was time-scaling, based on the
age of peak height velocity [7] (fig. 5).

Conclusion

If all the methodological aspects are taken into ac-
count, a prospective and long-term study design is essen-
tial when investigating catch-up growth during adoles-
cence. Data collection should be started in the prepubertal
period and continued until final adult height is reached.

Acknowledgement

This study was supported by the Swiss National Science Founda-
t ion (32-301 64.90).

o
o

E
o
t
o
o
o

!

.s,
I

t ,

' l
6 l

.l
4 1

47



l 0

I I

References

Bauer J: Nephrosesyndrome und Kcirper-
wachstum. Hclv Pacdiatr Acta 1954:.9:127-

P."a* A, Tanner JM, von Harnack GA:
Catch-up growl h fo l lowing i l lness or  starval  ion.
J Pcdiatr 1963:62:646-659.
Tanner JM: A History of the Study of Human
Growth. Cambridge, Cambridgc Univcrsity
P ress .1981 .
Tanner JM: Catch-up growth in man. Br Med
Bul l  1981:37:233-238.
Ashworth A, Millward DJ: Catch-up growth in
chi ldren.  Nutr  Rev 1986:44:  I  57-163.
Ackland FM, Preece MA: Catch-up growth.
Paediatrician 1987 :l 4:226-233.
Waddington CH: The Strategies of Genes. A
Discussion of Some Aspects of Theoretical Bi-
ology. London, Allen and Unwin, 1957.
Pugliese MT, Lifshitz F, Grad C, et al: A cause
of short stature and delayed puberty. N Engl J
Med  19831309 :513 -5  18 .
Tanner JM: Growth as a target-seeking func-
tion. Catch-up and catch-down growth in man;
in Falkner F, Tanner JM (eds): Human
Growth. A Comprehensive Treatise. New
York, Plenum Press, 1986, pp 161-179.
Wilson PN, Osbourne DF: Compensatory
growth after undernutrition in mammals and
birds.  Bio l  Rev 1960:35:324-363.
Mosier HD: Set point for target size in catch-up
growth; in Tanner JM (ed): Auxology 88. Per-
spectives in the Science of Growth and Devel-
opment. London, Smith-Gordon, 1989, pp
343-35 1.
Mosier HD, Jansons R, Swingle K, et al:
Growth hormone secretion in the stunted head-
i r radiated rat .  Pediatr  Res 1985:19:543-548.
Mosicr HD, Good C, Jansons R, et al: The
effect of neonatal head-irradiation and subse-
quent fasting on the mechanisms of catch-up
growlh.  Crowlh 1983:47:  l3-25.
Preece MA, Law CM, Davies PSW: The growth
of children with chronic paediatric disease.
Clin Endocrinol Metab 1 986: I 5:403-473.
Booth IW: The nutritional consequences ofgas-
trointestinal disease in adolesccncc. Acta Pac-
diatr  Scand I  99 I  :373:9 l -102.
Fennell RS, Moles M, Iravani A, et al: Growth
in children following kidney transplantation.
Pediatr Nephrol I 99014:335-339.
Schaefer F. Seidal C, Binding A, et al: Pubertal
growth in chronic renal failure. Pediatr Res
1 990;28:5-10.
Balfour-Lynn L: Effect of asthma on growth
and pubertl'. Paediatrician 1987 :14:237 -241.

Chin SE, Shepherd RW, Cleghorn GJ, et al:
Survival, growth and quality of life in children
after orthotopic liver transplantation: a 5 years
experience. J Paediatr Child Health 1991,:21:
380-385.

20 Poskitt EM: Food, growth and congcnital heart
d iscase.  Nutr  Heal th 1987:5:  153- l  6 l .

2l Vanderschueren-Lodeweyckx M, Van-den-
Broeck J, Wolter R, et al: Early initiation of
growth hormone treatment: influence on final
hcight. Acta Paediatr Scand 1987;337:4-l l.

22 Crowne EC, Shalet SM, Wallace WHB, et al:
Final height in girls with untreated constitu-
tional dclay in growth and puberty. Eur J Pe-
diatr  I  99 l :  I  50:708-7 12.

23 Allen RC, Jimenez M, Cowell CT: Insulinlike
gro\  lh faclor  and grouth hormone secret ion in
juvenile chronic arthritis. Ann Rheum Dis
1 99 l ;50:602-606.

24 Procsmans W, Massa G, Vanderschueren-
Lodeweyckx M: Growth from birth to adult
hood in a patient with the neonatal form of
Bartter syndrome. Pediatr Nephrol 1988;2:
205-209.

25 Bergmann P, Valsamis J, Van-Perborgh J, et al:
Comparative study of the changcs in insulin-
like growth factor-I, procollagen III N{erminal
extension peptide, bone Gla-protein, and bone
mineral content in children with Turner's syn-
drome treated with rccombinant growth hor-
monc. J Clin Endocrinol Metab 1990:71: 146 l-
1467.

26 Sklar CA: Growth and pubertal development
in survivors of childhood cancer. Paediatrician
I  99 l :  I  8:5 3-60.

27 Waterlow JC. Rutishauser IHE: Malnutrition
in man. Symposium of Swcdish Nutrition
Foundation XII. Stockholm, Almquist & Wik-
sel l ,  1988, pp 1,3-26.

28 Desai ID, Garcia-Tavares ML, Dutra do Oli-
veira BS: Anthropometric and cycloergometric
assessment of the nutritional status of the chil-
dren of agricultural migrant workers in South-
ern Brazi l :  Am J Cl in Nutr  198l :34:1925-
r934.

29 Blaxter K. Waterlow JC: Worldwide Variation
in Human Growth. New York, Cambridge
University Press, I 985.

30 Eveleth PB. Tanner JM: Worldwide Variation
in Human Growth. New York, Cambridge
University Press, 1 976.

3l Bowie MD, Moodie AD, Mann MD, Hansen
JDL: A prospective l5-year follow-up study of
kwashiorkor patients. S Afr Med J 1980;58:
67 1.-61 6.

32 Kulin HE, Bwibo N, Mutie D, ct al: The effect
ofchronic childhood malnutrition on pubertal
growth and development. Am J Clin Nutr
1982:36:52'7 -536.

33 Satyanarayana K, Nadamuni Naidu A, Nara-
singa Rao BS: Adolescent growth spurt among
rural Indian boys in relation to their nutritional
status in early childhood. Ann Hum Biol 1980;
7:359-365.

34 Galler JR, Ramsey FC, Salt P, Archcr E: Long-
term effects of carl;' kwashiorkor compared
with marasmus. I. Physical growth and sexual
maturation. J Pediatr Gastroenterol Nutr
1 987:6:84 l -846.

35 Hjern A, Koccturk-Runefors T, Jeppson O, Te-
gelman R, Hojer B, Adlercreutz H: Health and
nutrition in newly rcsettled refugee children
from Chile and the Middle East. Acta Paediatr
Scand 1991;80:859-867.

36 Driezen S, Stone RE: Human nutritive and
growth failure. Postgrad Med 1962;32:381-
390.

37 Cameron N: The methods of auxological an-
thropometry; in Falkner F, Tanner JM (eds):
Human Growth. A Comprehensivc Treatise.
New York, Plenum Press. 1 986, pp 3-43.

38 Prader A, Largo RH, Molinari L, et al: Physical
growth of Swiss children from birth to 20 years
of agc. Helv Paediatr Acta Suppl 1989;52:l-
t25.

39 Hcrmanussen M, Geiger-Benoit K, Burmeister
J, et al: Periodical changes of shorl term growth
velocity ('mini growth spurts') in human
growth. Ann Hum Biol I 988; I 5:103-1 09.

40 Largo RH, Gasser Th, Prader A. et al: Analysis
of the adolescent growth spurt using smoothing
spline functions. Ann Hum Biol 1978;5:421-
434.

4l Tanner JM: Growth at Adolescence. Oxford.
Blackwell Scientific Publications, I 962.

42 Bayley W, Pinneau SR: Tables for predicting
adult height from skeletal age. Revised for use
with Greulich Pyle standards. J Pediatr 1952;
40:423-411.

43 Tanner JM, Whitehouse RH, Marshall WA, et
al: Asscssment of Skeletal Maturity and Predic-
tion of Adult Height (TW2 Method), ed 2. New
York, Academic Press, 1983.

44 Tanner JM, Goldstcin H, Whitehouse RH:
Standards for children's height at ages 2-9
years allowing for height of parents. Arch Dis
Chi ld 1 970;zt5:755-762.

45 Molinari L, Largo RH. Prader A: Target height
and secular trend in the Swiss population; in
Borms J, Hauspie R, Sand A, Susanne C, Heb-
belinck M (eds): Human Growth and Develop-
ment. New York, Plenum Press. 1984, pp 193-
200.

46 Greulich WW, Pyle SI: Radiographic Atlas of
Skeletal Development of the Hand and Wrist,
ed 2. Stanford, Stanford University Press,
l  959 .

47 Largo RH, Prader A: Pubertal development in
Swiss boys. Helv Paediatr Acta 1983;38:21 1-
228.

48 Largo RH, Prader A: Pubertal development in
Swiss girls. Helv Paediatr Acta 1983;38:229-
243.

t2

13

t 4

l 5

l 6

l'7

l 8

1 9

48 Largo Catch-Up Growth during Adolescence


