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The aim of this investigation was to study dental maturity in healthy
prepubertal children of short stature {heighK - 2 SD), with or without growth
hormone jGH) deficiency, compared to healthy controls. The GH-deficient
group (GH level< 10,0 ng/\) included 29 children (11 female, 18 male) with a
mean age of 10,2 + 2,2 years. The GH non-deficient group consisted of 17
children (5 female, 12 male) with a mean age of 8,5 + 2.1 years. All the children
were evaluated for serum concentrations of IGF-l, alkaline phosphatase
(ALP), triiodthyronin (T3), thyroxine (T4), thyroid-stimulating hormone
(TSH), and fasting plasma insulin: height and bone age were also recorded.
Dental maturity was determined from panoramic radiographs. The mean
difference between the dental and chronological ages was —0.67+: 0,89 years in
the GH-deficient group compared to 0,23' +1.07 years in their controls: in the
GH non-deficient group the difference was —0.95 + 0,82 years compared to
controls 0,16+1.06 years in their controls. Compared to chronological age.
both bone and dental age were lower in the GH-deficient and GH non-deficient
groups. It is concluded that children of short stature, both GH-deficient and
GH non-deficient, exhibit a delayed dental age compared to their chronological
age- and sex-matched controls. A multiple stepwise regression analysis showed
that the sittmg height and GH level were the only significant factors associated
with dental rnaturity.

The growth hormone (GH) is the primary hormone
that stimulates longitudinal bone growth (1), The
.amount of secreted GH is determined by 2 antagonists released from the hypothalamtis, growth hormone-inhibiting hormone and growth hormone
releasing hormone (2, 3), The release of GH is
episodical, with night and day variations and secretion peaks predominantly at night-time. The highest
production of GH appears during puberty. In the
post-pubertal period, an age-correlated decrease of
GH production is found (4, 5).
Growth is regulated by many hormones acting
in concert. During infancy and childhood, GH,
insulin and thyroid hormone are of major
importance for growth and development, both
directly and via insulin-like growth factor 1
(IGF-l) (2), During puberty, the sex hormones
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also play a primary role in normal development
(6),
The insufficient production of growth-promoling
hormones, or the lack of response by the target
tissues can result in growth failure and disturbances
in bone metabolism (7, 8), Subnormal GH secretion is classified as either GH-deficiency or
GH-insufficiency (2, 9),
Children with GH deficiency exhibit signs such
as short stature, changes in orofacial development,
and retarded dental maturity (10-13). Most of the
studies on dental maturity in children with
GH-deficiency have been performed with small
groups of post-pubertal children with different medical diagnoses. The aim of this investigation was
therefore to study dental maturity in healthy prepubertal children of short stature with or without
GH-deficiency,
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Patients and methods
This is the baseline investigation of a 2-year longitudinal study of dental maturity and craniofacial
growth in children of short stature (height <—2
SD), with or without GH-deficiency, The study
group consisted of 46 (16 female, 30 male) healthy
prepiibertal children (females 6-^10 years of age,
bone age <9 years; males 6-12 years of age, bone
age < 11 years), 43 children were of Swedish origin,
3 with immigrant parents from arable countries
born in Sweden,
All children were well nourished and had normal
thyroid, liver and kidney functions, and had no
chronic diseases or dysmorphic syndromes.
Children with celiac disease were excluded, as were
children born prematurely (< than 30' weeks gestation) or with a birth weight more than 2,5 SDS
below normal for their gestational age. The basehne
medical examination was performed at the
Department of Pediatric Endocrinology, Huddinge
Hospital, Height and sitting height were measured
with a stadiometer (including gear wheels). Weight
measurements and predicted adult height were
estabhshed for each child (14), Plasma GH concentration was determined using a provocative combined arginin-insulin (Arg-Ins) test, which later was
evaluated by a RIA assay (Delfia®; Pharmacia
Upjohn, Uppsala Sverige AB, Sweden), Cliildren
with plasma GH concentration <10/ig/l were
assigned to the GH-deficient group. All the participants were evaluated for serum concentrations of
lGF-1, alkaline phosphatase (ALP), triiodthyronin
(T3), thyroxine {T4), thyroid-stimulating hormone
(TSH), and fasting plasma insulin. Bone age was
evaluated according to T,'1INNER et al, (14) using
the RUS (radius, ulna, short bones), carpal (ossa
carpi), and TW2 methods.
The GH-deficient group comprised 29 children
(11 female, 18 male) with a mean age of 10,2 + 2,3
years (range 5,6-13,7 years). The GH non-deficient
group consisted of 17 children (5 female, 12 male),
with a mean age 8,3 + 2,1 years (range 5,5-12,2
years). Patients were enrolled in the study after
informed consent and approval by the Regional
Ethics Committee at Huddinge Hospital,
As a part of the baseline examination and before
any GH treatment was started, all 46 children were
referred to the Department of Pediatric Dentistry
for an oral examination, A panoramic radiograph
and a lateral head film were taken of each child.
Determination of dental maturity was made according to 4 different methods using primarily panoramic radiographs (15-18), The calcification staging
was performed blind without knowledge of name,
age, gender, or group.

For each child in the 2 study groups, panoramic
radiographs were obtained from three age- and sexmatched healthy controls (/j = 138) from patients
Hies, None of the control patients had any record
of systemic diseases in their files. Radiographs from
children exhibiting major deviations from normal
occlusion or aplasia were excluded.
Tooth size was determined by measuring the
width (the widest mesio-distal distance) and the
length (distance between mesial cusp and apex) of
the left lower first molar,with a vernier callipers
(Gansel®). The distance was measured to the nearest 0,01 mm.
Statistical analyses

Differences between children of short stature and
their controls were tested using the Student f-test.
When comparing diffences between the two short
stature groups and their respective controls a contrast was formed C=^/(i'i+X2) —(.T3 + .V4), with
standard error ylse
^
For the multiple comparisons, regarding the biochemical and radiological variables, between the
children of short stature, fourteen repeated significance tests were performed. Each of the F-values
was adjusted by multiplicating itself with the
number of the significance tests.
A multiple stepwise regression analysis was performed examining variables associated with dental
maturity.
Results
The estimated dental age in GH-deficient and GH
non-deficient children of short stature using 4
different methods is shown in Table 1,
The mean difference between dental and chronological age, as determined using the method by
KATAJA et al,(]5), was -0.67 + 0,89 years in
GH-deficient children of short stature and
0.23+1,07 years in healthy controls (P<0,001)
(Table 2), In GH non-deficient children of short
stature, the mean difference between dental and
chronological age using the same method was
-0.95 + 0.82 years compared to 0.16 ±1.06 years
in healthy controls (/*<0.001). The 3 other methods
used showed similar results. A contrast was formed
to compare the differences between the 2 short
stature groups and their respective controls, and
showed no significant differences between
GH-deficient and GH non-deficient children of
short stature with regard to dental maturity.
No data from the control group was available
for determinations of bone age. Table 3 shows a
comparison of clinical, biochemical and radiological variables in 2 groups of children of short

Dental maturity and growth hormone deficiency
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Table I
Chronological age atid dental maturity scores (dental age) in children of slwri stature with or u~ithoiit GH-defideney and respective
age- atid sex-matched controls: x= mean values, .sd = statidard deviations
Short GH-deficient
(n = 29)
Methods for estimation
of denta! maturity
chronological age (years)
KATAJA et al. (15)
LtUEQVIST & LUNDBERG ( 1 6 )
GusTAVssoN & K O C H (17)
HA.WIKKO (18)

Controls
{n--= 87)

Si

sd.

x.

10.2
9.4
9.0
8.9
8.9

2.3
2.4
1.5
2.2
2.2

10.0
10.2
9.6
9.8
9.8

Short GH non-deficient
(n =• 1 7 )

sd.
2.2
2.4
2.0
2.3
2.3

n.s.
n.s.
n.s.
n.s.
n.s.

Controls
(n- = 51)

sdj

X,

2.1
2 7
1.5
2.6
2.6

8.8
8.9
9.4
8.4
8.4

8.5
7.8
8.6
7.4
7.3

sd^
2.5
2.7
1.9
2.6
2.5

n.s.
n.s.
n.s.
n.s.
n.s.

Student MesL level of significance: n.s.^non significant.
Table 2
Comparison between dental malwiiy scores (denial age} and chronological age in children of short stature nith or wiihout GH-deJiciency
and respective age- and sex-matched eontrols; d=mean difference between dental ages, and chronologiea! ages, sd= standard deviations
Shorl
GH-deficient
{/i = 29)
Methods for estimation
of denial maturity
KATAJA et al.

(15)

LiLJEQVIST & L U N D B E R G ( 1 6 )
G u s T A V S S Q N .& K O C H ( 1 7 )
HA.AVIKKO 118)

Short GH
non-deficient
(n=17)

Controls
= 87)

Controls
(n =^51)

Contrast

di

sd.

di

sd.

d,

sd.

d.

sd.,

/-value

P

-0.67
-1.80
-1.22
-1.40

0.89
0.63
l.,08
0.92

0.23
-0.87
-O.,22
-0.51

1.07***
1.20***
1.14***
0.95***

-0.95
-1.45
-1.43
-1.48

0.82
0.82
1.16
0.70

0.16
-0.70
-0.36
-0.41

1.06***
0.98*
1.07***
1.06***

0.669
0.616
0.180
0.608

n.s.
n.s.
n.s.
n.s.

Stodent /-test, level of significance: * = /'<0.05. *** = P<0.001. n.s. = non significanl.
Table 3
Mean values (x) and standard deviations (s.d.} of clinical hiochemieal. and radiological variables in chiidren of short stature
GH deficient children
(,, = 29)
Variables
chronological age (years)
tooth width
weight (kg)
sitting height (ctn)
predicted adult height (cm)
GH value (Ins-Arg)
lGF-1
serum ALP
serum T3
serum T4
serum TSH
bone age, RUS
dental age. KATAJA et al. (15)

-S,

sd.

"i

10.2
15.0
25.7
67.3
161.7
7.7
169.5
9.2
2.5
17.5
1.9
8.0
9.5

2.3
1.3
7.4
5.3
6.1
3.0
71.1
2.7
0.4
2.8
0.7
2.6
2.5

29
29
26
26
18
27
25
27
25
27
27
24
29

GH non-deficient children
(« = 17)

8.5
15.3
21.8
64.1
162.8
11.6
184.5
9.8
2.6
17.2
2.5
6.5
7.6

sd.

"2

F-value

Adjusted level
of significance

2.1
1.6
5.2
5.6
2.4
5.8
103.1

17
17
15
15
10
15
14
14
14
15
14
14
17

0.015*
0.564
0.075
0.071
0.599
0.017*
0.594
0.532
0.377
0.775
0.056
0.083
0.013*

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

•)

1

0.5
3.4
1.3
2.4
2.5

Student t-tesl, level of significance: *P<0.05: univariate analysis and adjusted />-value for multiple comparisons.
For abbreviations, see Material atid ttiethods.

Stature. Both chronological age (/"<0.05) as well
as dental age (P<0.05) were significantly lower in
GH non-deficient than in GH-deficient children,
whereas no significant difference was found concerning the bone age. These differences did however
not persist when the P-values were adjusted for

multiple cotnparisoiis. Bone age was consistently
more retarded than dental age when compared to
chronological age.
Within the group of short stature children, a
multiple stepwise regression analysis was performed
with the dental age according to KATAJA et al. (!5),
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The independent variables considered in the model
were chronological age, tooth length and width,
weight, sitting height, predicted adult height, maximum peak GH during Arg-Ins test, IGF-1, ALP.
T3, T4, TSH, and RUS, i.e., bone age. Statistically
significant correlations between dental age and
sitting height (P<0.01), and GH level (Arg-Ins)
were observed (i'<0.05).
The mean length, of the left 1st permanent molar
25.5 + 4,5 mm was found to be significantly shorter
(/"< 0.001) in the GH-deficient group compared to
that in healthy controls 28.5+ 4.0 mm (Table 4).
In the GH non-deficient group, the corresponding
length was estimated to be 23.2 + 5.9 mm compared
to 26.5 + 5.1 mm in healthy controls (F<0.05).
Height and tooth leoath were found to be correlated
(i- = 0.786,/'<0,01).''

Discussion
Methods for evaluating dental age are usually
dessigned to be used with a specific ethnic population. It has been shown that the methods differ in
accuracy (19, 20'). All methods used in this study
resulted in an underestimation of chronological
age. In a study comparing the 4 methods used, it
was concluded that the method devised by KATAJA
et al. (15) is the method best suited for age determination in Swedish children (21).
In this investigation we studied two groups of
children of short stature. One group of children
had been diagnosed with a classical GH-deficiency,
defined as a plasma GH concentration <10jUg/l.
The children in the other group had been diagnosed
with idiopathic short stature (ISS), a term used to
describe children whose small stature cannot be
attributed to an exactly defined pathogenetic cause.
Children with ISS are a heterogenous group which
comprises at least 2 situations: familial short stature, where both GH levels and the bone age are
normal; and constitutional delay of growth and
adolescence, where the bone age is retarded but the
GH levels are normal (6). It has been shown that
in children with ISS, the delay in bone age is

positively correlated with the degree of shortness.
In situations with normal GH levels, a number of
physiologic mechanisms may explain the growth
retardation: subnormal bioactivity (22), failure to
release endogenous GH in response to physiologic
stimuli (especially slow wave sleep despite normal
release of the hormone during pharmacologic tests)
(23), and abnormalities in cellular receptors to GH
or lGF-1 (24).
The major finding of this study is that children
of short stature (< —2 SD) exhibit a delayed dental
maturity compared to healthy controls. When comparing the differences between the dental maturity
score and the chronological age, a significant delay
was found both in GH-deficient and GH nondeficient children of short stature compared to
healthy controls. Depending on the method used,
the difiference between the dental maturity score
and the chronological age ranged from —0,67 to
— 1.80 years in GH-deficient children. No significant differences could be found between the two
groups of children of short stature with regard to
the difi'erence between the dental maturity score
and the chronologicai age.
The results are partly in agreement with TAKANO
et al. (13) who studied short stature children
between 7 and 17 years of age. it was found that
dental maturity was delayed compared to the
chronological age in children of short stature, both
with and without GH deficiency, indicating that
dental maturity is delayed in children of short
stature, irrespective of GH deficiency. In a study
of Laron-type dwarfism, characterized by nomnal
or high serum levels of GH and a lack of functional
GH receptors in the hver, resulting in an IGF-1
deficiency, dental maturity was delayed by 1.7 years
compared to the chronological age (25). Similarly,
ITO et al. (26) found that in ISS children with
normal GH values, tooth formation was delayed
— 0.88 standard deviation units. The degree of
delay in tooth formation was variable, with no
systematic relationship to the degree of reduction
in stature. In our study, on the other hand, a
multiple stepwise regression analysis of dental

Table 4
ComparLmn of tootb size (left fir.it permanent molar) between children of short statttre with or without GH-deficiency and respective
age- and sex-matched controls. Mean values (X). and standard deviations (sd)
Short GH-deficient
(n = 29)
Tooth size (mm)
width
length

x,

sd.

15,00
25,48

1,31
4,50

Controls

16,84
28,53

Student (-test, level of significance: •P<0,05, ***P<0,001.

1,66***
4,00***

Short GH non-deficient
= 17)

15,13
23,17

Controls

sd,

-¥4

Sd4

1,62
5,94

16.23
26,45

1.57*
5,08*

Dental maturity and growth hormone deficiency
maturity according to K.\TAJA et al. (15) as the
dependent variable showed that the sitting height
and GH level were significant variables entering
the model. This finding indicates a correlation
between GH and dental maturity, which is in
accordance with the concept that GH is the main
regulator of childhood and adolescent growth (6).
The fact that there were no significant differences
in dental maturity between children of short stature
with or without GH-deficiency and the suggestion
that GH level is associated to dental maturity may
seem to be a paradox. However, the definition of
GH deficiency at <10/ig/l is arbitrarily chosen
and may be misleading. Individual GH values vary
oti a contin tious scale, and the regression analysis
therefore is probably closer to reality when all
children are looked upon as one group.
In several clinical studies (26-28) it has been
shown that bone age among short, GH nondeficient children is retarded. In this study, both
bone age and dental age, were retarded in comparison to chronological age in both GH-deficient and
GH non-deficient children of short stature. Bone
age was also found to be more retarded than dental
age. In agreement with TAKANO et al. (13), no
differences were found concerning the delay in bone
age between GH-deficient and GH non-deficient
children of short stature.
Children of short stature exhibited significantly
smaller teeth compared to healthy controls (29).
In agreement with TAKANO et al. (13), no differences were found concerning tooth size when comparing GH-deficient children of short stature with
GH non-deficient children of short stature. As
indicated by the strong correlation between height
and tooth length, these 2 variables follow closely
together.
Concerning arch dimetisiona! changes during GH
therapy in ISS children. RiCHEY et'al. (30) found
that all arch dimensions in ISS children were
smaller than those if the controls with the exception
of mandibular arch depth.
We conclude that children of short stature, with
or without GH deficiency, exhibit a delayed dental
age compared to their chronological age and to
age- and sex-matched controls.
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