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The effect of anabolic steroids on mandibular
growth
Alexander Gebhardt, DDS, Dr med dent,a and Hans Pancherz, DDS, Odont Drb

Giessen, Germany

The aim of this study was to assess the effect of nandrolone (Deca-Durabolin, AKZO Nobel, Cambridge,
United Kingdom) on mandibular growth in juvenile and adult rats with radiographic cephalometry and
immunoradiology. Juvenile (n � 16) and adult (n � 16) inbred female Wistar-Kyoto rats were compared. Each
group was divided into 2 subgroups with 8 experimental (E) and 8 control (C) animals in each subgroup.
Lateral headfilms taken before and after the 70-day study period were analyzed. Body weight and blood
serum IGF-I levels were monitored weekly. The results showed marked mandibular growth changes in both
the juvenile and the adult E rats. Body weight increase was larger in the E than in the C animals. The IGF-I
blood serum levels were similar in the juvenile E and C rats but higher in the adult E animals than in the adult
C animals. It was found that the anabolic steroid (Deca-Durabolin) had a significant effect on mandibular
growth in both juvenile and adult rats. (Am J Orthod Dentofacial Orthop 2003;123:435-40)

The abuse of anabolic steroids is common. The
steroids are taken to increase physical perfor-
mance and “improve” body appearance. Vari-

ous studies performed in American high schools have
shown that 2.5% to 19% of the students have taken
anabolic steroids.1-7

Anabolic steroids stimulate the function of the
hypophysis (front lobe) and affect the biosynthesis of
proteins.8-10 In humans, hyperfunction of the hypoph-
ysis can lead to acromegaly8 and excessive craniofacial
growth, even after the end of skeletal development.11

The effects of anabolic steroids on the developing
skeletofacial and dentoalveolar structures have been
analyzed in human dwarfs12,13 and in rats.14-18

To our knowledge, no study analyzes the effects of
anabolic steroids on the skeletofacial structures and
compares juveniles and adults. Furthermore, no inves-
tigation has considered the interrelationship between
skeletofacial morphologic changes and endocrinologic
parameters (such as IGF-I) as a response to anabolic
steroids. Therefore, the aims of this study were to
assess the effect of anabolic steroids on mandibular
growth in both juvenile and adult rats with radiographic
cephalometry and to discuss the cephalometric findings

in relation to changes in body weight and IGF-I blood
serum levels.

MATERIAL AND METHODS

Groups of juvenile (n� 16) and adult (n� 16)
inbred female Wistar-Kyoto rats were compared. Each
group was divided into 2 subgroups of 8 experimental
(E) and 8 control (C) animals. At the start of the
investigation, the juvenile rats were 30 days old, and
the adult rats were 120 days old.

Lateral headfilms (Kodak occlusal images EO-41P;
57 � 76 mm) taken before and after the 70-day study
period were analyzed. For the radiographic images, a
long-cone radiographic aperture (Helio Dent MD, Sie-
mens, Bensheim, Germany) with fixed focus-film dis-
tance (10 cm) was used. The radiographs were taken
while the rats were under general anesthesia.

This article is an excerpt from a doctorial thesis19

and considers only 3 cephalometric variables: (1) the
gonial angle, (2) mandibular length (a horizontal), and
(3) mandibular height (a vertical linear variable) (Fig
1). The radiographic images were digitized, scanned,
and enlarged to 300% to increase the precision of the
measurements.

Body weight and IGF-I blood serum levels were
registered weekly.

Radioimmunoassay was used to analyze the IGF-I
blood serum level.

In the E animals, the anabolic steroid Deca-Dura-
bolin (AKZO Nobel, Cambridge, United Kingdom)
with a concentration of 1 mg/kg/week was injected17,18

in the femoral muscle. In the C animals, sterile saline
solution was injected.
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Statistical evaluation

All statistical calculations were done with SPSS 9.0
(SPSS for Windows, Chicago, Ill). Because there was
an asymmetric distribution of the measuring values, the
nonparametric Kruskal-Wallis test and the Hodges
Lehmann estimate were applied for the statistical anal-
ysis. In the correlation analysis, the Pearson coefficient
of correlation was used. The significance levels used
were P less than .001, P less than .01, and P less than
.05; P less than .05 was considered not significant. The
results were expressed by box-plot diagrams. The box
and whiskers enclose 90% of the registrations. The
upper whisker is extended to the 95th percentile and the
lower to the 5th percentile; 50% of the registrations are
enclosed in the box, so that the top of the box shows the
75th percentile and the bottom the 25th percentile. The
median (50th percentile) is marked with a bar in the
box.

RESULTS

The gonial angle (variable 1) did not change sig-
nificantly in either the treated or the untreated groups
(Table I, Fig 2).

Mandibular length (variable 2) increased by an
average of 27.2% (15.8 mm) in the juvenile E animals
and by an average of 24.5% (14.0 mm) in the C
animals. No statistical group difference existed. The
adult E and C animals showed an increase in mandib-
ular length of 4.7% (3.6 mm) and 0.3% (0.2 mm),
respectively. The group difference was statistically
significant (P � .001) (Table II, Fig 3).

Mandibular height (variable 3) increased by an
average of 10.2 mm (41.2%) in the juvenile E animals
and by an average of 8.1 mm (32.0%) in the C animals.
The group difference was statistically significant (P �
.05). In the adult E and C animals, the average
mandibular height increases were 0.8 mm (2.0%) and
0.5 mm (1.4%), respectively. No statistical group dif-
ference existed (Table III, Fig 4).

During the 70 days of the study, the average body
weight increases were 215.5 g (289%) in the juvenile E

animals and 128.5 g (170%) in the juvenile C animals
(Fig 5). The group difference was statistically signifi-
cant (P � .001).

The average body weight of the adult E animals
increased by 48 g (18.1%), but no increase (0.3%) in
body weight was found in the adult C animals (Fig 6).
The group difference was statistically significant (P �
.001).

The weekly increase of the IGF-I-level in the
juvenile E and C animals was comparable (Fig 7). In
the adult group, a significant (P � .01) group difference
between the E and the C animals existed. On average,
the IGF-I level was 10% higher in the adult E group
than in the adult C group (Fig 8).

No interrelationship was found between morpho-
logic changes (all 3 variables) and IGF-I blood serum
level changes. This was true for both the juvenile and
the adult animals.

DISCUSSION

Many authors have studied the influence of anabolic
steroids on bone, cartilage, and weight, but a correla-
tion assessment between the different factors and reac-
tions has never been performed.12-18,20-27

When considering the association between the an-
alyzed morphologic and endocrinologic (IGF-I) vari-
ables in this study, no interrelationships were found.
However, for an accurate correlation analysis, the
number of animals in the different groups was some-
what small (n � 8).

In research, rats are useful because they are easy to
handle, need little living space, and are big enough for
radiographic cephalometry. To be able to compare the
present results with those of other studies and espe-
cially with those of Barrett et al17 and Barrett and
Harris,18 the same steroid (Deca-Durabolin) and female
rats were used. Female rats have a stronger reaction to
nandrolone than do male rats because females have a
lower endogenous base level.27

In the juvenile rats, the intention of this study was
to analyze the influence of anabolics during the growth
period. At the start of the investigation, the rats were 30
days old, the youngest that they can be taken from their
mothers. In the adult rats, the intention was to analyze
the influence of anabolics in a nongrowth period. At the
start of the investigation, the rats were 120 days old. At
this age, they are considered not to be growing, because
their weight stopped increasing at the age of 100 days.
The extra 20 days were used as reserve time, to be sure
that growth was finished.

The change of body weight as a reaction to anabolic
steroids was not of primary interest in this study.
However, body weight measurements are useful in

Fig 1. Measuring variables.
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Fig 2. Change (%) in gonial angle (variable 1) in juvenile
and adult control (C) and experimental (E) rats.

Fig 3. Increase (%) in horizontal dimension (variable 2)
in juvenile and adult control (C) and experimental (E)
rats.

Table I. Gonion angle (variable 1) measurements (in degrees) before and after examination

Animal

Juvenile

Animal

Adult

Control Experimental Control Experimental

Before After Before After Before After Before After

1 84 85 84 83 1 82 82 88 89
2 80 80 87 87 2 84 87 96 90
3 90 88 89 89 3 86 86 87 84
4 81 85 88 88 4 84 84 88 89
5 81 88 89 89 5 86 87 83 88
6 90 90 89 91 6 83 84 85 83
7 88 86 85 89 7 88 88 83 83
8 90 90 86 87 8 82 85 84 88
Mean 85.50 86.50 87.13 87.88 Mean 84.38 85.38 86.75 86.75
SD 4.47 3.30 1.96 2.36 SD 2.13 2.00 4.27 2.92

Table II. Linear horizontal (variable 2) measurements (in mm) before and after examination

Animal

Juvenile

Animal

Adult

Control Experimental Control Experimental

Before After Before After Before After Before After

1 58 72 62 77 1 77 77 78 82
2 57 69 56 72 2 75 76 788 82
3 57 82 58 75 3 75 75.5 75 78
4 57 71 57 76 4 75.5 77 75 78
5 56 71 60.5 72 5 76 76 76 79
6 58 73 55 73 6 77 77 75 79
7 58 72 58 73 7 77.5 78 76 80
8 57 71 57 71 8 76 76 77 80
Mean 57.25 71.25 57.94 73.63 Mean 76.13 76.56 76.25 79.75
SD 0.71 1.16 2.31 2.13 SD 0.95 0.82 1.28 1.58
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explaining the results of the radiographic and the
IGF-I-blood serum level measurements.

The juvenile E rats showed a greater increase in
body weight than the corresponding group of C rats (E
group, 215.5 g � 289%; C group, 128.5 g � 170%; Fig
5). The increase in body weight of the juvenile C
animals was similar to that seen in the study of Noda et
al.28

In accordance with Noda et al28 and Meyer et al,25

the adult E rats showed an average increase in body
weight of 48 g (18.1%, Fig 6). The adult C animals had
no change in body weight during the observation
period. However, at the beginning of the study, the C
animals showed a slight loss of weight, which might be
explained by stress (Fig 6).

In both the juvenile and adult rats, the gonial angle
(variable 1) did not change significantly (Fig 2). Similar
results were found by Kosowicz and Rzymski,12 who
examined the treatment effect of anabolic steroids in
pituitary dwarfism.

In the juvenile animals during the examination
period, the 2 cephalometric distances (variables 2 and
3) increased more in the E group than in the C group (E,
3.7 mm; C, 0.9 mm). This might be explained by the
IGF-I blood serum level, which is an indicator of the
growth hormone level in the blood. This level was
increased by the anabolic steroids (E group, 383.1%; C
group, 254.7%) (Fig 7). The initially high IGF-I blood
serum level in the juvenile rats could thus be increased
further by 30%. Also in the adult animals during the
study period, the 2 distances increased more in the E
group than in the C group (3.1 mm for variable 2 and
0.8 mm for variable 3). Interestingly, the anabolic
steroids affected especially the vertical distance in the
adult rats and the horizontal distance in the juvenile rats.

In spite of all precautions, growth in the adult group
(age 120 days) was not fully completed at the start of
the experiment, because a relatively high IGF-I blood
serum level was present at that time, and the level did
not decrease until 3 weeks later (Fig 8). By this residual
growth, the increase in the distances of variables 2 and
3 in the adult C group can be explained.

Because the IGF-I blood serum level is a measure
of the endocrinologic reaction to anabolic steroids, it
correlates with the growth hormone level.22,23

In the juvenile rats throughout the study, the IGF-I
level of the E and C groups developed parallel. It would
have been expected that, due to the morphologic
changes, the level would rise in the E group with
anabolic steroids, but it seemed that the level in the
growing rats could not be influenced by anabolic

Fig 4. Increase (%) in vertical dimension (variable 3) in
juvenile and adult control (C) and experimental (E) rats.

Table III. Linear vertical (variable 3) measurements (in mm) before and after examination

Animal

Juvenile

Animal

Adult

Control Experimental Control Experimental

Before After Before After Before After Before After

1 27 33 28 37 1 37 37 36 40
2 25 33 23 38 2 36.5 37 37 38
3 26 34 27 38 3 36 37 36 38.5
4 26 34 25.5 35 4 37 37 36 36
5 24 34 22.5 35.5 5 37.5 38.5 37 39
6 25 35 23 34 6 37 37.5 36.5 36.5
7 25 33 25.5 35.5 7 38 38 38 38.5
8 24 33 24 34 8 36 37 39 39
Mean 25.25 33.63 24.81 35.88 Mean 36.88 37.36 36.94 38.19
SD 1.04 0.74 2.02 1.62 SD 0.69 0.58 1.08 1.33
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steroids (Fig 7). This is probably due to the high base
level in growing rats.

In the adult group, on the other hand, the expected
effect of anabolic steroids on the IGF-I level was
verified. The level in the adult E and C groups devel-
oped parallel, but it was 10% higher in the E group (Fig
8).

CONCLUSIONS

In both juvenile and adult rats, anabolic steroids had
a strong influence on mandibular growth as well as on
the organism (body weight, IGF-I blood serum level).

In orthodontic treatment planning, the endocrinologic
effect of anabolic steroids on mandibular growth should
be considered.
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