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ABSTRACT
Introduction:  Anabolic steroid is an established drug for treat-
ing catabolic states. The said drug has been shown to restore 
the lean body mass, to prevent osteoporosis and to correct the 
impaired immune response, but only few studies have  evalu-
ated the effect of the same on fracture healing. 

Methods: Fracture was produced by an impact device in 24 
rabbits which were divided into experimental (I) and control 
(II) groups of 12 animals each. The experimental groups were 
further divided into the subgroups IA and IB of equal animals, 

which received Nandrolone Decanoate 10 mg/kg intramuscu-
larly, biweekly for 2 weeks and 4 weeks respectively. 

Results and Conclusion: Radiographs taken on the post frac-
ture day15 and 40 showed better healing in the Nandrolone 
Decanoate administrated groups  as a dense periosteal bone 
formation and prevention of the local osteoporosis. Histochem-
ical examination of the callus and  high serum alkaline phos-
phatase levels on day 15 and 40 confirmed  better mineraliza-
tion in experimental animals.
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InTROduCTIOn
Fracture healing is a specialized repair process which involves a 
well-characterized cascade of events, which includes three ma-
jor stages i.e. –inflammation reaction, callus formation and callus 
remodeling [1-4].  The functional recovery after a fracture is often 
incomplete, especially in the older ages. A catabolic state devel-
ops after fracture and following surgery, which contributes to a 
poor outcome [5-9]. 

Many patients cannot return to a normal life, which causes a se-
rious impact on their socio-economic status. [10-12]. The pa-
tients who sustain fractures, especially those which involve the 
lower limb, lose body-weight after surgery. This situation leads 
to  generalized weakness, impaired immune response and slower 
wound and fracture healing [13,14]. 

Anabolic steroid produces  a positive nitrogen and calcium balance, 
and it is an established drug for treating catabolic states.  The ef-
fect of an anabolic steroid in the patients who sustain fractures and 
in animal models,  has  been evaluated sparingly, although it has 
been shown to restore the lean body mass, to prevent osteoporo-
sis and to correct the impaired immune response [15,16]. 

A fracture was created at the mid-diaphysis of the tibia in vivo, 
for monitoring the bone healing in rabbit. The complete disruption 
of the cortex and the medulla by an impact force in a pre-drilled 
tibial shaft is technically simple and is a highly reproducible meth-
od for creating a bone defect for normal rabbit fracture healing 
study. This method does not disturb the normal walking activities 
of the rabbit [17,18]. Clinically, bridging of the fracture site with 
cortices or a cortical continuity is the most commonly reported 
criteria for a radiological assessment of the fracture union at any 
injury location [19].
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In the present study, we examined the differences in the cortical 
bone healing over a time period of 6 weeks between the con-
trol rabbits and the rabbits which received an anabolic steroid. A 
radiograph was employed for the analysis of the callus mineral-
ization at different time intervals. Decalcified histology was used 
to describe the callus histopathology features at the tissue level, 
along with the calcium in the callus, to assess the mineralization 
activity. Histochemical analysis and serum alkaline phosphatase 
estimation were done to evaluate the systemic and the local bone 
turnover. 

MATERIALS And METHOdS
experimental animals

Twenty four albino rabbits (weight: 1.5-2 kg) were obtained from the 
animal house of J.N. Medical College and they were housed under 
standard conditions. They were kept on pellet diet (Lipton India 
limited) and water ad-libitum. The institutional animal ethics com-
mittee of the medical college approved the experimental protocol 
of the study (Registration No. 401/CPCSEA; Dated: 30.03.2010).

Surgical Protocol and experimental design

Rabbits were divided into experimental (I) and control (II) groups 
of 12 animals each and fractures were produced by using an im-
pact device by the Hiltunen method [20]. The rabbits were anaes-
thesized by giving thiopentone sodium, 30-50 mg/kg,  intraperi-
toneally. A 1.5 mm Kirschner wire was drilled into the tibial shaft 
percutaneously, through the tibial tuberosity. The pre-nailed tibial 
shaft was fractured by an impact device, which resulted in a trans-
verse fracture, which was confirmed by a radiograph.  A K-wire 
was  used to get an appropriate alignment and stabilization and 
to prevent comminution at the fracture site.  Group I received in-
jection Nandrolone decanoate (anabolic steroid) intra-muscularly 
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examination of the callus and a high serum alkaline phosphatase 
level on day15 [Table/Fig-3] in the experimental group [Table/Fig-4].  
The mean calcium concentrations in the callus in the control group 
were 0.89±0.01 and 1.04±0.41 mg/g on days 15 and day 40 re-
spectively. 

On the other hand, a significantly better mineralization was ob-
served in the experimental group (1.08±0.05 mg/g on day 15 and 
1.21±0.06 mg/g on day 40) [Table/Fig-5]. After 40 days, there was 
significant fall in the serum alkaline phosphatase level in both the 
groups, but the level of the fall was significantly higher in the experi-
mental group [Table/Fig-6].

dISCuSSIOn
Anabolic steroid is an established drug for the acute catabolic 
states and the osteoporosis in elderly males. But its role in frac-
ture healing still is inconclusive and no data is available till date 
for comparison. The Nandrolone decanoate administered groups 
showed better fracture healing as a dense periosteal bone forma-
tion and prevention of the  local osteoporosis. This evidence was 

and the control animals of Group II received equal volumes of the 
vehicle only. The Group I rabbits were further subdivided into the 
subgroups IA and IB of six animals each. Subgroup IA animals re-
ceived Nandrolone Decanoate 10mg/kg intra-muscularly, biweekly 
for 2 weeks and the subgroup IB rabbits received Nanadrolone 
decanoate 10mg/kg biweekly for 4 weeks. 

Radiographs were taken on day 0, day 15 and day 40 to assess 
the fracture healing. The serum alkaline phosphatase was also es-
timated on the aforementioned days. After 40 days, the animals 
were sacrificed and sections were fixed in 10% formalin. Callus 
was obtained from the fracture sites for doing histochemical and 
histopathological analyses.

STATISTICAL AnALySIS

Student’s t-test was used for the parametric data, to compare the 
control and the experimental groups. A p value of <0.05 was con-
sidered to be statistically significant.

RESuLTS

No significant differences in the body weight or the appetite were 
noticed throughout the period of the study. The experimental rab-
bits showed better healing in the form of dense calluses and disap-
pearance of the gap between the fragments by the formation of a 
cortical as well as a medullary bridging as compared to the control 
animals, which  showed only  cortical bridging [Table/Fig-1].  

Histopathological observation showed very thick trabeculae and 
the formation of bony lamellae, which led to  consolidation in both 
the groups. But collagen activities and osteoblastic proliferation 
were significantly better in the experimental group [Table/Fig-2]. A 
high osteoblastic activity was also confirmed by the histochemical 

[Table/Fig-4]: Effect of Nandrolone decanoate (10 mg /kg IM) on serum 
alkaline phosphatase level

[Table/Fig-5]: Effect of Nandrolone  decanoate (10 mg /kg IM) on 
calcium at fracture site.

[Table/Fig-1]: Radiographs of fracture  tibia in control and experimental 
animal  showing minimum gap and very dense bone formation at 
fracture site in experimental animal treated with Nandrolone (At 6th 
week).compared to control 

[Table/Fig-2]: Section of callus: well developed compact bone
 formation in experimental animal as compared to control animal. (H&E 
stain, 50X)

[Table/Fig-3]: Section of callus: High  alkaline phosphatase activity in
experimental animals. (50X) compared to control

Serum alkaline phosphatase ( K.a.u./ 100 ml) , mean ± Se

Period Control experimental % change P* <0. 001
Highly 
significant2 weeks 18.17±0. 75 25. 0± 0.58* + 37. 59

6 weeks 13. 50± 0. 43 19. 83±0. 45* + 46. 88 

Calcium ( mg/g) mean ± Se

Period Control experimental Percent change P* <0. 01
P** <0. 05
significant2 weeks 0 .89±0. 01 1. 08± 0. 05* + 21. 35

6 weeks 1 .04± 0.41 1. 21±0. 06** + 16. 35

Serum alkaline phosphatase 
( K.a.u./ 100 ml) , mean ± Se

Period 2nd  week 6th week 
(40th day)

Percent 
change P* <0 . 01

P** <0. 001
Control 18.17±0. 75 10. 62± 0.23* - 41.55

experimental 25. 0±0. 58 6. 13±0. 87** -75.48

[Table/Fig-6]: Effect of Nandrolone  decanoate (10 mg /kg IM) on 
calcium at fracture site.
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the lean mass loss in the acute phase of the injury, as well as, to 
more rapidly restore the lost lean mass in the recovery phase. 
Several studies have demonstrated an increase in the healing of 
chronic wounds. However, significant lean mass gains were also 
present [33]. Falanga et al., [34] reported a stimulation of the col-
lagen synthesis with the anabolic steroid, stanazol. Erlich et al., 
[35] reported a 10-fold increase in the messenger RNA for col-
lagen synthesis in a human fibroblast culture with oxandrolone. 
Tenenbaum et al., [36] reported an increased synthesis of bone, 
collagen, matrix, and epidermis in a wound of the oral cavity 
which was stimulated with oxandrolone. A histological analysis in 
our study also revealed more densely packed collagen with high-
er number of fibroblasts and mononuclear cells. Anabolic steroids 
have also been shown to trigger the release of the transforming 
growth factor beta by fibroblasts, which stimulates the bone for-
mation in the granulation tissues [37].

COnCLuSIOn

From the above facts, we can conclude that anabolic steroids 
produce a better fracture healing by exaggerating the periosteal 
bone formation  and by achieving a high osteoblastic activity and 
a better mineralization of the callus.  They also seem to exert mild 
inhibition of the bone resorption without affecting or even stimu-
lating the bone formation. Thus, anabolic steroids will definitely 
improve the fracture healing outcome and reduce the morbidity 
and the negative socio-economic impact. This was an initial study 
which was done to test the effect of Nandrolone decanoate on 
fracture healing, which showed positive results. We intend to do 
future evaluation with multiple doses and for a longer duration of 
time.
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