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Dose response of growth hormone on fracture 
healing in the rat 

Bue Bak, Peter Holmberg Jergensen and Troels Torp Andreassen 

The effect of different doses of biosynthetic human growth hormone on the me- 
chanical properties of tibia1 fractures and intact bones was studied in a rat 
model; a three-point bending test was applied 40 days after fracturing. Ninety- 
day-old female rats received a daily dose of 0,0.08,0.4,2.0, or 10 mg of growth 
hormonelkg body weight starting 1 week before fracture and continuing until 
mechanical testing. In the animals given 2.0 and 10 mg of hormone, the ultimate 
load sustained by the fractures, stiffness, and energy absorption at ultimate 
load increased, while the ultimate stress increased only in the latter group. In 
the intact bones, ultimate load of the bones increased in the same groups, 
while stiffness and energy absorption at ultimate load increased only in the 
group given the highest dose of hormone. 

We have recently shown that biosynthetic human 
growth hormone stimulates fracture healing in the 
rat (Bak et al. 1988). We now report the effect on 
fracture healing of different doses of this hormone. 

Materials and methods 

Ninety 3-month-old female Wistar rats (Mollegaard, 
Lille Skensved, Denmark) were used for the experi- 
ment. In this breed of rats, the animals are sexually 
mature after approximately 50 days. The animals 
were randomized into six groups: no injections, sa- 
line injections, and biosynthetic human growth hor- 
mone 0.08, 0.4, 2.0 or 10 mg/kg body weight/day 
(Nordisk Gentofte A/S, Gentofte, Denmark; speci- 
ficity: 1 mg = 3 I.U.) was injected subcutaneously in 
the nape of the neck in two daily doses (between 8 
and 10 a.m. and between 4 and 6 p.m.). The injec- 
tions commenced 1 week before the bones were 
fractured. All the groups were injected with the 
same volume by supplementing with isotonic saline. 
The animals were weighed and the doses of hor- 
mone and saline adjusted once a week. The animals 
had free access to tap water and pelletized food (Al- 
tromin diet 1314, Chr. Pedersen Ltd., Ringsted, 
Denmark), and were caged 3 animals per cage with 
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a cycle of 12 hours of light and 12 hours of dark- 
ness. 

Fracture technique 

The animals were anesthetized with pentobarbital 
(50 mg/kg, i.p.). A standardized, closed fracture was 
produced using the technique described by Bak and 
Andreassen (1988) 2 mm above the tibiofibular 
junction by three-point bending using specially de- 
signed adjustable forceps with blunt jaws. To mini- 
mize soft tissue damage, care was taken not to dis- 
place the fracture. Closed medullary nailing was 
performed with a 0.73 mm Kirschner wire (ultimate 
load 36 N, ultimate stiffness 62 N/mm, tested under 
the same conditions as the bones) through an entry 
hole in the proximal medial aspect. Radiographs 
were taken immediately after nailing, and animals 
with fractures outside the specified diaphyseal area 
or with displaced nails were excluded. Unprotected 
weight bearing was allowed. 

Mechanical analysis 

The animals were anesthetized with pentobarbital 
and killed by exsanguination. Both tibiofibular 
bones were removed by stripping all soft tissues in- 
cluding the periosteum. The bones were stored in a 
buffered Ringer's solution (4 "C. pH 7.4) until the 
three-point bending test was conducted within 3 
hours (Bak and Andreassen 1988) after resection of 
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Table 1. The effect of different daily doses of growth hormone on the mechanical properties of the healing tibia1 fractures. 
Growth hormone injection was started one week before fracture. Doses in mg per kg body weight per day given in two inlec- 
tions. Mean SEM 

~ 

Experimental Ultimate Ultimate 
group load stress 

n (N) (Nlmm') 

Control 23 32 3.4 

0.08 8 31 5.8 
0.4 13 33 5.7 
2.0 10 55 10.2- 
10 12 74 7.6"' 

Hormone 

One-way ANOVA P 0.0001 
Linear regression P(b=O) 0.0001 

~~ 

27 4.3 

19 3.6 
27 6.5 
35 5.5 
46 5.4' 

0.03 
0.003 

Stiffness 

(Nlmm) 

148 f 9  

155 32 
185 32 
220 32' 
347 20'* 

0.0001 
0.0001 

- 

Deflection 
at ultimate 
load (mm) 

0.39 0.05 

0.32 0.04 
0.33 0.06 
0.35 0.05 
0.28 0.03 

NS 
NS 

Energy Body weight (9) 

ult. load (Nmm) at start at test 
absorption at 

4.9 0.4 216 2 260 4 

4.5 0.6 215 2 259 4 
4.2 0.6 214 2 259 6 
9.9 2.5' ') 220 2 306 11'"" 

11.4 2.6" ') 220 2 420 7*"* 

0.001 NS 0.0001 
0.0005 NS 0.0001 

Fisher's LSD test with ZPc 0.05'; 0.01 **; 0.001"" 
1) Statistical analysis performed on logarithmic transformed values. 

the fibula and removal of the intramedullary nail. 
The left, nonfractured tibia was tested at the same 
level after resection of the fibula. The load-deflec- 
tion curves obtained were read by a digitizer into a 
calculator, and the following parameters were de- 
rived from the curves: ultimate stiffness, ultimate 
load, deflection at fracture, and energy absorption at 
fracture. 

The external transverse and anteroposterior diam- 
eters of the bone at the point of loading were meas- 
ured by a sliding caliper (0.05-mm resolution). The 
transverse diameters of the marrow space were 
measured in a projection microscope from postoper- 
ative, anteroposterior contact radiographs using the 
diameter of the nail as a reference. The cross-sec- 
tional area and area moment of inertia were calculat- 
ed assuming the cross section to be elliptical with a 
centrally located circular hole. Stress values could 
then be calculated from bending moment and area 
moment of inertia (Kenedi 1980). 

The elastic modulus was calculated from ultimate 
stiffness, distance between the supporting bars in the 
bending procedure, and the area moment of inertia 
assuming (a) that the cross-sectional area of the 
bone was constant during loading, (b) that the shape 
and area of the cross section was constant between 
the supporting bars, (c) that the extent of deflection 
was small, and (d) that the composition of the bone 
was homogeneous (Nielsen 1974, Kenedi 1980). 

Of the ninety 3-month-old animals used, 24 were 
excluded: 5 because of comminuted fracture or frac- 
ture outside the specified area, 6 because of techni- 
cal failure in the osteosynthesis, 3 because of resorp- 
tion at the fracture site, 2 because of bending of the 
nail, and 8 because they died of anesthesia. 

Statistical analyses 

The groups were tested for normal distribution and 
homogeneity of variances (Gl, G2, Kolmogorov- 
Srnimov's test and Bartlett's test) followed by one- 
way analysis of variance. For post hoc analysis the 
Fisher LSD test was used. Accordingly, 2 P < 0.05 
was considered significant. Linear regression analy- 
sis was applied for further description of the dose- 
response relationship. 

No differences were observed between the saline- 
injected animals and the animals receiving no injec- 
tions. These two control groups were therefore com- 
bined. 

Results 

The body weights of the animals increased only in 
the two groups of animals given the highest hor- 
mone doses (Table 1). Linear regression revealed a 
high probability for a linear relationship between the 
body weight and the square root of the hormone 
dose. 

Fractures 

The ultimate load values of the healing fractures in- 
creased to 176 percent and 235 percent of the ulti- 
mate load sustained by the controls in the 2.0- and 
1 0-mg groups, respectively, while the maximum 
stiffness increased to 149 and 234 percent, respec- 
tively, compared with the corresponding values of 
the controls (Table 1). In the 10-mg group, ultimate 
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Table 2. The effect of different daily doses of growth hormone on the mechanical properties of the nonfractured tibiae in the 
fracture healing experiment. Growth hormone injection was started one week before fracture. Doses in mg per kg body weight 
per day given in two injections. Mean SEM 

Experimental Ultimate Ultimate Stiffness Young's Deflection at Energy absorption 
group load stress modulus ultimate load at ultimate load 

n (N) (Nlrnm') (N/mm) (lo3 N/mm2) (mm) (Nmm) 

Control 23 99 2.0 301 8 317 6 16.4 0.6 0.45 0.02 27 2.1 
Hormone 

0.08 8 92 2.5. 297 9 302 9 16.6 0.6 0.44 0.03 24 2.0 
0.4 13 99 1.9 317 9 326 9 17.2 0.8 0.44 0.01 26 1.3 
2.0 10 108 3.7' 302 8 341 14 15.2 0.7 0.47 0.02 31 2.5 
10 12 131 2.4" 306 8 410 3" 14.7 0.6 0.45 0.01 35 1.5" 

One-way ANOVA P 0.0001 NS 0.0001 NS NS 0.009 
Linear regression P (b=O) 0.0001 NS 0.0001 0.02 NS 0.0005 

Fisher's LSD test with 2P c 0.05'; 0.01": 0.001"'. 

stress increased to 167 percent and energy absorbed 
at ultimate load increased to 232 percent. Linear re- 
gression of ultimate load values, ultimate stress, 
stiffness, and energy absorption at ultimate load on 
the square root of the hormone dose revealed a high 
probability for a positive linear relationship. 

Intact hones 

In the 2- and 10-mg groups, ultimate load increased 
to 109 and 132 percent, respectively, compared with 
the corresponding values of the controls. In the 10- 
mg group, both stiffness and energy absorbed at ulti- 
mate load increased by one third (Table 2). In the 
0.08-mg group, the ultimate load decreased only 
slightly. Linear regression of the values for Young's 
modulus on the square root of the hormone doses re- 
vealed a negative relation. 

Discussion 

Our present experiment showed dose-related stimu- 
lation of hiosynthetic human growth hormone on the 
strength of healing tibia1 fractures. The increased ul- 
timate stress in the 10-mg group indicated a qualita- 
tive change in the callus tissue. The hormone effect 
on the nonfractured bones with increased ultimate 
load only, but not stress, indicated that the former 
was a quantitative phenomenon related to the in- 
creased size of the bones, which was seen in the ani- 
mals that had been given high doses of growth hor- 
mone. The negative relation between the hormone 
dose and Young's modulus might be a consequence 
of the increased amount of newly formed bone in 
the animals given high doses. 

The results of the experiment accord with the re- 
sults of Jorgensen and Andreassen (1987), who in- 
vestigated the influence of growth hormone on for- 
mation and strength of granulation tissue, although 
they did not find any difference between the effect 
of the two highest doses used in their experiment. 
Lindahl et al. (1986) investigated the effect of dif- 
ferent concentrations of growth hormone in suspen- 
sion cultures on the colony formation of epiphyseal 
chondrocytes, and found that 10 ng/mL of human 
growth hormone potentiated colony formation, 
whereas 40 ng/mL gave maximum stimulation, and 
higher doses showed reduced potentiation of colony 
formation. Rokkanen and Kettunen (1972) found 
that 1.2 U.S.P. growth hormone from human pitui- 
taries, given daily for 1 to 2 weeks to mature rats 
with full-thickness articular-cartilage defects, stimu- 
lated cartilage formation. Koskinen (1959) treated 
young adult rats with 30 tibia units of human pitui- 
tary growth hormone daily for 6 to 22 days and 
found stimulation of fracture healing already at 6 
days. Zilkens et al. (1980) had similar results with 
growth hormone from human pituitaries, 2 I.U./kg 
body weight/day, for 13 days in rats. 

In contrast, Northmore-Ball et al. (1980) did not 
find any effect on the healing of stabilized femoral 
fractures of 5 mg/day of bovine growth hormone 
(specificity not stated) given to mature rats. Neither 
did Harris et al. (1975), who investigated fractures 
in rabbits receiving growth hormone (type not speci- 
fied) 0.46 I.U./kg body weight/day for 10 to 50 
days. 

In all of these animal experiments, the growth 
hormone was given in a single daily injection. Re- 
cent studies indicate that the frequency of adminis- 
tration is important as regards the effects of the hor- 
mone. The endogenous growth hormone secretion is 
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highly pulsatile; in the rat the secretory bursts occur 
at approximately 3-hour intervals (Tannenbaum and 
Martin 1976, Ed& 1979, Clark et al. 1987). Jansson 
et al. (1982) found that the Iongitudinal bone growth 
and weight gain in hypophysectomized rats in- 
creased when equal daily doses of growth hormone 
were given in 2-8 daily injections rather than in one 
single injection. This, as well as the range of doses 
used, might be important factors in explaining the 
results of the present experiment. 

References 
Bak B, J0rgensen P H, Andreassen T T. Growth hormone 

stimulates fracture healing in the rat. Eur Surg Res 
1988; 2O(Suppl 1): 3 5 4 .  

Bak B, Andreassen T T. Reduced energy absorption of 
healed fracture in the rat. Acta Orthop Scand 1988; 
59(5): 548-51. 

Clark R G, Carlsson L M, Robinson I C. Growth hormone 
secretory profiles in conscious female rats. J Endocrinol 
1987; 114(3): 399-407. 

Eden S. Age and sex related differences in episodic growth 
hormone secretion in the rat. Endocrinology 1979; 
105(2): 55560. 

Harris J M, Bean D A, Banks H H. Effect of phosphate 
supplementation, thyrocalcitonin, and growth hormone 
on strength of fracture healing. Surg Forum 1975; 26: 

Jansson J 0, Albertsson Wikland K, Ed& S, Thomgren K 
G, Isaksson 0. Effect of frequency of growth hormone 

519-21. 

administration on longitudinal bone growth and body 
weight in hypophysectomized rats. Acta Physiol Scand 
1982; 114(2): 261-5. 

Jergensen P H, Andreassen T T. A dose response study of 
the effects of biosynthetic human growth hormone on 
formation and strength of granulation tissue. Endocri- 
nology 1987; 121(5): 1637-41. 

Kenedi R M. A Textbook of Biomedical Engineering. 
Blackie & Son, Glasgow, New Zealand 1980. 

Koskinen E V S. The repair of experimental fractures un- 
der the action of growth hormone, thyrotropine and cor- 
tisone. A tissue analytic, roentgenologic and autoradio- 
graphic study. Ann Chir Gynaecol Fenn 1959; (Suppl 
90). 

Lindahl A, Isgaard J, Nilsson A, Isaksson 0 G. Growth 
hormone potentiates colony formation of epiphyseal 
chondrocytes in suspension culture. Endocrinology 

Nielsen L E. Mechanical properties of polymers and com- 
posites. Marcel Dekker Inc, St Louis 1974; I :  39-47. 

Northmore-Ball M D, Wood M R, Meggitt B F. A biome- 
chanical study of the effects of growth hormone in ex- 
perimental fracture healing. J Bone Joint Surg (Br) 
1980; 6213): 391-6. 

Rokkanen P, Kettunen K. Effect of growth hormone, thy- 
rotrophic hormone and cortisone on the healing of full 
thickness defects of the articular cartilage in rats. Ann 
Chir Gynaecol Fenn 1972; 61(4): 227-32. 

Tannenbaum G S, Martin J B. Evidence for an endogenous 
ultradian rhythm governing growth hormone secretion 
in the rat. Endocrinology 1976; 98(3): 562-70. 

Zikens K W, Senk G, Bubenzer J, Peters H. Tierexperi- 
mentelle untersuchungen uber den einfluss von wachs- 
tumshormon auf die frakturheilung. Unfallheikunde 
1980; 83: 446-9. 

1986; 118(5): 1843-8. 




