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EFFECT OF FRACTURE ON LONGITUDINAL BONE GROWTH

IN RATS
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The growth rate in proximal tibia and distal radius in rats was in-
vestigated by the tetracycline method after femoral fracture, tibio-
fibular fracture, and metatarsal fracture. Up to 1 to 2 weeks after the
fracture, a higher growth rate was recorded on the fractured side than
on the unfractured side. This effect occurred later after tibiofibular
fracture than after femoral and metatarsal fracture, but was almost of
the same size and about 8 per cent of the normal growth rate. This
difference in growth rate was caused partly by a general growth
retardation compared with the normal growth rate, and partly by a
local growth stimulation in the fractured extremity. The growth
retardation was pronounced after tibiofibular fracture, but was in-
significant after femoral and metatarsal fracture. The growth rate
on the fractured side after the latter two types of fractures was
higher than under normal conditions. Thirty days after all types of
fractures, the growth rate was normal, both in fractured extremity
and in other growth regions.
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It has long been known that a fracture
affects the rate of longitudinal bone
growth in such a way that the growth
rate increases on the fractured side com-
pared with the other side. This counter-
acts the shortening that often occurs
during the fracture healing (for review
see Guldhammer 1963, Hedstrom 1969).
Usually, growth stimulation has been
found only in the fractured bone (Guld-
hammer 1963), but others have also
found some stimulation in the adjacent
bones (Bertrand & Trillat 1948).

This work investigates in closer detail
how the growth rate in the proximal tibia
in rats is influenced by a diaphyseal

fracture in femoral, tibiofibular, or in
metatarsal bones. The general effect on
growth has also been investigated in dis-
tal radius in this study.

MATERIAL AND METHODS

One hundred and five female rats of Sprague-
Dawley strain with known birth date were used.
At age 40 days, a closed fracture in the femoral
diaphysis in 35 animals, in the tibiofibular
diaphysis in 35, and through the metatarsal
bones in 35 was produced manually on the left
side under ether anaesthesia. The localization of
the fracture was controlled by X-ray. The frac-
tured extremity was not immobilized as im-
mobilization is known to affect longitudinal
bone growth (Sundén 1967). At different post-
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Table 1. Longitudinal growth of the right
proximal tibia in microns per day in normal
female rats (values from Stenstrém et al. 1976).

Growth rate

Age in days n M + SD
30-32 10 326 14
38—40 261 33

10 -16 12 a,
40-42 245 33

45-47 10 218 24 b.
50-52 12 194 11
60--62 16 137 12
70-72 12 96 14
80-82 17 75 8
100-102 19 39 4
140-142 10 18 4

a. Difference between 40-42 and 38-40
days of age.

b. Normal value calculated from 40-42
and 50-52 days of age.

n = number of animals,
M = mean value.
SD = standard deviation,

fracture intervals, the longitudinal growth rate
in proximal tibia and distal radius was deter-
mined by the tetracycline method. The animals
were given oxytetracycline (Terramycin®) 5 mg
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per kg body weight i.p. on two or three occasions
with two days interval between before being
killed (Tables 2-4). They were sacrificed with
ether one day after the last injection of oxy-
tetracycline. After dissection, proximal tibia and
distal radius were fixed in absolute ethyl alcohol
for 24 hours; thereafter, sections were made for
determination of the growth rate, according to
an earlier described method (Hansson 1967,
Hansson et al. 1972). The results from a simul-
taneous investigation which determined the
growth rate in proximal tibia in normal animals
(Table 1) were used for comparison (Sten-
stréom et al, 1976).

RESULTS

Effect on growth rate in proximal tibia
(Tables 1-4, Figures 1-3)

Femoral fracture: During the first
days after the fracture, a difference was
noted in the growth rate in the proximal
tibia. It amounted to 16 pm per day. This
reduced slowly and ceased 10 to 20 days
after the fracture.

The difference in the growth rate, com-
pared with normal growth, was shown
to be caused by the growth rate on the
unfractured side slowing down in the

Table 2. Longitudinal growth of the proximal tibia (right and left) in microns per day after femoral
fracture (left).

Age Days ) Growth rate Difference in growth rate

in days after n right left left — right
fracture M = SD M =+ SD M += SD

38-40 -2~ 0 258 17 (=) 258 19 (-) 0 3

6 -14 11 (=) 2 12 °

40-42 0- 2 244 16 (—) 260 17 (=) 16 7 **

45-47 5~ 7 5 228 16 (-) 238 17 (- 10 6 *

50-52 10-12 6 204 6 (-) 210 10 ** 7 6*

60-62 20-22 6 140 19 (=) 143 21 (-) 4 2

70-72 30-32 5 104 8 (- 105 8 (=) 2 5 ()

100-102 60-62 7 38 2 (-) 38 3 (=) 0 1 (-)

Statistical analysis (Student’s t-test): n = number of animals.

Right and left side of fracture groups compared M = mean value.

with normal group (Table 1). SD = standard deviation.

Difference between fractured and unfractured *** = p < 0.001

side in fracture groups. o= 0.001 < p <001

Difference hetween 40-42 and 38—40 days of age * = 0.01 < p <0.05

in fracture groups compared with normal group (=) = p>0.05

(Table 1).
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Table 3. Longitudinal growth of the proximal tibia (right and left) in microns per day after tibio-
fibular fracture (left).

Age Days Growth rate Difference in growth rate
in days after n right left left — right
fracture M + SD M £ SD M = SD
38—-40 -2-0 255 32 (-) 257 32 (-) 2 2 (=)
5 -35 5 ** -33 20 °
40-42 0- 2 220 31 (=) 223 27 (-) 3 17 (=)
45-47 5- 1 6 197 15 (-) 218 16 (-) 21 7
50-52 10-12 G 191 20 (=) 189 11 (=) -2 14 (=)
6062 20-22 6 115 156 ** 115 16 ** 0 4 ()
70-72 30-32 6 90 8 (-) 92 8 () 2 2 @)
100-102 6062 6 39 2 (=) 39 2 () 0 0 ()

(For legends see Table 2.)

Table 4. Longitudinal growth of the proximal tibia (right and left) in microns per day after
metatarsal fracture (left).

Age Days ) Growth rate Difference in growth rate
in days after n right left left - right
fracture M + SD M += SD M + SD
38-40 -2-0 266 30 () 267 30 (-) 2 2 @)
5 ~-11 12 (-) 5 12 **
40-42 0-2 254 23 (-) 272 26 (-) 18 5 **
45-47 5- 17 6 223 12 (=) 233 11 (-) 3 6**
50-52 10-12 6 207 15 (=) 203 14 () ~4 2 **
60-62 20-22 6 151 8 * 150 G * -2 3 ()
70-72 30-32 6 98 6 (-) 99 5 (=) 0 2 (-
100-102 60-62 6 38 1 (-) 38 1 (-) 0 1 ()

(For legends see Table 2.)

same way as in the normal animals,
whereas the growth rate on the fractured
side, for some days, was the same as im-
mediately before the fracture, which ar-
gues for a certain growth stimulation on
the fractured side. In the following pe-
riod, the growth rate on the unfractured
side was normal, whereas the corre-
sponding rate on the fractured side was
somewhat higher and became normal
after 10 to 20 days.

Tibiofibular fracture: During the first
days after fracture, there was no dif-
ference in growth rate in the proximal
{ibia, but after a few days there was a
difference of 21 um per day with a

higher growth rate on the fractured side.
In the following period, the growth was
the same on both the fractured and un-
fractured sides.

Both sides showed an initial retarda-
tion compared with normal growth
which was corrected after 20 to 30 days.

Metatarsal fracture: During the first
week, the result was similar to the fem-
oral fracture, a difference in growth rate
was recorded with a higher growth rate
on the fractured side compared with the
unfractured side.

Compared with the normal material,
the unfractured side showed no growth
retardation, whereas the fractured side
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Figure 1. Longitudinal bone
growth of right proximal tibia
(unfractured side) in microns
per day. Time in days after
fracture.
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Figure 2. Longitudinal bone
growth of left proximal tibia
(fractured side) in microns per
day. Time in days after fracture.
For symbols see Figure 1.
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showed an initial growth stimulation.
This accounted for the difference.

Effect on the growth rate in distal radius
(Table 5, Figure 4)

The growth rate in distal radius was
recorded in the fractured animals. Mu-
tual comparison showed that only the
tibiofibular fracture gave growth retar-
dation. This was demonstrated up to 10
to 20 days after the fracture. In the fol-

39"
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lowing period, the growth rate in the
various fracture groups was on the same
level.

DISCUSSION

The growth rate in proximal tibia can,
with great reliability, be determined un-
der experimental conditions in the rat
with an error of about 5 pm (Hansson
et al. 1972). It has also earlier been
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Figure 3. Difference in
longitudinal bone growth
between left (fractured side)
and right (unfractured side)
proximal tibia in microns per
day. Time in days after fracture.
For symbols see Figure 1.
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Figure 4. Longitudinal bone
growth of left distal radius in
microns per day. Time in days
after fracture.
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shown that the growth rate varies in-
significantly between animals of the
same sirain, sex, and age (Hansson et al.
1972); therefore, comparisons between
different experimental animals made in
this investigation are possible.

The difference in growth rate between
fractured and unfractured sides, as re-
corded on the days immediately after the
fracture, reaches about 6 to 10 per cent
of the normal growth rate and is rela-
tively rapidly reduced during the next 10
days, possibly somewhat slower after
femoral fracture than after the other
fractures. This is in good agreement with

r For symbols see Figure 1.
62 TIME

the experimental studies on rabbits con-
cerning the effect of various types of
metaphyseal and diaphyseal traumata
(Hansson 1967, Hedstrom 1969). The
difference in growth rate was observed
after femoral and metatarsal fractures
during the first days, whereas the dif-
ference after tibial fracture was not ob-
served until a few days later. This is

~ probably associated with the fact that

the diaphyseal and metaphyseal medul-
lary vessels are damaged in the proximal
tibia at tibiofibular fracture which pro-
duces another reaction pattern in the
proximal tibia than after femoral and
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Table 5. Longitudinal growth of distal radius (left) in microns per day after fracture of different
long bones.

Age Days after Femoral fracture Tibiofibular fracture Metatarsal fracture
in days fracture n M 4+ SD n M £+ SD n M = SD
38—-40 -2- 0 162 19 174 22 (-) 176 23 (=)
6 -10 5 5 -32 5 5 -7 9 ()
40-42 -0— 2 152 17 141 20 (-) 170 17 (=)
45-47 5~ 7 5 155 14 6 126 13 ** 6 141 11 (=)
50-52 10-12 6 132 5 6 107 13 ** 6 132 15 (-)
60-62 20-22 6 83 14 6 75 7 (=) 6 90 5 (-)
70-72 30-32 5 66 5 6 64 11 (-) 6 63 3 (=)
100-102 60-62 7 26 3 6 26 3 (-) 6 27 2 (-
Statistical analysis (Student’s t-test): n number of animals.

Tibiofibular and metatarsal fracture groups
compared with femoral fracture group.
Difference between 40—42 and 38—40 days of age
in tibiofibular and metatarsal fracture groups
compared with femoral fracture group.

metatarsal fracture. These findings are
in good agreement with earlier results in
the rabbit (Hansson 1967) which showed
that a trauma of the medullary cavity of
the tibia produces a relatively insignif-
icant difference, most pronounced a few
days after the trauma, whereas a trauma
that did not affect the medullary cavity
of the tibia made an immediate and
significant difference in growth rate.

The accumulated difference in growth
rate seemed somewhat larger after fem-
oral fracture than after tibiofibular and
metatarsal fractures. Also, the growth
stimulation seemed somewhat more pro-
longed, but these differences were rela-
tively small and insignificant.

This investigation clearly shows that
both a femoral fracture and a metatarsal
fracture influence the growth of the tibia
during the week immediately after the
fracture. This is in good agreement with
the results reported by Wray & Goodman
(1961) that a tibial fracture influences
the growth in the femur. In the latter
work, however, it was found that the
growth difference was not significant un-
til the second week, but those authors

M
SD

-k

mean value.
standard deviation.
p < 0.001

0.001 < p < 0.01
0.01 < p < 0.05

p > 0.05

>k

(=)
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used radiography which showed the ac-
cumulated difference in growth rate dur-
ing the whole investigation period. This
accumulated difference was also greatest
during the second week in our investiga-
tion.

In clinical material we do not usually
find an early growth difference in the
femur after tibial fracture and vice versa.
This is probably because the radiographic
determination method is rather coarse
and gives the accumulated difference in
growth rate, and because children grow
more slowly than experimental animals.
According to Guldhammer (1963), the
growth stimulation continues up to 18
months after a fracture in a child,
whereas the present investigation has
shown that the growth-stimulating effect
is usually eliminated after 2 fo 3 weeks
in the rat. A corresponding difference
also occurs for fracture healing.

An earlier work (Hansson 1967)
showed that the difference in growth
rate, after trauma to tibia, is caused
partly by a general growth retardation of
varying degree and duration, and partly
by a less-pronounced retardation or even
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a stimulation in the traumatized area. A
similar condition was found in this in-
vestigation, where a tibial fracture caused
a general growth retardation; but locally,
on the fracture side, the retardation was
less pronounced compared with the nor-
mal growth rate. At both femoral frac-
ture and metatarsal fracture, however,
no significant general retardation was
recorded. On the other hand, the growth
rate in the proximal tibia of the fractured
side was higher than the normal side.
This variation in reaction pattern at dif-
ferent fracture localizations and the
degree of traumatization is probably vas-
cularly conditioned.

In conclusion, the results from this in-
vestigation show that the difference in
growth rate after a trauma is partly due
to the general growth retardation com-
pared with the normal growth rate, and
partly due to the local stimulation of the
growth rate that occurs in the trauma-
tized extremity compared with the con-
tralateral side. Both the general growth
retardation and the local growth stimula-
tion are governed by the degree of
traumatization and the localization of
the trauma.
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