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Effect of nerve injury on fracture healing

Callus formation studied in the rat

In an attempt to determine the effects of peripheral nerve lesions on frac-

Hannu Aro

ture healing, radiographic, histomorphometric and chemical methods

were used to evaluate callus formation in tibial fractures of rats with scia-
tic denervation. Fracture union by bridging external callus was more ra-
pid in denervated limbs than in controls. By contrast, external calluses of
denervated fractures were smaller and less dense and contained less col-
lagenous matrix (hydroxyproline) and minerals (calcium, phosphorus)
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than controls. The RNA/DNA ratio decreased more rapidly in denervated
calluses than in controls. Mineralization of collagenous matrix (estimated
from the calcium/hydroxyproline ratio) was not affected by denervation.

Periosteal nerves (Ralston et al. 1960, Miller &
Kasahara 1963) probably have nociceptive,
mechanoreceptive and vasomotor functions
(Miller & Kasahara 1963, Aro et al. 1981,
Thurston 1982). The effects of peripheral nerve
lesions on callus formation at the fracture site
are incompletely known. Peripheral denerva-
tion is claimed to delay healing of experimental
fractures (Smith & Dunsford 1955, Reyes-Cun-
ningham et al. 1971), but opposing opinions
have also been presented (Frymoyer & Pope
1977, Aro et al. 1981). The effect of denerva-
tion may be dependent on the timing of bone
damage (Becker 1974, Quilis & Gonzilez
1974). The purpose of the present study was to
perform quantitative analyses on callus forma-
tion in the tibial fractures of rats with periph-
eral nerve lesions.

Material and methods

Experiments were performed on 98 female Wistar
rats, aged 3—4 months. Standardized tibial fractures
were produced in both hind legs of the rats. Thirty-
four rats were subjected to a unilateral sciatic paral-
ysis. Fracture calluses formed in their paralyzed and
control legs were used for determination of callus
mass and nucleic acid contents (Experiment 1).
Thirty-two rats were subjected to bilateral sciatic pa-
ralysis, and 32 rats without any paralysis served as
their controls. The fracture calluses of these rats
were either used for determination of callus mass
and organic and inorganic matrix components (Ex-

periment 2) or prepared for histomorphometric anal-
ysis of callus quantity and composition (Experiment
3).

The method of producing fractures has been de-
scribed in detail elsewhere (Aro et al. 1985a). Frac-
tures were stabilized with a 0.5-mm stainless steel
nail, and a short wire was used to lock the nail (Fig-
ure 1). The short, locking wire was not used in Ex-
periment 3. The sciatic nerve was cut at the level of
the hip joint, as previously described (Aro et al.
1981). The surgical procedures in the control legs
were identical, but the sciatic nerve was left intact.

Two radiographic projections were taken of each
fracture and evaluated. The total number of accept-
able fractures was 161 out of 196 (84 fractures of de-
nervated legs and 77 fractures of control legs). A
complete bridging callus was regarded as the radio-
graphic criterion of union. External calluses formed
in the fractures were isolated and prepared for chem-
ical analysis (Aro et al. 1985a). Nitrogen, hydroxy-
proline, hexosamines, calcium and phosphorus, and

Figure 1. The fracture of the rat tibio-fibular bone was stabilized
by intramedullary fixation. The tibia was prenailed and then
fractured.
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DNA and RNA contents of the calluses were de-
termined by standard methods (Penttinen 1972).
Chemical analyses were carried out on calluses at 7,
14 and 28 days. Histomorphometry was carried out
on fractures at 7, 9, 15, 28, and 56 days, as previ-
ously described (Aro et al. 1985a). The results were
assessed by two-way analysis of covariance, using
the weight of the animals as the covariate, and
partly by Student’s ¢-test and the chi-square test.

Results

Radiographic union by bridging callus was
more rapid in denervated legs than in controls
(at 28 days, p < 0.01). However, the radioden-
sity of denervated calluses was lower than that
of controls (Figure 2),

The size, height and width of the fracture
callus were similar in denervated and control
legs at 7 days. Later on, denervated fractures
had smaller calluses than controls (—35 per
cent at 56 days, p < 0.05). The dry weights of
denervated calluses were already lower than
those of controls at 28 days (p < 0.05). The dif-
ferences in the wet weights of denervated and
control calluses and, on the other hand, the dif-
ferences in the effects of unilateral and bilat-
eral paralysis on the callus weights were not
significant.

Fracture hematoma was usually replaced by
callus tissue by the 9th day in denervated legs
and by the 15th day in controls. Denervated
fractures also showed early formation of car-

A B
Figure 2. Rat tibial fractures at 4 weeks.
A Osteoporotic bony callus in a denervated fracture.
B Dense callus of a control fracture with cloudy areas of miner-
alization between advancing frontiers of the bridging callus.
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Figure 3. Absolute and relative amounts of the main callus tis-
sue components in fracture calluses measured from longitudi-
nal histoiogical sections. Absolute amount expressed as mean
+ SEM (n = 4-6). Relative amounts expressed as mean per-
centages of callus size. @——@ denervated fractures, O--~0O
control fractures.

tilage (Figure 3). The differences between de-
nervated and control fractures in the rate of
callus ossification, estimated from the ratio of
new bone to callus size, were not significant
(Figure 3).

The chemical composition of denervated and
control calluses did not differ at 7 and 14 days
{(Figure 4 and Table 1). However, the RNA con-
tents of denervated calluses were lower than
those of controls during ossification (p < 0.01
for the amount of RNA per callus and
p < 0.001 for the RNA/DNA ratio, Figure 5). In
addition, denervated fractures contained less
hydroxyproline than controls at 28 days, ex-
pressed as the total amount per callus (—46 per
cent, p<0.02) or as the concentration per
callus dry weight (~18 per cent, p < 0.01). The
total amounts of calcium and phosphorus per
callus were also lower in denervated fractures
than in controls at 28 days (p < 0.05 for both,
Figure 4). The concentrations of these miner-
als (Figure 4) and the calcium/hydroxyproline
ratio (Table 2) were not affected by denerva-
tion.

Woven new bone of fracture calluses in de-
nervated legs was not as dense as in controls.
Densitometry of bone structure was, however,
not carried out. The maturation of new bone to
lamellar bone was also incomplete in the de-
nervated legs, and bone marrow partially re-
placed bone trabeculae inside the external cal-
luses (Figure 6 and 7).
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Table 1. Hexosamine contents of fracture calluses. Means + SEM are indicated. Numbers of fractures are shown in brackets.
The differences between denervated and control calluses were not significant (Student’s t-test)

Weeks after fracture®

1 2
ug/callus ng/mg dry weight ng/callus ng/mg dry weight
Controls 31027 (8) 12.0+£1.2 (8) 531174 (7) 14.0%£1.2 (7)
Denervated 412149 (8) 11.4+0.9 (8) 388+80 (8) 10.9+1.3 (8)
® Four-week-old fractures were not analyzed.
DNA RNA RNA / DNA Table 2. Ratio of calcium to hydroxyproline in fracture
" g Vol calluses. Means + SEM are indicated. Numbers of fractures
800 300k 15+ are shown in brackets. The differences between denervated
200f 10k o and control calluses were not significant (two-way analysis of
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Figure 5. The DNA and RNA contents of fracture calluses. Val-
ues are mean + SEM, n = 10-12.. The same symbois as in
Figure 3.

Controls 2461062 (8) 4.54+0.26 (7) 4.42+0.13 (8)
Denervated 1.55+0.29 (8) 5.28+0.68 (8) 4.95+0.26 (8)

B
Figure 6. Longitudinal sections through the fracture region of
rat tibia at 4 weeks. (x5.5, van Gieson).
A Denervated fracture with cartilaginous union.
B Control fracture with fibrous-cartilaginous union.

Figure 7. Longitudinal section through the external callus of rat
tibial fracture at 8 weeks. (x5.5, van Gieson).

Upper. Denervated fracture with a flat bony callus with wide red
bone marrow areas.

Lower. Control fracture with a large, dense bony calius.
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Discussion

Our previous experiments (Aro et al. 1981)
showed that sciatic paralysis increases the ten-
sile strength of rat tibial fractures in the early
phases of callus formation. The present analy-
sis confirmed a significant difference in the ra-
diographic healing of denervated and control
fractures. Histomorphometry showed no sig-
nificant change in the rate of callus ossifica-
tion. This finding was not surprising since ra-
diographic ossification (i.e. the disappearance
of the radiolucent zone) produces only minor
changes in the histomorphometric composition
of the callus (Aro et al. 1985a). The size of the
fracture callus in paralyzed legs decreased dur-
ing conversion of fibrous-cartilaginous callus to
bony callus. This indicates that the size of the
bony callus does not necessarily indicate the
extent of primary callus growth.

New matrix production by osteoblasts and
mineralization are normally coupled (Frost
1966). The coupling of matrix production and
mineralization was not disturbed after dener-
vation, since there were no significant differ-
ences in the ratio of calcium to hydroxyproline
between denervated and control calluses.

Klein et al. (1977) found that the turnover of
bone collagen is increased in the sciatically de-
nervated legs of rats. The formation of wide
red marrow spaces between bone trabeculae
during the remodeling processes of denervated
fractures shows a high rate of bone turnover,
since trabeculous bone is remodeled at red
marrow sites at a much higher rate than the
bone of fatty marrow sites (Wronski et al.
1980). Denervated calluses contained constant
amounts of hydroxyproline, whereas in control
calluses the amounts continuously increased.
This suggests a difference in the ratio of col-
lagen production to breakdown between de-
nervated and control calluses. On the other
hand, the decreased RNA content of dener-
vated calluses during endochondral ossifica-
tion suggests that denervation may primarily
affect the capacity of callus cells for matrix pro-
duction.

Sciatic paralysis, as already demonstrated in
previous studies (Smith & Dunsford 1955,
Hulth & Olerud 1965, Reyes-Cunningham et
al. 1971), prevents formation of dense bone

structure. Hulth & Olerud (1965) emphasized
that these very thin-walled calluses did not
show refractures. Bony calluses formed in par-
aplegic rats were also osteoporotic (Aro et al.
1981, 1985b). These findings show that the
bony calluses of paralyzed legs rapidly adapt
their structure to functional requirements.

Our studies showed that the effects of spinal
cord and peripheral nerve lesions on fracture
healing are parallel but not completely identi-
cal. Spinal and sciatic denervation improved
the strength of calluses in the early phase of
healing, promoted union by bridging callus,
and induced osteoporotic transformation of ex-
ternal calluses. Spinal denervation increased
the variance of callus size, which was not evi-
dent after sciatic denervation. Spinal denerva-
tion increased the concentration of non-colla-
gen nitrogen in fracture callus before endo-
chondral ossification. Such a response was not
seen after sciatic denervation.
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