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Abstract

Bone fracture and its healing process have been extensively investigated for many years. in this study
bone delayed union and its effect on the adjacent muscle was investigated. Ten local breed adult rabbits
of both sexes weighing 1200-1500 g were used in the experiment. All animals were undergoing surgical
operations to induce a transverse closed fracture in the midshaft of the femur, All animals were survived
for five months' and then killed using high dose inhalation of chloroform inside glass box. The surgical
procedures were made under (general anesthesia) of 50mg/kg Ketamin hydrochloride. A 5 cm
longitudinal incision was made on the lateral side of the right thigh. the fractured bone were fixed using
intramedullary fixation). Approximate the two fragments and a gap of about 2.5-3 mm length was left to
prevent normal bone union. The length and weight of each muscle were measured. Comparison between
right and left side for both weight and length was made. A specimen from the muscles of anterior group
of thigh (i.e. Rectus femoris), posterior group of thigh (i.e. biceps femoris), anterior group of leg
(1.e.tibialis anterior), and posterior group of leg (i.e. soleus) for both right and left was taken. Sample also
from fracture site was taken. Staining of sections using Haematoxylin and eosin.the result revealed a
significant decrease in muscle fibers weight and diameters. It was concluded that the delay in bone
healing reflected on recovery of the weight and diameter of adjacent skeletal muscle fibers.
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Introduction
Bone  fracture  defined as a
mechanically produced disruption in
the continuity of the bone, such defects
vary from a simple linear break, to an
explosive comminution(1). Fracture
healing is a process of restoring the
structural and biological properties of
injured bone(2). Despite the growing
knowledge of the mechanisms of
fracture healing, delay unions and non-
unions remain a substantial clinical
problem(3). Several studies were made
to determine the effect of bone fracture
on muscle(4),(5). The present study
was designated to show the anatomical
and histological effects of delay union
in bone fracture on the adjacent
skeletal muscles.
Review of literature:
Weaver  (6)classified the fracture
according to, position of the bone ends
after fracture, completeness of break,
the orientation of the fracture to the
long axis and penetration of the skin.
The major diaphyseal fracture models
are mouse, rat, rabbit, dog, sheep, goat,
cat and calf. But the most commonly
used are rat, rabbit, dog, and sheep as
recorded by Koivukangas(7).
Repair of fracture:
The goal of any method of fracture
repair should be the early return to
function of the organ with minimum
post operative morbidity(8).
* Einhorn(9) said that the process of
fracture healing can occur in two ways,
direet or primary bone healing (without
callus formation), indirect or secondary
bone healing with a callus precursor
stage.Newton(10) found that primary
bone formation occurs in rigid fixation
in areas in which small gaps are
present. Secondary healing of bone as
descicribed by Green baum and
Kanat(11) involved the classical stages
of fracture healing ie. impaction,
inflammation, primary soft callus
formation, callus mineralization and
callus remodeling. Jagmin(12)
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summarized the fracture healing
process and its duration in human as
follows:1-haematoma formation (1to3
days)/2-fibrocartilage  formation (3
days to 2 weeks)/3- Callus formation
(2 to 6 weeks)/4- Ossification (3 weeks
to 6 months)/S- Remodeling (6 months
to 1 year) Condition influencing
fracture  healing:  Cruess and
Dumont(13) classified the condition
influencing the fracture healing into

local &systemic 1/Local factor:a-
degree of local trauma/b-degree of
bone loss/c-the types of bone
involved/d-degree of fracture

immobilization./e-degree of fracture
gap(14),(3)./f-presence of muscle./g-
infection./h—local/malignancy./i-
radiation necrosis of bone. 2- systemic
factor./a-age(15),(16)./b-
hormones.ruess&Dumont (13)and
systemic disease like diabetes(2,17). 3-
Vitamin:D(18) And E(19).
Relationship  between
muscle:

In a study of Heinonen et al on
prepubertal and early pubertal girls
they let them to jump for a period of
time and then muscle cross section area
and bone cortical area was measured
with  magnetic  resonance. They
concluded that muscle area was most
highly associated with bone cortical
area.

bone and

Materials and methods

1-Ten adult Rabbits of local breed of
both sexes weighing 1200-1500 g were
used in the experiment. All were
allowed free access to food and water
before the experiment, and housed in
steel cages at room temperature (20-
25) °C. All animals were undergoing
surgical operations to induce a
transverse closed fracture in the
midshaft of the femur, All animals
were survived for five months' and
then killed using high dose inhalation
of chloroform inside glass box..
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were survived for five months' and
then killed using high dose inhalation
of chloroform inside glass box..

2- Operation procedures: The surgical

procedures ~ were ~ made  under
intramuscular  anesthesia  (general
anesthesia) of 50mg/kg Ketamin

hydrochloride on left thigh (21). The
site of operation was prepared by skin
shaving and local antisepsis application
at the lateral side of right thigh region.
A 5 cm longitudinal incision was made
on the lateral side of the right thigh in
an imaginary line that connected
between greater trochanter and patella,
and then incision was made in facia
lata to expose the underling muscles.
Vastus lateralis muscle separated
anteriorly and bicepis femoris and
caudofemoralis muscles posteriorly
using blunt instrument to expose the
femoral shaft (22). Muscles then
separated from the bone only at the
middle third region of the femur shaft
by passing the curved artery forceps
under the bone (23), Induction of
fracture was made using a wire saw
(22). The two fragments of fractured
bone were fixed using intramedullary
fixation [3 stainless steel wire of Imm
in diameter and 5-5.5 c¢m in length] (7).
Approximate the two fragments and a
gap of about 2.5-3 mm length was left
to prevent normal bone union. Topical
antibiotic powder (procaine penicillin)
was placed at the fracture side to
prevent infection (22, 24). The muscles
retuned to their normal position by
interrupted suture using (chromic
catgut) size 3.0 and Facia lata sutured
by continuous suture using the same
suture of muscles. Then the skin
sutured by interrupted suture using
(black silk) size 3.0. Packed the area
using plaster, after 8-10 days the suture
was removed.

3- Dissection of animals: All animals
were survived for its end period and
then killed .The animals
dissected, bicepsfemoris

were
and
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rectusfemoris muscles from the thigh
region for both right and left sides.
These muscles were removed from its
origin and insertion for both right side
(experimental) and the left side
(control). The length and weight of
each muscle were measured using
vernia and electronic balance (Mettler
AE 200). Comparison between right
and left side for both weight and length
was made. A specimen from the
muscles of anterior group of thigh (i.e.
Rectus femoris), posterior group of
thigh (i.e. biceps femoris), anterior
group of leg (i.e.tibialis anterior), and
posterior group of leg (i.e. soleus) for
both right and left was taken and
immersed in 10% formalin for 24h for
fixation and  tissue  processing
purposes.

4- Preparation of tissue for light
microscopy:After  fixation,  each
muscles sample were cut with a blade
at midbelly perpendicular to the long
axis of muscle in to small piece (Smm)
in length with whole width of muscle
(25).

The specimens washed in running tap
water, dehydrated through graded ethyl
alcohol, ¥ hour for each, and cleared
by xylol. Then, embedded in melted
paraffin inside paraffin bath at 64 °C
for 2 hours and blocked in paraffin
wax. Muscles were sectioned at 5 pm
thickness using Cambridge rotary
microtome. Staining of sections using
Haematoxylin and eosin (100).
Statistical analysis:

Results of control and experimental
groups were analyzed statistically
using T-test. These statistical tests
were prepared using statistica program
under Microsoft Excel XP

Results

Muscle atrophy appeared clearly with
increase  in  the  thickness  of
perimysium and diffuse of adipose
tissue fig.(1,2). At the fracture site
there was a large area of cartilage and
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fibrous tissue fig.(3). After 6 months,
the mean length of biceps femoris
muscle was 8.43 £1.22mm for the right
side and 8.46 £1.91mm for the left,
while the mean length of the rectus
femoris muscle was 5.35 +1.05mm for
the right side and 6.37 0.93mm in the
left side, in tibialis muscle the mean
was 5.20 +£1.18mm for the right side
and 5.13 £0.89mm for the left side,
while in soleus the mean was 5.30
+1.39mm for the right side and 5.42
=1.21mm for the left side. Statistically
there was no significant shortening in
the length of the right side compared
with the left side in all muscles accept
in rectus femoris muscle.[table (1)].
The mean weight of biceps femoris
muscle was 7.39 £2.00gm for the right
side and 9.99 +£1.75gm for left, while
the mean length of the rectus femoris
muscle was 5.35 £1.05gm for the right
side and 3.64 +0.44gm in the left side,
in tibialis muscle the mean was 1.14
+0.32gm for the right side and 2.21
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+0.62gm for the left side, while in
soleus the mean was 1.67 =0.43gm for
the right side and 5.42 £1.21gm for the
left side. Statistically there was a
significant decrease in the weight of
the right side compared with the left
side in all muscles.[table (2)]. The
mean diameter of biceps femoris
muscle fiber was 27.90 +0.87um for
the right side and 33.95+£0.79um for
left, while the mean length of the
rectus femoris muscle was 29.69
=0.72um for the right side and 33.08
+0.84pm in the left side, in tibialis
muscle the mean was 24.98 +1.05um
for the right side and 32.78 +0.77um
for the left side, while in soleus the
mean was 25.48 £0.96um for the right
side and 32.66 £0.73um for the left
side.  Statistically there was a
significant decrease in the diameter of
muscle fiber of  the right side
compared with the left side in all
muscles.[table (3)]

Figure(1):- muscle fibers atrophy and large area of adipose tissue, H&E ,10X.
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Figure(2):- increase in the thickness of perlmyesmm connectlve tissue with
diffuse muscle fibers atrophy, H&E 10X.

Figure(3):large area of cartilage (arrow) and fibrous tissue (arrow
head) inside compact bone. H&E,40X.
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Table (1):- Mean and Standard deviations of length of experimental
and control muscles group.

Muscle type Muscle length right Muscle length left

side(mm)(experimental) side(mm)(control)
Biceps femoris 8.43 £1.22 8.46£1.91]
Rectus femoris 5.35£1.05* 6.37 £0.93
Tibialis anterior 5.20+1.18 5.13 £0.89

Soleus 3.30£1.39 5.42 £1.21

Table (2): Mean and Standard deviations of weight of experimental
and control muscles group.

Muscle type

Muscle weight right Muscle weight left

side(gm)(experimental) side(gm)(control)

Biceps femoris 7.39 £2.00* : 9.99+1.75

Rectus femoris 2.22 +0.57* 3.64 £0.44

Tibialis anterior 1.14 £0.32* 2.214+0.62

Soleus 1.67 £0.43* 2.39 £0.61

Table (3):- Mean and Standard deviations of experimental and
control muscle fiber diameter.

Muscle type Muscle fiber diameter right Muscle fiber diameter left

side (um) (experimental) side (um) (control)

Biceps femoris 27.90 £0.87* 33.954+0.79
Rectus femoris 29.69 £0.72* 33.08 £0.84
Tibialis anterior 24.98 £1.05* 32.78 £0.77

Soleus 25.48 £0.96* 32.66 £0.73
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Discussion

The aim of the present study was to
demonstrate the effect of delay union
in femoral bone fracture on the
adjacent muscles. One definition of
fracture is that, it is a severe soft tissue
injury with an underlying bony defect.
This definition is some what unusual in
its emphasis on the soft tissue rather
than bone involved in the condition,
but it is a particularly useful definition
for health professionals whose job is to
get client back to full function within a
reasonable period of time(26). Using a
wire saw technique and intramedullary
fixation for experimental bone fracture
induction under a septic condition, was
similar to that of Eesa(22) this
technique was used to minimize the
complication that may occurred during
experimental manual fracture(muscle
tearing skin penetration, nerve injury,
large blood wvessels rupture and
bleeding) to study the effect of delay
union of fractured bone itself in
specific condition from its
complication. Results of the present
investigation clarify that delay union in
fractured bone was occurd due to the
presence of gap between the 2 ends of
fractured bone. This result is similar to
that of (27)and(28) which found that
increasing the gap width lead to delay
in bone union in rat femur bone
fracture ends, if the gap was 3mm or
more lead to falure in bone union and
formation of pseudoarthrosis in this
study the degree of bone healin after 5
month was grade 3 as allen et al
(29)classification it mean there is no
complete bone union (delay union)
because the normal or complete bone
union in rabbit occurred after two
month as revealed by Seddeek B.L. (5)
There is no significant effect in length
of muscle except in Rectus femoris but
there were a significant
effect(decrease)on weight and diameter
in all adjacent muscles. It mean the
atrophy which was normally occurred
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in muscle due to fracture (30)continue
after 5 month. This may be explained
as nociceptive atrophy which is known
to cause atrophy of the adjacent muscle
and faraway muscles as reported by
Urbancova h (31). When there was a
delay union the bone cannot withstand
the weight so their will be a pain in the
area prevent the animals to use their
lower limbs normally. And it was
known that exercise and physical
training increase sectional area of
muscle fiber and the muscle bulk and
strength and the immobilization or
prolonged (12)rest produces profound
change(atrophy) in muscle, particularly
in lower limb (32,33)this is primarly
because of a lack of weight beering
activity on muscles(34).
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