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Abstract The objective of the study was to produce a user-friendly device for creating standardized close fracture in an
experimental animal. We describe a device that takes advantage of the elastic and plastic nature of the bone for producing a
closed fracture with reproducible location and structure. Fractures were produced by a pendulum-like device applying an
external blow directly over the tibiae of female Wistar rats fixed to a platform by dynamic holders. The tibiae were
immediately stabilized by plaster fixation that was covered by dental wax. Radiographically, this method resulted in a highly
reproducible bi-cortical transverse fracture. Minimal soft tissue damage was noticed around the fracture site. Creatine
phosphokinase activity in the serumand in the gastrocnemius muscle o fthe posterior calf compartment was analy zed in order
to evaluate the standardization of the soft tissue damage. The device is simple to build and can be modulated and adapted to
different sizes of animals. By using this device, a highly reproducible closed fracture system can be implemented with

minimal damage to local soft tissues, but still with the local hematoma that is essential for the fracture healing process.
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1. Introduction

Creating an animal model is crucial for understanding the
cascade of events occurring following a fracture in a long
bone. Several approaches to creating closed fractures that
imitate a similar fracture in the human long bone have been
introduced in the last 20 years.(1-11) In those methods, the
bone to be fractured is rigidly fixed to the instrument and is
injured by a pendulum, gravity mass, or a piston effect,
creating an extramedullary force applied to the desired
location that produces a three-point bending effect. The
limitation of those approaches are that they do not truly
reproduce the biomechanical sequence of events taking place
when a human long bone is fractured, because the rigid grasp
of'the bone limits the elastic and plastic characteristics of the
bone

In an attempt to better imitate the biomechanical strain
produced at the time of a long bone fracture, we have
developed a device that creates a closed transverse fracture
in a long bone of the rat in which the bone is being held by
dynamic holders situated on a rotating platform. These
holders allow the bone to bend under the external force
applied until the force overcomes the plastic quality ofthe
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bone, resulting in a fracture. Moreover, the magnitude of the
force of the blow can be adjusted and controlled. The
innovation in our method is in exploiting the elastic and
plastic properties of the long bone in the environment of a
closed fracture.

2. Materials and Methods

The device is composed of five basic components (Fig. 1):
(a) a platform that supports the animal while the fracture is
being produced; (b) a frame supporting a moveable
pendulum and an adjustable stopper that limits the depth of
the blow to the bone; (c) a pendulum consisting of a steel
pole along which a moveable weight glides and that is used
to apply the external blow. By changing the position of the
weight, one can change the mass of the blow; (d) two
specially designed dynamic clamps, each located on a
rotating platformthat can be adjusted to the size of the limb;
and (e) a protractor that enables fixing the pendulum at the
angle desired. All components are made of stainless steel.

Sixteen female Wistar rats were randomly divided into
two groups: 10 animals served as the experimental group and
six as the control group. Animals were anesthetized by
intraperitoneal  injection of sodium phenobarbital
(4mg/100gr body weight, Rhéne Merieux Limited, Harlow,
Essex, UK).(12) The left leg of each of the experimental rats
was fixed to the device using the dynamic clamps that held
both ends of the animal limb. An external blow using an
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equal swing angle of the pendulum was applied to the tibiae.
In both groups, the left limbs were immediately fixated in a
cast covered by dental wax in order to prevent cast nibbling
and breakage by the animals. Animals were free to move in
their cage with full weight bearing throughout the entire
experimental period, and both groups received the same diet.
Radiological and clinical macroscopic assessments were
performed. Animals were killed 48 hours post-fracture by a
high dose of intraperitoneal nembutal. The experimental
protocol was approved by the Animal Care and Use
Committee of the Technion Faculty of Medicine

The gastrocnemius muscle was removed fromthe left leg
of all animals, and creatine phosphokinase (CPK) activity
was measured in the muscle and in the serum harvested at the
time of'sacrifice.(13) Fracture sites were dissected and their
anatomic structure was explored.

Statistical analysis was performed by unpaired ¢-test.
Significance level was set at p <0.05.

3. Results

The device and its detailed elements are demonstrated in
figure 1.
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Figure 1. "Rozen fracture device": (1) low-friction cylindrical pole; (2)
pendulum; (3) transportable weight; (4) clamp; (5) adjustable stopper that
enablesto determinethe depth of the blow across thetibial shaft; (6) custom
made (adjustableto bone size)tibia holder; (7) spirit level; (8) locking bolt;
(9) rotating platform; (10) a protractor that enables to obtain a reproducible
blow angle

In all animals, a closed fracture of the tibia was produced.
As demonstrated by radiography and proved by anatomical
dissection, all fractures were transverse and uniform (Fig. 2).
Minimal soft tissue damage was noticed around the fracture
site, but no open wounds were observed. CPK activity, as
anticipated, was significantly higher in the serum of the
experimental animals than in the serum of the control rats
that were not subjected to a fracture (Fig. 3). The values of
CPK activity in the sera of experimental and control rats are
given in Tables 1 and 2. As can be seen, the standard
deviation in each group was relatively small. On the other
hand, CPK level in the gastrocnemius muscle was
reciprocally lower (p<0.0001) in the experimental rats than
that in the controls, as a result of the lesion caused by the
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blow. The results are presented in Fig. 4 and Tables 3 and 4.

Table 1. CPK activity in the serum of experimental rats (n =6)

CPK activity Soluble protein CPK activity

(uM/ml/min) content (mg/ml)  per mgprotein
73.80 15.64 472
84.30 17.01 496
72.00 16.52 436
68.50 15.12 453
63.02 14.98 421
77.40 14.46 535

Table 2. CPK activity in the serum of control rats (n =5)

CPK activity Soluble protein CPK activity per
(1M/ml/min) content (mg/ml) mg protein
53.30 17.25 3.09
43.50 16.03 271
41.18 14.4 2.86
38.80 15.89 244
35.70 15.67 228

"[hgble 3. CPKactivity inthe gastrocnemius muscle of experimental rats (n

CPK activity Soluble protein CPK activity per
(uM/ml/min) content (mg/ml) mg protein
39.86 697 572
38.48 749 5.14
26.82 757 354
37.20 11.80 3.15
27.96 954 293
60.71 881 6.89
74.70 10.18 734
65.50 14.21 461
53.90 12.03 448

Table 4. CPK activity in the gastrocnemius muscle of control rats (1 = 6)

CPK activity Soluble protein CPK activity per
(uM/ml/min) content (mg/ml) mg protein
55.88 952 587
7175 10.22 7.02
68.30 10.01 6.82
76.40 10.46 730
78.3 11.02 7.11
83.7 13.41 624

Figure 2. A- Radiograph demonstrating a typical transverse fracture
(arrow) in the rat tibia that was obtained by the "Rozen fracture device", B-
Dissection ofthe fracture area (arrow)
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Figure 3. CPKactivity in mgprotein of serum of rats after fracture shows
a significant increase in the sera of fractured rats as compared with control
rats. * p <0.0001
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Figure 4. CPKactivity in mgprotein ofthe gastrocnemius muscle of rats
after fracture shows a reciprocal decrease inthe muscles of fractured rats as
compared with control rats. * p =0.0162

4. Discussion

The production of a standard closed fracture was
accomplished using a simple and rather inexpensive device
that can be built in any laboratory. The device enables
calculation of both the momentum and the total force applied
on the limb, simply by knowing the weight at the distal pole
of the pendulum and the angle to which it was elevated
previous to the swing. As in human patients, the structure of
the fracture and the extent of the soft tissue damage are
related to the loading forces applied by the device.

Most of the methods producing fractures that have been
described in the literature until now make use of an open
procedure, either by cutting the skin and muscles over the
site of the bone to be fractured by cutting,(14) or by creating
a closed fracture with devices that do not take in
consideration the elastic and plastic properties of the
bone.(1,3,4) In the device presented here, the rotating
platform clamps mimic the adjacent joints' movement that
takes place at the time of fracture and enable the long bone to
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explore its mechanical properties. Moreover, internal
fixation of the fracture through nailing(11,15,16) has the
following disadvantages: a) it necessitates an additional cut;
b) reduces the mechanical properties of a long bone, which
necessitates an additional cut; ¢) creates a drainage pathway
for the hematoma initiated by the fracture. The hematoma is
anecessary preliminary step in the cascade of events during
the process of fracture healing.

CPK enzyme activity in the serum of the treated animals
showed a uniform and statistically significant increase of
about 175% when compared with CPK enzyme activity in
the control rats, as well as a decrease of 28% in the calf
muscles. These results demonstrate that using the device of
implementing a fracture as described in this paper produces a
reproducible fracture pattern, as well as equal and minimal
damage to the surrounding soft tissue around the fracture.
Moreover, we suggest that the fracture caused by this device
and the following healing process present a reliable
reproduction of the physiological healing process of closed
fractures in the human patient.

In conclusion, our device is simple to build and might be
modulated and adapted to different sizes of animals. By
using this device, a highly reproducible closed fracture
system can be introduced with minimal damage to local soft
tissues, but still with the local hematoma that is essential for
the fracture healing process.
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