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Cefazolin-sodium has no adverse effect on fracture healing in an
experimental rabbit model

Deneysel tavsan modelinde sefazolin-sodyumun kirik iyilesmesi Uzerine olumsuz etkisi yoktur
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Objectives: This study aims to investigate whether cefazolin-
sodium has any adverse effect on fracture healing in an
experimental rabbit model.

Materials and methods: The study was performed on 50
male New-Zealand white rabbits. Under general anesthesia,
closed double fracture of middle one-third of the tibia-fibula
of the left lower extremity of the subjects was produced by
manual compression followed by closed reduction of fracture
and long leg circular cast was applied. Subjects were divided
randomly into five groups including 10 rabbits in each group.
The first and second group were administered ciprofloxacin
50 mg/kg SC bid and cefazolin-sodium 50 mg/kg IM on
the seventh day of fracture. The third group was applied a
single high-dose of vitamin D (50.000 1U/kg) IM following
fracture. The fourth group was applied daily vitamin E (alpha
tocopherol) 20 mg/kg IM for five days from one hour before
the production of fracture. Control group did not receive
any treatment before and after fracture. Initial and control
X-ray examinations were performed immediately and four
weeks after production of fracture, respectively. At the end of
the fourth week, animals were sacrificed and a histological
examination of the fracture site was performed.

Results: Histological evaluation showed that the histological
grade of the fracture healing was significantly lower in the
ciprofloxacin group, while it was significantly higher in the
cefazolin-sodium, vitamin D and vitamin E groups, compared
to control group (p<0.005).

Conclusion: Significantly improved histological grade of
the fracture healing in subjects treated with cefazolin-sodium
than controls suggest that it may be reasonable to choose
cefazolin-sodium as an antibiotic therapy for the treatment of
infection in patients with bone fractures.
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Amagc: Bu calismada deneysel tavsan modelinde sefazolin-
sodyumun kirik iyilesmesi uizerine olumsuz etkisinin olup
olmadig: arastirildi.

Gerec ve yéntemler: Calisma 50 adet Yeni Zelanda tipi beyaz
erkek tavsan uzerinde gerceklestirildi. Genel anestezi altinda
deneklerin sag alt ekstremitesinde tibia-fibula yaklasik tcte
birlik orta kisminda manuel kompresyon yontemi ile kapali ¢ift
kirik olusturulduktan sonra, kapali yontemle kirik rediiksiyonu
sagland1 ve uzun bacak sirkiller al¢1 uygulandi. Denekler her
grupta 10’ar tavsan olacak sekilde rasgele bes gruba ayrildi.
Birinci ve ikinci gruplara kirigin yedinci giiniinde giinde iki
kere siprofloksasin 50 mg/kg subkutan ve sefazolin-sodyum
50 mg/kg intramuskiiler olarak uygulandi. Uctincui gruba kirik
sonrasinda yuksek dozda (50.000 IU/kg) D vitamini bir kez
IM olarak verildi. Dordiinci gruba ise kirik olusturulmadan
bir saat onceden baglayarak, giinde bir kere, toplam bes giin
sureyle E vitamini (alfa-tokoferol) 20 mg/kg IM olarak uygu-
landi. Kontrol grubuna kirik 6ncesinde ve sonrasinda herhangi
bir ila¢ verilmedi. Tum deneklere kirik olusturulduktan hemen
sonra ve dort hafta sonra baglangi¢ ve kontrol X-1s1n1 incelemesi
yapildi. Dorduincti haftanin sonunda denekler sakrifiye edildi
ve kirik bolgesine histolojik inceleme yapildi.

Bulgular: Histolojik incelemede siprofloksasin grubunda
kirik iyilesmesi histolojik evresinin anlamli olarak dusuk
oldugu, sefazolin-sodyum, D vitamini, E vitamini gruplarin-
daki kirik iyilesmesinin kontrol grubuna gore anlamli olarak
daha fazla oldugu saptandi (p<0.005).

Sonug: Calismamizin sonuglarina gore sefazolin-sodyum gru-
bunda histolojik kirik iyilesmesi evresinin kontrol grubuna gore
anlamli olarak daha iyi oldugunun saptanmasi, kemik kirig1 olan
hastalarda enfeksiyon tedavisi i¢in antibiyotik tedavisi olarak
sefazolin-sodyumun tercih edilebilecegini dusundirmektedir.

Anahtar sozciikler: Sefazolin; siprofloksasin; kirik iyilesmesi; D
vitamini; E vitamini.
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Fracture healing is a sophisticated process, which
begins from the time of injury and proceeds until the
fractured bone ends unite with mature and organized
bone tissue.! Although factors that influence fracture
healing have been extensively studied, there are some
uncertainties about this complex process.”

There are several factors identified as having
negative or positive consequences on fracture
healing.®7! Several studies suggested that vitamin
D and E influence fracture healing positively®
and others demonstrated that ciprofloxacin, a
fluoroquinolone antibiotic commonly prescribed for
infections of soft tissue, urinary tract or other regions,
has negative consequences on the healing of joint
cartilage and bone.12 A study of the effects of
cefazolin sodium on fracture healing reported that
the effect of this antibiotic on fracture healing was not
significantly different from the control group.P!

There are limited number of studies investigating
the effectiveness of antibiotics commonly used in
orthopedics and traumatology departments for
prophylaxis and treatment of the infections.>!4
Therefore, we compared the effects of vitamin D and
E, which have well-known positive effects on fracture
healing, with ciprofloxacin and cefazolin sodium,
which were less studied with regard to their effects
on fracture healing but commonly used in patients
with a bone fracture. The research question was “Does
cefazolin sodium have any adverse effect on fracture
healing in an experimental rabbit model?”

MATERIALS AND METHODS

Fifty male New Zealand White rabbits weighing
2000-2600 g (mean 2200 g) were used in the present
experimental study. The animals were fed standard
laboratory diet throughout the study. Animals were
housed in standard conditions of Animal Laboratory
in normal room temperature (24 °C) of our university
under supervision of veterinary doctor.

Fracture and reduction of fracture were done
under general anesthesia in all animals. Under general
anesthesia with the mixture of ketamine (50 mg/kg)
and xylazine (5 mg/kg),™ closed double fracture of the
middle one-third of the tibia and fibula was produced
in the animals. All fractures were produced in the
right leg of the animals to standardize the method.
Each fracture was produced by manual compression
using both hands according to the method described
by Allen et all' Animals in which an open fracture
resulted were excluded from the study. Following the
fracture, closed reduction was performed and a long
leg circular cast was applied.l?

Animals were divided randomly into five groups
of 10 rabbits in each group. Animals in the first
and second group respectively received twice daily
50 mg/kg ciprofloxacin subcutaneously (s.c) and
50 mg/kg cefazolin sodium intramuscularly (i.m), for
three weeks after the seventh day of fracture” The
third group of animals received a single high-dose of
(50000 IU/kg) vitamin D im after the production of
fracture.’) Animals in the fourth group received one
daily 20 mg/kg vitamin E (alpha-tocopherol) i.m for
total five days, initiating treatment one hour before
production of the fracture.®! The control group did not
receive any treatment before or after the fracture.

An initial X-ray evaluation was performed in all
animals after the production of the fracture. Bone
continuity more than 25% of the tibial diameter was
considered as radiological healing criterion."”’

Animals were sacrificed at four weeks after the
fracture via intraperitoneal injection of high-dose
phenobarbital, and then control X-ray examination was
performed. The material from the fractured extremity
was prepared for histological evaluation using
light microscopy. Bone tissue was prepared with a
decalcification technique, being initially fixed in 10%
formalin for three days, placed in Bouin’s solution for
two days followed by placing in 10% acetic acid, 85%
NaCl, 10% formalin solution for decalcification, for an
average of 15 days.l Fragments were rinsed in tap water,
and after appropriate fixation and cutting procedures,
stained with hematoxylin-eosin and evaluated
histologically. Histologic gradings were made by the
same pathologist who was blind to animal groups.

A grading technique for the progression of fracture
healing was used in histological evaluation, in
which grade I indicated only fibrous tissue; grade II,
predominantly fibrous tissue with a small amount of
cartilage; grade III, equal amounts of fibrous tissue
and cartilage; grade IV, only cartilage; grade V,
predominantly cartilage with a small amount of new
bone (woven bone); grade VI, equal amounts of cartilage
and new bone development; grade VII, predominantly
new bone with a small amount of cartilage; grade VIII,
entirely new bone development; grade IX, new bone
and a small amount of mature bone; and grade X,
lamellar (mature) bone tissue.'$"!

Statistical procedures were performed using
Statistical Package for Social Sciences (SPSS Inc.,
Chicago, Illinois, USA) for Windows version 11.0
software. Kruskall-Wallis test was used to find the
difference between groups and Mann Whitney-U
test to identify the group that resulted in significant
difference.
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TABLE |

Number of rabbits in groups according to histological grades of fracture healing

Histological grade of Ciprofloxacin Cefazolin-sodium Vitamin D Vitamin E Control P
fracture healing
3 7 - - - -
4 1 - - - -
5 - - N R p<0.001
6 - - - 8 -
7 - 8 - - -
8 - - 8 - -

RESULTS

Ten animals were excluded from the study because
of open fracture (n=5), death before the completion of
study (n=4) or infection at the fracture site (n=1). The
study was completed with eight animals in each group.
Grades of fracture healing on histological evaluation
were as follows: grade I1I in seven of eight animals and
grade IV in one of eight animals in the ciprofloxacin
group; grade VII in eight of eight animals in the
cefazolin sodium group; grade VIII in eight of eight
animals in the vitamin-D group; grade VI in eight of
eight animals in the vitamin-E group; and grade V in
eight of eight animals in the control group (Table 1).

Radiographic evidence of callus formation was
present in the fractures of all of the animals. When
attempting to cut the fracture line in order to confirm
this radiological healing before the decalcification
procedure, callus could not be cut with lancet in any
of the animals. Moreover, callus did not allow any
movement between the broken ends of the fracture,
and manual compression with three fingers of a hand
did not produce a fracture.

There was a significant difference between the
groups in histological fracture healing (p<0.001).
In paired comparisons of the groups, the grade of
histological fracture healing was significantly lower
in the ciprofloxacin group compared to the four other
groups (p<0.005). It was significantly different between
the cefazolin sodium group compared to the vitamin-D,
E and control groups; being significantly greater
than the vitamin-E and control groups (p<0.005),
significantly greater in the vitamin-D group compared
to the cefazolin sodium, vitamin-E and control groups
(p<0.005); and significantly greater in the vitamin-E
group compared to the control group (p<0.005).

The time to decalcification and subsequent
softening of materials derived from the animals in the
ciprofloxacin group was three to four days shorter than
in the other groups. Although clinical fracture healing

was not significantly different between groups, mean
decalcification time in the ciprofloxacin group was
shorter than mean decalcification time of 10 days in the
cefazolin sodium, Vitamin-D and E groups.

DISCUSSION

Results of the present experimental animal model
investigating the effects of ciprofloxacin and
cefazolin sodium on fracture healing showed that
fracture healing was worse in the ciprofloxacin
group than in other treatment groups, and was
better in the cefazolin sodium, vitamin-D and E
groups than in control animals. Besides local and
systemic factors, treatment drugs also affect fracture
healing.®*? Antibiotics are commonly used for the
prophylaxis and treatment of pre- and postoperative
infections in orthopedics and traumatology clinics.
The present study revealed that ciprofloxacin has
negative and cefazolin sodium has positive effects
on fracture healing.

Ciprofloxacin is an antibiotic used for soft tissue and
urinary tract infections, as well as for infections at the
fracture site. Ciprofloxacin has a direct toxic effect on
chondrocytes, inhibiting maturation of chondrocytes,
and preventing subsequent transformation to bone
tissue.! Similar to the results of Huddleston et al.F!
we also found that fracture healing was worse in the
ciprofloxacin group than in other groups.

The grade of fracture healing in the cefazolin
group was two grades greater than in other groups.
Although the mechanism of action is not known, the
positive effect found in the present study in favor of
cefazolin sodium on fracture healing is an important
factor for determination of antibiotic in the treatment
of infections in patients with a bone fracture.

Vitamin-D3 (1.25 dihydroxycholecalciferol) is
essential in synthesis of bone and cartilage, fracture
healing and remodeling of the fracture. Omeroglu et
al.’! demonstrated that administration of a single dose
50000 IU/kg i.m vitamin-D3 influence fracture healing
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positively. Authors suggested that the positive effect of
this vitamin on fracture healing results from increased
blood flow, increased synthesis and organization of
collagen fibrils, proliferation and differentiation of
progenitor cells of the bone and mineralization of
the matrix.”? Accordingly, we found a significant
histological improvement in the vitamin-D group
compared to the control group.

While radiological findings were comparable,
histological grade was significantly greater in the
vitamin-E group than the control group. It is well
known that free oxygen radicals are one of the
important factors influencing the fracture healing.
Goktiirk et al® administered 100 mg/kg Zymosan
intraperitoneally to rats in order to generate free
oxygen radicals and reported that fracture healing was
influenced negatively by this treatment. Evidence of
improved fracture healing in vitamin E-treated animals
in the present study may be attributed to antioxidant
effects of vitamin E that prevent the damage caused by
free oxygen radicals at the fracture site.?*

Plain radiography is commonly used for
monitoring of fracture healing. Plain radiography
is an inexpensive method, and has the advantage
of low exposure to radiation.? Osteoblasts are
moderately radiosensitive cells. Sensitivity of these
cells to radiation increases during fracture healing
as a consequence of proliferation of the cells. It was
suggested that minimizing the number of control
radiographs for monitoring of fracture healing
would influence the healing process positively.”
We attempted to minimize this hazardous effect by
taking direct radiographies only at the beginning of
the study and at the fourth week.

Fracture healing is commonly studied in
experimental animal models, including rabbit, rat,
mice and dog models. The experimental rabbit model
used in the present study provided the advantage of
easier application of circular cast after producing the
fracture and performing reduction in comparison to
other animal species.

Ciprofloxacin is reported as having adverse effects
on fracture healing because of its chondrotoxicity.
Huddleston et al.®! reported that cefazolin sodium had
no adverse effects on fracture healing in radiologic
and histologic examinations. We found that cefazolin
sodium had a positive effect on histologic fracture
healing via mechanisms that we could not explain. The
positive effect of cefazolin sodium on fracture healing
which was detected in our study might be due to a
positive effect on chondrocytes or other mechanisms.
Differently designed and advanced experimental

studies exploring the mechanisms of cefazolin sodium
on fracture healing are needed.

Hematoma at the fracture site induces and
modulates the cells required for the repair process.
It was demonstrated that positioning of the fracture
hematoma into the fracture line without any disruption
favors fracture healing. Moreover, fracture hematoma
is found to be rich in angiogenic factors. Angiogenesis
is crucial for normal fracture healing. It was suggested
that removal of fracture hematoma affects callus
formation negatively and extends fracture healing
time.” Producing a closed fracture in our experimental
study provided the advantage of no loss of fracture
hematoma from the fracture site. However, because we
produced double fractures of the tibia and fibula, one
of the limitations of the present study is the fact that
the healing process might be influenced negatively by
the probable interposition of interosseous membrane
between the broken ends of the fracture. Another
limitation of the study is lack of mechanical testing of
fracture healing.

In conclusion, the histological grade of fracture
healing was greater in animals treated with cefazolin
sodium than control animals, suggesting that it may be
reasonable to choose cefazolin sodium for treatment of
infections in patients with a bone fracture.

Declaration of conflicting interests

The authors declared no conflicts of interest with
respect to the authorship and/or publication of this
article.

Funding

The authors received no financial support for the
research and/or authorship of this article.

REFERENCES

1. Alturfan AK. Ortopedik travmatoloji. In. Akalin Y. Genel
bilgiler. Istanbul: Nobel Tip Kitabevleri; 2002. s. 10-5.

2. Cetinus E, Akgtimiis M, Cever i, Atay OF, Bakaris S. Kirik
iyilesmesi tizerine kalsitonin hormonunun etkisi. Eklem
Hastalik Cerrahisi 2000;11:179-83.

3. Huddleston PM, Steckelberg JM, Hanssen AD, Rouse
MS, Bolander ME, Patel R. Ciprofloxacin inhibition of
experimental fracture healing. J Bone Joint Surg [Am]
2000;82:161-73.

4. Bouxsein ML, Turek TJ, Blake CA, D’Augusta D, Li X,
Stevens M, et al. Recombinant human bone morphogenetic
protein-2 accelerates healing in a rabbit ulnar osteotomy
model. ] Bone Joint Surg [Am] 2001;83:1219-30.

5. Sun YQ, Ashhurst DE. Osteogenic growth peptide
enhances the rate of fracture healing in rabbits. Cell Biol Int
1998;22:313-9.

6. Omeroglu S, Cam M, Omeroglu H, Ates Y, Erdogan D.
Effect of prophylactic dose low molecular weight heparin



48

10.

11.

12.

13.

14.

15.

16.

on fracture healing: An Experimental Study in Guinea Pigs.
Eklem Hastalik Cerrahisi 1998;9:32-35.

Yorgancigil H, Ozerdemoglu RA, Korkusuz F, Erdogan N.
The Effects of nicotine on fracture healing in rats. Eklem
Hastalik Cerrahisi 1998;9:36-39.

Durak K, Sonmez G, Sarisozen B, Ozkan S, Kaya M, Ozturk
C. Histological assessment of the effect of alpha-tocopherol
on fracture healing in rabbits. ] Int Med Res 2003;31:26-30.
Omeroglu S, Erdogan D, Omeroglu H. Effects of single high-
dose vitamin D3 on fracture healing. An ultrastructural
study in healthy guinea pigs. Arch Orthop Trauma Surg
1997,116:37-40.

Keskin D, Karsan O, Ezirmik N, Cift¢ioglu A. Tavsanlarda
kirik iyilesmesi tizerine alfa-tokoferoliin etkisi. Eklem
Hastalik Cerrahisi 1999;10:207-10.

Bendele AM, Hulman JF, Harvey AK, Hrubey PS,
Chandrasekhar S. Passive role of articular chondrocytes
in quinolone-induced arthropathy in guinea pigs. Toxicol
Pathol 1990;18:304-12.

Kato M, Onodera T. Morphological investigation of cavity
formation in articular cartilage induced by ofloxacin in rats.
Fundam Appl Toxicol 1988;11:110-9.

Rathbone CR, Cross JD, Brown KV, Murray CK, Wenke JC.
Effect of various concentrations of antibiotics on osteogenic
cell viability and activity. ] Orthop Res 2011;29:1070-4.
Tuncay I, Ozbek H, Késem M, Unal O. A comparison
of effects of fluoroquinolones on fracture healing (an
experimental study in rats). Ulus Travma Acil Cerrahi Derg
2005;11:17-22.

Curl JL. Ketamine-xylazine anaesthesia in the Djungarian
hamster: Phodopus sungorus. Lab Anim 1988;22:309-12.
Allen HL, Wase A, Bear WT. Indomethacin and aspirin:
effect of nonsteroidal anti-inflammatory agents on the rate of
fracture repair in the rat. Acta Orthop Scand 1980;51:595-600.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Eklem Hastalik Cerrahisi

Goldberg VM, Powell A, Shaffer JW, Zika ], Bos GD,
Heiple KG. Bone grafting: role of histocompatibility in
transplantation. ] Orthop Res 1985;3:389-404.

Altman RD, Latta LL, Keer R, Renfree K, Hornicek FJ,
Banovac K. Effect of nonsteroidal antiinflammatory drugs
on fracture healing: a laboratory study in rats. J] Orthop
Trauma 1995;9:392-400.

Huo MH, Troiano NW, Pelker RR, Gundberg CM,
Friedlaender GE. The influence of ibuprofen on fracture
repair: biomechanical, biochemical, histologic, and
histomorphometric parameters in rats. J Orthop Res
1991;9:383-90.

Motoki DS, Mulliken JB. The healing of bone and cartilage.
Clin Plast Surg 1990;17:527-44.

Karaoglu S, Baktir A, Kabak S, Arasi H. Experimental repair
of segmental bone defects in rabbits by demineralized
allograft covered by free autogenous periosteum. Injury
2002;33:679-83.

Grundnes O, Reikerds O. Effects of instability on bone
healing. Femoral osteotomies studied in rats. Acta Orthop
Scand 1993;64:55-8.

Gokttirk E, Turgut A, Baycu C, Giinal I, Seber S, Giilbas Z.
Oxygen-free radicals impair fracture healing in rats. Acta
Orthop Scand 1995;66:473-5.

Simmons DJ. Fracture healing perspectives. Clin Orthop
Relat Res 1985;200:100-13.

Lane JM, Yasko AW, Tomin E, Cole BJ, Waller S, Browne
M, et al. Bone marrow and recombinant human bone
morphogenetic protein-2 in osseous repair. Clin Orthop
Relat Res 1999;361:216-27.

Kabak S, Balkar F, Duygulu F. The importance of fracture
hematoma in fracture union: Replacement of hematoma
over the fracture site. An experimental study. Acta Orthop
Traumatol Turc 2001;35:252-9.



