
Eklem Hastalıkları ve
Cerrahisi
Joint Diseases and
Related Surgery Original Article / Özgün Makale

Eklem Hastalık Cerrahisi

2016;27(1):16-21

doi: 10.5606/ehc.2016.04

The effect of teicoplanin on fracture healing: an experimental study

Teikoplanin’in kırık iyileşmesi üzerine etkisi: Deneysel çalışma

Hasan Göçer, MD.,1 Mehmet Emin Önger, MD.,2 Numan Kuyubaşı, MD.,1 
Alper Çıraklı, MD.,3 Mustafa Çağlar Kır, MD.4

1Department of Orthopedics and Traumatology, Medical Faculty of Ondokuz Mayıs University, Samsun, Turkey
2Department of Histology and Embriology, Medical Faculty of Ondokuz Mayıs University, Samsun, Turkey
3Department of Orthopedics and Traumatology, Kayseri Training and Research Hospital, Kayseri, Turkey

4Department of Orthopedics and Traumatology, Medical Faculty of Celal Bayar University, Manisa, Turkey

•	 Received:	October	14,	2015		Accepted:	November	24,	2015

•	 Correspondence:	Numan	Kuyubaşı,	M.D.	Ondokuz	Mayıs	Üniversitesi	Tıp	Fakültesi	Ortopedi	ve	Travmatoloji	Anabilim	Dalı,	55139	Kurupelit,	Samsun,	
	 Tel:	+90	507	-	306	39	66			Fax:	+90	362	-	457	60	91			e-mail:	s.numankuyubasi@hotmail.com

Permanent morbidity and mortality caused by failed 
fracture healing and infections in bone and prosthesis 
are still significant problems in orthopedic practice.[1,2] 

Broad-spectrum antibiotics or combinations of more 
than one antibiotic are used for the treatment of such 
infections. Experimental studies have been carried 

ÖZ

Amaç: Bu çalışmada teikoplanin’in kırık iyileşmesi 
üzerine etkisi stereolojik ve histopatolojik olarak 
incelendi.

Gereç ve yöntemler: Yirmi adet Wistar-albino erkek 
sıçan çalışma (teikoplanin) ve kontrol grubu olarak ikiye 
ayrıldı. Genel anestezi altında tüm sıçanların sağ tibiaları 
intramedüller olarak 0.5 mm’lik Kirschner teli ile tespit 
edildikten sonra kırık oluşturma aparatı ile standart kapalı 
cisim kırıkları oluşturuldu. Çalışma ve kontrol grubuna 
intraperitoneal olarak sırasıyla 10 mg/kg teikoplanin ve serum 
fizyolojik uygulandı. İşlem sonunda kontrol grafileri çekildi 
ve 28 gün sonra tüm sıçanlar sakrifiye edildi. Elde edilen 
doku örnekleri üzerinde tarafsız stereolojik ve histopatolojik 
yöntemler kullanılarak yeni kemik ve bağ doku hacimleri 
hesaplandı.

Bulgular: Teikoplanin’in kemik, damar ve bağ dokusu 
oluşumunu artırdığı gözlendi. Kemik ve damar total hacminde 
iki grup arasında istatistiksel olarak anlamlı farklılık vardı 
(p<0.05). Bağ doku total hacminde artış gözlenmesine rağmen 
iki grup arasında istatistiksel olarak anlamlı bir farklılık 
saptanmadı (p>0.05).

Sonuç: Teikoplanin antibakteriyel etkisinin yanı sıra yeni 
kemik oluşumunu artırabilir; böylelikle, enfeksiyonla birlikte 
görülen kemik defektlerinin tedavisinde güvenle kullanılabilir. 
Anahtar sözcükler: Kapalı kırık; kırık iyileşmesi; sıçan; teikoplanin; 
tibia kırığı.

ABSTRACT

Objectives: This study aims to investigate the effect 
of teicoplanin on fracture healing stereologically and 
histopatologically.

Materials and methods: Twenty male Wistar albino rats 
were separated into two as the study (teicoplanin) and control 
groups. After intramedullary fixation of the right tibia of all 
the rats with 0.5 mm Kirschner wire under general anesthesia, 
standard closed shaft fractures were created using fracture 
formation apparatus. Teicoplanin (10 mg/kg) and saline 
were administered intraperitoneally to the study and control 
groups, respectively. Control radiographs were taken at the 
end of the procedure and the rats were sacrificed after 28 days. 
New bone and connective tissue volumes were calculated 
on obtained tissue samples using unbiased stereological and 
histopathological techniques.

Results: It was observed that teicoplanin increased the 
formation of bone, vascularization, and connective tissue. 
There was a statistically significant difference between the 
two groups in respect of bone and vascular total volume 
(p<0.05). Although an increase was observed in connective 
tissue total volume, no statistically significant difference was 
detected between the two groups (p>0.05).

Conclusion: In addition to its antibacterial effect, teicoplanin 
may increase new bone formation; thus, it may be used safely 
in the treatment of bone defects accompanied with infection.
Keywords: Closed fracture; fracture healing; rat; teicoplanin; tibia 
fracture.
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out to investigate the effects of several factors on 
fracture healing.[3,4] Teicoplanin is a broad spectrum 
antibiotic used alone or together with other antibiotics 
in many circumstances where the agent is unknown 
or in infections associated with methicillin-resistant 
coagulase (–) Staphylococcus aureus in gram (+) aerobic 
and anaerobic organisms.[5] This antibiotic can be used 
either systemically or locally together with antibiotic 
cement for the control of orthopedic infections. A 
review of the literature did not reveal any study 
regarding the effect of teicoplanin on fracture healing. 
Therefore, in this study, we aimed to investigate the 
effect of teicoplanin on fracture healing stereologically 
and histopatologically.

MATERIALS AND METHODS

This study was conducted between April 2014 
and December 2014 at Ondokuz Mayıs University 
Experimental Animal Research and Applying  Center. 
Approval for the study was granted by the local 
ethics committee. All the procedures were applied 
in conformity with the experimental animals ethics 
guidelines. A total of 20 male Wistar albino rats, 
weighing 250-300 gr were used. The rats were placed 
in special cages with plastic bases and covered with 
wire. Throughout the study, the rats were kept at 
room temperature (22±2 °C) at 40%-50% humidity 
and under a 12-hour light-dark cycle. Rats were fed 
standard rat pellets and tap water. Using the random 
sampling method, rats were separated into two 
groups of 10 (study and control groups). A fracture 
was created in the right tibia bone of each rat. Then, 
teicoplanin (10 mg/kg) and saline were administered 
intraperitoneally to the study and control groups, 
respectively.

Surgical procedure

Anesthesia was applied to all rats with 
intraperitoneal application (10 mg/100 mg bodyweight) 

of ketamine (50 mg/mL Ketalar®, Pfizer, Istanbul) and 
(10 mg/100 mg bodyweight) prilocaine hydrochloride 
(2%, Citanest®, Astra Zeneca, Istanbul). Thirty minutes 
before the procedure, cefazoline sodium (15 mg/kg) 
was applied intramuscularly. When full anesthesia 
was achieved, the relevant area was shaved and 
antiseptic was applied. The knee was opened with an 
approximately 2 cm midline incision, the patella was 
protected to the lateral and fixation was made with a 
0.5 mm Kirschner wire (Figure 1). Following fixation, 
a fracture was created with the fracture apparatus 
described by Tatari et al.,[6] then radiographs were 
taken to check the fracture and the fixation (Figure 2). 
On the 28th day of the study, radiographs were taken, 
after which the rats were sacrificed.

Stereological method

According to the rules of systemic random 
sampling, parallel and serial coronal sections of 
equal length were used to calculate the involved 
volume and area. This interval is defined from the 
basic principles of stereology by taking the ‘error 
coefficient’ into consideration. The measurement of 
area points was organized as points at 50 µm intervals 
on the ruler. The total volumes of the sections were 
measured using the point counting method with 
the Cavalieri’s principle at magnification x10 on 
the computer-assisted system and by examining 
parameters such as newly-formed bone, vessels, and 
connective tissue. The Cavalieri’s principle is a method 
of calculating the volume of a structure separated into 
parallel slices at equal intervals. Calculations made 
with this method have shown no difference from 
calculations made with advanced imaging analysis 
systems in respect of precision and accuracy. An 
advantage of the stereological method is that the 
amount of error of the study can be calculated before 
the study. The relationship between the structure 
and the measuring ruler used is highly significant in 

Figure 1. Right knee was opened with an approximately 2 cm midline incision, patella was protected, 
and fixation was made with a 0.5 mm intramedullary Kirschner wire in tibia.
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terms of precision and accuracy of the sampling and 
calculations.

Histopathological method: The tibia samples 
obtained from the groups were fixed for one week 
in 10% formalin (10 mL 40% formaldehyde, 90 mL 

distilled water). Then, the tissues were decalcified 
in a 5% formic acid solution at room temperature 
for a period of 21 days. During the decalcification 
procedure, the hardness of the tissues was checked 
at three-day intervals and the solution was refreshed. 
Following this procedure, the tissues were washed 
in distilled water, then passed through a series 
of graduated alcohol, then cleared with a series 
of xylene, and finally embedded in fresh paraffin 
blocks. Coronal series sections of 5 µm thickness were 
taken on to glass slides as 1/50 sampling from the 
paraffin tissue blocks. For a histological evaluation 
of the structure, they were incubated overnight at 
60 °C in the incubator, and, after deparaffinization 
in xylene, the rehydration procedure was applied 
followed by staining with hematoxylin-eosin. All the 
stained sections were covered with Entellan (Merck 
KGaA, Darmstadt, Germany) and examined under a 
Leica DM4000 light microscope (Leica Microsystems 
CMS GmbH, Wetzlar, Germany).

Figure 2. After fracture was created with fracture apparatus, 
radiographs were taken to check tibial fracture and fixation.

Figure 3. Representative images obtained for histopathological evaluation at x5, x10, and x20 
magnifications. Black arrows indicate intense osteoblastic activity around new bone for SF + defect 
(control) and Teik + defect (study) groups. Head of black arrows show area of new bone regeneration 
in both groups. Vessel density is shown by asterisks (*) in SF + defect (control) group. Scale bars: 
250 µm and 125 µm.

(a)

(c)

(b)

(d)
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RESULTS

Teicoplanin enhanced the formation of bone, vessels, 
and connective tissue (Figure 3). An analysis of this 
effect revealed a statistically significant difference 
between the two groups in respect of bone and 
vascular total volume (p<0.05). Although an increase 
was observed in connective tissue total volume 
between the two groups, the difference was not 
statistically significant (p>0.05). All stereological 
results are summarized in Table 1.

DISCUSSION

The stages of fracture healing are known to be an 
extremely complex process.[7,8] There are several factors 
that affect fracture healing. Some of these are patient-
related such as ageing, chronic disease, and used 
medications while some are related to the severity 
of the injury and the treatment type.[9-11] Several 
antibiotics are clinically used alone or in combined 
form both as prophylaxis and in the treatment of 
infection. The effect of antibiotics on fracture healing 
has been investigated in previous studies, with 
some showing positive or negative effects and some 
showing no effect.[12-14] However, to the best of our 
knowledge, no previous study exits on the effect of 
teicoplanin on fracture healing, which is a frequently 
used antibiotic in clinical practice.

Teicoplanin is a broad spectrum antibiotic that 
is used against methicillin-resistant Staphylococcus 
aureus and coagulase (–) staphylococcus. This 
antibiotic can easily penetrate to the bone.[15] It 
was reported that the addition of calcium sulfate 
to polymethylmethacrylate-loaded teicoplanin 
increased antibiotic expression and decreased 
the bacterial adhesion.[16] In our study, the new 
bone areas increased statistically significantly in 
teicoplanin group, which may indicate osteogenesis 
and osseointegration triggered by teicoplanin.

Osteoblasts form mineralized osteoid. While 
osteoprogenitor cells do not play a role in the 

physiological development of bone, they function in 
regeneration after trauma. Since the total amount of 
connective tissue infiltration volume was higher in 
teicoplanin group compared to control group, we may 
conclude that teicoplanin increased new bone areas 
as a result of increased amount of connective tissue 
infiltration.

Although investigations on the presence and 
amount of progenitor cells in connective tissue 
compound using immunohistochemical staining 
would contribute to future studies, we suggest that 
teicoplanin may increase angiogenesis via different 
mechanisms as a result of increased total volume of 
capillaries.

Quinolone group antibiotics are often used 
in osteomyelitis and urinary system, soft tissue, 
and periprosthetic infections. Previous studies of 
quinolone group antibiotics have shown decreased 
bone healing and new bone formation. In in vivo 
studies, this effect has been shown to be the result of 
the prevention of osteoblast and chondrocyte synthesis 
and proliferation.[13,17-20] Holtom et al.[20] showed that 
bone formation was inhibited by preventing the 
accumulation of calcium in an in vitro study. Antoci et 
al.[21] demonstrated that osteoblasts and chondroblasts 
were reduced by impairing cell membrane functions. 

In various studies, cefazolin sodium, which is 
the most widely used prophylaxis in all surgical 
branches, has been reported to have no effect on 
fracture healing or to have a positive effect.[13,19,22] 
However, how this effect has been achieved has not 
been shown.

Salzman et al.[23] used high doses of cefuroxime 
locally in the osteoblast environment and demonstrated 
increased new bone formation by elevation of alkaline 
phosphatase level. It has been suggested that, due to 
this feature, cefuroxime combined with cement could 
be used clinically to increase the periprosthetic new 
bone formation.

TABLE I

Total volumes of new bone, vessel, and connective tissue

 Groups

Estimation Surgery+Saline Surgery+Teicoplanin

 Mean±SE Mean±SE

New bone total volume (mm3) 1.253±0.137 1.622±0.082

Blood vessels total volume (mm3) 0.050±0.006 0.084±0.006

Connective tissue total volume (mm3) 1.110±0.110 1.350±0.150

SE: Standard error.
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Benefits might be obtained from antibacterial 
properties with the local application of teicoplanin 
combined with cement in infections developing after 
arthroplasty surgery and osteomyelitis.[24,25] In the 
current study, teicoplanin was observed to increase 
new bone formation. In this respect, teicoplanin 
may be useful in increasing new bone formation 
in the treatment of bone defects after osteomyelitis 
treatment or revision arthroplasty surgery.

Haleem et al.[14] reported that vancomycin and 
gentamicin have no beneficial effect on fracture 
healing. Furthermore, Eder et al.[26] examined the 
toxic effect of different concentrations of vancomycin 
and showed that new bone formation was inhibited 
at high doses through the impairment of migration, 
proliferation, and differentiation of osteoblasts.

In a study by Masquelet,[27] it was shown that 
the pseudo fibrotic connective tissue filled with 
bone cement increased the formation of new bone. 
Pelissier et al.[28] reported a greater amount of 
osteoinductive and osteoconductive factors in the 
pseudosynovial membrane which formed around 
the cement and suggested that new bone formation 
was increased in this way. In the current study, more 
fibrotic connective tissue was observed around the 
fracture in the teicoplanin group compared to the 
control group. This fibrotic connective tissue, which 
forms around the fracture, might trigger fracture 
healing and new bone formation. Adding teicoplanin 
to the bone cement using Masquelet’s method for 
extensive bone defects may lead to more new bone 
formation by increasing the fibrotic connective tissue 
infiltration.[27]

Fracture hematoma and angiogenesis are of 
critical importance in fracture healing and new 
bone formation. Angiogenesis in the fracture area 
undertakes the important function of transporting 
metabolic substances both within the callus and to 
the area increasing osteogenesis.[24,29] In the current 
study, the increased angiogenesis in the fracture area 
of the teicoplanin group might be the reason for the 
increased fracture healing and new bone formation 
compared to the control group. With this effect, 
teicoplanin may be safely used in cases of infection 
which require new bone formation.

The positive or negative effects of antibiotics on 
the body vary according to the dose of antibiotic 
administered.[13,30] In a study by Zhang et al.,[31] seven 
different concentrations of rifampicin were used 
locally on cell cultures and it was shown that high 
doses prevented the proliferation of mesenchymal 
stem cells and osteoblast differentiation. Although 

antibacterial dose of teicoplanin is well known, 
further studies are required in order to establish the 
ideal dose which covers bone regenerative effect.

There are some limitations to this study including 
the lack of mechanical tests and measurements 
of osteoblastic activity markers such as alkaline 
phosphatase, type 1 collagen, and osteonectin as well 
as the serum antibiotic level.

In conclusion, the results of this study showed 
that teicoplanin may increase formation of new bone, 
vascular, and connective tissue. Therefore, it may be 
used in cases where the bone is weak or where there 
is bone defect accompanied with infection. Further 
studies are required to demonstrate the positive 
effects teicoplanin.
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