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I. Introduction

Successful management of maxillofacial fractures depends 
on correct reduction and precise fixation of the broken seg-
ments to establish normal occlusion and resume function1. 
Despite the advances in oral and maxillofacial surgery, de-
layed and incomplete bone healing remains a common con-
cern2. Bone healing is a complex process that involves three 
phases of inflammation, healing, and delayed remodeling. 
The inflammatory phase of bone healing is completed within 

one week, and the remodeling process begins at the end of 
the third week. These biological processes are controlled by 
complex molecular mechanisms. Different cell types and sev-
eral local and systemic factors including growth factors re-
leased from the adjacent tissues or delivered into the fracture 
site by blood circulation participate in the process of bone 
healing3,4. 

The efficacy of different modalities such as injection of 
growth factors and medications and electrical stimulation has 
been evaluated for enhancement and acceleration of bone 
healing5-7. Evidence shows that some medications such as 
specific types of antibiotics can delay or impair bone heal-
ing. By identifying and avoiding such medications, complete 
bone healing can be expected8. 

Levofloxacin is a broad-spectrum third-generation fluoro-
quinolone that is effective against Gram-positive and Gram-
negative aerobes and some anaerobes. It exerts its bacteri-
cidal effect through inhibition of bacterial DNA replication. 
It is quickly absorbed when taken orally and has a half-life 
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of 6 to 8 hours. It is mainly excreted through urine, has good 
bone penetration, and is among the antibiotics of choice for 
treatment of osteomyelitis, acute sinonasal infections, urinary 
tract infections, and acute bronchitis9-11. 

Cephalexin is a first-generation cephalosporin that is used 
for treatment of several bacterial infections. It is effective 
against Gram-positive and Gram-negative bacteria by affecting 
their cell walls. It is also among the most commonly prescribed 
medications after maxillofacial surgical procedures8,12,13. 

Recent studies have shown that the antibiotics levofloxa-
cin, trovafloxacin, and ciprofloxacin exhibit chondrotoxic 
effects and decelerate bone healing14,15. Despite the avail-
ability of numerous studies regarding the effects of antibiot-
ics on wound healing and their systemic effects, their impact 
on bone healing is not clearly understood. In addition, the 
available studies regarding the effect of antibiotics on bone 
healing are widely variable with respect to type of antibiotics 
and have reported controversial results. Therefore, this study 
aimed to compare the effects of systemic administration of 
levofloxacin or cephalexin on fracture healing in rats. 

II. Materials and Methods 

This study was performed at Dental Research Center, 
School of Dentistry, Isfahan University of Medical Sciences 
(Isfahan, Iran) taking six months period from April 2020 to 
October 2020. This animal study was conducted on male 
Wistar albino rats at 12 weeks of age and 250-300 g weights. 
The sample size was calculated to be 5 in each group consid-
ering α=0.05, β=0.2, and a study power of 80%. The study 
was conducted in accordance with the guidelines for the care 
and use of laboratory animals16 and was approved by the Eth-
ics Committee of Islamic Azad University, School of Den-
tistry, Khorasgan Branch (IR.IAU.KHUISF.REC.1399.214). 
In addition, the study was carried out in accordance with the 
Declaration of Helsinki (2013). 

The inclusion criteria were male albino Wistar rats at 12 
weeks of age and 250-300 g weights with no infections or 
pathological conditions. Rats that developed any infections 
with cardinal symptoms such as redness or pus discharge at 
the surgical site, fever, and those with pathological conditions 
were excluded. 

The rats were obtained from the Torabinejad Animal Re-
search Center. They were kept in cages at 22°C±2°C tem-
perature and 40%-60% moisture with 12-hour dark/12-hour 
light cycles and ad libitum access to food and water. 

General anesthesia was induced through injection of 70 

mg/kg ketamine and 0.02 mL/kg acepromazine maleate in-
tramuscularly and 12 mg/kg xylazine intraperitoneally. Next, 
0.5 mL of articaine with 1:200,000 epinephrine was injected 
for local anesthesia and hemostasis at the surgical site. The 
surgical site was shaved, and the area was prepared and disin-
fected with povidone iodine (Behvazan, Rasht, Iran). A tibial 
fracture not requiring fixation was induced (Fig. 1) using a 1.1 
mm surgical bur17. All surgical procedures were performed 
by the same surgeon. In addition, all rats received 1 mg/kg 
tramadol intramuscularly for 5 days postoperatively for pain 
management. 

After the surgical procedures, the rats were randomly di-
vided into 6 groups (n=5). Groups 1 and 2 received daily 
subcutaneous saline injections. Groups 3 and 4 received sub-
cutaneous injections of 25 mg/kg levofloxacin (Levofloxacin 
Solution 5 mg/mL; Normon Pharmaceutical, Madrid, Spain) 
twice daily18. Groups 5 and 6 received daily subcutaneous in-
jections of 20 mg/kg cephalexin (Cefazolin Vial 1 g; Jabereb-
nehyyan Pharmaceutical, Tehran, Iran)19. The rats in Groups 1, 
3, and 5 were sacrificed after 1 week (following completion 
of the inflammatory phase of bone healing), while the rats 
in Groups 2, 4, and 6 were sacrificed after 4 weeks (after the 
bone remodeling phase) through administration of high-dose 
sodium pentobarbital8. 

The induced tibial bone fracture did not require fixation 
and was not extensive enough to create movement limita-
tions. The fractured tibial bone was resected and underwent 
histological analysis by a pathologist blinded to the group 
allocation of specimens. The specimens were immediately 

Fig. 1. Tibial osteotomy.
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immersed in 10% formalin for 24 hours of fixation and then 
decalcified in 20% nitric acid. After 2 weeks, the specimens 
were dehydrated and embedded in paraffin, sectioned into 
4-µm-thick slices by a microtome, and stained with H&E. 
The stained sections were inspected under a light microscope 
(Nikon Eclipse E600; Nikon, Tokyo, Japan) at ×100 and 
×400 magnifications, and the score of fracture healing was 
determined according to Perry et al.8 as follows:

Score 1. All fibrous tissue
Score 2.  Mainly fibrous tissue and a small amount of carti-

lage tissue
Score 3. Equal amounts of fibrous and cartilage tissues
Score 4. All cartilage tissue
Score 5.  Mainly cartilage tissue and a small amount of im-

mature (woven) bone
Score 6.  Equal amounts of cartilage tissue and immature bone
Score 7.  Significantly immature (woven) bone and a small 

amount of cartilage
Score 8. All immature (woven) bone
Score 9.  Immature bone and a small amount of mature bone
Score 10. All mature (lamellar) bone
Data were analyzed using IBM SPSS Statistics (ver. 22; 

IBM, Armonk, NY, USA) by the Kruskal–Wallis test for gen-
eral comparisons and the Mann–Whitney U test for pairwise 
comparisons. The level of significance was set at 0.05.

III. Results 

None of the rats expired during the study, and they all tol-
erated the surgical procedures well. 

Table 1 presents the frequency of fracture healing scores at 
1 and 4 weeks in the rats that received saline injections. As 
shown, the mean score of fracture healing was 5.20±0.84 at 1 
week and 9.80±0.45 at 4 weeks in the rats that received saline 

injections. The Mann–Whitney test showed that the mean 
score of fracture healing at 4 weeks was significantly higher 
than that at 1 week in rats that received saline injections 
(P=0.005).

Table 2 presents the frequency of fracture healing scores 
at 1 and 4 weeks in rats that received levofloxacin injections. 
As shown, the mean score of fracture healing was 4.60±0.55 
at 1 week and 7.80±0.84 at 4 weeks in rats that received levo-
floxacin injections. The Mann–Whitney test showed that the 
mean score of fracture healing at 4 weeks was significantly 
higher than that at 1 week in rats that received levofloxacin 
injections (P=0.001). 

Table 3 presents the frequency of fracture healing scores at 
1 and 4 weeks in rats that received cephalexin injections. As 
shown, the mean score of fracture healing was 4.80±0.45 at 
1 week and 9.00±1.00 at 4 weeks in rats that received cepha-
lexin injections. The Mann–Whitney test showed that the 
mean score of fracture healing at 4 weeks was significantly 
higher than that at 1 week in rats that received cephalexin in-
jections (P=0.001). 

As indicated in Table 4, the Kruskal–Wallis test showed 

Table 1. Frequency of fracture healing scores at 1 and 4 weeks in 
rats that received saline injections 

1 week 4 weeks

No. of rats (%)
   Score
     4 1 (20.0) 0 (0)
     5 2 (40.0) 0 (0)
     6 2 (40.0) 0 (0)
     9 0 (0) 1 (20.0)
     10 0 (0) 4 (80.0)
   Total 5 (100) 5 (100)
Mean score of fracture healing 5.20±0.84 9.80±0.45
χ2 (P-value) 12.985 (0.005)

Values are presented as number (%) or mean±standard deviation.
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Table 2. Frequency of fracture healing scores at 1 and 4 weeks in 
rats that received levofloxacin injections 

1 week 4 weeks

No. of rats (%)
   Score
     4 2 (40.0) 0 (0)
     5 3 (60.0) 0 (0)
     7 0 (0) 2 (40.0)
     8 0 (0) 2 (40.0)
     9 0 (0) 1 (20.0)
   Total 5 (100) 5 (100)
Mean score of fracture healing 4.60±0.55 7.80±0.84
χ2 (P-value) 16.001 (0.001)

Values are presented as number (%) or mean±standard deviation.
Shayan Golestani et al: Comparative effects of systemic administration of levofloxacin 
and cephalexin on fracture healing in rats. J Korean Assoc Oral Maxillofac Surg 2022

Table 3. Frequency of fracture healing scores at 1 and 4 weeks in 
rats that received cephalexin injections 

1 week 4 weeks

No. of rats (%)
   Score
     4 1 (20.0) 0 (0)
     5 4 (80.0) 0 (0)
     8 0 (0) 2 (40.0)
     9 0 (0) 1 (20.0)
     10 0 (0) 2 (40.0)
   Total 5 (100) 5 (100)
Mean score of fracture healing 4.80±0.45 9.00±1.00
χ2 (P-value) 15.577 (0.001)

Values are presented as number (%) or mean±standard deviation.
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no significant difference among the saline, levofloxacin, and 
cephalexin groups in the mean score of fracture healing at 1 
week (P=0.360). However, this difference was significant at 
4 weeks (P=0.018). 

As shown in Table 5, the Mann–Whitney post-hoc test with 
Bonferroni adjustment revealed that the mean score of frac-
ture healing in the saline group was significantly higher than 
that in the levofloxacin group (P=0.015). No other significant 
differences were noted (P>0.05).

Representative histological images of the specimens are 
presented in Fig. 2 and 3.

IV. Discussion 

Fracture healing is an important topic in oral and maxil-
lofacial surgery, and resumption of function after fracture is 
a major goal in oral and maxillofacial surgical procedures. 
The outcome of surgery is influenced by a number of patient-
related factors as well as the type of bone defect and surgical 
approach20. In addition, due to the risk of infections such as 
osteomyelitis, antibiotics are commonly prescribed as a part 
of treatment21. The results of studies on the effects of antibi-
otics on bone healing have been controversial22, and several 
reports are available regarding their adverse effects in this 
respect8,14. 

In the present study, tibial fractures were induced since the 
tibia has the same fetal origin as the mandible. The creation 
of defects using a 1.1 mm surgical bur was in accordance 
with the study by Krischak et al.17. Cephalexin was evaluated 
in this study since it is routinely prescribed for prevention of 

hospital-acquired infections. Levofloxacin was also assessed 
since it is a newer antibiotic with good penetration into bone. 
The results showed significantly greater bone healing at 4 
weeks compared with 1 week in all three groups. At 4 weeks, 
the mean score of fracture healing in the saline group was 
significantly higher than that in the levofloxacin group. No 
other significant differences were noted. 

The present study found no significant difference in frac-
ture healing between the cephalexin and saline groups. No 
previous study is available regarding the effect of cephalexin 
on bone healing to compare our results. In the review study 
of Kallala et al.23 on the effects of cephalosporin antibiotics 
on metabolism of bone cells and fracture healing, no animal 
studies were found, and it was reported that the available rel-
evant human studies concerning this topic are limited. They 
concluded that cephalosporin is the main antibiotic adminis-
tered prophylactically in the majority of orthopedic trauma 
patients, and that prophylaxis with cephalosporin antibiotics 
most likely has no adverse effects on fracture healing. In 
addition, Holtom et al.24 demonstrated that ciprofloxacin (a 
cephalosporin antibiotic) exhibited moderate inhibitory ef-
fects on the proliferation of osteoblasts. According to Hud-
dleston et al.14, cefazolin (a cephalosporin antibiotic) had no 
significant effects on bone healing in comparison with the 
control group. Moreover, Salzmann et al.25 reported that ce-
furoxime (a cephalosporin antibiotic) in low concentrations 
exhibited no inhibitory effects on human osteoblasts. Edin et 
al.26 also demonstrated that cefazolin in concentrations ≤100 
µg/mL had minimal or no effect on proliferation of osteo-
blasts. 

The present results revealed that the score of fracture heal-
ing in the levofloxacin group was significantly lower than 
that in the control group. This finding was in line with the 
results of Perry et al.8 who concluded that administration of 
levofloxacin would impair bone healing. Levofloxacin is a 
fluoroquinolone effective against a wide range of microor-
ganisms and can penetrate into soft tissues, bone, and intra-
cellular fluid27,28. Quinolones are extensively used for treat-

Table 4. Comparison of the mean score of fracture healing among the saline, levofloxacin, and cephalexin groups at 1 and 4 weeks using 
the Kruskal–Wallis test (n=5)

Time point Group Mean rank χ2 Degree of freedom P-value

1 week Saline 9.90 2.043 2 0.360
Levofloxacin 6.40
Cephalexin 7.70

4 weeks Saline 11.60 7.994 2 0.018
Levofloxacin 4.00
Cephalexin 8.40
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Table 5. Pairwise comparisons of the groups regarding the mean 
score of fracture healing at 4 weeks 

Group 1 Group 2 χ2 P-value

Saline Levofloxacin 7.600 0.015
Saline Cephalexin 3.200 0.707
Levofloxacin Cephalexin –4.400 0.309
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ment of osteomyelitis. The recent generations of quinolones 
are highly effective against the common pathogens involved 
in osteomyelitis and achieve an adequate concentration in 
bone. In addition, they have a relatively long half-life with 
limited side effects and are well tolerated clinically. Quino-
lones inhibit bacterial topoisomerases (DNA gyrases) such as 
topoisomerase IV in Gram-positive bacteria and exert their 
antibacterial effects as such. Topoisomerases are imperative 
for induction of negative supercoiling in the tertiary structure 
of DNA. Attachment of quinolone antibiotics to DNA gyrase 
is fatal for division of prokaryotic cells24. Nonetheless, sev-
eral studies have shown that quinolones cause irreversible 
arthropathy in many animal species29-33. Egerbacher et al.34,35 
demonstrated that quinolones caused cytoskeletal changes 
and resulted in separation of human and rat cartilage under in 
vitro conditions. Huddleston et al.14 indicated that administra-
tion of ciprofloxacin (which is a fluoroquinolone) at the time 
of bone fracture would decelerate the process of bone heal-
ing particularly in the initial phases. Quinolones have been 
shown to be cytotoxic for eukaryotic cells. Preclinical toxico-
logical assessments have shown nephrotoxicity and cardiac 
toxicity of fluoroquinolones in laboratory animals24,36. Chon-

drotoxicity is the most important type of cytotoxicity related 
to fluoroquinolones. Several in vitro and in vivo studies have 
confirmed the chondrotoxicity of quinolones8,14,34,37,38. Frac-
ture healing begins with endochondral osteogenesis, which 

A B C

D E F

Fig. 2. A-F. Representative histological micrographs at ×400 (H&E staining). A. Fracture healing score 5 in a specimen from the saline 
group at 1 week (mainly cartilage tissue and a small amount of immature woven bone). B. Score 4 in a specimen from the levofloxacin 
group at 1 week (all cartilage tissue). C. Score 5 in a specimen from the cephalexin group at 1 week (mainly cartilage tissue and a small 
amount of immature woven bone). D. Score 9 in a specimen from the saline group at 4 weeks (immature bone and a small amount of 
mature bone). E. Score 7 in a specimen from the levofloxacin group at 4 weeks (significantly immature woven bone and a small amount of 
cartilage). F. Score 9 in a specimen from the cephalexin group at 4 weeks (immature bone and a small amount of mature bone).
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Fig. 3. Histological micrograph of the tibial osteotomy at ×100 
(H&E staining). 
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is then followed by intramembranous and endochondral 
ossification39. Chondrotoxicity can affect the cartilage and 
impair the next steps of endochondral ossification. Although 
the exact mechanism of the chondrotoxicity of quinolones 
has not been well-elucidated, it appears that their ability to 
chelate two-valence and three-valence cations is involved24. 
Perry et al.8 and Huddleston et al.14 showed that levofloxacin 
and ciprofloxacin impaired the proliferation of chondrocytes, 
significantly decreased callus formation at the fracture site, 
and prevented complete fracture healing. However, in the 
present study, levofloxacin (which is also a fluoroquinolone) 
exhibited no adverse effects on bone healing at 1 week. This 
difference might be due to the cancellous bone and optimal 
blood supply of the tibia, as well as the greater safety of le-
vofloxacin than ciprofloxacin. However, Huddleston et al.14 
showed that administration of cefazolin for 3 weeks had no 
adverse effects on osteogenesis, which was similar to the 
present findings. Förster et al.37 indicated that the in vitro 
chondro-pathogenic effects of quinolones were greater in 
tissues exposed to higher concentrations of quinolones and 
were detected sooner. Nonetheless, other mechanisms have 
also been suggested for the chondrotoxicity of quinolones 
in eukaryotic cells. Holtom et al.24 indicated that quinolones 
inhibited extracellular matrix mineralization, and treatment 
with levofloxacin slightly inhibited calcium deposition in 
injured bone tissue. This statement can explain the adverse 
effects of levofloxacin noted in the present study at 4 weeks. 

This study had some limitations. The bone response to 
higher and lower doses of the drugs remains unknown and 
should be evaluated in further studies. In addition, bone heal-
ing was evaluated at 1 and 4 weeks, and the effects of these 
antibiotics over longer periods of time must be investigated 
in future studies. Moreover, similar studies on larger ani-
mals such as rabbits and dogs should be carried out to obtain 
results more generalizable to humans. Furthermore, radio-
graphic, biomechanical, and genetic assessments (expression 
of genes involved in bone healing) can provide valuable in-
formation and further elucidate this topic. 

V. Conclusion

The present study was the first to show the possible adverse 
effects of long-term administration of levofloxacin versus 
cephalexin on fracture healing. Therefore, it is recommended 
not to prescribe levofloxacin for more than 1 week after 
surgical management of bone fractures due to its possible ad-
verse effects on fracture healing.
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