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BACKGROUND
Metal alloys utilized in the management of jaw fractures 
may exert genotoxic effects. Our purpose was to compare 
the genotoxicity of intermaxillary fixation devices contain-
ing nickel and chromium to that of titanium miniplates uti-
lized in treatment of jaw fractures through the analysis of 
sister chromatid exchange.
METHODS
In this prospective study, in a total of 28 non-smoker pa-
tients (10 females, 18 males; mean age 33.43±10.76; range 
15 to 60 years) with jaw fractures, 14 were treated with 
intermaxillary fixation by administration of nickel-chromi-
um wire and arch bar and 14 with titanium miniplates to 
investigate the genotoxicity of different metal alloys. The 
outcome variable was the frequency of sister chromatide 
exchange in peripheral lymphoctyes, determined through 
the analysis of venous blood samples obtained preopera-
tively and 4 to 6 weeks postoperatively.
RESULTS
The frequency of the average sister chromatid exchange 
was found to be significantly higher in patients treated 
with the nickel-chromium intermaxillary fixation devices 
than those treated by titanium miniplates (1.29±0.29 vs. 
0.46±0.39, p<0.001).
CONCLUSION
Although titanium miniplate osteosynthesis is an invasive 
technique in comparison with the nickel-chromium-con-
taining intermaxillary fixation devices, titanium seems to 
exert less genotoxic effect than the nickel-chromium alloy. 
However, this finding should be supported in clinical stud-
ies with a larger sampling size.
Key Words: Genotoxicity; intermaxillary fixation; nickel-chromi-
um alloy; sister chromatid exchange; titanium; titanium miniplate 
osteosynthesis.

AMAÇ
Çene kırıklarının tedavisinde kullanılan metal alaşımları 
genotoksik etkilere yol açabilir. Amacımız, kardeş kromatit 
değişim sıklığının analiziyle, çene kırıklarının tedavisin-
de kullanılan nikel-krom içerikli intermaksiller fiksasyon 
araçları ve titanyum miniplakların genotoksisitelerini kar-
şılaştırmaktır.
GEREÇ VE YÖNTEM
Bu ileriye yönelik çalışmada, farklı metal alaşımlarının ge-
notoksisitesini araştırmak için çene kırığı bulunan ve sigara 
içmeyen toplam 28 hastanın (10 kadın, 18 erkek; ortalama 
yaş 33,43±10,76; dağılım 15-60 yıl) 14’ünde nikel-krom 
içerikli ark bar ve tel uygulanmasıyla intermaksiller fik-
sasyon gerçekleştirilirken diğer 14’üne titanyum miniplak 
tedavisi uygulandı. Sonuç değişkeni ameliyat öncesinde ve 
ameliyattan dört-altı hafta sonra alınan venöz kan örnekle-
rindeki periferal lenfositlerde görülen kardeş kromatit de-
ğişiminin sıklığıydı.
BULGULAR
Ortalama kardeş kromatit değişim sıklığının nikel-krom 
içerikli intermaksiller fiksasyon araçlarıyla tedavi edilen 
hastalarda titanyum miniplaklarla tedavi edilenlere oranla 
önemli ölçüde daha yüksek olduğu gözlendi (1,29±0,29 ve 
0,46±0,39, p<0,001).
SONUÇ
Her ne kadar titanyum miniplak osteosentezi nikel-krom 
içerikli intermaksiller fiksasyon araçlarına kıyasla daha in-
vaziv bir teknik ise de, titanyumun nikel-krom alaşımından 
daha az genotoksik etkiye yol açtığı görülmektedir. Ancak 
bu bulgu daha geniş örneklem büyüklüğüyle gerçekleştiri-
len klinik çalışmalarla desteklenmelidir.
Anahtar Sözcükler: Genotoksisite; intermaksiller fiksasyon; 
nikel-krom alaşımı; kardeş kromatit değişimi; titanyum; titanyum 
miniplak osteosentezi.
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Fracture is the partial or total loss of bone integrity 
due to a trauma or a pathologic condition.[1,2] In the 
treatment of fractures, the main goal is to restore the 
functional integrity by bringing the fractured portions 
of the jaw into normal anatomical position, which is 
also termed as fracture reduction.[3,4] This is followed 
by fixation through which the fractured parts are held 
in their anatomical positions until the healing is com-
plete.[5-7] The materials used for intermaxillary fixa-
tion (IMF) encompass arch bars, ligature wires, pins, 
screws, and plates, which are made of various metals. 
The fixative elements such as plates, pins, wires, and 
screws submerged in the bone are composed of dif-
ferent metals that may lead to local or systemic reac-
tions over time.[7-10] While several studies[8,11,12] have 
reported on the local tissue reactions led by metals 
left in situ after healing, there are only a few reports 
on the systemic effects of metallic elements used for 
fracture treatment.[12-16]

The analysis of sister chromatid exchange (SCE) 
is a sophisticated cytomolecular technique used in re-
search studies for determination of genotoxicity.[17-20] 
The analysis of SCE indicates clastogenic, genotoxic 
and genetic instabilities in chromosomes as demon-
strated by discrete stainings in the symmetrical seg-
ments of the chromatids.[19-22]

In various lesions, SCE may increase under the 
influence of ultraviolet light and X-ray radiation, 
chemicals or even spontaneously. In determina-
tion of the mutagenic effects or genotoxic potential 
of chemicals, SCE is more sensitive than chromatid 
breaks, gaps and the figures of exchange. Mutagens 
and carcinogens can cause significant increase in the 
frequency of SCE, even in concentrations that would 
not cause chromosome breaks. SCE is thought to take 
place in the replication point, and SCE analysis is a 
technique used to study the effect of many chemical 
mutagens.[19,20,22-24]

In this study, our main purpose was to investigate 
the genotoxicity of different metal alloys used for the 
fixation of jaw fractures through the analysis of SCE. 

MATERIALS AND METHODS
This prospective study was carried out in a total of 

28 patients with jaw fractures (10 females, 18 males; 
all non-smokers; mean age 33.43±10.76; range 15 to 
60 years) who referred to the Department of Oral and 
Maxillofacial Surgery, Faculty of Dentistry, Istanbul 
University, Istanbul, Turkey, between January 2002 
and June 2008. The patients with a systemic infection, 
malignant disorder, history of cytotoxic or narcotic 
drug administration, smokers, and workers who could 
have been subjected to metal dusts were not included 
in the study. All patients signed an informed consent, 
prepared in accordance with the Declaration of Hel-

sinki, which was reviewed and approved by the local 
ethics committee of our institution.

In the treatment of 14 patients through IMF pro-
cedure, a durable, stainless and flexible arch bar con-
taining aluminum (58-65%), chromium (17-30%), 
iron (15-20%), and nickel (13-16%) and a ligature 
wire composed of vitallium (30-40%), chromium 
(17-25%), iron (15-20%), nickel (13-16%), and mo-
lybdenum (2.25-3.5%) were used. The metal elements 
utilized for IMF were left in place for 4-6 weeks. In 
the treatment of 14 patients with titanium miniplate 
osteosynthesis (TMO), a durable, stainless and bio-
compatible grade I-IV amorphous titanium alloy mini-
plate containing titanium (99.5%), iron (0.2%), oxy-
gen (0.1%), carbon (0.08%), nitrogen (0.05%), and 
hydrogen (0.013%) was utilized. Generally, the mini-
plates with 4 or 6 holes (20x2x0.9 mm in dimension) 
were preferred and stabilized using titanium screws in 
lengths of 5, 7, 9, 11 or 13 mm.

In the venous blood samples obtained before and 
4-6 weeks after the IMF and TMO surgery, the fre-
quencies of SCE in the peripheral blood lymphocytes 
were investigated. The peripheral blood lymphocytes 
were cultured for 72 hours in dark medium contain-
ing 0.5 µg/ml bromodeoxyuridine (BrdU), which was 
added 24 hours after the initial culturing process. The 
metaphase plates were obtained after the standard 
harvest procedure and stained by Fluorescent-plus-
Giemsa (FPG) technique. Using a light microscope 
(Leitz-Ortoplan), the counts of SCE and their distri-
butions in chromosomes were evaluated after select-
ing clear-cut metaphases under x100 magnification. A 
terminal change was counted as a single change and 
the interstitial changes as dual changes. Through the 
assessment of 30 metaphases in each case, the aver-
age SCE per metaphase before and after treatment was 
calculated by dividing the total count of SCE by the 
number of metaphases analyzed (Fig. 1). 
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Fig. 1. Arrows indicating the sister chromatid exchange in 
chromosomal sites.
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The Mann-Whitney U-test and the Wilcoxon signed 
ranks tests were performed for the statistical analyses 
of the data obtained from independent and dependent 
variables, respectively. The Statistical Package for the 
Social Sciences (SPSS) software (version 15; SPSS, 
Inc., Chicago, IL) was used for statistical analyses, 
and a p value less than 0.05 was considered statisti-
cally significant. 

 RESULTS
Of the 28 fractures treated, 25 were mandibular 

fractures and 3 were maxillary fractures. In 14 pa-
tients, 12 unilateral fractures and 2 bilateral fractures 
were treated by IMF procedure. In 14 patients, TMO 
procedure was carried out for the treatment of 5 uni-
lateral, 5 bilateral and 4 complex fractures (Table 1). 
Before the treatment, there was no statistically signifi-

cant difference between the average frequency of SCE 
in the peripheral lymphocytes of the patients treated 
by IMF or TMO (8.25±0.96 vs. 8.45±1.57, p=0.963). 
After the treatment, the average frequency of SCE sig-
nificantly changed in both groups, reaching 9.54±0.93 
(p=0.001) and 8.92±1.6 (p=0.001) in IMF patients and 
TMO patients, respectively (Tables 2, 3). The average 
frequency of SCE in the peripheral lymphocytes was 
significantly higher in the patients treated by IMF than 
in those treated by TMO (1.29±0.29 vs. 0.46±0.39, 
p<0.001) (Fig. 2).

DISCUSSION
There is still controversy as to whether the fixa-

tion devices should be removed or left in situ due to 
their possible local tissue reactions in addition to any 
systemic effects. Therefore, the genotoxic potential 
of different metal alloys used for fracture fixation has 
been investigated in research studies.

In this study, the patients treated with IMF were 
probably exposed to nickel and chromium ions re-
leased from the arch bar and ligature wire. The increase 
in the frequency of SCE in peripheral lymphocytes of 
these patients was statistically significant (1.29±0.29 
vs. 0.46±0.39, p<0.001). This was consistent with the 
findings of other studies carried out in patients exposed 
to nickel and chromium ions through the systemic 
route or inhalation.[22-25] Torgersen et al.[26] reported an 
increase in transformation of lymphocytes and aller-
gic reactions due to nickel alloy in patients treated by 
IMF. Merritt and Brown[27] indicated that particularly 
the ions of chromium, cobalt and nickel released from 

Fig. 2. Diagram showing the average frequencies of SCE in patients 
treated with nickel chromium-containing intermaxillary fixation 
(IMF) devices or titanium miniplate osteosynthesis (TMO). The 
average frequency of SCE in the IMF patients is significantly 
higher than in TMO patients (p=0.001, Mann-Whitney U-test).
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Table 1. The types of fractures and treatments 

Type of fracture 

Mandibular fracture 25 
Maxillary fracture 3 
Total 28 

Type of treatment TMO IMF 

Unilateral fracture 5 12 
Bilateral fracture 5 2 
Complex fracture 4 
Total  14 14
TMO: Titanium miniplate osteosynthesis; IMF: Intermaxillary fixation. 



Ulus Travma Acil Cerrahi Derg

a metal alloy through corrosion have toxic effects. The 
toxic ions of cobalt and nickel are excreted quickly 
through the urinary tract whereas the ions of chromi-
um are stored in tissues and slowly migrate to the uri-
nary tract. In comparison with the controls consisting 
of healthy, smoker and non-smoker subjects, Jelmert 
et al.[24] found a statistically significant increase in the 
frequency of SCE in the peripheral lymphocytes of the 
42 workers directly exposed to nickel and chromium 
ions in a welding factory manufacturing metal arches 
containing stainless steel. In an in-vitro study, Katsifis 

et al.[28] incubated the cell cultures containing NiSO4 
and chromium with the heparinized blood samples 
from non-smokers who were not previously exposed 
to the dusts of heavy metals and not showing signs 
of DNA damage. They indicated that nickel (II) and 
chromium (VI) increased the frequency of SCE in pe-
ripheral lymphocytes. In our study, attention was paid 
to eliminate the smokers, those patients ever exposed 
to cytotoxic drugs, and workers who could have been 
subjected to metal dusts, since smoking, cytotoxic 
drugs and inhaled metal dusts could lead to an increase 
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Table 3. Demographic data and the frequency of SCE observed before and after treatment in TMO patients 

 No. Patients Age Gender  Type of treatment  SCEbt SCEat Difference 
        (SCEat)-(SCEbt)

 15 AM 19 Male TMO 9.8 10.2 0.4 
 16 AT 21 Male TMO 10.7 11.0 0.3 
 17 AC 43 Female TMO 10.02 11.0 0.98 
 18 BC 41 Male TMO 7.9 8.6 0.7 
 19 ES 43 Male TMO 6.8 7.6 0.8 
 20 EC 35 Male TMO 11.0 11.2 0.2 
 21 FC 15 Male TMO 10.1 11.0 0.9 
 22 GU 42 Female TMO 8.7 8.4 -0.3 
 23 HB 39 Female TMO 6.8 7.2 0.4 
 24 KA 15 Female TMO 7.4 7.2 -0.2 
 25 MT 50 Male TMO 6.9 7.8 0.9 
 26 MO 29 Male TMO 7.2 7.9 0.7 
 27 SI 37 Female TMO 8.3 8.7 0.4 
 28 MM 43 Female TMO 6.8 7.1 0.3 
      8.45±1.57 8.92±1.6 0.46±0.39 (Mean±StD) 
SCEbt: Sister chromatid exchange before treatment; SCEat: Sister chromatid exchange after treatment; TMO: Titanium miniplate osteosynthesis; StD: 
Standard deviation.

Table 2. Demographic data and the frequency of SCE observed before and after treatment in IMF patients 

 No. Patients Age Gender  Type of treatment  SCEbt SCEat Difference 
        (SCEat)-(SCEbt)

 1  AC  31 Male  Intermaxillary fixation 7.2 9.2 2.0 
 2 BB 37 Male Intermaxillary fixation 8.6 9.8 1.2 
 3 CD 22 Male Intermaxillary fixation 7.2 8.4 1.2 
 4 HS 35 Male Intermaxillary fixation 8.7 9.8 1.1 
 5 IV 42 Male Intermaxillary fixation 7.8 8.7 0.9 
 6 MC 23 Female Intermaxillary fixation 8.9 10.2 1.3 
 7 MB 18 Male Intermaxillary fixation 10.2 11.3 1.1 
 8 NK 36 Female Intermaxillary fixation 6.8 7.9 1.1 
 9 NU 60 Male Intermaxillary fixation 9.2 10.4 1.2 
 10 ST 32 Female Intermaxillary fixation 7.9 9.4 1.5 
 11 SE 36 Female Intermaxillary fixation 7.6 9.4 1.8 
 12 TA 35 Male Intermaxillary fixation 9.2 10.6 1.4 
 13 MU 36 Male Intermaxillary fixation 8.7 9.9 1.2 
 14 RC 21 Male Intermaxillary fixation 7.5 8.6 1.1 
      8.25±0.96 9.54±0.93 1.29±0.29 (Mean±StD) 
SCEbt: Sister chromatid exchange before treatment; SCEat: Sister chromatid exchange after treatment; StD: Standard deviation.
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in the frequency of SCE.[29,30] Nevertheless, food addi-
tives and preservatives such as sodium benzoate and 
potassium benzoate commonly used as antimicrobial 
substances in many kinds of foods (e.g. marinated fish, 
fruit-based fillings, jam, salad dressing, soft drinks, 
and beer) have been reported to significantly increase 
the frequency of SCE in-vitro.[31] Therefore, the possi-
ble role of these substances should not be disregarded 
with respect to the non-significantly and significantly 
higher frequencies of SCE in the TMO and IMF pa-
tients, respectively.

In summary, the increase in the frequency of SCE 
was significant when arch bars and wires containing 
nickel and chromium were used for IMF, which is a 
non-invasive technique. On the other hand, the change 
in the frequency of SCE was not significant when the 
invasive TMO technique was performed with the use 
of plates and screws containing titanium alloy. The 
long-term follow-up of these patients was not possible 
due to the high costs of test kits used for determination 
of the SCE frequency.

In conclusion, 4 to 6 weeks after treatment, the 
materials containing nickel and chromium alloy used 
in IMF significantly increased the frequency of SCE 
in peripheral blood lymphocytes. On the other hand, 
the plates and screws containing titanium alloy used 
in TMO did not lead to significant changes in the fre-
quency of SCE after treatment. Even though our re-
sults indicate that titanium alloys are less genotoxic 
than nickel and chromium alloys, this should be con-
firmed in clinical studies with a larger sampling size.
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