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Abstract 

Background  This study was conducted to determine surgical site infection (SSI) rates and potential risk factors 
as well as to evaluate antibiotic prophylaxis in orthognathic surgery.

Methods  This retrospective observational study included patients who received orthognathic surgery. SSIs and their 
management were assessed for up to one year post-operatively. The applied antibiotic regime and other possible 
influencing factors (smoking, age, site of infection, drainage, duration of surgery, displacement distances, craniofacial 
malformations) were assessed.

Results  In total 291 patient met the inclusion criteria (56.7% female). The mean age at surgery was 25.5 ± 8.5 years. 
Fifty-four patients (18.6%) were diagnosed with a craniofacial malformation. Relevant previous surgeries were 
documented in about one quarter of included patients (n = 75). Ninety-two percent of patients (n = 267) received 
intraoperative single-dose antibiotic prophylaxis. Surgical site infections occurred in 12.4% (n = 36) of patients. 
There was a significant association between postoperative infections and type of surgery (P = .037) as well as type 
of drainage (P = .002). Statistical analyses also revealed a higher prevalence of smokers (P = .036) and previous surgi-
cally assisted rapid palatal expansion (SARPE) (P = .018) in the infection group. Furthermore, no significant relation-
ships were observed between postoperative infections and various co-factors (i.e. antibiotic regime, age at surgery, 
gender, associated craniofacial malformations, surgery duration, displacement distances, mandibular setback vs. 
advancement).

Conclusion  Low rates of SSIs occurred following an intraoperative single-dose antibiotic regime. None of the SSIs 
had a significant effect on the final surgical outcome. Present data do not warrant escalation of the antibiotic regimen. 
Postoperative smoking and capillary drainage should be avoided.
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Background
Orthognathic surgery is a frequently performed elective 
maxillofacial procedure to correct skeletal dentofacial 
anomalies. The intervention is classified as a clean-con-
taminated class II-surgery [1] and surgical site infections 
(SSI) are a relevant problem. The data on infection rates 
vary enormously, from 1.4% to 33.4% [2, 3]. SSIs endan-
ger the surgical outcome and represent a significant addi-
tional burden for the patient and the health care provider. 
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Therefore, reducing the risk of infection is a high prior-
ity in treatment and has always been the subject of much 
scientific research. Various prophylactic measures have 
been established, among which antibiotic prophylaxis is 
discussed particularly frequent and controversially. The 
alarming facts from the WHO [4] on the development 
of resistance and the associated predictions on mortality 
underline the need to critically evaluate any application. 
To date, the antibiotic prophylaxis regimes applied have 
been very heterogeneous, ranging from single-dose pre-/
intraoperatively [5, 6] to perioperative short-term appli-
cation [7, 8] and administration over several days [9, 10]. 
The scientific results are very heterogeneous and a con-
sensus or a proven, clearly superior strategy is still not 
apparent [11, 12]. The published studies differ much in 
their results and lead to contradictory recommendations. 
This shows that the correlations are not yet clear and sug-
gests that the factors influencing the infection rates are 
diverse and that the type and length of antibiotic prophy-
laxis may be perhaps less decisive than assumed. Thus, 
despite the numerous published studies, further research 
on this topic is still important. The wide range of results 
in the rate of SSI in orthognathic surgery and the ongo-
ing controversial debate on the necessity of a prolonged 
antibiotic prophylaxis in order to reduce SSI in highly 
elective procedures encouraged us to conduct this study. 
Another point were the possible adverse effects of a pro-
longed application of antibiotics on the individual and on 
society.

A large double-blind study with 14 participating cent-
ers, initiated by Ristow et al. [13], in 2021, is intended to 
bring more clarity. In preparation for participation in this 
trial.

The purpose of the present study was therefore to add 
further clinical results to the existing data in literature. 
We aimed to retrospectively determine the SSI rates for 
these interventions in our series and to discuss antibiotic 
prophylaxis, but also to detect other possible influencing 
factors in addition to the antibiotic prophylaxis regime. 
The null hypothesis was, that a prolonged antibiotic 
prophylaxis regime has no influence on the rate of SSI in 
orthognathic surgery.

Material and methods
Study design and data collection
Our electronic database was searched for patients 
with dentofacial anomalies and malocclusions who 
underwent orthognathic surgery in our department 
between 2010 and 2020. We only included patients with 
complete clinical and radiological documentation as 
well as patients who received one-jaw (bilateral sagit-
tal split osteotomy (BSSO) or Le Fort I-osteotomy) or 
bimaxillary, two-jaw surgery (BSSO and Le Fort I). The 

exclusion criteria were patients with incomplete docu-
mentation as well as patients who received surgically 
assisted rapid palatal expansion (SARPE), Le Fort II or 
Le Fort III osteotomy, segmental mandibular or maxil-
lary osteotomy or genioplasty. All procedures were per-
formed after proper orthodontic preparation. Surgeries 
were conducted by 3 surgeons during the observation 
period. Surgeon 2 and 3 were scholars of the first one 
using the identical surgical technique. For maxillary 
movement, Le Fort I osteotomy was performed in all 
included patients as previously described [14, 15]. In 
the mandible, bilateral sagittal split osteotomy (BSSO) 
was performed according to Obwegeser [16] and its 
later modifications [17, 18]. In all cases, titanium mini-
plate osteosynthesis was performed for internal fixa-
tion. There was no strict scientific follow-up protocol. 
Patients received regular surgical follow-up postopera-
tively, depending on clinical necessity, until the start of 
orthodontic postoperative treatment. Thereafter, regu-
lar surgical follow-up usually ended with the removal of 
miniplates which was scheduled after 6–9 months. The 
length of follow-up after the second surgical interven-
tion was again made dependent on individual clinical 
requirements. Afterwards, a revisit only took place if 
necessary.

We retrospectively analysed clinical records, anaesthe-
sia protocols and operative charts. Clinical characteris-
tics of patients, pre-existing condition, age and previous 
operations were documented. For analysis patients were 
not age-matched. Also, no predictors or effect modifiers 
were previously defined. Details about surgical manage-
ment such as treatment approaches (one- vs. two-jaw 
surgery), displacement distances and operating time were 
collected. Perioperative infection prophylaxis (e.g., anti-
biotic regime, type of drainage,) as well as surgical site 
infections (SSIs) and their management were assessed. 
Any patient with prophylactic or intraoperative antibiotic 
were enrolled. SSIs were defined by standardised surveil-
lance criteria [19]. SSIs occurring within one year postop-
eratively were considered according to these criteria for 
inserted implants. In addition, infections were clinically 
divided into uncomplicated wound infections and com-
plicated postoperative infections. Uncomplicated wound 
infections were classified as infections treated locally 
with cooling and irrigation of the surgical wound with or 
without additional antibiotic therapy. In contrast patients 
with complicated postoperative infections required sur-
gical wound revision with intraoral incision and drainage 
as well as additional antibiotic therapy.

Besides the applied antibiotic regime, also other pos-
sible influencing factors and confounders were assessed 
and analysed including the demographic factors (i.e. 
age at surgery and gender) and associated craniofacial 
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malformations as well as smoking, site of infection, type 
and duration of surgery, displacement distances, type of 
drainage.

This study was carried out in accordance with the ethi-
cal standards and recommendations of the institutional 
ethics committee (472/2019BO2). The STROBE report-
ing guidelines were followed.

Data analysis
Patient data were collected and pseudonymised from our 
electronic database and clinical records. Statistical evalu-
ation and descriptive statistics were performed using 
SPSS Version 24.0 (IBM, Armonk, NY). Shapiro–Wilk 
test was performed for normally distributed data. For sta-
tistical analyses non-parametric Mann–Whitney-U-tests 
were applied. Pearson’s chi-squared test was carried out 
to compare categorical parameters. Statistical signifi-
cance was considered if P < 0.05. Numerical data are pre-
sented as numbers and percentages, mean and standard 
deviation, or median and interquartile range. On purpose 
we did not perform a sample size-calculation before con-
ducting the study as Ristow et al. have already published 
such one. They calculated a necessary sample size of 1400 
patients (13) in order to answer the question whether a 
prolonged antibiotic prophylaxis regime reduces the risk 
of SSI.

Results
Patient characteristics (Table 1)
In the initial enrolment 405 patients, operated between 
2010 and 2020, were assessed for eligibility; 114 of these 
(28%) met the exclusion criteria. We thus included 291 
patients (43.3% male, 56.7% female) in this retrospec-
tive observational study. The mean age at surgery was 

25.5 ± 8.5  years. Fifty-four patients (18.6%) were diag-
nosed with a craniofacial malformation, the majority 
suffering from cleft lip and/or palate (CL/P) (n = 42), fol-
lowed by rare conditions such as hemifacial microsomia 
(n = 5), complex craniofacial deformities (n = 3), hemi-
mandibular hyperplasia (n = 2), Treacher Collins syn-
drome (n = 1) and Moebius syndrome (n = 1). Relevant 
previous surgeries were documented in about one quar-
ter of included patients (n = 75). Most of these under-
went cleft surgery (n = 42, 14.4%) or received surgically 
assisted rapid palatal expansion (SARPE) before orthog-
nathic surgery (n = 26, 8.9%). A few cases had previously 
received distraction osteogenesis of the mandible (MDO) 
due to hemifacial microsomia (n = 3), complex fracture 
treatment (n = 3) or high condylectomy due to hemiman-
dibular hyperplasia (n = 1).

In total 291 orthognathic procedures were analysed. 
In the majority of cases bimaxillary, two-jaw surgery was 
performed (n = 158, 54.3%), whereas one-jaw surgery 
of the mandible (BSSO) was performed in 80 patients 
(27.5%) and one-jaw maxillary osteotomy (Le Fort I 
osteotomy) in 53 patients (18.2%). The overall maxillary 
advancement was 3.4 (± 2.1) mm. The mean displacement 
in the mandible was 4.5 (± 2.2) mm, the mean mandibular 
advancement was 4.6 (± 2.3) mm and the mean mandibu-
lar setback was -4.3 (± 2.1) mm. The overall mean dura-
tion of surgery was 249 (± 97.4) min: 318 (± 71.2) min for 
two-jaw surgery, 172 (± 39.4) min for one-jaw BSSO, and 
158 (± 52.0) min for one-jaw Le Fort I osteotomy. The 
mean follow-up period was 11.4 (± 6.6) months.

Perioperative infection prophylaxis (Table 2)
Ninety-two percent of patients (n = 267) received intra-
operative single-dose antibiotic prophylaxis, whereas 8% 
(n = 24) received prophylactic prolonged postoperative 
antibiotics for 5 days. The statistical analysis revealed no 
significant difference in the occurrence of SSI between 
these two groups (P > 0.05). During the study period, 
there was a switch from penicillin G (n = 87, 29.9%) to the 

Table 1  Patient characteristics

Bimax bimaxillary two-jaw surgery, BSSO bilateral sagittal split osteotomy

Patients [n (%)] 291 (100)

Age [years (± SD)] 25.5 (± 8.5)

Gender [n (%)] Female 165 (56.7)

Male 126 (43.3)

Craniofacial anomalies [n (%)] 54 (18.6)

Previous surgery [n (%)] 75 (25.7)

Orthognathic surgery [n (%)] Bimax 158 (54.3)

BSSO 80 (27.5)

Le Fort I 53 (18.2)

Distances [mm (± SD)] maxillary advancement 3.4 (± 2.1)

mandibular advancement 4.6 (± 2.3)

mandibular setback -4.3 (± 2.1)

Surgery duration [minutes 
(± SD)]

249 (± 97.4)

Table 2  Perioperative infection prophylaxis

Bimax bimaxillary two-jaw surgery, BSSO bilateral sagittal split osteotomy

Antibiotic regime [n(%)] single-dose 267 (91.8)

prolonged 24 (8.2)

Antibiotics [n(%)] cefuroxime 188 (64.6)

penicillin G 87 (29.9)

clindamycin 16 (5.5)

Type of drainage mandible (n = 238) 
[n(%)]

suction drainage 218 (91.6)

capillary drains 15 (6.3)

no drainage 5 (2.1)

Intraoperative glucocorticoid [n(%)] 236 (81.1)
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now commonly used cefuroxime (n = 188, 64.6%). In case 
of documented allergy or hypersensitivity against penicil-
lin derivatives, clindamycin was used (n = 16, 5.5%). The 
statistical analysis showed no significant influence of the 
selected antibiotic on the occurrence of SSI (P > 0.05). 
After BSSO, patients usually received suction drainage in 
the mandible (n = 218/238, 91.6%). In rare cases patients 
received silicone capillary drains (n = 15/238, 6.3%) or no 
drainage (n = 5/238, 2.1%). Wound drainage in the max-
illa was not performed in any patient. Intraoperative glu-
cocorticoid administration for reducing postoperative 
swelling was documented in 81% of patients. In addition, 
all patients received controlled postoperative cooling 
using a Hilotherm® face mask (Hilotherm GmbH, Argen-
bühl-Eisenharz, Germany).

Surgical site infections (Table 3)
Surgical site infections occurred in 12.4% (n = 36) of 
patients. The majority of infections were located in the 
mandible (n = 31/36). Five patients (n = 5/36) presented 
a postoperative SSI in the maxilla. Furthermore, 23 SSIs 
occurred after bimaxillary two-jaw surgery, 12 after one-
jaw BSSO and one after one-jaw Le Fort I osteotomy. 
Twelve patients were diagnosed with an osteosynthesis-
associated infection (OAI) (n = 9 mandible, n = 3 maxilla). 
The median postoperative interval until infection was 
16.0  days (2–194, IQR 43), whereas OAI occurred sig-
nificantly later (73.0 (IQR 57) vs.10.5 (IQR 19), P = 0.000). 
Infections were classified clinically into uncomplicated 
wound infections and complicated postoperative infec-
tions. Twenty-two patients (7.6%) had uncomplicated 
wound infections. Out of these 4 patients were treated 
locally with cooling and irrigation of the surgical wound. 
Another 18 patients required antibiotic therapy in addi-
tion to local therapy. In contrast, 14 patients (4.8%) 
developed complicated postoperative SSIs after orthog-
nathic surgery. They required surgical wound revision 
with intraoral incision and drainage as well as additional 
antibiotic therapy. Table 3 displays the clinical details of 
the patients who presented with postoperative infection. 
None of the SSIs had a significant effect on the final sur-
gical outcome.

There was only one complication during surgery in the 
SSI group. One 34-year-old female patient (ID 23) had 
an intraoperative bad split during BSSO in bimaxillary 
surgery. However, we were able to continue surgery. This 
patient developed an osteosynthesis-associated infection 
(OAI) and was treated with incision and drainage as well 
as antibiotic therapy and early removal of miniplates (also 
see Table 3). None of the patients required a blood trans-
fusion. There was also no prolonged stay due to SSI. The 
median (min–max) stay in the non-affected group was 
6 days (3–12 days) and 6 days (3–9 days) in the SSI group.

Further statistical analyses were performed to investi-
gate multiple co-factors. There was a higher percentage 
of smokers in the infection group (χ2(1) = 4.4, P = 0.036). 
Fourteen out of 36 patients in the infection group were 
smokers (38.9% vs. 22.7%). In addition, the prevalence 
of SARPE (n = 7) was significantly higher (χ2(1) = 5.6, 
P = 0.018) in the infection group, whereas no significant 
difference in the prevalence of craniofacial malformations 
was detected between groups (χ2(1) = 0.1, P = 0.755).

Analyses revealed a significant association (χ2(2) = 6.58, 
P = 0.037) between postoperative infections and the type 
of surgery (i.e., BSSO (n = 12/80), Le Fort I (n = 1/53) 
and bimaxillary surgery (n = 23/158)). There was also a 
significant association (χ2(2) = 12.5, P = 0.002) between 
postoperative infection and type of drainage (i.e., suc-
tion drainage (n = 30/218), capillary drains (n = 5/15), no 
drainage (n = 1/58)). Furthermore, no significant rela-
tionships were observed between postoperative infec-
tions and various co-factors (i.e., age at surgery, gender, 
associated craniofacial malformations, surgery duration, 
displacement distances, mandibular setback vs. advance-
ment) (P > 0.05).

Discussion
Surgical site infections are a relevant complication fol-
lowing orthognathic surgery and are associated with 
further burden both for the patient and the medical care 
system.

The current study revealed an overall infection rate of 
12.4% within 1 year following orthognathic surgery. This 
is well within the infection rate of 10–15% expected by 
Peterson et al. [1] for class II procedures as well as in the 
lower half of the range (1.4–33.4%) specifically reported 
for orthognathic procedures [2, 3]. With regard to our 
regime of administered antibiotics, this rate is below the 
data given by some authors for a single-dose regimen [2, 
8, 20]. On the other hand, the literature also shows rates 
well below 12.4% for a prolonged regimen [7, 10, 21]. 
No clear superiority of the single-dose regimen can be 
proven with our data and this study design. But as most 
patients (91.8%, n = 267) received a single-dose of anti-
biotic prophylaxis, it can be concluded that abstaining 
from prolonged prophylaxis at least does not lead to an 
exceptionally high infection rate. A statistical correla-
tion between antibiotic regime and infection rate could 
not be proven on the basis of these data. Insofar the 
null hypothesis could be accepted with the limitation of 
a small number of patients with a prolonged antibiotic 
prophylaxis. Furthermore, none of the SSIs negatively 
affected the surgical outcome. In addition to the infection 
rate, however, the risks of prolonged prophylaxis should 
also be taken into account, such as the dramatic devel-
opment of resistance and the associated increase in the 
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number of deaths worldwide predicted by the WHO [4] 
or adverse side effects associated with the administration 
of antibiotics. Davis et al. [22] indicated a rate of 4.2% for 
adverse effects of antibiotic administration. In addition, 
the majority of reported SSIs were of minor severity. Fur-
thermore, it is unlikely that late osteosynthesis-associ-
ated infections with a median postoperative interval until 
infection of 73.0  days could be avoided by prolonged 

antibiotic administration immediately postoperatively. 
All these aspects provide further justification for prefer-
ring the single-dose to a prolonged regimen. This is in 
line with some comparative studies, e.g. Gaal et  al. [23] 
and Ghantous et al. [5] found no advantage of prolonged 
prophylaxis.

There was also no correlation with many other co-
factors such as age, gender, duration of surgery and 

Table 3  Surgical site infections

M male, F female, OAI osteosynthesis-associated infection, BCLP bilateral cleft lip and palate, UCL unilateral cleft lip, CP cleft palate, HH hemimandibular hyperplasia, 
HM hemifacial microsomia, SARPE surgically assisted rapid palatal expansion, HC high condylectomy, MDO mandibular distraction osteogenesis, Bimax bimaxillary 
two-jaw surgery, BSSO bilateral sagittal split osteotomy, max maxilla, mand mandible, UC uncomplicated infection, CI complicated infection

ID Sex Age at 
surgery

Diseases Previous surgery Orthodontic 
surgery

Infection site OAI Classification of 
infection

Days 
until 
infection

1 M 49 Bimax mand n UC 5

2 F 41 BSSO mand n UC 9

3 M 24 Bimax mand n UC 2

4 M 27 SARPE Bimax mand y UC 78

5 M 27 Bimax mand n UC 7

6 F 30 BSSO mand n UC 6

7 F 28 BSSO mand n UC 9

8 F 28 SARPE BSSO mand n CI 14

9 F 18 BSSO mand n UC 2

10 M 37 BSSO mand n CI 39

11 F 23 SARPE Bimax mand y CI 78

12 M 21 Bimax max n UC 9

13 F 44 BSSO mand n CI 49

14 F 20 Bimax mand y CI 72

15 F 20 Le Fort I max y CI 37

16 F 17 Bimax mand n UC 13

17 F 19 Bimax mand n UC 20

18 F 27 BSSO mand n UC 8

19 M 21 CP cleft surgery + SARPE BSSO mand y CI 128

20 M 19 Bimax mand n CI 42

21 M 32 SARPE Bimax max y CI 13

22 F 16 Bimax mand n UC 12

23 F 34 SARPE BSSO mand y CI 82

24 F 21 Bimax max y UC 20

25 M 19 BCLP cleft surgery Bimax mand n UC 29

26 M 28 Bimax mand n UC 6

27 M 18 BCLP cleft surgery Bimax mand y CI 74

28 M 18 UCL cleft surgery Bimax max n UC 78

29 F 28 Bimax mand n CI 27

30 F 22 Bimax mand y CI 194

31 F 32 BSSO mand n UC 6

32 F 25 SARPE BSSO mand n UC 18

33 M 27 HH HC Bimax mand n UC 13

34 F 19 Bimax mand n UC 6

35 M 21 HM MDO Bimax mand y CI 52

36 F 22 Bimax mand y UC 8
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displacement distance or type. Concerning gender and 
age the data confirm the findings of Posnick et  al. [10] 
but are contrary to Barrier et  al.[24] with regard to the 
duration of surgery. Especially for the large anterior dis-
placement distances the result was surprising. We would 
have assumed, that less bone contact might induce an 
increased risk of SSI. In contrast and as expected, smok-
ing was found to be a relevant factor, thus confirming the 
findings of Kuhlefelt et al. [25], but contrary to the data 
of Davis et al. [22]. Further studies, which should record 
the duration and quantity of tobacco consumption both 
pre- and postoperatively more precisely and evaluate it in 
a differentiated manner, are needed to clarify this matter.

The outcome of the evaluation of the influence of pre-
existing craniofacial malformations on the infection 
rate was surprising. The study cohort included a high 
percentage (n = 54, 18.6%) of patients with concomitant 
craniofacial malformations. Most of them had multiple 
previous surgical interventions, which were expected 
to negatively influence the infection rate and represent 
a risk factor. This assumption was refuted by the data 
analysis. While the statistical evaluation revealed no cor-
relation between SSIs and craniofacial malformations, a 
significant association was detected between infections 
and type of surgery (χ2(2) = 6.58, P = 0.037). The majority 
of infections occurred in the mandible (n = 31/36). This 
is consistent with the data of other authors [22, 25, 26]. 
This may be due to limited blood supply of the mandi-
ble compared to the maxilla. In the cohort of patients 
with craniofacial malformations, clefts were predomi-
nant (n = 42/54) and most of them required only a single-
jaw surgery with maxillary advancement to correct the 
cleft-associated maxillary retrognathia. Davis et  al. [22], 
among others, reported a significantly lower infection 
rate with a single Le Fort I osteotomy. This might explain 
why craniofacial anomalies were not statistically asso-
ciated with the occurrence of SSI. However, 4 out of 42 
cleft patients had an SSI after orthognathic surgery. All 
4 had received a bimaxillary procedure and 3 of them 
developed an infection in the mandible. No cleft patient 
with single maxillary advancement had a postoperative 
infection. The location and type of surgery is more rel-
evant for the infection risk than associated craniofacial 
malformations. Interestingly, however, the proportion 
of patients with previous SARPE was also significantly 
higher in the infection group (n = 7), but the infection 
was again mostly located in the mandible (n = 6) and only 
one case had a wound infection in the maxilla. A plau-
sible explanation for this correlation cannot be given. It 
should be confirmed or refuted by much larger studies.

Another perioperative measure had a significant 
impact on the postoperative infection rate. Analysis 
revealed an advantage of suction drains compared to 

capillary drains. This is consistent with the basic idea that 
the smaller the haematoma, the lower the risk of infec-
tion. For better patient comfort, the well-established 
practice of suction drains was changed and only capil-
lary drains were inserted after BSSO. However, after only 
a short time, a significant increase in infection rates was 
observed in these patients, so this approach was quickly 
abandoned. Looking at the literature the present results 
contradict the findings of Spaey et al. [26] and Kuhlefeldt 
et  al. [25] who reported increased infection rates when 
using drains. Further studies with large case numbers 
would be useful in this regard.

Another issue to discuss are the surgery room condi-
tions. Laminar air flow is generally controversially dis-
cussed. But Barbadoro et  al.[27] found out that there is 
a benefit of laminar air flow for clean as well as for clean-
contaminated surgery. Orthognathic surgery belongs to 
clean- contaminated surgery. As all operating rooms of 
our hospital are equipped with laminar air flow, all proce-
dures took place under this condition.

The above observations illustrate the limitations of the 
study.. The retrospective nature of the study is accompa-
nied by a number of limitations, not all of which can be 
eliminated. Although the STROBE checklist served as 
a guideline, not all items could be adequately addressed 
due to the retrospective approach. Non-randomized and 
retrospective observational studies in particular are sub-
ject to the dangers of bias in a variety of ways and at all 
levels (patient selection, collection, evaluation and inter-
pretation of the data).

For example, the patient clientele is not balanced, nei-
ther to gender, nor to age, but all treated orthognathic 
surgery cases were initially considered and checked for 
the inclusion and exclusion criteria. In addition, there 
are neither uniform follow-up intervals, nor is the doc-
umentation of the data uniform. Therefore, a selection 
bias as well as an information bias cannot be completely 
excluded. Possible confounding factors may be e.g. con-
comitant diseases. Craniofacial abnormalities have been 
explicitly mentioned, but reliable information on other 
potentially influencing pre-existing conditions is not con-
sistently available. However, the latter is less relevant in 
its impact as a potential confounder factor, since most 
patients for elective orthognathic surgery are young, 
healthy people.

Nevertheless, we consider the information gained 
from this study to be valuable, especially in addition 
to existing literature. All retrospective observational 
studies are afflicted with similar problems. Pointing 
out and keeping in mind possible biases is probably 
the best way to address these dangers as they cannot 
be eliminated. Thus, this study, like most others, can-
not clearly determine the best antibiotic prophylactic 
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regime in orthognathic surgery. Unfortunately, very 
large numbers of cases are needed to provide solid sta-
tistical evidence of the superiority of a specific prophy-
laxis regime. Insofar the number of cases is another 
limitation of our and most other studies. More than 
1400 cases are necessary for a statistically supported 
statement on this topic [13]. This is hardly feasible for a 
single centre in an acceptable time frame. Accordingly, 
the literature usually contains either prospective, ran-
domised studies with quite small numbers [6, 7, 28–30] 
or retrospective studies with larger numbers of cases 
[2, 3, 9, 20, 22, 23, 31]. Both approaches clearly mini-
mise the significance. This aspect has been repeatedly 
criticised in several published reviews and meta-anal-
yses [11, 12, 21]. Due to these difficulties, the contro-
versial debate about the optimal antibiotic prophylaxis 
regimen is still ongoing and high-quality randomised 
studies investigating this issue are needed. With the 
intention of overcoming these limitations and achiev-
ing case numbers of over 1400, Ristow et al. [13] have 
initiated a large multicentre randomised double-blind 
clinical trial also involving our centre.

In summary, the pure single-dose antibiotic protocol 
for the prophylaxis of SSI in orthognathic surgery led 
in our series to SSI rates lying within the superior range 
reported in literature. Other factors as the type of drain-
age, site of surgery or smoking are statistically signifi-
cant. According to our analysis, craniofacial anomalies 
do not represent a risk factor in this regard. The present 
data are a valuable addition to the existing literature and 
also reveal aspects that are worth further, more detailed 
investigation.

Abbreviations
BSSO	� Bilateral sagittal split osteotomy
CL/P	� Cleft Lip and/or Palate
MDO	� Mandibular distraction osteogenesis
OAI	� Osteosynthesis-associated infection
SARPE	� Surgically assisted rapid palatal expansion
SSI	� Surgical site infection
WHO	� World health organisation

Acknowledgements
We would like to thank Siegmar Reinert former chair of the department for 
supporting the project. We acknowledge support by Open Access Publishing 
Fund of University of Tübingen.

Authors’ contributions
Idea and concept: SK, AN. Collecting data: CHN, MK, DA. Analysis: CHN, AN. 
Interpretation: AN, SK, MK, DA. Drafted the manuscript: AN, SK. Revised the 
manuscript: MK, CHN, DA. All authors read and approved the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. This research 
did not receive any specific grant from funding agencies in the public, com-
mercial, or not-for-profit sectors.

Availability of data and materials
The datasets generated and/or analysed during the current study are available 
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was carried out in accordance with the ethical standards and 
recommendations of the local ethics committee of the University Tuebingen 
(472/2019BO2). In this context, the Ethics Committee has ensured compliance 
with all national regulations relating to informed consent. The need for con-
sent was deemed unnecessary according to national regulations (LDSG§13(1) 
and BDSG §27).
The study adhered to the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 8 October 2022   Accepted: 5 September 2023

References
	1.	 Peterson LJ. Antibiotic prophylaxis against wound infections in oral and 

maxillofacial surgery. J Oral Maxillofac Surg. 1990;48(6):617–20.
	2.	 Chow LK, Singh B, Chiu WK, Samman N. Prevalence of postoperative 

complications after orthognathic surgery: a 15-year review. J Oral Maxil-
lofac Surg. 2007;65(5):984–92.

	3.	 Cousin AS, Bouletreau P, Giai J, Ibrahim B, Louvrier A, Sigaux N. Severity 
and long-term complications of surgical site infections after orthognathic 
surgery: a retrospective study. Sci Rep. 2020;10(1):12015.

	4.	 Resistance TAhICGIoA: No time to wait: securing the future from drug-
resistant infections. In. 2019.

	5.	 Ghantous Y, Araidy S, Yaffe V, Mirochnik R, El-Raziq MA, El-Naaj IA. The effi-
ciency of extended postoperative antibiotic prophylaxis in orthognathic 
surgery: A prospective, randomized, double-blind, placebo-controlled 
clinical trial. J Craniomaxillofac Surg. 2019;47(2):228–32.

	6.	 Kang SH, Yoo JH, Yi CK. The efficacy of postoperative prophylactic 
antibiotics in orthognathic surgery: a prospective study in Le Fort I 
osteotomy and bilateral intraoral vertical ramus osteotomy. Yonsei Med J. 
2009;50(1):55–9.

	7.	 Davis CM, Gregoire CE, Davis I, Steeves TW. Prevalence of Surgical Site 
Infections Following Orthognathic Surgery: A Double-Blind, Randomized 
Controlled Trial on a 3-Day Versus 1-Day Postoperative Antibiotic Regi-
men. J Oral Maxillofac Surg. 2017;75(4):796–804.

	8.	 Wahab PU, Narayanan V, Nathan S. Madhulaxmi: Antibiotic prophylaxis 
for bilateral sagittal split osteotomies: a randomized, double-blind clinical 
study. Int J Oral Maxillofac Surg. 2013;42(3):352–5.

	9.	 Ishikawa S, Morikane K, Konta T, Ueda S, Yusa K, Okuyama N, Kasuya 
S, Kunii S, Suzuki N, Eguch M, et al. Association between the duration 
of antibiotic prophylaxis and surgical site infection after orthognathic 
surgery in Japan. J Stomatol Oral Maxillofac Surg. 2022.

	10.	 Posnick JC, Choi E, Chavda A. Surgical Site Infections Following Bimaxillary 
Orthognathic, Osseous Genioplasty, and Intranasal Surgery: A Retrospec-
tive Cohort Study. J Oral Maxillofac Surg. 2017;75(3):584–95.

	11.	 Milic T, Raidoo P, Gebauer D. Antibiotic prophylaxis in oral and 
maxillofacial surgery: a systematic review. Br J Oral Maxillofac Surg. 
2021;59(6):633–42.

	12.	 Naimi-Akbar A, Hultin M, Klinge A, Klinge B, Tranæus S, Lund B. Antibiotic 
prophylaxis in orthognathic surgery: A complex systematic review. PLoS 
ONE. 2018;13(1): e0191161.

	13.	 Ristow O, Hofele C, Münch P, Danner S, Dietzel A, Krisam J, Klose C, Pilz M, 
Hoffmann J, Freudlsperger C. APOS-antibiotic prophylaxis for preventing 
infectious complications in orthognathic surgery: study protocol for a 



Page 8 of 8Naros et al. BMC Oral Health          (2023) 23:688 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

phase III, multicentre, randomised, controlled, double blinded, clinical 
trial with two parallel study arms. Trials. 2021;22(1):762.

	14.	 Bell WH. Le Forte I osteotomy for correction of maxillary deformities. J 
Oral Surg. 1975;33(6):412–26.

	15.	 Buchanan EP, Hyman CH. LeFort I Osteotomy. Semin Plast Surg. 
2013;27(3):149–54.

	16.	 Trauner R, Obwegeser H. The surgical correction of mandibular prog-
nathism and retrognathia with consideration of genioplasty. I. Surgical 
procedures to correct mandibular prognathism and reshaping of the 
chin. Oral Surg Oral Med Oral Pathol. 1957;10(7):677–689; contd.

	17.	 Dal Pont G. Retromolar osteotomy for the correction of prognathism. J 
Oral Surg Anesth Hosp Dent Serv. 1961;19:42–7.

	18.	 Hunsuck EE. A modified intraoral sagittal splitting technic for correction 
of mandibular prognathism. J Oral Surg. 1968;26(4):250–3.

	19.	 Horan TC, Gaynes RP, Martone WJ, Jarvis WR, Emori TG. CDC definitions of 
nosocomial surgical site infections, 1992: a modification of CDC defini-
tions of surgical wound infections. Am J Infect Control. 1992;20(5):271–4.

	20.	 Remschmidt B, Schwaiger M, Gaessler J, Wallner J, Zemann W, Schwaiger 
M. Surgical site infections in orthognathic surgery: prolonged versus 
single-dose antibiotic prophylaxis. Int J Oral Maxillofac Surg. 2022.

	21.	 Danda AK, Ravi P. Effectiveness of postoperative antibiotics in 
orthognathic surgery: a meta-analysis. J Oral Maxillofac Surg. 
2011;69(10):2650–6.

	22.	 Davis CM, Gregoire CE, Steeves TW, Demsey A. Prevalence of Surgical 
Site Infections Following Orthognathic Surgery: A Retrospective Cohort 
Analysis. J Oral Maxillofac Surg. 2016;74(6):1199–206.

	23.	 Gaal A, Shimchuk A, Gray S, Bloomquist D, Dillon J. Are postoperative 
antibiotics required after orthognathic surgery? Int J Oral Maxillofac Surg. 
2022.

	24.	 Barrier A, Breton P, Girard R, Dubost J, Bouletreau P. Surgical site infections 
in orthognathic surgery and risk factors associated. Rev Stomatol Chir 
Maxillofac. 2009;110(3):127–34.

	25.	 Kuhlefelt M, Laine P, Suominen AL, Lindqvist C, Thorén H. Smoking as 
a significant risk factor for infections after orthognathic surgery. J Oral 
Maxillofac Surg. 2012;70(7):1643–7.

	26.	 Spaey YJ, Bettens RM, Mommaerts MY, Adriaens J, Van Landuyt HW, 
Abeloos JV, De Clercq CA, Lamoral PR, Neyt LF. A prospective study on 
infectious complications in orthognathic surgery. J Craniomaxillofac Surg. 
2005;33(1):24–9.

	27.	 Barbadoro P, Bruschi R, Martini E, Savini S, Gioia MG, Stoico R, Di Tondo E, 
D’Errico MM, Prospero E. Impact of laminar air flow on operating room 
contamination, and surgical wound infection rates in clean and contami-
nated surgery. Eur J Surg Oncol. 2016;42(11):1756–8.

	28.	 Baqain ZH, Hyde N, Patrikidou A, Harris M. Antibiotic prophylaxis for 
orthognathic surgery: a prospective, randomised clinical trial. Br J Oral 
Maxillofac Surg. 2004;42(6):506–10.

	29.	 Danda AK, Wahab A, Narayanan V, Siddareddi A. Single-dose versus 
single-day antibiotic prophylaxis for orthognathic surgery: a prospec-
tive, randomized, double-blind clinical study. J Oral Maxillofac Surg. 
2010;68(2):344–6.

	30.	 Lindeboom JA, Baas EM, Kroon FH. Prophylactic single-dose administra-
tion of 600 mg clindamycin versus 4-time administration of 600 mg 
clindamycin in orthognathic surgery: A prospective randomized study in 
bilateral mandibular sagittal ramus osteotomies. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod. 2003;95(2):145–9.

	31.	 Peleg O, Mahmoud R, Ianculovici C, Arbel S, Kleinman S, Shuster A. 
Winds of Change in Antibiotic Therapy following Orthognathic Surgery. 
Medicina (Kaunas). 2022;58(2).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Antibiotic prophylaxis and surgical site infections in orthognathic surgery – a retrospective analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Material and methods
	Study design and data collection
	Data analysis

	Results
	Patient characteristics (Table 1)
	Perioperative infection prophylaxis (Table 2)
	Surgical site infections (Table 3)

	Discussion
	Acknowledgements
	References


