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Abstract

Background: This systematic mapping review aims to identify, describe, and organize the currently available evi-
dence in systematic reviews (SR) and primary studies regarding orthognathic surgery (OS) co-interventions and
surgical modalities, focusing on the outcomes blood loss, infection and relapse.

Material and Methods: A comprehensive search strategy was performed to identify all SRs, randomized con-
trolled trials and observational studies that evaluate surgical modalities and perioperative co-interventions in OS
that evaluate the outcomes blood loss, infection and relapse, regardless of language or publication date. Searches
were conducted in MEDLINE, EMBASE, Epistemonikos, Lilacs, Web of Science, and CENTRAL. In addition,
grey literature was screened.

Results: 27 SRs and 150 primary studies fulfilled the inclusion criteria, 91 from SRs, and 59 from our search strat-
egy. Overall, the quality of the SRs was graded as “Critically low,” and only two SRs were rated as “High” qual-
ity. 11 PICO questions were extracted from SRs and 31 from primary studies, which focused on osteosynthesis
methods, surgical cutting devices, use of antibiotics, and induced hypotension. In addition, evidence bubble maps
for each outcome were created to analyze in a visual manner the existing evidence.

Conclusions: Future primary and secondary high-quality research should be addressed focused on the eight
knowledge gaps identified in this mapping review. We concluded that the evidence mapping approach is a practi-
cal methodology for organizing the current evidence and identifying knowledge gaps in OS, helping to reduce
research waste and canalize future efforts in developing studies for unsolved questions.
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Introduction

Orthognathic surgery (OS), is frequently used to treat
dentofacial deformities that affect 20% of the popula-
tion (1), restoring anatomic and functional relationships
(2). According to the American Association of Oral and
Maxillofacial Surgeons (AAOMS), conditions with an
indication for orthognathic surgery include anteropos-
terior, vertical or transverse discrepancies, asymme-
tries, dysfunctions, temporomandibular joint disorders,
speech impairments and airway dysfunctions. An in-
crease in the frequency of OS performed each year has
been shown, reaching a total of 8755 OSs performed in
the United States in 2007 (3).

The production of scientific literature in the field of OS
has increased significantly, however, resolved research
questions and specific topics continue to produce a high
flow of both primary and secondary research, mean-
while unresolved questions are not being addressed by
researchers.

Although OS is considered a safe procedure, a vari-
ety of complications exists, which alter in accordance
to different surgical modalities and perioperative co-
interventions applied for the optimization of surgical
results (1,2). Most include blood loss, infection and re-
lapse (4-6). The reason for blood loss is the extensive
vascularization of the maxillofacial region and access
difficulty in terms of cauterization or ligation of the ves-
sels involved (7). Regarding post operative infection,
the proportion of patients developing surgical site infec-
tion after OS is estimated to be about 7%. It can cause
localized pain, swelling, surface redness (erythema),
pus formation and restricted movement (8). Moreover,
relapse of the surgical movement has been associated
with planning errors, intraoperative difficulties, ana-
tomical variations, or limitations in the postoperative
orthodontics (4). Though reported complications are
limited, their occurance may suppose a risk for perma-
nent deficiencies, need for reoperations, and impact the
patient’s quality of life.

To facilitate evidence-informed decision making by
making evidence available and presenting it in an ac-
cessible format, and to guide future research on blood
loss, infection and relapse in OS, it is crucial to iden-
tify and analyze all the available evidence regarding
co-interventions and surgical modalities which have
an effect on these complications. Thus, the emerging
synthesis method of mapping reviews constitutes a
valuable mechanism for this particular area (9,10). To
our knowledge, this is the first evidence synthesis that
scopes all the existing evidence regarding blood loss,
infection and relapse in OS.

Evidence mapping provides an innovative, friendly and
didactic approach that illustrates the existing evidence
in extensive research areas (9,11), leading to systematic
characterization of evidence, identification of knowl-
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edge gaps, and prioritization of new research questions
(9-11). Therefore, it can be the first step to conduct fu-
ture systematic reviews (SRs) or the framework to in-
form policy development (9-11). Moreover, it allows the
identification of resolved research questions, avoiding
unnecessary effort of researchers in developing prima-
ry studies or SRs in the subject.

This mapping aims to identify, describe, and organize
the currently available evidence in SRs and primary
studies regarding OS co-interventions and surgical
modalities, focusing on the outcomes blood loss, infec-
tion and relapse. Moreover, it assesses the quality of
the existing evidence present and its claimed effective-
ness and unveiled all the clinical questions regarding
this topic. This review facilitates the identification of
research gaps, allowing for new studies to develop.

Material and Methods

This work is part of a broader mapping review of OS
published elsewhere (12). It was drafted using the Pre-
ferred Reporting Items for Systematic Reviews and Me-
ta-analysis (PRISM A)-Extension for Scoping Reviews.
It adheres to the Global Evidence Mapping Initiative
methods (GEM) (13), incorporating the quality of the
supporting evidence. All methods are specified a priori
in a published protocol (14).

- Mapping boundaries and context

To frame this mapping review, a preliminary search
was performed and maxillofacial surgeons experts in
OS were consulted, to establish eligibility criteria for
study inclusion.

- Eligibility criteria

The population, intervention, comparison, and out-
comes (PICO) framework was used to guide the eligi-
bility criteria.

Studies: Included were SRs, as well as RCTs, prospec-
tive and retrospective observational studies (case-con-
trol and cohort studies). Only studies published as full
texts and publications ahead of print were included. Ex-
cluded were narrative reviews, case series, case reports,
qualitative and cross-sectional studies.

Population. Adult and adolescent participants (aged
over 10 years) undergoing OS were included. Syndrom-
ic patients were excluded.

Interventions: Perioperative co-intereventions and dif-
ferent surgical modalities of OS were considered. Stud-
ies regarding distraction osteogenesis and those which
focus relied on orthodontic procedures or surgical plan-
ning were excluded.

Comparators: Different approaches to performing OS,
different co-interventions, and use of placebo or no
treatment (control group) associated with co-interven-
tions were included. Excluded were studies with no
comparison group or studies in which the comparison
group did not undergo OS.
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Outcomes: Studies that assessed blood loss, infection
and relapse were included.

- Literature search

A literature search was conducted from inception to
March 2021 in the following databases: MEDLINE (via
PubMed), EMBASE (via OVID), Epistemonikos, Li-
lacs, Web of Science, and CENTRAL. The search strat-
egy, adapted for each database considering differences
in controlled vocabulary and syntax rules, is available
elsewhere (12). No date or language restrictions were
applied. Unpublished SRs were also searched in the
PROSPERO protocol registration platform. A snowball
approach was used for screening reference lists to iden-
tify potentially eligible studies. Although the protocol
stated that a search would be conducted in ClinicalTri-
als.gov to detect ongoing primary studies, due to the
large quantity of studies identified, it was decided not
to include articles from this platform, as the benefits
would have been marginal given the extensive data al-
ready compiled.

- Data collection and analysis

Two independent reviewers performed a title/abstract
screening for results obtained from the search, followed
by a full-text screening, independently and in duplicate.
Reasons for exclusion were recorded. Any disagree-
ments were resolved by consensus or, if necessary, by
a third author. As recommended in the Cochrane Hand-
book for Systematic Reviews of Interventions, the se-
lection process was documented in sufficient detail to
generate a PRISMA flowchart.

- Data extraction and management

Data was extracted and tabulated by one author, using
a previously piloted data extraction form, and was dou-
ble-checked by a content expert in the subject. The fol-
lowing information was extracted from each SR: search
date, year of publication, country, objective, number of
primary studies included, number of participants, pop-
ulation, co-interventions, comparisons, and outcomes
measured. Research PICO questions of the SRs were
also identified. For primary studies not included in any
identified SRs, the following data were extracted: year
of publication, study design, objective, number of pa-
tients included, population, interventions, comparisons,
and outcomes. Author’s conclusions were recorded
and classified for descriptive purposes as "beneficial,"
"probably beneficial," "no differential effect," "harm-
ful," or "inconclusive". Supplement 1 indicates the cri-
teria that was used for this categorization.

- Methodological quality evaluation

Methodological quality was independently evaluated
for all the included SRs by two authors. Disagreements
were resolved by consensus, or if necessary, by a third
author. The AMSTAR-2 instrument (15) was used to
evaluate the included SRs, which critically appraises
SRs in 16 domains. The overall rating was based on

ell8

Mapping review regarding blood loss, infection and relapse in orthognathic surgery

weaknesses in critical domains, namely, items 2, 3, 7,
9, 11, 13, and 15. Global confidence in SR results - used
for the mapping diagrams - was rated in the following
four quality categories: critically low (more than one
critical flaw), low (one critical flaw), moderate (more
than one non-critical flaw), and high (no flaw or one
non-critical flaw). The included primary studies were
not critically appraised since they were included to
identify knowledge gaps rather than to inform clinical
or policy decisions.

- Data synthesis and analysis

Results, summarized in tabular formats, describe the in-
cluded study characteristics and all the identified PICO
questions. An evidence matrix to link primary studies
with their SRs was created using the Epistemonikos
platform to identify primary studies not included in the
SRs. Evidence bubble maps were also created.

Results

- Search results

8531 records were obtained. In the title/abstact phase,
5373 records were screened. Of the latter, 4476 records
were excluded. 863 articles were assessed by full-text
reading, resulting in 262 included articles. Reasons for
exclusion at detailed in Fig. 1. Moreover, throughout
hand-searching, 28 articles, 1 SR, and 27 primary stud-
ies were identified and included in the review. A total
of 290 studies were included in the general mapping re-
view. For this specific mapping review, 113 studies were
excluded for not reporting on the three outcomes of in-
terest (bloos loss, infection, relapse). Thus, a final total
of 177 studies were included, 27 SRs and 150 primary
studies (91 included and 59 not included in the SRs).
Kappa value was 0.81, thus considered excellent agree-
ment. A PRISMA flowchart details this process in Fig. 1.
- Study characteristics

A general description of the study characteristics, in-
cluding design, aim, population, interventions, com-
parators, outcomes, and number of primary studies and
participants is presented in Supplement 2.

- Study designs

Of the 177 included articles, 27 (27/177; 15.3%) referred
to SRs and 150 (150/177; 84.7%) to primary studies. Of
the latter, 91 (91/177; 51.4%) were studies included in
the identified SRs. The remaining 59 (59/177; 33.3%)),
identified through the Covidence platform screening,
were not included in the SRs. Their designs were as
follows: prospective cohort (6/59; 10.2%), retrospective
cohort (25/59; 42.4%), and RCT (28/59; 47.5%). Supple-
ment 3 organizes included studies according to their de-
sign and outcome assessed.

- Participant characteristics

Age: Seven SRs (25.9%) included only adult popula-
tions, two (7.4%) included patients of all ages, and 18
(66.7%) did not mention age.
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Fig. 1: PRISMA flow chart.

Regarding the age of participants in the 59 primary
studies not included in SRs, 15 studies (25.4%) included
adolescent and adult patients, 34 studies (57.6%) includ-
ed only results for adults >16 years, one study (1.7%)
included participants of all ages, and 9 studies (15.3%)
did not specify age.

Deformity: The type of deformity of participants was
recorded in a simplified manner, grouped as either
skeletal class II (mandibular retrognathism, mandibu-
lar hypoplasia, maxillary prognathism, and maxillary
hyperplasia) or class III (mandibular prognathism,
mandibular hyperplasia, maxillary retrognathism, and
maxillary hypoplasia). Facial asymmetries in partici-
pants was also documented. Of the 27 SRs, one (3.7%)
included patients with skeletal class 111 diagnosis and
one (3.7%) with skeletal class II, while the remaining 25
(92.6%) did not specify skeletal classes as inclusion or
exclusion criteria. Of the 59 primary studies, 13 (22%)
included patients with skeletal class III diagnoses (one
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with facial asymmetry), three (5.1%) included patients
with skeletal class II and class III diagnoses, 13 (22%)
included results for patients with skeletal class II diag-
noses, and 30 (50.8%) did not specify deformity inclu-
sion criteria.

OS type: As for the type of surgery performed, one
of the 27 SRs (3.7%) included patients undergoing bi-
maxillary surgery, four (14.8%) undergoing mandibu-
lar surgery, one (3.7%) maxillary surgery, one (3.7%)
genioplasty, and 20 (74.1%) did not specify the type of
intervention. Of the 59 primary studies, 13 (22%) in-
cluded patients undergoing bimaxillary OS, four (6.8%)
bimaxillary and genioplasty, one (1.7%) genioplasty
alone, one (1.7%) genioplasty and other orthogna-
thic procedures, 17 (28.8%) mandibular surgery, nine
(15.3%) maxillary surgery, 10 (16.9%) a combination of
the procedures mentioned above and four (6.8%) did not
specify a type of orthognathic procedure.

- Methodological quality assessment
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Based on AMSTAR-2 scores, 16 SRs (16/27; 59.3%)
were rated as “Critically low”, four as “Low” (4/27;
14.8%)), five as “Moderate” (5/27; 18.5%) and two were
rated as “High” methodological quality (2/27; 7.4%)
(see Supplement 4) The SRs were mainly downgraded
as the authors did not state the development of a pre-
existing protocol (16/27; 59.3%), nor did they explain
their selection of study designs for inclusion in the re-
view (18/27; 66.7%). Moreover, sources of funding of
primary studies were not clearly stated (25/27; 92.6%),
and the authors did not perform a study selection (12/27;
44.4%) and data extraction (12/27; 44.4%) in duplicate.

The best-rated items were attributed to search strategy,
description of included studies in adequate detail, and
investigation for publication bias.

- PICO questions

11 PICO questions were retrieved from the SRs and 31
from the primary studies (Supplement 5, Supplement
6). For the SRs, the PICO questions were grouped ac-
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Fig. 2: Bubble map for blood loss in OS.
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cording to the OS type: all types of surgery, mandibular
surgery, maxillary surgery, or genioplasty. For practical
matters regarding classification, primary study ques-
tions were grouped by intervention, leaving aside their
population.

- Evidence matrix

The identified SRs were linked with their included
primary studies which fulfilled our selection criteria,
to create an evidence matrix with the platform Episte-
monikos. It is worth mentioning that one SR was not
included in the matrix, as it was an update to an already
included Cochrane review. Furthermore, one SR could
not be added because of technical issues of the platform.
The complete matrix is available in the following link:
http://www.epistemonikos.org/matrixes/61f044727db2
3a0765984cfb

- Evidence bubble maps

Evidence bubble maps were created per outcome to graph-
ically depict the available evidence (Fig. 2, Fig. 3, Fig. 4).

o A

A
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No
Harmfull diferencial
effect
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All interventions reviewed in the included studies are
listed in rows, and the direction of the results are listed
in columns. Symbols indicate the study design (circles
for SRs, squares for RCTs, and triangles for observa-
tional studies), and bubble size represents the number
of primary studies included in the SRs or the number
of participants included in the primary studies. A num-
ber positioned over each bubble indicates the number
of studies. Colors indicate confidence in SR findings
(based on the AMSTAR-2 evaluation). The primary
studies included in the maps are those not included in
any of the identified SRs.

- Blood loss

The outcome blood loss was evaluated by 11 SRs (11/35;
31.4%) and reported by 27 primary studies (27/150;
18%), 16 RCTs (16/150; 10.70%), seven retrospective co-
hort (7/150, 4.7%) and three prospective cohort (3/150;
2%) (Fig. 2).

Co-interventions which demonstrated a beneficial/
probably beneficial effect consisted in IV administra-
tion of tranexamic acid (five SR of medium, low and
critically low quality, n=1621; one RCT, n=36), induced
hypotension (two low quality SR, n=560; two cohort
studies, n=150), nasal application of cocaine/adrenaline
(one RCT, n=30), administration of Yunnan Baiyao cap-
sules (one RCT, n=95), IV haemocoagulase (one RCT,
n=46) and clonidine (one RCT, n=30). On the other
hand, the surgical modalities that showed a beneficial/
probably beneficial reduction in blood loss were the
use of a piezoelectric device (two critically low-quality
SRs, n=1680; one cohort study, n=44), ultrasonic bone
scalpel (one RCT, n=34), the use of diode laser com-
pared to electrocautery and scalpel (one RCT, n=30),
and blockage of inferior alveolar nerve with local an-
esthesia (one RCT, n=38). Only one observational study
assessed blood loss in bone grafting, and concluded its
use increased blood loss. Moreover, nerve blocks were
performed in the maxillary and mandibular ramus of
the trigeminal nerve (one observational study, n=110),
and iron plus erythropoietin alpha supplementation (one
RCT, n=178) were considered as having no differential
effect on blood loss. Inconclusive results were report-
ed for the administration of thromboprophylaxis (two
SR of critically low quality, n=9707) and preoperative
blood self-donation 7 days before surgery (one obser-
vational study, n=345). Note that studies that compared
different anesthetic regimens were grouped in the co-
interventions bubble map, as analysis of this issue was
beyond the scope of this mapping review.

- Infection

Postoperative infection was assessed by nine SRs (9/35;
25.7%) and seven primary studies (7/150; 4.7%) not in-
cluded in the mentioned SRs: four RCTs (4/150; 2.7%),
one prospective cohort (1/150; 0.7%) and three retro-
spective cohort (3/150; 2%) (Fig. 3).
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The use of piezoelectric, compared to conventional ro-
tatory devices, demonstrated a beneficial/probably ben-
eficial effect on infection (one critically low SR, n=996).
Regarding fixation method, the use of Slotplates 3.0
compared to Slotplates 2.0 (one RCT, n=186) showed a
beneficial effect on infection. However, Slotplates com-
pared to Meshplates as a fixation method showed no
differential effect in a cohort study of 190 participants.
Furthermore, studies evaluating resorbable osteosyn-
thesis compared to titanium osteosynthesis acquired the
same conclusion (one critically low-quality SR, n=1384,
one RCT, n=101), whereas other SR from the same au-
thors showed inconclusive results (n=1092). Finally,
studies reporting infection for the use of antibiotics in
the perioperative surgical period had heterogencous
conclusions, from beneficial/probably beneficial (one
high quality SR, n=788; two critically low-quality SR,
n=698; one medium quality SR, n=452), no differential
effect (two cohort studies, n=178) to inconclusive (one
low quality SR, n=132).

- Relapse

Nine SRs (9/35; 25.7%) assessed the outcome relapse, as
well as four prospective (4/150; 2.7%), 14 retrospective
cohort studies (14/150; 9.3) and 10 RCTs (10/150; 6.7)
(Fig. 4).

The majority of the studies concluded that co-interven-
tions and surgical modalities had no differential effect
on relapse. This was the case for resorbable compared
to titanium osteosynthesis (three critically low quality
SRs, n=3823; one low quality SR, n=420, one moderate
quality SR, n=120, two RCTs, n=141, two cohort, n=108,
one ongoing SR), bicortical compared to monocortical
osteosynthesis (two critically low quality SRs, n=513;
one RCT, n=76; two cohort, n=78), hybrid compared to
monocortical osteosynthesis (two cohort, n=114; one
RCT, n=76) and to bicortical osteosynthesis (one RCT,
n=76), sliding plates (one cohort, n=23), miniscrews
(one cohort, n=74), injection of Botulinum toxin-A into
the masseter muscle (one cohort, n=16) and the use of
platelet-rich fibrin (one RCT, n=44). Heterogeneous
conclusions were observed in rigid compared to the
wire fixation method. A recent SR of moderate qual-
ity (n=187) and primary studies (one RCT, n=127; three
cohort, n=92) concluded no differential effect on the use
of rigid fixation on relapse. Nevertheless, other primary
studies of considerable population size, reported benefi-
cial/probably beneficial (three RCT, n=345; four cohort,
n=105) and inconclusive findings (one cohort, n=54).

- Research gaps

Supplement 7 lists eight identified research gaps that re-
main unanswered by evidence synthesis, either because
they were identified in primary studies and not in SRs,
or because of the low or critically low quality of the ex-
isting evidence.
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Discussion

This review aimed to identify, describe, and organize
currently available evidence in SRs and primary stud-
ies regarding OS co-interventions, surgical modalities,
focusing on the outcomes blood loss, infection and re-
lapse. We therefore performed a systematic mapping re-
view, a relatively new methodological approach focused
on the identification of knowledge gaps, prioritization
of future research needs in broad fields and displaying
the obtained results in a user-friendly format (9). Our
mapping review was based on 27 published SRs that
included 91 individual studies, and an additional 59
primary studies that were not included in the identified
SRs.

Methodological quality assessment using the AM-
STAR-2 tool classified most of the SRs as critically low
quality (16/27; 59.3%), and only identified two SRs as
high quality. Domains that should be improved in future
reviews are primarily: [1] development of an a-priori
protocol to state that the methods were established pre-
vious to the conduct of the SR; [2] an explanation of the
selection of study designs for inclusion in the review;
[3] reporting the funding sources of primary studies and
[4] performing the study selection and data extraction in
duplicate. Although quality assessment is not a require-
ment of mapping reviews, we considered it an advan-
tage in the terms of drawing more accurate conclusions.
Blood loss: Most of the assessed interventions were
found to be beneficial for blood loss. For instance, in-
travenous administration of tranexamic acid has been
widely investigated and found favorable for this out-
come. Due to the presence of a medium-quality SR and
the fact that beneficial conclusions were drawn from
all studies, no future efforts should be addressed at an-
swering this question.

Alternatively, even though the use of piezoelectric de-
vices and induced hypotension have also shown ben-
eficial results in SRs with large number of studies,
high-quality SRs should be developed to confirm these
statements. Unfortunately, no recent RCTs have been
developed on these topics. Moreover, the effect on blood
loss in interventions such as administration of Yunnan
Baiyao capsules, haemocoagulase, nasal application of
cocaine, and inferior alveolar nerve blocks should be
addressed in future primary studies, as the existing data
shows beneficial results on this outcome.

Infection: The outcome of postoperative infection was
assessed in fewer interventions. The use of piezoelectric
device appears to be probably beneficial for preventing
infection, although assessed by a critically low-quality
SR (16). No new primary studies have been developed
on this topic.

High variability was found in the conclusions of SRs
which evaluated the use of antibiotics in OS, ranging
from beneficial, probably beneficial, inconclusive, to
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no differential effect. This phenomenon might be ex-
plained because of the high heterogeneity of primary
studies, which compare different antibiotics and regi-
mens. Moreover, Brignardello-Petersen et al. (8), the
only SR evaluating perioperative antibiotics with a high
methodological quality, reported moderate and low con-
fidence in their results, mainly because of unclear risk
of bias in allocation concealment and blinding phases
of the included RCTs. Thus, future research should fo-
cus on high-quality RCTs to determine the real effect of
perioperative antibiotics in OS.

Relapse: Different osteosynthesis methods, such as re-
sorbable compared to titanium and bicortical compared
to monocortical fixation, did not seem to have a differ-
ential effect on postoperative relapse. Only one study
for resorbable (n=30) and one for bicortical osteosynthe-
sis (n=50) reported beneficial and probably beneficial
results, respectively. Nevertheless, these correspond to
cohort designs with a low number of patients. For rigid
versus wire fixation, contradictory results were found.
One SR reported no differential effect of both tech-
niques (17), whereas three RCTs (18-20) and four cohort
(21-24) refer a beneficial or probable beneficial effect for
relapse. It is worth mentioning that the SR only included
patients undergoing genioplasty procedures. Therefore,
this mapping suggests that future evidence synthesis
should be carried out on the effect of rigid compared
to wire fixation in orthognathic patients undergoing
mandibular, maxillary, or bimaxillary procedures. Nev-
ertheless, as wire fixation requires a period of maxil-
lomandibular fixation, over the past years its use has
been widely replaced for rigid fixation regarding practi-
cal reasons. Hence, addressing this research gap is not
a priority. Moreover, the effects of hybrid fixation (use
of bicortical and monocortical screws) on relapse have
only been reported by two cohort (25,26) and one RCT
(27). No SRs have been carried out on this topic due to
the low number of primary studies. Yet, no superior ef-
ficacy has been shown.

To our knowledge, this is the first mapping review
performed for blood loss, infection and relapse in OS.
However, a broader mapping review aimed at identify-
ing knowledge gaps within the field of oral and max-
illofacial surgery, was published in 2017 (28). This
mapping included SRs from several domains, includ-
ing reconstructive surgery, surgical tooth removals,
tumors, orofacial infections, maxillofacial and dental
trauma, OS, among others. Of the nine SRs included in
the mentioned mapping, two were also present in our re-
view (29,30). The seven excluded SRs did not fulfill our
selection criteria: reports on orthopedic surgery (31),
orthodontic SR, no control group (32,33), postoperative
treatment for nerve injuries (34) and wrong outcomes
(35-37). Additionally, no graphical representation of
their results was illustrated. The information obtained
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from our evidence maps enabled us to identify several
OS research gaps (summarized in Supplement 7) that
should help direct future secondary research efforts in
resolving unresolved questions regarding OS.

- Strengths

We highlight the sensitive search strategy implement-
ed without language or date restrictions. Thus, rel-
evant studies were unlikely missed. Furthermore, the
evidence matrix allowed us to identify primary studies
that responded to our inclusion criteria but were not in-
cluded in the identified SRs. Therefore, knowledge gaps
in topics covered by primary studies without a synthe-
sis of the results performed by a SR were identified.
Moreover, selection process and quality assessment
were performed independently and in duplicate. Like-
wise, extraction data was checked by a content expert
in the subject, thus, there is confidence in the results.
In addition, to organize the obtained information, we
used the PICO format to arrange the results, ensuring a
simplified yet thorough approach of displaying the evi-
dence on procedures and co-interventions in OS. Even
though the evidence mapping methodology does not in-
clude a quality assessment of SRs (10), we performed
this analysis. This advantage will enable the identifi-
cation of topics in which new high-quality SRs should
be performed to answer clinical questions. Moreover,
it will help stakeholders to identify the quality of evi-
dence on which clinical decisions are based. Finally, the
graphical display developed for this review provides a
user-friendly, visual approach to identify all the existing
evidence of this topic and its quality.

- Limitations

First, conference abstracts and primary studies regis-
tries were not included in this mapping due to the ex-
tended volume of studies found. Nevertheless, we are
confident that their incorporation would have not sub-
stantially modified the obtained results due to the large
quantity of information compiled. Also, the imminent
risk of a possible publication bias is present, which
would have limited the inclusion of studies that were
not published because of their non-favorable results.
Finally, this methodology only organizes and describes
evidence as reported by the original authors of studies,
describing results as beneficial even if they are based on
low-quality evidence. Therefore, this is not an appropri-
ate tool for healthcare clinical decision-making.

Conclusions

This evidence map was developed on SRs, RCTs, and
observational studies, which assessed blood loss, in-
fection and relapse in OS. 11 PICOs were identified in
the SRs and 31 from primary studies, which primarily
addressed the effects of fixation methods, surgical cut-
ting devices, antibiotics, and induced hypotension. The
methodological quality of most included SRs in this
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mapping review was rated as “Critically low.” More-
over, bubble maps allowed the identification of eight re-
search gaps, including: to evaluate the effect of throm-
boprophylaxis and the efficacy of piezoelectric in blood
loss, to compare the efficacy of resorbable vs. titanium
fixation in infection, to assess the use of bone graftings
in infection, to compare the use of rigid vs. wire fixa-
tion and bicortical vs. monocortical osteosynthesis in
relapse, and to assess the efficacy of hybrid fixation in
relapse in patients undergoing orthognathic surgery.
This research gaps should be addressed in future high-
quality research, both primary and secondary.

References

1. Chow LK, Singh B, Chiu WK, Samman N. Prevalence of Postop-
erative Complications After Orthognathic Surgery: A 15-Year Re-
view. J Oral Maxillofac Surg. 2007;65:984-92.

2. Naran S, Steinbacher DM, Taylor JA. Current Concepts in Orthog-
nathic Surgery. Plast Reconstr Surg. 2018;141:925¢-36¢.

3. Sullivan SM. Orthognathic Surgery Dilemma: Increasing Access.
J Oral Maxillofac Surg. 2011;69:813-6.

4. Olate S, Sigua E, Asprino L, De Moraes M. Complications in Or-
thognathic Surgery. J Craniofac Surg. 2018;29:¢158-61.

5. Young-Kyun K. Complications associated with orthognathic sur-
gery. J Korean Assoc Oral Maxillofac Surg. 2017;43:3-15.

6. Jedrzejewski M, Smektata T, Sporniak-Tutak K, Olszewski R. Pre-
operative, intraoperative, and postoperative complications in orthog-
nathicsurgery:asystematicreview. Clin Oral Investig.2015;19:969-77.
7. Pifieiro-Aguilar A, Somoza-Martin M, Gandara-Rey JM, Garcia-
Garcia A. Blood Loss in Orthognathic Surgery: A Systematic Re-
view. J Oral Maxillofac Surg. 2011;69:885-92.

8. Brignardello-Petersen R, Carrasco-Labra A, Araya I, Yanine N,
Cordova Jara L, Villanueva J. Antibiotic prophylaxis for preventing
infectious complications in orthognathic surgery. Cochrane Wounds
Group, editor. Cochrane Database Syst Rev. 2015;1:CD010266.

9. Miake-Lye IM, Hempel S, Shanman R, Shekelle PG. What is an
evidence map? A systematic review of published evidence maps and
their definitions, methods, and products. Syst Rev. 2016;5:28.

10. Bragge P, Clavisi O, Turner T, Tavender E, Collie A, Gruen RL.
The Global Evidence Mapping Initiative: Scoping research in broad
topic areas. BMC Med Res Methodol. 2011;11:92.

11. Snilstveit B, Vojtkova M, Bhavsar A, Stevenson J, Gaarder M.
Evidence & Gap Maps: A tool for promoting evidence informed pol-
icy and strategic research agendas. J Clin Epidemiol. 2016;79:120-9.
12. Bendersky J, Uribe M, Bravo M, Vargas JP, Flores E, Aguero 1,
et al. Systematic mapping review of orthognathic surgery. J Stomatol
Oral Maxillofac Surg. 2022;123:¢285-305.

13. Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac
D, et al. PRISMA Extension for Scoping Reviews (PRISMA-ScR):
Checklist and Explanation. Ann Intern Med. 2018;169:467-73.

14. Bendersky J, Uribe M, Bravo M, Vargas JP, Villanueva J, Urrutia
G, et al. Systematic Mapping Review of Orthognathic Surgery ( Pro-
tocol ). Craniomaxillofacial Trauma Reconstr. 2022;0:1-7.

15. Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, et
al. AMSTAR 2: a critical appraisal tool for systematic reviews that
include randomised or non-randomised studies of healthcare inter-
ventions, or both. BMJ. 2017;358:j4008.

16. Thereza-Bussolaro C, Galvan Galvan J, Pachéco-Pereira C,
Flores-Mir C. Maxillary osteotomy complications in piezoelectric
surgery compared to conventional surgical techniques: a systematic
review. Int J Oral Maxillofac Surg. 2019;48:720-31.

17. Janssens E, Shujaat S, Shaheen E, Politis C, Jacobs R. Long-term
stability of isolated advancement genioplasty, and influence of as-
sociated risk factors: A systematic review. J Craniomaxillofac Surg.
2021;49:269-76.


http://www.medicinaoral.com/medoralfree01/aop/25530_supplements.pdf

Med Oral Patol Oral Cir Bucal. 2023 Mar 1;28 (2):el116-25.

18. Frey DR, Hatch JP, Van Sickels JE, Dolce C, Rugh JD. Alteration
of the mandibular plane during sagittal split advancement: short- and
long-term stability. Oral Surg Oral Med Oral Pathol Oral Radiol En-
dod. 2007;104:160-9.

19. Dolce C, Hatch JP, Van Sickels JE, Rugh JD. Rigid versus wire
fixation for mandibular advancement: skeletal and dental changes af-
ter 5 years. Am J Orthod Dentofac Orthop. 2002;121:610-9.

20. Dolce C, Van Sickels JE, Bays RA, Rugh JD. Skeletal stability
after mandibular advancement with rigid versus wire fixation. J Oral
Maxillofac Surg. 2000;58:1219-27

21. Silvestri A, Ciaramelletti M, Natali G. Comparative stability
study of wire osteosynthesis versus rigid fixation in the treatment of
Class III dentoskeletal deformities. Am J Orthod Dentofac Orthop.
1994;105:477-82.

22. Egbert M, Hepworth B, Myall R, West R, Proffit WR. Stability
of Le Fort I osteotomy with maxillary advancement: A comparison
of combined wire fixation and rigid fixation. J Oral Maxillofac Surg.
1995;53:243-9.

23. Skoczylas LJ, Ellis E 3rd, Fonseca RJ, Gallo WJ. Stability of
simultaneous maxillary intrusion and mandibular advancement: a
comparison of rigid and nonrigid fixation techniques. J Oral Maxil-
lofac Surg. 1988;46:1056-64.

24. Sandor GK, Stoelinga PJ, Tideman H, Leenen RJ. The role of
the intraosseous osteosynthesis wire in sagittal split osteotomies for
mandibular advancement. J Oral Maxillofac Surg. 1984;42:231-7.
25. Rocha VA, Neto Al Rebello IM, de Souza GM, Esteves LS, dos
Santos JN, et al. Skeletal stability in orthognathic surgery: evalua-
tion of methods of rigid internal fixation after counterclockwise rota-
tion in patients with class Il deformities. Br J Oral Maxillofac Surg.
2015;53:730-5.

26. Ueki K, Yoshizawa K, Moroi A, Hotta A, Tsutsui T, Fukaya K,
et al. Modified hybrid fixation using absorbable plate and screw
for mandibular advancement surgery. J Craniomaxillofac Surg.
2017;45:1788-93.

27. Ueki K, Moroi A, Yoshizawa K, Hotta A, Tsutsui T, Fukaya K,
et al. Comparison of skeletal stability after sagittal split ramus oste-
otomy among mono-cortical plate fixation, bi-cortical plate fixation,
and hybrid fixation using absorbable plates and screws. J Craniomax-
illofac Surg. 2017;45:178-82.

28. Osterberg M, Holmlund A, Sunzel B, Tranzus S, Twetman S,
Lund B. Knowledge gaps in oral and maxillofacial surgery: a sys-
tematic mapping. Int J Technol Assess Health Care. 2017;33:93-102.
29. Song G, Yang P, Hu J, Zhu S, Li Y, Wang Q. The effect of
tranexamic acid on blood loss in orthognathic surgery: a meta-anal-
ysis of randomized controlled trials. Oral Surg Oral Med Oral Pathol
Oral Radiol. 2013;115:595-600.

30. Choi WS, Irwin MG, Samman N. The effect of tranexamic acid
on blood loss during orthognathic surgery: a randomized controlled
trial. J Oral Maxillofac Surg Off J] Am Assoc Oral Maxillofac Surg.
2009;67:125-33.

31. Paul JE, Ling E, Lalonde C, Thabane L. Deliberate hypotension
in orthopedic surgery reduces blood loss and transfusion require-

el25

Mapping review regarding blood loss, infection and relapse in orthognathic surgery

ments: A meta-analysis of randomized controlled trials. Can J Anes-
th. 2007;54:799-810.

32. Al-Riyami S, Cunningham SJ, Moles DR. Orthognathic treat-
ment and temporomandibular disorders: a systematic review. Part
2. Signs and symptoms and meta-analyses. Am J Orthod Dentofac
Orthop Off Publ Am Assoc Orthod Its Const Soc Am Board Orthod.
2009;136:626.¢1-16.

33. Minami-Sugaya H, Lentini-Oliveira DA, Carvalho FR, Mach-
ado MAC, Marzola C, Saconato H, et al. Treatments for adults
with prominent lower front teeth. Cochrane Database Syst Rev.
2012;(5):CD006963.

34. Coulthard P, Kushnerev E, Yates JM, Walsh T, Patel N, Bailey E,
et al. Interventions for iatrogenic inferior alveolar and lingual nerve
injury. Cochrane Database Syst Rev. 2014;(4):CD005293.

35. Joss CU, Joss-Vassalli IM, Kiliaridis S, Kuijpers-Jagtman AM.
Soft tissue profile changes after bilateral sagittal split osteotomy for
mandibular advancement: a systematic review. J Oral Maxillofac
Surg. 2010;68:1260-9.

36. Jayaratne YSN, Zwahlen RA, Lo J, Cheung LK. Facial soft tissue
response to anterior segmental osteotomies: A systematic review. Int
J Oral Maxillofac Surg. 2010;39:1050-8.

37. Liu X, Zhu S, Hu J. Modified versus classic alar base sutures after
LeFort I osteotomy: a systematic review. Oral Surg Oral Med Oral
Pathol Oral Radiol. 2014;117:37-44.

Funding
This project does not receive external finance.

Conflict of interest
There are no conflicts of interest.

Ethics
As researchers will not access information that could lead to iden-
tifying an individual participant, obtaining ethical approval was
waived.

Authors contributions

JB: Conceptualization, Methodology, Validation, Investigation, Data
curation, Writing - Original Draft, Writing - Review and Editing, Vi-
sualization, Supervision, Project administration; MU: Investigation,
Data curation, Writing - Review and Editing; MB: Investigation,
Data curation, Writing - Review and Editing; JPV: Investigation,
Data curation, Writing - Review and Editing; EV: Data curation,
Writing - Review and Editing; IA: Data curation, Writing - Review
and Editing JV: Validation, Resources Investigation, Writing - Re-
view and Editing, Supervision GU: Validation, Resources, Investi-
gation, Writing - Review and Editing, Supervision; XB: Validation,
Resources, Writing - Review and Editing, Supervision.

Author information: Josefina Bendersky is a PhD candidate at the
Methodology of Biomedical Research and Public Health programme,
Universitat Autonoma de Barcelona, Spain.



