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Abstract Introduction Oral cavity squamous cell carcinoma (OCSCC) is the most common
malignancy in the oral cavity. Two types of mandibular resections have been described:
the segmental mandibulectomy and the marginal mandibulectomy. Both may have a
different impact over the quality of life, oncological prognosis, and functional or
aesthetic result.
Objectives The aim of this study was to systematically explore the literature to
determine the survival outcomes and disease control rates in patients who underwent
segmental or marginal mandibulectomy for OCSCC with histological evidence of
cortical and medullary bone invasion.
Data Synthesis This review involved a systematic search of the electronic databases
MEDLINE/PUBMED, Google Scholar, Ovid Medline, Embase, and Scopus including
articles from 1985 to 2019. Fifteen articles were included for qualitative analysis
and 11 articles were considered for meta-analysis calculations. All of them correspond
to retrospective cohort studies.
Conclusion This systematic review reveals the low-level evidence regarding the impact
over local control or survival according to the type ofmandibulectomy. Our results need to
be considered with precaution according to the limited evidence available. We just found
difference regarding the 5-year disease-free survival, and a tendency in favor of segmental
mandibulectomy was confirmed when medullary invasion was evident.
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Introduction

Oral cavity squamous cell carcinoma (OCSCC) is the most
common malignancy in the oral cavity.1 It affects � 300,000
patients worldwide each year and represents the 6th most
common global malignancy and 30% of cancers affecting the
head and neck region.1–3 Regarding the treatment strategy,
surgery is still considered the first choice of treatment of
OCSCC, although multimodal therapy, including adjuvant
radiation therapy (RT) with or without chemotherapy (CT)
can be used in advanced stages.

According to previous studies, mandibular involvement
rates range between 12 and 56%, andwhen the tumor clearly
invades the mandible, the affected bone needs to be resected
in continuity with the soft tissues. However, when the
invasion is not clear or significant, there is no guideline
based on evidence that could assist in the decision on
mandibular management.4–8

Two types of mandibular resections have been described:
the segmental mandibulectomy (SM), in which the resection
involves the entire vertical height of the mandible with
interruption of the continuity of the mandible, and the
marginal mandibulectomy (MM), in which the resection
just involves a part of the height of the mandible with
preservation of the continuity of the mandible. Both may
have a different impact over the quality of life, oncological
prognosis and functional or aesthetic result when the sur-
geons fail in their decision process.4

The type of mandibulectomy may be controversial, and
some surgeons consider a marginal resection as a reasonable
option for cancers adherent to the periosteum or superficially
eroding the mandibular cortex without invasion of the med-
ullary portion.9,10 The aim of this study was to systematically
explore the literature to determine the survival outcomes and
disease control rates inpatientswhounderwentMMor SM for
OCSCC with histological evidence of cortical and medullary
bone invasion.

Review of the Literature

This meta-analysis involved a systematic review using the
Population Intervention Comparison and Outcome (PICO)11

modeling and following the guidelines proposed by the pre-
ferred reporting items for systematic reviews and meta-anal-
yses (PRISMA) statement.12 The project is an initiative of the
Young Otolaryngologist Group of the International Federation
of Otolaryngologic Societies (YO-IFOS).

Population and Inclusion/Exclusion Criteria
The inclusion criteria considered for this meta-analysis were
randomized clinical trials and prospective or retrospective
cohort studies investigating the differences among marginal
and segmental mandibulectomy in patients operated on for
an OCSCC reporting at least 5 years of follow-up. T (Tumor)
and N (Node) stages as well as radiological preoperative
assessment were investigated. The exclusion criteria were
single-arm studies (without MM or SM subjects’ groups),
studies including pediatric cases, salvage surgery, and stud-

ies with less than 20 patients treated in each group or not
matching the inclusion criteria. The need for neck dissection
or mandibular reconstruction was not considered an exclu-
sion criterion.

Intervention and Comparison
In the intervention group were included patients who under-
went MM; while the comparison group was established with
patients who underwent SM, hemi-mandibulectomy, and
subtotal or total mandibulectomy, according to the extent of
mandibular invasion (no invasion, cortical invasion, ormedul-
lary invasion).

Outcomes
The primary outcome evaluated was disease-free survival
(DFS), and the secondary outcomes were overall survival
(OS) and local control (LC), all of them after at least 5 years of
follow-up.

Search Strategy
The search was performed from December 1985 to December
2020. Manuscripts in English, Spanish, Italian, Chinese, and
French were considered. The search was based on a combina-
tion of medical subject heading (MeSH) terms and free text
words: (1) oral cavity cancer, (2)marginalmandibulectomy, (3)
segmental mandibulectomy, (4) squamous cell carcinoma, (5)
bone invasion, and (6)mandibular osteotomy. This resulted in a
total of 171 manuscripts that were subjected to our inclusion
and exclusion criteria. The titles and abstracts were screened
by two investigators (C. M. C. E. and M. M. Y.) to discard
irrelevant publications. The information extracted from each
study included the following: author, year of publication,
number of patients treated, type of mandibulectomy, bone
invasion, DFS, OS, 5-year survival rate and LC. Tumor stage or
complementary treatment data could not be included in the
final analysis due to the variabilities among time periods and
treatment strategies or the lack of information in the studies
included.

Assessment of Quality
Two authors evaluated the methodological quality of thr
identified studies using the Oxford Center for Evidence-
Based Medicine (OCEBM) levels of evidence.13 Bias analysis
was performed using the quality assessment tool of the
National Institutes of Health for each type of study.14

Statistical Analysis
A meta-analysis of selected studies with an odds ratio (OR)
comparing patients who underwent MM (experimental
group) and patients who underwent SM (control group)
was performed with the Cochrane Review Manager 5.4
(Nordic Cochrane Centre, Cochrane Collaboration, 2020,
Copenhagen, Denmark). A fixed-effects model was used in
this study. The heterogeneity assumption was checked using
the Q-test and the I2 test.

The Cochrane Review Manager uses the Mantel-Haenszel
method for calculating the weighted summary OR under
the fixed-effects model, and the heterogeneity statistic is
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incorporated to calculate the summary OR under the random-
effects model. The pooled OR with 95% confidence interval (CI)
is given for bothfixed-effectsmodel and random-effectsmodel.

Regarding the meta-analysis, dichotomous data and time-
to-event data were considered. The dichotomous data were
measured by relative risk (RR) with 95% of confidence interval
and by hazard ratio (HR) for time-to-event data. The statistical
significance for the hypothesis test was set at p<0.05. The
subgroup analysis was based on different types ofmandibular
invasion and different types of data.

Besides, a chi-squared test with Yates correction for
continuity was applied with a 2-tailed p-value for the
comparison according to sex, histology, and type of proce-
dure from independent samples. A p-value<0.05 was con-
sidered statistically significant. A number-needed-to-treat
(NNT) analysis was adopted as a method of sensitivity
analysis, when possible.

A total of 201manuscriptswere revised, 107were excluded
due to duplication and 97 studies met our inclusion criteria.
From those, 51 were excluded due to the absence of randomi-
zation, 37 due to inclusion of oropharyngeal tumors, 3 due to
the inclusion of parapharyngeal tumors, and 3 because they
reported less than 5 years of follow-up. (►Fig. 1) Five-year LC,
DFS, and OS data were included in►Supplementary Table S1

and tumor, node,metastasis (TNM) stage and radiological data
were included in ►Supplementary Table S2.

Fifteen articleswere included for qualitative analysis,15–29

and 11 articles were considered for meta-analysis
calculations.2,6,16–21,23,28,29 All of them correspond to retro-
spective cohort studies comparing the effectiveness of
horizontal marginal and segmental mandibulectomy. Two-
thousand and twenty-three patients were included; 857

patients in the MM group, and 1,166 patients in the SM
group. Variables like age, sex, histology, type of surgery, and
maximum time to follow-up were compared between both
groups (►Table 1). The demographic data between the MM
and SM groups were similar. The rate of patients who
underwent MM and SM was comparable (42.4% and 57.6%,
respectively). The most common tumor locations were the
gingiva, floor of the mouth, tongue, cheek, and retromolar
trigone. The postoperative pathological reports showed that
the frequency of mandibular invasion was between 21 and
71.4% among the patients included. The risks of bias are
included in ►Table 2.

Six studies reported LC according to both techni-
ques.16,19,20,23,25,26 The results of the meta-analysis revealed
no statistical significance in the5-year lLC ratebetweenMMor
SM methods among all patients (RR¼0.98, 95% CI 0.92–1.05,
p¼0.58). However, for patientswith pathologically confirmed
mandibular invasion, weak evidence indicated that the LC rate
decreased by 9.9% for marginal resection compared with
segmental resection (RR¼1.13, 95% CI 0.85–1.52, p¼0.40)
(►Fig. 2).19,26 The LC rate was further evaluated using the
Kaplan-Meier survival curve according to the time-to-event
analysis, and the results from the limited data showed
no difference between both techniques in patients with
mandibular invasion (HR¼1.71, 95% CI 0.82–3.55, p¼0.54)
(►Fig. 2, ►Figure 3).20,29

Five studies reported DFS data.17,21,25,26,29 When all
patients were considered, the 5-year DFS rate meta-analysis
indicated a non-significant tendency in favor of SM in oral
cancer patients (RR¼1.11, 95% CI 0.98–1.25, p¼0.09). How-
ever, when medullary invasion was considered, the limited
evidence obtained in this comparison indicates that MM

Fig. 1 Prisma Flowchart.
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could reduce the 5-year DFS by 14% compared with SM (RR¼
0.88, 95% CI 0.50–1.53, p¼0.64) (►Fig. 4).26 When we
evaluated the effect of both types of mandibulectomy in
those patients with cortical invasion, we didn’t find differ-
ences between the techniques (HR¼1.59,95% CI 0.73–3.45,
p¼0.79). However, in those patients with mandibular
medullary invasion, applying the Kaplan-Meir method,
patients who underwent SM had an increased DFS of 73%
compared with MM (HR¼ 0.27, 95% CI 0.08–0.93, p¼0.04)
(►Fig. 4, ►Figure 3).26

Four studies reported OS rates. The 5-year OS rate showed
no significant difference between the patients who under-
went MM and the patients who underwent SM (RR¼0.91,
95% CI 0.77–1.08, p¼0.28) (►Fig. 4).18,23,28 The OS rate was
further evaluated with the Kaplan–Meier survival curve

analysis; Probably due to the limited data, no statistically
significant difference was found between the two types of
mandibulectomy, although the SM could increase the OS by
79% (HR¼0.21, 95% CI 0.01–3.97, p¼0.30) (►Fig. 3 and 5).18

Discussion

Despite the multiple options available for oral cancer treat-
ment, surgery is still considered the treatment of choice.
When thebone invasion is clear, bone resection is considered
the standard of care. However, due to the significant func-
tional and cosmetic implications when the tumor is adjacent
to the jaw or the latter is potentially involved, the most
important oncological decision is the management of the
mandible looking to obtain free margins.

Fig. 2 Local Control Data. 2a. 5-years local control; 2b. 5-years local control among patients without bone invasion; 2c. 5-years local control
among patients with bone invasion. 2d. 5-years local control among patients with medullary invasion.
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Fig. 3 Disease Free Survival Data. 3a. 5-years disease free survival; 3b. 5-years disease free survival among patients without bone invasion;
3c. 5-years disease free survival among patients with bone invasion; 3d. 5-years disease free survival among patients with medullary invasion.

Fig. 4 5-years overall survival.
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According to our results, and assuming the risk of bias
related to the studies included and the lack of data related to
the surgical decision-making, when free margins were
obtained, no statistically significant difference in the 5-year
LC rate was observed between both types of mandibulectomy
or different degrees of infiltration. However, regarding the 5-
year DFS, despite the limited amount of data, a tendency in

favor of SM was observed when bone invasion was not
considered and confirmed when medullary invasion was
evident. Regarding OS, when free margins were achieved,
non-significant differenceswere observed betweenboth tech-
niques, irrespective of the type of mandibular involvement.

In a previous meta-analysis published by Gou et al.,30 the
authors concluded that, under the assumption that a safety

Fig. 5 Time to event data analysis. 5a. 5-years local control; 5b. 5-years DFS in patients with medullary invasion; 5c. 5-years DFS in patients with
cortical bone invasion, 5d. 5-years OS in patients with medullary invasion.
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margin had been obtained, the type of mandibulectomy did
not affect LC, DFS, or OS in patientswith OCSCC. Subsequently,
a MM may be considered in cases of superficial mandibular
cortical invasion,while a SMmay represent amore reasonable
choice for patients with extensive mandibular cortical or
medullary invasion.30 However, this study combined data
from OCSCC and oropharyngeal squamous cell carcinoma
(OPSCC). A potentially increased rate of p16-positive OPSCC
and a different biological behavior betweenOCSCC and OPSCC
might limit the conclusions drawn from this meta-analysis.

When a MM is feasible and the lower border of the
mandible is preserved, the functional result is probably
better, and reconstruction is made easier. However, if a
segmental resection is needed, a composite reconstruction
using a free flap is usually required with an increased
morbidity. Therefore, some surgeons hypothesized that the
compact cortex of the mandibular bone may serve as a
barrier or a defensive line to prevent cancer spread. Thus, a
MM resection could be the treatment selected for oral cancer
patients without mandibular medullary invasion to mini-
mize the functional and aesthetic impact.30–32

According to Yue et al., the pattern of soft-tissue invasion
has become a useful tool that further characterizes the
biologic behavior of OCSCC.33 The authors concluded that
an aggressive histologic worst pattern of invasion in OCSCC
tumors exhibited an infiltrative pattern of mandibular inva-
sion too.33 In the same vein, researchers have shown that, at
the beginning, bone erosion occurs as a result of osteoclast
cell activity at the frontline of tumor infiltration, probably
related to the inflammationprocess and beforebone invasion
by tumor cells.34 Moreover, according to Brown et al., the
tumors enter the mandible at the point of abutment rather
than the occlusal surface, neural foramina, or the periodontal
membrane, as previously considered.35–37 However, it is
accepted that once the inferior alveolar nerve canal is
breached by advanced lesions, anterior and posterior peri-
neural extension take place in both the edentulous and
dentate mandible. Thus, a SM would be the appropriate
option for these patients.

A careful preoperative (clinical and radiological) and
intraoperative evaluation should be performed, before any
surgical attempt in any OCSCC patients to propose the best
surgical approach.35,36,38 In these patients, the sensitivity of
computerized tomography (CT) scan compared with histol-
ogy is 40 to 60%, with 89 to 100% specificity,7,39,40 while
magnetic resonance imaging (MRI) shows 56 to 94% sensi-
tivity and 73 to 100% specificity.41,42Medullary edema is the
most common cause of false positives described in the MRI
group, which may be difficult to distinguish from tumoral
infiltration.43However, in a recent study by Bouhir et al., the
authors recommend the use of CT scan andMRI combined to
improve preoperative mandibular invasion assessment in
oral cavity and oropharyngeal cancer.43

Some authors advocate that a MM may also be useful for
patients with a clear cortical invasion, when a safety margin
of at least 1 cm can be obtained in the lower contour of the
remaining mandible.44 According to our results, in cases in
which the tumor is close to the alveolar crest, a MM may be

an appropriate choice, since no statistically significant dif-
ference was found regarding the 5-year LC rates between
both surgical methods. However, a SM seems to be the most
appropriate treatment for patients with medullary invasion
even if our meta-analysis failed to show an improvement
in OS.

Previous studies regarding OCSCC demonstrated that
positive soft-tissue margins was the most relevant factor
regarding LC and not the bone invasion pattern, type of
resection,45 or the depth of mandibular bone invasion.46,47

We did not find any difference in terms of the 5-year DFS
between both techniques, a factor that can be related to the
soft-tissuemargins affected in the smaller cases treatedwith
a MM and the advanced stage in patients treated with a SM.
However, performing a SM increases the 5-year DFS by 73%
compared with MM in patients with medullary invasion.

In the clinical decision-making process, other factors need
to be considered to estimate the prognosis of OCSCC patients.
The depth of infiltration or tumor thickness, pattern of
spread, nerve invasion, and cervical lymph node status, are
considered independent factors regarding OS, irrespective of
the type of mandibulectomy performed.48Moreover, at least
50% of patients with OCSCC have positive lymph node
metastases, which is considered the most important prog-
nostic factor.49 Moreover, in the 8th edition of the American
Joint Committee on Cancer (AJCC) cancer stagingmanual, the
incorporation of depth of invasion in the T staging as a
prognostic factor supports the importance of the tumor
growth pattern, as well as overall tumor dimension, as
features critical to assessing tumor behavior and to deter-
mining the most optimal locoregional management.50–54

As highlighted recently by Manelli et al., intraoperative
frozen section, spectroscopy, narrow band imaging, and opti-
cal coherence tomography are useful tools to evaluate soft-
tissue margins during OCSCC surgery. However, in case of
tumor bone involvement in advanced OCSCC, a frozen section
evaluationofdecalcified cortical bone is not practical anddoes
not add any improvement to margins assessment accuracy.55

In previously irradiated patients, bone resistance to tumor
spread may be altered. In those patients, a SM would be
indicated when the tumor abuts the mandible. Moreover,
bone fracture or osteoradionecrosis could be more frequent
if a MM is performed in the edentulous mandible or in
irradiated patients.15

Finally, we need to highlight the limitations of this study
such as the retrospective nature of all the studies available
across the indexed literature and also the risk of bias related
to the mandibulectomy technique selection, due to the lack
of radiological data, description about cases included, and
the lack of data about postoperative radiation or chemo-
radiation therapy amongmost studies included. There is also
mixed data in most of the studies regarding T and N stages,
and, finally, a limited number of patients that precludes
proper subgroup analysis. These inconsistencies limited
our ability to perform an analysis with unbiased objective
results. Other factors that can contribute to the heterogene-
ity are the differences among mandibulectomy techniques
among surgical teams.
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As a future perspective, well-designed prospective ran-
domized studies or also retrospective well-designed studies
are required to understand the potential benefit over OS, DFS,
and LC of both techniques in patients undergoing OCSCC
resection. These studies should include surgeons with a
homogeneous surgical technique, provide radiological data,
include histological data regarding cortical and medullary
bone invasion in surgical specimen, describing previous
treatment received and at least 5-years of follow-up. Analyz-
ing also factors like depth of infiltration according to the 8th

edition of the AJCC, T and N staging, perineural invasion, etc.

Final Comments

The results obtained in this systematic review need to be
considered with precaution, because they reveal the low-
level evidence regarding the impact over LC or survival
according to the type ofmandibulectomy. Our results suggest
that when free margins were obtained, no statistically
significant difference was observed between both types of
mandibulectomy or bone infiltration patterns, regarding the
5-year LC and OS. However, regarding 5-year DFS, a tendency
in favor of SM was confirmed when medullary invasion was
evident.
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