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Introduction: Microvascular surgery following tumor resection has become an important field of oral
maxillofacial surgery (OMFS). Following the results on general aspects of current reconstructive practice
in German-speaking countries, Europe and worldwide, this paper presents specific concepts for the
management of resection and reconstruction of T1/T2 squamous cell carcinoma (SCC) of the anterior
floor of the mouth and tongue.
Methods: The DOESAK questionnaire was distributed in three different phases to a growing number of
maxillofacial units worldwide. Within this survey, clinical patient settings were presented to participants
and center-specific treatment strategies were evaluated.
Results: A total of 188 OMFS units from 36 different countries documented their treatment strategies for
T1/T2 anterior floor of the mouth squamous cell carcinoma and tongue carcinoma. For floor of mouth
carcinoma close to the mandible, a wide variety of concepts are presented: subperiosteal removal of the
tumor versus continuity resection of the mandible and reconstruction ranging from locoregional closure
to microvascular bony reconstruction. For T2 tongue carcinoma, concepts are more uniform.
Conclusion: These results demonstrate the lack of evidence and the controversy of different guidelines
for the extent of safety margins and underline the crucial need of global prospective randomized trials on
this topic to finally obtain evidence for a common guideline based on a strong community of OMFS units.

© 2017 European Association for Cranio-Maxillo-Facial Surgery. Published by Elsevier Ltd. All rights
reserved.
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1. Introduction

Over the past decades microsurgery has gained more and more
importance in reconstruction after complex OMFS tumor surgery
and has recently been explicitly formulated as the first choice of
reconstruction in the United Kingdom National Multidisciplinary
Elsevier Ltd. All rights reserved.
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Guidelines (Ragbir et al., 2016). This change enables the surgical
treatment of more advanced tumor stages (Ling et al., 2013) and a
better esthetic and supposedly functional outcome (Urken et al.,
1991; Canis et al., 2016). Despite this enormous development and
a wide variety of different flaps used, common guidelines in the
sense of a worldwide standard have not been established yet. This
may be due to a multitude of different treatment options, con-
founding variables and concepts. One approach to standard con-
cepts and recommendations was to present a standard case setting
and ask for different concepts in maxillofacial units first in German-
speaking countries, then in Europe and finally worldwide. This
paper presents the results for the treatment concepts of T1/T2
anterior floor of the mouth and tongue SCC without infiltration of
the mandible (Figs. 1e3).

2. Material and methods

To obtain treatment concepts three surveys were performed in
German-speaking countries in 2010 (Mücke et al., 2011), all over
Europe in 2012 (Kansy et al., 2014) and worldwide in 2014 (Kansy
et al., 2015). Data collection occurred with the help of a question-
naire created by the DOESAK collaborative group for microsurgical
reconstruction (Mücke et al., 2011). The original German ques-
tionnaire was translated into English and afterward transferred to
an online survey with the help of SurveyGizmo (SurveyGizmo,
Boulder, USA) and finally revised and refined by the board of the
Fig. 1. Case studies: ge
IAOMS in 2014. The questionnaire is divided into three parts,
whereas the second part contains the presented cases, T1/T2 floor
of the mouth carcinoma and tongue carcinoma without bone
infiltration, and three more advanced T3/T4 cases that will be
addressed separately. Cases and questions were kept identical for
all three phases of the survey to allow for comparison of concepts.
Only centers that perform tumor surgery and have access to
microvascular surgerywere included in the evaluation of treatment
concepts to guarantee for full range of reconstructive options when
making treatment choices. In case of redundant concepts from
hospitals participating in more than one phase of the trial only the
most recent concept was evaluated. General aspects (Fig. 1) and the
detailed description and questions of the presented cases can be
found in Fig. 2 (floor of mouth) and Fig. 3 (tongue).

2.1. Data analysis

Statistics were analyzed using IBM SPSS® Statistics 21.0 (IBM SPSS
Statistics forWindows, Version 21.0, released 2012, IBM Corporation,
Armonk, NY, USA) and Microsoft® Office Excel (Microsoft Excel for
Windows, release 2013, Microsoft Corporation, Redmond,WA, USA).

3. Results

A total of 188 OMFS departments from 36 different countries
qualified for evaluation of their case specific treatment concepts.
neral information.



Fig. 2. Case study 1: anterior floor of the mouth carcinoma without bony infiltration.
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General frequencies of tumor, reconstructive and microvascular
surgery of the participating departments are shown in Fig. 4.

When facing a 40-year-old female patient without risk factors,
diagnosed with invasive SCC of the anterior floor of mouth, 1.5 cm
in diameter, adjacent to the lingual cortex, but mobile (no clinical
bone infiltration), 100% of the departments would chose a primary
surgical approach, none of the participating centers would advise
primary radiation as a standard treatment in the described case
(Fig. 5). When it comes to resection, 30 units would perform a
subperiosteal resection, 57 units would perform a marginal man-
dibulectomy, 48 a partial mandibulectomy and 53 units would
perform a continuity resection (Fig. 5). 178 units would reconstruct
the soft tissues primarily, 10 secondarily. If secondary reconstruc-
tion is the treatment of choice, time of reconstruction varies



Fig. 3. Case study 4: lateral tongue carcinoma.
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between one and twelve months after tumor resection. Soft tissue
reconstruction is most frequently performed via a regional flap (84
units), but almost as frequently with a microvascular tissue transfer
(77 units) (Fig. 6). 19 units would reconstruct via pedicle flaps, eight
chose alternative concepts (Fig. 6). Pedicle flaps include facial artery
musculomucosal flap, platysma, sublingual gland flap, mylohyoid,
pectoralis major and nasolabial flap. Alternative concepts are skin
grafts. The most frequently used microvascular free flap for
reconstruction of the anterior floor of mouth is the radial free
forearm flap (RFFF) (65 units), followed by the lateral upper arm
flap (LUAF) (8) and the anterolateral thigh flap (ALTF) (4) as the first
choice of treatment (Fig. 6). Following continuity resection, all of
the participating centers would reconstruct primarily: 21 via a local
closure, 22 via a microvascular tissue transfer and 10 via a pedicle
flap. Hence, primary reconstruction does not necessarily include
bone replacement. Of the microvascular reconstruction concepts,
19 would use a RFFF, one an ALTF and only two units would perform
a bony reconstruction via fibula flap (FF). The most frequent



Fig. 4. Frequency of tumor (blue)/reconstructive (red) and microvascular (green) surgery in the participating departments (n ¼ 188).

Fig. 5. Primary treatment modality and amount of resection following anterior floor of mouth carcinoma (case 1) and tongue carcinoma (case 4) (n ¼ 188).
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alternative treatment options are the LUAF (4), ALTF (8), RFFF (3)
and iliac crest flap (ICF) (1).

For a 62-year-old female smoker presenting with a 2 � 2 cm
lateral tongue carcinoma of the medial third of tongue, the
following concepts are chosen as first line of treatment: 187 de-
partments would perform a primary surgical resection of the tu-
mor, only one department would plan for primary radiation
therapy (Fig. 5). 179 units would reconstruct primarily, eight
secondarily, two weeks to twelve months after primary tumor
surgery. First choice for reconstruction would be a local flap in 55
cases, microvascular reconstruction in 112 cases, a pedicle flap in
eight cases and alternative concepts including local closure and
skin graft in 12 cases (Fig. 6). For microvascular reconstruction, the
flap of first choice is the RFFF (86 units), followed by ALTF (22 units)
and LUAF (3) (Fig. 6). The most important alternative microvascular
flap is the ALTF (12 units), the RFFF (10 units) and the LUAF (2 units).
88 units do not have a preferred second choice for microvascular
reconstruction of the tongue.
3.1. Differences by country

When it comes to the extent of resection for anterior floor of
mouth carcinoma, there are tremendous variations in radicalness.
While some units perform a periosteal resection without inclusion
of bone, others perform continuity resections as their first choice of
treatment. When analyzing concepts per country, Belgium (67%)
performs more marginal mandibulectomies; Brazil (67%) mostly
partial mandibulectomies; China (60%), India (60%) and Japan (80%)
mostly continuity resections; France mostly partial mandibulec-
tomies (40%), subperiosteal resections (27%) and marginal man-
dibulectomies (27%); Germany mostly marginal mandibulectomies
(42%) but also subperiosteal resections (19%), partial mandibulec-
tomies (22%) and continuity resections (17%); Italy mostly sub-
periosteal resections (35%) and partial mandibulectomies (35%);
the Netherlands both marginal mandibulectomies (50%) and con-
tinuity resections (42%) and the United States only partial man-
dibulectomies (45%) and continuity resections (55%). A completely



Fig. 6. Reconstructive modalities and choices of microvascular transplant following anterior floor of mouth carcinoma (case 1) (n ¼ 188) and tongue carcinoma (case 4) (n ¼ 187).
The radial forearm flap is by far the most popular microvascular transplant for reconstruction.
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mixed picture can be seen in Spain and the UK. For reconstruction,
local closure is popular in Brazil (67%), France (67%), India (60%),
Japan (43%), the Netherlands (75%) and Spain (67%), while in
Belgium (67%), China (60%), Germany (69%), Great Britain (67%) and
the United States (45%) microvascular reconstruction is the most
popular choice of reconstruction following anterior floor of the
mouth carcinoma. For tongue carcinoma, microvascular recon-
struction in general is more frequent and is the first choice of
treatment in Belgium (83%), China (60%), Germany (69%), Italy
(71%), Japan (50%), Spain (58%), Great Britain (86%) and the United
States (73%). Local closure is a frequent first choice of reconstruc-
tion in France (47%), India (60%) and the Netherlands (50%).

3.2. Differences by number of tumor patients treated per year

The number of patients treated per year does not have any
impact on the radicalness of resection in the presented survey. One
of the two centers with less than ten tumor patients per year
chooses a partial mandibulectomy as the standard resection
concept for the presented case of floor of mouth carcinoma, the
other one a continuity resection. All variations of resection are
found for centers with 11e20 tumor patients per year and also for
centers treating more than 20 tumor patients per year. When it
comes to reconstruction however, the number of patients treated
per year does influence the therapeutic concept: a primary local
closure as their first choice of reconstruction is performed by both
of the centers with less than 10 tumor patients per year and 60% of
the centers with 11e20 tumor patients, but only 46% of the centers
with 21e50 tumor patients per year, 35% of the centers with
51e100 tumor patients per year and 43% of the centers with more
than 100 tumor patients per year. On the other hand, microvascular
reconstruction is the treatment of choice for 25% of the centers with
11e20 tumor patients per year, but for 33% of the centers with
21e50 tumor patients, 53% of the centers with 51e100 tumor pa-
tients and 45% of the centers with more than 100 tumor patients
per year.

For tongue carcinoma, this is different: while still none of the
centers with less than ten tumor patients per year choose micro-
vascular reconstruction as their first line of treatment, 50% of the
centers with 11e20 tumor patients, 60% of the centers with 21e50
tumor patients, 70% of the centers with 51e100 tumor patients and
55% of the centers with more than 100 tumor patients per year do.
Local closure is the first choice of treatment for T2 tongue
carcinoma in 20% of the centers with 11e20 tumor patients, in 35%
of the centers with 21e50 tumor patients, in 20% of the centers
with 51e100 tumor patients and in 34% of centers with more than
100 tumor patients per year.

4. Discussion

For both presented cases, a T1 floor of mouth carcinoma and a T2
lateral tongue carcinoma, surgical resection is the first choice of
treatment. These findings may be due to the fact that the survey
was performed among surgeons. Within the literature, there are no
prospective randomized trials comparing primary surgery and
primary radiation therapy for T1 floor of mouth carcinoma and a T2
lateral tongue carcinoma, but a multitude of trials have identified
clear tumor margins as one of the most important independent
factors of survival (Pfister et al., 2000, 2016; Brown et al., 2002;
O'Brien et al., 2003; Kovacs, 2004; Patel et al., 2008; Wolff et al.,
2012; Ling et al., 2013; Maxwell et al., 2015).

However, within the survey, there are no global uniform con-
cepts concerning amount of resection and measures of recon-
struction and there is no general agreement on how to obtain these
tumor-free margins.

Due to the nature of this study, it was not possible to collect
reliable data on disease-free survival of the patients to correlate
with the suggested treatment concepts.

The controversy how to sufficiently obtain tumor-free margins
is also seen in current treatment guidelines: in everyday clinical
practice this translates into the rule of thumb of a clinical safety
margin of around 10 mm from the tumor corresponding to an R0
situation with a tumor-free margin of at least 3e5 mm at histo-
pathologic analysis in the current German guidelines for diagnosis
and treatment of oral cavity cancer and its update in 2015 (Wolff
et al., 2012) and a clinical safety margin of 1.5e2 cm with a
tumor-free margin of at least 5 mm at histopathologic analysis in
the American NCCN guidelines (Pfister et al., 2016). The dilemma is
also reflected by the difficulty of finding an accurate uniform re-
sidual tumor classification and the complex solution suggested by
Wittekind et al. (2009).

While the extent of resection for a T2 tongue carcinoma is
relatively simple as the anatomical unit of the tongue can still be
respected following both guidelines, this is not true for anterior
floor of mouth carcinoma with its proximity to the mandible. The
differences in the guidelines directly reflect the differences of
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treatment concept for anterior floor of mouth carcinoma in Ger-
many and the United States in our survey: while in United States,
the resection of choice is either a partial mandibulectomy (45%) or a
continuity resection (55%); in Germany mostly marginal man-
dibulectomies (42%) but also subperiosteal resections (19%), partial
mandibulectomies (22%) and continuity resections (17%) are
performed.

The results in the literature are controversial: while in the
retrospective analysis of 50 patients of Guerra et al. comparing
marginal mandibulectomy and continuity resection showed higher
recurrence rates for marginal mandibulectomies, at the same time
11 patients of the marginal mandibulectomy group but only two
patients of the continuity resection group showed bony invasion
questioning the impact of confounding variables and analyzing a
cohort not comparable to the presented case (Guerra et al., 2003).
In another article, the same author then analyzed a larger cohort
and found that mandibular preservation surgery was oncologically
safe for patients with squamous carcinoma in early stages and that
the marginal technique was not associated with worse prognosis
(Munoz Guerra et al., 2003). O'Brien et al. compared marginal and
segmental resections even at the presence of histological proven
bone invasion and found that conservative (marginal) resection of
the mandible was safe as long as marginal mandibulectomy did not
lead to a compromise of soft tissue margins (O'Brien et al., 2003).
Brown et al. also found favorable results for a conservative resection
of the mandible as long as soft tissue margins were accurate and
stretched the importance of the exact position of the tumor in
relation to the mandible with angling of the horizontal rim resec-
tion when necessary (Brown et al., 2002). However, he found a
higher number of inaccurate soft tissue margins with rim re-
sections. Patel compared marginal and segmental mandibulec-
tomies retrospectively and found no differences in outcome for the
two concepts regardless of the extent of bony invasion as long as
margins were clear (Patel et al., 2008). Studies on themechanism of
bone infiltration and metastatic spread showed no correlation be-
tween the frequency of lymph node metastases and infiltration of
the periosteum and bone in previously not irradiated patients
(Marchetta et al., 1971; McGregor and MacDonald, 1988).

When an anatomical region like the oral cavity with a multitude
of complex functions and very high density of important anatomical
structures is the primary site of tumor resection, this controversy is
not an academic but a true problem in everyday clinic with enor-
mous consequences for every single patient involved. If margins are
chosen too closely, the risk of incomplete resection and subsequent
recurrence increases, if chosen too widely, esthetic impairment and
functional restrictions of speech, chewing and swallowing may be
tremendous, permanently limiting patients' quality of life (QOL).
Also, as the results of the survey demonstrate, when a continuity
resection is performed, microvascular reconstruction with a bony
transplant is only the first choice of treatment in 4% (2/53) of the
respective departments. 40% (21/53) would perform a local closure
following continuity resection of the mandible as their first choice of
treatment, 19% (10/53) a pedicle flap. Hence, almost all of the pa-
tients will not get a bony reconstruction of the resected mandible.
Most likely, the majority of the correspondent departments will
perform a diminution of the mandible and approximate the
remaining segments of the mandible. However, this will lead to both
functional and esthetic impairments.

In the literature, complication rates following plate and soft
tissue reconstruction are higher than following bony reconstruc-
tion, especially for central defects as in the presented case and for
irradiated patients (Boyd et al., 1995). Concerning soft tissue
coverage, Cordeiro and Hidalgo showed a superiority of free flaps
compared to the pectoralis major flap to cover plates (Cordeiro and
Hidalgo, 1994).
The impact of primary or secondary reconstruction of the
mandible on survival is difficult to determine with no prospective
data in the literature available. A retrospective monocentric anal-
ysis of Hanken et al. found no increased risk for local recurrence or
differences in survival for T4 tumors after primary reconstruction
(Hanken et al., 2015). As stated by other authors, in secondary
reconstruction, surgery becomes more demanding due to scarring
and the reduced quality and number of recipient vessels (Reinert
and Lentrodt, 1994).

QOL followingmicrovascular bony reconstructionof themandible
is superior to QOL for patients without reconstruction (Urken et al.,
1991). For tumors <4 cm without adjuvant therapy, patients had a
worse QOL following segmental resection in comparison with rim
resections in the studyof Rogers et al. (2004), in linewith thefindings
of Becker et al. who demonstrated an inverse correlation between
QOL and amount of resected bone (Becker et al., 2012).

For tongue reconstruction, evidence is sparse. While Canis et al.
show a superiority of microvascular reconstruction in T3 tongue
carcinoma (Canis et al., 2016), most trials do not differentiate tumor
site nor tumor size nor compare microvascularly reconstructed and
non-reconstructed patients. Boyapati et al. found a satisfactory QOL
for local closure following early stage tongue and floor of mouth
carcinoma (Boyapati et al., 2013). A recentmeta-analysis comparing
tongue reconstruction with RFFF versus ALTF found comparable
outcomes concerning appearance, swallowing and speech with
fewer donor sitemorbidities for the ALTF (Chen et al., 2016). A study
retrospectively comparing QOL following tongue reconstruction
with RFFF versus pectoralis major pedicle flap showed better
shoulder function with RFFF but worse appearance (Li et al., 2016).
However, both papers do not specify their modality of forearm
closure. Yang reports the successful application of LUAF for tongue
reconstruction with good QOL in line with the results of our survey
(Yang et al., 2016).

The by far most frequently used microvascular flap for the two
cases is the RFFF also following continuity resection of the
mandible. Bony reconstruction following continuity resection of
the anterior mandible is rare in this part of the survey. This is in
contrast to the overall results (Mücke et al., 2011; Kansy et al., 2014,
2015) and the literature (Soutar et al., 1983; Chen et al., 1994). This
may be due to an alternative concept with approximation of butts.

5. Conclusion

Aside from general agreement on surgery as the first choice of
treatment, there are no uniform concepts for T1 floor of mouth
carcinoma among OMF surgeons worldwide. Despite the impor-
tance of clear tumor margins, the amount of resection varies
greatly. Particularly surprising is the small number of microvascular
bony reconstruction following continuity resection of the anterior
mandible in this survey. For T2 tongue carcinoma, there are two
major concepts of reconstruction following complete resection:
either primary closure or microvascular reconstruction via radial
forearm flap. The findings of the presented survey and current
evidence levels in the literature underline the crucial need for well-
designed prospective multi-center trials to finally establish com-
mon treatment concepts on an international guideline standard in
the treatment of early tongue and floor of mouth cancer.
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