ARCHIVIO ISTITUZIONALE
ONIVERSITA DI BOLOGNA DELLA RICERCA

Alma Mater Studiorum Universita di Bologna
Archivio istituzionale della ricerca

Functional tongue reconstruction after compartmental surgery: a schematic model for planning and insetting
of the anterolateral thigh free flap

This is the final peer-reviewed author’s accepted manuscript (postprint) of the following publication:

Published Version:

Gazzini, L., Dallari, V., Fazio, E., Abousiam, M., Nebiaj, A., Caselli, A., et al. (2025). Functional tongue
reconstruction after compartmental surgery: a schematic model for planning and insetting of the
anterolateral thigh free flap. EUROPEAN ARCHIVES OF OTO-RHINO-LARYNGOLOGY, 282(3), 1411-1419
[10.1007/s00405-024-08982-6].

Availability:
This version is available at: https://hdl.handle.net/11585/1029865 since: 2025-12-15
Published:

DOI: http://doi.org/10.1007/s00405-024-08982-6

Terms of use:

Some rights reserved. The terms and conditions for the reuse of this version of the manuscript are
specified in the publishing policy. For all terms of use and more information see the publisher's website.

This item was downloaded from IRIS Universita di Bologna (https://cris.unibo.it/).
When citing, please refer to the published version.

(Article begins on next page)

18 August 2026


http://doi.org/10.1007/s00405-024-08982-6
https://hdl.handle.net/11585/1029865

Title Page

FUNCTIONAL TONGUE RECONSTRUCTION AFTER COMPARTMENTAL SURGERY:
A SCHEMATIC MODEL FOR PLANNING AND INSETTING OF THE ANTEROLATERAL

THIGH FREE FLAP

Luca Gazzini*? MD, Virginia Dallari*® MD, Enrico Fazio?> MD, Monir Abousiam? MD, Aurel

Nebiaj? MD, Arianna Caselli* MSc, Remo Accorona® MD, Luca Calabrese? MD.

1 Young Confederation of European ORL-HNS, Y-CEORL- HNS, Dublin, Ireland;

2 Department of Otorhinolaryngology-Head and Neck Surgery, Hospital of Bolzano
(SABES-ASDAA), Teaching Hospital of Paracelsus Medical University (PMU), Bolzano-
Bozen, Italy;

3 Department of Otolaryngology Head and Neck Surgery, Santa Maria delle Croci Hospital,
AUSL della Romagna, Ravenna, Italy;

4 Speechterapy Service, Hospital of Bolzano (SABES-ASDAA), Teaching Hospital of
Paracelsus Medical University (PMU), Bolzano-Bozen, Italy;

5 Unit of Otorhinolaryngology, ASST Grande Ospedale Metropolitano Niguarda, Milano,

Italy.

Corresponding author
Corresponding author: Virginia Dallari
E-mail: virginia.dallari@gmail.com

Work: +39 0541 70 5432



Blinded Manuscript Click here to view linked References %

FUNCTIONAL TONGUE RECONSTRUCTION AFTER COMPARTMENTAL SURGERY:
A SCHEMATIC MODEL FOR PLANNING AND INSETTING OF THE ANTEROLATERAL

THIGH FREE FLAP

ABSTRACT

PURPOSE

Anterolateral thigh free flap (ALTFF) is a versatile option for tongue reconstruction after
cancer resection. Compartmental tongue surgery (CTS) is a surgical techniqgue whose
purpose is to remove the entire oncological compartment with the pathways of tumor spread.
Extended glossectomies (EG) follow the same surgical steps and anatomical concepts as
CTS but extend beyond hemiglossectomy. The surgical defect following such resections
often necessitates the use of a large free flap, with the ALTFF being the most commonly
used.

METHODS

The CTS and EG are anatomically-based approaches tailored to the lesion rather than the
tumor margins. Leaving a predictable defect, the reconstructive phase can, in most cases,
be planned in a standardized way, assuming certain scenarios based on the surgical
approach.

RESULTS

After CTS and EG, the residual volumetric defect is large. Therefore, the reconstructive flap
of choice is the ALTFF. The ALTFF offers sufficient tissue volume to cover the functional
defect and is a versatile flap. It can be harvested as a simple fasciocutaneous flap, as a
chimeric flap, or as a muscle-fasciocutaneous flap, depending on the reconstruction
requirements. We demonstrated the constant design of ALTFF based on the predictable

defect after CTS and EG, aiming for a more precise and standardized reconstruction.
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CONCLUSION

We propose a flap design based on the anatomy of the tongue and oral cavity after CTS or
EG for a more precise and standardized reconstruction. Additionally, a standard template is
particularly useful for less experienced surgeons who are approaching this technique for the

first time.
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Oral tongue cancer; plastic surgery; reconstructive surgery; free flap; compartmental

surgery.

INTRODUCTION

The transfer of free flaps has offered diverse options for head and neck reconstruction,
ensuring functional and aesthetic restoration. The anterolateral thigh free flap (ALTFF) was
first reported by Song and colleagues in 1984 [1] and has since become a popular choice
for soft-tissue reconstruction. It can be harvested in several variants, including
fasciocutaneous, myocutaneous, myofascial, and chimeric forms [2,3].

Compartmental Tongue Surgery (CTS), proposed by Calabrese et al. in 2009, is a surgical
technique designed to remove the entire oncological compartment, including the pathways
of tumor spread. This encompasses the tumor-affected hemitongue, neck lymph nodes, and
the "tumor-nodes" tract (TNT) [4-9]. CTS is indicated for OTFOMSCC (oral tongue and floor
of the mouth squamous cell carcinoma) with a Depth of Invasion (DOI) 210 mm, classified
as cT3-T4 according to the 8th edition of the AJCC-UICC TNM classification [10]. The
oncological results of this technique are well demonstrated in literature; it has demonstrated
favorable outcomes in terms of both long-term survival and locoregional control of the

disease, especially when utilized as a primary treatment modality [11-13].



Since CTS entails the "en bloc” removal of the tumor and its pathways of spread, the
resulting volumetric defect is considerable. Therefore, the preferred reconstructive flap in
this context is the anterolateral thigh free flap (ALTFF). The ALTFF offers ample tissue
volume to address the functional defect. Moreover, ALTFF harvesting allows for a reduced
incidence of donor area dysfunction and complications. It can be closed and sutured directly
without the need for skin grafting and without apparent effects on shape and function. This
is in contrast to the radial forearm free flap (RFFF), which is indicated for patients with tongue
defects comprising less than half of the tongue tissue [14,15]. Additionally, the donor area
of the ALTFF can be operated on simultaneously with CTS, thereby shortening the overall
surgical time [14].

Recently, the group led by Calabrese published a classification for extended glossectomies
(EG), which go beyond the boundaries of hemiglossectomy, aiming to integrate the current
classification of glossectomies [7-9,16]. These EG procedures adhere to the principles of
CTS, extending them to the contralateral hemitongue. This results in a predictable defect
due to the anatomically based surgical technique [9].

Given the predictable nature of the defects following CTS and EG, the objective of this study
is to introduce a standardized flap design derived from various anatomically based surgical
approaches. The study outlines the planning of the ALTFF and provides a step-by-step
guide for insetting and reconstruction. The goal is to present an algorithm that can assist in
more precise and time-efficient reconstruction after CTS, serving as a valuable tool for less

experienced surgeons approaching this technique for the first time.

OPERATIVE TECHNIQUE
The primary objective of the reconstructive phase is to initially reduce the rate of
postoperative complications, thereby shortening recovery, promoting effective wound

healing, and minimizing hospital stay. Furthermore, long-term goals include achieving



optimal functional results, particularly in terms of swallowing and speech articulation [17].

The reconstructive surgeon must bear in mind the following objectives during the planning

and inset of the ALTFF:

Ensure complete separation between the oral cavity and neck spaces by performing
a watertight suture of the oral mucosa with the skin flap. Fill the space in the neck
created from the resection of the tumour, TNT and neck dissection to prevent the
formation of salivary fistula or fluid collection in the neck.

Attain sufficient bulk, especially in the region of the base of the tongue, to adequately
support the oral phase of swallowing.

Preserve the mobility of the residual tongue to prevent ankyloglossia, thereby

facilitating both swallowing and speech articulation.

Based on the techniques recently described in the literature [7-9] and the concepts outlined

above, we propose a standardized template for ALTFF that is applicable to reconstructions

following the standard CTS approach, as well as after EG types A, B, and C.

CTS: Involvement of the ipsilateral tongue compartment without surpassing the

median septum.

The anatomical structures that need to be considered during the reconstruction are the oral

tongue, the base of the tongue (BOT), the floor of the mouth (FOM), and the tonsillar pillar.

Therefore, the ALTFF template has to be designed taking into account different regions:

Oral tongue: This corresponds to the largest portion of the flap, situated on the medial
side. It is separated by a V-shaped incision along the anterior FOM, enhancing the
folding of the flap to achieve the desired bulk for the reconstructed tongue (depicted
in the blue area of Figure 1-2). The bulk of the oral tongue needs to be oversized,
considering the volume reduction expected in the postoperative period due to the

reabsorption of subcutaneous fat. The medial border is then sutured to the



contralateral healthy mucosa of the tongue body. To ensure proper speech
articulation and enhance swallowing results, it is crucial to leave the tip of the
contralateral tongue freely mobile by suturing it folded on itself. In the author's
opinion, it is preferable to refrain from reconstructing the ipsilateral tip of the tongue.
Although this may result in a less aesthetic outcome, it contributes to improved
tongue functionality. Attaching the tip of the tongue to the flap could hinder the
mobility of the contralateral intrinsic musculature of the tongue's tip due to the burden
and weight of the flap. Additionally, it may lead to ankyloglossia if there is retraction
of the flap or scar formation.

BOT: This corresponds to a large trapezoidal-shaped area located in the posterior
part of the flap template (gray-dashed area in Figure 1-2). This area is completely
de-epithelialized and sutured to the residual mucosa of the BOT and the
corresponding vallecula. During the suturing process, we recommend partially folding
the de-epithelialized area under the healthy mucosa to achieve more efficient
adherence in this region. Again, it is essential to oversize the bulk to prevent volume
reduction in the following months, especially in cases where postoperative
radiotherapy is anticipated. Correct bulk at the BOT is of pivotal importance in
restoring a proper oral phase of swallowing.

FOM: This corresponds to the J-shaped area, situated anteriorly and laterally in the
flap diagram (yellow and green areas in Figure 1). The medial side of the mandible
has been dissected during the resection phase, removing the periosteum and gingiva.
To enhance adherence of the flap to the mandible bone, a section of the lateral and
anterior border of the flap, corresponding to the FOM, is de-epithelialized along its
entire length, approximately 1 cm thick (dashed area in Figure 1-2).

The flap is sutured directly to the gingiva using U stitches anchored directly to the

teeth. The stitch enters the flap's skin, passes through the submucosal interdental



space beneath the gingiva, encircles the corresponding teeth, and finally exits
through the flap's skin. By suturing only the skin, the peripheral de-epithelialized strip
of the flap remains in a deeper plane, in direct contact with the bare bone of the
mandible. A fundamental concept in achieving optimal swallowing function is the
maintenance of flap volume and support of the oral floor. This is achieved by fixing
the harvested fascia lata flap to the mandibular periosteum in the submandibular area
and to the digastric muscle, if it is preserved, ensuring static support of the flap. This
support is not achievable, for example, with different flaps such as the RFFF, which
over time may sag downward, reducing volume and thus compromising oral floor
support during the initial swallowing phase.

= Tonsillar pillar: This corresponds to the posterior and lateral petal of the template
(violet area in Figure 1-2). In CTS [7-8], the styloglossus muscle is always sacrificed
and cut at its proximal insertion, leading to a tonsillar pillar defect. The authors
recommend commencing the flap's insetting by suturing this portion to the residual
oropharyngeal mucosa because it is the furthest point to suture, particularly when a

mandibulotomy is not planned.

The insetting of the flap can be challenging in cases where mandibulotomy is not performed,
especially if the flap is voluminous, and if mouth opening is hindered by trismus or other
impediments. Therefore, it is useful to perform the inset with a precise order so that each
step does not hinder the next. The authors recommend starting with suturing the tongue
base, which is the deepest and least accessible point. This suture is advisable to be
performed during the pull-through phase. Once the tongue base suture is completed, the
tongue and flap can be brought back into the oral cavity by exerting gentle traction. At this
point, the posterior suture of the tonsillar pillar petal is completed. The flap is then secured
in the correct position through lateral suturing of the oral floor portion with U stitches between

the teeth. After completing this phase, it is recommended to perform arterial and venous



anastomosis to the neck vessels to minimize flap ischemia time. Insetting is completed once
the anastomosis is finished with suturing the anterior floor and suturing the lingual body to
the remaining healthy part of the tongue. The final step involves performing the plastic

surgery of the tongue tip.
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Figure 1: ALTFF template for standard CTS: on the left figure, the structures can be seen

colored according to the color legend provided in the right figure.
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Figure 2: Example of projecting the ALTFF template during standard CTS surgery.



EG type A: Involvement limited to the contralateral intrinsic musculature without
invasion of the extrinsic musculature.

In this case, the contralateral intrinsic musculature is also involved. The only difference from
the aforementioned template is the medial enlargement of the drawing of the body of the
tongue area (blue area in Figure 3).

Attention must be taken during the insetting to avoid limiting the movement of the
contralateral extrinsic musculature. If the tip of the contralateral tongue is spared, it is left

free, suturing it by folding on itself to achieve maximum mobility.
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Figure 3: ALTFF template for EG type A: on the left figure, the structures can be seen

colored according to the color legend provided in the right figure.

EG type B: Partial involvement of the contralateral extrinsic musculature
(genioglossus muscle), while preserving the HSU (hyoglossus—styloglossus unit).

In this case, both bilateral intrinsic and extrinsic musculature are affected by OTFOMSCC
and subsequently removed, leaving only the functional contralateral HSU.

As previously described [9], we introduced the minimal functional unit that must be

preserved surgically if not involved by the OTFOMSCC, ensuring an acceptable swallowing



outcome. This functional unit of the BOT comprises the hyoglossus and styloglossus
muscles innervated by the hypoglossal nerve [18].

The primary challenge in reconstruction lies in addressing the substantial loss of tongue
volume, which may further worsen during the extended postoperative period due to the
reduction of flap bulk. One potential solution is to harvest a chimeric ALTFF that incorporates
the skin paddle and a segment of the vastus lateralis muscle. This approach is particularly
advantageous for patients with reduced subcutaneous tissue thickness in the thigh or those
scheduled for postoperative radiotherapy. Notably, the muscle component of the flap is less
prone to volume loss compared to subcutaneous tissue. The vastus lateralis muscle is
strategically positioned at the core of the reconstructed tongue, occupying the former
position of the genioglossus muscle and covered by the skin paddle (Figure 4). It is
important to suspend the hyoid bone to the mandible by tensioning the lateral vastus
between these two structures and the base of the tongue. Alternatively, hyoid suspension
can also be achieved with a traction point placed between the hyoid and the mandible (by
drilling the bone with a drill at the symphysis level) or by using the fascia lata, which can be

harvested vascularized with the ALTFF.




Figure 4: ALTFF template for EG type B: on the left figure, the structures can be seen

colored according to the color legend provided in the right figure.

EG type C: Invasion of the entire contralateral compartment.

This signifies the most advanced scenario where the genioglossus, hyoglossus, or
styloglossus muscles are bilaterally infiltrated, necessitating the removal of both
compartments.

In this case, even more volume is needed to replace the entire BOT because both HSU
cannot be preserved. It is possible to create a slightly larger chimeric ALTFF, as described
above. Alternatively, a myocutaneous ALTFF can be constructed to replace the entire

tongue and FOM, ensuring adequate volume.

Figure 5: ALTFF template for EG type C: removal of both compartments necessitates a

larger volume and the harvesting of a chimeric ALTFF.



In the following figure (Figure 6), we present the preoperative magnetic resonance
imaging (MRI) and postoperative reconstructions with ALTFF template of 4 cases treated at
our ENT department: Figure A shows a standard CTS, Figure B an EG type A, Figure C
an EG type B, and Figure D a total glossectomy (EG type C).

In Supplementary Video 1, we also provide two cases of fiberoptic endoscopic evaluation
of swallowing (FEES) to demonstrate the excellent functional outcomes achieved
postoperatively in patients who underwent EG type A and B, thanks to speech

therapy support.

Figure 6:



A. Pre-operative axial MRI showing right OTFOMSCC involving the ipsilateral tongue
compartment without surpassing the median septum. Post-operative images show the
standard CTS and the reconstruction with ALTFF, with the tongue-tip completely preserved.

B. Pre-operative axial MRI showing left OTFOMSCC with involvement of the contralateral
intrinsic musculature. Post-operative images show the left EG type A and the reconstruction
with ALTFF; the tip is completely preserved with optimal projection.

C. Pre-operative axial MRI showing right OTFOMSCC bilaterally with partial involvement of the
contralateral extrinsic musculature (genioglossus muscle), while preserving the HSU. Post-
operative images show the sub-total glossectomy (EG type B) and the reconstruction with
ALTFF. The left HSU is preserved with residual function and mobility (yellow line).

D. Pre-operative axial MRI showing bilateral involvement of the extrinsic musculature and both
HSUs. Post-operative images show the total glossectomy (EG type C) and the reconstruction

with ALTFF (white line).

DISCUSSION

ALTFF is currently very popular in head and neck reconstructive surgery due to the amount
of transferable tissue, high versatility, and limited donor site morbidity [19]. Additionally, it
can be harvested in several variants: fasciocutaneous, myocutaneous, myofascial, and
chimeric [2,3]. Each variant plays a role in the head and neck area. In oral reconstruction,
free flap transfer is the gold standard for adequately separating the oral cavity and neck,
filling the space of the FOM and neck to avoid salivary fistula, restoring bulk, particularly in
the region of the base of the tongue to adequately support the swallowing oral phase, and
preventing tethering scars and ankyloglossia [20]. The RFFF and the ALTFF have become
the most popular choices, while other options such as the PMMF serve as secondary
choices for patients unfit for free flap surgery or in case of free flap failure.

Oral tongue surgery underwent a paradigm shift in the first decade of the 21st century,

transitioning from classic tumor-based surgery to CTS [4]. CTS is an anatomically based



approach with the main purpose of ‘encaging’ the cancer in the affected hemitongue, along
with the pathways of spread (muscles, lymphatics, vessels, nerves, soft tissues), FOM, and
neck lymph nodes. This approach is recommended for high-risk tongue cancers (cT3-T4,
and/or DOI > 10 mm, and/or cN+), and it has been shown to achieve high local control with
a statistically significant lower incidence of locoregional recurrence when compared to
discontinuous neck dissection [11-13,21].

Although the RFFF has been the most widely used flap in tongue reconstruction, due to the
significant loss of substance associated with CTS, several authors have described the
ALTFF as the most suitable option to provide sufficient volume, fill the dead space, ensure
a bulk effect, and prevent excessive tissue retraction sequelae [14,22-23].

The residual volumetric defect after CTS is significant because the intrinsic and extrinsic
musculature of the hemitongue is always resected until its distal insertion, leaving a
considerable dead volume to fill. Therefore, the go-to flap for reconstruction after CTS in our
department is the ALTFF. However, in selected patients for whom the ALTFF is not
indicated, the PMMF still plays a role. It can be safely used not only as a 'salvage flap' in
cases with free-flap failure or complications but also as a primary procedure in patients who
are predictably high-risk candidates for a free flap (i.e., American Society of Anesthesia
(ASA) classification 3-4) and in cases where simultaneous protection of the major vessels
of the neck is necessary [20, 24-26]. Leymarie and colleagues [23] also state that ALTFF is
the perfect flap for tongue reconstructions, as it presents more volume than the RFFF,
especially in occidental patients, and remains stable even after radiotherapy. In their article,
they propose a modified design of the ALTFF after total glossectomy, called the ‘cathedral
triptych’. However, in this case, the resection is neither performed nor described according

to the steps of the CTS, and therefore is not equally standardizable.



Since CTS is an anatomically-based and, therefore, standardized approach, we have
categorized the resulting defects into four possible scenarios based on the extent of
glossectomy performed [7-9]:
= The CTS (involvement of the ipsilateral compartment without exceeding the median
septum);
= The EG type A (involvement of the ipsilateral compartment and contralateral intrinsic
musculature);
= The EG type B (involvement of the ipsilateral compartment and contralateral extrinsic
musculature);

= The EG type C (invasion of the entire contralateral compartment).

These approaches are anatomically-based, highly reproducible, and result in a predictable
defect. Since the resection time of CTS can be summarized into these four scenarios, the
reconstructive phase can also be standardized using four flap designs, allowing us to
describe the current reconstructive algorithm.

This technique enables an exact match of the flap with the defect, eliminating much of the
guesswork during flap insetting [27]. This shortens the operating time, as one can precisely
predict the defect pattern by measuring only the long and short axis of the hemi-tongue,
without the need to wait until the end of the excision step of the surgery. This allows working
in a double team simultaneously. Standardization of the defect is crucial, as having a
reproducible flap-design algorithm that remains consistent for each surgical approach
makes it easy to use, even for less experienced surgeons approaching this surgery.
However, if the tumor involves anatomical regions outside the tongue's ipsilateral or
contralateral compartment, it is necessary to make some corrections to the flap design. This
is particularly relevant in cases of involvement of extra-compartmental anatomical structures
(e.g., the vallecula, palatine tonsil, soft palate, mandible bone, or cheek mucosa). However,

these exceptions go beyond the scope of the present article.



By employing this flap-design algorithm, we have achieved improved functional and
aesthetic outcomes. This technique is practical, easy to learn and apply, and highly

reproducible.

4] CONCLUSION

Since the defect remaining after CTS can always be classified into four different scenarios
based on the anatomical structures involved in the resection, we propose a standardized
and reproducible flap design. The flap of choice is the ALTFF, as it provides sufficient tissue
to fill the volumetrically large defect.

This techniqgue is easy to apply and learn, even for less experienced surgeons approaching
this surgery. Additionally, it shortens operating times, allowing for simultaneous work in a

double team, since the remaining defect is predictable, and the flap design is standardized.
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