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ABSTRACT

BACKGROUND: Despite the visual accessibility, as of today, there are still persisting high rates of
malignant tumors of the tongue newly diagnosed at later stages, which determines the complexity of
treatment in this category of patients. The main variant of surgical treatment for locally advanced stages
of tongue cancer remains the glossectomy with the resection of the oral cavity floor muscles, which
results in the impairment of the swallowing and speaking functions. Due to that, still topical are the search
and the development of new modern reconstructive methods to be used during the glossectomy for
increasing the quality of life for the patient. AIM: To perform the clinical approbation of the method of
tongue reconstruction after glossectomy using the re-vascularised dermal-muscle flap and the TiNi metal
wire weft-knitted mesh. METHODS: The single-center prospective non-randomized research included
6 patients (3 men and 3 women aged from 38 to 56 years) with the locally advanced ( 3—4) stages of
tongue cancer, which underwent the glossectomy with simultaneous reconstruction. The follow-up period
ranged from 3 to 8 months. RESULTS: In all the operated patients, we managed to restore the shape of
the tongue. Creating the anatomical shape of the tongue and of the oral cavity floor without the ptosis of
the hyoid bone and with the used reconstructive flap has allowed for more comprehensively and at earlier
times restoring the speaking and the swallowing functions. No inflammatory changes were reported in the
area of the reconstruction and of the implantation of the titanium nickelide mesh in any of the patients.
One case was reported as the local recurrence in 4 months after surgery. CONCLUSION: The developed
reconstructive-surgical method allows for effectively and safely reconstructing the tongue and the oral
cavity floor after glossectomy in oncology patients, to restore the swallowing and the speaking function
without developing the significant postoperative complications.

Keywords: glossectomy; reconstruction; malignant tumor; ptosis; tongue; titanium nickelide; implant;
metal wire knitted mesh.
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BACKGROUND

Every year approximately 660,000 new cases
of cancer in the head and neck area are diagnosed
worldwide, due to which more than 325,000 people
pass away [1]. The predominant histological type is
the squamous carcinoma (95%) of various degree
of differentiation. During the last decade, among the
tumors of the head and neck area, a growth is reported
in the number of mouth cancer cases, including the
tongue cancer. As of today, the incidence of tongue

cancer increased at the age group from 20 to 39 years,
predominantly among women [2].

The main method for the treatment of patients
with locally advanced tumor process in the tongue
is the combined one, including the surgical method
with further radiation or chemoradiation therapy. The
surgical treatment in the extent of radical resection
of the tumor (with an offset from the tumor margin
being 1.5 cm) and the cervical lymphodissection
according to indications remains the leading method
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for the treatment of malignant tumors of the tongue .
Performing the extended surgeries for locally advanced
stages of tongue cancer with the resection of the oral
cavity floor muscles and the mandible often results in
the complex defects, which is inevitably associated

1 National Comprehensive Cancer Network [Internet]. Clinical
practice guidelines in oncology. Head and neck cancers.
Version 4.2024. Access mode: https:/www.nccn.org/
guidelines/guidelines-detail?category=1&id=1437 Reference
date: 15.12.2025.

www.clinpractice.ru

with the loss of such functions as speech, chewing and
swallowing [3]. Radical surgical treatment of locally
advanced stages of cancer in the tongue and in the
oral cavity floor is often associated with the formation
of vast postoperative defects in the lower third of the
face [4], due to which, the not less important aspect
in the treatment of patients with tongue tumors is
performing the reconstructive-plastic surgeries, aimed
at the complete functional and social rehabilitation.
For solving the tasks of surgical reconstruction of
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the tongue, the most preferable is the usage of the
proprietary tissues of the patient [5], with this, the
lack of local tissues in the oral cavity for correcting
the defects after glossectomy does not provide the
proper quality of speech and nutrition, and in a number
of cases results in the disruption of suture lines in
the oral cavity with the formation of vast openings
(orostomas). The literature sources widely describe
the methods of tongue reconstruction with using the
submental and the pectoral flaps [6, 7], nevertheless,
such reconstructive methods of correcting the vast
defects of the tongue did not become the method of
choice due to the unsatisfactory functional result, the
small volume of soft tissues used, due to the significant
atrophy of the flaps in the remote period, as well as
due to the development of cicatricial deformation in
the donor area (neck), which negatively affects the
functional results [8].

The application of the methods of microsurgical
reconstruction using the free re-vascularised flaps with
sufficient volume allowed for decreasing the number
of postoperative inflammatory complications and
improving the functional results after radical surgical
resections in cases of advanced tongue tumors [9].
However, it is worth noting that all the reconstruction
methods in oncology patients, suggesting the
use of rotated or free flaps, are accompanied by
microcirculation disorders of various degree of
intensity. These complications are most frequently
related to the consequences of radiation therapy
and characterized by the pathological changes in the
microcirculation both in the recipient vessels of the
neck (in cases of preoperative radiation therapy) and
in the tissues of the reconstructive flaps themselves
(in cases of adjuvant radiation therapy) [10], which can
lead to serious post-operative complications and, in
a number of cases, to the complete necrosis of the
flap used. During the glossectomy with the resection
of the oral cavity floor muscles, the ptosis of the
hyoid bone and the throat develops, which negatively
affects the swallowing function and often leads to the
food aspiration into the airways, due to which, even
in cases of correcting the tongue defect by using
the musculocutaneous flap, patients do not succeed
in reaching the acceptable results of restoring the
swallowing function and of the full-scale nutritional
rehabilitation [11].

Within the premises of the Department of Head and
Neck Tumors of the Scientific-Research Institute of
Oncology under the FSBSI “Tomsk National Research
Medical Centre” under the Russian Academy of
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Sciences (SRI of Oncology of Tomsk NRMC) together
with the Laboratory of Medical Alloys and Implants
with Shape Memory under the FSAEIl of Higher
Education “National Research Tomsk State University”,
a reconstructive methods was developed for restoring
the tongue and for improving the functional results
after glossectomy. The method includes creating the
free re-vascularised musculocutaneous flap and the
implantation of the metal weft-knitted mesh made
of nickel-titanium (TiNi) for the reconstruction of the
tongue and for preventing the ptosis of the hyoid bone
and the tissues of the flap used.

Aim — to arrange the clinical approbation of the
method of tongue reconstruction after glossectomy
using the re-vascularised musculocutaneous flap and
the TiNi metal weft-knitted mesh.

METHODS
Research design
Single-center prospective non-randomized research.

Conformity criteria

Inclusion criteria: patients with primary or recurrent
cancer of the oral cavity floor staged 3-4N0-3MO
(IN—1VA); age from 18 to 75 years; consent for surgical
treatment; patient evaluation result brings 0-2 points
with using the scale of the functional status and the
quality of life — ECOG (Eastern Cooperative Oncology
Group); radical extent of the conducted surgical
treatment (RO based on the results of the intra-operative
examination).

Non-inclusion criteria: allergic reactions to the
components of medicinal products or elements
of the metal weft-knitted NiTi mesh, impossibility
of conducting the radical surgical treatment (vast
local spreading of the tumor process, substantial
concomitant diseases)

Exclusion criteria: the patient’s refusing to undergo
further follow-up.

Research facilities

The reconstructive method was developed within the
premises of the Department of Head and Neck Tumors
of the SRI of Oncology of the Tomsk NRMC together
with the Laboratory of Medical Alloys and Implants
with Shape Memory under the National Research
Tomsk State University. All the patients that were the
research participants were receiving treatment and
were operated within the premises of the Department
of Head and Neck Tumors of the SRI of Oncology
of the Tomsk NRMC.
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Research duration

The research lasted from 3 to 12 months depending
on the patient. The duration of logopedic sessions was
19-20 days in 16—22 days after surgery. The duration
of follow-up ranged from 6 to 18 months.

Medical procedure description

Initially, the resection was done for the tongue tissues,
the oral cavity floor and the cervical lymphodissection
on one side or bilaterally (according to indications). The
implant is the mesh of the tricot structure made of the
biologically inert superelastic TiNi wire with a thickness
of 60 um (Fig. 1, ). In our earlier research works, it was
shown that the tensile strength of the wire is 13% with
the tension being 1800 MP [12]. The results of the
computer modeling have demonstrated that the metal
weft-knitted TiNi mesh does not break at the deformation
levels of up to 16.3%, elastically deforming in these
settings up to 8% [13, 14]. The special knitting of the
mesh provides the stability of dimensions and the even
expansibility in all directions. After the implantation, the
TiNi mesh adapts to the longitudinal and the transverse
motions of the tissues in the area of the oral cavity floor
without loosing the supportive function in terms of the
hyoid bone and the throat due to the elastic properties
of the mesh (Fig. 1, ).

After the radical resection stage and after the
analysis of the resulting defect in the tongue and in
the oral cavity floor muscles, the anterior-lateral or
the medial musculocutaneous (depending on clinical
situation) flap is isolated from the hip according to the
standard method. As mentioned above, the oncological
stage of surgery includes the resection of the tissues of
the tongue, the oral cavity floor and the neck dissection
on one side or bilaterally (Fig. 2, a). The extent of the
dermal and the muscular tissues included into the
flap depends on the design and the dimensions of

2] b

Fig.e 1. The scheme of the reconstruction of the oral
cavity floor using the metal weft-knitted mesh made of
nickel-titanium (TiNi): total view of TiNi metal weft-knitted
mesh (a); the scheme of implant fixation in the area of the
oral cavity floor (b).

postoperative defect. Due to the dermal portion of the
flap, tongue reconstruction is done, while the muscular
portion is used to fill the defect in the oral cavity floor
muscles. In case of the necessity of more adequate
access to the area of the oral cavity reconstruction, one
can employ the medial mandibulotomy for the purpose
of the free distribution of the flap in the oral cavity
during the anatomical reconstruction. After this, the
dermal portion of the flap is distributed within the oral
cavity for restoring the anatomical shape of the tongue
and of the oral cavity floor. The vascular pedicle of the
flap is introduced behind the mandibular angle in the
area of the upper third of the neck with locating it freely
(without tension). Then, using the operating microscope
and the microsurgical instruments, the application
of the microvascular anastomoses is done between
the flap vessels and the donor vessels of the neck
area (generally, the facial ones). The most frequently
performed procedures are the application of a single
arterial and two venous anastomoses, after which the
blood supply is evaluated in all the flap portions and
the thorough hemostasis of the wound is carried out.
In case of mandibulotomy, the extra-cortical metallic
osteosynthesis is done using the standard titanium
plates and the mini-screws. The reconstruction of
the oral cavity floor muscles is done by locating the
muscle portion of the flap, which is fixated posteriorly
to the remaining part of the tongue root and anteriorly
to the mandible and to the mobile part of the tongue
being reconstructed, and inferiorly — to the body of
the hyoid bone. Above the muscle portion of the flap,
a fragment of the TiNi metal weft-knit mesh is fixated,
having the size corresponding to the area of the defect

2] b

Fig.e 2. The overall view of the operative wound after
glossectomy with the resection of the oral cavity floor

muscles and of the mandible on the right side ( a); after the
reconstruction using the medial musculocutaneous flap

from the thigh and the metallic weft-knitted mesh: implant

located above the muscular portion of the flap and fixated

to the hyoid bone and to the mandible ( b).
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of the oral cavity floor (Fig. 2, ). The implant made
of TiNi metal weft-knitted mesh is fixated to the body
and to the greater horn of the hyoid bone using the
Prolene 3-0 suturing material (Ethicon, USA), after this
follows the maximal up-lifting of the TiNi mesh and
fixating it to the area of the lower margin of mandible
via the holes pre-formed using the motor system and
the drill (1.5—-2 mm). After the reconstructive stage of
surgery, repeated control of circulation is performed in
all the portions of the flap, along with the control of
hemostasis, as well as the positioning and the tension
of the TiNi metal weft-knitted mesh.

Research findings

Main research outcome: creating the anatomical
shape of the tongue and of the oral cavity floor without
the ptosis of the hyoid bone and of the reconstructive
flap applied; restoration of the speaking and
swallowing function in patients.

Methods for registration of outcomes

For the evaluation of positioning of the nickel-titanium
mesh and of the status of the reconstruction area,
during the postoperative period, the method used
was the spiral computed tomography of the facial
skeleton and of the soft tissues in the neck area with
the bolus intravenous contrasting (Omnipaque) using
the Somatom Emotion 6 equipment (Siemens AG,
Germany).

For the purpose of ruling out the recurrence of the
tumor process or for evaluating the local spreading
of the tumor process (if present), all the patients were
undergoing the endoscopic examination of the nose,
the mouth, the laryngopharynx and the larynx using the
rigid endoscopes (with a diameter of 5.8 mm and with
a viewing angle of 70°, 30°, 0°) or the flexible fibroscope
(with a diameter of 3.5 mm) manufactured by Karl
Storz (Germany). For the verification of the primary
tumor process or when suspecting the presence of
continued growth/recurrence, at the follow-up stages,
the targeted biopsy of the tumor was done.

For assessing the regional cervical lymph nodes and
the diagnostic of their possible metastatic involvement,
the ultrasound examination of the neck area was
performed using the Philips Affinity 70 equipment (USA)
by the linear probe with a frequency of 10 mHz and by
the convex probe with a frequency of 3.5 mHz. When
suspecting the presence of metastatic impairment, the
fine-needle aspiration biopsy of the lymph node was
done under the ultrasonography guidance with further
cytological examination.
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Histological examination. During the surgical
treatment due to the developing recurrence, the sampling
procedures were conducted to collect the soft tissues
around the nickel-titanium mesh (1 case). The fixation
of the tissue samples employed the standard method
in the automatic Leica ASP6025 tissue processor
(Leica Biosystems, Germany) using the domestically
manufactured “lzopren” solution for histological
processing (absolute isopropanol, concentration — not
less than 99.7%) with an addition of Triton $15 (octylp
henoxypolyethoxyethanol). Later on, histological slices
with a thickness of 4-5 um were prepared from the
paraffin blocks. The microtomy was carried out using
the HM 430 sled microtome (Thermo Fisher Scientific,
USA). The staining of the microscopy slides was done
using the hematoxylin and eosin pre-mixed solutions.
The staining procedure was carried out using the
Varistain Gemini equipment (Thermo Fisher Scientific,
USA). The morphological examination was performed
using the Axio Scope.Al light microscope (Carl Zeiss,
Germany). The photographic images of the stained
histological microslides were obtained using the
NIKON ECLIPSE NI microscope digital camera (Nikon
Corporation, Japan).

Statistical analysis
The statistical analysis was not done due to the
small number of patients.

RESULTS

Research sample (participants)

The research included 6 patients aged 38-57 years
with the diagnosed tongue cancer, of which there were
three men and three women (Table 1). The distribution of
patients by the spreading degree of the tumor process
according to the international TNM classification
(Tumor, Nodes, Metastasis) was the following:
stage T3NOMO was diagnosed in 2 patients, stage
T3NIMO — in 3 patients and the stage T3N3MO was
diagnosed in 1 patient.

The reconstructive surgery due to the presence of
recurrence after the radical radiation therapy (66—70 Gr)
arranged in other clinics, was performed in 2 patients.
All the patients underwent the glossectomy and the
resection of the oral cavity floor muscles. Bilateral neck
dissection was done in 4 patients, two other patients
had the unilateral neck dissection.

In order to replace the defects of the tongue and
of the oral cavity floor, in 3 cases, the perforated
musculocutaneous flap from the medial hip area
was used (the PAP flap), in another 3 cases, the

https://doi.org/10.17816/clinpract695986
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Table 1
Clinical characteristics of patients enrolled into the research
Parameter Patient

1 2 3 4 5 6
Sex male female female male female male
Age, years 45 55 38 46 57 52
TNM stage T3N3MO T3NOMO T3N1IMO T3N1IMO T3NOMO T3N1IMO
Extent of glossectomy \% IVb \% \% IVb \Y
Flap ALT ALT PAP PAP ALT PAP
Adjuvant radiation therapy 60 Gr - - 60 Gr 60 Gr 60 Gr
Logopedic sessions, n 20 20 19 20 19 20
Follow-up duration, months 12 11 10 7 5 3

flap was taken from the anterior-lateral surface of
the thigh (ALT flap). The follow-up period ranged
from 3 to 12 months.

All the patients underwent the types IVb and V
glossectomy in accordance with the classification by
M. Ansarin et al. [15].

All the patients have received a course of speech
rehabilitation within a period ranging from 16 to 22 days
after the surgical treatment. The duration of logopedic
sessions was 19-20 days.

Main research outcome

In all the cases of the conducted reconstructive
surgeries, the restoration of the tongue shape was
successful. Restoring the anatomical shape of the
tongue and of the oral cavity floor without the ptosis
of the hyoid bone combined with the reconstructive
flap has allowed for more comprehensively and early
restoring the speech and the swallowing functions. No
inflammatory changes in the area of the reconstruction
and of the TiNi mesh implantation were found in any
of the cases. One patient had a local recurrence
4 months after surgery, which was the indication for
repeated intervention. There were no reported cases
of post-operative complications related to the usage
of the TiNi mesh.

After 3 months, all the patients underwent the
spiral computed tomography of the facial bones and
neck (contrasted) for the purpose of evaluating the
status of the reconstructed area, namely, the position
of the flap and the TiNi mesh implant (Fig. 3, ): in all
the patients, the shape of the reconstructed tongue
similar to the anatomical one was achieved without the
significant ptosis of the soft tissues to the neck area;
no dislocation was found in the TiNi mesh implant;
sufficient pexy was shown for the hyoid bone and the
throat to the mandible area (Fig. 3, ).

Undesirable phenomena

In one case, in 4 months after the reconstruction,
repeated surgery was arranged due to the presence
of cancer recurrence, which allowed for evaluating
the status of the reconstructed area (Fig. 4): the

2] b

Fig.+3. Post-operative follow-up of the patient (3 months after

reconstruction): a— multispiral computed tomography: in the

area of the oral cavity floor, the findings include the fixated

TiNi mesh implant (shown by the arrow); b — the appearance
of the reconstructed tongue: the anatomic shape of the

tongue is visualized.
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Fig.e 4. The overall view of the operative wound after the
reconstruction using the musculocutaneous flap and the implant

made of TiNi metallic weft-knitted mesh: the mesh implant is

located above the muscular portion of the flap and fixated to the

hyoid bone and to the mandible ( ); surgical treatment in 4 months
due to the recurrence after the conducted reconstruction:

visualized area of the mesh implant positioning, with the implant
completely submerged into the muscular tissue ( b).
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mesh implant was located within the muscle tissue
with no signs of dislocation, no visible manifestations
of inflammation and without developing the rough
connective-tissue capsule (Fig. 5). According to the
results of histological examination of the soft tissue
fragment (muscles and subcutaneous-fatty tissue)
around the TiNi mesh implant, the sample contains the
fibrous connective tissue with signs of inhomogeneous
edema and insignificant lymphoid infiltration, with a
tendency to the formation of small lymphoid aggregates
in the part of fields of view. Separate foci contain
fragments of muscle tissue, loosened due to the
accumulation of edema fluid in the intercellular spaces.
In all the fragments, the findings included the multiple
gigantic cells, the focal diapedetic hemorrhages, the
accumulations of hemosiderophages, xanthomatous
cells and macrophages (Fig. 6). These morphological
findings correspond to the mild phase of the chronic
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Fig.e5. Reconstruction area (magnification) in 4 months:
within the muscle tissue and along its surface, the
structure of the mesh implant is visualized (arrows), which
is completely integrated into the muscular tissue with no
visible signs of inflammatory reaction or developing the
coarse connective tissue.

b
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Fig.6. Histological specimens prepared from the fragment of soft tissues around the TiNi mesh implant (implantation
duration — 4 months), staining with hematoxylin-eosin: the findings are the muscular and the connective tissue with
signs of swelling, accumulations of hemosiderophages; inhomogeneously plethoric vessels; abundance of gigantic
multinuclear cells (a); lymphoid infiltration, gigantic cells, hemosiderin (b); lymphoid aggregate (c); multinucleated foreign
body giant cells (d; arrows).
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