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Introduction. Squamous cell carcinoma is the most common oral tumor. The head and neck area is a functionally and
socially significant area of the human body. Underestimation of the extent of oral tumors during surgery leads to the
need for additional treatment methods, which worsens the quality of life of patients. The depth of invasion of squa-
mous cell carcinoma of the tongue has great prognostic significance. The revision of T category of the Tumor, Nodus
and Metastasis (TNM) classification of the 8% edition of the American Joint Committee on Cancer (AJCC) prompted the
search for additional diagnostic methods that most accurately determine the depth of invasion of an oral tumor and,

accordingly, preoperative clinical staging.

Aim. to evaluate the capabilities of ultrasound using various approaches in determining the depth of invasion of squa-
mous cell carcinoma of the oral cavity and to compare the results obtained with data obtained by the use of other diag-

nostic methods.

Materials and methods. In our reserch, ultrasonography was performed on 193 patients with primary malignant tumors
of the mobile part of the tongue, floor of the oral cavity and tumors of rare locations (mucous membranes of the lip,
cheek, alveolar processes). The age of the patients ranged from 15 to 85 years. In all patients, tumors were squamous
cell carcinoma. Ultrasound was performed using submandibular, intraoral and transbuccal approaches. Ultrasonic data
were compared with the results of pathomorphological examination, as well as of X-ray computed tomography and

of magnetic resonance imaging with contrast.

Results. A statistically significantly high correlation was obtained for all ultrasound approaches (submandibular, intra-
oral and transbuccal) with the depth of invasion of the oral tumor determined pathomorphologically (r=0.78; r=0.89;

r=0.93; p <0.001).

Ultrasound using all approaches shows statistically significantly better results in determining the thickness of tumors
of the tongue and mouth floor in comparison with X-ray computed tomography and magnetic resonance imaging (p <0.001).
All diagnostic methods are characterized by an overestimation of the tumor invasion depth (overdiagnosis) as com-
pared with pathomorphological examination. For exophytic tumors and oral cavity tumors of mixed growth with an exo-

phytic component, the depth of invasion was less than the tumor thickness.

Conclusion. Ultrasound is an accessible, easily reproducible, radiation-free method, the resolution of which makes
it possible to accurately determine not only the depth of invasion of oral tumors, but also the distance from the tumor
to the midline of the tongue, that represents an important information when choosing the extent of surgical intervention.
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BBepeHue. M110CKOKNETOUHbIN paK ABNAETCA CaMOi pacnpoCTpaHeHHOI onyxosbio nonocTu pra. 06nacTb ronoBsl U Wew
npencTasnset co6oi GyHKUMOHANbHO M COLMANBHO 3HAYMMYIO 30HY YeNoBeYeCcKoro opraHusma. HegooueHka pacnpocTpa-
HEHHOCTW ONYXONYW NONOCTH PTa BO BPEMSA XMPYPruYeCKOro BMeLlaTebCTBa BEieT K HE00X04UMOCTU MPUMEHEHUSA JONON-
HUTENbHbIX METOAOB JIEYEHUSA, YTO YXYALIAeT KauyecTBO XKWU3HU NauueHToB. MyOGMHA MHBA3UM NIOCKOKNETOYHOMO paka
A3blKa UMeeT 6ONbLIOE NPOrHOCTUYECKOe 3HaYeHue. NepecmoTp kateropuu T knaccudukauun Tumor, Nodus and Metastasis
(TNM) 8-ro u3paHus AMepuKaHcKoro o6besuHeHHOro komuteTa no paky (American Joint Committee on Cancer, AJCC)
NOCNYXUN NOBOAOM AN NOUCKA AONONHUTENbHBIX METOA0B [UATHOCTUKM, HauboNee TOUHO ONpefensiownx rMyouHy UH-
Ba3nM ONyX0K NOAOCTU PTa U, COOTBETCTBEHHO, 00NEPALMOHHOE KNMHMYECKOe CTaMpoBaHue.

Llenb nccnepoBaHua — oLeHNTb BO3MOXHOCTY ynbTpa3BykoBoro uccnefoBaius (Y3W) c npumeHeHnem pasnnyHbix fo-
CTYNOB B onpefeneHun mMyOuHbl MHBA3UU MNOCKOKNETOUYHOrO paka MosoCTH pTa, CPABHUTL MONYUYEHHblE Pe3ynbTaThl
C AAHHLIMU APYTUX METOA0B ANArHOCTUKM.

Marepuansl n metoabl. B Haweit paboTe Y3U nposeseHo 193 nauyueHTam ¢ NepBUYHBIMU 310Ka4eCTBEHHBIMU 06pa3oBa-
HUAMMW NOJBMXKHOM YaCTU A3bIKa, jHA NMOJOCTU PTa W ONYXONAMU PELKUX NOKanuU3auuii (Cnmsnuctoii rybel, Wekw, anbee-
ONAPHBIX OTPOCTKOB). Bo3pacT 6onbHbIX BapbupoBan oT 15 fo 85 neT. Y Bcex NauueHToB Onyxonu Obinu NpeacTaBaeHs
NNOCKOKNETOYHbBIM PAaKOM. YNbTPa3ByKOBOE UCCef0BaHME BbIMONHANOCH C NPUMEHEHUEM NOAYENIOCTHOO, TPAHCOPaIbHO-
ro u TpaHcOykkansHoro foctynos. [laHHble Y3W cpaBHWBanu c pesynstataMu natoMopdosorMyeckoro UCCNefaoBaHus,
a TaK)Xe PeHTTeHOBCKOI KOMNbIOTEPHON TOMOrpaduu U MarHUTHO-Pe30HAHCHOI ToMOrpacun ¢ KOHTPaCTMPOBAHMEM.
Pesynbtarbl. MonyyeHa oCTOBEPHO BbICOKas KOppensauus Bcex 4octynos Y3 (nogyentocTHoro, TpaHCOpanbHOro 1 TpaHc-
OYKKanbHOro) ¢ My6UHOI MHBa3WUK ONYXONU NONOCTYU PTa, ONpefeneHHoi natomopdonoruyecku (r=0,78; r=0,89; r=0,93;
p <0,001).

YnbTpa3ByKoBOe UCCNe0BaHME C UCNOb30BaHMEM BCEX AOCTYMOB MOKa3biBAET CTaTUCTUYECKM 3HAYUMO NyYlUne pPe3yb-
TaTbl NP ONpefeneHnm ToNLNHbLI ONyxXoel A3biKa U AHA NONOCTU pTa N0 CPABHEHMIO C PEHTTEHOBCKON KOMMbIOTEPHO
Tomorpacueit U MarHUTHO-pe30oHaHCHoO ToMmorpaduent (p <0,001)). [Ina Bcex AUArHOCTUYECKUX METOLOB XapaKTepHO
3aBbllWeHMe OLEeHKM MYOUHbI MHBA3UW ONyXonun (rMNepAMarHocT1Ka) No CpaBHEHUIO € NaToMOPdONorMYeckum uccneno-
BaHueM. [lnf 3K30(UTHLIX onyxoneit U 06pa3oBaHUil NONOCTU PTa CMEWAHHOTO POCTA C 3K30UTHLIM KOMMNOHEHTOM Y-
OMHa MHBA3MM OKa3anach MEHbLUE TONLUHbI OMYXONH.

3aknioyeHue. YnbTpa3ByKoBOe UCCNeA0BaHNE ABNAETCA JOCTYNHBIM, 1erko BOCMPOM3BOANUMbIM, HE HECYLLUM Iy4eBOi Ha-
rpy3KW METOL0M, pa3pellarolyas cnocobHOCTb KOTOPOro N03BOJSAET C BbICOKOK TOUHOCTbIO ONpPEeAensTh He TONbKO MyBUHy
MHBa3WUU ONyXONeil NONOCTU PTa, HO U PACCTOSAHWSA OT HOBOOGPA30BaHMA 1O CPEAHEN NMHUM A3bIKA, YTO ABNAETCA BAXKHOM
uHbopMaLmeii Npyu BbIGOpe 06bEMA XUPYPrUYeCKoOro BMeLLaTeNbCTBa.

KnioueBble cnoBa: my6uHa MHBA3WUK, TOAWMHA ONYXO/M, TPAHCOPANbHOE YNLTPA3BYKOBOE MCC/ELOBAHME, NIOCKOKIE-
TOYHBII pak nonocTu pra
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Introduction

Cancer of the oral cavity and tongue is an endemic
disease. The highest incidence rates have been reported
in South Asian countries due to the use of betel quid, chew-
ing tobacco and smoking [1, 2].

The incidence of oral cancer is increasing every year,
especially in young people, particularly young women [3].
Squamous cell carcinoma is the most common type of oral
tumor [3, 4]. The reason for its growth remain a matter
of debate. The role of human papillomavirus in the occur-
rence of squamous cell carcinoma of the oral cavity and
tongue is not completely clear since there are not very many
studies to confirm this theory and their results often indicate
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that the presence of human papillomavirus is not associated
with development of this pathology [5].

Surgical removal of the primary tumor with or with-
out cervical lymph node dissection has long been con-
sidered the best approach to treating squamous cell car-
cinoma of the oral cavity and tongue. The invasive nature
of squamous cell carcinoma makes it difficult to deter-
mine tumor boundaries and, in practice, undesirable
consequences of close or positive resection margins are
quite common [6, 7]. The non-ablative surgical inter-
vention creates the need for additional treatment, in par-
ticular radiation therapy, which worsens the quality
of life of patients.
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Metastasis to cervical lymph nodes (LN) determines
clinical staging, affects the prognosis of the disease, and
depends on the depth of tumor invasion in patients with oral
cancer. Occult lymph node metastases are present in 23.9—
26.4 % of cases of oral cancer of clinical stages II and 111
and depend on depth of invasion of the primary tumor,
determining the prognosis of the disease [8, 9].

Tumor thickness (TT) and depth of invasion (DOI),
determined using ultrasound (US) with or without fine nee-
dle aspiration biopsy (FNA), are important indicators for
predicting the risk of metastases and locoregional relapse
[10—12]. The depth of invasion of squamous cell carcinoma
of the tongue has great prognostic significance. This fact led
to the revision of the T category in the Tumor, Nodus and
Metastasis (TNM) classification of the 8" edition of the
American Joint Committee on Cancer (AJCC) [13, 14].

The interchangeable use of terms “tumor thickness” and
“depth of invasion” is incorrect. The term “tumor thickness”
is defined as the distance from its surface to the deepest level
of invasion and is usually used in preoperative imaging, while
the term “depth of invasion” refers to the distance from the
surface of the mucosa or basement membrane to the deepest
level of invasion, and this parameter, in fact, is a histo-
pathomorphological result [15].

T.J. Nulent et al. have analyzed studies using intraoral
US (IOUS) to measure oral TT during period of 1997—2016
and found a significant correlation between IOUS and his-
topathomorphological methods [16].

Since the appearance of TNM 8™ edition, there has been
great interest in the preoperative assessment of tumor DOI,
in the search for optimal diagnostic methods for tumor
determination, and, in general, in the clinical staging
of squamous cell carcinoma of the tongue.

Aim. to evaluate the capabilities of US using various
approaches in determining of depth of invasion of squamous
cell carcinoma of the oral cavity and to compare results
obtained with data obtained by the use of other diagnostic
methods.

Materials and methods

In our work, the US was performed in 193 patients with
primary malignant tumors of the mobile part of the tongue
(144 (74.6 %) cases), floor of the oral cavity (32 (16.6 %) cases)
and tumors of rare locations (17 (8.8 %) cases: tumor in the
alveolar processes (n = 5), cheek (n = 6), lip (n = 3)) (table 1).

The age of the patients ranged from 15 to 85 years. The
ratio of men to women was 1.4 : 1. Histological verification
of the diagnosis was carried out in all the cases. Among
patients with lesions of floor of the oral cavity, there were
statistically significantly more men.

In all 193 patients, tumors were squamous cell carcino-
ma. Well-differentiated squamous cell carcinoma with signs
of keratinization accounted for 76 (39.4 %) of 193 cases,
moderately differentiated — 103 (53.4 %), and poorly dif-
ferentiated — 14 (7.2 %).
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The distribution of patients depending on the clinical
stage and T-stage of the disease is presented in tables 2 and
3. Patients in the general group were distributed fairly even-
ly across stages, while the TT more often met the T3 crite-
rion for all tumor locations. In rare tumors, stage T4 disease
was diagnosed statistically significantly more often (p = 0.008
as compared with tumors of the tongue; p = 0.041 as com-
pared with tumors of floor of the oral cavity).

All 193 patients with tumors of the tongue, floor of the
oral cavity, and tumors of rare locations underwent 152 (78.8 %)
I0OUS, 106 (54.9 %) US from the submandibular appro-
ach, and 36 (18.7 %) — US from the transbuccal approach
(table 4).

During US, the TT was measured using different ap-
proaches and different sensors and techniques.

Tumor thickness was compared with pathomorpholog-
ical findings. The measurement error accepted as the con-
dition under which the coincidences between pathomor-
phological and US was considered as correct was £ 15 %.
The percentage error was calculated as the percentage dif-
ference between pathomorphological and ultrasonic meas-
urements (the histological value was taken as 100 %; the
module of the percentage error was used in the analysis).

All patients underwent surgical treatment to one extent
or another. The US results were compared with pathomor-
phological examination data.

Ultrasound was performed with Acuson S-2000 device
(Siemens, Germany) using a standard linear US probe
(transducer) 9L4 (frequency range 4—9 MHz) and an intra-
operative high-frequency probe (transducer) 14L5SP (fre-
quency range 5—14 MHz), as well as with Philips device
EPIQ 7 with standard linear transducer eL 18-4 (frequency
range 4—18 MHz) using submandibular, transbuccal and
intraoral approaches.

During the IOUS to determine the tumor thickness
(TT), the probe was installed on the back of the tongue, the
tumor was visualized and its thickness was measured from
the lateral surface of the tongue (a typical tumor location)
to the deepest tumor part in the thickness of the tongue

Table 1. Distribution of patients with oral tumors depending on age
and tumor location (n = 193)

Number of patients, abs. (%)

Tumor location
Men Women
Tongue (n =144) 81 (56.3)* 63 (43.7)
Floor of the oral cavity (n = 32) 24 (75.0) 8 (25.0)
Rare tumors (n = 17) 7 (41.2)* 10 (58.8)
Total (n =193) 112 (58.0) 8§1(42.0)

*Statistically significant differences as compared with tumors
of floor of the oral cavity (p <0.05).
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Table 2. Distribution of patients with oral tumors depending on the stage of the disease and tumor location (n = 193), abs. (%)

Stage Tumor of_ the tongue Tumors of floor _of the oral Rare iumors T_otal
(n=144) cavity (n =32) (n=17) (n=193)
I 45 (31.2) 3(9.9)* 2(11.8) 50 (25.9)
II 39 (27.1) 10 (31.2) 2(11.8) 51 (26.4)
111 21 (14.6) 11 (34.4)* 7 (41.2)* 39 (20.2)
v 39 (27.1) 8(25.0) 6(35.2) 53 (27.5)

*Statistically significant differences as compared with tongue tumors (p <0.05).

Table 3. Distribution of patients with oral tumors depending on the T-stage of the Tumor, Nodus and Metastasis (TNM) classification and tumor location
(n=193), abs. (%)

T-stage Tumors 0{ the tongue Tumors o_f floor _of the oral Rare iumors T_otal
(n=144) cavity (n =32) (n=17) (n=193)
Tl 34 (23.6) 309.4) 2(11.8) 39 (20.2)
T2 37 (25.7) 9 (28.1) 4(23.5) 50 (25.9)
T3 64 (44.4) 18 (56.2) 6(35.3) 88 (45.6)
T4 9(6.3) 2(6.3) 5(29.4)* 16 (8.3)

*Statistically significant differences as compared with tongue tumors (p <0.05).
’Statistically significant differences as compared with tumors of floor of the oral cavity (p <0.05)..

Table 4. Distribution of patients depending on ultrasound (US) access type and tumor location, abs. (%)

US access Tumors of the tongue Tumors of floor of the oral Rare tumors Total
(n=144) cavity (n =32) (n=17) (n=193)
Intraoral 132 (91.7) 18 (56.3) 2(11.8) 152 (78.8)
Submandibular 74 (51.4) 29 (90.6) 3(17.6) 106 (54.9)
Transbuccal 20 (13.9) — 16 (94.1) 36 (18.7)

THI { H3,00 MHz
16 dB | DR 65
SC2/DTCEL
MapE /5T2

LMP
D182 mm:

Fig. 1. Intraoral ultrasonography of the tongue (transverse scanning): a — echogram of moderately differentiated squamous cell carcinoma of the right lateral
surface of the tongue (indicated by red arrows), tumor thickness 18.2 mm (indicated by blue arrow), T3 (TNM) b — transverse scanning using a linear probe
in the frequency range 4—9 MHz, intraoral access
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Fig. 2. Intraoral ultrasonography of the tongue (longitudinal scanning): a — echogram of moderately differentiated squamous cell carcinoma of the lateral
surface of the tongue (indicated by red arrows), tumor thickness 8.3 mm (indicated by blue arrow), T2 (TNM); b — longitudinal scanning with linear probe

in the frequency range 4—9 MHz

A 8

Fig. 3. Transbuccal ultrasound (US): a — US-tomogram of the tongue lateral surface, moderately differentiated squamous cell carcinoma of the lateral surface
of the tongue (indicated by a red arrow), tumor thickness is 6.3 mm (indicated by a blue arrow), T2 (TNM); b — scanning with linear probe (frequency range
4-9 MHz)

muscle (fig. 1). For longitudinal scanning, the probe was
placed directly on the surface of the tumor (fig. 2).

For transbuccal access, the probe was installed trans-
cutaneously on the cheek area. The patient brought his
tongue to the probe from the inner cheek surface thus
achieving its visualization through the cheek tissue (fig. 3).
In some cases, when the patient could not reach the inner
cheek surface with his tongue due to the extent? of the tumor
process, water was used: the patient kept water in his mouth
during the entire study to create an acoustic window and for
better tumor visualization. This technique was developed
and applied in our clinic. In some cases, this was the only
possible way to visualize a tongue tumor in patients with
severe pain and trismus.

In 37 patients, US results were compared with X-ray
computed tomography (X-ray CT) data, and in 49 patients —
with magnetic resonance imaging (MRI) data. X-ray CT
was performed with spiral computed tomographs Somatom

Emotion 6 and Sensation 4 (Siemens, Germany). The non-
ionic radiopaque agent Omnipaque (300 or 350 mg/ml) (Ny-
comed) was used as a contrast agent, which was injected
into the cubital vein using a Medrad automatic injector in
a volume of 70—100 ml. For spiral computed tomography
(SCT), the scanning step was 5 mm.

Magnetic resonance imaging of the neck was performed
using Magnetom Harmony (Siemens, Germany) with mag-
netic field voltage of 1.0 T, Avanto and Espree (Siemens,
Germany) with magnetic field voltage of 1.5 T The Om-
niscan (Nycomed) was used as a contrast agent. The con-
trast agent was injected into the cubital vein manually in
an amount of 10—15 ml (depending on the patient’s body
weight).

X-ray CT and MRI were performed in all cases using
intravenous contrast.

Statistical processing of the material was performed using
the statistical software package Statistica for Windows v.10.
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Quantitative parameters are presented as median, interquar-
tile range and minimum — maximum values. The signifi-
cance of differences between variables was calculated using
the nonparametric Mann—Whitney U test. to compare qual-
itative parameters, Fisher’s exact test and y? test were used.
Differences were considered as significant at p <0.05.

Results

The results of comparison of TT measured during patho-
morphological examination and using various diagnostic
methods, depending on the tumor location, are presented
in tables 5—7.

The accuracy of US (the number of matches between
US data and pathomorphological examination with an ac-
ceptable error of + 15 %) in determining TT of oral squa-
mous cell carcinoma using various approaches is presented
in fig. 4.

JluarHocmuKa u ne4yexue onyxoneii ronoebl U weu

For tongue tumors, the median value of the TT deviation
between those determined during US and pathomorpho-
logical examination was 7.9—10.0 %, the error of IOUS was
9.1 %. For tongue tumors, US with transbuccal approach
was the most accurate as compared with US with other
approaches (median deviation — 7.9 %), and US with sub-
mandibular approach was the least accurate (deviation rate —
10 %).

The intraoral technique has proven itself well for tumors
of rare locations, such as the mucous membrane of the al-
veolar processes, lips, cheeks (the frequency of deviations
between US and pathomorphological examination data was
up to 7.1 %). For tumors of the floor of the oral cavity, IOUS
was less accurate than US with submandibular approach (the
error was 10 % versus 8.3 %) (fig. 4). This is probably due
to technical difficulties: the lack of geometric congruence
between the US probe and the lower jaw, which did not allow

Table 5. Tumor thickness according to pathomorphological examination and ultrasonography with intraoral access (using standard and intraoperative linear
probe operating in frequency range of 4—9 and 5— 14 M Hz depending on tumor location (n = 152), median [25— 75" percentile]; maximum—minimum value

Tumor thickness, mm

Tumor location

Pathomorphological examination

10.0 [5.5—15.0]; 1—27
12.0 [10.0—15.0]; 2.5-25.0
14.5[7.0 — 22.0]; 7.0—22.0

Tongue tumor (n =132)
Floor of the oral cavity (n =18)

Rare tumors (n =2)

Ultrasonography Error, %

with intraoral access

11.0 [6.0—15.5]; 2—27
13.0 [10.0—14.0]; 8.0—25.0
15.0 [8.0—22.0]; 8.0—22.0

9.1[0—-13.8]; 0.0—-300.0
10.0 [8.3—13.3]; 0.0—460.0
7.1[0—14.3]; 0.0—14.3

Table 6. Tumor thickness according to pathomorphological examination and ultrasonography with submandibular access using a standard linear probe
operating in frequency range of 4—9 M Hz, depending on tumor location (n = 106), median [25— 75" percentile]; maximum—minimum values

Tumor thickness, mm

Tumor location

Pathomorphological examination

13.0 [9.0—20.0]; 1.0—60.0
14.0 [10.0—15.0]; 4.0—25.0

Tongue (n =74)
Floor of the oral cavity (n =29)

Rare locations (n =3)

15.0 [15.0—18.0]; 15.0—18.0

Ultrasonography Error, %

with intraoral access
14.3 [10.0—20.0]; 0.0—60.0
15.0 [12.0—18.0]; 6.0—28.0
14.0 [12.0—-21.0]; 12.0-21.0

10.0 [4.0—25.0]; 0.0—200.0
8.3 [8.3—13.3]; 0.0—140.0
16.7 [6.7—20.0]; 6.6—20.0

Table 7. Thickness of formations according to pathomorphological examination and ultrasonography with transbuccal access using linear sensor operating
in the frequency range 4—9 MHz (n = 36), depending on tumor location (n = 106), median [25— 75" percentile]; maximum—minimum values

Tumor thickness, mm

Tumor location

Pathomorphological examination

Tongue (n =20) 8.0 [5.0—11.0]; 4.0—16.0
Floor of the oral cavity (n =0) —
Rare locations (n =16) 16.5[7.0—23.5]; 5.0—50.0
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Ultrasonography Error, %

with intraoral access

10.0 [5.5—13.5]; 4.0—16.0 7.9 [0.0—22.5]; 0.0—180.0

14.5 [8.0—20.5]; 6.0—65.0 13.3[0—26.8];0.0—51.4
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Fig. 4. The magnitude of the deviation in tumor thickness measurements during pathomorphological and ultrasound investigation depending on the approach
and location of the tumor, %. 10 — intraoral access; SM — submandibular access; TB — transbuccal access

Table 8. Frequency of coincidence for parameters of tumors invasion depth in the oral mucosa of different location according to ultrasound (US) using
various approaches and pathomorphological examination (indicated by slash), abs. (%)

US access Thmm;l (£ t1h:4;ongue Tumors of ﬂ(;(’)lr =0§ ;l)le oral cavity Ra(l;:e Lulll;;ws Total (n =193)
Intraoral 106/132 (80.3) 14/18 (77.8) 2/2 (100) 122/152 (80.3)
Submandibular 50/74 (=67.6)* 18/29 (62.1) 1/3 (33.3) 69/106 (65.1)*
Transbuccal 14/20 (70.0) - 8/16 (50.0) 22/36 (61.1)*
Total** 120/144 (83.3) 24/32(75.0) Y17 (52.9)%** 153/193(79.3)

*Statistically significant differences as compared with the intraoral approach; p <0.05. **Cases when the tumor thickness in at least one
approach coincides with the pathomorphological depth of invasion. ***Statistically significant differences compared with tongue tumors;

p <0.05.

complete comparison of the surface of the probe and the
tumor, especially for small tumors.

The accuracy of US (the number of matches between da-
ta from US and pathomorphological studies with an acceptable
error of = 15 %) in evaluation of the TT of oral mucosa tumors
when using various approaches is presented in table 8.

When measuring TT using IOUS, the highest frequen-
cy of coincidences with this parameter determined histolog-
ically (80.3 %) was observed, statistically significantly high-
er than with US with submandibular (65.1 %; p = 0.006) and
transbuccal accesses (61.1 %; p = 0.015). For tongue tumors,
the coincidence rate for IOUS was statistically significantly
higher than for US with submandibular approach (p =
0.041). When using transbuccal US for tongue cancer, this
value was 70 %, and for rare tumors — only 50 %, which is
associated with the spread of the tumor to periosteum of the
upper and lower jaws and of the inner surface of the alveolar
processes. An analysis of the total accuracy of US depending
on the tumor location has revealed the best results for tum-
ors of the tongue, and the worse and statistically significant-

ly lower (p = 0.007) for rare tumors (taking into account an
errorisup to = 15 %)

Tumor thickness measured using submandibular (r = 0.78),
intraoral (r = 0.89) and transbuccal (r = 0.93) approaches
was significantly adjusted with the DOI determined by
pathomorphological method (p <0.001).

The high correlation coefficient was also obtained when
comparing TT measured by MRI (r = 0.91) and X-ray CT
(r=10.72) with the DOI determined by pathomorphological
examination (p <0.001).

Ultrasound investigation using all approaches shows
statistically significantly better results in determining the TT
of the tongue and floor of the oral cavity as compared with
X-ray CT and MRI. For neoplasms of rare locations, the com-
parison was impossible due to small group size (table 9).

The DOI variable was in agreement with X-ray CT and
comparable to the literature data in which the results are
considered as satisfactory, however if standard measurement
protocol was used, a tendency towards overestimation
of X-ray CT values was also noted [17, 18].
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Table 9. Frequency of coincidence of thickness parameters of tumors of the oral mucosa according to ultrasound (US), magnetic resonance (MRI) and X-ray
computed tomography (X-ray CT) and pathomorphological examination (indicated by slash) depending on the location of the tumor, abs. (%)

Method Tumor of the tongue Floor of the oral cavity Rare tumors Total
(n=144) (n=32) (n=17) (n=193)
MRI 19/29 (65.5)* 6/14 (42.9)* 2/6 (33.3) 27/49 (55.1)*
X-ray CT 12/21 (57.1)* 3/8 (37.5)* 4/8 (50.0) 19/37 (51.4)*
US (I0 + SM + TB) 120/144 (83.3) 24/32 (75.0) 9/17 (52.9) 153/193 (79.3)

*Statistically significant differences as compared with US (p <0.05).
Note. 10 — intraoral access; SM — submandibular access; TB — transbuccal access.
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Fig. 5. The relationship between tumor thickness determined using various
diagnostic methods and depth of invasion identified during pathomorphological
examination. US — ultrasound; MRI — magnetic resonance imaging;, X-ray
CT — X-ray computed tomography; 10 — introral access; SM — submandibular
access; TB — transbuccal access

The higher tumor DOI values obtained with US is like-
ly to be due to the fact that the study was performed by the
same physician, experienced in examining patients with head
and neck tumors and interested in more thorough examina-
tion, whereas X-ray CT and MRI were performed routine-
ly, and their data were assessed by different specialists with
different levels of training. In addition, technically it was not
always possible to maintain the same time interval between
preoperative diagnosis and pathomorphological examina-
tion. The relatively low informative content of MRI was
also associated with the low power of the equipment (mag-
netic field voltage 1—1.5 T), which was used in our study.
However, in one recent study of R. Noorlag et al. (2020),
which used high-precision MRI devices (magnetic field
voltage 3 T), it was demonstrated a significant correlation
of TT parameters determined during MRI and IOUS, as well
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as with DOI identified by pathomorphological method [19]
Tumor thickness measured by MRI (r = 0.72) and IOUS
(r = 0.78) was significantly correlated with histopathomor-
phological DOI (p <0.001). However, in tumors with the
DOI of 0—10 mm, corresponding to the T1 and T2 catego-
ries of the TNM classification, IOUS was more accurate and
MRI tended to overestimate the DOI in both thin and thick
tumors. At the same time, during IOUS access, the DOI
parameters for tumors in which this parameter exceeded 10
mm often turned out to be underestimated [19].

All diagnostic methods are more often characterized by
overdiagnosis: the DOI of the tumor according to pathomo-
rphological examination is smaller. The overestimated the
TT values are probably associated with inflammatory pro-
cesses that accompany tumors in the oral cavity (fig. 5).

In the infiltrative-ulcerative form of tumor growth in the
oral mucosa which were most common in our study, the TT
(was considered equal to DOI) in 12 patients with tongue
tumors, the tumors had exophytic and exophytic-endophyt-
ic types of growth with predominance of the exophytic com-
ponent.

In these patients, during US we identified higher tumor
DOI data as compared with pathomorphological exami-
nation, since the DOI was likely equated to the TT values.
M. Filauro et al. in their study have also noted that with
exophytic neoplasms of the tongue DOI of the tumor is al-
ways less than its thickness, most of which is located outside
the basement membrane of the tongue epithelium [20].

In addition, in 10 patients with an exophytic type of tu-
mor growth, well-differentiated squamous cell carcinoma
was diagnosed, in 2 — moderately differentiated, which could
probably indicate a more favorable prognosis and the choice
in the future of a more sparing volume of surgical interven-
tion or radiation therapy regimens.

For primary tumors of the tongue and floor of the oral
cavity, the frequency of coincidences between US and patho-
morphological examination data increases with increasing
the TT; for rare tumors, the opposite is true. However, taking
into account the permissible error of = 15 % in the group
with T1 tumors, the US results were underestimated, since
1 mm at the TT 0—5 mm exceeded the permissible error,
and in groups with T3—4 tumors the values >15 mm data
were, on the contrary, probably overestimated (fig. 6).
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The most common procedure for tumors of the tongue
is hemiglossectomy. Thus, the midline of the tongue becomes
the line of resection, which in accordance with principles
of ablative surgery should be away from the tumor. During
US of'the oral cavity, in addition to thickness and DOI of the
tumor, it is also possible to assess the distance from the tumor
to the tongue midline, which is important information when
choosing treatment tactics and surgical volume.

Conclusion

When comparing the TT of the oral mucosa, a signifi-
cantly high correlation was revealed for all US approaches
(intraoral, submandibular and transbuccal) with the DOI
determined histologically.

When determining the TT of the oral cavity using IOUS
was significantly more accurate than using US with subman-
dibular and buccal approaches (with an acceptable error
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