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Introduction. Digital tomosynthesis is a relatively new imaging modality that is already used in the diagnosis of breast 
cancer and has shown promising results in evaluating patients with pulmonary, osteoarticular, and other pathologies. 
However, up to date, there are no published studies related to the usefulness of digital tomosynthesis in the evaluation of 
patients with laryngeal cancer. The purpose of this study was to evaluate the clinical role of digital tomosynthesis in the 
diagnosis of laryngeal cancer and compare the imaging results with those obtained by digital radiography and computed 
tomography.

Material and methods. The study was carried out between 2015 and 2019 at the Institute of Oncology in the Republic 
of Moldova and included 253 consecutive patients with laryngeal cancer referred to the Institute of Oncology during this 
period. All patients underwent digital radiography and digital tomosynthesis investigations. In 41 patients who provided 
written informed consent, computed tomography was performed. The results of all imaging investigations were compared.

Results. The statistical analysis revealed a high degree of agreement and a strong linear correlation between the data ob-
tained with digital tomosynthesis and computed tomography, as well as concordance correlation coefficients for different 
parameters between 0.63 and 1.0 (mean value = 0.82±0.11). For comparison, the concordance correlation coefficients for 
the same parameters obtained for digital radiography versus computed tomography ranged between 0.08 and 0.93 (mean 
value = 0.43±0.25). An updated imaging algorithm that includes digital tomosynthesis has also been proposed for investi-
gating patients with suspected laryngeal cancer.

Conclusions. The study demonstrated the usefulness of digital tomosynthesis for the evaluation of patients with laryngeal 
cancer. When compared to computed tomography, which is considered the gold standard, digital tomosynthesis revealed 
a much higher performance compared to digital radiography. Considering the availability of low-dose protocols for digital 
tomosynthesis, the modality might also be helpful for laryngeal cancer screening in a high-risk population. However, new 
studies are also required to confirm our findings and define the place of digital tomosynthesis in the imaging algorithm 
for patients with laryngeal cancer.
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K e y  m e s s a g e s

What is not yet known on the issue addressed in the submit-
ted manuscript
Up to date, there are no published studies related to the use of 
digital tomosynthesis for the evaluation of patients with laryngeal 
cancer.
The research hypothesis
Digital tomosynthesis is an emerging imaging modality with a 
much lower radiation dose compared to computed tomography 
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Introduction
Laryngeal cancer represents about 3% of all malignan-

cies and is associated with significant diagnostic challenges 
related to initial diagnosis, staging, and guiding treatment 
strategies [1-3].

In the Republic of Moldova, the incidence of laryngeal 
cancer has increased during the last few years, with the of-
ficial records being as follows: 2.4% (109 cases) in 2000, 
2.5% (138 cases) in 2010, 2.8% (143 cases) in 2016, and 
2.9% (157 cases) in 2019. Furthermore, late referral cases 
predominate, with around 80–85% of patients being diag-
nosed in advanced stages of the disease (stages III-IV) [3, 
4]. The 5-year survival rates in patients treated in the Re-
public of Moldova in this period varied from 83–92% in 
early disease stages (stages I–II) to about 35% in patients 
diagnosed with advanced disease (stages III-IV) [3, 4]. This 
underscores the importance of early diagnosis and optimal 
imaging investigations in these patients [3-6].

Radiographic imaging is associated with the lowest radi-
ation dose and is commonly used as a first-line modality, be-
ing readily available in outpatient settings and primary care 
institutions. Laryngoscopy provides additional details and 
allows tumor biopsy; however, it is less accurate in deter-
mining tumor extension, especially since over 80% of laryn-
geal cancers are associated with infiltrative growth [3, 7].

Cross-sectional imaging with computed tomography 
(CT) and magnetic resonance imaging (MRI) allows excel-
lent depiction of the intricate anatomy of the larynx and the 
characteristic patterns of submucosal tumor extension [8]. 
Additionally, certain imaging-based parameters like tumor 
volume and cartilaginous abnormalities have been used to 
predict the success of primary radiotherapy or surgery in 
these patients [8]. Due to the short acquisition time and the 
possibility to perform functional maneuvers, CT is common-
ly considered the tool of choice [9], but is also associated 
with a higher radiation dose. MRI allows better soft tissue 
differentiation but is more susceptible to movement arti-
facts and is complicated by disease-specific symptoms [9]. 
Higher costs, imaging time, and availability represent addi-
tional issues.

Digital tomosynthesis (DT), a new tomographic technique 
that is associated with a much lower radiation dose, may 
offer an alternative to CT. It uses a conventional radiograph 
tube, a flat-panel detector, a computer-controlled tube mov-
er, and reconstruction algorithms to produce section images 
[10]. Digital tomosynthesis is already widely used in the di-
agnosis of breast cancer and has shown promising results in 
evaluating patients with other pathologies [10-15].

At the time of conducting the study, there were no data 
in the literature regarding the use of digital tomosynthesis 
in the imaging diagnosis of laryngeal pathology. The pur-
pose of this study was to evaluate the usefulness of digital 
tomosynthesis in the diagnosis of laryngeal cancer and to 
compare the imaging results with those obtained by digital 
radiography and computed tomography.

Material and Methods
The study was carried out between 2015 and 2019 at the 

Institute of Oncology in the Republic of Moldova and included 
253 consecutive patients with laryngeal cancer who provided 
written informed consent. All patients underwent histological 
investigations for confirmation of their diagnosis. The staging 
of tumors was done according to the existing TNM classifica-
tion developed by the American Joint Committee on Cancer 
(AJCC) and the Union for International Cancer Control (UICC).

A total of 250 (98.81%) patients were male, and only 
3 (1.19%) were female. The age limits varied between 48 
and 76 years, with the mean value being 62.35±2.70 years. 
When divided into age groups, 15 (5.93%) patients were 
between 41 and 50 years old, 77 (30.43%) patients were 
between 51 and 60 years old, 132 (52.17%) patients were 
between 61 and 70 years old, and 29 (11.46%) patients 
were between 71 and 80 years old. According to the TNM 
classification, at the time of diagnosis, 15 (5.93%) patients 
had stage I disease, 68 (26.88%) patients had stage II dis-
ease, 136 (53.75%) patients had stage III disease, and 34 
(13.44%) patients had stage IV disease.

All patients underwent digital radiography and digital to-
mosynthesis investigations. In 41 patients who provided sepa-
rate informed consent for this purpose, computed tomography 
was performed. The results of all imaging investigations were 
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and can provide valuable information for initial diagnosis as well 
as follow-up evaluation in patients with laryngeal cancer. It can 
also replace computed tomography in certain clinical situations.
The novelty added by the manuscript to the already published 
scientific literature
To our knowledge, this is the first study related to the use of digital 
tomosynthesis for the evaluation of patients with laryngeal cancer. 
The study showed the clinical role of digital tomosynthesis for di-
agnosing and staging laryngeal cancer. It has also demonstrated a 
high level of agreement and a strong linear correlation between the 
data obtained by digital tomosynthesis and computed tomography, 
which is considered the gold standard for imaging these patients.
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subsequently compared. A correlation was also made with in-
traoperative and histopathology findings, as well as with the 
final diagnosis indicated in the patient’s chart on discharge.

The standard statistics kits were used for data analysis 
through Microsoft Excel, MedCalc (version 20.106), and 
IBM SPSS Statistics (version 26.0). The results obtained by 
the 3 imaging modalities were evaluated using comparison 
tests, linear regression, and agreement analysis.

The research was approved by the Research Ethics Com-
mittee of the Nicolae Testemitanu State University of Med-
icine and Pharmacy (No. 22 of November 7, 2016). All pa-
tients provided informed written consent.

Results
The imaging findings revealed by digital radiography, 

computed tomography, and digital tomosynthesis in the 
group of patients who underwent all 3 investigations (n = 
41) are presented in Table 1.

When compared to computed tomography, which is con-
sidered the gold standard, digital tomosynthesis proved to 
have a much higher performance compared to digital radi-
ography. For example, the tumor mass was detected in 100% 
of patients by computed tomography, in 95.12% of patients 
by tomosynthesis, and in only 63.41% of patients by digital 
radiography. Similarly, digital tomosynthesis was superior 
to digital radiography in evaluating local tumor spread and 
invasion of adjacent anatomical structures (Table 1). Thus, 
unilateral ligament thickening was noted in 85.37% of cases 
by computed tomography, in 78.05% of cases by tomosyn-
thesis, and in only 48.48% of patients by digital radiogra-
phy. The findings were confirmed by the results of statistical 
analysis that included calculation of concordance correla-
tion coefficients, linear regression, and agreement analysis 
of the obtained data by all 3 imaging modalities.

Table 1. Radiological findings in patients with laryngeal cancer revealed 
by digital radiography, computed tomography and digital tomosynthesis.

Radiological signs
Digital 

Radiography
n (%)

Computed 
Tomography

n (%)

Digital 
Tomosynthesis

n (%)
Tumor mass detection 26 (63.41%) 41 (100%) 39 (95.12%)
Unilateral ligament 
thickening 20 (48.78%) 35 (85.37%) 32 (78.05%)

Bilateral ligament 
thickening 3 (7.32%) 6 (14.63%) 5 (12.20%)

Asymmetrical arytenoid 
thickening 1 (2.44%) 6 (14.63%) 3 (7.32%)

Morgagni’s sinus 
flattening 17 (41.46%) 33 (80.49%) 30 (73.17%)

Incomplete closure of 
laryngeal ligaments 13 (31.71%) 35 (85.37%) 32 (78.05%)

Subligamentous space 
flattening 14 (34.15%) 25 (60.98%) 21 (51.22%)

Enlarged prechondral 
space 8 (19.51%) 9 (21.95%) 9 (21.95%)

Cartilage invasion 8 (19.51%) 12 (29.27%) 13 (31.71%)
Unilateral piriform sinus 
invasion 13 (31.71%) 27 (65.85%) 22 (53.65%)

Bilateral piriform sinus 
invasion 2 (4.88%) 6 (14.63%) 5 (12.20%)

The concordance correlation coefficients for various ra-
diological findings revealed by digital tomosynthesis and 
by digital radiography compared to the standard method 
(computed tomography) are provided in Table 2 and Table 
3, respectively. As described in the literature, the concor-
dance correlation coefficient reflects the degree of agree-
ment between two methods or assessments and can take 
values between 0 and 1, being a non-directional coefficient. 
Values close to 0 indicate no agreement, while values close 
to 1 show perfect agreement [16]. Furthermore, the concor-
dance correlation coefficient (ρc) contains a measurement 
of precision (ρ) and accuracy (Cb), i.e., ρc = ρCb, where ρ is 
the Pearson correlation coefficient, which measures how 
far each observation deviates from the best-fit line and is a 
measure of precision, and Cb is a bias correction factor that 
measures how far the best-fit line deviates from the 45° line 
through the origin and is a measure of accuracy [16]. The 
values of these coefficients obtained in our study are also 
provided in tables 2 and 3.

The statistical analysis of imaging parameters obtained 
by digital tomosynthesis and computed tomography (which 
is considered the gold standard) revealed a concordance 
coefficient between 0.63 and 1.0 for various parameters, 
with a mean value of 0.82±0.11 (Table 2). The Pearson cor-
relation coefficient ranged from 0.68 to 1.0 for various pa-
rameters with a mean value of 0.83±0.10, while the Cb cor-
rection factor reflecting accuracy ranged from 0.93 to 1.0 
for various parameters with an average value of 0.98±0.02 
(Table 2). These data reflect a high concordance between 
the results obtained by digital tomosynthesis and computed 
tomography.

Table 2. Evaluation of radiological findings revealed by digital 
tomosynthesis in patients with laryngeal cancer as compared to the gold 
standard (computed tomography).

Radiological signs
Concordance 
correlation 
coefficient

Pearson ρ 
(precision)

Bias 
correction 
factor Cb 

(accuracy)
Tumor mass detection 0.66 0.70 0.94
Unilateral ligament 
thickening 0.85 0.86 0.99

Bilateral ligament thickening 0.90 0.90 0.99
Asymmetrical arytenoid 
thickening 0.63 0.68 0.93

Morgagni’s sinus flattening 0.80 0.81 0.98
Incomplete closure of 
laryngeal ligaments 0.76 0.78 0.97

Subligamentous space 
flattening 0.80 0.82 0.98

Enlarged prechondral space 1.00 1.00 1.00
Cartilage invasion 0.94 0.94 1.00
Unilateral piriform sinus 
invasion 0.75 0.77 0.97

Bilateral piriform sinus 
invasion 0.90 0.90 0.99

Mean±standard deviation 0.82±0.11 0.83±0.10 0.98±0.02
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Table 3. Evaluation of radiological findings revealed by digital 
radiography in patients with laryngeal cancer as compared to the gold 
standard (computed tomography).

Radiological signs
Concordance 
correlation 
coefficient

Pearson ρ 
(precision)

Bias 
correction 
factor Cb 

(accuracy)
Tumor mass detection 0.08 0.21 0.40
Unilateral ligament 
thickening 0.33 0.44 0.74

Bilateral ligament thickening 0.63 0.68 0.93
Asymmetrical arytenoid 
thickening 0.25 0.38 0.67

Morgagni’s sinus flattening 0.29 0.41 0.71
Incomplete closure of 
laryngeal ligaments 0.15 0.28 0.52

Subligamentous space 
flattening 0.50 0.58 0.87

Enlarged prechondral space 0.93 0.93 0.99
Cartilage invasion 0.74 0.77 0.97
Unilateral piriform sinus 
invasion 0.39 0.49 0.79

Bilateral piriform sinus 
invasion 0.46 0.55 0.84

Mean±standard deviation 0.43±0.25 0.52±0.21 0.77±0.19

On the contrary, statistical analysis of the imaging pa-
rameters obtained by digital radiography versus computed 
tomography revealed a concordance coefficient between 
0.08 and 0.93 for various parameters, with a mean value 
of 0.43±0.25 (Table 3). The Pearson correlation coefficient 
varied between 0.21 and 0.93 for various parameters with 
an average value of 0.52±0.21, while the Cb correction fac-
tor reflecting accuracy varied between 0.40 and 0.99 for 
various parameters with a mean value of 0.77±0.19 (Table 
3). Overall, the statistical analysis reflects a much weaker 
concordance of the results obtained by digital radiography 
compared to those obtained by digital tomosynthesis (Ta-
bles 2-3).

The data obtained by the three imaging modalities were 
also compared using the mountain plot analysis for agree-
ment evaluation (Fig. 1). A mountain plot (or “folded em-
pirical cumulative distribution plot”) shows the distribution 
of the differences between two methods and is commonly 
used to evaluate the difference between a new method and 
a reference method [17]. If two assays are unbiased with re-
spect to each other, the mountain will be centered over zero 
[17]. Long tails in the plot reflect large differences between 
the methods [17]. The graphs shown in Figure 1 display the 
differences between the data obtained by digital tomosyn-
thesis (square dots) and digital radiography (round dots) 
in relation to a gold standard (computed tomography). It is 
worth noting that the curve representing the data obtained 
by digital tomosynthesis has a relatively narrow, symmet-
rical shape that is centered much closer to 0 and has small 
deviations in its values between -1 and 5. On the contrary, 
the curve representing the data obtained by digital radi-
ography is much wider, prominently skewed from 0 to the 
right, with significant variations in its values between 1 and 

22. The diagrams demonstrate a very high degree of agree-
ment between the data obtained by digital tomosynthesis 
and computed tomography (the standard method) and a 
much lower degree of agreement with the data obtained by 
digital radiography.

The results were also confirmed by the linear regression 
diagrams of the values obtained by digital tomosynthesis 
versus computerized tomography (Fig. 2A) and those ob-
tained by digital radiography versus computerized tomog-
raphy (Fig. 2B). As is well known, one of the most popular 
techniques for modeling the relationship between two pairs 
of numerical data, in this case obtained by different imaging 
modalities, is linear regression. In our analysis, the scatter 
plot of digital tomosynthesis versus computed tomography 
values (Fig. 1A) demonstrates a strong, positive relation-
ship and much tighter clustering of data points compared 
to conventional radiography values (Fig. 1B), revealing also 
a stronger linear correlation of tomosynthesis data with a 
correlation coefficient r = 0.993 (p < 0.0001).

Discussions
Digital tomosynthesis has been recently introduced 

as an advanced clinical technique that removes overlying 
structures, enhances local tissue separation, and provides 
depth information about structures of interest by provid-
ing high-quality tomographic images [18]. One of its main 
advantages over standard computed tomography is the low 
radiation dose. For example, for imaging the chest region, 
previous studies have reported an effective dose for adults 
ranging between 0.12-0.21 mSv for thoracic tomosynthesis 
depending on selected parameters, patient constitution, 

Fig. 1 Mountain plot diagram of the data obtained by digital 
tomosynthesis (square dots) and digital radiography (round dots) 

in comparison to computed tomography.
Of note is that the curve of digital tomosynthesis has a relatively 
narrow symmetrical shape centered much closer to 0 (variations 
between -1 and 5), while the curve of digital radiography is much 
wider and skewed to the right (variations between 1 and 22).
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and the region of interest investigated [19, 20]. As compar-
ative values reported within the same studies, the average 
radiation dose for chest radiography was 0.10 mSv, and for 
computed tomography of the chest region – 6.8 mSv [19]. 
Low-dose protocols with an effective dose of 98.87 +/- 0.08 
microSv have also been created [21].

Although a relatively new imaging method, digital to-
mosynthesis is already widely used in the evaluation and 
screening of breast pathology, and there are an increasing 
number of reports related to its usefulness in the evaluation 
of other systems and pathologies [10-15, 18, 19, 21]. Due to 
its low radiation dose, digital tomosynthesis has also been 
used in pediatric patients as well as for screening purposes 
[20, 22-25].

In our study, we showed the usefulness of tomosynthesis 
for the evaluation of patients with laryngeal cancer. The sta-
tistical evaluation revealed a concordance coefficient with 
computed tomography between 0.63 and 1.0, as well as high 
agreement and a strong linear correlation of the obtained 
data on the mountain plot and linear regression analysis. 
To underline the practical value of digital tomosynthesis 
in patient care, a clinical case report from this study is also 
presented below.

A 57-year-old male presented to a primary care institu-
tion with voice changes and discomfort in his throat upon 
swallowing for two months. A computed tomography scan 
was performed and showed an invasive tumor mass arising 
from his left vocal cord with local extension to the anterior 

Fig. 2 Linear regression 
plots of the data obtained by 
digital tomosynthesis versus 
computed tomography (A) 
and by digital radiography 

versus computed 
tomography (B).

Fig. 3. A 57-year-old male with 
laryngeal cancer included in this study.
(A) – CT showed a tumor mass arising 
from his left vocal cord with local 
extension to left supra-ligamentous 
space; (B) – digital tomosynthesis 
confirmed the findings and ruled out 
thyroid cartilage involvement; (C) – 
intraoperative picture; (D) – surgical 
sample following partial laryngectomy.
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and posterior commissures of the larynx, the left supra-liga-
mentous space, as well as concern for potential involvement 
of his thyroid cartilage that required further investigation. A 
digital tomosynthesis performed at our institution ruled out 
tumor extension to the thyroid cartilage, and the patient un-
derwent partial instead of total laryngectomy (Fig. 3). His-
topathology results of the surgical sample showed negative 
margins for tumor infiltration.

The results of this study, as well as the acquired expe-
rience at the Institute of Oncology, allowed us to introduce 
digital tomosynthesis into the imaging algorithm for pa-
tients with laryngeal cancer (Fig. 4) [4]. Nevertheless, new 
studies are required to confirm our findings and to define 
the place of digital tomosynthesis in the imaging algorithm 
of patients with laryngeal cancer, especially since, to our 
knowledge; currently there are no published articles on this 
topic. Considering the availability of low-dose protocols for 
digital tomosynthesis, the modality might also be suitable 
for laryngeal cancer screening in high-risk populations; 
however, this also requires new studies on digital tomosyn-
thesis.

cost and the radiation dose for patients with laryn-
geal cancer who frequently require repeated imaging 
investigations.

3. The results of this study allowed us to introduce dig-
ital tomosynthesis into the imaging algorithm for 
patients with laryngeal cancer. However, new studies 
are also required to confirm our findings and define 
the place of digital tomosynthesis in the imaging al-
gorithm for patients with laryngeal cancer.

4. Given the availability of low-dose protocols for dig-
ital tomosynthesis, the modality may be useful for 
laryngeal cancer screening in high-risk populations; 
however, additional research is needed to assess its 
suitability for this purpose.
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