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Introduction

Thyroid nodules are common findings in clinical practice 
with a reported prevalence of up to 65% in the general 
population (1). As these nodules can represent both benign 
and malignant pathology, further evaluation is required 

with a comprehensive ultrasound exam and fine needle 
aspiration (FNA), if indicated. FNA cytology guides the 
further management algorithm of thyroid nodules, including 
a diagnostic or therapeutic thyroid surgery. 

FNA is performed by introducing a small caliber 
needle, generally 25–27 G, into the thyroid nodule to 
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aspirate parenchymal cells for microscopic examination (2).  
Pathologists assess the cytological characteristics, 
particularly the nuclear features associated with malignancy. 
The Bethesda System for Reporting Thyroid Cytopathology 
(TBSRTC) is the most widely utilized system for classifying 
thyroid cytopathology in the U.S. with six classification 
categories: (I) non-diagnostic or unsatisfactory, (II) benign, 
(III) atypia of undetermined significance, (IV) follicular 
neoplasm or suspicious for follicular neoplasm, (V) 
suspicious for malignancy, and (VI) malignant (3). 

While the specificity and sensitivity of FNA to detect 
malignancy is up to 96.6% and 88.5%, respectively, 
FNA alone is not adequate for diagnosing follicular and 
medullary carcinoma (4,5). The rate of indeterminate 
thyroid nodules (Bethesda III & IV) has been reported to 
be approximately 30%, with significant institutional and 
regional variation (6). These thyroid nodules then further 
undergo an interval repeat FNA, expensive molecular 
testing, or a diagnostic surgery. As such, there is a risk of 
subjecting potentially benign pathology to molecular testing 
and surgery. Although thyroid surgery is a safe, frequently 
performed procedure with a very low complication rate, a 
central neck scar remains for the patient, adversely affecting 
quality of life and increasing the healthcare cost burden. A 
method to enhance the diagnostic accuracy of indeterminate 
FNA cytology to prevent further diagnostic thyroid surgery 
would be of great value.

The use of nuclear morphometry has been studied across 
many disciplines of surgical oncology, including breast and 
prostate (7,8). Prior studies have investigated the diagnostic 
role of nuclear morphometry in an effort to predict thyroid 
cancer in certain populations (9). However, the use of 
nuclear morphometry to specifically evaluate indeterminate 
thyroid cytology is not well established. We examined the 

association between nuclear morphometry and malignancy 
in our cohort of indeterminate FNAs. We hypothesized 
that supplementing conventional FNA with nuclear 
morphometry in evaluating indeterminate thyroid nodules 
may be a useful tool in identifying malignancy in need of 
surgical intervention.

Methods

Patient selection

Forty-five patients, who underwent thyroid surgery after 
an indeterminate FNA (Bethesda III & IV) between August 
2012 to December 2015, were selected at random for this 
study. FNA slides from all patients were collected from 
the Pathology & Cytology Office at the Medical Center. 
Patients were identified based on specimen number that was 
paired with their FNA procedure.

Imaging 

Digital images of entire Papanicolaou (PAP) stained FNA 
slides were captured under 20× magnification using Aperio 
Digital Slide Scanner (Figure 1). Upon digitizing all FNA 
slides, the image files were exported and analyzed using 
ImageJ software.

Image scaling & analysis

Slide images in TIFF files were opened in ImageJ for 
calibration. One hundred representative nuclei per FNA 
of a thyroid nodule were measured using ImageJ’s analyze 
particles function for threshold set images. A group of non-
overlapping intact nuclei were selected for analysis with 
ImageJ’s wand tool. The selected nuclei were analyzed 
using ImageJ’s analyze particles function after thresholding, 
where the output yielded our measurements of interest 
in micrometers. The ImageJ output was then exported to 
Microsoft Excel to calculate the Length to Width ratio 
(L/S ratio) and other morphometric parameters. All data 
collectors were blinded to the final surgical pathology, 
when preforming nuclear measurement. A list of nuclear 
parameter definitions is in Figure 2. 

Statistical analysis

The total population was described using means (standard 
deviation) for continuous variables and frequencies 

200 μm

Figure 1 A representative FNA slide imaged at 20× magnification, bar 
=200 μm. Papanicolaou (PAP) stained. FNA, fine needle aspiration.
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(percentage) for categorical variables. A Student’s t-test was 
performed to assess the association of the individual nuclear 
parameters with malignancy per final surgical pathology 
(SAS v. 9.3, Cary, NC, USA). Statistical significance was 
defined by P value <0.05.

Results

The characteristics of the 45 patients included in this study 

are shown in Table 1. On average our cohort was middle-
aged and overweight with mean values of 56.31±15.39 years 
in age and BMI of 32±7.81 kg/m2, respectively. Female 
patients represented 68.90% and white patients comprised 
62.22% of our study population. Twenty-two of our patients 
had malignant thyroid nodules and 23 of our patients had 
benign nodules per final surgical pathology. Our average 
nodule size for the entire cohort was 2.92±1.99 cm and 
24.44% of our cohort had thyroiditis; 66.66% of our study 

Parameter
Perimeter Length of the outside of 

boundary selected

Definition Used for the calculation of
Circularity:
4π* area/perimeter2

Circularity as noted above

Aspect ratio: major/minor 
axis

Roundness:
Inverse of aspect ratio

Largest to smallest ratio  
(L/S) ratio:
Maximum feret  
diameter/minimum feret 
diameter

Area within selected 
boundary

Horizontal and vertical 
axis of best fitting ellipse

Maximum and minimum 
extension of the nucleus

Area

Major/Minor Axis

Maximum/minimum 
feret diameter

Figure 2 Description of nuclear morphometric parameters. 

Table 1 Demographic and preoperative characteristics

Variable All (n=45) Non-malignant (n=23) Malignant (n=22)

Age, years (SD) 56.31 (15.39) 57.74 (2.45) 54.82 (3.97)

BMI, kg/m2 (SD) 32.00 (7.81) 29.81 (1.05) 34.18 (2.03)

Female sex, % 68.9 82.61 54.55

Race, %

White 62.22 47.83 77.27

Black 33.33 52.17 13.64

Other 4.44 0 9.1

Bethesda category, %

III 66.66 82.61 50

IV 33.33 17.39 50

Thyroiditis, % 24.44 26.09 22.72

Nodule size, cm (SD) 2.92 (1.99) 2.82 (0.44) 3.03 (0.40)
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population had nodules classified as Bethesda category III 
(Table 1).

Averages, with standard errors of the mean (SEM), for 
the eight nuclear parameters across the non-malignant and 
malignant patient groups are shown in Table 2. Examining the 
entire cohort showed a mean perimeter of 18.48±0.45 μm,  
a mean area of 22.19±0.93 μm, and a mean maximum 
Feret’s diameter of 6.67±0.13 μm. Among the 22 cases 
with malignant pathology the mean nuclear perimeter was 
18.25±0.57, the mean area was 21.51±1.06, and the mean 
maximum Feret’s diameter was 6.59±0.16. Values for these 
nuclear parameters in the non-malignant groups were 
similar. There were no significant differences between 
the malignant and non-malignant groups in any of the 
eight nuclear parameters measured. Subgroup analyses 
accounting for nodule size and thyroiditis yielded similar 

results (Tables 3,4).

Discussion

Thyroid nodules with indeterminate cytology pose 
challenges in further diagnostic workup. Forty-nine percent  
of our cohort underwent a diagnostic thyroid surgery for 
benign pathology, subjecting themselves to the possibility 
of surgical complications and financial burden in terms 
of medical payment and lost wages. Though recent 
advancements in thyroid cancer molecular genetics have led 
to the creation of molecular testing on cytology specimen, 
these tests may still be inconclusive and carry a large 
financial burden for patients (10).

We evaluated nuclear morphometry data as a potential 
low-cost diagnostic adjunct for discerning malignancy 

Table 2 Mean nuclear morphometric measurements for all patients

Parameter All (n=45) (μm ± SEM) Non-malignant (n=23) (μm ± SEM) Malignant (n=22) (μm ± SEM) P value†

Area 22.19±0.93 22.85±1.51 21.51±1.06 0.47

Perimeter 18.48±0.45 18.70±0.69 18.25±0.57 0.62

Maximum Feret 6.67±0.13 6.76±0.20 6.59±0.16 0.52

Minimum Feret 4.91±0.10 4.96±0.16 4.85±0.13 0.58

Circularity 0.82±0.01 0.82±0.01 0.82±0.01 0.96

Aspect ratio 1.36±0.01 1.36±0.01 1.36±0.03 0.92

Roundness 0.77±0.01 0.77±0.01 0.77±0.01 0.87

LS ratio 1.38±0.01 1.37±0.01 1.38±0.02 0.95
†, P value for comparison between non-malignant and malignant cases.

Table 3 Mean nuclear morphometric measurements for patients with nodule ≤2 cm per preoperative ultrasound

Parameter All (n=19) (μm ± SEM) Non-malignant (n=11) (μm ± SEM) Malignant (n=8) (μm ± SEM) P value†

Area 21.47±1.02 20.29±1.37 23.10±1.40 0.18

Perimeter 18.16 ±0.44 17.57±0.56 18.96±0.63 0.12

Maximum Feret 6.60±0.14 6.43±0.19 6.84±0.17 0.14

Minimum Feret 4.84±0.12 4.70±0.15 5.03±0.20 0.19

Circularity 0.83±0.01 0.83±0.01 0.82±0.02 0.57

Aspect ratio 1.36±0.03 1.36±0.02 1.37±0.07 0.98

Round 0.76±0.01 0.76±0.01 0.77±0.03 0.84

L/S ratio 1.38±0.02 1.38±0.02 1.39±0.05 0.90
†, P value for comparison between non-malignant and malignant cases.
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status in indeterminate thyroid nodules. Our current 
results suggest that there is no significant difference 
in morphometric measurements between benign and 
malignant nodules from the indeterminate thyroid nodule 
cohort. The urgent need for a better diagnostic tool still 
remains for nodules in Bethesda categories III and IV. 

In this study, nuclear morphometry information was not 
of significant diagnostic value; however, this is a discordant 
finding to other published studies. Prior studies have 
suggested that nuclear morphometry data are valuable 
adjuncts in determining the malignancy status of thyroid 
nodules. Parameters such as nuclear area, perimeter, L/S 
ratio, and minimum and maximum Feret’s diameter were 
found to be significantly different between malignant and 
benign thyroid nodules (9,11,12). Yashaswini et al. reported 
that malignant nodules had both larger areas and perimeters 
as compared to benign nodules, showing that morphometry 
provided preoperative diagnostic value (9). Furthermore, 
utilizing ultrasound images, Nugroho et al. noted that 
circularity and aspect ratio can be used to correctly classify 
the malignancy status of thyroid nodules (13). 

The accuracy of FNA in large thyroid nodules remains 
controversial. Much of this uncertainty has been attributed to 
sampling error that is inherent when extracting cells during 
FNA, as diagnostic cells may be missed when sampling larger 
nodules. Prior surgical studies have reported that nodules 
less than 3 cm and those ≥3 cm carry false negative rates 
of 4.8% and 11.7%, respectively (14). For the purposes of 
nuclear morphometry, the underlying premise is that FNA 
was performed accurately and diagnostic cells are available 
for analysis. To ensure that nodule size was not accounting 
for the lack of significance in our cohort, we performed a 

subgroup analysis on the 19 patients, who had nodules less 
than 2 cm. No significant difference, however, was detected 
between benign and malignant cases across any of the  
8 nuclear parameters (Table 3). In addition, we investigated 
whether underlying thyroiditis influenced morphometry 
results. Of the 11 patients who had thyroiditis, we again 
found no significant differences between the benign and 
malignant groups (Table 4).

There are many strengths to the current study. ImageJ 
is an easily accessible open-source image analysis platform 
available through the National Institutes of Health. By 
utilizing ImageJ’s preset algorithms for obtaining nuclear 
measurements, our team was able to automate the data 
collection process and thus remove error that may be 
introduced with a manual method of data collection, while 
also obtaining data at a faster rate. All data collectors 
were blinded to the final surgical pathology, when slide 
scanning and performing nuclear measurement to remove 
any potential bias. Our study is not without limitations, 
however. Our sample size was small and there was a 
lack of diverse demographics in our malignant cases. 
Approximately 77% of our malignant cases were papillary 
thyroid cancers (PTC) with the remaining cases being 
follicular carcinomas. Overall, these malignancy cases were 
at an early stage with only one patient having lymph node 
metastasis. The homogeneity of this group, however, may 
have allowed for high internal validity within our study. We 
also acknowledge that digitizing our cytology slides at a low 
power (20×) magnification for larger field capturing may 
have posed a limitation in the degree of image resolution 
necessary to reflect adequate micro-scale morphometry 
measurements. In order to reduce selection bias of nuclei, 

Table 4 Mean nuclear morphometric measurements for patient with thyroiditis

Parameter All (n=11) (μm ± SEM) Non-malignant (n=6) (μm ± SEM) Malignant (n=5) (μm ± SEM) P value†

Area 22.23±2.62 24.97±4.40 18.93±1.90 0.27

Perimeter 18.20±1.05 19.06±1.68 17.17±1.15 0.40

Maximum Feret 6.64±0.33 6.95±0.54 6.28±0.29 0.34

Minimum Feret 4.82±0.27 5.10±0.43 4.49±0.29 0.28

Circularity 0.83±0.02 0.84±0.01 0.82±0.03 0.68

Aspect ratio 1.39±0.04 1.36±0.03 1.43±0.08 0.46

Round 0.76±0.02 0.77±0.01 0.74±0.03 0.42

L/S ratio 1.41±0.03 1.38±0.03 1.43±0.06 0.44
†, P value for comparison between non-malignant and malignant cases.
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we aimed to maximize the number of nuclei represented per 
FNA slide for analysis, as to not miss diagnostic cells (12). 

Accurately identifying malignancy among indeterminate 
thyroid nodules would significantly minimize patient burden 
associated with diagnostic surgery, adverse effects on quality 
of life, and costs associated with molecular testing. A larger 
scale, population-based study utilizing more patient samples 
and nuclear imaging at higher magnification may potentially 
validate the utility of nuclear morphometry in thyroid 
nodule diagnosis. With increasing automation of image 
analysis and utilization of artificial intelligence technology 
in healthcare, identification of a validated, reliable, and 
cost-effective tool for interpreting indeterminate thyroid 
nodule cytopathology will greatly reduce patient morbidity 
and better utilize healthcare resources.

Conclusions

In the population examined, our results suggest that 
nuclear morphometry is not yet a tool of reliable diagnostic 
value in accessing malignant and non-malignant thyroid 
nodules. Further investigation is necessary to identify 
objective parameters that will enhance diagnostic accuracy 
of indeterminate FNA cytology to minimize the number of 
diagnostic thyroid surgery.
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