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Introduction

Thyroid nodule refers to a mass in the thyroid gland, which 
can move up and down with the thyroid gland following 
the swallowing action. It is a common clinical disease and 
is caused by a variety of factors (1). Clinically, there are 

multiple thyroid diseases, such as thyroid degeneration, 
inflammation, autoimmunity, and new organisms, all of 
which can show nodules (2). Thyroid nodules can be solitary 
or multiple; the incidence of multiple nodules is higher than 
that of single nodules, but the incidence of single nodules 
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is higher in thyroid cancer (3). Common clinical symptoms 
include pain around the nodules, pain in the throat, edema 
in the neck, and corresponding compression symptoms in 
the surrounding tissues of nodular compression (4). The 
known causes of thyroid nodules include normal thyroid 
hyperplasia, degeneration, heredity, and inflammation (5,6).

Radionuclide scanning is one of the main adjuncts 
recommended in the latest ATA guidelines for the 
diagnosis and treatment of thyroid cancer [2009] (7). 
This modality displays the differences in the uptake of 
radiopharmaceuticals in various organs and lesioned tissues 
after they enter the body by imaging instruments (8). 
According to the imaging results, radionuclide scans can 
be divided into hot zone and cold zone imaging according 
to the uptake of radionuclides at the lesion site compared 
to normal tissue. And according to the imaging mode, it 
can be divided into static and dynamic imaging. Among 
them, dynamic imaging has obvious advantages due to the 
ability to display biochemical, functional, blood flow and 
morphological information together, and is often used for 
early diagnosis and efficacy observation of many diseases (9).

At present, the commonly used radionuclide imaging 
instruments include a scanner, Y camera, and emission 
computed tomography (ECT) camera. At present, ECT 
is more commonly used in clinical practice due to its good 
diagnostic effect. ECT is further divided into two types: 
positron type (PECT) and single photon type (SPECT). 
Among them, PETCT is a fusion of functional and 
anatomical image examination. SPECT works by using 
short half-life nuclide 99mTc and other labeled certain 
special compounds injected into the human body through 
a vein, 99mTc can emit γ-rays through decay, γ-rays will 
be converted into electrical signals and input into the 
computer, and reconstructed by computer tomography 
into a cross-sectional or three-dimensional image reflecting 
the physiological condition of a human organ. SPECT 
can either become a flat image or rotate around the 
body to acquire and reconstruct into a high-resolution 
tomographic image. Both PETCT and SPECT can provide 
two-dimensional static and dynamic images of organs or 
lesions, as well as three-dimensional images or optional 
tomographic images. can show deep tissue and lesions for 
true quantitative analysis (10). The main difference between 
these two is that PETCT can examine tumors sensitively 
and examine lesions at the molecular level whereas SPECT 
can only provide images and cannot determine the nature 
of the site examined. In addition, PETCT is a whole body 
examination, while SPECT can only examine local organs. 

In recent years, radionuclide imaging has been widely and 
successfully used in the detection and characterization 
of various swelling, pain, and metastases. It is the main 
component of nuclear medicine, and the early diagnosis of 
thyroid nodules is one of its applications.

Currently, there are many studies on the diagnostic 
value of various imaging methods for thyroid nodules, but 
no uniform conclusion has been reached on the diagnostic 
value of radionuclide imaging in the clinical setting of 
thyroid nodules, and no systematic evaluation and meta-
analysis studies specifically on ECT radionuclide imaging 
have appeared. Therefore, this study aims to analyze and 
summarize the relevant studies on the diagnosis of thyroid 
nodules by ECT radionuclide imaging published in China 
and abroad through systematic evaluation and meta-analysis, 
and then comprehensively evaluate the value of radionuclide 
imaging in the diagnosis of thyroid nodules, with the aim 
of providing scientific evidence to optimize the clinical 
diagnosis of thyroid nodules. We present the following 
article in accordance with the PRISMA reporting checklist 
(available at https://dx.doi.org/10.21037/gs-21-766).

Methods

Literature search

The China National Knowledge Internet (CNKI) database 
(1979–2021.4), China Biomedical Literature Database 
(1994–2021.4), Cochrane Library (2005–2021.4), Medline 
(1948–2021.4), PubMed (1978–2021.4), Web of Science 
(1984–2021.4) and Embase (1966.1–2021.4) were searched 
through computer. Published radionuclide imaging for 
the diagnosis of thyroid nodules related to randomized 
controlled trials were screened, and the relevant literature 
in the journal was manually searched. The compound 
Boolean logic retrieval method was adopted to select 
related documents. The Chinese databases was searched 
using a combination of the following search terms: 
“clinical experiments”, “thyroid nodules”, “radionuclide 
imaging”, “thyroid mass”, “thyroid masses”, “postoperative 
pathology”, and “histopathology”. As for the English 
databases, the following search terms were applied: 
“clinical laboratory”, “thyroid nodules”, “radionuclide 
imaging”, “thyroid masses”, “Occupational thyroid lesions”, 
“Postoperative pathology”, and “Histopathology”. All 
diagnostic laboratory studies were collected, and the 
research object was required to be human. The deadline 
for literature search was July 1, 2021. Subsequently, meta-
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analysis was performed using RevMan 5.3 and Stata 13 
software provided by the Cochrane system.

The above search terms were combined freely, and the 
initial screening of the initially retrieved literatures was 
carried out by reading the titles and abstracts, so as to 
exclude inconsistent articles and identify studies that were 
eligible for inclusion. The second screening was conducted 
according to inclusion/exclusion criteria, and search engines 
were used to trace the included literature. The full texts of 
the included studies were read, and a third screening was 
conducted to evaluate the quality of the articles.

Literature inclusion and exclusion criteria

The inclusion criteria were as follows: (I) the types of 
diagnostic tests for radionuclide scanning of thyroid nodules 
included in all studies included prospective, retrospective, 
and cross-sectional studies; (II) studies involving patients 
with thyroid nodules that met the diagnostic criteria of a 
thyroid nodule; (III) radionuclide imaging was the standard 
to be measured, and postoperative histopathological results 
were used as the gold standard; (IV) articles with complete 
original data, and the number of true positive (TP), false 
positive (FP), true negative (TN), and false negative (FN) 
patients could be calculated directly or indirectly; and (V) 
articles with observational indicators such as sensitivity and 
specificity, which could be calculated indirectly.

The exclusion criteria were as follows: (I) reviews, 
conference papers, dissertations, newsletters, case reports, 
etc.; (II) second publications or repeated publication data; 
and (III) studies involving no direct or indirect extraction of 
TP, FP, TN, and FN data.

Data extraction

In this study, a special data extraction table was designed 
according to the research theme. Two experts used 
Microsoft Excel developer: Microsoft Corporation, whose 
headquarter is located in Redmond (Washington, USA) 
to independently extract data. After that, cross-checking 
was carried out. If the two experts had inconsistent views, 
a consistent conclusion was obtained through discussion. 
The following data was extracted from the included 
studies: (I) basic information of the included studies, such 
as first author, study title, study publication time, source of 
original literature, sample size of thyroid nodules patients, 
and mean age of patients; and (II) total number of benign 
and malignant thyroid nodules diagnosed by radionuclide 

scanning and postoperative histopathology, and the number 
of TP, FP, TN, and FN cases diagnosed by radionuclide 
scanning under the gold standard.

Risk of bias and quality assessment

Two investigators used RevMan 5.3 and the Diagnostic Test 
Accuracy Assessment Tool (QUADAS) to assess the quality 
of the included literature and the risk of bias. The literature 
with high indicators of heterogeneity was screened out 
individually and re-compared in a comprehensive way to 
assess the heterogeneity and sensitivity of the included 
literature. In the case of disagreement between investigators, 
a third investigator intervened in the evaluation and a 
consensus was eventually reached through discussion. The 
evaluation criteria included case selection, the method being 
evaluated, the gold standard, and the evaluation process and 
progress.

The QUADAS tool was used to evaluate the included 
literature when there were 16 items in total. “Yes”, 
“No”, and “Unclear” were adopted for literature quality 
assessment. “Yes” indicated that the standard was met, while 
“No” indicated that the standard was not met. Literature 
quality was defined as “Unclear” when information was 
incomplete or only partially met the criteria. Literature 
quality evaluation using RevMan 5.3 required quality 
evaluation in terms of the following aspects: (I) whether 
it was a randomized controlled study; (II) whether there 
was allocation concealment; (III) whether blind testing was 
applied; (IV) whether the result data was complete; (V) 
whether there was selective reporting; and (VI) whether 
there were other biases.

Statistical analysis

RevMan 5.3 was used to analyze the risk of bias of the 
included literature. The summary receiver operating 
characteristic (SROC) curve was used for diagnostic 
analysis. Consistency in the model was determined when 
the SROC curve presented a shoulder wall distribution, or 
the sensitivity and specificity were negatively correlated, 
and P<0.05. Analysis of variance was used to test the 
consistency of the results, and the test level was set as α=0.1. 
Therefore, when I2<50% and P>0.05, it was considered 
that there was no heterogeneity between the studies, so the 
fixed effect model was used for statistical analysis. However, 
when I2>50% and P<0.05, heterogeneity was considered 
to exist between the studies, and thus, the random effects 
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model (REM) was used for statistical analysis. After 
construction of the corresponding SROC curve, the area 
under the SROC curve (AUC) was calculated; according to 
the AUC value of the diagnostic tests, an AUC of 0.5–0.7 
was a considered to indicate a low diagnostic rate, an AUC 
of 0.7–0.9 was considered moderate, and an AUC of 0.9–1.0 
was considered high.

Results

Search results and basic information of included documents

A total of 857 articles were obtained initially, and 724 
remained after exclusion. A total of 654 articles were 
excluded due to inconsistent titles and abstracts, 43 articles 
were excluded due to reviews and research reports, so  
27 articles were remained. After 15 articles which were not 
RCTs and 5 articles with incomplete observation indicators 

were excluded, 7 articles were included finally (Figure 1).
A total of 1,152 patients were included in the 7 articles 

(11-17) meeting the inclusion criteria. The sample sizes 
of these 7 articles ranged from 44 to 496, and the average 
age of included research objects was 42.23±7.84 years old. 
All the 7 articles described the sample size, average age 
of patients, and the number of TP, FP, TN, and FN cases 
diagnosed by radionuclide scanning with postoperative 
pathological results as the gold standard in detail. The 
above information was summarized as Table 1.

Risk bias evaluation results of included studies

Figures 2,3 display the multiple risk bias evaluation results 
of the included literature, as drawn by RevMan 5.3. In the 
seven randomized controlled trials, the degree of bias risk 
in all included articles was low. Overall, the number of 
“low risk” and “low concerns” in the included studies was 

Identification of studies via databases and registers

Id
en

tif
ic

at
io

n
S

cr
ee

ni
ng

In
cl

ud
ed

Records identified from:
Databases (n=634)
Registers (n=223)

Records screened
(n=724)

Reports sought for retrieval
(n=70)

Reports assessed for eligibility
(n=27)

Studies included in review  
(n=857)
Reports of included studies  
(n=7)

Records removed before screening:
Duplicate records removed (n=45)
Records marked as ineligible by automation 
tools (n=56)
Records removed for other reasons (n=32)

Records excluded title and abstract does not 
match requirements (n=654)

Records excluded overview and report 
articles (n=43)

Reports excluded:
Reason 1: not a randomized controlled trial 
(n=15)
Reason 2: insufficient observation indicators 
(n=5)

Figure 1 Literature retrieval flowchart.



3355Gland Surgery, Vol 10, No 12 December 2021

© Gland Surgery. All rights reserved.   Gland Surg 2021;10(12):3351-3361 | https://dx.doi.org/10.21037/gs-21-766

Table 1 Basic characteristics of the included literatures

First author Year Mean age of patients Sample size
ECT

TN TP FN FP

Basharat 2011 (11) 33.04±12.29 50 4 36 9 1

Deandreis 2012 (12) 50.7 44 13 21 2 8

Lin 2009 (13) 43.5 326 48 195 66 17

Lumachi 2004 (14) 44.8±13.1 496 92 315 85 4

Muñoz Pérez 2013 (15) 47.5 46 17 12 1 16

Piccardo 2016 (16) 57±13 87 10 32 8 37

Riazi 2014 (17) 40.76±11.40 104 9 20 0 74

ECT, emission computed tomography; TN, true negative; TP, true positive; FN, false negative; FP, false positive.

Patient selection

Index test

Reference standard

Flow and timing

Risk of bias

High Unclear Low

Applicability concerns

0%   25%    50%       75% 100% 0%   25%    50%       75% 100%

Figure 2 Risk of bias evaluation results of the included literature.

the largest, indicating that the included studies met the 
requirements of the analysis.

The QUADAS tool was used to evaluate the quality of 
each included article, and the results are shown in Table 2. 
All seven articles included in this study exhibited a low risk 
of bias and met the requirements of subsequent analysis.

Meta-analysis of radionuclide imaging in the diagnosis of 
thyroid nodules

Figure 4 was a forest map obtained by radionuclide scanning 
and imaging diagnosis of thyroid nodules. It illustrated that 
the estimated sensitivity range of ultrasound elastography in 
the diagnosis of pediatric surgical biliary atresia was 0.31–
1.00, while the specificity of diagnosis was 0.01–1.00.

The diagnosis of thyroid nodules using ECT was used 
to further systematically analyze the diagnosis results of  
1,152 cases in 7 articles. The differences between the 
radionuclide imaging diagnosis of thyroid nodules and the 
real situation were summarized, and the obtained diagnostic 
sensitivity, specificity, positive likelihood ratio (LR), 

negative LR, and diagnostic ratio of radionuclide imaging 
were shown in Tables 3-7, respectively. The combined 
sensitivity showed Chi-square =55.16, degrees of freedom 
(df) =6 (P<0.00000001), and inconsistency (1-square) 
=93.4%, indicating the sensitivity of radionuclide scanning 
imaging to diagnose thyroid nodules was heterogeneity. The 
combined specificity of radionuclide imaging showed Chi-
square =265.24, df=6 (P<0.00000001), and inconsistency 
(1-square) =97.7%, showing heterogeneity. Combined 
positive LR showed Cochran-Q =14.01, df=6 (P<0.0062), 
inconsistency (1-square) =72.6%, and Tau-squared =0.0328, 
so there was heterogeneity. Combined negative LR showed 
Cochran-Q =12.01, df=6 (P<0.0000001), inconsistency 
(1-square) =68.4%, and Tau-squared =0.2031, so there 
was heterogeneity. The combined diagnostic OR showed 
Cochran-Q =13.16, df=6 (P<0.0000001), inconsistency 
(1-square)  =82.1%, and Tau-squared =0.4625,  so 
heterogeneity was obvious.

Since P<0.05 and I2>50%, the heterogeneity was 
high, and REM was used for summary analysis. Finally, 
the combined sensitivity of the diagnosis of thyroid 
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Figure 3 Multiple risk bias evaluation results corresponding to the multiple included studies. “+” signifies low risk of bias; “−” denotes high 
risk of bias; “?” indicates unclear risk of bias.

Table 2 Quality scores of included studies

First author Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Basharat 2011 Y Y Y U Y Y Y Y Y Y U Y Y Y

Deandreis 2012 Y Y Y U Y Y Y Y Y Y U Y Y Y

Lin 2009 Y Y Y U Y Y Y Y Y Y U Y Y Y

Lumachi 2004 Y Y Y U Y Y Y Y Y U U Y Y Y

Muñoz Pérez 2013 Y Y Y U Y Y Y Y Y Y U Y Y Y

Piccardo 2016 Y Y Y U Y Y Y Y Y Y U Y Y Y

Riazi 2014 Y Y Y U Y Y Y Y Y Y U Y Y Y

“1–14” showed the QUADAS entry standards; “Y” signifies yes; “U” denotes unclear; “N” indicates no.



3357Gland Surgery, Vol 10, No 12 December 2021

© Gland Surgery. All rights reserved.   Gland Surg 2021;10(12):3351-3361 | https://dx.doi.org/10.21037/gs-21-766

0.0  0.2  0.4  0.6  0.8   1.00.0   0.2  0.4   0.6  0.8  1.0

Study

Basharat R. 2011
Deandreis D. 2012
Lin JH. 2009
Lumachi F. 2004
Muñoz Pérez N. 2013
Piccardo A. 2016
Riazi A. 2014

0.31 [0.09, 0.61]
0.87 [0.60, 0.98]
0.42 [0.33, 0.52]
0.52 [0.44, 0.60]
0.94 [0.73, 1.00]
0.56 [0.31, 0.78]
1.00 [0.66, 1.00]

0.03 [0.00, 0.14]
0.28 [0.13, 0.47]
0.08 [0.05, 0.13]
0.01 [0.00, 0.03]
0.57 [0.37, 0.76]
0.54 [0.41, 0.66]
0.79 [0.69, 0.86]

4
13
48
92
17
10
9

36
21

195
315
12
32
20

9
2

66
85
1
8
0

1
8

17
4

16
37
74

Sensitivity (95% CI) Specificity (95% Cl) Sensitivity (95% Cl) Specificity (95% CI)TP FP FN TN

Figure 4 The forest map of thyroid nodules diagnosed by radionuclide imaging. TP, true positive; FP, false positive; FN, false negative; TN, 
true negative; CI, confidence interval.

Table 3 Diagnostic combined sensitivity of ECT in the included 
studies

Article Sensitivity (95% CI)

Basharat, 2011 0.31 (0.09, 0.61)

Deandreis, 2012 0.87 (0.60, 0.98)

Lin, 2009 0.42 (0.33, 0.52)

Lumachi, 2004 0.52 (0.44, 0.60)

Muñoz Pérez, 2013 0.94 (0.73, 1.00)

Piccardo, 2016 0.56 (0.31, 0.78)

Riazi, 2014 1.00 (0.66, 1.00)

ECT combined sensitivity =0.66 (0.46, 0.89). Chi-square =55.16, 
df=6 (P<0.00000001). Inconsistency (1-square) =93.4%. ECT, 
emission computed tomography; CI, confidence interval; df, 
degrees of freedom.

Table 4 Diagnostic specificity of ECT in the included studies

Article Specificity (95% CI)

Basharat, 2011 0.03 (0.00, 0.14)

Deandreis, 2012 0.28 (0.13, 0.47)

Lin, 2009 0.08 (0.05, 0.13)

Lumachi, 2004 0.01 (0.00, 0.03)

Muñoz Pérez, 2013 0.57 (0.37, 0.76)

Piccardo, 2016 0.54 (0.41, 0.66)

Riazi, 2014 0.79 (0.69, 0.86)

ECT combined specificity =0.36 (0.21, 0.59). Chi-square 
=265.24, df=6 (P<0.00000001). Inconsistency (1-square) 
=97.7%. ECT, emission computed tomography; CI, confidence 
interval; df, degrees of freedom.

Table 5 Positive LRs of ECT diagnoses in the included studies

Article Positive LRs

Basharat, 2011 0.31

Deandreis, 2012 0.87

Lin, 2009 0.42

Lumachi, 2004 0.52

Muñoz Pérez, 2013 0.94

Piccardo, 2016 0.56

Riazi, 2014 1.00

ECT combined positive LR =0.66 (0.53, 0.87). Cochran-Q 
=14.01, df=6 (P<0.0062). Inconsistency (1-square) =72.6%, Tau-
squared =0.0128. LR, likelihood ratio; ECT, emission computed 
tomography; CI, confidence interval; df, degrees of freedom.

Table 6 Negative LRs of ECT diagnoses in the included studies

Article Negative LRs

Basharat, 2011 0.97

Deandreis, 2012 0.72

Lin, 2009 0.92

Lumachi, 2004 0.99

Muñoz Pérez, 2013 0.43

Piccardo, 2016 0.46

Riazi, 2014 0.21

ECT combined negative LR =0.67 (0.43, 0.95). Cochran-Q 
=12.01, df=6 (P<0.0000001). Inconsistency (1-square) =68.4%, 
Tau-squared =0.2031. LR, likelihood ratio; ECT, emission 
computed tomography; CI, confidence interval; df, degrees of 
freedom.
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nodules with radionuclide imaging was 0.66, and the 
95% confidence interval (CI) range was (0.46, 0.89). The 
combined specificity was 0.36, and its 95% CI was (0.21, 
0.59); the combined positive LR was 0.66, and its 95% CI 
was (0.53, 0.87); the combined negative LR was 0.67, and its 
95% CI was (0.43, 0.95); and the combined diagnostic odds 
ratio (OR) was 4.45, and its 95% CI was (0.25, 10.57).

Radionuclide imaging diagnosis of SROC curve of thyroid 
nodules

A bivariate model was used to analyze the value of 
radionuclide imaging in the diagnosis of thyroid nodules, 
and the results were shown in Figure 5. The aggregate 
estimate of sensitivity for different studies was 0.66 (0.46, 
0.89), and the aggregate estimate of specificity was 0.36 
(95% CI: 0.21, 0.59). The AUC was 0.38.

Sensitivity analysis

The results obtained from the meta-analysis after deleting 
the diagnostic sensitivity and specificity indexes of each 
included literature showed that the sensitivity and specificity 
indexes of radionuclide imaging in the diagnosis of thyroid 
nodules did not change significantly after the deletion of 
each included literature, which indicates that there is no 
significant publication bias and location bias in the included 
literature. The overall quality was stable and the results 
were relatively reliable.

Discussion

Thyroid tissue can specifically absorb radionuclides, 
and the size, number, and nature of thyroid nodules can 
be determined by ECT to display the distribution of 
radioactivity in the thyroid (18). Thyroid nodules are 
usually classified into hot, warm, cool, and cold nodules in 
radionuclide scans (19). Hot nodules are highly functional 
and are commonly seen in functional autonomous thyroid 
tumor adenoma. The radiographic imaging of the absorbed 
part of the nodules is significantly higher than that of the 
surrounding normal thyroid tissue (20). Warm nodules 
are more common in benign adenomas of the thyroid 
gland, nodular goiters, thyroid cysts, etc. The radiographic 
imaging of nodules is the same as that of the surrounding 
thyroid tissue. Cool nodules are more common in benign 
thyroid tumors, some of which also exist in malignant 
thyroid tumors. The radiographic distribution of these 
nodules is lower than that of surrounding thyroid tissue, 
showing sparse radiographic distribution. The radiometric 
distribution of cold nodules decreases significantly, and 
radiometric defects often appear. The difference between 
cold and cool nodules is the degree of reduction in iodine 
uptake at the nodular site (21). Several studies have 
suggested that radionuclide scanning (ECT) can help 

Table 7 OR of combined diagnosis of ECT diagnosis in the 
included studies

Article OR of combined diagnosis

Basharat, 2011 0.01

Deandreis, 2012 2.48

Lin, 2009 0.06

Lumachi, 2004 0.01

Muñoz Pérez, 2013 22.67

Piccardo, 2016 1.45

Riazi, 2014 –

ECT combined diagnostic OR =4.45 (0.25, 10.57). Cochran-Q 
=13.16, df=6 (P<0.0000001). Inconsistency (1-square) =82.1%, 
Tau-squared =0.4625. OR, odds ratio; ECT, emission computed 
tomography; CI, confidence interval; df, degrees of freedom.
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Figure 5 SROC curve of radionuclide imaging in the diagnosis of 
thyroid nodules. SROC, summary receiver operating characteristic.
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clinicians understand the functional status of the thyroid. 
Recently, it was reported that thyroid radionuclide imaging 
can effectively diagnose single or multiple thyroid nodules 
with decreased serum thyroid stimulating hormone (TSH). 
Moreover, it can be used to determine whether the thyroid 
nodules of patients are hot nodules with self-absorption 
function and clinical hyperthyroidism (22).

In order to further explore the overall effectiveness of 
radionuclide imaging in the diagnosis of thyroid nodules, 
this study screened and systematically meta-analyzed the 
relevant articles published so far. A total of 7 articles were 
included, involving a total of 2,629 patients. The results of 
the systematic evaluation and meta-analysis showed that 
the combined sensitivity of the diagnosis of thyroid nodules 
with radionuclide imaging was 0.66, and the 95% CI range 
was (0.46, 0.89). The combined specificity was 0.36, and 
its 95% CI was (0.21, 0.59); the combined positive LR 
was 0.66, and its 95% CI was (0.53, 0.87); the combined 
negative LR was 0.67, and its 95% CI was (0.43, 0.95); 
and the combined diagnostic OR was 4.45, and its 95% CI 
was (0.25, 10.57). The AUC for the diagnosis of thyroid 
nodules by radionuclide imaging was 0.38. This shows 
that radionuclide imaging has a certain diagnostic value in 
the diagnosis of thyroid nodules, and its overall diagnostic 
sensitivity is good.

However, the AUC for the diagnosis of radionuclide 
imaging of thyroid nodules was relatively small, indicating 
that its diagnostic value was low. In the diagnosis of thyroid 
nodules, it was more biased towards the diagnosis of hot 
nodules and the differentiation of benign and malignant 
thyroid nodules. Such results are consistent with the 
research results of Klein Hesselink et al. [2016] (23). At 
the same time, studies have pointed out that the current 
diagnosis of thyroid nodules by radionuclide imaging is 
still controversial. Some researchers believe that although 
radionuclide scanning imaging has a good effect on the 
diagnosis of high-functioning thyroid nodules, and its 
detection is expensive and not suitable for large-scale 
clinical promotion. Another part of scholars pointed out 
that the specificity and accuracy of radionuclide scanning 
imaging for the diagnosis of thyroid nodules are poor, and it 
is of little help in clinical detection (24), which is consistent 
with the results of this study. Comparison on the included 
articles reveals that if the serum TSH of the thyroid 
nodule is significantly lower than the normal level, 99mTc 
radionuclide scanning imaging shows a very high diagnostic 
accuracy rate (25). This shows that when radionuclide 
scanning imaging is used to diagnose thyroid nodules, it is 

necessary to perform simultaneous detection with serum 
TSH levels to jointly improve the accuracy of diagnosis. 
Current studies have shown that radionuclide imaging of 
the thyroid gland has good diagnostic accuracy for many 
diseases caused by thyroid dysfunction, such as ectopic 
thyroid, destructive thyroiditis, and hyperthyroidism. This 
method is not effective for the diagnosis of hypofunctional 
and isofunctional thyroid nodules, but for patients with 
high-functional thyroid nodules, the iodine uptake method 
or the 99mTc uptake method However, in patients with 
high-functioning thyroid nodules, radionuclide ECT scan 
with iodine uptake or 99mTc uptake can provide a more 
accurate diagnosis of high-functioning thyroid nodules.

Conclusions

In this study, seven studies related to radionuclide scanning 
for thyroid nodule diagnosis were included for meta-
analysis. The results showed that the sensitivity and 
specificity of thyroid nodules by radionuclide scanning 
imaging were 0.83 (95% CI: 0.76, 0.89) and 0.36 (95% 
CI: 0.21, 0.59), respectively, and the AUC was 0.72. It 
was indicated that radionuclide scanning imaging had 
certain diagnostic value for thyroid nodules, but the overall 
diagnostic accuracy was not very high. The limitation of 
this study is that some relevant articles on clinical diagnosis 
of thyroid nodules using multiple methods may have been 
omitted during the literature selection process, resulting 
in a small sample size. In future research, it is necessary 
to further improve the retrieval method, optimize the 
extraction process of the key information in the included 
articles, and strive to find more relevant studies for 
comparative study, so as to enhance the comprehensive 
quality of the paper. In conclusion, this study provides some 
reference for exploring the application of radionuclide 
imaging in the clinical diagnosis of thyroid nodules.
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