
 

Journal Pre-proof

Noninvasive Diagnosis of Adenomyosis: A Structured Review and
Meta-Analysis of Diagnostic Accuracy in Imaging

Tina Tellum M.D. , Staale Nygaard Ph.D. , Marit Lieng M.D., Ph.D.

PII: S1553-4650(19)31287-7
DOI: https://doi.org/10.1016/j.jmig.2019.11.001
Reference: JMIG 3997

To appear in: The Journal of Minimally Invasive Gynecology

Received date: 26 June 2019
Revised date: 6 October 2019
Accepted date: 4 November 2019

Please cite this article as: Tina Tellum M.D. , Staale Nygaard Ph.D. , Marit Lieng M.D., Ph.D. ,
Noninvasive Diagnosis of Adenomyosis: A Structured Review and Meta-Analysis of Diag-
nostic Accuracy in Imaging, The Journal of Minimally Invasive Gynecology (2019), doi:
https://doi.org/10.1016/j.jmig.2019.11.001

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2019 Published by Elsevier Inc. on behalf of AAGL.

Downloaded for Anonymous User (n/a) at Dokuz Eylül University from ClinicalKey.com by Elsevier on December 14, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.

https://doi.org/10.1016/j.jmig.2019.11.001
https://doi.org/10.1016/j.jmig.2019.11.001


Systematic Review 

Noninvasive Diagnosis of Adenomyosis: A Structured Review and Meta-Analysis of 

Diagnostic Accuracy in Imaging 

 

Tina Tellum, M.D. a, Staale Nygaard, Ph.D. b, Marit Lieng, M.D., Ph.D. a,c 

a Department of Gynecology, Oslo University Hospital, Oslo, Norway 
d Department of Informatics, The Faculty of Mathematics and Natural Sciences, University of 
Oslo, Oslo, Norway 

c Institute of Clinical Medicine, Faculty of Medicine, University of Oslo, Norway 

 

Corresponding author:  

Tina Tellum, MD, Department of Gynecology, Oslo University Hospital, Ullevål, PB 4950 

Nydalen, 0424 Oslo; Norway. E-mail: tina.tellum@gmail.com; Mobile phone: +47-97793704 

Disclosure statement: 

All authors are also authors of two of the studies that were included in the meta-analysis. 

Funding information: 

The authors did not receive any funding for their work related to this article. 

Prior presentation: 

This work was not published or presented before. 

Institutional Review Board approval: 

Institutional review board approval was not necessary for this study. 

Trial registration: 

PROSPERO database (protocol number CRD42019125405) 

Word count: 2963 

 

  

                  

Downloaded for Anonymous User (n/a) at Dokuz Eylül University from ClinicalKey.com by Elsevier on December 14, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.



2 
 

Abstract 

Objective: To conduct a systematic review and meta-analysis to evaluate imaging methods 

used to diagnose adenomyosis. 

Data Sources: A thourough search was completed through the Cochrane Central Register 

of Controlled Trials, EMBASE, and PubMed/MEDLINE databases from January 2000 to 

June 2019. 

Methods of Study Selection: Following the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines and the Quality Assessment of Diagnostic 

Accuracy Studies (QUADAS-2) tool, studies reporting the diagnostic accuracy of an imaging 

method and histopathology as a reference standard were selected and prospecticvely 

registered in the International Prospective Register of Systematic Reviews (PROSPERO). 

Statistical analysis was performed using the R-package Meta-Analysis of Diagnostic 

Accuracy (mada). 

Tabulation, Integration, and Results: Of 1,168 records identified, 10 studies were included 

in the meta-analysis and included 827 patients undergoing 2- or 3-dimensional (2D, 3D) 

transvaginal ultrasound (TVUS) and 317 patients undergoing magnetic resonance imaging 

(MRI). The risk of bias was “low” or “unclear” for all QUADAS domains. The overall 

prevalence of adenomyosis was 40%. Overall MRI, 2D-TVUS, 3D-TVUS, and TVUS had the 

following aggregated diagnostic qualities (95% confidence interval): sensitivity 78% (70%–

84%), 74% (68%–79%), 84% (77%–89%), 78% (73%–82%), respectively; specificity 88% 

(83%–92%), 76% (71%–79%), 84% (77%–89%), 78% (74%–81%), respectively; positive 

likelihood ratio 6.8 (4.5%–10%), 3 (2.5%–3.7%), 5.2 (3.6%–7.4%), 3.5 (3%–4.2%), 

respectively; negative likelihood ratio 0.25 (0.18%–0.35%), 0.34 (0.27%–0.43%), 0.19 

(0.13%–0.28%), 0.28 (0.23%–0.34%), respectively; pooled area under the operator curve 

0.77, 0.7, 0.83, 0.73, respectively. The pooled area under the operator curve for all 

modalities was not significantly different (all: P ≥ .4). 

Conclusion: As a result of the systemic review and meta-analysis, we identified TVUS and 
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MRI as good and comparable non-invasive imaging methods for diagnosisng adenomayosis, 

leading us to recommend TVUS as the first-line diagnostic imagin method and MRI as 

second if TVUS is inconclusive.  
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diagnostic test, magnetic resonance imaging, ultrasonography, uterus, transvaginal 

ultrasound 
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Introduction 

Adenomyosis is a disease of the uterus described by pathologists more than 150 years ago 

(1), and until recently, the ectopic endometrial glands within the uterine myometrium that 

define adenomyosis could only be seen through a microscope during histopathologic 

examination after hysterectomy. It was, therefore, the only way to diagnose this condition 

until the development of imaging modalities made it possible to diagnose adenomyosis 

without removal of the uterus. The first report of the use of imaging modalities for diagnosing 

adenomyosis was published in the early 1980s (2)  

In addition to postmenopausal patients, it has been noted that younger females suffer 

from adenomyosis as well (3). Because adenomyosis impacts reproductive outcomes that 

lead to complications in pregnancy and during childbirth, it is crucial to diagnose 

adenomyosis as early as possible and doing so with imaging techniques is less invasive 

than surgery (4).  

Few studies have reviewed the various imaging modalities that can be used for 

diagnosis of adenomyosis, and selection criteria for studied populations vary. With the need 

to identify adenomyosis in younger patients, it is of interest to investigate whether previous 

studies that typically included postmenopausal patients are applicable with younger females. 

The objective of this study was to perform a systematic review and meta-analysis to evaluate 

the use of imaging methods to diagnose adenomyosis.  

 

Material and Methods 

This systematic review was registered in the International Prospective Register of 

Systematic Reviews (PROSPERO protocol CRD42019125405) and follows the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines and the 

Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) checklist (5-7). 

Institutional review board approval was not required owing to the nature of the retrospective 

literature review.  
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Eligibility criteria  

Studies were included that used noninvasive diagnostic imaging methods for diagnosing 

adenomyosis, and histopathology as a reference standard obtained by hysterectomy. In 

addition, both prospective and retrospective studies and pre- and postmenopausal study 

participants irrespective of hormonal therapy or the use of gonadotropin-releasing hormone 

(GnRH)-agonists or antagonists were included. Also included were original research studies 

published as research papers. Exclusion criteria included data presented in short 

communications, reviews, letters to the editors, and congress abstracts, as well as the use of 

histopathological examinations from other uterine surgical procedures such as myometerial 

biopsies, myomectomies, and transcervical resections as a reference standard because 

these procedures do not involve the whole uterus.  

The literature search was completed with support from a librarian with training in scientific 

and systematic literature searches. The search included the Cochrane Central Register of 

Controlled Trials, EMBASE and PubMed/MEDLINE databases from January 2000 to June 

2019. Studies performed earlier were not included owing to limitations in earlier imaging 

quality. Publication language was included English, Swedish, Norwegian, Danish, and 

German. A combination of the following MeSH terms was used: magnetic resonance, MRI, 

MR imaging, ultrasonograph*, ultrasound*, ultrasonic*, sonograph*, echograph*, elasticity 

imaging technique*, elastograph*, sonoelastograph* (*allowing different endings to the 

word). The reference lists of reviews and original research publications that were identified 

were searched to detect publications that might have been missed.  

 

Study selection and quality assessment 

In the first step, all obtained references were independently screened based on title and 

abstract by TT and ML, using the Rayyan web application (8) that allows a blinded 

assessment. In the second step, all abstracts were transferred to the citation manager, full 
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texts were reviewed when necessary, and current study authors viewed the manuscripts with 

conflicting decisions until there was agreement. In the third step, the manuscripts that met 

the inclusion criteria were checked for quality of methodology, using the Quality Assessment 

of Diagnostic Accuracy Study (QUADAS)-2 checklist for relevant items of methodology (5). A 

study was considered of high quality if determined to be a low risk for bias in study 

participant selection, performance and evaluation of the index test (imaging method), and 

when the reference standard (histopathology) was performed with satisfactory reliability. If 

the reference test was performed with different methods in the same population (eg, 

hysterectomy and myometrial biopsies) and it was possible to identify the subgroups, only 

those that underwent hysterectomy were included in the analysis. Also, the applicability of 

the results of the study to a general population was considered. 

Data extraction and synthesis 

Numbers of study participants in each study were noted as was overall diagnostic 

performance, diagnostic modality, and diagnostic evidence of disease used, where possible. 

Data were extracted for the study participants that underwent hysterectomy, and when 

possible for 2D and 3D ultrasound separately. 

Data analysis was performed via the R-package Meta-Analysis of Diagnostic Accuracy 

(mada, version 0.5.8) (9). To provide an overview of the heterogeneity of the studies, 

descriptive statistics were performed using forest plots displaying sensitivities, specificities, 

positive likelihood ratios (posLR), and negative likelihood ratios (negLR), all with 95% 

confidence intervals (CIs). A positive likelihood ratio (sensitivity/100 ≥ specificity) of 2 to 5 

indicates a fair clinical test, 5 to 10 indicates a good clinical test, and >10 indicates an 

excellent clinical test. A negative likelihood ratio (100 ≥ sensitivity/specificity) of 0.5 to 0.2 

indicates fair, 0.2 to 0.1 indicates good, and <0.1 indicates excellent (10). Next, a 

quantitative synthesized analysis was performed using a bivariate model (9) and 

implemented as the Reitsma-function in the mada package (11), a linear mixed effects 

model. The main output of this analysis is summarized receiver operating characteristics 
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(sROC) and a pooled area under the ROC-curve (pAUC) for each measurement type 

(aggregated over all included studies). Finally, the sROC curves were compared between 

the measurement types. P ≤.05 was considered statistically significant. 

 

Results 

Study selection 

1,168 citations were identified. Figure 1 notes the process of inclusion as well as 

exclusion of studies. After detailed evaluation, 26 publications were evaluated 

(supplemental Table 1 [12-36]: 7 publications describing magnetic resonance 

imaging (MRI) (12-18), 15 describing ultrasound (US) (16,19-32), and 4 publications 

describing elastography (33-36) were assessed for quality using the QUADAS-2 tool. 

Ten prospective studies were included in the final meta-analysis (Tables 1 and 2) 

(16-20, 22, 23, 28,31,32).  

Some studies appeared to have duplicate study populations based on inclusion 

dates and hospitals, units, and authors and only the studies with the largest number 

of patients were included (17,29,31). In the studies that described both MRI and US, 

(we chose those with the largest population for each group (16, 17). An overview of 

the risk of bias and concern of applicability of the included studies is provided in 

Figure 2 [16-20,22,23,28,31,32]. The US studies included 827 patients 

[16,19,20,22,23,28,31,32], the MRI studies included 317 patients [16-18], and the 

overall prevalence of adenomyosis for all studies was 40% [16-20,22,23,28,31,32].  

 

MRI studies [12-15] were excluded owing to including only patients with proven 

histopathology for adenomyosis, comprising of patients with bulky uteri >10 weeks 

gestation, insufficiently describing reference standard, or unclear inclusion/exclusion 

criteria, 3 MRI-studies satisfied the quality criteria [16-18]. Ultrasound studies [21,24-
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27,29,30] were excluded because of inclusion bias, insufficient clarification regarding 

the use of transvaginal (TVUS) versus transabdominal ultrasound (TAUS), how tests 

were performed and participants selected, and the reference standard method used. 

All elastography studies [33-36] were excluded owing to the reference standard used 

(histopathology).  

Rasmussen et al [32] presented a new technique of histopathological confirmation of 

adenomyosis in the inner myometrium that was performed with great accuracy via 

3D-TVUS, and we chose to include cases with that reference standard in a sub-

analysis of diagnostic markers that only included findings of the junctional zone (JZ).  

 

Diagnostic accuracy MRI 

The aggregated sensitivity (with 95%CI in brackets) for MRI was 78% (70—84), specificity 

88% (88—92), posLR 6.8 (4.54—10), negLR 0.25 (0.18—0.35), indicating an overall good 

test quality for MRI. The plots for each individual study, as well as the combined results, are 

shown in Figure 3a and 3b [16-20,22,23,28,31,32]. Each MRI study used and reported 

different diagnostic predictors (Table 1) [16-18], therefore an aggregated analysis of 

individual predictors was not possible. Two of the three included MRI studies [16,17] are 

from approximately 20 years ago and included a high number of postmenopausal patients; 

one included a significant proportion of patients with uterine cancer [17]. Only the study of 

Tellum et al [18] prospectively validated and reported a JZ thickness cut off of ≥12mm.  

 

Diagnostic accuracy ultrasound 

From the original 1168 citations, TAUS was determined to be a poor diagnostic modality for 

adenomyosis and was not further studied. 

Of the included 8 TVUS studies, 4  studies evaluated 2D-TVUS only [16,20,23,31], 3 studies 

evaluated a combination of 2D- and 3D-TVUS [19,28,32] and one study evaluated 3D-TVUS 
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[22]. We grouped the data in 2D-TVUS (including also the 2D data from the 3D-TVUS 

studies), 3D-TVUS (the reported 3D-TVUS data, and combined 2D/3D data) and TVUS-

overall, where we used the combination of 2D/3D results if reported or the largest population 

from each study. The sensitivity, specificity, posLR and negLR for each modality, both 

aggregated and individually, is shown in Figure 3a; pAUC is shown in Figure 3b [16-

20,22,23,28,31,32]. In summary, 3D-TVUS resulted in a good test quality, while 2D-TVUS 

and TVUS-all had a fair test quality. There was no statistically significant difference between 

the sAUC of the different TVUS modalities (P= .1).  

The included studies showed a variation in study population characteristics (size, pre- and 

postmenopausal status, age) and other baseline-markers such as the prevalence of 

adenomyosis and quality of the reference standard (Table 2) [16,19,20,22,23,28,31,32]. Only 

one study had 2 readers [23, 31] who evaluated the images, the others only one. All studies 

had “experienced” or “expert-examiners” but most without a definition of this criterion. An 

overview of the characteristics of each study including remarkable selection criteria is given 

in Table 2 [16,19,20,22,23,28,31,32]. The type of diagnostic predictors that were used for the 

diagnosis of adenomyosis was different in all studies and were defined both pre- and post-

hoc, and the number of predictors used for the diagnosis for adenomyosis ranged from 1 to 

9 (supplementary Table 2) [12-36]. The individual performance of each marker is shown in 

Figure 4 [16-20,22,23,28,31,32]. The presence of a fanshaped echo (usually caused by a 

circular layer of hypertrophic muscle bundles around foci of adenomyosis) and the 

heterogeneous echogenicity of the myometrium had the best diagnostic quality (pAUC=0.86 

and 0.83), followed by  “irregular appearance of the JZ” as seen in 3D TVUS (pAUC=0.81). 

 

 

Comparison of imaging modalities 

Figure 3b illustrates the diagnostic performance of MRI, 2D-TVUS, 3D-TVUS, and TVUS-all 

by sROC-curves [16-20,22,23,28,31,32]. The sensitivity and specificity of the 2D-TVUS 
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studies was most scattered. The pAUCs showed no statistically significant difference 

between the various modalities (all P>.11) . 

Discussion 

In this meta-analysis, pooled MRI had a sensitivity of 78% and a specificity of 88%, 2D-

TVUS 74% and 76%, and 3D-TVUS 84% and 84% for diagnosing adenomyosis. All 

modalities had good or sufficient diagnostic quality for the diagnosis of adenomyosis. 3D-

TVUS improved the diagnostic quality for diagnosing adenomyosis compared to 2D-TVUS 

and can detect changes in the JZ, which was one of the best performing diagnostic 

determinants. 3D-TVUS is in practice used together with real-time 2D-TVUS, and we 

recommend combining modalities to benefit from the strength of each. There was no 

statistically significant difference between the diagnostic quality of MRI and TVUS, which is 

in line with an earlier meta-analysis [37].  

The evidence of the presented data is strong owing to the evaluation of high-quality studies 

with proper reference standards (histopathology obtained by hysterectomy). Though 

hysterectomy introduces a possible bias toward older patients who have finished 

childbearing and present with more advanced disease, the lack of a consensus on non-

histopathologic diagnostic criteria makes it the best option so far. 

The publications included in this study [16-20,22,23,28,31,32] have limitations that need 

consideration. The main limitation is that many diagnostic parameters were not defined 

before the study was commenced but determined post-hoc. This could lead to an 

overestimation of the diagnostic performance of those parameters as results could be over-

fitted to the sample they are derived from. As a result, they that might not perform as well in 

a different population. The overall diagnostic accuracy used in this meta-analysis was mostly 

reported pooled for pre- and post-hoc determined signs, what might result in an over-

estimation of the diagnostic accuracy of both MRI and TVUS. Overfitting represents a major 

bias, especially with numerical cut offs; for example the JZmax of ≥12mm as a diagnostic cut-

off for adenomyosis in MRI was determined post-hoc for the first time in a study of Reinhold 
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et al [38]. It has been used since that time as the main diagnostic criterion, but could not be 

reproduced in a recent prospective study performed on a younger, premenopausal 

population [18].  

Furthermore, the TVUS-examination in the current included studies [16-20,22,23,28,31,32] 

was mostly performed by experts and only one reader, which could limit the generalizability 

of the diagnostic performance described as noted in Rasmussen et al [39]. Also, image 

resolution and automated optimalization in ultrasound and MRI has improved substantially 

over the years so that equipment may play a role in diagnostic accuracy. However, the 

experience of the examiner is most likely a key factor in diagnosing adenomyosis [40], as 

also studies with less sophisticated equipment yielded good results [19].  

Another limitation of the current study when comparing the included studies is the 

heterogeneity of the study populations in age, parity, and prevalence of pre- and 

postmenopausal patients.  

The sensitivity of a diagnostic predictor for adenomyosis depends on the extent of the 

condition, and as adenomyosis often progresses over time, the demographics of a study 

population can influence diagnostic features. We could not evaluate if the various diagnostic 

signs perform differently in pre- and postmenopausal patients, as study design and type of 

ultrasound were relevant confounders. Furthermore, 3D-TVUS was introduced at the same 

time as only premenopausal patients were included in studies, making it impossible to 

perform subgroup analysis without the risk of confounding. 

Also, hormonal and GnRH treatment can alter the appearance of and efficiency of diagnosis 

of adenomyosis. As those groups were not reported individually in the included studies, it 

was not possible to calculate the effect of hormonal/GnRH treatment on the diagnostic 

quality of MRI or US. However, based on previous publications, it is important to be cautious 

when excluding adenomyosis in patients that are under current hormonal/GnRH therapy as 

imaging is less accurate in that case [41]. 

With the improvement of imaging, such as MRI with thin sections, it is possible to visualize 
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small hemorrhagic foci in 3D-reformats, and enhanced images using 3D-TVUS, we might 

move on to the post-histopathological era of adenomyosis diagnosis [42]. With any study of 

this type, there must be undisputed prestudy definitions of diagnostic criteria as proposed by 

the Morphological Uterus Sonographic Assessment group [43,44]. Also, it is essential to be 

aware of the strength and limitations of various diagnostic signs [19]. It was previously 

discussed that at least two diagnostic signs should be present when diagnosing 

adenomyosis [45]. The data in this meta-analysis do not allow for the conclusion of how 

many diagnostic signs should be present to confirm adenomyosis. The number of diagnostic 

markers that were used increased during the last two decades. Using bivariate meta-

regression, we analyzed whether the number of variables that were used influenced the 

diagnostic quality of the studies, but could not find a significant association (P=.06). When 

also including variables that were determined post-hoc, there was a statistically significant 

association between the number of variables used and the diagnostic performance (P=.002). 

This association might be the result of overfitting. The optimal number most likely depends 

on a combination of signs and their specificity found in the individual patient. In addition, it is 

essential to perform a good clinical examination and history, as the symptoms presented will 

often help to find the correct diagnosis and determine the relevance of imaging findings 

[19,46,47]. Incidental findings of small foci with adenomyosis in asymptomatic females might 

not have clinical relevance but needs to be studied further.   

 

Conclusion 

TVUS and MRI provide a good diagnostic quality for the diagnosis of adenomyosis and show 

no statistically significant difference in their diagnostic ability. As it is more available, faster, 

and less costly, TVUS (preferably 2D- and 3D-TVUS in combination) should be the first 

choice when diagnosing adenomyosis and if inconclusive, MRI should be used.  
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Figure legends 

 

Figure 1. Flow Diagram with overview over publication selection. QUADAS; Quality 

Assessment of Diagnostic Accuracy Study-tool. 
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Figure 2. Proportion of included studies with high, low and unclear risk of bias or concerns 

regarding applicability [16-20,22,23,28,31,32]. QUADAS; Quality assessment of diagnostic 

accuracy studies.   
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Figure 3a. Forest plots for sensitivity, specificity, positive likelihood ratio, negative likelihood 

ratio for each individual study and pooled [95%-confidence intervals]. Studies that used ≥1 

diagnostic marker: Dueholm, Bazot, Kepkep. Studies that used at least 2 diagnostic 

markers: Exacoustos, Luciano, Rasmussen, Tellum. 
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Figure 3b. Pooled area under the receiver operating characteristics curve (pAUC) for the 

different imaging modalities. The colored dots represent the individual studies, the areas 

marked with the dotted lines the 95% confidence interval. There was no difference of 

performance between the various modalities (comparison of pAUC MRI vs 2D-TVUS P=.45; 

MRI vs 3D-TVUS P=.47; MRI vs TVUS all P=.75) [16-20,22,23,28,31,32]. MRI; magnetic 

resonance imaging. TVUS; transvaginal ultrasound. 2D; 2-dimensional. 3D; 3-dimensional. 
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Figure 4. Pooled area under the receiver operating characteristics curves (pAUC) for 

individual diagnostic signs that were described for 2D- or 3D transvaginal ultrasound (TVUS) 

[16-20,22,23,28,31,32]. Note that the various signs have different diagnostic qualities and 

need to be combined for a reliable diagnosis. 
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 N Adenom
yosis, n 

(%) 

Postmen
opausal,  

n (%) 

Mean age, 
years (range) 

MRI sequences MRI Slice 
thickness/ 

intersection 
gap 

MRI 
system 

Diagnostic criteria; 
prospectively defined 

Diagnostic 
criteria; 

determined 
posthoc 

Comments 

Tellum et al 
2019 [18] 

93 57 (61) 0 (0) 42.7  
(30-50) 

T2W TSE (cor, 
obl. ax, sag) 
T1W TSE 
T1W TSE FS 

3mm/0.3mm 
(3D Vista: 
1mm/-0.5mm) 

3.0 Tesla 
1.5 Tesla 

 JZmax ≥12mm 

 High-intensity spots on 
T2,  

 ill-defined low intensity 
areas 

JZ-
morphology 
(definition 
similar to 
MUSA 
description) 

2 independent 
readers 

Dueholm et al 
2001 [16] 

106 22 (21) 0 (0) 44.7  
(28-58) 

T2W TSE (cor, 
obl. ax, sag) 

4mm/1mm 1.5 Tesla  JZmax ≥15 mm 

 JZmax 12-15mm AND 
nonuniform, thickened 
JZ OR focal not well-
demarcated high OR low 
intensity areas in the 
myometrium 

 JZdiff (=JZmax-
JZmin) 

 JZmax≥12mm 

 

Bazot et al  
2001 [17] 

120 40 (33) 37 (31) 51  
(30-88) 

T2W SE or TSE 
(cor, obl. ax. or 
sag) 
T1W SE 

5mm/1mm 1.5 Tesla  a large, regular, 
asymmetric uterus 

 JZmax of at least 12 mm 
AND/OR an ill-defined, 
low-signal-intensity 
myometrial area 
distinguished from well-
circumscribed masses 
related to myoma 

 Ratiomax* 40% 

 punctate high-intensity 
myometrial foci 

  27% of 
population had 
uterine 
carcinoma; 

 2 independent 
readers 

 

Table 1: Overview of characteristics of the included magnetic resonance imaging (MRI) studies. JZ; junctional zone. T2W or T1W; T2/T1-weighted. TSE; 

turbo spin echo. SE; spin echo. Cor; coronal. Sag; sagittal. Ax; axial. Obl; oblique. *Ratiomax was defined as the ratio between the uterine wall and the JZmax 

measured at the same place. 
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Study N Adenomyosis, 
n (%) 

Fibroids, 
n (%) 

Mean age, year  
(range) 

Postmeno
pausal 
women, n 
(%) 

Histopathologi
c definition of 
adenomyosis* 

Histopathol
ogic 
sections 
taken from 
specimen, 
number 

Type of 
transduce
r 

Experienc
e of 
sonograp
her, 
years/nu
mber of 
readers 

Exclusion/inclusion criteria 
differing from other studies 

3
D

- 
T

V
U

S
 

Rasmussen et 
al 2019 [32] 

46 19 (41) ? 46 (44-47) 0 (0) ≥2mm or 1 
microscopic 
powerfield 

With 5-
10mm 
interval 

6-12Mhz 10/1 Excl.: if ≥5 fibroids or uterine 
volume >300ml due to fibroids 

Tellum et al 
2018 [19] 

95 59 (62) 51 (54) 42.7 (30-50) 0 (0) ≥2.5mm 8 ±2.6 5-9Mhz 6/1 Excl: Use of hormones/GnRH 

Luciano et al 
2013 [22] 

32* 
*only 
those 
without 
TCER or 
medical 
treatmen
t 

26 (80) ? 41.2 (34-54) 0 (0) ≥2.5mm ≥8 2.8-10Mhz >5/ Excl: Fibroids >4cm size, more 
than 3 fibroids >3cm 

Exacoustos et 
al 2011 [28] 

72 32 54 (73%) 46.7 (38-52) 0 (0) ≥2.5mm ? 6-9Mhz “expert”/1 Excl: GnRH therapy, fibroids 
>8cm or more than 3 >5cm 
size 

2
D

-T
V

U
S

 

Sun et al 2010 
[20] 

213 85 (40)  44.7 (24-73) 28 (87) ≥2.5mm 4-8 7-9Mhz 5y/1 Included: n=15, (7%) with 
endometrial carcinoma or 
hyperplasia  

Kepkep et al 
2007 [23]  

70 26 (37) 20(28) 49 (37-63) 18 (26%) ≥2.5mm 20 5Mhz 8, 3/2 
readers 

 

Bazot et al 
2002 [31] 

129 47 (36) ? NA 39 (30%) ≥2.5mm 5-15 5-9Mhz >5/1 Excl.: prior myomectomy, 
endometrial resection, n=23 
excluded without given reason 

Dueholm et al 
2001 [16] 

106 22 (21) ? 44.7 (28-58) 0 (0) ≥2mm or 1 
powerfield 

? 5-8Mhz 3, 6/1  

Table 2: Overview of characteristics of the study populations, technical details of the index test and reference standard of the studies included in the meta-

analysis. *Depth of ectopic endometrial glands below the endometrial-myometrial junction. ? Indicates that the information is not provided in the 

manuscript. GnRH; gonadotropin-releasing hormone agonist. Excl; excluded. TVUS; Transvaginal ultrasound. TCER; Transcervical endometrium resection. 
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