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Abstract
Introduction: Magnetic resonance imaging (MRI) diagnosis of adenomyosis is con-
sidered the most accurate non- invasive technique, but remains subjective, with no 
consensus on which diagnostic parameters are most accurate. We aimed to systemati-
cally review the literature on how adenomyosis can be objectively quantified on MRI 
in a scoping manner, to review the diagnostic performance of these characteristics 
compared with histopathological diagnosis, and to summarize correlations between 
measures of adenomyosis on MRI and clinical outcomes.
Material and methods: We searched databases Pubmed, Embase, and Cochrane for 
relevant literature up to April 2020 according to PRISMA guidelines. We included 
studies that objectively assessed adenomyosis on MRI, and separately assessed stud-
ies investigating the diagnostic performance of MRI vs histopathology for inclusion 
in a meta- analysis. The QUADAS- 2 tool was used for risk of bias, with many studies 
showing an unclear or high risk of bias.
Results: Eighty studies were included, of which 14 assessed the diagnostic perfor-
mance of individual MRI parameters, with four included in the meta- analysis of diag-
nostic accuracy. Common MRI parameters were: junctional zone (JZ) characteristics, 
such as maximum JZ thickness— pooled sensitivity 71.6% (95% CI 46.0%– 88.2%), 
specificity 85.5% (52.3%– 97.0%); JZ differential— pooled sensitivity 58.9% (95% CI 
44.3%– 72.1%), specificity 83.2% (95% CI 71.3%– 90.8%); and JZ to myometrial ratio— 
pooled sensitivity 63.3% (95% CI 51.9%– 73.4%), specificity 79.4% (95% CI 42.0%– 
95.4%); adenomyosis lesion size, uterine morphology (pooled sensitivity 42.9% (95% 
CI 15.9%– 74.9%), specificity 87.7%, (95% CI 37.9– 98.8) and changes in signal inten-
sity— eg, presence of myometrium cysts; pooled 59.6% (95% CI 41.6%– 75.4%) and 
specificity of 96.1% (95% CI 80.7%– 99.3%). Other MRI parameters have been used 
for adenomyosis diagnosis, but their diagnostic performance is unknown. Few studies 
attempted to correlate adenomyosis MRI phenotype to clinical outcomes.
Conclusions: A wide range of objective parameters for adenomyosis exist on MRI; 
however, in many cases their individual diagnostic performance remains uncertain. 
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1  |  INTRODUC TION

Adenomyosis is a prevalent and potentially debilitating gynecologi-
cal condition characterized by dysmenorrhea and heavy menstrual 
bleeding. Adenomyosis is thought to arise from and lead to disrup-
tions in the uterine “junctional zone” (JZ) between the uterine en-
dometrium and myometrium. With the advent of improving imaging 
techniques, adenomyosis has been more frequently diagnosed in 
younger, nulliparous women. Along with greatly affecting their qual-
ity of life, it is also increasingly linked to subfertility or infertility 
and to adverse pregnancy outcomes.1– 3 The relation between (the 
extent of) adenomyosis and these clinical outcomes remains largely 
unknown.

One barrier to elucidating the relation between adenomyosis 
(severity) and clinical outcomes is the accurate diagnosis of adeno-
myosis. Despite continuing advances in two-  and three- dimensional 
transvaginal ultrasound imaging, MRI is generally considered to be 
the most consistently accurate in the diagnosis of adenomyosis;4,5 
however, there is still no accepted classification system or a set of 
diagnostic criteria to evaluate adenomyosis on MRI. Much has been 
reported about typical, atypical, direct, and indirect MRI manifes-
tations of adenomyosis,6,7 but the recognition of these features 
often still depends on the experience and expertise of the radiol-
ogist and/or gynecologist. Furthermore, it is still disputed which 
of the wide range of features reported is the most accurate. This 
makes it difficult to assess the true diagnostic accuracy of MRI for 
adenomyosis as different centers and physicians may use different 
criteria.

If adenomyosis could be noninvasively and objectively quantified 
(eg, on MRI), the burden of disease could be correlated with various 
clinical outcomes, such as symptom severity, therapy response, or 
fertility outcomes. Similarly, potential changes in adenomyosis could 
be more easily followed over a patient's lifetime, or during their men-
strual cycle.7– 10 To the best of our knowledge, there is currently no 
comprehensive overview describing the quantitative analysis of ad-
enomyosis on MRI.

The objectives of this review are as follows: the primary ob-
jective is to evaluate the diagnostic accuracy of MRI features 
for adenomyosis vs histopathology, with secondary objectives 
being to (a) summarize in a scoping manner how adenomyosis 
can be objectively quantified on MRI, and (b) how objective mea-
sures of adenomyosis on MRI have been correlated to clinical  
outcomes.

2  |  MATERIAL AND METHODS

The full review protocol can be found on the PROSPERO database, 
with protocol ID CRD42020163106.

2.1  |  Data sources

The search was conducted in online databases PubMed (MEDLINE), 
Embase, and Cochrane, and relevant articles were also screened 
for additional references missed in the initial search. The search 
was conducted using synonyms and keywords relating to adeno-
myosis and MRI. Full search details can be found in the Supporting 
Information Appendix S1.

2.2  |  Main outcome measures

The outcomes of this review were the existing objective measures 
of adenomyosis on MRI, and their (if stated) individual diagnostic ac-
curacy and relation to clinical outcomes.

2.3  |  Study eligibility

We included studies investigating the diagnosis, evaluation or clas-
sification of adenomyosis objectively based on MRI. Studies were 
included regardless of study design, use of hormonal therapy, age, 
or clinical manifestation. Studies written in English, Dutch or French 
were considered for inclusion, published up to April 7, 2020.

Data reported in secondary analysis (reviews), case reports, 
letters to editors, conference abstracts, and protocols for ongoing 

JZ characteristics remain the most widely used and investigated with acceptable di-
agnostic accuracy. Specific research is needed into how these objective measures of 
adenomyosis can be correlated to clinical outcomes.

K E Y W O R D S
adenomyosis, diagnosis, endometriosis, magnetic resonance imaging, non- invasive imaging, 
uterus

Key message

There are insufficient data on the diagnostic accuracy of 
adenomyosis MRI parameters, and their clinical relevance 
is equally unclear. This review provides a starting point for 
future studies investigating the link between adenomyosis 
MRI phenotype and clinical outcomes.
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studies were excluded. We also excluded studies that only reported 
subjective measures of adenomyosis on MRI, eg, lesion localization, 
subjective signal intensity, that is, “dark” or “low”, or only noting “JZ 
irregularity” without objectifying this (by measurement in mm).

2.3.1  |  Quality assessment and risk of bias:

A risk- of- bias assessment of included studies was only carried out for 
the studies investigating diagnostic accuracy, using the QUADAS- II 
tool11 (Tables S8– S11). Risk- of- bias summary graphs and tables were 
constructed using RevMan 5.3.0. It was not deemed relevant to as-
sess the quality of the other studies investigating adenomyosis on 
MRI for risk of bias.

2.4  |  Data collection and analysis

2.4.1  |  Study selection

Study selection was conducted in Rayyan (rayyan.qcri.org) in a blinded 
fashion by two reviewers (CR and IR) based on title and abstract, fol-
lowed by full- text assessment. If full- text was not available, contact was 
sought with the corresponding author of the article. The relevant arti-
cles were sorted into one or both of two groups upon full- text screen-
ing and data extraction was performed separately (Tables S1– S4):

-  Studies investigating diagnostic accuracy of adenomyosis on 
MRI vs histopathology

-  Studies evaluating adenomyosis objectively on MRI without as-
sessing diagnostic accuracy

2.4.2  |  Data collection and extraction

Data extraction was carried out independently by two reviewers 
(CR and IR). Data were collected pertaining to study design, study 
population, the type of MRI conducted, definition of adenomyosis 
on MRI, the diagnostic performance (if reported) of MRI parameters, 
as well as whether the MRI diagnosis was confirmed with histopa-
thology. All measured MRI characteristics of adenomyosis on MRI 
were extracted, with a focus on objective measures. Examples of 
objective measures include: JZ thickness (in mm), uterine volume or 
length, adenomyosis lesion size (in mm, or cm3). If clinical or treat-
ment outcomes were mentioned (in relation to MRI characteristics), 
these were also reported (see Supporting Information for the full 
data extraction, Tables S1– S4).

2.4.3  |  Data synthesis and statistical analysis:

Data synthesis was done in two steps, dependent on the study 
design. For studies investigating diagnostic accuracy, data were 

synthesized narratively, and the diagnostic performance measures 
were summarized. We produced forest plots in GRaphpad pRisM 8.0 
showing pairs of sensitivity and specificity together with 95% CI from 
each study (based on extracted data in 2 × 2 tables for each study). 
Summary receiver operating characteristic curves were constructed 
using Metadta. Separate forest plots and summary receiver operat-
ing characteristic curves were created for each diagnostic MRI pa-
rameter where the relevant diagnostic information was available. A 
pooled sensitivity and specificity for each parameter (if possible) was 
calculated using Metadta12 using a bivariate model. Illustrative MRI 
images per objective parameter were taken from our center.

3  |  RESULTS

3.1  |  General characteristics of the studies

3.1.1  |  Search results

As shown in Figure 1, a total of 80 articles were ultimately deemed 
eligible for inclusion in this review. Fourteen were diagnostic accu-
racy studies that investigated MRI vs histopathology for adenomyo-
sis, four of which reported diagnostic accuracy data for individual 
MRI parameters (eg, JZ thickness >12 mm) and could be included in 
the meta- analysis. The remaining 66 studies were of varying study 
designs and did not investigate the diagnostic performance of MRI 
specifically, but did describe objective measures of adenomyosis on 
MRI, and were included to satisfy the secondary objectives of this 
review.

3.1.2  |  Characteristics of included studies

The study characteristics and outcomes for the included studies 
are summarized in Supporting Information Tables S5– S7. The MRI 
sequences most often implemented to assess adenomyosis on MRI 
were T1-  and T2- weighted MRI. Eight studies reported using a 3.0- 
Tesla coil MRI, the remaining studies used 1.0-  or 1.5- Tesla coil MRI.

3.1.3  |  Methodological quality of included studies

Only the studies investigating diagnostic accuracy were assessed 
for methodological quality. A graphical summary of the quality as-
sessment is shown in Figure 2, as well as the assessment per in-
cluded study in Figure 3. In the domain of patient selection, two 
studies were deemed to have a high risk of bias because of their 
retrospective design and/or unclear exclusion criteria.13,14 For the 
index test domain (MRI), two studies had a high risk of bias, as no 
definition of adenomyosis before MRI evaluation was reported.15,16 
As for the reference standard domain, many studies did not clearly 
report if pathologists were blinded. Two studies were deemed to 
have a high risk of bias as in one17 the assessment of the reference 
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test was not blinded, and in the other18 the reference diagnosis was 
only made based on myometrial biopsy instead of hysterectomy. For 
patient flow and timing, most studies did not provide enough infor-
mation to assess this domain properly. Hamimi et al14 had a high risk 
of bias on this domain as not all patients received the same refer-
ence standard diagnosis. Two studies14,18 were arguably less appli-
cable with regards to the analysis of diagnostic accuracy. Hamimi 
et al did not compare the index test to histopathological diagnosis 
in many cases, and Phillips et al only investigated the diagnostic 
performance of MRI in relation to adenomyomas, and not adeno-
myosis generally. Because of their low applicability and quality, the 
results of these two studies were not included in the meta- analysis. 
Complete details per study can be found in Supporting Information 
(Tables S8– S11).

3.2  |  Results synthesis

We identified four common characteristics that have been used to 
diagnose and objectively visualize adenomyosis on MRI: JZ thickness 

and irregularity, adenomyosis lesion size, overall uterine morphol-
ogy, and tissue signal intensity (see Table 1 for a full overview, and 
Table S12). The pooled diagnostic accuracy of MRI parameters can 
be seen in Table 2 (Figure 4).

3.2.1  |  Junctional zone thickness

Thickness of JZ was the most widely reported objective meas-
ure of adenomyosis. Fifty- six studies (see Table 1 for details) 
reported measurement of JZ thickness in the assessment or 
diagnosis of adenomyosis. Studies reported differing threshold 
values of the JZ, with the cut- off ranging between 5 mm10 and 
15 mm,19 with 12 mm being the most common (see Figure 4 for 
an example). The individual diagnostic accuracy of this value was 
reported in four studies (see Table 2, Figure 5 and Figures S1 and 
S2 for details). Most studies reported using the mean JZ diam-
eter to assess adenomyosis, but several studies also separately 
noted the maximum (JZ Max, n = 1) and minimum (JZ Min, n = 5) 
diameter.

F I G U R E  1  PRISMA flow diagram  
of study selection  [Color figure can be 
viewed at wileyonlinelibrary.com]

F I G U R E  2  Summary graph of study 
quality according to the QUADAS- II 
tool  [Color figure can be viewed at 
wileyonlinelibrary.com]
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    |  1381REES Et al.

3.2.2  |  Junctional zone differential / junctional zone 
irregularity

Another frequently reported(n = 7 studies) quantifiable measure of 
adenomyosis on MRI is the JZ differential (JZ Diff). This is calculated 
by subtracting the JZ Min from the JZ Max, and functions as an ob-
jective measure of the irregularity of the uterine JZ, which can be a 
diagnostic criterion for adenomyosis (see Figure 6 for an example).

Two studies19,20 investigated its diagnostic performance (see 
Table 2, Figure 7, Figures S3 and S4 for details). JZ asymmetry, measured 
as the difference between the anterior and posterior JZ at the same 
point of the uterus, was only mentioned in one study, see Figure 8.21

3.2.3  |  Junctional zone to myometrium ratio / 
extent of myometrial involvement

In order to quantify the extent of invasion by adenomyosis on MRI, 
several studies have investigated the (maximum) ratio of JZ to nor-
mal myometrium of the uterus (n = 16 studies, see Table 1). This is 
thought to signify a relative increase in JZ thickness, and thereby 
myometrial tissue involvement. It is expressed as a percentage or 
ratio, with a value of 40%– 50% generally thought to indicate adeno-
myosis (see Figure 9 for an example).

Two studies investigated the diagnostic performance of this pa-
rameter (see Table 2, Figure 7 and Supporting Information Figures S5 
and S6 for details) (Figure 9).

3.2.4  |  Adenomyosis lesion size

Specifically for focal type adenomyosis, the lesion size or volume 
was often reported as a method to quantify the extent of adenomy-
osis (see Figure 10 for an example, n = 27 studies, see Table 1). The 
adenomyosis lesion was usually identified based on an “ill- defined” 
low- intensity area in the myometrium on T2- weighted imaging. No 
studies investigated this parameter in the context of diagnostic 
accuracy, with most studies assessing (reduction in) lesion size as 
a measure of treatment response. Only one study investigated le-
sion size with clinical outcome, and suggested that extent of lesion 
volume reduction after treatment may have a direct relation with 
symptom reduction.22

In addition to elements of the JZ, another widely reported mea-
sure of adenomyosis on MRI is how it affects the uterus as a whole.

3.2.5  |  Uterine morphology

The volume or size (length) of the uterus (see Figure 11 for an illus-
trative example) was used as an indicator for the extent of adeno-
myosis in 27 studies (see Table 1).

Only uterine enlargement was investigated for diagnostic accu-
racy (see Table 2, Figure 12, and Figures S7 and S8 for details).

Uterine wall thickness (either as a mean, or the maximum thick-
ness) has also been reported, with 12 studies reporting this as an 
outcome measure (Table 1). Most studies assessed this parameter in 
the context of high- frequency ablation treatment. The shape of the 
uterus is an additional feature of adenomyosis that has been eval-
uated. Several studies reported homogeneous or smooth enlarge-
ment of the uterus as a defining characteristic of adenomyosis, and 
others looked at uterine asymmetry (as in Figures 13 and 14). Most 
studies evaluated this subjectively, but four studies10,21,23,24 quan-
tified the extent of uterine asymmetry by measuring the difference 
between the width of the anterior and posterior walls in the context 
of adenomyosis.

3.2.6  |  Tissue signal intensity

A third element of adenomyosis that can be objectively character-
ized on MRI is the signal intensity (SI) of the affected tissue. Most 
studies only reported this subjectively (ie, low SI, high SI [LSI or HSI] 
foci in the myometrium, without further quantification). Three stud-
ies investigated the presence of HSI cysts or foci in the myometrium 
for their diagnostic accuracy (See Table 2, Figures 13 and 14 and 
Figures S9 and S10). No other parameters related to tissue signal 
intensity were investigated for their diagnostic accuracy.

F I G U R E  3  Quality assessment per included study according to the 
QUADAS II tool [Color figure can be viewed at wileyonlinelibrary.com]
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Three studies25– 27 attempted to quantify the extent of ad-
enomyosis by reporting the absolute number of HSI foci (on T2 
imaging) in the myometrium (as shown in Figure 15). No cut- off 
value regarding the number of HSI foci has been described, with 

the majority of studies denoting their presence as stand- alone ev-
idence of adenomyosis.

Four studies22,26,28,29 described a method to quantify the SI 
of adenomyotic tissue further, on T2 imaging. In these studies the 

TA B L E  1  Objective measures of adenomyosis on MRI

MRI feature Definition Unit Possible Stratification Studies mentioned (ref. no.)a 

Junctional zone parameters

Mean JZ Average JZ diameter mm <5 mm, <7 mm, <8 mm, 
<10 mm, <12 mm 
>12 mm, >15 mm

N = 56
(1– 9,11– 13,15– 20,23– 

25,29– 33,35– 41,43– 
48,50,51,53– 65,67,75)

JZ Max Maximum diameter of JZ mm <7 mm, <10 mm, <12 mm 
>12 mm, >15 mm

N = 18
(1– 9,11– 13,15– 20,23–  

25,29– 33,35– 41,43– 
48,50,51,53– 65,67,75)

JZ Min Minimum diameter of JZ mm N = 5
(5,15,29,48)

JZ Diff As a measure of JZ irregularity
Difference between maximum and 

minimum JZ

mm <5 mm difference and 
>5 mm difference

N = 7
(5,13,15,29,48,58,63)

JZ asymmetry Difference between anterior and posterior 
JZ

mm <2 mm difference and 
>2 mm difference

N = 1
(30)

JZ to Myometrium Ratio Ratio of JZ to full myometrium thickness at 
the same point of the uterine wall

At maximum JZ, or as an average

% >40% and <40% N = 16
(3,11,13,15,17,21,25,29,36,41,4

4,48,53,58,64,76)

Adenomyosis lesion size

Adenomyotic foci volume Volume of adenomyotic foci in three 
orientations

mm3 Diameter
<40 mm
40– 60 mm
>60 mm

N = 27
(2,5,7,10,17,19– 21,23,26– 

29,33,35,36,49,52,53, 
57,62,67,68,71)

Uterine parameters

Uterine volume Uterine volume measured at mid- corpus in 
3 orientations

mm3 N = 28
(5,10,16,19,24– 26,28– 31,37,41–  

44,51,52,54,56,58,59,63, 
66,68,70,71)

Uterine length Measured from cervix to fundus in sagittal 
orientation

mm N = 7
(23,29,32,57,71,78,80,89)

Average uterine wall 
thickness

Uterine wall thickness measured from 
endometrium to myometrium

mm N = 12
(25,30,31,38– 40,46–  

48,50,53,64)

Uterine asymmetry Difference between anterior and posterior 
uterine wall

mm N = 4
(30,48,50,75)

Tissue signal intensity

Number of high signal 
intensity adenomyotic 
foci

Absolute number of visible high signal 
intensity myometrial foci (compared 
with normal myometrium) on T1 or T2 
imaging

n N = 3
(7,26,27)

Adenomyosis signal 
intensity ratio on T2 
imaging

Signal intensity ratio of adenomyotic 
tissue compared with rectus muscle or 
normal myometrium (measured in ROI 
of the same size)

N = 4
(26,33,35,36)

ADC value Apparent diffusion coefficient of 
adenomyotic tissue on DWI

N = 5
(14,32,33,40,69)

Abbreviations: ADC, apparent diffusion coefficient; DWI, diffusion weighted imaging; JZ, junctional zone.
aReference numbers refer to the full reference list of the included studies as reported in Supporting Information Appendix S2.
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    |  1383REES Et al.

relative SI ratio of adenomyotic tissue was compared with that of ap-
parently normal myometrium, or rectus muscle, and given an abso-
lute value (see Figure 16 for a visualization). This ratio has not been 
investigated for diagnostic accuracy.

3.2.7  |  Tissue diffusion characteristics

Finally, five studies (see Table 1) used diffusion- weighted imaging 
(DWI) to characterize adenomyosis, and attempted to quantify this. 

Adenomyosis MRI 
feature

Number of studies 
investigating diagnostic 
accuracy (n)

Pooled 
sensitivity (%, 
95% CI)

Pooled specificity 
(%, 95% CI)

JZ thickness >12 mm 4 71.6 (46.0– 88.2) 85.5 (52.3– 97)

JZ differential >5 mm 2 58.2 (44.3– 72.1) 83.2 (71.3– 90.8)

JZ to myometrium 
ratio >40%

2 63.3 (51.9– 73.4) 79.4 (42.0– 95.4)

Enlarged uterus 2 42.9 (15.9– 74.9) 87.7 (37.9– 98.8)

Myometrial cysts 3 59.6 (41.6– 75.4) 96.1 (80.7– 99.3)

Abbreviation: JZ, junctional zone.

TA B L E  2  Pooled diagnostic accuracy 
of individual MRI parameters for 
adenomyosis

F I G U R E  4  Sagittal T2 W MRI showing 
the junctional zone (JZ) with a diameter of 
>12 mm

F I G U R E  5  Diagnostic performance of junctional zone >12 mm on MRI vs histopathology
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In these studies, the apparent diffusion coefficient (ADC) was meas-
ured for adenomyotic tissue compared with healthy uterus tissue, or 
other types of lesions (fibroids, sarcomas).30 DWI allows visualiza-
tion of water diffusion characteristics of different types of tissue, of 
which ADC is a quantitative measure.31,32 Tian et al16 investigated 
the added value of adenomyosis DWI and ADC values, and found it 
significantly improved the diagnostic accuracy compared with con-
ventional MRI sequences (95.7% vs 89.1%, respectively). Similarly, 
Kilickesmez et al33 found that JZ tissue in adenomyosis patients had 
significantly different ADC values compared with JZ tissue in healthy 
patients (albeit not compared with histopathological diagnosis).

3.2.8  |  Correlation with clinical outcomes

The JZ thickness was most often investigated in relation to clinical 
outcomes. Several studies (n = 8) used (reduction in) JZ thickness as a 
measure of therapy response, but relatively few studies investigated 
(change in) JZ thickness and other clinical outcomes. Those that 
did, reported conflicting results.34– 37 Froeling et al39 and Fukunishi 
et al38,39 could not find a direct relation between JZ thickness and 
symptom reduction or severity. Conversely, four other studies did 
report a direct association between duration and severity of dys-
menorrhea and JZ thickness.36,37,40,41 An increase of average JZ 

F I G U R E  6  Sagittal T2 W MRI showing junctional zone (JZ) and myometrial (M) thickness. The JZ to myometrium ratio here is 0.8 (80%)

F I G U R E  7  Diagnostic performance of junctional zone differential >5 mm on MRI vs histopathology
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thickness with age, suggesting a relation with higher incidence of 
adenomyosis in older women, has also been reported.35,41,42 Kunz 
et al42 and Kissler et al34 investigated JZ thickness in the context 
of uterine dysperistalsis- associated infertility but did not find a sig-
nificant relation. Further studies23,24,43,44 evaluated JZ thickness in 
the context of endometriosis phenotypes, whereby Larsen et al23 
reported an increased mean JZ in conjunction with endometriosis 
severity. Chapron et al refuted this, however.44

Uterine size and morphology have also been correlated to clinical 
outcomes (see Table 1) with uterine volume sometimes used in the 
context of symptom reduction. Generally, uterine size was directly 
associated with severity of adenomyosis symptoms.37

Furthermore, several studies attempted to correlate tissue 
signal intensity with therapy response.25,26,34,47 Keserci et al22 
suggested that a lower adenomyosis SI ratio vs normal myo-
metrium was associated with more symptom reduction after 
therapy.

4  |  DISCUSSION

Generally, adenomyosis can be diagnosed and quantified on MRI by 
looking at four characteristics: JZ thickness and (ir)regularity, adeno-
myosis lesion size, uterine morphology, and (relative) myometrial sig-
nal intensity. We are unable to suggest from our results which single 
MRI parameter is most accurate as a diagnostic criterion because of 
a lack of data; however, JZ thickness is the most widely used. Most 
reported diagnostic adenomyosis MRI parameters have in fact not 
been verified vs the reference standard of histopathology. Only a 
small number of studies investigated the correlation between MRI 
phenotype and clinical outcome, with conflicting results.

This is the first review to specifically investigate how adenomy-
osis can be objectively quantified on MRI and to summarize the di-
agnostic potential of individual MRI parameters up to now. Previous 
similar reviews have looked at the use of MRI in the diagnosis and 

F I G U R E  8  Sagittal T2 W MRI showing 
junctional zone (JZ) asymmetry of the 
anterior and posterior walls, with a JZ 
differential (JZ Diff) >5 mm

F I G U R E  9  Diagnostic performance of junctional zone to myometrium ratio >40% on MRI vs Histopathology
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classification of adenomyosis in general, or the JZ separately.5,48 
Munro et al5 and Kobayashi et al48 reviewed the existing classifi-
cation systems for adenomyosis on imaging and histology and at-
tempted to correlate MRI findings to clinical outcomes. As with our 
review, the classification systems and diagnostic criteria were shown 
to vary widely, and few studies correlated clinical outcomes in ade-
nomyosis to MRI phenotype. This was also noted by Gordts et al,49 
highlighting a need for standardized classification and diagnosis of 
adenomyosis. It has been postulated that adenomyosis phenotype 
may not be able to be reliably correlated to clinical outcomes,5 and 
it should be noted that imaging alone may not be the final answer 
in defining adenomyosis phenotypes. More knowledge of the (epi)
genetic profile of adenomyosis, in combination with well- defined 
and detailed imaging, will likely provide a definitive characteriza-
tion of the disease in future. Several studies have summarized the 
relation of JZ thickness generally to various clinical outcomes.50,51 
These studies reported a significant relation between JZ thickness 
and outcomes such as infertility or menstrual phase; however, it is 
unknown how this may translate to adenomyosis patients. Of the 
studies included in this review, it could be suggested that JZ thick-
ness is correlated to symptom severity, treatment response, infer-
tility, and age.

Imaging of the uterine anatomy and function has progressed rap-
idly over the last few decades, with sophisticated functional imaging 
of the uterus becoming more common. This is leading to new insights 
into different aspects of uterine function such as uterine movement, 
blood flow and structural and functional changes during the men-
strual cycle.52,53 Techniques employed now include DWI, blood oxy-
genation function studies, and cine- MRI.54– 56 More recently, the use 
of diffusion tensor imaging has also been explored in uterine and gy-
necological disorders like endometriosis, malignancies, and uterine 

F I G U R E  1 0  Sagittal T2 W MRI showing a focal adenomyosis 
lesion in the posterior uterine wall

F I G U R E  11  Sagittal T2 W MRI 
showing an enlarged, diffusely 
adenomyotic uterus, with a uterine length 
(UL) of 16.2 cm and a uterine width (UW) 
of 10.5 cm
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fibroids, suggesting great potential in the use of these techniques in 
gynecological conditions.57,58 Their diagnostic potential remains to 
be definitively evaluated; however, the one study that investigated 
diffusion tensor imaging for its diagnostic potential showed superior 
accuracy over conventional MRI.16

There are several limitations which may impact our results. First, 
despite their benefits, our broad inclusion criteria inevitably led to 
a heterogeneous selection of study designs and populations. This 
makes it difficult to apply the MRI parameters presented to specific 
patient groups (ie premenopausal or postmenopausal, symptomatic 
or asymptomatic, with or without concomitant fibroids or endome-
triosis etc.). Furthermore, many studies did not report on the specific 
diagnostic performance of individual parameters, meaning we could 
only include a small number of studies in our quantitative analysis. 
Studies that did report on individual MRI parameters also showed 
varied quality and results, leading to broad confidence intervals in 

our pooled analysis. As a result, we were not able to answer one of 
the objectives of our review; namely, which individual parameter is 
most accurate.

Few studies corrected for the influence of the menstrual cycle. 
Evaluation of the JZ can be problematic as its thickness changes 
during the menstrual cycle and is affected by hormonal therapy, 
making it difficult to distinguish between “normal” JZ and adeno-
myotic foci.6 This thought has been echoed in previous reviews 
bringing the reliability of only JZ evaluation as a diagnostic marker 
for adenomyosis into question.4,20 It is debatable how much ade-
nomyotic tissue in the JZ responds to these hormonal stimuli,6 but 
it is accepted that MRI diagnosis should take place in the prolifer-
ative phase of the menstrual cycle to minimize hormonal influence. 
Furthermore, only eight studies used 3.0- T MRI, with the majority 
using 1.5- T coils, which impacts overall image quality and thus diag-
nostic potential.

F I G U R E  1 2  Diagnostic performance of uterine enlargement on MRI vs histopathology

F I G U R E  1 3  Sagittal T2 W MRI showing clear posterior and anterior wall asymmetry due to focal adenomyosis (and several leiomyomas)
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Another noteworthy issue is that included studies used differ-
ent definitions of adenomyosis. Although the definitions used were 
often similar, exact criteria and cut- off values varied. This differ-
ence persisted in recent studies, which confirms a lack of consensus 
regarding diagnostic criteria for adenomyosis on MRI. The histo-
pathological definition used for adenomyosis was similarly often not 
clearly defined.

Despite these limitations, we do believe that the results of our 
review are clinically relevant and highlight future research opportu-
nities. Our inability to comprehensively summarize the clinical im-
pact of adenomyosis on MRI serves to highlight the need for studies 

that specifically investigate this correlation. If the MRI phenotype of 
adenomyosis can be definitively linked to certain clinical outcomes 
(fertility, treatment response, symptom severity) this would be of 
great value for both clinicians and patients. The overview provided 
here can form the basis for such research, and thereby aid in the cre-
ation of an objective, accurate, clinically applicable, and commonly 
accepted classification system of adenomyosis. The development of 
a (patient- specific) diagnostic tool or predictive algorithm based on 
individual MRI parameters could also be facilitated by the results 
presented here.

5  |  CONCLUSION

This review has identified three main characteristics that can be quan-
tified on MRI to visualize the extent of adenomyosis. These character-
istics are also of generally acceptable diagnostic accuracy and can be 
used to differentiate adenomyosis on MRI from other uterine lesions 
and disorders. Knowledge of these parameters can form the basis for 
much- needed research into how adenomyosis severity on MRI can be 
related to clinical outcomes and aid in the development of an objective 
diagnostic tool for adenomyosis. More research into the characteriza-
tion of adenomyosis using MRI techniques is needed be able to fully 
characterize adenomyosis objectively and be sure of the diagnostic ac-
curacy of these imaging modalities.
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F I G U R E  14  Diagnostic performance of 
presence of myometrial cysts on MRI vs 
Histopathology

F I G U R E  1 5  Sagittal T2 W MRI showing subtle high signal 
intensity (HSI) foci in the junctional zone (JZ)

 16000412, 2021, 8, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/aogs.14139 by T

echnical U
niversity E

indhoven, W
iley O

nline L
ibrary on [21/11/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    |  1389REES Et al.

CONFLIC T OF INTERE S T
None.

ORCID
Connie O. Rees  https://orcid.org/0000-0001-7742-3050 

R E FE R E N C E S
 1. Horton J, Sterrenburg M, Lane S, Maheshwari A, Li TC, Cheong Y. 

Reproductive, obstetric, and perinatal outcomes of women with 
adenomyosis and endometriosis: A systematic review and meta- 
analysis. Hum Reprod Update. 2019;25:592- 632.

 2. Bruun MR, Arendt LH, Forman A, Ramlau- Hansen CH. Endometriosis 
and adenomyosis are associated with increased risk of preterm de-
livery and a small- for- gestational- age child: a systematic review and 
meta- analysis. Acta Obstet Gynecol Scand. 2018;97:1073- 1090.

 3. Vlahos NF, Theodoridis TD, Partsinevelos GA. Myomas and 
Adenomyosis: Impact on Reproductive Outcome. Biomed Res Int. 
2017;2017:5926470.

 4. Tellum T, Nygaard S, Lieng M. Noninvasive Diagnosis of Adenomyosis: 
A Structured Review and Meta- Analysis of Diagnostic Accuracy in 
Imaging. J Minim Invasive Gynecol. 2020;27(408– 418).e3

 5. Munro MG. Classification and Reporting Systems for Adenomyosis. 
J Minim Invasive Gynecol. 2020;27:296- 308.

 6. Takeuchi M, Matsuzaki K. Adenomyosis: Usual and unusual imag-
ing manifestations, pitfalls, and problem- solving MR imaging tech-
niques. Radiographics. 2011;31:99- 115.

 7. Agostinho L, Cruz R, Osório F, Alves J, Setúbal A, Guerra A. MRI 
for adenomyosis: a pictorial review. Insights Imaging. 2017;8: 
549- 556.

 8. Novellas S, Chassang M, Delotte J, et al. MRI characteristics of the 
uterine junctional zone: From normal to the diagnosis of adenomy-
osis. AJR Am J Roentgenol. 2011;196:1206- 1213.

 9. Bazot M, Daraï E. Role of transvaginal sonography and magnetic 
resonance imaging in the diagnosis of uterine adenomyosis. Fertil 
Steril. 2018;109:389- 397.

 10. Kang S, Turner DA, Foster GS, Rapoport MI, Spencer SA, Wang JZ. 
Adenomyosis: specificity of 5 mm as the maximum normal uter-
ine junctional zone thickness in MR images. AJR Am J Roentgenol. 
1996;166:1145- 1150.

 11. Whiting PF, Rutjes AWS, Westwood ME, et al. QUADAS- 2: A re-
vised tool for the quality assessment of diagnostic accuracy stud-
ies. Ann Intern Med. 2011;155:529- 536.

 12. Freeman SC, Kerby CR, Patel A, Cooper NJ, Quinn T, Sutton AJ. 
Development of an interactive web- based tool to conduct and 
interrogate meta- analysis of diagnostic test accuracy studies: 
MetaDTA. BMC Med Res Methodol. 2019;19:81.

 13. Moghadam R, Lathi RB, Shahmohamady B, et al. Predictive value of 
magnetic resonance imaging in differentiating between leiomyoma 
and adenomyosis. JSLS J Soc Laparoendosc Surg. 2006;10:216- 219.

 14. Hamimi A. What are the most reliable signs for the radiologic diag-
nosis of uterine adenomyosis? An ultrasound and MRI prospective. 
Egypt J Radiol Nucl Med. 2015;46:1349- 1355.

 15. Badawy ME, Elkholi DGEY, Sherif MF, Hefedah MAE. Magnetic 
resonance imaging of uterovaginal lesions associated with female 
infertility. Middle East Fertil Soc J. 2015;20:27- 36.

 16. Tian T, Zhang G- F, Zhang H, Liu H. Intravoxel incoherent motion 
diffusion- weighted imaging in differentiating uterine fibroid from 
focal adenomyosis: initial results. Springerplus. 2016;5:9.

 17. Ascher SM, Arnold LL, Patt RH, et al. Adenomyosis: Prospective 
comparison of MR imaging and transvaginal sonography. Radiology. 
1994;190:803- 806.

 18. Phillips DR, Nathanson HG, Milim SJ, Haselkorn JS. Magnetic res-
onance imaging for diagnosing adenomyomata. J Am Assoc Gynecol 
Laparosc. 1996;3:245- 250.

 19. Dueholm M, Lundorf E, Hansen ES, Sorensen JS, Ledertoug 
S, Olesen F. Magnetic resonance imaging and transvaginal ul-
trasonography for the diagnosis of adenomyosis. Fertil Steril. 
2001;76:588- 594.

 20. Tellum T, Matic GV, Dormagen JB, et al. Diagnosing adenomy-
osis with MRI: a prospective study revisiting the junctional zone 
thickness cutoff of 12 mm as a diagnostic marker. Eur Radiol. 
2019;29:6971- 6981.

F I G U R E  1 6  Sagittal T2 W MRI 
showing an example of adenomyosis 
tissue (A) signal intensity (SI) vs that of the 
rectus muscle (R)

 16000412, 2021, 8, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/aogs.14139 by T

echnical U
niversity E

indhoven, W
iley O

nline L
ibrary on [21/11/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0001-7742-3050
https://orcid.org/0000-0001-7742-3050


1390  |    REES Et al.

 21. Imaoka I, Ascher SM, Sugimura K, et al. MR imaging of diffuse 
adenomyosis changes after GnRH analog therapy. J Magn Reson 
Imaging. 2002;15:285- 290.

 22. Keserci B, Duc NM. Magnetic resonance imaging features influ-
encing high- intensity focused ultrasound ablation of adenomyosis 
with a nonperfused volume ratio of ≥90% as a measure of clini-
cal treatment success: retrospective multivariate analysis. Int J 
Hyperthermia. 2018;35:626- 636.

 23. Larsen SB, Lundorf E, Forman A, Dueholm M. Adenomyosis and 
junctional zone changes in patients with endometriosis. Eur J Obstet 
Gynecol Reprod Biol. 2011;157:206- 211.

 24. Leyendecker G, Bilgicyildirim A, Inacker M, et al. Adenomyosis and 
endometriosis. Re- visiting their association and further insights 
into the mechanisms of auto- traumatisation. An MRI study. Arch 
Gynecol Obstet. 2015;291:917- 932.

 25. Gong C, Yang B, Shi Y, et al. Factors influencing the ablative ef-
ficiency of high intensity focused ultrasound (HIFU) treatment 
for adenomyosis: A retrospective study. Int J Hyperthermia. 
2016;32:496- 503.

 26. Gong C, Setzen R, Liu Z, et al. High intensity focused ultrasound 
treatment of adenomyosis: The relationship between the features 
of magnetic resonance imaging on T2 weighted images and the 
therapeutic efficacy. Eur J Radiol. 2017;89:117- 122.

 27. Hricak H, Finck S, Honda G, Goranson H. MR imaging in the 
evaluation of benign uterine masses: Value of gadopentetate 
dimeglumine- enhanced T1- weighted images. AJR Am J Roentgenol. 
1992;158:1043- 1050.

 28. Jung DC, Kim MD, Oh YT, Won JY, Lee DY. Prediction of early re-
sponse to uterine arterial embolisation of adenomyosis: Value of T2 
signal intensity ratio of adenomyosis. Eur Radiol. 2012;22:2044- 2049.

 29. Keserci B, Duc NM. The role of T1 perfusion- based classification 
in predicting the outcome of magnetic resonance- guided high- 
intensity focused ultrasound treatment of adenomyosis. Int J 
Hyperthermia. 2018;34:306- 314.

 30. Yang Q, Zhang LH, Su J, Liu J. The utility of diffusion- weighted MR 
imaging in differentiation of uterine adenomyosis and leiomyoma. 
Eur J Radiol. 2011;79:e47- 51.

 31. Jha RC, Zanello PA, Ascher SM, Rajan S. Diffusion- weighted im-
aging (DWI) of adenomyosis and fibroids of the uterus. Abdom 
Imaging. 2014;39:562- 569.

 32. Takeuchi M, Matsuzaki K, Nishitani H. Diffusion- weighted mag-
netic resonance imaging of endometrial cancer: differentiation 
from benign endometrial lesions and preoperative assessment of 
myometrial invasion. Acta Radiol. 2009;50:947- 953.

 33. Kilickesmez O, Bayramoglu S, Inci E, Cimilli T, Kayhan A. 
Quantitative diffusion- weighted magnetic resonance imaging of 
normal and diseased uterine zones. Acta radiol. 2009;50:340- 347.

 34. Kissler S, Zangos S, Kohl J, et al. Duration of dysmenorrhoea and 
extent of adenomyosis visualised by magnetic resonance imaging. 
Eur J Obstet Gynecol Reprod Biol. 2008;137:204- 209.

 35. Kunz G, Herbertz M, Beil D, Huppert P, Leyendecker G. 
Adenomyosis as a disorder of the early and late human reproduc-
tive period. Reprod Biomed Online. 2007;15:681- 685.

 36. Parker JD, Leondires M, Sinaii N, Premkumar A, Nieman LK, 
Stratton P. Persistence of dysmenorrhea and nonmenstrual pain 
after optimal endometriosis surgery may indicate adenomyosis. 
Fertil Steril. 2006;86:711- 715.

 37. Smeets AJ, Nijenhuis RJ, Boekkooi PF, Vervest HAM, Van Rooij 
WJ, Lohle PNM. Long- term follow- up of uterine artery emboliza-
tion for symptomatic adenomyosis. Cardiovasc Intervent Radiol. 
2012;35:815- 819.

 38. Froeling V, Scheurig- Muenkler C, Hamm B, Kroencke TJ. Uterine 
artery embolization to treat uterine adenomyosis with or without 
uterine leiomyomata: Results of symptom control and health- 
related quality of life 40 months after treatment. Cardiovasc 
Intervent Radiol. 2012;35:523- 529.

 39. Fukunishi H, Funaki K, Sawada K, Yamaguchi K, Maeda T, Kaji Y. 
Early results of magnetic resonance- guided focused ultrasound 
surgery of adenomyosis: Analysis of 20 cases. J Minim Invasive 
Gynecol. 2008;15:571- 579.

 40. Nijenhuis RJ, Smeets AJ, Morpurgo M, et al. Uterine artery embo-
lisation for symptomatic adenomyosis with polyzene F- coated hy-
drogel microspheres: three- year clinical follow- up using UFS- QoL 
questionnaire. Cardiovasc Intervent Radiol. 2015;38:65- 71.

 41. Kissler S, Hamscho N, Zangos S, et al. Uterotubal transport 
disorder in adenomyosis and endometriosis— a cause for infer-
tility. BJOG. 2006;113(8):902- 908. https://doi.org/10.1111/ 
j.1471-  0528.2006.00970.x

 42. Kunz G, Beil D, Huppert P, Noe M, Kissler S, Leyendecker G. Adenomyosis 
in endometriosis -  Prevalence and impact on fertility. Evidence from 
magnetic resonance imaging. Hum Reprod. 2005;20:2309- 2316.

 43. Marcellin L, Santulli P, Bortolato S, et al. Anterior Focal Adenomyosis 
and Bladder Deep Infiltrating Endometriosis: Is There a Link? J 
Minim Invasive Gynecol. 2018;25:896- 901.

 44. Chapron C, Tosti C, Marcellin L, et al. Relationship between the 
magnetic resonance imaging appearance of adenomyosis and en-
dometriosis phenotypes. Hum Reprod. 2017;32:1393- 1401.

 45. Jha RC, Takahama J, Imaoka I, et al. Adenomyosis: MRI of the uterus 
treated with uterine artery embolization. AJR Am J Roentgenol. 
2003;181:851- 856.

 46. Park Y, Kim MD, Jung DC, et al. Can measurement of appar-
ent diffusion coefficient before treatment predict the response 
to uterine artery embolization for adenomyosis? Eur Radiol. 
2015;25:1303- 1309.

 47. Kim KA, Yoon SW, Lee C, Seong SJ, Yoon BS, Park H. Short- term 
results of magnetic resonance imaging- guided focused ultrasound 
surgery for patients with adenomyosis: Symptomatic relief and pain 
reduction. Fertil Steril. 2011;95:1152- 1155.

 48. Kobayashi H, Matsubara S. A Classification Proposal for 
Adenomyosis Based on Magnetic Resonance Imaging. Gynecol 
Obstet Invest. 2020;85:118- 126.

 49. Gordts S, Brosens JJ, Fusi L, Benagiano G, Brosens I. Uterine ade-
nomyosis: A need for uniform terminology and consensus classifi-
cation. Reprod Biomed Online. 2008;17:244- 248.

 50. Meylaerts LJ, Wijnen L, Grieten M, Palmers Y, Ombelet W, 
Vandersteen M. Junctional zone thickness in young nulliparous 
women according to menstrual cycle and hormonal contraception 
use. Reprod Biomed Online. 2017;34:212- 220.

 51. Maubon A, Faury A, Kapella M, Pouquet M, Piver P. Uterine 
junctional zone at magnetic resonance imaging: A predictor of 
in vitro fertilization implantation failure. J Obstet Gynaecol Res. 
2010;36:611- 618.

 52. Thum MY, Saso S, Clancy N, Smith JR. Imaging of organ viability 
during uterine transplantation surgery. Hum Reprod. 2015;30:34.

 53. He Y, Ding N, Li Y, et al. 3- T diffusion tensor imaging (DTI) of nor-
mal uterus in young and middle- aged females during the menstrual 
cycle: Evaluation of the cyclic changes of fractional anisotropy 
(FA) and apparent diffusion coefficient (ADC) values. Br J Radiol. 
2015;88:20150043.

 54. Nakagawa M, Nakaura T, Namimoto T, et al. A multiparametric 
MRI- based machine learning to distinguish between uterine sar-
coma and benign leiomyoma: comparison with 18F- FDG PET/CT. 
Clin Radiol. 2019;74:167.e1- 167.e7.

 55. Fornazari VAV, Vayego SA, Szejnfeld D, Szejnfeld J, Goldman SM. 
Functional magnetic resonance imaging for clinical evaluation 
of uterine contractility. Einstein (Sao Paulo). 2018;16(1):eMD3863.

 56. Nakashima A, Komesu I, Sakumoto T, et al. Study of uterine kinetics 
in nonpregnant women using cine- mode magnetic resonance imag-
ing. Reprod Med Biol. 2019;18:370- 377.

 57. Kara Bozkurt D, Bozkurt M, Nazli MA, Mutlu IN, Kilickesmez O. 
Diffusion- weighted and diffusion- tensor imaging of normal and 
diseased uterus. World J Radiol. 2015;7:149- 156.

 16000412, 2021, 8, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/aogs.14139 by T

echnical U
niversity E

indhoven, W
iley O

nline L
ibrary on [21/11/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1111/j.1471-0528.2006.00970.x
https://doi.org/10.1111/j.1471-0528.2006.00970.x


    |  1391REES Et al.

 58. Porpora MG, Vinci V, De Vito C, et al. The Role of Magnetic 
Resonance Imaging- Diffusion Tensor Imaging in Predicting Pain 
Related to Endometriosis: A Preliminary Study. J Minim Invasive 
Gynecol. 2018;25:661- 669.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Rees CO, Nederend J, Mischi M, van 
Vliet HA, Schoot BC. Objective measures of adenomyosis on 
MRI and their diagnostic accuracy— a systematic review & 
meta- analysis. Acta Obstet Gynecol Scand. 2021;100:1377–
1391. https://doi.org/10.1111/aogs.14139

 16000412, 2021, 8, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/aogs.14139 by T

echnical U
niversity E

indhoven, W
iley O

nline L
ibrary on [21/11/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1111/aogs.14139

