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ABSTRACT ____

BACKGROUND: Adenomyosis is a benign gynaecological condition defined by ectopic endometrial invasion into
the myometrium. Transvaginal ultrasound (TVS) is widely used as a first-line imaging modality, yet its diagnostic
accuracy relative to MRI, the accepted reference standard, remains insufficiently evaluated in local settings. This
study assessed the diagnostic accuracy of TVS for adenomyosis detection using MRI as the gold standard. METHODS:
A prospective cross-sectional study enrolled 125 symptomatic women of reproductive age. All participants underwent
both TVS and pelvic MRI. Sensitivity, specificity, PPV, NPV, and overall diagnostic accuracy of TVS were calculated
against MRI-confirmed diagnosis. Inter-modality agreement was assessed using Cohen's kappa, and ROC curve
analysis was performed for MRI junctional zone (JZ) thickness, considering statistically significance at p <0.05.
RESULTS: Mean age was 39.53 + 6.75 years. MRI confirmed adenomyosis in 67 (53.6%) participants. All TVS features,
(bulky uterus, myometrial heterogeneity, echogenicity, myometrial cysts, and ill-defined JZ) were significantly
associated with MRI-confirmed adenomyosis (p < 0.001). TVS achieved sensitivity of 94.0%, specificity of 84.5%, PPV
of 87.5%, NPV of 92.5%, and overall diagnostic accuracy of 89.6%. Cohen's kappa was 0.790 (p < 0.001), indicating
near-perfect inter-modality agreement. ROC analysis showed a progressive sensitivity-specificity trade-off across
JZ thickness thresholds, with JZ >15 mm yielding sensitivity of 62.7% and no false-positive rate. CONCLUSION:
TVS demonstrated high sensitivity and near-perfect agreement with MRI, supporting its role as a reliable, non-invasive,
cost-effective first-line diagnostic tool for adenomyosis, particularly where MRI access is limited. JZ morphological
irregularity should be prioritized over thickness-based thresholds in MRI reporting.
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Introduction ____

Adenomyosis is a benign gynaecological condition
characterized by ectopic invasion of endometrial glands
and stroma into the uterine myometrium, resulting in
smooth muscle hypertrophy and diffuse uterine
enlargement.1.2 The condition predominantly affects
women of reproductive age, spanning from adolescence
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through the perimenopausal period, with growing
evidence that it is no longer confined to older multiparous
women.3 Its reported global prevalence ranges from
8.8% to 61.5% depending on the diagnostic method
applied, with a pooled prevalence of 31% among infertile
women and 41-49% among those presenting with
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gynaecological symptoms. Cardinal clinical features
include menorrhagia, dysmenorrhea, chronic pelvic
pain, dyspareunia, and subfertility, all of which subs-
tantially impair quality of life. These symptoms are non-
specific and frequently overlap with other pelvic
conditions, including uterine leiomyomas and endome-
triosis, making clinical diagnosis unreliable without
imaging support.45

Historically, definitive diagnosis required histopa-
thological examination of hysterectomy specimens,
precluding antemortem confirmation in women wishing
to preserve fertility.6.7 Reliable preoperative diagnosis
is therefore essential to avoid unnecessary surgery and
to facilitate conservative management. Magnetic
resonance imaging (MRI) and transvaginal ultrasound
(TVS) have consequently become the principal non-
invasive modalities for preoperative evaluation of
adenomyosis.”-9

MRI is widely regarded as the reference standard,
offering superior soft-tissue contrast, multiplanar
capability, and operator independence, with an overall
diagnostic accuracy of approximately 85%.5.10,11
However, its high cost and limited availability, particularly
in low- and middle-income countries (LMICs), where
ultrasound machines are approximately ten times less
expensive, restrict its routine use. TVS, by contrast, is
cost-effective, well-tolerated, and widely accessible.12.13
Sonographic features of adenomyosis, standardized
under the Morphological Uterus Sonographic Assess-
ment (MUSA) framework and updated by a revised
Delphi consensus in 2022, include myometrial cysts,
hyperechogenic islands, fan-shaped shadowing, and
junctional zone irregularity.14 A 2025 narrative review
reported TVS sensitivity of 76.6% and specificity of
87.4%, with MRI yielding higher sensitivity at 81.%.4
Comparative studies have produced inconsistent
findings. A meta-analysis reported pooled TVS sensitivity
and specificity of 60% and 95%, versus 81% and 83%
for MRI.15 Another meta-analysis found no statistically
significant difference between the two modalities, with
TVS achieving sensitivity of 76% and specificity of 94%,
compared with 82% and 87% for MRI.16

Despite a growing international evidence base, locally
generated comparative data from resource-limited
settings remain scarce. This study therefore aims to
evaluate the diagnostic accuracy of TVS for adeno-
myosis, using MRI as the reference gold standard, by
determining sensitivity, specificity, positive predictive
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value (PPV), negative predictive value (NPV), and overall
diagnostic accuracy to establish whether TVS can serve
as a reliable, accessible, and cost-effective first-line
diagnostic tool in settings where MRI is not routinely
available.

Methodology ____

This descriptive cross-sectional study was conducted
at the Department of Radiology, Liaquat National
Hospital, over a period of six months after approval from
the Ethical Review Committee (Ref # 1213-2025-ERC-
LNH ). The study aimed to assess the diagnostic
accuracy of TVS in detecting adenomyosis using MRI
pelvis findings as the gold standard. A consecutive non-
probability sampling technique was used to enroll eligible
participants. The sample size was calculated using the
prevalence of adenomyosis as 8.8% by a previous
study, 17 with a 95% confidence interval and 5% margin
of error, resulting in a final sample size of 125 parti-
Cipants.

Married female patients aged 18 years or above who
were diagnosed with adenomyosis on TVS and
subsequently underwent MRI pelvis at Liaquat National
Hospital were included. Patients younger than 18 years,
those with contraindications to MRI, patients who did
not undergo MRI, cases with equivocal MRI findings,
and incidental cases of adenomyosis detected during
imaging for unrelated pelvic pathology were excluded.
All eligible patients initially underwent TVS as part of
routine clinical evaluation. Patients with sonographic
findings suggestive of adenomyosis, including hetero-
geneous myometrium, myometrial cysts, asymmetrical
myometrial wall thickening, ill-defined junctional zone,
echogenic nodules, or streaky myometrial echotexture,
were identified by the reporting radiologist and sub-
sequently underwent MRI pelvis when clinically
indicated.

Data were collected using a structured proforma after
obtaining written informed consent. Demographic
variables, TVS findings, and MRI findings were recorded.
Data were analyzed using SPSS version 27.0. Quan-
titative variables were expressed as mean + standard
deviation, while qualitative variables were presented as
frequencies and percentages. Chi-square test or Fisher’s
exact test was applied where appropriate. Sensitivity,
specificity, positive predictive value (PPV), negative
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predictive value (NPV), and overall diagnostic accuracy
of TVS were calculated using MRI findings as the
reference standard. A p-value of <0.05 was considered
statistically significant.

B'e_‘s_l"l'l't's__

Among 125 participants, the mean age was 39.53 +6.75
years, with a median of 40 years and an interquartile
range (IQR) of 11. The ages ranged from 28 to 51 years,
with a variance of 45.53. Parity had a mean of 2.94 +
1.98, with a median of 3 and an IQR of 4. The number
of pregnancies ranged from 0 to 6, with a variance of
3.91.

The frequency distribution of TVS findings (Fig.1) sho-
wed that bulky uterus was present in 63 (50.4%) patients
and absent in 62 (49.6%) patients. Heterogeneous
myometrial echotexture was observed in 62 (49.6%)
patients, while 63 (50.4%) patients did not show hetero-
geneity. Increased echogenicity was identified in 70
(56.0%) patients, whereas decreased echogenicity was
noted in 55 (44.0%) patients. Myometrial cysts were
present in 53 (42.4%) patients and absent in 72 (57.6%)
patients. An ill-defined junctional zone (JZ) was observed
in 70 (56.0%) patients, while 55 (44.0%) patients had a
well-defined junctional zone. Overall, adenomyosis on
TVS was identified in 72 (57.6%) patients, whereas 53
(42.4%) patients did not demonstrate features of
adenomyosis on ultrasound. (Fig.1)

MRI findings showed that adenomyosis was present in
67 (53.6%) patients, while 58 (46.4%) patients did not
demonstrate adenomyosis on MRI. Focal demarcation
on MRI was observed in 54 (43.2%) patients, whereas
71 (56.8%) patients did not show focal demarcation.
Myometrial cysts on MRI were identified in 48 (38.4%)
patients, while 77 (61.6%) patients had no evidence of
myometrial cysts. Regarding JZ thickness, 58 (46.4%)
patients had a JZ thickness of less than 12 mm, 25
(20.0%) patients had a thickness between 12-15 mm,
and 42 (33.6%) patients had a JZ thickness greater than
15 mm. An irregular or ill-defined junctional zone contour
on MRI was observed in 67 (53.6%) patients, whereas
58 (46.4%) patients had a normal JZ contour (Fig.2).
A statistically significant association was observed
between TVS findings and MRI-confirmed adenomyosis
(p<0.001) (Tab.1). Among patients diagnosed with adeno-
myosis on TVS, 63 (94.0%) were confirmed positive on
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Figure 1: Frequency of TVS findings among 125 participants
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Figure 2: Frequency distribution of MRI findings among 125
participants

TVS Feature | Category [MRINon (%) | MRI Yes n (%) P-Value*

Adenomyosis No 49 (84.5%) 4(6.0%) 0000
Yes 9(15.5%) 63(94.0%)

Bulky uterus No 47 (81.0%) 15(22.4%) 0000
Yes 11(19.0%) 52 (77.6%)

Heterogeneity No 42 (724%) 21(31.3%) 0000
Yes 16 (27.6%) 46 (68.7%)

Echogenicity Increased | 18(31.0%) 52 (77.6%) 0000
Decreased | 40(69.0%) 15(22.4%)

Myometrial cyst No 53(91.4%) 19 (28.4%) 0000
Yes 5(8.6%) 48(71.6%)
IIl-defined No 47 (81.0%) 8 (11.9%)

junctional zone Yes 11(19.0%) 59(88.1%) 000

*Chi-Square

Table 1: Association of TVS findings and MRI diagnosis of
adenomyosis
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MRI, whereas only 4 (6.0%) patients without
adenomyosis on TVS showed positive MRI findings.
Bulky uterus was significantly associated with adeno-
myosis on MRI (p<0.001). Among patients with bulky
uterus on TVS, 52 (77.6%) had adenomyosis on MR,
while only 15 (22.4%) patients without bulky uterus
showed positive MRI findings. Similarly, heterogeneous
myometrial echotexture demonstrated a significant
association with MRI-confirmed adenomyosis (p<0.001).
Among patients with heterogeneous myometrium, 46
(68.7%) were MRI positive, compared to 21 (31.3%)
patients without heterogeneity. Increased echogenicity
was also significantly associated with adenomyosis on
MRI (p<0.001). Of the patients with increased echo-
genicity on TVS, 52 (77.6%) were MRI positive, whereas
decreased echogenicity was observed in 15 (22.4%)
MRI-positive cases. The presence of myometrial cysts
showed a strong association with adenomyosis
(p<0.001). MRI confirmed adenomyosis in 48 (71.6%)
patients with myometrial cysts, while only 19 (28.4%)
patients without cysts were MRI positive. Likewise, an
ill-defined junctional zone was significantly associated
with MRI-confirmed adenomyosis (p<0.001). Among
patients with an ill-defined junctional zone on TVS, 59
(88.1%) were positive for adenomyosis on MRI, com-
pared to only 8 (11.9%) patients without this finding.
The level of agreement between TVS and MRI in
diagnosing adenomyosis was assessed using Cohen’s
kappa statistics. The kappa value was 0.790 (SE = 0.055),
demonstrating substantial to almost perfect agreement
between the two techniques. This agreement was
statistically significant (Z = 8.858, p < 0.001), based on
125 valid cases.

In terms of diagnostic performance, the sensitivity of
TVS was 94.0%, indicating a high ability to correctly
identify MRI-positive cases. The specificity was 84.5%,
reflecting good performance in correctly ruling out
disease among MRI-negative cases. The PPV was
87.5%, meaning that most TVS-positive cases were truly
positive on MRI. The NPV was 92.5%, indicating strong
reliability of a negative TVS result in excluding disease.
Overall, the diagnostic accuracy of TVS compared to
MRI was 89.6% agreement between the two modalities.
The coordinates of the ROC curve for MRI junctional
zone (JZ) thickness show variation in diagnostic
performance across different cutoff values. At lower
thresholds, sensitivity remains high but with poor
specificity, while increasing the cutoff reduces sensitivity.
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At a cutoff of 1.50, sensitivity decreases to 62.7% with
no false-positive rate observed. At the highest cutoff
value (3.00), sensitivity drops to zero with no diagnostic
yield (Fig.3).
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Figure 3: ROC curve for MRI junctional zone (JZ) thickness showing
sensitivity and specificity across diagnosis of adenomyosis.

Di .
This study evaluated the diagnostic accuracy of TVS
for adenomyosis against MRI as the reference standard
in 125 women. The mean patient age was 39.53 + 6.75
years, consistent with the established epidemiology of
adenomyosis as a condition predominantly affecting
women in the 4th and 5th decades of life. A retrospective
histopathological study found that 94.5% of women
diagnosed with adenomyosis were over 40 years of age
and the majority were multiparous, closely mirroring
our study demographic profile.18

MRI confirmed adenomyosis in 67 (53.6%) participants,
reflecting the symptomatic nature of our study popu-
lation. Disease prevalence on imaging alone is estimated
at 20-30% in the general population, though histolo-
gically confirmed rates range from 5% to 70% depending
on the clinical context and diagnostic criteria applied.9
The higher prevalence in our study is consistent with
published data showing substantially elevated rates in
symptomatic, clinically suspected populations.

In our study individual TVS features assessed (bulky
uterus, heterogeneous myometrial echotexture, increa-
sed echogenicity, myometrial cysts, and ill-defined JZ)
demonstrated statistically significant associations with
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MRI-confirmed adenomyosis (p < 0.001). The ill-defined
JZ was the strongest individual predictor, identified in
88.1% of MRI-positive cases. This is supported by
published evidence. Although JZ thickening is often the
primary MRI criterion, adenomyosis is more accurately
described as an interruption of the JZ by endometrial
tissue, producing direct imaging signs, including
subendometrial lines and buds on TVS and bright
myometrial foci on MRI.20

Myometrial cysts were present in 71.6% of MRI-positive
cases (p < 0.001). An Indian prospective study identified
myometrial cysts as the most specific TVS feature for
adenomyosis (specificity 92.86%), while heterogeneous
myometrium demonstrated the highest sensitivity
(80.56%).21 In our study, heterogeneous echotexture
was present in 68.7% of MRI-positive cases, corrobo-
rating its value as a sensitive marker. A prospective
multicenter study of 202 patients confirmed that hetero-
geneous myometrium, myometrial cysts, subendometrial
microcysts, and hyperechoic spots were the most
diagnostically accurate individual TVS signs, whereas
uterine enlargement and asymmetry were associated
with high false-positive rates.22 This cautions against
using bulky uterus as a sole diagnostic criterion, despite
its significant association in our study.

Our study demonstrated significantly higher sensitivity
and specificity of TVS compared to several previous
reports. These results compare favourably with the
existing literature. A systematic review by Champaneria
et al. found pooled sensitivity and specificity of TVS to
be 72% and 81%, respectively, whereas MRI showed
sensitivity of 77% and specificity of 89%.20 Similarly,
another meta-analysis by Liu et al.23 reported pooled
sensitivity and specificity of TVS as 79% and 83%,
respectively.

Our sensitivity (94.0%) exceeds these pooled estimates,
likely attributable to the symptomatic study population,
which raises pre-test disease probability and the syste-
matic multi-feature assessment approach employed.
Our specificity (84.5%) aligns closely with pooled meta-
analytic estimates (81-83%). In a comparable regional
prospective study, TVS alone achieved sensitivity of
77.78% and specificity of only 64.29% with a diagnostic
accuracy of 74%; the addition of color Doppler improved
specificity to 78.5% and overall accuracy substantially.
Our results exceed this regional benchmark even without
Doppler, which may reflect greater standardization of
sonographic feature reporting in our setting.24
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The prevalence of MRI-confirmed adenomyosis in our
study was 53.6%, which is relatively higher compared
to some previously published studies. A Pakistani cross-
sectional study conducted by Ashraf et al.,25 reported
adenomyosis in 26.7% of women undergoing pelvic
imaging. The higher prevalence in our study may be
attributed to the inclusion of clinically suspected sympto-
matic patients and the use of targeted imaging protocols.
Additionally, MRI findings in our study showed that
33.6% of patients had JZ thickness greater than 15 mm,
supporting previous evidence that increased JZ
thickness is highly suggestive of adenomyosis. The
findings of the our study are also comparable with the
study conducted at Aga Khan University, where TVS
demonstrated specificity of 96.15% and sensitivity of
74.36% for diagnosing adenomyosis using MRI as the
reference standard.26 Although their sensitivity was
lower than that observed in our study, both studies
support the role of TVS as a reliable first-line imaging
modality for adenomyosis. The higher sensitivity in our
study may be due to the assessment of combined sono-
graphic features rather than reliance on isolated findings.
Cohen's kappa of 0.790 (SE = 0.055; Z =8.858; p < 0.001)
demonstrated substantial to near-perfect agreement
between TVS and MRI, one of the most robust findings
of this study. This level of agreement has significant
clinical implications: it suggests that when experienced
practitioners apply a systematic multi-feature TVS
assessment, the modality can align closely enough with
MRI to guide clinical decision-making without routine
recourse to more expensive imaging. Studies assessing
diagnostic accuracy of TVS for adenomyosis have
reported sensitivities ranging from 72% to 95.6% and
specificities from 76% to 96.2% depending on the
sonographic criteria applied and the operator's expe-
rience, underscoring that protocol standardization is
the primary determinant of TVS performance.2?

The ROC analysis of junctional zone thickness in the
present study demonstrated decreasing sensitivity with
increasing cutoff values. A junctional zone thickness
greater than 12 mm has been widely reported as a
significant MRI criterion for adenomyosis, whereas
thickness greater than 15 mm substantially increases
specificity. Previous literature similarly reported that
increased JZ thickness improves diagnostic confidence
but may reduce sensitivity at higher thresholds.20
This study has several limitations. The use of MRl rather
than histopathology as the reference standard, while
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pragmatically justified and increasingly accepted in the
literature, means that cases of mild adenomyosis below
MRI detection thresholds may have been misclassified.
The study was conducted at a single centre, which may
limit generalizability, and was restricted to symptomatic
women, which inflates pre-test probability and may not
reflect performance in unselected populations. The
absence of Doppler assessment, three-dimensional
TVS, or stratification by uterine volume are additional
limitations that future studies should address.

Conclusion ____

This study concluded that TVS is a reliable and accurate
first-line imaging modality for diagnosing adenomyosis,
showing high sensitivity, specificity, and strong agree-
ment with MRI findings. Sonographic features such as
bulky uterus, heterogeneous myometrium, myometrial
cysts, increased echogenicity, and ill-defined JZ were
significantly associated with MRI-confirmed adeno-
myosis. Although MRI remains the gold standard for
complex cases, TVS can effectively reduce the need for
routine MRI, particularly in resource-limited settings.
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