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ABSTRACT
Objective  This study investigates mitral annular 
disjunctions (MAD) in the atrial wall-mitral annulus-
ventricular wall junction along the mural mitral leaflet 
and commissures.
Methods  We examined 224 adult human hearts 
(21.9% females, 47.9±17.6 years) devoid of 
cardiovascular diseases (especially mitral valve disease). 
These hearts were obtained during forensic medical 
autopsies conducted between January 2018 and June 
2021. MAD was defined as a spatial displacement 
(≥2 mm) of the leaflet hinge line towards the left 
atrium. We provided a detailed morphometric analysis 
(disjunction height) and histological examination of 
MADs.
Results  MADs were observed in 19.6% of all studied 
hearts. They appeared in 12.1% of mural leaflets. The 
P1 scallop was the primary site for disjunctions (8.9%), 
followed by the P2 scallop (5.4%) and P3 scallop 
(4.5%). MADs were found in 9.8% of all superolateral 
and 5.8% of all inferoseptal commissures. The average 
height for leaflet MADs was 3.0±0.6 mm, whereas that 
for commissural MADs was 2.1±0.5 mm (p<0.0001). 
The microscopical arrangement of MADs in both the 
mural leaflet and commissures revealed a disjunction 
shifted towards left atrial aspect, filled with connective 
tissue and covered by elongated valve annulus. The size 
of the MAD remained remarkably uniform and showed 
no correlation with other anthropometric factors (all 
p>0.05).
Conclusions  In the cohort of the patients with healthy 
hearts, MAD is present in about 20% of all studied 
hearts. The MADs identified tend to be localised, 
confined to a single scallop. Moreover, MADs in the 
commissures are notably smaller than those in the mural 
leaflet.

INTRODUCTION
The mitral valve annulus is a complex anatomical 
structure that supports the mitral valve leaflets. The 
aortic part of the annulus contributes to the aorto-
mitral continuity, while the mural part hinges to the 
junction of the atrial myocardium and ventricular 
myocardium. While extensive anatomical and clin-
ical studies have analysed components of the mitral 
valve complex, debates persist regarding the appro-
priate nomenclature, definitions, boundaries and 
inter-relationships.1–4

The first description and illustration of mitral 
annular disjunction (MAD) were featured by Henle 
in 1876.5 Zimmerman then introduced the notion 
of lateral and medial disjunctions.6 Hutchins et al’s 
seminal work in 1986 focused on a histological 
review of the mitral annulus region in patients with 
mitral valve prolapse. Their work detailed the rela-
tionships among the left atrial wall, mitral leaflet 
attachment line and the left ventricular wall (atrial 
wall-mitral annulus-ventricular wall junction). In 
their analysis, they recognised various patterns of 
mitral annulus placement, including MAD, defined 
as an abnormal displacement of the mural mitral 
leaflet attachment line onto the left atrial wall, 
distancing it from the left ventricular myocardium. 
This displacement creates a separation (disjunc-
tion) region between the leaflet hinge line and the 
supported ventricular wall. MAD was proposed 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Mitral annular disjunction (MAD) is a spatial 
displacement of the leaflet hinge line towards 
the left atrial wall. It is recognised both as an 
anatomical variant and as a potential risk factor 
for adverse events. The observed prevalence of 
MAD fluctuates based on the patient group, 
imaging techniques and the specific criteria 
used to define MAD.

WHAT THIS STUDY ADDS
	⇒ In our analysis of the atrial wall-mitral annulus-
ventricular wall junction in the cohort of 
the patients with healthy hearts, we found 
MAD in 12.1% of mural mitral leaflets, 9.8% 
of superolateral commissures and 5.8% of 
inferoseptal commissures. This study offers 
detailed morphological and histological 
characteristics of MAD.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ The noticeable presence of MAD in those with 
otherwise normal heart structures points to 
it being an anatomical variation rather than 
an anomaly. Future investigations should 
be directed towards defining thresholds for 
clinically meaningful MAD. This would further 
refine diagnostic precision and elevate the 
patient management standard.
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as a contributing factor to mitral valve leaflet prolapse.7 In a 
subsequent study, Angelini et al detected disjunctions in both 
normal and prolapsed valves across 13 heart specimens.8 Since 
this time, no significant autopsy studies have explored the atrial 
wall-mitral annulus-ventricular wall junction in healthy human 
hearts.

The morphological nature of MAD, defined as a spatial 
displacement of the leaflet hinge line towards the left atrial 
wall, is poorly known. The clinical implications of MAD have 
been a topic of debate, especially concerning its link to mitral 
valve prolapse, arrhythmias and sudden cardiac deaths.9 While 
imaging has detected MAD in healthy patients,10 a comprehensive 

evaluation of its prevalence and extent is lacking. Notably, MAD 
appears often in those with mitral valve prolapse, correlating 
with advanced myxomatous degeneration.11 12 A systematic liter-
ature review by Bennett et al underscored the evidence linking 
ventricular arrhythmias with MAD.10 They found that ventric-
ular arrhythmias’ incidence rose with an increased MAD height 
and circumferential area (width).13 Nonetheless, the prevalence 
of MAD varies depending on the patient population, imaging 
method and MAD’s definition.14 Various imaging modalities 
including transthoracic echocardiography, transoesophageal 
echocardiography, cardiac magnetic resonance and coronary CT 
angiography have been employed to visualise MAD.12 13 15–22 In 

Figure 1  Photographs of various autopsy heart specimens and histological images (Masson’s trichrome). These images display longitudinal sections 
through the different parts of mitral atrioventricular junction (mural leaflet (ML) and commissures), illustrating various types of junction arrangements. 
(A) ML with no mitral annular disjunction (MAD) (classical type), where mitral ML insertion point (*) is located at the border between the left atrial 
(LA) myocardium and left ventricular (LV) myocardium. (B) ML with MAD, which presents a spatial displacement of the mitral leaflet hinge line (*) 
towards the left atrium. (C) Superolateral commissure with classical annular arrangement (MAD not present). (D) Superolateral commissure with 
MAD. (E–H) Corresponding histological images with and without MAD. x denotes the highest point of the left ventricular myocardium; C denotes 
commissural leaflet.

Figure 2  Photograph of autopsy heart specimens. These images display longitudinal sections through the mitral annular disjunctions, presenting 
different heights of mural leaflet (A–C) and inferoseptal commissure (D) disjunctions towards the left atrium. * denotes mitral leaflet hinge line; x 
denotes the highest point of the left ventricle myocardium. LA, left atrium; LV, left ventricle.
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this study, we aim to address these gaps in anatomical knowledge 
by examining atrial wall-mitral annulus-ventricular wall junction 
across a large cohort of structurally normal hearts.

MATERIALS AND METHODS
This study was conducted at the Department of Anatomy of the 
Jagiellonian University Medical College in Krakow, Poland. The 
study protocol complied with the ethical guidelines of the 1975 
Declaration of Helsinki.

We analysed 224 autopsied healthy human hearts (21.9% 
females, 78.1% males), with a mean age of 47.9±17.6 years. 
These samples were collected during standard forensic medical 
autopsies conducted from January 2018 to June 2021 at 
the Department of Forensic Medicine, Jagiellonian Univer-
sity Medical College, Krakow, Poland. The leading causes of 
death were suicide, homicide, traffic and home accidents. Data 
regarding the cadaver’s sex, age, body weight and height were 
obtained. The exclusion criteria comprised a history of heart 
surgeries or grafts, any noticeable severe macroscopic heart or 
vascular system pathologies found during the autopsy, heart 
trauma, macroscopic signs of cadaver decomposition, any 
valvular diseases, arrhythmias and suspected sudden cardiac 

death. Hearts exhibiting macroscopic signs of mitral valve 
disease, such as annular dilatation, thickened leaflets due to 
excess myxomatous tissue or calcification, were also excluded.

Macroscopic assessment
Following dissection, hearts were weighed and fixed in a 10% 
formalin solution for up to 2 months until further observations 
and measurements were conducted. The left atrium was opened 
in a routine way (between pulmonary vein ostia) to expose the 
mitral valve. Mitral leaflet variations (including scallop vari-
ations) were investigated according to our previous study’s 
protocol.1 Measurements of the aortomural diameter and inter-
commissural diameter of the mitral valve annulus were taken. 
The atrial wall-mitral annulus-ventricular wall junction was then 
examined along the mural mitral valve leaflet and adjacent mitral 
valve commissures (inferoseptal and superolateral commissures). 
To achieve this, longitudinal sections were made at the midpoint 
of each detected leaflet scallop (inclusive of any accessory scal-
lops) and at each mural leaflet indentation, as well as at both 
commissure levels. In total, each heart had at least nine loca-
tions where MAD’s presence was evaluated through longitudinal 
sections. Subsequently, the mutual relationships between atrial 
myocardium, ventricular myocardium and mitral valve annulus 
were macroscopically assessed in search of MAD. In the classical 
arrangement (MAD not present), the mitral annulus insertion 
point should be located at the border between atrial wall and 
ventricular wall, without significant displacement of the mitral 
leaflet hinge line (in mural leaflet and commissures) towards the 
left atrium (figure  1A,C). When a spatial displacement of the 
mitral leaflet hinge line (be it mural or commissural) towards the 
left atrial wall (a disjunction of ≥2 mm) was observed, it was clas-
sified as MAD (figure 1B,C). If MAD was detected, its location 
within the mural mitral valve leaflet was meticulously described. 
Additionally, we noted MAD presence in both commissures. 
The height of the MAD was measured as the maximal distance 
between the left atrial wall-mitral leaflet junction and the top of 
the left ventricular myocardium along the endocardial surface. 
Macroscopic measurements were performed using 0.03 mm 
precision electronic callipers (YT-7201, YATO, Poland). To miti-
gate human bias, measurements were performed by two inde-
pendent investigators, and the mean of two values was calculated 
and reported as the final value.

Microscopic assessment
Following macroscopic evaluation, histological assessment 
ensued. Representative samples from MAD (n=18) and clas-
sical (no-MAD arrangement) (n=18) hearts underwent stan-
dard histological procedures. Tissue blocks were embedded 
in paraffin before sectioning. Sections (4 μm thick) were cut 
from each block and mounted on super adhesive glass (Super-
Frost Plus White Adhesion Slides, Epredia). Serial sections were 
stained with H&E and concurrently with the Masson Trichrome 
Staining Kit (Trichrome Stain (Masson) Kit, HT-15, Sigma-
Aldrich) for collagen and muscle cell visualisation. The micro-
scopic structure of the MAD types was depicted by scanning the 
whole stained slides with SLIDEVIEW vs200 (Olympus) and 
retrieving the images using OlyVIA V.3.4.1 software (Olympus).

Statistical analysis
Data were analysed using IBM SPSS Statistics V.28.0 (Predictive 
Solutions). Categorical variables were presented as number (n) or 
percentages, and quantitative variables as mean (SD) or median 
(IQR). Normal distribution was assessed with the Shapiro-Wilk 

Table 1  Distribution of mitral annular disjunction (MAD) within the 
mitral mural leaflet and commissures

Number of hearts with MAD in mural leaflet 27 (100%)

Only in single scallop 15/27 (55.6%)

Only in P1 scallop 9/27 (33.3%)

Only in P2 scallop 5/27 (18.5%)

Only in P3 scallop 1/27 (3.7%)

In multiple scallops 12/27 (44.4%)

Both in P1 and P2 scallops 3/27 (11.1%)

Both in P2 and P3 scallops 1/27 (3.7%)

Both in P1 and P3 scallops 5/27 (18.5%)

In all scallops (P1, P2 and P3) 3/27 (11.1%)

Number of hearts with MAD in commissures 32 (100%)

Only in superolateral commissure 19/32 (59.4%)

Only in inferoseptal commissure 10/32 (31.3%)

In both commissures 3/32 (9.4%)

Number of hearts with MAD coexistence in mural leaflet 
and commissures

15

Figure 3  Distribution of mitral annular disjunction (MAD) within 
the mural mitral valve leaflet scallops (P1, P2 and P3) and mitral 
commissures (superolateral commissure (SL-C) and inferoseptal 
commissure (IS-C)) in the whole studied population (n=224).
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test. Differences between normally distributed quantitative 
parameters were evaluated with Student’s t-test, while non-
normally distributed quantitative data were analysed using the 
Mann-Whitney U test. Differences between categorical variables 
were determined using the χ2 test of independence or Fisher’s 
exact test if the number of observations in one category was 
below 5. For multiple comparisons, the non-parametric Kruskal-
Wallis test with post hoc Dunn test and Bonferroni correction 
were applied to compare values between groups. Correlation 
coefficients were calculated to assess statistical dependence 
between measured parameters. A p value <0.05 was considered 
statistically significant.

RESULTS
In 19.6% of all studied hearts, we have discovered a pres-
ence of MAD located either within the mitral mural leaflet or 
commissures. The MAD was noted in 12.1% of all mural leaf-
lets (figure 2A–C). There was an uneven distribution of MAD 
along the mitral annulus circumference, with disjunctions 
seldom appearing along the entire mural mitral leaflet (table 1, 
figure 3). Among mural leaflets, the MAD was situated within 
a single scallop in 55.6% of cases, while in the remaining cases 
disjunctions were either distributed across two scallops of the 
same heart (33.3%) or extended through the entire mural mitral 
leaflet (11.1%). Disjunctions were most prevalent in the P1 
scallop (8.9% with MAD), followed by the P2 scallop (5.4%) 
and P3 scallop (4.5%) (figure 3). Notably, no MADs were iden-
tified in any accessory scallops of the mural leaflet. The average 
MAD height measured was 3.0±0.6 mm, and the height was 
consistent across the different scallops (P1: 2.9±0.6 mm vs P2: 
3.3±0.7 mm vs P3: 3.0±0.9 mm; p=0.21).

When investigating commissures, the MAD may be found 
in 9.8% of all superolateral commissures and in 5.8% of all 
inferoseptal commissures (figure  1D, figure  2D and figure  3), 
among which in 1.3% of studied hearts, MAD was found coex-
isting in both commissures (table  1). A strong coexistence of 
mural leaflet and commissural MAD was noted (table  1). In 
more than half of the cases (15/27) where MAD occurred in 
the leaflet, it was accompanied by MAD present in one of the 
commissures. The mean height of MAD was similar for those 
located in superolateral and inferoseptal commissures (2.1±0.7 
vs 2.1±0.5 mm). However, these commissural MADs were 
significantly smaller in comparison to the MADs found in the 
mural leaflet (p<0.0001).

Histological examination delineated a consistent microscopic 
structure of MAD across the mural leaflet and both commis-
sures (figure 1E–H). Typically, in the absence of MAD (classical 
arrangement), the atrial myocardium and ventricular myocar-
dium are situated adjacent to each other, only separated by a 
thin connective tissue layer (epicardial adipose tissue). The atrio-
ventricular junction is covered with a rich fibrocollagenous layer 
of tissue (mitral valve annulus) (figure 1E,G). In contrast, heart 
with MAD displayed a noticeable spatial displacement between 
the atrial myocardium and ventricular myocardium. This 
disjunction, leaning towards the left atrial aspect, is filled with 
connective tissue and lacks leaflet, atrium and ventricle-specific 
cells. Furthermore, the disjunction is covered by the elongated 
valve annulus (fibrocollagenous layer), suggesting the disjunc-
tion tissue is part of annulus (figure 1F,H).

There were no significant correlations between cadaver char-
acteristics (such as sex, age, weight, height, body mass index, 
body surface area and heart weight) and the presence or height 
of MAD (all p>0.05). Additionally, intercommissural and aorto-
mural diameter did not significantly differ between valves with 
and without MAD (all p>0.05) (table 2). The identified anatom-
ical variations in mitral valve leaflet scallops are listed in table 2. 
The classic mitral valve type (a single aortic mitral leaflet and 
mural mitral leaflet composed of three scallops) was found in 
70.5% of the samples. Other identified variations included: one 
accessory scallop in mural mitral valve leaflet (14.7%), connec-
tions of two scallops in mural mitral leaflet (10.7%), two acces-
sory scallops in mural leaflet (2.2%) and one accessory scallop 
in aortic mitral valve leaflet (1.8%). There were no specific 
morphological variations in the mitral valve leaflet associated 
with the presence of MAD.

DISCUSSION
Our study is the first to provide comprehensive morphometric 
analysis of MAD within the mitral mural leaflet and both mitral 
commissures. Additionally, we have provided histological image 
and descriptions of the atrial wall-mitral annulus-ventricular 
wall junction (figure 1). Our findings indicate that an annular 
displacement towards the atrial wall may be found in either the 
mitral leaflet or commissures in about 20% of cases.

The mitral valve annulus, a complex D-shaped fibrous tissue 
structure, is portioned into two distinct parts: the aortic (or ante-
rior), which is relatively straight, and the mural (or posterior), 
characterised by its curvature. Contrary to the term ‘annulus’, 

Table 2  Characteristic and comparisons of the study groups with and without mitral annular disjunction (MAD)

Parameter All (n=224) MAD not present (n=180)
MAD present in mural leaflet 
or commissures (n=44)

P value
MAD present versus 
not present

Age (years), mean (SD) 47.9 (17.6) 47.8 (18.1) 48.4 (15.3) 0.85

BMI (kg/m2), mean (SD) 26.6 (4.5) 26.7 (4.6) 25.7 (3.4) 0.37

BSA (m2), mean (SD) 1.9 (0.3) 1.9 (0.2) 1.8 (0.5) 0.34

Heart weight (g), mean (SD) 440.0 (99.6) 439.8 (101.3) 441.0 (94.2) 0.84

Heart perimeter (mm), mean (SD) 244.7 (22.3) 243.5 (20.4) 249.6 (12.2) 0.38

Aortomural diameter (mm), mean (SD) 19.7 (4.8) 19.8 (4.8) 19.2 (4.3) 0.62

Intercommissural diameter (mm), mean (SD) 28.3 (5.4) 28.1 (4.9) 29.7 (4.8) 0.06

Classic mitral valve, n (%) 158/224 (70.5) 130/180 (72.2) 28/44 (63.6) 0.26

One accessory scallop in ML, n (%) 33/224 (14.7) 25/180 (13.9) 8/44 (18.2) 0.47

Connections of two scallops in ML, n (%) 24/224 (10.8) 19/180 (10.6) 5/44 (11.4) 0.88

Two accessory scallops in ML, n (%) 5/224 (2.2) 4/180 (2.2) 1/44 (2.3) 0.98

One accessory scallop in AML, n (%) 4/224 (1.8) 2/180 (1.1) 2/44 (4.5) 0.12

AML, aortic mitral valve leaflet; BMI, body mass index; BSA, body surface area; ML, mural mitral valve leaflet.
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suggesting a solid ring-like structure, the true anatomy is more 
intricate.23 The mural part of mitral annulus consists of four 
components: the atrial wall, leaflet hinge line, crest of the free 
wall of the left ventricle and epicardial adipose tissue.24 It is 
discontinuous, exhibiting variable consistency and robustness 
even within the same heart.8 The mural leaflet may be hinged to 
the atrial wall or to the ventricular wall or exactly at the junction 
of atrial myocardium and ventricular myocardium.25 The aortic 
part of the mitral annulus extends seamlessly into a strip of 
fibrous tissue called mitral-aortic curtain. This curtain is marked 
by dense connective tissue bumps, known as the right and left 
fibrous trigones. This band then transitions into the left inter-
leaflet triangle, located between the non-coronary sinus and left 
coronary sinus. As a result, the aortic part of mitral valve annulus 
lacks well-defined boundaries.24 Describing the arrangement of 
fibrous continuity to the base of the left ventricular wall accu-
rately poses a significant challenge.3 Pinpointing the locations of 
these fibrous anchors on the border between the left atrium and 
the left ventricle is not practical; thus, the displacement of the 
leaflet hinge line in this region might be a common occurrence.

A preceding systematic review evaluating MAD across various 
patient groups reported an 8.7% prevalence of MAD in the 
general population and a heightened 30.1% prevalence among 
patients with mitral valve prolapse and/or Barlow’s disease. 
Nevertheless, the definitions of MAD exhibited inconsistencies 
across these studies.10 It is crucial to underscore that our study 
is the first to show the prevalence and morphological charac-
teristic of the MAD within mitral valve commissures (figure 3, 
table 1). The distribution of the disjunctions among the mitral 
valve components does not show much differentiation (mural 
leaflet vs commissures) (table  1, figure  3). Such observations 
contradict recent findings from imaging-centric research. For 
instance, a study by Toh et al using CT revealed a 96.0% prev-
alence of MAD in patients with structurally normal hearts, 
showing double peaks at bilateral sides of the mural mitral leaflet 
(commissural region) on the prevalence distribution map.20 
Likewise, a large-scale study using MRI showed disjunction in 
1990 (76%) cases, demonstrating a comparable bimodal distri-
bution.21 We can identify several factors that may have led to 
the overdiagnosis of MAD in commissural regions. First, in the 
above-mentioned studies a cut-off value of only 1 mm was used 
to define the disjunction, which, in our opinion, is significantly 
too small, especially for imaging studies (de facto at the limit of 
imaging resolution). Considering the anatomical structure of the 
mitral annulus and based on our experience a cut-off value of 
≥2 mm should be preferred. Moreover, when evaluating MAD 
in the commissural region, it is crucial to ensure that we are not 
assessing the aortic leaflet instead. It is important to note that 
the base of both commissures measures approximately 6.5 mm 
according to autopsied research and their proper identification 
in the clinical imaging may be challenging.1 Due to the presence 
of aortomitral continuity and the fibrous trigones the attachment 
line of the lateral aspects of the aortic leaflet may mimic the MAD 
and thus be the cause of the over-recognition of the disjunc-
tion within the commissures. Lastly, the clinical studies cited 
above were executed either in the end-systolic or best systolic 
phase, which introduce errors related to phase-dependent MAD 
overdiagnosis.20 21 When assessing the presence of MAD in clin-
ical imaging, it is crucial to evaluate the diastolic phase to avoid 
potential misdiagnosis. Especially, a potential mistake is so-called 
pseudo-MAD, when the insertion of the leaflet is normal, but the 
pseudo-MAD is visible as a juxtaposition of the part of the mural 
leaflet and atrial wall. The true MAD should only be identified 
in the diastolic phase, where the hinge of the leaflet is actually 

visible and is projected to its actual position on the atrioventric-
ular junction.25 Both the lack of a clear definition of disjunc-
tion and the use of an unsuitable imaging phase could result in 
potential bias of misdiagnosed MADs. Additionally, since MAD 
is typically interspersed around the mural leaflet circumference, 
3D imaging modalities should be used to accurately examine the 
entire mural mitral leaflet.

The MAD can be considered both as an anatomical variant 
and a potential risk factor for adverse events. The relatively high 
prevalence of MAD in patients with structurally normal hearts 
suggests that it is a variant of the anatomical norm. However, 
associations between MAD and mitral valve prolapse, ventric-
ular arrhythmias and/or sudden cardiac death have been estab-
lished.10–13 22 26 27 MAD regions may be susceptible to long-term 
mechanical stress, potentially leading to mitral valve prolapse,13 
and subsequent degeneration and fibrosis of the mitral valve 
apparatus. These may further be associated with an increased 
risk of arrhythmia.13 28 29

Several limitations of this study warrant mention. Our 
morphological and morphometric evaluations were conducted 
on formaldehyde-fixed autopsied material, which may affect 
the obtained measurements even though previous studies have 
demonstrated that paraformaldehyde fixation does not signifi-
cantly affect the dimensions of human heart tissue.30 Further-
more, due to the nature of the autopsied tissue, we were unable 
to assess the dynamic behaviour of the studied area during the 
cardiac cycle. Future functional anatomical studies are needed 
to visualise the behaviour of the mural mitral leaflet hinge line 
complex throughout the heart cycle. Additionally, our study 
population comprised solely Caucasian individuals, which may 
limit the generalisability of our findings to other ethnicities. 
Finally, our analysis was focused on donors without significant 
mitral valve diseases, which could restrict the applicability of 
our results to cases with such diseases. Moreover, without access 
to premortem echocardiography and other imaging data, we 
cannot confirm the absence of asymptomatic, minor and insig-
nificant mitral valve prolapse in our study population, and can 
only able to assure that there were no observable macroscopic 
alterations in the mitral valve complex. Despite these limitations, 
our study offers a comprehensive morphometric description of 
MAD, which carries significant clinical implications.

CONCLUSIONS
Our study reveals that among patients with healthy hearts, MAD 
is morphologically evident in 12.1% of mural mitral leaflets, 
9.8% of superolateral commissures and 5.8% of inferoseptal 
commissures. The identified MADs are typically sectional, with 
disjunctions that usually do not extend beyond one of the scal-
lops. Commissural MADs are smaller than those located within 
the mural leaflet. This study is the first to provide an in-depth 
morphometric (macroscopic and microscopic) analysis of MAD. 
Further research should focus on establishing definitions of 
clinically significant MAD to enhance diagnostic accuracy and 
patient care.
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