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ABSTRACT

The lack of detailed morphology of the diaphragm limits the understanding of its pathological
manifestations. Objective: The objective of this study was to assess the diaphragmatic morphology of
the height, sex, age, and the organ systems involved in the cause of death (COD). This prospective
cross-sectional autopsy study was conducted at the District General Hospital, Kegalle, Sri Lanka.
Diaphragms, dissected using Letulle’s technique at the autopsy, were measured for weight,
anteroposterior (APD) and transverse (TD) diameters, costal and vertebral thicknesses, and the
demographic features, body height and COD were recorded. The sample of 252 individuals consisted of
57.9% males, and the mean body height was 156.68 cm. Multiple comorbidities were recorded in 34.1%
of the cases, and cardiovascular diseases contributed to 28.2% as COD, while the respiratory system and
central nervous system contributed with 20.2% and 11.1% of cases, respectively. Means of weight, APD,
TD, left and right costal thickness, and left and right vertebral thickness were 187.5 g, 19.4 cm, 33.1 cm,
1.6 cm, 1.6 cm, 2.7 cm, and 2.8 cm, respectively. All the diaphragmatic parameters showed positive
linear correlations with body height. When the Kruskal-Wallis test was applied, males recorded higher
mean rank values in diaphragmatic parameters, and the difference between the sexes was statistically
significant. Diaphragmatic parameters showed statistically significant differences across age groups,
with the youngest subjects recording higher values in diaphragmatic measurements. There were
statistically significant differences across organ systems in all diaphragmatic parameters. Diaphragmatic
measurements showed positive linear correlations with the subjects' heights, and males recorded
higher values in diaphragmatic parameters than females. Values of the diaphragm measurements
decreased with increasing age and showed significant differences across the organ systems involved in
CODs.
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is commonly damaged due to trauma or
surgery. Compressive space-occupying lesions
in the thorax, including mediastinal tumours,
lung cancers, aortic aneurysms, substernal
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inflammatory conditions will cause impairment
of the phrenic nerve and diaphragmatic
weakness®>. Due to some diseases like
emphysema, sarcoidosis, amyloidosis, and
muscular dystrophy, the configuration of the
diaphragm will be changed.

As discussed above, the diaphragm is one of the
most important organs of the human body, and
many disease conditions affect its morphology.
However, in most routine autopsies, the
diaphragm is not considered a major
contributing organ in a death investigation®.
This study aimed to emphasise the importance
of the diaphragm in death investigation and
improve the standards of autopsy practice.

OBJECTIVES

The main objective of this study was to assess
the morphological pattern of the diaphragm in
the Sri Lankan population. Specific objectives
included the assessment of the morphology of
the diaphragm related to the height, sex, age,
and the organ systems involved in the cause of
death (COD).

METHODS

This prospective cross-sectional study was
commenced after obtaining ethical approval
from the Ethics Review Committee of the
Teaching Hospital, Kurunegala, Sri Lanka (Ref.
No ERC/2022/15). All autopsies, where the
deceased was 18 years and older, conducted
consecutively during the period between the 1*
of August and the 31 of December 2022, at
the District General Hospital, Kegalle, Sri Lanka,
were included. Foreign nationals, previously
diagnosed individuals with congenital or
acquired anatomical defects of the diaphragm,
and putrefied bodies were excluded.

The height of the body was measured in
centimetres. The diaphragm was dissected
using Letulle’s method. The weights, diameters,
and thicknesses were measured in grams,
centimetres, and millimetres, respectively. Data
was analysed using IBM SPSS Statistics version
26. Associations between continuous variables
were analysed using Spearman’s correlation

test, while associations between categorical
variables were analysed using non-parametric
tests, including the Mann Whitney-U test and
the Kruskal-Wallis test. A 95% confidence
interval was considered for all the statistical
tests.

RESULTS
The study sample consisted of 252 deaths,

comprising 146 males (57.9%). The mean height
of the study sample was 156.68 cm.

Table 1: Descriptive statistics of the morphology
of the diaphragm

Parameter Mean | Standard | Mini- | Maxi-
deviation | mum | mum

Weight(g) 187.5 49.508 106 322
Diameter(cm)
Antero- 19.4 1.725 15 24
posterior
Diameter (APD)
Transverse 33.1 2.242 28 37
Diameter (TD)
Thickness(mm)
Costal thickness
Left 1.6 0.471 0.8 2.9
Right 1.6 0.464 0.8 2.7
Vertebral thickness
Left 2.7 0.657 1.3 4.3
Right 2.8 0.697 1.4 4.4

Table 2: Organ systems involved in the cause of
death

Organ system Cause of death,
n (%)
Cardiovascular system (CVS) 72 (28.2)
Respiratory system (RS) 51(20.2)
Central nervous system (CNS) 28(11.1)
Gastrointestinal system (GIS) 12(4.8)
Genitourinary system (GUS) 10(4.0)
Musculoskeletal system (MS) 2(0.8)
Other 77(30.6)
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Table 3: Correlation coefficients between the
height and measurements of the diaphragm

Correlation with Spearman’s p-value
height rho

Weight (g) 0.598 <0.001
Diameter APD 0.465 <0.001
(cm) D 0.472 <0.001
Costal Left 0.340 <0.001
thickness [ Right 0.025 0.694
(mm)

Vertebral Left 0.259 <0.001
thickness | Right 0.123 0.052
(mm)

Table 4: Associations between diaphragmatic
measurements and categorical variables

Upon analysing the relationship between COD
and diaphragmatic morphology, important
insights emerge. The leading COD in this study
was related to the cardiovascular system (Table
2). The weight of the diaphragm in association
with cardiovascular COD was the highest
among the mean ranks of organ systems when
the Kruskal-Wallis test was used. It suggests
that there could be a relationship between the
two. It has been shown using animal models
and ultrasound studies that the diaphragm may
show adaptations to chronic heart failure>®.
Obesity, which is a risk factor for cardiovascular
disease, is known to alter the morphology of
the diaphragm, leading to its dysfunction”?,
Hence, it could be assumed that diaphragmatic
morphology can be related to cardiovascular
pathologies, but needs more research-based
evidence.

Variable Sex Age group Organ system in COD

Test Mann- p-value Kruskal- p-value Kruskal- p-value
Whitney U Wallis H Wallis H

Weight (g) 2078.500 <0.001 102.208 <0.001 29.311 <0.001

Diameter | APD 4428.000 <0.001 108.863 <0.001 19.795 0.003

(cm) D 3717.000 <0.001 67.875 <0.001 37.332 <0.001

Costal Left 4300.000 <0.001 76.705 <0.001 16.147 0.013

thickness | Right | 7245.000 0.386 27.590 <0.001 17.994 0.006

mm)

Vertebral | Left 6500.500 0.030 69.922 <0.001 25.472 <0.001

thickness | Right | 6692.500 0.067 42.323 <0.001 27.331 <0.001

(mm)

DISCUSSION Respiratory system-related CODs showed

The current study demonstrated linear positive
relationships between the height of the
individuals and the diaphragmatic
measurements. The mean values of the
morphological characters assessed in this study
were greater in men than in women, and the
differences were statistically significant except
for two parameters (Table 4). Differences in
body dimensions between the sexes and
hormonal activity may have played a role in the
difference in morphology between males and
females®. Younger populations showed heavier
and larger diaphragms compared to the older,
as indicated by the higher mean ranks obtained
in the Kruskal-Wallis test, and these values
gradually reduced as the age progressed.

relatively higher mean ranks in diaphragmatic
measurements. A previous study of breathing
patterns in females showed significant
differences in diaphragm thickness with
breathing pattern disorders compared to
control groups’. This indicates that acute and
chronic diseases in the respiratory system are
likely to cause functional and morphological
changes in the diaphragm®°. This may be the
explanation for the findings of the current
study.

CONCLUSION
Diaphragmatic measurements showed positive

linear correlations with the subject’s height,
with  males having higher values in
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diaphragmatic parameters than females. Values
of the diaphragm measurements decreased
with increasing age. A significant difference was
observed across the organ systems involved in
the COD and diaphragm measurements.
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