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ABSTRACT: Background: Chest radiograph interpretation can be aided by knowing the patient's
age. Patients’ age is often assessed by radiologists from costal cartilage calcification assessment of
chest radiographs with anteroposterior views. Objectives: Therefore, we performed this research to
determine the precision of these radiologists in age estimation from CXRs. Methods: Ten radiology
experts were selected to evaluate 3500 chest digital radiography with posterior-anterior images, in
National Institute of Child Health Karachi/JSMU from January 2022 to 2023. The most important
inclusion criteria were selecting normal or nearly normal radiographs in the study. Radiologists were
blind to patients actual age and were requested to determine patient’s age to closest decade from CXR.
The respondents entered their responses in separate Excel spreadsheets. Results: A sum of 3,500
CXRs was interpreted by radiologists, out of which 32.14% CXRs were correctly interpreted
determining age at SD + 3 years, whereas 2375 CXRs were either overrated or underestimated
(p<0.05) and misinterpreted the age of patients (2375/3500; 67.85%). Conclusion: Overall age
assessment from a frontal CXR was only 32.14% in our study; considerable disparities were identified
in age estimation using CXRs. Yet, it would be fascinating to expand this academic endeavor through
artificial intelligence tools and possibly improving the precision of patient age prediction from CXR.

This approach for determining the age will be useful for screening tests in the prospect.
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INTRODUCTION

Aging refers to a collection of interrelated
decreases in function associated through increasing
chronological age. Alleged age or individual’s assessed
age is a reliable biomarker of aging. Clinicians compare
perceived and chronological age apparently. Earlier
clinical research demonstrated that older perceived age
patients, i.e., those who appear older than their
chronological age, bear advanced carotid atherosclerosis,
decreased bone mineral density and an increased risk of
mortality (Leki et al., 2022; Kido et al., 2012; Nielsen et
al., 2015).

Using medical pictures to estimate one’s age is
not new, for instance since 1937, hand X-rays have been
used to determine one’s bone age in diagnosing endocrine
growth abnormalities of pediatric population. Bone
density scored drop with aging (DEXA scans), while
calcium scores for coronary arteries increase with aging
(CT scans) and are further related instances.
Occasionally, radiologists may also reveal that CT scan
of patient's brain reveals "chronic ischemia microvascular
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alterations, atrophy etc., to patient's age." Numerous
medical imaging methods frequently provide visual
information regarding the internal anatomical structures
of the person. This found an association between imaging
visual features and one’s age formulates the topic
fascinating for researchers (karargyris et al., 2019).

Deep learning tools including convolutional
neural network (CNN) regressions, are highly accurate
and potentially better fitted for assesing age of
unidentified patients. However, CNN models are not
readily accessible nor are first-line approach in current
health departments (Sabottket et al., 2020). But CXR is
the most widespread investigative imaging modality
being economical, widely existing and speed of
performance. CXR plays a vital role in hospital and
community ailments investigation and surveillance
(Cardinale et al., 2012). The ability to estimate patient
age from chest radiographs can have substantial
ramifications in everyday practice. An age estimate
derived from a chest x-ray can abet in establishment of
accurate diagnoses, prognoses, and treatments. The
osteogenic characteristics of digital X-rays can be
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employed as age predictors in Physical Anthropology
domain (Chibane et al., 2022).

Thus, the study was purposed to evaluate the
ability of contemporary radiologists and radiology
residents in predicting patient age from normal CXR
taken using modern technologies.

MATERIAL AND METHODS

Ten radiology experts were selected to evaluate
3500 CXR with anterioposterior images, in National
Institute of Child Health Karachi/JSMU. The photos were
taken from a radiologist's randomly assigned daily
reading catalog at diagnostic centers for adults from
January 2022 to January 2023. The most important
criterion for selecting radiographs selection of only
normal or nearly normal CXR for this research. It was
attempted to acquire a plenty number of radiographs of
women and men, as well as a comparable distribution
among age groups. According to demographic
information entered in the patient's electronic medical
chart, the true age of the patient was determined. Each
chest radiograph was assigned a sequential number from
1 to 3500 and the images were put in the record as well as
recording the summary of the patient's demographic
information. All radiologists were blinded to the
demographics of patients and were requested to estimate
patient age to the closest decade for each chest
radiograph. The respondents entered their responses in
separate Excel spreadsheets. Age and gender were
determined based on the costal cartilage. For age
estimation, the costal cartilage of 1% right rib and sex was
determined via consider the other ribs from CXR (Figure
1). Several investigations have demonstrated that sex is
unrelated to initial costal cartilage calcification, although
sexual dimorphism was observed in the lower rib
cartilage. The study used two principles i.e. the costal
cartilage calcification pattern for gender estimation and
calcification degree was used to determine the age (Patyal
and Bhatia, 2022).

In current research, all succeeding CXR were
reported by radiologists from inpatient and outpatient
situations. In actual clinical practice, the CXR cases were
reported with the assistance of an Al tool utilizing high-
resolution diagnostic  radiology monitors  within
radiologists' typical reporting context. CXR cases were
reported both on-site and remotely in accordance with the
standard workflow of a major radiology network
spanning a vast geographical area with numerous
regional and distant clinics. Radiographs of patients
below 10 years were eliminated.

The study was granted ethical approval from the
institutional review committee and all responses were
compiled using Microsoft Excel which was also used for
data extraction and analysis. This was accomplished by
securing the data in multidimensional arrays through
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conditional loops, exclusively for examination of
approximation disparities explicit to each age group.
Simple statistical computations were performed to assess
accuracy based on person’s readers and patients’ gender.
Age estimations are measured using percentages of right
predictions and weighted average deviations in decades
from the correct age group. When calculating the
accuracy disparity among the patients, confidence
intervals were computed through t-test on small
specimens. The accuracy of the radiologists was a
qualitative measure of an estimate's proximity to extent
of correct age group.

RESULTS

The study was conducted in National Institute of
Child Health Karachi/JSMU 2022 to January 2023,
comprising 10 radiology experts to evaluate 3500 chest
digital radiography with posterior-anterior images. The
demographics of the patients were recorded blindly by
the radiologists and were categorized into age groups
based on age decade groups and sex groups. 2191 of the
patients were males (62.60%) and 1309 CXRs of females
(37.40%) were examined. A significantly high number of
CXRs were scrutinized for the age group 31-40 years
(927/3500) and the least number of CXRs were found for
the age group >70 years (71/3500) (Table 1). Figure 2
depicted the demographics and expertise of radiologists
tasked with determining the patient's age. The
radiologists were classified into four categories
depending on their professional expertise. Category 1
featured one male and one female radiologist with 5 years
of experience, category 2 contained 03 male and 01
female radiologist with 5-10 years of experience, two
men and one female radiologist had 15 years of
experience, and one male radiologist had >15 years of
skills (Figure 2).

Radiology professionals examined 3,500 CXRs
to estimate the age of patients based on their costal
cartilage analysis. Just 1125 CXRs were correctly
interpreted at a standard deviation of +3 years, whereas
2375 CXRs were either overrated or underestimated
(Figure 3). The expertise of each radiologist deputed in
this research was studied individually and it revealed the
highest accuracy rate was exhibited by the 10"
radiologist (55.14%), followed by the 3™ radiologist
(43.65%), 6" radiologist (35.36%), 5" (31.46%), 1%
(30.83%), 9™ (28.78%), 2™ (25.65%), 7" (24.45%), 8"
(24.40%), and least accuracy by 4" 16.27% (49/301)
(Table 2). Discrepancies found in the age estimation in
CXRs interpreted by the radiologists were statistically
studied and a significant proportion of them (p<0.05)
misinterpreted the age of patients (2375/3500; 67.85%),
out of which 43.77% CXRs were overestimated from the
patient's actual age and 24.08% were under-rated from
their ~ chronological age values (Table 3).
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Figure 1: Chest X-ray for age determination of the pz{tients

B Male radiologists

5 years experience 10 years experience 15 years experience > 15 years experience

Figure 2: Demographics and expertise of radiologists in age determination.
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Figure 3: Accuracy of age estimation from the examined radiographs by radiology experts

Table 1: Demographics of the patients for whom CXRs were examined.

S. No Study variable No. of patients (n) Frequency (%)
1 Age (years)
10-20 369 10.54
21-30 761 21.74
31-40 927 26.48
41-50 892 25.48
51-60 302 8.62
61-70 178 5.08
>70 71 2.02
2 Sex
Male 2191 62.60
Female 1309 37.40

Table 2: Accuracy of radiologists in age estimation from CXR of patients

S. No Radiologist No. of X-rays Accurate age estimation Percentage of

examined (SD+3 years) (n) accuracy (%)
1 Radiologist 1 441 136 30.83
2 Radiologist 2 382 98 25.65
3 Radiologist 3 378 165 43.65
4 Radiologist 4 301 49 16.27
5 Radiologist 5 356 112 31.46
6 Radiologist 6 574 203 35.36
7 Radiologist 7 319 78 24.45
8 Radiologist 8 250 61 24.40
9 Radiologist 9 198 57 28.78
10 Radiologist 10 301 166 55.14
Cumulative 3500 1125 32.05
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Table 3: Discrepancies found in the age estimation by CXRs by the radiologists.

S. No Total CXRs Correct age Overestimate  Underestimate  p-value Level of
examined estimates (n) d d significance
(p<0.05)
1 3500 1125 1532 843 0.00001 Significant
DISCUSSION In addition, increased X-ray age was associated with a

Chest radiograph interpretation can be aided by
knowing the patient's age. It can assist in avoiding the
diagnostic error of characterizing symptoms that are
considered normal in the elderly as substantial diseases or
underselling those that are normal in the elderly age but
aberrant in the young. The estimated patients’ age is
usually determined by the radiology experts from the
costal cartilage examination of chest radiographs with
anteroposterior views. Therefore, we performed this
research to determine the precision of these radiologists
in age estimation from CXRs. Our findings revealed that
a sum of 3,500 CXRs was interpreted by radiology
experts in the study area, out of which 1125 CXRs were
correctly interpreted (accuracy 32.14%) for age
estimation at SD + 3years, whereas 2375 CXRs were
either overrated or underestimated (p<0.05) and
misinterpreted the age of patients (2375/3500; 67.85%).
A similar nature study was conducted in Canada in 2022,
reporting that staff radiologists were more accurate in age
estimations than postgraduate residents. But similar to
our findings, patient age was most frequently
misinterpreted. Patients younger than 20 years old and
older than 90 years old had the least accurate estimates.
Those between 50 and 70 years old exhibited the highest
accuracy. There was no significant difference between
the radiographs of women and men for the accuracy of
age estimation. The investigation revealed the mean
frequency of accuracy (469/1030 CXRs) at age
estimation for only 22% (Chibane et al., 2022). Similar
interpretations were seen in a study reporting the age
determination by plain CXRs (Gross et al., 1985).
Contrary to our findings, a study reported an accuracy of
94% in age estimation from CXRs (Karargyris et al.,
2019). Such high precision by manual interpretation is
weird and unjustifiable and was not agreed upon.

Another study revealed calcification of 66% of
the costal cartilage concerning aging, as measured by
CXR during age estimate. In lower CC, the percentage of
calcification increases with age, from 0% in the 0-20 age
group to 100% in the 6170 age group. In the study cited
above, peripheral calcification was observed in 141 males
and 1 female, but central calcification was evident in 132
females and absent in males 8. A study correlated CXR
age estimation with cardiovascular prognosis and found a
strong association with chronological age on hold-out test
data and independent test data. Higher X-ray age was
associated with worse clinical outcomes for heart failure.

42

worse prognosis in 3,586 patients with cardiovascular
iliness admitted to the intensive care unit. It was thus
implied that X-ray age was a valuable tool for
cardiovascular anomalies to assist doctors in predicting,
preventing and treating cardiovascular illnesses *. Similar
nature studies concluding the age estimated by CXR with
organs' physiological status were reported by many
researchers (Esteva et al., 2017; Rajpurkar et al., 2017,
Ribeiro et al., 2020; Coudray et al. 2018; Stern et al.
2019). It was also reported that the strong impact of CXR
viewer on radiologist reporting and recommendations
was, however, at the expense of false positives; in 13% of
cases, the radiologist rejected several model findings
(Jang et al., 2020; Hurt et al., 2020). Comparing this false
positive rate to the false positive rates per case published
in previous research exploring CXR models, ranged from
14-88%, and revealed that the chances of discrepancies
were significantly higher (Dellios etal., 2017; Sim et al.,
2019; Collado-Mesa et al., 2018; Copley et a., 2009).

Conclusion: Although the overall average rate of
appropriate age assessment from a normal front chest
radiograph was only 32.14 percent in our study,
considerable disparities were identified in age estimation
using CXRs. Yet, it would be fascinating to extend this
academic endeavor by comparing our findings with
artificial  intelligence  technologies and possibly
improving the accuracy of patient age prediction from
chest radiography. This approach for determining the age
will be useful for screening tests and in circumstances
when the thoracic region of the body is discovered, such
as in the case of dismembered bodies, skeletal remains,
and unidentified bodies.
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