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Age estimation is an essential process in individual identification. While there are numerous age estimation
methods using hard tissue remains such as bones and teeth, methods that utilize soft tissues are limited. In a
clinical setting, a new marker, modified intramuscular adipose tissue content (mIMAC), was developed as a
surrogate marker of malnutrition in patients with gastrointestinal cancer. It is calculated using the mean CT
values from the region of interest drawn in the multifidus muscle and subcutaneous fat at the superior aspect of
the fourth lumbar vertebra (L4). In this study, a correlation between age and mIMAC was suggested. The
objective of this study was to assess the applicability of mIMAC as a screening tool for age estimation in a forensic
setting. We studied 229 PMCT images and statistically analyzed the correlation of their age at death and mIMAC
value for each sex. mIMAC had a statistically significant association with age at death for both sexes. Further-
more, mIMAC values obtained from PMCT images showed significant differences between males and females.

Our findings that PMCT-mIMAC could also be utilized for age estimation processes in forensic settings.

1. Introduction

Postmortem computed tomography (PMCT) imaging is the technique
used in forensic medicine. It is utilized not only to assist in diagnosing
the cause of death [1-9], but also as a means of individual identification
processes [10-15]. Because hard tissues, including bones and teeth, can
persist in the environment for long periods, various individual identifi-
cation methods using both physical remains and PMCT images have
been developed [10-12]. Although age estimation is important in the
process of individual identification, there are no international standards
that are widely accepted so far. Furthermore, studies that attempted to
estimate ages using soft tissues are limited [13,14].

Sarcopenia and age-related deterioration of skeletal muscle quality
have been widely investigated in clinical research, and CT based
assessment of myosteatosis has become an established method in this
field. Recently, Kusunoki et al. proposed the modified intramuscular
adipose tissue content (mIMAC) as a simple imaging-based marker of
myosteatosis and demonstrated its clinical relevance, including its as-
sociation with chronological age and disease progression [16]. In
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contrast, the applicability of such clinical muscle quality markers to
PMCT remains unclear. It is known that PMCT values of soft tissues
including muscle and fat are influenced by several factors, including
compression of soft tissue components like collagen fibers, livor mortis,
dehydration, and gas formation [17,18]. However, because postmortem
changes progress in a time-dependent manner, the attenuation values of
muscle and subcutaneous fat may still preserve a substantial proportion
of their antemortem tissue characteristics in early postmortem cases
without putrefaction or subcutaneous emphysema on PMCT.

The aim of the present study was to evaluate the association between
mIMAC and age in forensic cases and to determine mIMAC can be
applied as a screening tool of age estimation.

2. Materials and methods
2.1. Patients and methods

In this retrospective observational study, 443 forensic autopsies
performed at the Division of Forensic Medicine, Faculty of Medicine,
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Tottori University, between January 2020 and December 2023 were
reviewed. The inclusion criteria were: (1) descendants aged 18 years or
older, and (2) availability of PMCT scans of sufficient quality for image
analysis.

Cases were excluded if they met any of the following criteria: (1)
incomplete clinical or imaging information; (2) age younger than 18
years; (3) advanced postmortem changes, including putrefaction,
mummification, adipocere formation, skeletonization, or fire-related
thermal alteration; (4) evidence of severe high-energy trauma; (5)
presence of lumbosacral transitional vertebrae; (6) compression fracture
of the fourth lumbar vertebra (L4); or (7) non-Japanese nationality.
Fig. 1 presents the flowchart of the study selection process.

2.2. Image analysis

Applying the methods described in the study by Kusunoki et al., we
measured mIMAC using PMCT images [16]. In their study, they
measured mIMAC at the superior aspect of the L4. However, in our
study, PMCT was performed before autopsy while maintaining the body
in its original position, and no postural adjustments were made to pre-
serve the integrity of the postmortem findings. As a result, the body
postures were not uniform across all cases. Therefore, the term “superior
aspect of L4” was modified to refer to the level at which the entire bony
contour of L4 was visible on the PMCT image of the deceased.

All primary image analyses for the statistical dataset were performed
by a single examiner.

2.3. Statistical methods

To compare the distribution of mIMAC between males and females,
the Kolmogorov-Smirnov test and F-test were applied to assess
normality and homogeneity of variances, respectively, and to determine
whether a student's t-test or Welch's t-test was appropriate for group
comparisons. Multiple regression analysis was subsequently conducted
to evaluate the association between mIMAC, age, and sex. Age was
entered as a continuous variable, and sex was automatically coded by
the statistical software. A two-sided p-value <0.05 was considered sta-
tistically significant.

The coefficient of determination (R2) and the standard error of the
estimate (SEE) to show the actual margin of error (+ years).

All statistical analyses were performed using EZR version 1.66
(Saitama Medical Center, Jichi Medical University, Saitama, Japan),

All Patients
(N=443)

Aged less than 18
(N=16)

PMCT data not available
or satisfied other
exclusion criteria

(N=198)

Included in image analysis

(N=229)

Fig. 1. Schematic representation of the patients enrolled in this study.
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which serves as a graphical user interface for R (The R Foundation for
Statistical Computing, Vienna, Austria) [19].

2.4. Reproductivity of image analysis

To assess inter-observer reproducibility, a subset of cases was inde-
pendently measured by a second examiner using the same protocol. The
second examiner randomly selected six cases from the included group
and measured their mIMAC values.

Inter-observer agreement between paired measurements was evalu-
ated using the Wilcoxon signed-rank test, and the linear association was
assessed using Pearson's correlation coefficient. These additional sta-
tistical analyses were also performed using EZR.

3. Results
3.1. Characteristics of the study population

A total of 443 cases were enrolled in this study. We excluded 214
cases because of a lack of PMCT images, younger age, and other reasons
described above. We finally assessed 229 cases (male: 159 cases; female:
70 cases; Table 1). The median age of the included cases was 69 years
(range, 24-97 years). Further information was described in Table 1.

3.2. mIMAC showed a difference between male and female

To evaluate the assumption of normality and homogeneity of vari-
ances of the data, the Kolmogorov-Smirnov test and the F test were
conducted, respectively. The p-values for the Kolmogorov-Smirnov test
and F test were 0.674 and 0.00873, respectively. These results indicated
that the data were normally distributed but showed unequal variances,
which means that the data were not suitable for parametric analysis.
Therefore, Welch's t-test was applied to analyze the difference between
the two sexes.

Welch's t-test showed that mIMAC was significantly higher in males
than females (median + standard error; male: 118.8 & 22.4 vs 96.4 +
29.0, respectively, p < 0.0001, Fig. 2).

3.3. mIMAC was associated with age in the deceased

In the analysis, both age and sex were revealed to have strong as-
sociations with mIMAC (Table 2).

While age was negatively associated with mIMAC, sex, especially
male sex, showed positive association (Fig. 3).

The adjusted R-squared (R?) of the model was 0.39, and the standard
error of the estimate (reported as the residual standard error in EZR) was
13.65.

The coefficients of multiple regression analysis, standard errors, and
95% confidence intervals (CI), and other factors are shown in Table 3.

3.4. Reproductivity and comparison

The characteristics of reexamined cases and their remeasured
mIMAC values are shown in Table 4. No significant systematic difference
was detected between paired measurements (Wilcoxon signed rank test,
p = 0.156), while a strong positive correlation was observed between the

Table 1
Characteristics of the study population.
Variables Male Female Total
(n=159) (n=70) (n =229)
Age
(Average / Median) 63.7 / 64 72.6 /76.5 69 / 66.4
Autopsy 97 /62 43/ 27 140 / 89

(Done / Undone)
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Fig. 2. mIMAC shows siginificant difference between sexes.
(F=Female, M = Male)

Table 2
Multiple regression analysis of mIMAC with age.
Coefficient 95% CI Standard t value p value
(Lower-Upper limit) Errors
Age —0.86 —1.02to — 0.71 0.08 —-11.2 <0.001

two observers (Pearson's, r = 0.975, 95% CI 0.785-0.997, p < 0.001).
Fig. 4 shows the results of the Pearson's product-moment correlation
analysis between the two observers.

4. Discussion

Over the past decades, hundreds of age estimation methods based on
radiological image data have been published. Most of them relied on the
analysis of hard tissues such as bones or teeth [10-12]. Only a limited
number of papers have attempted to estimate age using soft tissue
findings [13,14]. The scarcity of soft tissue-based age estimation studies
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in forensic medicine is largely attributable to the advanced decom-
positional changes commonly observed in recovered bodies [20]. Even
before these changes appear, decomposition destroys the anatomical
integrity of soft tissues, making it difficult to obtain reliable PMCT
findings for individual identification or for determining the cause of
death. Such changes also complicate DNA extraction [18], further
limiting the available biological information in forensic anthropological
investigations. Nevertheless, soft tissue analysis remains important,
particularly for age estimation in living individuals, where preventing
age fabrication is a social concern [21].

In clinical medicine, sarcopenia has gained increasing attention as an
age-related decline in skeletal muscle mass and quality [22-29]. CT is
widely used to evaluate muscle composition, including myosteatosis,
which refers to fat infiltration within skeletal muscle. Consistent with
these clinical observations, the present PMCT analysis also demon-
strated apparent age-related changes in both muscle mass and muscle
quality (Fig. 3). These findings suggest that age related alterations in

Table 3
Multiple regression analysis of mIMAC with age at each sex.
(M = male, F = Female, respectively)

Coefficient 95% CI Standard t value p value
(Lower-Upper limit) Errors
M —-0.76 —0.93 to — 0.59 0.085 —8.94 <0.001
F -1.11 —1.43 to — 0.79 0.16 —6.90 <0.001
Table 4

Characteristics of the remeasured cases and paired mIMAC values obtained by
the two observers.

Sex Age mIMAC
Observer 1 Observer 2

Case 1 F 50 139.46 133.6
Case 2 F 69 115.07 104.48
Case 3 M 86 125.97 120.27
Case 4 F 78 91.05 93.21
Case 5 F 86 100.48 94.39
Case 6 M 32 144.83 145.5

66.8 4.24

(mean) (mean of difference)

150

100

mIMAC

50 - 2

i)
Male, 20s

ii)
Male, 50s

T T T
40 60 80

Age

(Years old)

iii)
Female, 90s

Fig. 3. Examples showing how the mulitifidus muscles‘appearance change with aging. The region of interest (ROI) is outlined in red. Least-squares line: Y = -0.96 X
+ 175.39 (Y = mIMAC, X = age) (mf = mulitifidus muscle). (For interpretation of the references to colour in this figure legend, the reader is referred to the web

version of this article.)
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Fig. 4. Scatter plot showing the results of the Pearson's product-moment cor-
relation analysis (r = 0.975, p < 0.001).

muscle quality can be captured not only in clinical CT but also in post-
mortem imaging, supporting the applicability of PMCT based muscle
assessment.

Myosteatosis has been shown to be associated with poorer prognostic
outcomes in various diseases and in individuals with reduced physical
activity [23-28]. Kusunoki et al. demonstrated the clinical relevance of
host nutritional status in patients with GI cancer [16,27,29]. They
developed a novel imaging-based indicator of myosteatosis, the modi-
fied intramuscular adipose tissue content (mIMAC), and reported its
significant predictive value in this patient population [16].

PMCT values of muscle and fat are influenced by several factors
[17,18], making it uncertain whether clinical markers of myosteatosis
retain their biological relevance after death. But at the same time, we
hypothesized that the biological relevance may be kept if these alter-
nations occur in the whole body at the same time in the course of
postmortem change. Therefore, it is necessary to verify whether mIMAC,
a clinically established index of myosteatosis, can be applied to a
forensic setting.

There are three aspects of mIMAC that are relevant to forensic
application. First, mIMAC is calculated simply by subtracting the mean
CT value of subcutaneous fat and that of muscle. Because our depart-
ment routinely performs PMCT on all the bodies prior to autopsy, the
index can be calculated whenever PMCT data is available. In addition,
measuring mIMAC does not require any special hardware, dedicated
software, or advanced image reconstruction such as three-dimensional
rendering. Therefore, the method can be implemented relatively easily
in any facility equipped with CT, including forensic institutes, with
minimal additional cost or time. Although its applicability depends on
the condition of the body, mIMAC has the potential to serve as a
screening tool for age estimation, which may be particularly useful
during early phases of DVI operations.

Second, and more importantly, a significant negative correlation
between mIMAC and age was suggested. The statistical analysis showed
that residual standard error was 13.65, indicating that the model's
predictions deviate from the actual age by approximately +14 years on
average. Combined with the adjusted R? of 0.40, the model shows a
moderate association but limited predictive accuracy, suggesting that
the variable may be more suitable for screening rather than precise
estimation.

Third, the present study demonstrated that mIMAC measurements
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show acceptable inter-observer reproducibility. In this study, we added
an additional procedure for identifying the L4 level, which has not been
described in previous reports. This modification was introduced because
maintaining a consistent body position during PMCT acquisition is often
difficult due to rigor mortis and other factors, and image-based correc-
tion may also introduce individual variability. Under these conditions,
the mIMAC values remeasured by the second observer showed no sig-
nificant systematic difference compared with those obtained by the first
observer, as assessed by the Wilcoxon signed-rank test, while a signifi-
cant positive correlation was confirmed using Pearson's correlation co-
efficient. These findings suggest that mIMAC measurements are unlikely
to be substantially affected by observer-dependent variability, which is
an important feature when considering its use as a screening tool.
Nevertheless, this assessment was based on only five cases, and the re-
sults should therefore be interpreted with caution.

Although the relationship between age and myosteatosis has been
studied in clinical research, to our knowledge, there were no prior
studies that have examined this association in forensic context. Thus, the
present study would represent the first attempt to apply mIMAC to
forensic medicine.

Our analysis showed that mIMAC values were significantly higher in
males than in the females, consistent with the previous findings [16].
Furthermore, a significant negative correlation between mIMAC and age
was observed in all three groups: whole cases, male and female.

This study has several limitations. First, mIMAC was calculated only
at the L4 level cross section. As sarcopenia is thought to affect the entire
body, other larger muscles such as pectoralis major or gluteus maximus
may better reflect the status of sarcopenia and potentially show stronger
correlations with age.

Beam-hardening artifacts were likely caused by the vertebrae [31].
While correction of beam-hardening is an important topic in radiology,
whether additional software or specialized applications are required
should be evaluated in the context of using mIMAC as a screening
method.

Second, we could not account for the postmortem interval or post-
mortem changes. Although cases with severe long postmortem changes
including putrefaction were excluded, prolonged storage in cold facil-
ities might have influenced the CT values. Previous studies have shown
that PMCT values of soft tissues, including muscle and fat, are affected
by several factors [17,18], such as compression of collagen-rich com-
ponents, livor mortis, dehydration, and gas formation.

Despite these potential influences, a similar degree of association
between age and mIMAC was observed in our model. The underlying
reason for this finding remains unclear. Considering a previous study
concluding that intramuscular hemorrhage in the back could not be
reliably detected by plain PMCT [32], it is also difficult in our study to
accurately estimate the extent to which livor mortis and other conditions
influenced the measured values of mIMAC. Additional studies including
controlled animal experiments may help clarify this issue.

Third, this study included only the Japanese population. Although
there was one foreign descendant during the study period, the case was
excluded from the analysis. As the case was a Caucasian, its mIMAC
value may have differed from those of Japanese of similar age. Further
studies from other countries including multi ethnicities are needed.

Fourth, consideration of pathological confounders was insufficient in
our study. For example, in the current forensic system in our depart-
ment, direct cooperation between clinical services and forensic medicine
is not routinely established. As a result, obtaining detailed antemortem
medical information depends largely on investigation by police. More-
over, it is not uncommon to encounter unidentified decedents, for whom
medical history is entirely unavailable.

Under these circumstances, distinguishing age-related myosteatosis
from disease- or immobility-related muscle degeneration is inherently
difficult. However, this limitation also reflects the reality of forensic
practice, where age estimation must often be performed without reliable
clinical background information. This challenge is not specific to our
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institution; limited access to clinical information is a common structural
constraint in forensic systems internationally, including the United
States and Europe. Therefore, our study also reflects a realistic scenario
in which age-estimation methods must function as screening tools even
when pathological confounders cannot be fully assessed. In this sense,
our study may serve as a simulation of how mIMAC could function as a
screening-level age-estimation tool even when pathological confounders
cannot be controlled. Future studies incorporating known clinical vari-
ables, when available, would help clarify the influence of disease-related
muscle changes on mIMAC.

Finally, this was a single institution study in Japan. Larger multi-
center studies are guaranteed. More than half of the forensic facilities in
Japan are equipped with CT scanners [30], and some of them are also
equipped with Magnetic Resonance Imaging (MRI), which may allow
further exploration of mIMAC using different imaging modalities.

In conclusion, our study suggests that mIMAC has potential appli-
cability in forensic medicine as an age estimation method for both
deceased and living individuals.

5. Conclusions

Our findings indicate that mIMAC derived from PMCT has potential
applicability as an age estimation marker in forensic practice, particu-
larly in unidentified bodies with minimal postmortem changes. This
study highlights the value of incorporating soft tissue-based indicators
into forensic age assessment.
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