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ABSTRACT

Background: Accurate liver and spleen reference ranges are essential for diagnosing pediatric
abnormalities. Most existing data rely on ultrasound, while CT offers greater measurement
precision, yet age-specific CT-based norms remain limited. This study aims to establish CT
based reference values for liver and spleen sizes based on age, gender and anthropometric
parameters in Pakistani pediatric population.

Methods: This study analyzed CT scans of 772 children aged 0 to 16 years, selected from 7,000
records from January 2010 to December 2024 at Aga khan University hospital Karachi. The
participants were grouped into 19 age categories ranging from 0-1 week to 15-16 years. At least
four liver measurements and three spleen measurements were taken on axial and coronal
images for every case. Mean and standard deviation were calculated, and variations between
age groups and genders were evaluated.

Results: Liver and spleen sizes increased significantly with age (p < 0.001). The mean liver
anteroposterior (AP) diameter taken at mid-clavicular increased from 76.59 + 15.25 mm in the
youngest age group to 129.49 + 14.05 mm in the older children. Similarly, the liver’s transverse
diameter increased from 85.76 + 22.03 mm to 154.14 + 26.20 mm (p < 0.001). Spleen dimensions
also displayed consistent age-dependent growth (p < 0.001). Although males had marginally
higher mean values, the differences were statistically insignificant. Furthermore, height and
BMI were found to be the strongest independent predictors overall through the regression
analysis.

Conclusion: Both liver and spleen dimensions showed a steady increase with age, with no
significant differences between boys and girls. These CT-based reference ranges provide
valuable benchmarks to distinguish normal organ growth from pathological enlargement in
children.
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including infections, hematologic disorders,
metabolic conditions, and malignancies (1,2).
Establishing accurate normative values is
therefore  essential for  distinguishing
physiological growth from pathological
enlargement. Ultrasonography is commonly
used for this purpose due to its safety,
accessibility, and lack of radiation; however,
its accuracy is operator-dependent and
frequently affected by intestinal gas, patient
habitus, and variable image quality (3,4).

In contrast, computed tomography (CT)
provides highly consistent imaging with
excellent spatial resolution, enabling precise
organ  measurements and minimal
interobserver variability ). With
advancements in low-dose pediatric CT
protocols and enhanced image-processing
techniques, CT has become a dependable
modality for generating normative organ size
data (6). Despite this, CT-based reference
values for pediatric liver and spleen
dimensions remain limited, particularly for
South Asian populations (5).

Organ size is influenced by multiple factors
including age, sex, height, weight, body
surface area, nutritional status, and ethnicity
(7,8). Studies have demonstrated
considerable variation in liver and spleen size
among children of the same age, shaped by

genetic,  dietary, and = environmental
determinants (9,10). Prior  research
consistently shows strong associations

between organ size and anthropometric
measures such as height, weight, and overall
body habitus (11,12). Metabolic variables,
including body fat composition or conditions
like fatty liver disease, may further contribute
to organ enlargement (13).

Evidence from other regions supports the
need for population-specific reference charts.
Waelti and colleagues emphasized this for
Central European children (9), while de

Padua et al. demonstrated the importance of
tailored CT-derived ranges for accurate
interpretation in pediatric populations (5).
Given the rapid somatic growth in early
childhood and adolescence, stratification into
narrower age groups further refines
assessment accuracy (8).

For Pakistani children, reliable CT-based
normative measurements for the liver and
spleen are lacking. Ultrasound-derived
reference values from other populations may
not be applicable due to ethnic and
anthropometric differences. To date, no CT-
based study has established normal pediatric
organ dimensions in Pakistan. The present
study aims to generate CT-derived reference
ranges for liver and spleen size in Pakistani
children and assess their associations with
age, sex, height, weight, and body surface
area.

Methods

This is a cross-sectional study carried out at
the Radiology Department of Aga Khan
University Hospital in Pakistan. CT scans
done over a 14-year period from January
2010 to December 2024 were reviewed. All
available pediatric CT scans in which liver
and spleen were imaged due to any reason,
were evaluated for eligibility. A total of 7,000
pediatric CT records were screened from the
hospital database, and 772 scans met the
inclusion criteria. Children aged 0 to 16 years
who underwent unenhanced or contrast-
enhanced CT scans for indications unrelated
to hepatic or splenic pathology were
included in this study. Only CT examinations
demonstrating normal liver and spleen
morphology, without evidence of structural
or congenital abnormalities, were considered
eligible

Demographic information including age, sex,
height, weight, and BMI was mandatory for
inclusion), and these data were accepted only
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if recorded within one month of the CT
examination. Data was extracted from
electronic medical records. Children were
excluded if they had known or suspected
hepatic, splenic, or systemic conditions that
could influence organ size, such as hepatitis,
storage disorders, anemia, portal
hypertension, malignancy, or infection. CT
scans showing evidence of trauma,
congenital anomalies, venous congestion,
sepsis, significant ascites, pleural effusion, or
post-surgical abdominal changes were also
excluded. In addition, cases with incomplete

clinical information or missing
anthropometric records were omitted from
analysis.

The final sample had a mean age of 6.78 *
4.78 years (range: newborn to 16 years), with
approximately 60% males. The age groups
with the highest representation were 1-2
years and 4-5 years (each 9.2%), followed by
13-14 years (8.0%), while the 15-16-year
group had the lowest representation (0.5%).
Mean weight, height, and BMI were 22.66 +
15.69 kg, 112.39 + 34.42 cm, and 15.78 + 4.35,
respectively. For age-specific analysis of liver
and spleen dimensions, participants were
categorized into predefined age groups: 0-1
week, 1 week-4 months, 4-8 months, 8-12
months, 1-2 years, 2-3 years, 3-4 years, 4-5
years, 5-6 years, 6-7 years, 7-8 years, 8-9
years, 9-10 years, 10-11 years, 11-12 years,
12-13 years, 13-14 years, 14-15 years, and
15-16 years.

All examinations were performed on either
multidetector CT scanners GE-Health Care
(Revolution 128-slice systems) or Toshiba
(Aquilion  640-slice systems) wusing a
standardized pediatric abdominal imaging
protocol. Tube voltage (80-120 kVp) and
current were adjusted according to patient
body weight following ALARA (As Low as
Reasonably  Achievable) principles. All

images were reviewed on dedicated
radiology workstations (PACS viewer) with
standardized display settings for
measurement consistency. Organ
measurements  were  obtained  using

electronic calipers on axial and coronal
reformatted CT images.

The maximum craniocaudal length of the
right hepatic lobe was measured on coronal
images at the level of the main portal vein,
from the dome to the inferior margin.
Another craniocaudal length was measured
in midclavicular line at the level of portal
vein. The anteroposterior (AP) diameter and
maximum transverse diameter were recorded
on axial images at the same level, measured
in the midclavicular line and between the
right and left hepatic margins, respectively

(figure 1).
Splenic length was measured along its
longest axis on coronal images. The

maximum oblique transverse diameter was
obtained on axial images, and splenic
thickness was measured at the hilum
perpendicular to the transverse axis (figure 1)

Figure 1: Picture Liver and Spleen measurement
methods used in this study.
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The liver measurements included the
maximum coronal dimension at the level of
the portal vein (grey arrow), the coronal
dimension in the midclavicular line at the
same level (red arrow), the anteroposterior
dimension in the midclavicular line (yellow
arrow), and the maximum transverse
diameter at the portal vein level (black
arrow). For the spleen, the maximum oblique
coronal dimension was recorded (green
arrow), along with  the long-axis
measurement at the level of the hilum on the
axial plane (white arrow).
SPSS version 27 was used for data analysis.
Numeric data (like age, weight, BSA, height,
liver, and spleen sizes) were summarized as
mean + SD or median (IQR), based on the
normal distribution. Nominal variables were
expressed as frequency and percentages.
Numeric data differences were calculated
using student independent t-test or Mann-
Whitney U test. Correlation between organ
size and somatic variables were determined
using Pearson’s or Spearman’s tests.
Independent predictors of liver and spleen
dimensions were determined using linear
regressions model. A p-value below 0.05 was
considered statistically significant.
This study was approved by the Ethics
Review Committee (ERC) of Aga Khan
University hospital prior to data collection
and retrieval. Keeping in view the
retrospective nature of the study, informed
consent was waived (2025-11363-34324
Results
A total of 772 children were included in the
final analysis. Comparison between male and
female participants showed that girls were
slightly older on average (7.28 + 4.79 years)
than boys (6.42 * 4.75 years), and this
difference was statistically significant (p =
0.014), reflecting small age variations
between sexes in the sample. A similar trend

was observed for height, which was also
significantly higher in girls (p = 0.031). Mean
BMI was slightly higher in girls (15.89 + 4.78)
than boys (15.70 + 4.04), although this
difference was not statistically significant (p
= 0.540). Body surface area (BSA) was
significantly higher in girls (0.85 + 0.40)
compared to boys (0.79 + 0.40, p = 0.046),
suggesting modest sex-related differences in
body size. These findings provide important
context for interpreting organ size
measurements. Detailed demographic and
anthropometric data are presented in Tablel.

Table 1: Demographic and anthropometric
parameters based on gender

Gender P-
Parameters Total Male, | Female, value
n=457 | n=314
(me :I‘lgi? sp) |678#478 | 6424475 7'28;"4‘7 0014
0-1wk 13(17) | 920) | 4(13)
1wk-4mo | 43(56) | 29(63) | 14 (45)
4-8mo 3140) | 2146) | 1032
8-12mo 4761) | 24(3) | 2373
1-2y 7109.2) | 46 (10.1) | 25 (8.0)
2-3y 19(63) | 3883) | 11(35)
3-4y 709 | 307 | 4@13)
_|4-5y 72003) | 42(92) | 30(9.6)
&|5-6y 50(65) | 29(63) | 21(6.7)
B|6-7y 46 (60) | 26(57) | 20(64) | 0214
$[7-8y 39(51) | 25(5) | 14 45)
8-9y 366 | 24(3) | 1961
9-10y 1366 | 2769 | 16(5.1)
10-11y 46 (6.0) | 25(5) | 21(67)
11-12y 3961 | 1767) | 2270)
12-13y 50 (65) | 29(63) | 21(67)
13-14y 62(80) | 29(63) [32(102)
14-15y 1722) | 1226) | 5(16)
15-16y 4005 | 2(04) | 2006
Weight 266t | 2176+ | .90t | oo
(mean * SD) 1569 | 1540 | 1604
Height 11239+ | 11011% [ 11557% | o0
(mean + SD) 34.42 34.90 33.41
BMI 1578£435 1570% | 1589 | 0540

International Journal of Pathology (Int J Pathol) Oct-Dec 2025, Vol. 23. No. 4 354



Muhammad et.al

(mean * SD) 4.04 +4.78
BSA 0.82+ 0.79% 0.85 0,046
(mean * SD) 040 040 +040 ’

Statistically significant gender differences
were observed only in the liver mid-
clavicular coronal dimension (p = 0.016),
with females showing a slightly higher
mean value (100.40 + 49.58 mm) compared
to males (93.74 £ 25.59 mm).No statistically
significant differences were found in the

maximal AP mid-clavicular (p 0.773),
maximal transverse (p = 0.338), maximal
coronal (p = 0.724), spleen axial long axis (p
= 0.583), spleen axial short axis (p = 0.478),
and spleen maximal coronal oblique (p =
0.887).These results provide evidence that
sex has a limited impact on overall organ

size in the studied pediatric population
(Table 2).

other

CT dimensions,

including

liver

Table 2: Gender differences in liver and spleen CT measurements

Gender

p—
Liver and sleep Male Female value
dimensions Meant . . Percentile . . Percentile
+
SD Min | Max |Median 75 5 MeantSD | Min | Max |Median 75 3
Liver maximal 106.98+
AP mid- 73 | 1150 |170.00| 10800 | 12300 | 9260 [107.46+21.39| 28.00|161.00| 11015 |123.00| 9400 | 0.773
clavicular (axial) ’
Liver maximal 12282+ /- o) 1550 00| 124,00 | 144.00 | 98.00 |125.15+32.26| 50.00| 205.00 | 125.00 |149.00{ 103.00 | 0.338
transverse (axial)| 33.31
Liver maximal | 1211721\ 30 | 50700 | 121,00 | 142,00 |100.00[121.95430.17| 42.90 | 192.00 | 123.00 |142.00| 101.00 | 0.724
coronal 29.73
Liver mid- 93,744
clavicularline | -7 | 3200 17800 9390 | 111.00 | 73.66 [10040+49.58|28:10 (82000 | 97.00 |11600| 7721 0.016
coronal ’
Splee“ai?;al long 7129'3896’: 1940 [133.00| 7330 | 8590 | 58.60 | 71.58+19.87 | 6.80 [119.00| 72.70 | 85.00 | 57.90 | 0.583
Spleen;’(‘il:l short 310(')6;; 940 [101.10| 2970 | 3550 | 25.00 | 30.09+10.16 |11.00 | 87.82 | 2950 | 35.00 | 24.00 | 0.478
Spleen maximal | 76.14% | )\ o) 1130 00| 7700 | 8950 | 63.90 | 75.93+20.08 |28.00{128.00| 75.50 | 90.00 | 64.00 |0.887
coronal oblique | 19.19

Both liver maximal antero-posterior (AP) and
transverse dimensions established
statistically significant differences across
pediatric age groups (p = 0.001). The mean
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Table 3: Differences of axial Liver CT measurements across age groups

Liver maximal AP

Liver maximal transverse

Age groups ) Percentile Mean £ SD Min Max Percentile
Mean = SD Min Max 05 95 05 95

0-1wk 67.45+20.37 | 49.00 | 116.00 | 49.00 | 116.00 | 75.74+30.45 46.00 | 158.00 | 46.00 | 158.00
1wk-4mo 67.47+10.25 | 4050 | 104.00 | 53.90 79.00 76.12+18.27 | 47.00 | 118.00 | 50.20 | 110.00
4-8mo 79.08+16.68 28.00 | 117.00 | 51.00 | 117.00 | 87.06+15.81 58.00 | 113.00 | 60.00 | 112.00
8-12mo 85.61+9.84 66.00 | 110.00 | 68.00 98.00 96.29+21.52 62.00 | 145.00 | 69.00 | 137.00
1-2y 91.1449.93 70.00 | 113.00 | 70.30 | 109.00 | 102.63£23.22 | 6350 | 157.00 | 72.00 | 145.00
2-3y 98.82+10.05 75.00 | 123.00 | 85.70 | 117.00 | 110.27+1848 | 79.40 | 152.00 | 84.60 | 138.00
3-4y 103.53+6.19 97.00 | 113.00 | 97.00 | 113.00 | 116.34+22.66 | 84.00 | 153.00 | 84.00 | 153.00
4-5y 102.74+£12.36 | 56.00 | 128.00 | 82.00 | 122.00 | 119.49421.46 | 63.60 | 164.00 | 79.00 | 155.00
5-6y 110.13£11.02 | 91.00 | 153.00 | 93.30 | 125.00 | 125.06+22.09 | 89.00 | 177.00 | 93.00 | 165.00
6-7y 111.66£20.50 | 11.50 | 141.00 | 85.00 | 136.00 | 132.94429.13 | 62.00 | 196.00 | 96.00 | 182.00
7-8y 112.2449.34 9260 | 132.00 | 96.00 | 131.00 | 136.05+25.39 | 82.60 | 186.00 | 85.00 | 184.00
8-9y 121.22+15.89 | 93.00 | 163.00 | 99.50 | 146.00 | 135.10424.82 | 99.00 | 193.00 | 104.00 | 175.00
9-10y 121.80£11.95 | 100.00 | 147.00 | 103.00 | 143.00 | 137.26+25.33 | 63.00 | 183.00 | 102.00 | 179.00
10-11y 123.73£10.91 | 107.00 | 161.00 | 108.00 | 138.00 | 145.00£23.25 | 100.00 | 203.00 | 115.00 | 190.00
11-12y 120.1311.91+ | 9630 | 150.00 | 99.00 | 148.00 | 140.08+18.87 | 104.00 | 175.00 | 104.00 | 174.00
12-13y 127.43+14.23 | 95.00 | 160.00 | 105.00 | 152.00 | 153.68424.96 | 114.00 | 205.00 | 118.00 | 194.00
13-14y 130.14+£14.08 | 100.00 | 160.00 | 106.50 | 153.50 | 151.214+25.13 | 101.00 | 203.00 | 116.50 | 199.00
14-15y 131.71+£14.22 | 105.00 | 170.00 | 105.00 | 170.00 | 164.59431.39 | 122.00 | 220.00 | 122.00 | 220.00
15-16y 136.2510.34+ | 125.00 | 146.00 | 125.00 | 146.00 | 159.504£32.56 | 126.00 | 199.00 | 126.00 | 199.00

Table 3 presents the mean liver maximal
transverse dimension showed a consistent

rise from 75.74 £ 30.45 mm to 159.50 + 32.56
mm over the same age range.

Table 4: Differences of coronal liver CT measurements based on age groups

Liver maximal coronal dimensions Liver mild-clavicular line coronal dimensions
ABeTOUPS | prean+SD | Min | Max ;;e“en“;es MeanSD | Min | Max [—o= Perce“h;es
0-1wk 74.35+24.06 | 53.40 | 135.00 | 5340 | 135.00 | 59.34+19.78 | 38.00 | 118.00 | 38.00 118.00
1 wk-4 mo 7343+14.28 | 4290 | 116.00 | 50.10 | 88.60 | 58.86+11.38 | 32.00 | 89.00 | 39.40 72.80
4-8mo 84.95+15.38 | 51.00 | 110.00 | 56.60 | 105.00 | 64.80+15.64 | 28.10 | 92.00 | 36.00 90.00
8-12mo 92.60+1244 | 71.00 | 121.00 | 74.30 | 109.00 | 91.82+109.25 | 46.00 | 820.00 | 59.00 97.00
1-2y 101.11£15.84 | 64.00 | 137.00 | 76.20 | 130.00 | 81.87+16.24 | 41.20 | 111.00 | 53.00 108.00
2-3y 105.50412.31 | 81.90 | 133.00 | 87.00 | 128.00 | 86.06+12.97 | 62.00 | 108.00 | 66.00 105.00
3-4y 105.40421.47 | 80.00 | 141.00 | 80.00 | 141.00 | 88.87+16.58 | 65.70 | 110.00 | 65.70 110.00
4-5y 112.67417.24 | 5940 | 157.00 | 79.00 | 142.00 | 89.16+18.81 | 45.30 | 132.00 | 50.00 120.00
5-6y 121.29413.64 | 92.00 | 153.00 | 98.00 | 139.00 | 90.02+17.47 | 52.00 | 128.00 | 59.00 113.00
6-7y 124.70+18.84 | 86.00 | 171.00 | 92.30 | 160.00 | 98.66+20.98 | 48.00 | 148.00 | 68.00 141.00
7-8y 129.59417.83 | 93.00 | 175.00 | 105.00 | 169.00 | 100.76+19.83 | 54.20 | 137.00 | 60.00 135.00
8-9y 137.43423.59 | 101.00 | 207.00 | 109.40 | 175.00 | 110.23+21.37 | 75.00 | 178.00 | 83.00 139.00
9-10y 140.55+13.98 | 101.00 | 167.70 | 115.00 | 159.00 | 109.66+22.12 | 58.00 | 143.50 | 64.00 142.00
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10-11y 143.84+16.33 | 111.00 | 179.00 | 116.00 | 178.00 | 112.18+25.70 | 52.80 | 171.00 | 65.00 163.00
11-12y 143.07+16.75 | 105.00 | 186.00 | 112.00 | 170.00 | 110.82+21.40 | 5940 | 157.00 | 60.50 150.00
12-13y 148.65+19.00 | 85.50 | 192.00 | 122.00 | 179.00 | 118.45+20.68 | 69.00 | 180.00 | 75.70 148.00
13-14y 156.69+19.14 | 109.00 | 199.00 | 125.50 | 193.50 | 121.40+24.49 | 66.30 | 176.00 | 74.00 164.00
14-15y 160.24+18.21 | 131.00 | 186.00 | 131.00 | 186.00 | 117.53+22.83 | 75.00 | 152.00 | 75.00 152.00
15-16y 163.25+8.14 | 154.00 | 173.00 | 154.00 | 173.00 | 109.15+35.54 | 64.60 | 150.00 | 64.60 150.00
Similarly, liver's maximal coronal and mid- maximal oblique dimension exhibited
clavicular line coronal dimensions exhibited statistically significant differences across

differences among various pediatric age groups
(p = 0.001). The mean maximal coronal liver size
increased from 74.35 + 24.06 mm in newborns
(0-1 week) to 163.25 + 8.14 mm in adolescents
aged 15-16 years. The mean liver mid-clavicular
coronal length grew from 59.34 + 19.78 mm in
the youngest group to 109.15 £ 35.54 mm in the
oldest [table 4]. All the three spleen sizes
including axial long axis, axial short axis and

pediatric age groups (p = 0.001). The mean axial
long axis of the spleen grew from 44.54 + 18.05
mm in newborns (0-1 week) to 115.25 + 14.38
mm in teens aged 15-16 years. Likewise, the
axial short axis increased from 16.51 + 6.71 mm
to 4040 + 638 mm, and the largest oblique
coronal length rose from 42.95 + 17.56 mm to
98.05 + 13.54 mm as illustrated in Table 5.

Table 5: Spleen measurements comparison across age groups

Age
groups

Spleen axial long axis

Spleen axial short axis

Spleen maximal Oblique

Mean + SD

Min

Max

Percentile

Mean £ SD

Min

Max

Percentile

Mean £ SD

Min

Max

Percentile

05 95

05 | 9

05 95

0-1wk

44.54+18.05

29.30

93.50

29.30 | 93.50

16.51+6.71

12.00

38.00

12.00 | 38.00

42.95+17.56

29.00

94.90

29.00 | 94.90

1 wk4 mo

42.1949.10

20.50

59.70

27.30| 56.00

18.45+6.23

9.40

49.60

12.40 | 26.00

44.83+9.65

2420

70.00

29.30| 58.00

4-8mo

47.34+9.49

29.20

69.00

29.30 | 60.20

22.06+7.81

11.00

57.31

15.00 | 31.10

52.68+14.54

29.00

85.50

29.40| 85.50

8-12mo

53.00+£8.19

37.50

77.70

41.00| 67.00

21.23+4.10

12.00

30.00

16.00|29.00

55.36+9.07

40.00

85.00

42.40| 6840

1-2y

61.76+11.15

39.90

93.70

44.00| 79.60

25.51+5.27

11.80

40.80

18.00 | 33.50

64.10+11.53

36.90

92.00

40.40| 84.90

2-3y

64.89+10.75

28.90

85.90

47.70| 81.60

27.3617.92

17.00

74.50

20.80 | 33.00

70.5749.53

50.00

94.80

57.00| 87.00

3-4y

68.24+4.16

60.00

72.00

60.00| 72.00

28.01+4.07

23.00

33.20

23.00|33.20

75.20£10.46

57.20

88.20

57.20| 88.20

4-5y

67.64+13.32

19.40

98.30

48.00| 91.50

29.25+6.48

16.30

61.40

21.90|37.40

72.70£9.65

4240

98.60

55.60| 87.70

5-6y

72.89+15.36

20.00

99.00

54.00| 95.00

31.70£9.88

20.00

86.60

22.90(42.20

75.39£11.99

45.00

112.00

58.00| 97.00

6-7y

74.49+15.95

6.80

102.00

50.00| 99.00

32.15+6.80

20.00

46.70

22.00 {44.90

82.07+14.08

44.00

119.00

64.00 [ 106.00

7-8y

77.76£10.02

59.50

96.00

61.00 | 95.00

31.39+£5.22

20.90

50.30

25.00 | 40.00

78.76£12.08

52.40

99.40

53.00| 94.70

8-9y

81.69+13.34

4420

108.00

65.30 | 106.00

33.31+7.98

23.00

72.00

26.00|41.70

85.19+16.17

26.00

107.00

61.00 | 105.00

9-10y

80.10+13.40

29.59

107.00

60.00 | 102.00

34.5249.30

21.00

82.29

27.20|41.30

86.43+13.29

60.50

128.00

69.90 | 106.00

10-11y

85.67£15.03

27.63

110.00

67.00 109.00

36.01+9.33

25.00

87.82

26.90 44.00

89.15£11.44
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37.00
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74.70|110.00
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93.30£15.62
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132.00

70.35|118.50

38.31£11.53

20.00
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27.35|56.60

96.22+13.20

70.00
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114.00
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Spearman’s rank correlation showed strong
positive relationship between anthropometric

liver maximal coronal (p = 0.841), and spleen

maximal coronal oblique (p

0.792). Age,

profile (age, weight, height, BMI, BSA) and liver
and spleen dimensions. BSA correlated with
liver maximal AP mid-clavicular (p = 0.847),
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weight, and height also correlated (p > 0.70),
while BMI showed weaker yet significant
correlations (p = 0.22-0.045) as shown in Figure 2.
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Figure 2: Liver/Spleen measurement correlation with
anthropometric parameters

A positive linear relationship between liver
size and BSA was observed. Liver maximal
AP mid-clavicular diameter correlated
strongly with BSA (R? = 0.665), while liver
transverse diameter showed a moderate
correlation with body weight (R? = 0.366) as
depicted in figure 3.
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Figure 3: Correlation of liver dimensions with BSA and body weight

The scatter plot displays how BSA relates to
spleen size (Axial long axis, Axial short axis,
and oblique coronal axis) in males. A positive
relationship was observed in Figure 4.

oo

FY

Figure 4: Correlation between BSA and spleen
dimensions in male

Similarly, in female the scatter plot shows
how body surface area relates to spleen size
(long, short, and oblique axes). The graphs

depict a strong positive relation as shown in
figure 5.
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Flgure 5 Correlatlon between BSA and spleen
dimensions in female.

Multiple linear regression analysis was run to
see the independent predictor’s liver and spleen
sizes. The models showed best fit (adjusted R? =
0.367-0.718), body measurements explained a
great differences in organ size. Height and BMI
were found to be strong predictors for the liver
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sizes. For spleen, BMI was main factor for all
measurements, showing it has a significant
effect. Gender showed that male generally
having larger organs. BSA had some positive

effect, but it was statistically insignificant.
Overall, height and BMI were the most reliable
predictors, while age and gender had more
mixed effects.

Table 6 : Multiple Linear Regression Analysis for independent factors of Liver and Spleen Dimensions

Predictors  |Liver Max. AP Mid- Liver Max. Spleen Axial Long| Spleen Axial | Spleen Maximal
Clavicular Transverse (Axial) Axis Short Axis Coronal Oblique
Model Fit 0.85/0.72/0.72 0.73/0.53/0.53 0.77/0.60/0.59 0.61/0.37/0.37 0.80/0.64/0.64
(R/RYAdj R?)
Age (years) f=035p=0151 | p=126,p=0.006 | =031, p=0.230 | =031, p=0.062 | p =0.50, p =0.039
Gender (female) | $=-1.99,p=0.026 | =-1.25p=0462 | =-2.88,p=0.002|p =-1.38, p=0.024|p =-2.28, p=0.010
Weight (kg) B=-0.09,p=0848 | B=-048 p=0582 | 3=0.15p=0.766 |B=-0.27, p=0.402|B =-0.82, p=0.075
Height (cm) f=0.70,p<0.001 | p=0.87,p=0.009 | =038 p=0.043 | =012, p=0.303 | 3 =0.18, p =0.306
BMI (kg/m?) B=157,p<0001 | p=1.36p=0.001 |p=0.60,p=0.009 | =032, p=0.031 | p =0.55, p=0.011
BSA (m?) =-18.78, p=0.558 |p=-16.33, p=0.788 |3 = 4.61, p =0.892 |3 =10.31, p = 0.637|p = 47.02, p = 0.138

Discussion

The study findings revealed a clear age-
related growth pattern and determine
consistent pediatric CT reference ranges for
liver and spleen dimensions. The study
population with a mean age of 6.78 + 4.78
years, all liver and splenic dimensions
increased significantly. Somatic variables
such as BSA, height, and BMI strongly
correlated with organ size, with height and
BMI as significant independent predictors.

A study by Yang et al. acknowledged height
and weight as leading factors of liver size,
our findings endorse height as a significant
predictor for liver dimensions through CT
(14). A study by Waelti et al. estimated
ultrasonographic liver and spleen
dimensions in a Central European pediatric
population and established that height or
BSA indexing reduces inter-ethnic variation
(9). Our study results show BSA correlations
with liver maximal AP and coronal
dimension; age-specific percentiles align with
Bayramoglu et al., confirming steady growth
patterns (6).

Another study by Toro et al. described that
liver and spleen dimensions increase with
age, with height and weight as potential
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factors. This study results support this trend,
but they also show that BSA is not a
significant factor after inclusion of height and
BMLI. Conversely, the most significant

predictors are height and BMI with there
being some overlap between the predictors
(15).

The growth patterns correlating with age,
height, weight, and BMI are indicative of
normal biological organ growth. The
different measurement results in various
studies could be attributed to the differences
in imaging methods, the nature of the
populations studied, or their nutritional
levels. The careful division into different age
groups in this research may have led to a
more precise detection of the phases of rapid
growth. The more significant link between
BMI and spleen size could be a sign of the
effect of fat on measurements made by CT.
Suttorp et al (16) and Alves et al (5) found
that sex had a relatively small adolescent
effect, in accordance with prepubertal growth
trends.

The reference ranges based on CT in the
pediatric population have given reliable
directions for the liver and spleen sizes and
have provided reliable directions in
situations like trauma, organ enlargement or
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malignancies. Height and BMI appeared as
strong predictors of organ size which means
that these parameters are more reliable for
the estimation than age alone. Using BMI in
assessments may help in early detection of
organ enlargement in children with
metabolic risk. The regression models
(adjusted R? ~ 0.72) further emphasize the
need of interpreting organ measurements by
taking into account the wider clinical context
(17,18). By incorporating anthropometric data
into the regression models, this study
provides valuable reference information for
interpreting pediatric CT scans, indicating
that a more detailed size specification can be
produced and comprehended.

These CT-derived normative ranges enable
clinicians to reliably differentiate normal
organ growth from early pathological
enlargement, improving diagnostic accuracy
and guiding timely clinical management in
pediatric patients. CT imaging provides
highly reproducible and precise organ
measurements, minimizing operator-
dependent variability seen with ultrasound.
These normative ranges help clinicians
distinguish normal growth patterns from
early organ enlargement, supporting more
accurate  decision-making in  pediatric
evaluation.

Limitation of the study

The worth mentioning limitation is the lack
of longitudinal growth patterns evaluated
because this study was conducted at single
time point. Because of concerns about
radiation exposure, the sample size was also
constrained using CT imaging. Therefore,
future studies should compare results with
larger cohorts. The study's unexplained
variation highlights the need for additional
studies on variables like body composition,
nutrition, ethnic background, and puberty

ideally through multicenter studies to

improve generalizability.

Conclusion

This study offers CT-derived reference data
for the dimensions of the liver and spleen in
pediatric populations. Both organs showed
considerable increases in size with age, which
is normal for growth. The liver showed a
steady linear increase, while the spleen
expanded proportionally in all directions at
the same rate. These results provide reliable
baseline data that aid in differentiation
between normal organ development and
pathological enlargement in pediatric
imaging.
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