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The spleen is an intraperitoneal organ located 
posterolaterally in the left hypochondrium between the 
fundus of the stomach and the left hemidiaphragm. In 
the supine position, the long axis of the spleen is in line 
with the tenth rib, but in the upright position it is more 
vertical. Its extreme or superior angle lies approximately 
4 cm from the tenth thoracic spine and its lateral border 
at the mid-axillary line in the ninth intercostal space. The 
shape of the spleen is characteristically tetrahedral, but 
may be modified when enlarged. The splenic hilum is the 
only portion that is not covered by peritoneum, but here 
peritoneal reflections carry the main splenic vessels, the 
splenic arteries and veins.

The spleen though not firmly anchored in the body, is 
attached to the stomach by the gastrolineal ligament and 
to the dorsal body wall by the lienorenal ligament. The 
phrenicocolic ligament which is not attached directly to the 
spleen supports its inferior end. These attachments allow 
the spleen to enlarge as much as ten times and to shift to 
ectopic locations. A connective tissue capsule covers the 
spleen and projects fibres (trabeculae) into its pulp. The 
peritoneum covers the capsule.

INTRODUCTION

The spleen is the largest organ in the reticuloendothelial 
system. A number of disorders are accompanied by 
altered spleen size, including infective, infestation, 
infiltrative, immunologic, and malignant conditions. In the 
environment of this study, our subjects are known to have 
been exposed to different topical infection and infestation, 
such as tuberculosis, malaria parasites, and poor sanitary 
conditions. The authors undertook this study, in order to 
determine whether, this peculiar tropical condition, could 
have any significant effect on the normal dimension of the 
spleen.

ABSTRACT
Background: To determine the normal dimensions of spleen by ultrasonography in our 
environment exposed to endemic tropical infection and infestation. Materials and Methods: 
A prospective study of normal spleen ultrasound-based measurements in 200 Nigerian adults 
at the University of Benin Teaching Hospital Benin, Nigeria. Results: There were 91 males 
and 109 females; their age ranged between 20 and 60 years. For the males the mean age was 
32.4 years (± 9.2 SD), mean height was 175.0 cm (±7.3 SD), mean weight was 72.5 kg (±10.1 SD), 
and mean body mass index was 23.6 (±2.8 SD) and the females the mean age was 29.7 years 
(±9.0 SD) mean height was 164.6 cm (±5.8 SD), mean weight 64.1 kg (±12.9 SD), and mean 
BMI was 24.9 (±1.4 SD). For the males the mean splenic length, width, depth, and volume were 
11.1 cm (±0.9 SD), 4.4 cm (±0.5 SD), 7.8 cm (±0.6 SD), and 202.7 cm3 (±49.4 SD), respectively. 
For the females the corresponding values of splenic length, width, depth, and volume were 
10.1 cm (±0.7 SD), 4.0 cm (±0.4 SD), 7.1 cm (±0.5 SD), and 153.7 cm3 (±33.2 SD), respectively. 
Conclusion: Comparison between mean splenic dimension parameters for males and females 
(from unpaired t-test determination) showed a statistically significant difference (P<0.001 for 
splenic length, width, depth, and volume). There was also statistically significant increasing 
value correlation between subjects’ weight and height (in favor of height) when compared to 
spleen length, width, depth, and volume. The other parameters show no significant correlation 
in both female and male. In particular there was also no statistically significant correlation of 
splenic measurements with age in either sex. This is similar to what was noted in other centers.
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During life, the spleen is a soft, purple colored organ which 
is considerably larger than in most cadavers.1 Normally, the 
spleen does not extend inferior to the left costal margin; 
hence a normal spleen is seldom palpable through the 
anterolateral abdominal wall.1 It varies in size and shape 
but it is usually 12 cm long, 5 cm thickness, and 7 cm wide.1 
As a result of increased appreciation of the spleens function 
in the body’s defense against disease, splenectomy is no 
longer performed as hastily as in the past.2

As a clinical guideline, the distance that the spleen extends 
below the left costal margin is often used to monitor spleen 
size, but clinical examination of splenic size is notoriously 
inaccurate.3 In a study evaluating spleen size in patients 
with sarcoidosis, splenomegaly was present in 57% of 
the patients (using sonographic criteria to evaluate size) 
but only clinically palpable in 8%.4 The range in reported 
sensitivity of assessing splenomegaly by palpation of the 
abdomen varies from 50% at best to the more realistic 
estimate of 17%.5 In addition, mild splenomegaly may be 
difficult to identify by clinical examination. Hosey et al. in a 
study of a healthy collegiate athletic population found that 
spleen size was larger in men and white athletes than in 
women and black athletes.

Prior to the development of sonography, size, particularly 
the measurement of radiographic spleen length was 
obtained from plain radiography. A potential cause of 
inaccuracy and drawback of this method was that plain 
radiographs give a composite shadow which may not be 
entirely the spleen.6

It has been found that splenic size is better evaluated 
by ultrasonography, computed tomography or magnetic 
resonance imaging than by plain radiography.6

Several studies have sought to develop standards for 
splenic size, utilizing a variety of imaging techniques such 
as computed tomography, scintigraphy, magnetic resonance 
imaging, and sonography.7-18 Volumetric measurements 
are most accurately obtained on computed tomography 
or magnetic resonance imaging.6,14 Nevertheless routine 
computed tomography for the diagnosis and serial follow-
up of patients for suspected splenic enlargement is difficult 
to justify in view of the radiation exposure (especially in a 
pediatric or adolescent population) and the expense in our 
environment. The use of magnetic resonance imaging is 
similarly hampered by expense and limited availability in 
many areas of the world, particularly in developing countries.

Ultrasonography affords a useful noninvasive role in 
evaluating the spleen and used for best advantage, it can 
demonstrate the existence and composition of splenic 
masses, disruption of splenic texture or outline, progressive 
changes in masses and the size of the spleen. The aims 
of this study are to assess and document the splenic 
sizes in asymptomatic adults in a Nigerian population 

(Benin environment) and thereby serve as a baseline for 
comparison in cases of splenomegaly using transabdominal 
sonography. This study will also serve as a guide in 
management and follow up of such cases. The finding will 
be compared to what is obtained elsewhere, bearing in 
mind the peculiarity of our environment.

MATERIALS AND METHODS

This study comprised of prospective consecutive ultrasonic 
assessment of splenic sizes in 200 asymptomatic adult 
subjects (91 males and 109 females) who came to the 
Department of Radiology of the University of Benin Teaching 
Hospital Benin City for routine chest radiographs as part 
of their medical tests pre employment and preadmission 
into tertiary institutions. Benin City, a metropolitan 
community in Nigeria, West Africa is inhabited by diverse 
Nigerian tribes and the residents are exposed to tropical 
endemic diseases such as malaria, tuberculosis and water 
bone parasites. The period of the study was between 14th 
of March and 22nd of June 2005.

The center for the evaluation was the department of 
Radiology, University of Benin Teaching Hospital, Benin City 
and a Sonoace 1500 (Medison Corporation, South Korea 
1998) ultrasound machine was used. The scan probe used 
was a curvilinear real time probe, with scan frequency of 
3.5 mega Hertz (MHz).

Informed consent was obtained from the patients before 
being used for the study. The reason for the study, possible 
effects, and stages of examination was explained to the 
subjects as a group or individually.

The patients were reassured psychologically and made to 
relax before the investigation. Thereafter, the patient was 
asked to lie supine on the couch, with arms away from the 
chest wall; and instructed to take as shallow breaths as 
possible. Where necessary, scanning with the subject in deep 
inspiration was done to move the spleen from under the ribs.

Scanning using the 3.5 MHz ultrasound probe was done 
along the lower left costal margin from the ninth to eleventh 
ribs at the anterior, mid, and posterior axillary lines with 
the subject in the right lateral decubitus position and where 
necessary in the supine position. The intercostal spaces 
were used as scan window, for proper visualization of the 
entire spleen. All measurements were made on sections 
through the splenic hilum in order to create a constant 
reference point for repeating measurement according to 
the guidelines of the American Institute of Ultrasound in 
Medicine12 and as described by Lamb et al.19 Splenic length 
(the maximum distance between the dome of the spleen 
and the splenic tip) was done on the longitudinal section. 
Splenic width defined as the maximum distance between 
the medial and lateral borders of the spleen was measured 
on a plane perpendicular to the length.
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Transverse scans were obtained with the transducer rotated 
through 90°. Splenic depth defined as the maximum antero-
posterior dimension was measured on the transverse section.

Each dimension was rescanned and recorded three 
different times to the nearest millimeter and the median 
value obtained for accuracy of result. The volumes were 
calculated manually from the formula for a prolate ellipse.

Vital data obtained included age, sex, height, weight, 
occupation, and ethnicity.

The following subjects were excluded from the study:
1. Subjects with pathologies potentially involving the 

spleen.
2. Subjects with hemoglobinopathies.
3. Subjects with skin infections at the area of the spleen.
4. Subjects in whom the entire length of the spleen could 

not be properly documented and those with previous 
splenectomy.

5. Subjects with lymphoproliferative disorders such as 
lymphomas, leukemias, etc.

6. Subjects with focal lesions and nonuniform parenchyma.
7. Subjects who had fever either at the time of the scan 

or within at least four weeks prior to the scan
8. Gravid women.

Data analysis
The axial measurements of the spleen and the volume were 
compared with the sex, height, weight, and body mass index 
of the various subjects to determine if variations exist.

Data analysis was carried out using statistical package 
called InStat (GraphPad Inc, USA) and Statistical Package 
for Social Sciences (SPSS). Data comparison (statistical 
test of significance) was done with Chi-square test and 
Mann–Whitney test.

At 95% interval, two-tailed P-values less than or equal to 
0.05 were considered to be statistically significant.

RESULTS

The age range of subjects in this study was between 20 

and 60 years. Age group 25-29 had the highest number 
of male subjects made up of 28 males and age group  
20-24 had the highest number of female subjects made 
up of 35 females.

For the males the mean age was 32.4 years (±9.2 SD), mean 
height was 175.0 cm (±7.3 SD), mean weight was 72.5 kg 
(±10.1 SD), and mean body mass index (BMI) was 23.6 
(±2.8 SD). For the females the mean age was 29.7 years 
(±9.0 SD) mean height was 164.6 cm (±5.8 SD) mean weight 
64.1 kg (±12.9 SD), and mean BMI was 24.9 (±1.4 SD).

Comparison between mean splenic dimension parameters 
for males and females (from unpaired t-test determination) 
showed a statistically significant difference (P<0.001 for 
splenic length, width, depth, and volume).

Table 1 shows height against mean splenic dimension of 
subjects.

For the male subjects there was no statistically significant 
correlation between age of subjects and splenic length, width, 
or volume but there was significant correlation with splenic 
depth (r=0.234, P<0.01), which decreased with age.

There was also statistically significant correlation between 
subject weight and spleen length (r=0.405, P<0.001), width 
(r=-0.260, P<0.01), depth (r=0.394, P<0.001), and volume 
(r=0.402, P<0.001).

There was no statistically significant correlation between 
body mass index and mean splenic dimensions (r=-0.090, 
-0.119, 0.026, and -0.044 for spleen length, width, depth, 
and volume, respectively).

For the female subjects there was no statistically significant 
correlation between the age of the subjects and mean 
splenic dimensions (r=0.110, 0.204, 0.205, and 0.033 for 
spleen length, width, depth, and volume, respectively).

There was a statistically significant correlation between 
subject weight and mean splenic length (r=0.416, P<0.001), 
width (r=0.302, P<0.01), depth (r=0.221, P<0.01), but no 
statistically significant correlation with volume (r=0.173, 
P>0.05).

Table 1: Height group distribution of splenic measurements in males and females
Height (cm) Males Females

N Length
(cm)

Width
(cm)

Depth
(cm)

Volume
(cm3)

N Length
(cm)

Width
(cm)

Depth
(cm)

Volume
(cm3)

x– ± SD x– ± SD x– ± SD x– ± SD x– ± SD x– ± SD x– ± SD x– ± SD

150–154 0 0±0 0±0 0±0 0±0 3 8.97±0.60 3.47±0.21 6.50±0.61 106.73±21.32
155–159 3 10.17±0.85 4.03±0.32 7.07±0.59 152.97±30.93 14 9.64±0.58 3.79±0.44 7.06±0.32 136.13±24.78
160–164 5 10.34±0.55 4.24±0.65 7.38±0.27 170.76±37.44 41 10.01±0.65 3.92±0.35 7.09±0.57 146.36±22.62
165–169 9 10.05±0.51 4.06±0.36 7.17±0.59 154.50±28.64 30 10.15±0.68 3.93±0.35 6.98±0.48 146.87±23.91
170–174 23 10.87±0.41 4.24±0.30 7.57±0.42 183.22±23.56 16 10.59±0.44 4.33±0.38 7.51±0.36 181.58±26.23
175–179 29 11.19±0.60 4.42±0.28 7.89±0.57 206.70±26.60 5 11.28±0.77 4.08±0.08 7.56±0.23 182.16±11.36
>180 22 11.98 ± 0.84 4.81 ± 0.68 8.19 ± 0.47 251.12 ± 66.61 0 0±0 0±0 0±0 0±0
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There was no statistically significant correlation between 
body mass index and mean splenic measurements (r=0.131, 
0.131, 0.002, and 0.050 for splenic length, width, depth, 
and volume, respectively).

Regression coefficient of splenic length against age 
for males calculated with Pearson’s product moment 
correlation was -0.172. With 89 degrees of freedom the 
critical r value is 0.205. There was thus no statistically 
significant correlation between splenic length and age for 
males.

For females, regression coefficient of splenic length 
against age calculated with Pearson’s product moment 
correlation was 0.101. With 107 degrees of freedom the 
critical r value is 0.190. There was thus no statistically 
significant correlation between splenic length and age 
for females. There was also no statistically significant 
correlation of other splenic measurements with age in 
either sex.

Using Pearson’s correlation coefficient (r) of splenic length 
against subject height for males, height correlated strongly 
with spleen length (r=0.784, P<0.001) [Figure 1].

There was also statistically significant correlation between 
subject height and splenic width (r=0.595, P<0.001), depth 
(r=0.607, P<0.001), and volume (r=0.723, P<0.001). The 
strongest correlation was with splenic length, followed 
by the volume, depth, and slightly weaker correlation with 
splenic width.

The weight of the male subjects correlated with splenic length 
(r=0.400, P<0.001), depth (r=0.394, P<0.00 1) but showed a 
weaker correlation with width (r=0.260, P=0.013).

Using Pearson’s correlation coefficient (r) of subject height 
with spleen length for females, height correlated with 
spleen length (r=0.545, P<0.001) [Figure 2].

For the females, subject height correlated with splenic 
width (r=0.393, P<0.001), depth (r=0.278, P=0.003) and 
volume (r=0.290, P=0.002). The strongest correlation was 
with splenic length, followed by the width, the depth, and 
the volume.

Subject weight correlated with spleen length (r=0.438, 
P<0.001), width (r=0.302, P<0.01), but less with depth 
(r=0.221, P=0.021).

For all splenic measurements, there was a stronger 
correlation with subject height than with their weight 
for the males and females. In addition, for all splenic 
measurements, splenic length showed the strongest 
correlation with subject height than did the other splenic 
dimension parameters in both sexes.

There was a stronger correlation between subject height 
and respective splenic dimensions for the males than 
females.

There was also a stronger correlation between subject 
weight and splenic measurements for the males than 
females, except splenic width which correlated more 
strongly in females.

DISCUSSION

Ultrasound measurement of splenic length is standard 
practice, and it provides a very useful means of non-
invasive examination of the spleen.6 Kluhs et al.20 in a study 
to investigate splenic weight determined sonographically 
and the weight of the spleen measured at autopsy or after 
splenectomy found that a significant correlation existed.

This study has shown the following mean dimensions 
of splenic sizes, for the males; the mean splenic length, 
width, depth, and volume were 11.1 cm (±0.9 SD), 4.4 cm 
(±0.5 SD), 7.8 cm (±0.6 SD), and 202.7 cm3 (±49.4 SD), 
respectively, and for the females the corresponding values 

Figure 1: Scatter plot of spleen length (cm) against subject  
height (cm) for males

Figure 2: Scatter plot of spleen length (cm) against subject  
height (cm) for females
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of splenic length, width, depth and volume were 10.1 cm 
(±0.7 SD), 4.0 cm (±0.4 SD), 7.1 cm (±0.5 SD) and 153.7 
cm3 (±33.2 SD), respectively. The height and weight of the 
subjects, for both male and female, respectively, increased 
linearly with the splenic dimensions. This was noted more 
prominently with the height of subjects. This was not 
different from other studies in different continents, where 
the peculiar endemicity in our environment does not 
exist. Loftus et al.21 in their study of a Chinese population 
suggested an upper limit of normal length of 12 cm. Some 
textbooks of ultrasound and other studies suggested 
an average splenic length of 12 cm, average width of 5 
cm, and average depth (antero-posterior dimension) of  
7 cm.12,22-25 These observations suggest that there is 
no significant racial bias of spleen size in this study as 
compared with Caucasians. This is similar to results 
obtained in other studies. Mustapha et al.16 in a study of 
an adult African population found mean spleen volumes 
that were smaller than data from Western sources and 
this could not be attributed to difference in body habitus. 
Okoye et al.25 found good correlation between subject 
height and splenic length. Spielman et al.3 also found 
a good correlation between subject height and spleen 
length in their study population which consisted of tall 
healthy athletes (r=0.4 for males and 0.3 for females). 
Splenic volumetric index has also been determined using 
ultrasound scanning by Pietri et al.26

Malaria, tuberculosis, and other water borne parasitic 
infections are a major public health concern in Nigeria. 
According to recent estimates, half of the Nigerian 
population has at least one episode of malaria annually, 
and majority of outpatient visits can be attributed to 
malaria.27 This is similar to exposure to tuberculosis and 
water borne parasitic infection. This by extrapolation may 
have exposed the subjects to immunological memory. The 
spleen is a reticuloendothelial organ involved in defense 
against infection and infestation and thus it is expected that 
the spleen may be slightly comparatively larger in exposed 
subjects than to what is obtained in nonexposed subjects. 
However, there was no statistically significant correlation 
of splenic measurements with age in either sex in our study.

From this study, malaria endemicity in Nigeria and other 
endemic infection and infestation appears not to have any 
significant effect on spleen sizes. The finding by Chauhan 
et al.28 suggested instead that spleen size was significantly 
decreased in people who had been affected by Plasmodium 
falciparium malaria.

Loftus et al.21 in a similar study in Hong Kong investigated the 
correlation between sonographic measurement of splenic 
length, volume and weight. Sonographic measurements 
before autopsy were obtained in 30 cadavers and these 
values were compared with the actual length, volume and 
weight of the spleen at autopsy. They found clear linear 
correlation between maximum sonographic length and 

actual length, volume and weight. The study showed that 
a single simple sonographic measurement gives clinically 
useful indication of true splenic size. Also in a study in 
Brazil, Rodrigues et al.22 examined 32 morphologically 
normal spleens from adult corpses and found a roughly 
linear correlation between actual spleen volume (y) and 
ultrasound spleen volume (x) (i.e. y=14.23 + 0.469x).

This study has been able correlate the baseline ultrasonic 
splenic dimensions in our environment to others 
elsewhere, and found no remarkable difference irrespective 
of our environmental peculiarities.

CONCLUSION

Normal splenic dimension was determined in our 
environment, with the known environmental peculiarity 
sited, but no significant difference was found in comparison 
with other studies sited without our kind of environmental 
peculiarity. This is suggesting immunological defence 
mechanism in our body does not have residual effect on 
splenic dimensions.
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