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Morphometry of the internal capsule on MR
images in adult healthy individuals
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Abstract
Objectives: There is substantial information on the morphometric differences of the pathways passing through the internal
capsule according to the dominant extremity; however, the diameters of the internal capsule in the horizontal plane have
not been previously evaluated. The aim of this study was to evaluate the diameters of parts of the internal capsule (anterior
limb, posterior limb and genu) and angle in between these parts in healthy subjects.
Methods: MRI images of 80 females and 37 males (age: 18–65) with no obvious intracranial pathology were evaluated. The
diameters of the anterior and posterior limb and the genu of the internal capsule and the angle between the anterior and posterior limbs were measured.
Results: There was no statistically significant difference in measurements of internal capsule when compared bilaterally in all
individuals (p>0.05). The right and left genu angles were significantly wider in females. This angle in the present study was found
as 122°, while the classical knowledge reveals it as around 90°.
Conclusion: Understanding the normal morphometry of this region may help clinicians in the diagnosis and follow-up of some
neurological diseases. Some morphometric characteristics of this region have shown differences from the classical knowledge.
Further studies in larger samples should be done for re-evaluating the normal ranges of these morphometric values.
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Introduction
Internal capsule is a white matter consisting of efferent
and afferent fibers in the shape of a fan extending vertically to connect some of the cortical centers with the spinal
cord. Internal capsule is divided into anterior limb, genu,
posterior limb, retrolentiform limb (retrolenticular part)
and sublentiform limb (sublenticular part). It is located in
the inferomedial part of each cerebral hemisphere and
separates the caudate nucleus and thalamus from the
lentiform nucleus. The descending and ascending pathways passing through the internal capsule connect the

brain hemispheres and subcortical structures to brain stem
and spinal cord.[1,2]
The parts of the internal capsule carry different
descending and ascending axonal pathways which have
critical functions.[1] The anterior limb extends between the
head of caudate nucleus and the lentiform nucleus. The
posterior limb is between the thalamus and the lentiform
nucleus.[3]
The anterior limb of the internal capsule carries thalamic and brain stem fibers from prefrontal cortical regions
that are associated with different aspects of emotion, moti-
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vation, cognitive processing and decision-making.[4] The
genu portion of the internal capsule contains the corticobulbar tract fibers, which begin from the lower part of
the primary motor area and extend to the motor nuclei of
the cranial nerves with superior thalamic radiations.[2] The
posterior limb of the internal capsule contains posterior
thalamic radiations, corticospinal tract, corticorubral tract
and corticopontine tract.[1]
A decrease in anterior limb volume is associated with
psychiatric disorders such as major depressive disorder,
bipolar disorder, obsessive-compulsive disorder and schizophrenia.[4] Therefore, knowing the normal morphometry
of this region may help clinicians in the diagnosis and follow-up of diseases. In this study, we aimed to evaluate the
width of the parts (anterior, posterior and genu) and genu
angle of the internal capsule on MR images of healthy
individuals.

Materials and Methods
Our study was performed in Departments of Anatomy and
Radiology of Faculty of Medicine at Afyonkarahisar
Health Sciences University. This retrospective clinical
study was performed after approval of the Clinical
Research Ethics Committee of the Afyon Kocatepe
University (2018/2-47). MRI images of 80 females and 37
males (age: 18–65) admitted to the Afyon Kocatepe
University Hospital with no obvious intracranial pathology were evaluated in this study. Those with pathological
findings in white matter (tumors, cysts, bleeding, etc.) and
those with head trauma or stroke were not included in the
study.
Measurements were made at the level where caudate
nucleus, lentiform nucleus and thalamus were seen in the
same transverse plane on MRI. Measurements were performed bilaterally from the widest parts of genu, anterior
limb, posterior limb of the internal capsule. The angle at
the intersection of the line passing through the middle of
the anterior and posterior limbs was also measured
(Figure 1).
Statistical analysis was performed using SPSS for
Windows version 20.0 (SPSS Inc., Chicago, IL, USA). All
values were presented as mean±standard deviation (SD).
The distribution of the data was evaluated by
Kolmogorov-Smirnov test. Mann–Whitney U test was
used to determine the difference between two groups.
Correlation analysis between groups was done using
Pearson’s correlation test. The results were evaluated at a
95% confidence interval and p<0.05 was considered statistically significant.
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Figure 1. Measurements made in transverse sections. A: width of the
anterior limb of internal capsule; B: width of the genu of internal capsule;
C: width of the posterior limb of internal capsule; D: genu angle (measured between the lines passing through the middle of the anterior and
posterior limbs).

Results
The mean widths of the anterior limb, genu and posterior
limb were measured as 3.05±0.55 mm, 6±0.62 mm and
4.23±0.86 mm on the left side and 3.12±0.54 mm, 6.05±0.6
mm and 4.04±0.86 mm on the right side, respectively. The
widths of anterior limb, genu and posterior limb showed no
statistically significant difference when compared bilaterally in all individuals (p>0.05) (Table 1). There was no statistically significant difference between anterior limb, genu,
posterior limb measurements among genders as well
(p>0.05). However, the right and left genu angles were significantly wider in females than males (p<0.05). The mean
genu angle was measured as 120.58°±4.79° on the left side
and 120.53°±3.86° on the right side in males, while it was
123.01°±7.69° on the left side and 123.43°±5.12° on the
right side in females (Table 2).

Discussion
Internal capsule is affected by a variety of pathologies. It
is clinically important to know the morphological structure of such a vulnerable site affected by so many diseases
(degenerative and demyelinating diseases, vitamin defi-
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Table 1
Comparison of right and left measurements in all subjects (p<0.05).
Left

Right

min-max

mean±SD

Anterior limb (mm)

1.42–4.36

Genu (mm)

4.37–7.69

Posterior limb (mm)
Genu angle (×/180)

p-value

min-max

mean±SD

3.05±0.55

1.96–4.75

3.12±0.54

.273

6±0.62

4.72–7.63

6.05±0.6

.835

2.25–7.12

4.23±0.86

1.96–6.76

4.04±0.86

.086

73–137

122.24±6.98

105.0–135.5

122.51±4.93

.862

ciency, infarction, hemorrhage, arteriovenous malformation, vascular pathologies such as angioma, hypoxia,
glioma, oligodendroglioma, ganglioglioma, neoplastic
conditions such as neuroectodermal tumor, metastatic
lesions, tuberculosis, pyrocystic neurosis, neurogenic
cystosis, parasitic diseases such as hydatid cysts, trauma,
iatrogenic, epilepsy, psychiatric diseases).[2] There is also
need for easily applicable techniques for clinical evaluation and follow-up. It is of great importance to know the
morphological features of this anatomical area, which
has important functional and clinical features. However,
the number of studies evaluating internal capsule morphometry using imaging methods is quite few. Previous
studies examining the characteristics of internal capsule
relies on findings on cadavers or imaging techniques
such as diffusion tensor tractography (DTT) and imaging (DTI), MR and functional MR imaging (fMRI).[4–13]
DTT provides useful data on localization of the parts
of the internal capsule as well as the length or vertical
angle of fiber tracts composing the internal capsule.
DTT can be used to assess white mater tracts both in
healthy individuals and in individuals with pathology

(stroke, glioblastoma, multiple sclerosis, amyotrophic
lateral sclerosis, etc.).[4–7,12,13] MRI and FMRI also provides
assessment of detecting pathologies affecting the internal
capsule.[9,14] In a recent study by Dos Santos et al.[15] brain
specimens taken from cadavers stained by a special technique and relationships of the basal nuclei and the internal capsule was described with anatomical coordinates.
When all the findings using different imaging techniques
compared, it can be seen that the results do not always
match.
The genu angle was expressed as 90° in one of the
well-known national anatomy textbook.[16] However, our
measurements revealed this angle to be approximately
120°. Considering the difference, we think that this
information should be re-evaluated. However, studies
with more samples are more likely to yield results that
are more accurate.
In conclusion, we suggest that this study on internal
capsule morphometry in normal subjects will provide a
basis for future studies relying on data regarding internal
capsule.

Table 2
Comparison of measurements between genders (p<0.05).
Males

Left

Right

Females

p-value

min-max

mean±SD

min-max

mean±SD

Anterior limb

2.14–4.36

3.11±0.54

1.42–4.19

3.01±0.55

.372

Genu

4.48–7.03

5.88±0.56

4.37–7.69

6.06±0.64

.159

Posterior limb

2.71–5.64

4.27±0.79

2.25–7.12

4.21±0.89

.761

Genu angle

111.5–129

120.58±4.79

73–137

123.01±7.69

.003*

Anterior limb

2.34–4.28

3.14±0.47

1.96–4.75

3.12±0.58

.813

Genu

4.94–7.52

5.91±0.6

4.72–7.63

6.11±0.59

.086

Posterior limb

2.2–5.74

4.06±0.71

1.96–6.76

4.02±0.93

.831

109–126.5

120.53±3.86

105–135.5

123.43±5.12

.003*

Genu angle
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magnetic resonance diffusion tensor tractography. Eur Radiol 2016;
26:1751–9.
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