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Klingler’s technique was discovered in the 1930s. It is a modified method of 
brain fixation and dissection, based on freezing and thawing of the brain tissue, 
subsequent peeling away of white matter fibres and the gradual exposure of 
white matter tracts. The added value of this technique is that it is carried out in 
a stratigraphic manner. This fact makes it an invaluable tool for an in-depth un-
derstanding of the complex anatomical organisation of the cerebral hemispheres.
The purpose of this paper is to provide a review of Klingler’s method while taking 
into account the original description of the technique and its value for medical 
training. The historical background, the concise outline of white matter organ-
isation, as well as our own experience in using this procedure for research and 
teaching activities were also included.
The fibre dissection technique may still be considered an excellent complementary 
research tool for neuroanatomical studies. Numerous detailed observations about 
the white matter topography and spatial organisation have been recently made 
by applying this method. Using this technique may also improve understanding 
of the three-dimensional intrinsic structure of the brain, which is particularly im-
portant both in under- and postgraduate training in the field of neuroanatomy. 
(Folia Morphol 2019; 78, 3: 455–466)
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INTRODUCTION
“The dissection of the human brain is a rewarding 

experience for both teachers and students if it pro-
ceeds in a systematic fashion” — this statement taken 
from the Heimer’s textbook of neuroanatomy [23] 
seems to be a fitting motto for our review. However, 
exploration of the complex spatial relations between 

grey and white matter may be both fascinating and 
challenging. Difficulties may be faced especially by 
medical students who study the internal structure 
of the brain based mainly on two-dimensional (2D) 
sections. The understanding of the orientation and 
topography of nuclei and fibre tracts through the 
study of the sectional anatomy of the central nerv-
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ous system needs much effort [32, 46]. This type of 
exposing of the brain’s anatomy has a long tradition. 
Performing a series of appropriately conducted cuts 
through the brain appears to be the primary method 
of dissection of this organ, which may be confirmed 
by the analysis of leading anatomical works begin-
ning with De humani corporis fabrica by Vesalius 
[56] as well as in most of the excellent modern at-
lases of human anatomy. However, progress which 
is taking place in the field of clinical disciplines, such 
as diagnostic imaging or neurosurgery as a specific 
example, requires the need of advanced knowledge 
regarding the organisation of the grey and white 
matter, as well as specific connectivity patterns in 
the three-dimensional (3D) brain space [1–6, 24, 27, 
30, 38, 42, 50, 60].

The nature of the body is 3D; thus, it is not sur-
prising as Poliakov et al. [41] emphasized, that 3D 
imaging has become an integral part of biomedicine. 
New and previously unknown pathways were dis-
covered with the use of diffusion imaging methods 
[41]. The causative effects of altered white matter 
anatomy in cognitive and behavioural disorders are 
becoming more evident, which may also help to 
predict abnormal brain states [7, 25, 48, 64]. At the 
same time, some data are suggesting that students 
perceive neuroanatomy as a complicated topic [8, 26].  
Even special terms such as “neurophobia” were in-
troduced by Józefowicz [26], to express students’ 
fear of the neural sciences and clinical neurology. 
Therefore, appropriate teaching methods and tools 
in neuroanatomy have become more critical than 
ever before. Chang and Molnár [8] indicate that neu-
roanatomy meets the criteria of an ideal preclinical 
subject due to the beauty of the nervous system, the 
logic of most of its pathways and clinic-anatomical 
correlations. According to those authors, the dis-
section or inspection of the human brain is one of 
the teaching methods that allow students to learn 
anatomy in detail, including normal variations. A thor-
ough understanding of the underlying organisational 
principles of the brain can help students, as well as 
practitioners, better prepare for the use of advanced 
diagnostic and invasive procedures within the central 
nervous system [3, 18, 33, 47].

Klingler’s technique was first discovered in the 
1930s. It is a modified method of the brain fixa-
tion and dissection, based on freezing and thawing 
of the brain tissue, subsequent peeling away white 
matter fibres and the gradual exposure of white mat-

ter tracts [32]. The added value of this technique is 
that it is carried out in a stratigraphic manner. This 
fact makes it an invaluable tool for in-depth under-
standing of complex anatomic organisation of the 
cerebral hemispheres [14, 53]. The purpose of this 
paper is to provide a review of the Klingler method, 
taking into account the original description of the 
technique and its value for medical training. The 
historical background, the concise outline of white 
matter organisation, as well as our own experience 
in using this procedure for research and teaching 
activities were also included.

HISTORICAL PERSPECTIVE
Anatomy is one of the oldest disciplines of medi-

cine. Knowledge about construction and the function-
ing of the human body has been acquired gradually 
over the centuries, with great difficulty, and its be-
ginnings are derived from the most straightforward, 
often accidental, observations made on human and 
animal organisms. The origin of knowledge about the 
brain derived from the ancient world and began to 
emerge among philosophical considerations, myths, 
and metaphors. The first documented mention of the 
brain occurs in the Edwin Smith surgical papyrus, in 
the description of a person with a skull fracture (case 6  
out of 48 cases described in this ancient document) 
[20]. The Edwin Smith papyrus is an ancient Egyptian 
medical text dated to about 1700 BC. It also con-
tains notes on the relationship between laterality of 
the injury and laterality of the observed deficits and 
symptoms [20]. However, the brain was not always 
considered the chief organ of the human body: the 
habitat of thoughts, feelings, and identity. In ancient 
Egypt, the brain was considered a habitat of temp-
tation and demons, and the heart was considered 
the seat of the soul [39]. According to Aristotle, the 
brain was a cooling organ, while Hippocrates saw it 
as the source of phlegm [20].

At the beginning of the Renaissance Scientific Rev-
olution, the distinction was not made between grey 
and white matter. In those times, exploring the interi-
or of the skull was subordinated to the search for the 
location of the soul or sensus communis — the power 
of the mind integrating information received through 
the senses and ultimately leading to judgements and 
decisions. In this context, the investigations of the 
pioneers of anatomy were directed to an accurate 
description of the brain’s chambers. The treatise Is-
agogae Breves (“A short introduction to anatomy”) 



457

G. Wysiadecki et al., Klingler’s method of brain dissection

by Jacopo Berengario da Carpi [11] contains the first 
known engraving, which the main subject was the 
brain, and which was made “from nature” (Fig. 1) 
[49]. In times contemporary to Berengario, the brain 
functions were associated with the ventricular sys-
tem (Vesalius first introduced the term ventriculus), 
while the cerebral tissue was attributed only to the 
supporting function [19, 49]. Archiangelo Piccolomini 
(1526–1586), professor of anatomy in Rome, was the 
first who made a clear distinction between the cere-
bral cortex (which he called as “cerebrum”) and white 
matter (which he described as “medulla”) — he also 
separated the two parts during the dissection [20]. 
The role of ventricles and rete mirable, which were 
two basic structures in the Galenic concept of the 
brain, was questioned by Vesalius. Although Vesalius 
did not create a new theory on the functioning of the 
brain, it paved the way to a more realistic reflection 
of its structure, “both in words and in pictures” [19].

Science has come a long way through the cen-
turies in understanding the organisation and role of 
the white and grey matter. With the Cerebri anatome 
written by Thomas Willis (1621–1675) new anatomi-
cal terms, such as lobe, hemisphere, peduncle or cor-
pus striatum, have been coined and introduced into 
use [19]. The debut of the treatise took place in 1664. 
A plate from one of the treatises of Willis, showing the 
dissection of the human brain, is presented in Figure 2  
[57]. The 18th century brought the development  
of knowledge over cortical localisation. During this 
period, it was hypothesized that the sizeable cerebral 
mass above the brainstem must be associated with 
higher functions, such as thinking, cognition, and 
perception. Pioneers in this field were Emanuel Swe-
denborg and Franz Joseph Gall, who observed that 
frontal lobes are associated with human’s personality 
[19]. Gradually, an utterly erratic system of “cere-
bral convolutions,” which looked like intestines on 
first anatomical plates, proceeded to transform into  
a precise map.

In contrast to the interest in the grey matter and 
the cerebral cortex, research regarding the detailed 
structure, arrangement, and organisation of the white 
matter appeared to lose its significance and rele-
vance until the advent of modern neurosurgery in 
the 20th century. However, many tracts and fasciculi 

Figure 1. The first known engraving, whose primary motive is the 
brain and which was made “from nature”. Original work: Jacopo 
Berengarius da Carpi (1523) Isagoge breves. Benedictus Hector, 
Bologna [11]. Credit: Wellcome Collection, https://wellcomecollec-
tion.org/works/bcydgft3. Licence: Creative Commons Attribution 
(CC BY 4.0): https://creativecommons.org/licenses/by/4.0.

Figure 2. The dissection of the human brain showing corpus stri-
atum, brain stem and cerebellum. The background of the original 
figure was changed to white. Original work: Thomas Willis (1684) 
VI. Of the anatomy of the brain. Printed for T. Dring, C. Harper, and 
J. Leigh, London [57]. Credit: Wellcome Collection, https://well-
comecollection.org/works/s4v4y48p. Licence: Creative Commons 
Attribution (CC BY 4.0): https://creativecommons.org/licenses/by/4.0.
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were discovered by early pioneers in neuroanatomy. 
Elements of the fibre dissection technique were used 
already in the 17th century by such anatomists as 
Thomas Willis or Nicolaus Steno (1638–1686) [53]. 
Raymond Vieussens (1635–1715) presented a de-
tailed description of the fibre dissection in his treatise 
entitled Neurographia universalis. With regards to 
the white matter, the Vieussens used such terms as 
“medullary substance” or “medulla”. He was aware 
of the fact that the medullary substance consists of 
“innumerable fibres” that are connected, whereby 
he observed this by boiling white matter in oil [53]. 
Vieussens observed continuity of the corona radiata, 
internal capsule, cerebral peduncle and pyramidal 
tracts within the pons and medulla oblongata. After 
more than a century break, the fibre dissection tech-
nique was rediscovered. During this period exquisite 
anatomical works were created, containing anatomi-
cal engravings of specimens prepared by use of fibre 

dissection technique, to give examples of works by 
such authors as Sir Charles Bell (1774–1842), Herbert 
Mayo (1796–1852), Friedrich Arnold (1803–1890) 
and Achille Louis Foville (1799–1878) [53]. Nine-
teenth-century anatomical plates, including those 
based on the fibre dissection technique, surprised in 
both artistic and scientific details of the then current 
knowledge of the anatomy of the brain (Figs. 3, 4) [34].  
A list of selected researchers publishing in the 19th 
century with the structures demonstrated by them in 
their works by using the fibre dissection technique is 
presented in Table 1.

At the beginning of the 20th century, fibre dis-
section lost its significance in favour of histologi-
cal techniques [32]. However, using the progress in 
technology, Joseph Klingler (1888–1963) improved 
fibre dissection technique. His main contribution to 
the development of this method consisted in the 
introduction of freezing the brain specimens prior 
to the procedure. Klingler based his method on the 
assumption that ice crystals precipitate between the 

Figure 3. Drawing illustrating the dissection of the white matter 
fibres taken from Mayo’s engravings. On this picture, white matter 
fibres where exposed by using the fibre dissection method similar 
to Klingler’s technique. Superior longitudinal, inferior occipitofrontal 
and uncinate fasciculi are shown, as well as stratigraphic dissec-
tion of the extreme and external capsules. The original figure was 
cropped to better visualise the details of the drawing. The back-
ground was changed to white. Original work: Mayo HM (1827)  
A series of engravings intended to illustrate the structure of the 
brain and spinal cord in man. Burgess and Hill, London [34]. Credit: 
Wellcome Collection, https://wellcomecollection.org/works/jpht-
dgeh. Licence: Creative Commons Attribution (CC BY 4.0): https://
creativecommons.org/licenses/by/4.0.

Figure 4. Drawing illustrating the dissection of the white matter 
fibres taken from Mayo’s engravings. Deep dissection of the supero
lateral surface of the cerebral hemisphere. Corona radiata, internal 
capsule, cerebral crus and cerebellar peduncles were clearly 
exposed by using the fibre dissection method similar to Klingler’s 
technique. The original figure was cropped to better visualise the 
details of the drawing. The background was changed to white. 
Original work: Mayo HM (1827) A series of engravings intended  
to illustrate the structure of the brain and spinal cord in man.  
Plate IV. Burgess and Hill, London [34]. Credit: Wellcome Collection, 
https://wellcomecollection.org/works/v4jynbs6. Licence: Creative 
Commons Attribution (CC BY 4.0): https://creativecommons.org/
licenses/by/4.0.
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fibres of the white matter during freezing: “Since 
water increases 10 per cent in volume with the for-
mation of ice, the fibres are somewhat spread apart. 
It is this loosening of the tissue, which not only makes 
following of fine fibre bundles easier but in fact, 
makes it possible at all.” [32]. Histological and ul-
trastructural changes induced by Klingler’s method 
was described by Zemmoura et al. in 2016 [63]. An 
electron microscopy study of frozen-defrosted human 
white matter revealed that the freezing and defrost-
ing process created “extra-axonal lacunas” with the 
maintenance of axonal integrity [63], which confirms 
Klingler’s assumptions.

The atlas which reproduced specimens obtained 
with the use of the freezing technique was present-
ed at the International Congress in Milan, in 1936. 
The first edition of the atlas was released in 1938 
[32]. The work was out of print in a short time. The 
complete demonstration of specimens prepared by 
Joseph Klingler and his colleagues was arranged at 
the International Congress of Anatomy which took 
place in Paris in 1955. The next edition of the Atlas 
cerebri humani by E. Ludwig and J. Klingler was re-
leased in 1956 [32]. This anatomical masterpiece 
was published by S. Karger, Basel, New York. The 
Atlas contains 100 black and white photographs 
of excellent quality. The descriptions are placed on 
schematic sketches. Klingler’s preparations influenced 
neurologists, neurosurgeons, and neuroscientists. 
Thanks to the innovations in fibre dissection tech-
nique, the inner topography of the brain became 
clearer long before the invention of tractography 
— a computational reconstruction method which 

allows for revealing white matter pathways in vivo. 
In the context of neuroanatomical research, the fibre 
dissection technique is still improving. Classical fibre 
dissection technique, described by Klingler, consisted 
of removing the cortex and overlying white matter. 
Martino et al. [33] modified this methodology by 
introducing “cortex-sparing fibre dissection” that 
preserves the cortex and the relationships within the 
brain during all stages of dissection. This modified 
procedure enables the tracing of fibres to their ter-
minations in the cortex.

APPLICATION OF THE  
KLINGLER’S METHOD

Our experiments with the Klingler’s method of 
brain dissection were necessitated by the need for 
supplemental specimens for teaching purposes. Al-
though we based the procedure on the original de-
scription of the method [32], the current reality of 
the anatomical laboratory forced some modifications. 
Differences resulted mainly from the limited availabil-
ity of fresh brain specimens and were caused by the 
necessity of obtaining the brain from formalin-em-
balmed cadavers. Only three brains dissected in our 
department by Klingler’s technique were harvested 
immediately post-mortem and fixed according to 
the original description of the procedure, through 
the basilar artery [32]. In the remaining 17 cases, 
access through the common carotid artery was per-
formed for the needs of the embalming procedure. 
This change of fixation method does not seem to 
influence the success of the procedure. Moreover, 
Latini et al. [28] proved that intra-carotidal formalin 

Table 1. A list of selected researchers publishing in the 19th century with the structures demonstrated by them in their works by using 
fibre dissection technique, based on the description by Türe et al. [53]

Researchers Demonstrated structures

Johann Christian Reil (1759–1813) Tapetum, optic radiation

Franz Joseph Gall (1758–1828) and  
Johann Gaspar Spurzheim (1776–1832)

Definitive confirmation of the medullary decussation  
of the pyramids

Herbert Mayo (1796–1852) Corona radiata, internal capsule, superior and inferior cerebellar peduncles, 
superior longitudinal fasciculus, uncinate fasciculus, tapetum,  
mammillothalamic tract, anterior commissure

Friedrich Arnold (1803–1890) Frontopontine (Arnold’s) tract

Karl Friedrich Burdach (1776–1847) Cuneate fasciculus (of Burdach)

Bartholomeo Panizza (1785–1867) Visual pathway from the eye to the occipital cortex

Louis Pierre Gariolet (1815–1865) Optic radiation (Gariolet’s radiation)

Theodor Hermann Meynert (1833–1892) Fasciculus retroflexus (Meynert’s bundle)

Joseph Jules Dejerine (1849–1917) Occipitofrontal fasciculus
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perfusion fixation provides homogeneous and rapid 
fixation of the brain which allows for documentation 
of additional anatomical details (such as intra-cortical 
white matter terminations or even accumbo-frontal 
fasciculus). After embalming, the bodies, from which 
the brains were harvested, were stored in 10% forma-
lin solution. The time from the fixation procedure to 
opening the skull and harvesting the brain varied from 
6 months to 1 year for specimens used for our prepa-
rations. We did not notice any adverse effect due to 
the extended time from fixation to brain collection, 
which seems to be consistent with the observations 
made by Klingler, who stated that “Longer storage in 
5% formol, up to a year or more, is beneficial rather 
than harmful” [32].

It should be noted that we paid particular at-
tention to the method of opening the skull, which 
enabled the entire brain to be preserved in an intact 
state. To this end, we used the extended access to 
the skull described earlier by Long et al. [31]. This 
procedure was based on the additional removal of 
the wedge-shaped part of the occipital squama. This 
access not only protects the cranial nerves, which 
allows obtaining a good quality of specimens [21, 
59, 61] but also prevents accidental damage to the 
brainstem, which is crucial especially when using the 
Klingler’s method. The access may be extended by 
removal of the vertebral arches (vertebral pedicles 
must be carefully chiseled), which allows obtaining 
a complete specimen of the brain and spinal cord. 
The brains obtained in this way were rinsed under 
cold running water and then placed in the plastic 
bag in the freezer for 1 week. Although attempts 
on unfrozen brains showed that, especially during 
classes, elements of the fibre dissection could be used 
to make a clear demonstration, only freezing allows 
for getting the best results by the described method. 
These observations are consistent with those of Türe 
et al. [53], who stated that the freezing process facil-
itates the dissection of fine fibre bundles. According 
to the original description of the technique [32], the 
brain, after 8 days of storage at the temperature of 
–8oC to –10oC, should be thawed in running water. 
It is also important that after thawing, which takes 
approximately 24 h at room temperature, our spec-
imens were dissected immediately. However, if it is 
necessary to divide the procedure into stages, 2–5% 
formalin solution should be used as a preservative 
fluid, according to original Klingler’s description [32]. 
If the interval between subsequent stages of the fibre 

dissection has to be delayed for a long time (i.e., 
over 1 month), Türe et al. [53] recommends that the 
specimen should be frozen again, for at least 12 h, 
and then thawed prior to the continuation of the 
procedure.

In this section, the basic techniques of fibre dis-
section are presented, exposing the most important 
structures and topographical relationships within the 
brain hemispheres. Examples of more advanced uses 
of Klingler’s method will be briefly described in the 
next section of this review. The method does not re-
quire the use of complicated instruments. In addition 
to hand-made wooden spatulas of various sizes with 
rounded ends, delicate microsurgical tweezers with 
curved ends, as well as delicate probe with rounded 
edges, scalpel and magnifying equipment may also 
be useful. In further descriptions, the recent version 
of Terminologia Neuroanatomica will be used, based 
on the report of Ten Donkelaar et al. [51].

The dissection of the superolateral aspect of the 
cerebral hemisphere provides an excellent insight 
into the structure of the major fibre bundles. This 
type of exposure is also recommended for those who 
are taking their first attempts at fibre dissection. The 
cerebral cortex may be removed, to expose U-fibres 
(the short association fibres for which the old term ar-
cuate fibres was used) or preserved intact, according 
to modification of Martino et al. [33]. Careful removal 
of the frontal, temporal, or parietal operculum reveals 
the insular cortex (Fig. 5A). Care should be exercised 
at this stage, to avoid damage of the superior longi-
tudinal fasciculus, which runs above the insula, in the 
most lateral parts of the hemisphere (Fig. 5A). Türe 
et al. [53] recommend to begin dissection from the 
opening of superior temporal sulcus. Then arcuate 
and superior longitudinal fasciculi should be gradu-
ally delineated. The superior longitudinal fasciculus 
is located deep to the middle frontal gyrus, inferior 
parietal lobule, and middle temporal gyrus [53]. At 
this stage of the dissection, arcuate fasciculus may 
also be exposed (Fig. 5A). It is large arch-shaped fibre 
group that sweeps down into the temporal lobe. The 
arcuate fasciculus was considered to be the inferior 
part of the superior longitudinal fasciculus [23]; how-
ever, according to new Terminologia Neuroanatomica, 
it has been identified as a distinct entity [51].

At this stage, after the arcuate fasciculus is dis-
sected away, long association fibres such as the infe-
rior occipitofrontal fasciculus and uncinate fasciculus 
should be exposed (Fig. 5B, C). The inferior occip-
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Figure 5. Specimens prepared by use of Klingler’s method of brain dissection. A, B, C. A view on superolateral aspects of the left cerebral 
hemispheres; D, E, F. Medial aspects of the left hemispheres. A. Insular cortex, superior longitudinal fasciculus (slf) and arcuate fasciculus 
(arcf) were exposed; af — U fibres (arcuate fibres); ia — insular apex; cis — central insular sulcus; cr — corona radiate; B. View on the  
corona radiata (cr) and the putamen (p). Uncinate fasciculus (uf) and inferior occipitofrontal fasciculus (of) were also exposed; C. Deep dis-
section of the superolateral surface of the left cerebral hemisphere. Sagittal stratum (ss) and Meyer’s loop (Ml) were shown; D. Cingulum (c) and 
radiation of corpus callosum (rcc) were exposed by blunt dissection. Anterior horn of the lateral ventricle (ah) was opened; scc — splenium 
of corpus callosum; sp — septum pellucidum; *interthalamic adhesion; E. Dissection of the mammillothalamic tract (mtt). The thalamus was 
partially removed up to the stria medullaris of thalamus (smt). The part of column of fornix (cf) which passes through grey matter was also 
exposed; mb — mammillary body; hcn — head of caudate nucleus; F. Deep dissection of the medial surface of the left cerebral hemisphere. 
Thalamus was removed to visualise the internal capsule (ic). Caudate nucleus with its head (hcn) and tail (tcn) was exposed. Inferior part of 
the tail of the caudate nucleus was not saved; cc — cerebral crus; ab — amygdaloid body.
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itofrontal fasciculus runs within the insula, temporal 
stem and sagittal stratum, while the uncinate fas-
ciculus crosses the limen of the insula and connects 
the orbitofrontal cortex with the anterior part of the 
temporal lobe [33]. At this point, attention should be 
put to the course of particular projection fibres such 
as optic radiation (geniculocalcarine tract). The initial 
portion of the tract loops from the lateral geniculate 
body anteriorly and then twists posteriorly forming 
highly curved portion of the optic radiation referred 
to as Meyer’s loop (Fig. 5C) [23]. After gentle re-
moval of the insular cortex an access is obtained to 
alternating layers of white and grey matter, namely: 
extreme capsule, claustrum, external capsule and 
putamen. The extreme and external capsules should 
be removed with extreme care, as it is easy to damage 
the underlying grey matter structures. In order to 
dissect away the extreme or external capsule from the 
underlying grey matter, a small and shallow vertical 
incision may be made with a scalpel and then a thin 
probe with rounded edge may be inserted between 
the two layers to separate them. Removal of the 
external capsule reveals the lateral convex surface of 
the putamen (Fig. 5B, C). The stratigraphic dissection 
may be completed by the removal of the lentiform 
nucleus, which allows to visualize the continuity of 
the corona radiata with the internal capsule.

Dissection from the medial side should begin with 
peeling away the cortex of the cingulate gyrus to ex-
pose the cingulum (Fig 5D). The cingulum should be 
traced throughout its entire course. In the posterior 
direction, it sweeps down behind the splenium of the 
corpus callosum and ends within the parahippocam-
pal gyrus (Fig. 5E). The exposure of the radiation of 
the corpus callosum may be performed by the remov-
al of white matter fibres along the callosal sulcus. The 
medial part of the corpus callosum may be cut off 
and removed together with the septum pellucidum 
and fornix. However, various modifications of the 
procedure are possible at this stage. Removal of the 
front part of the corpus callosum provides insight 
into the lateral ventricle. Such a modification enables 
following boundaries of the body and anterior horn 
of the lateral ventricle (Fig. 5D, E). Careful dissection 
of the corpus callosum allows visualisation of the 
caudate nucleus (Fig. 5E, F). The tail of the caudate 
nucleus may be traced as far up to as the amygdaloid 
body. When the caudate nucleus is dissected away, 
the thalamic radiation comes to view [14, 23]. Remov-
al of the thalamus reveals the internal capsule and 

its continuity with the cerebral crus (Fig. 5F). While 
proceeding gently during the removal of thalamic 
grey matter, the covered part of the column of fornix 
and the mammillothalamic tract may be visualised 
(Fig. 5E). During the dissection of the medial surface 
of the cerebral hemisphere the anterior commissure 
may also be traced up to the anterior part of the 
temporal lobe. 

Blunt dissection may also be particularly useful 
for tracing complex spatial relationships between the 
cerebellar peduncles (Fig. 6). However, some practice 
is needed to perform this procedure properly [23]. 
The superior cerebellar peduncle takes origin from the 
dentate nucleus and consists mainly of efferent fibres. 
The inferior cerebellar peduncle is a thick rope-like 
strand arising from the posterolateral surface of the 
medulla oblongata. The middle cerebellar peduncle, 
the largest one, extends between the base of pons 
and the cerebellum. While maintaining particular 
precision, selected intracerebellar nuclei may also be 
visualised in a gross-anatomic preparation [23]. An 
example of such a preparation, exposing the dentate 
nucleus, is presented in Figure 6.

SIGNIFICANCE IN MEDICAL TRAINING 
AND CLINICAL PRACTISE

In the first half of the 20th century, the modern 
techniques of sectioning and staining of the brain 
tissue grew with popularity. Using those methods, 
however, is associated with the mental effort of re-
constructing structures, after the observation of nu-

Figure 6. The dissection of the cerebellar peduncles. The rela-
tionships between the superior (scp) and inferior (icp) cerebellar 
peduncles can be studied. Part of the inferior cerebellar peduncle 
was removed to expose the dentate nucleus (dn); mcp — middle 
cerebellar peduncle; ml — medial lemniscus.



463

G. Wysiadecki et al., Klingler’s method of brain dissection

merous sections in different planes [32]. This may 
especially discourage those who are taking their first 
steps in the field of neuroanatomy. Based on our 
teaching experience, students who had the oppor-
tunity to use specimens dissected by using Klingler’s 
technique reported a better understanding of 3D 
brain structure. Evidence-based data should be col-
lected in this context in the future. However, the 
study of Estevez et al. [16], on the predominance of 
3D models over 2D ones, suggest that 3D physical 
modelling activity is an effective method for teach-
ing spatial relationships of brain anatomy and may 
better prepare students for the visualisation of 3D 
neuroanatomy. In the study of Silva et al. [46] un-
dergraduate neuroanatomy students used (observed 
and manipulated) specimens prepared by Klingler’s 
technique. Research participants were asked to put 
particular attention to the organisation of white mat-
ter fibres and their relationships to the ventricular 
system and grey matter structures. They completed 
the survey concerning the usefulness of this material 
in their understanding of the 3D intrinsic anatomy of 
the brain white matter. The students reported an im-
provement in their understanding of the 3D intrinsic 
anatomy of the brain white matter [46].

With the development of knowledge regarding 
neurological and psychiatric disorders, new thera-
peutic options have emerged. Many of them require 
in-depth knowledge of the 3D topography of the 
central nervous system. It is noteworthy to mention 
new neuroimaging techniques [1, 3, 4, 14, 17, 18], 
deep brain stimulation [3], stereotactic neurosurgery 
or neuronavigation [1, 47], as well as detailed plan-
ning of neurosurgical procedures [1, 5, 10, 42–45, 
55]. In this context, the experience of fibre dissection 
aids in developing a spatial perception of pertinent 
anatomical structures, dissecting skills and it may 
be an important tool for neurosurgical training and 
neuroanatomical research [1, 14, 33, 46, 53].

Mentions of Klingler’s technique of fibres dissec-
tion appears in numerous recent publications in the 
field of neurosurgery and neuroimaging. Topograph-
ical knowledge is especially critical while performing 
disconnective callosotomies in epilepsy patients. In 
this context, Naets et al. [36] applied Klingler’s fibre 
dissection method to perform “callosotopy.” Cited 
authors examined leg motor connections illustrated 
by fibre dissection technique to study the course and 
topography of callosal fibres connecting the most 
medial part of the precentral gyrus. Verhaeghe et 

al. [55] dissected twenty hemispheres according to 
Klingler’s technique of fibre dissection to reveal the 
extent of callosotomy required for successful posterior 
quadrant epilepsy surgery (a technique that allows to 
deafferent extensive areas of epileptogenic posterior 
cortex from the rest of the brain). Three-dimensional 
microsurgical and tractographic anatomy of the white 
matter was studied by Fernández-Miranda et al. [18]. 
The authors concluded that the fibre-dissection and 
diffusion-tensor magnetic resonance imaging tech-
niques are reciprocally enriched in their practical use 
for diagnosis and surgical planning. De Benedictis et 
al. [12] examined the “temporo-parieto-occipital junc-
tion” using Klingler’s dissection technique, tractogra-
phy, and brain mapping. The cited study revealed that 
detailed information about the functional structure 
of the brain is mandatory to optimise surgical results 
and to minimise post-operative morbidity. Research 
on the sulcal and subcortical anatomy for the su-
perior frontal transsulcal approach to the anterior 
ventricular system using anatomic dissections and 
diffusion tensor imaging tractography was con-
ducted by Koutsarnakis et al. [27]. Sarubbo et al. 
[45], based on post mortem dissections and in vivo 
direct electrical mapping, conducted a detailed 
study on the course and the anatomic-functional 
relationships of the optic radiation for posterior 
temporal, inferior parietal and occipital resections. 
Those authors also drew attention to the preser-
vation of inferior occipitofrontal fasciculus, which 
allows the preservation of the eloquent functions 
it subserves [45]. Nooij et al. [37] also stated that 
precise visualisation of the course of the visual 
pathways is relevant to prevent visual field deficits 
after neurosurgical resections.

Numerous detailed observations regarding white 
matter topography and spatial organisation have 
been made recently by using fibre dissection tech-
nique. A cadaveric study of the internal capsule based 
on fibre dissection was performed by Chowdhury et 
al. [9]. Peuskens et al. [40] described the anatomy of 
the anterior temporal lobe and the frontotemporal 
region demonstrated by fibre dissection. Vergani et 
al. [54], in turn, conducted a post mortem dissection 
study to examine intralobar fibres of the occipital 
lobe. Detailed anatomical descriptions of subcortical 
segmentation of the inferior longitudinal fasciculus 
were provided by Latini et al. [29]. Frontal termina-
tions for the inferior occipitofrontal fasciculi were 
examined by Sarubbo et al. [44]. Segmentation of the 



464

Folia Morphol., 2019, Vol. 78, No. 3

cingulum bundle in the human brain was reported 
by Wu et al. [58].

The Klingler’ method may also be used for qual-
itative and quantitative comparison of magnetic 
resonance tractography with dissection results [13, 
15, 62]. Klingler’s method was applied in the study 
evaluating the usefulness of photogrammetry of the 
human brain as a novel method for 3D quantitative 
exploration of the structural connectivity in neuro-
surgery and neurosciences [13]. Bozkurt et al. [5] 
used fibre dissection to study the microsurgical and 
tractographic anatomy of the supplementary motor 
area complex in humans. In this research, numerous 
connections and fibre bundles were revealed, such 
as the superior longitudinal fasciculus I, cingulum, 
claustrocortical fibres, callosal fibres, corticospinal 
tract, frontal aslant tract, and frontostriatal tract. 
Hau et al. [22], in turn, examined human uncinate 
fasciculus, its subcomponents, and asymmetries 
with stem-based tractography and microdissection 
validation. In this study, the stratigraphic micro-
dissection using Klingler’s method demonstrated 
five types of uncinate fibres according to their pat-
tern, depth, and cortical terminations. Meola et al. 
[35] and Türe et al. [52] verified knowledge about 
superior occipitofrontal fasciculus in the human 
brain. Those authors concluded that two false con-
tinuations in fact generate the structure on the 
superolateral aspect of the caudate nucleus usually 
identified as the superior occipitofrontal fasciculus: 
first between superior thalamic peduncle and stria 
terminalis, and the second between stria terminalis 
and posterior thalamic peduncle. The anatomical 
fibre microdissection confirmed those findings. 
Thus, fibre dissection technique in connection with 
modern diagnostic and research methods allows to 
verify and deepen current knowledge in the field of 
neuroscience.

CONCLUSIONS
The fibre dissection technique may still be con-

sidered an excellent complementary research tool 
for neuroanatomical studies. Numerous detailed 
observations about the white matter topography 
and spatial organisation have been recently made by 
applying this method. Using this technique may also 
improve understanding of the 3D intrinsic structure 
of the brain, which is particularly important both 
in under- and postgraduate training in the field of 
neuroanatomy.
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