
Frontiers in Evolutionary Neuroscience www.frontiersin.org May 2009 | Volume 1 | Article 3 | 1

EVOLUTIONARY NEUROSCIENCE
ORIGINAL RESEARCH ARTICLE

published: 04 May 2009
doi: 10.3389/neuro.18.003.2009

New information about Albert Einstein’s brain
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In order to glean information about hominin (or other) brains that no longer exist, details of 
external neuroanatomy that are reproduced on endocranial casts (endocasts) from fossilized 
braincases may be described and interpreted. Despite being, of necessity, speculative, such 
studies can be very informative when conducted in light of the literature on comparative 
neuroanatomy, paleontology, and functional imaging studies. Albert Einstein’s brain no longer 
exists in an intact state, but there are photographs of it in various views. Applying techniques 
developed from paleoanthropology, previously unrecognized details of external neuroanatomy 
are identifi ed on these photographs. This information should be of interest to paleoneurologists, 
comparative neuroanatomists, historians of science, and cognitive neuroscientists. The new 
identifi cations of cortical features should also be archived for future scholars who will have 
access to additional information from improved functional imaging technology. Meanwhile, 
to the extent possible, Einstein’s cerebral cortex is investigated in light of available data about 
variation in human sulcal patterns. Although much of his cortical surface was unremarkable, 
regions in and near Einstein’s primary somatosensory and motor cortices were unusual. It is 
possible that these atypical aspects of Einstein’s cerebral cortex were related to the diffi culty 
with which he acquired language, his preference for thinking in sensory impressions including 
visual images rather than words, and his early training on the violin.
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by medical imaging studies of Braille readers and upper limb 
amputees, which show that the cerebral cortex can exhibit long-
term adaptations, including enlargement or relocation of specifi c 
representations such as those for hands (Amunts et al., 1997). 
Further, gross cortical features entailing sulcal depths or patterns 
have been identifi ed in people with exceptional abilities such 
as highly trained musicians (Amunts et al., 1997; Bangert and 
Schlaug, 2006; Schlaug, 2001) and the world-renowned physicist 
who is the subject of this report, Albert Einstein (Witelson et al., 
1999a,b).

After his death in 1955 at 76 years of age, Albert Einstein’s brain 
was removed from his body by Thomas Harvey (a pathologist), fi xed, 
measured, photographed, and sectioned into 240 blocks that were 
embedded in celloidin (Lepore, 2001). Twelve sets of microscopic 
slides were prepared from the embedded blocks and distributed to 
various neuropathologists by Harvey (Lepore, 2001). It took decades, 
however, before papers began to appear on the histology or gross 
morphology of Einstein’s brain. Although the neuron:glial ratio was 
determined to be signifi cantly smaller in Einstein’s left than right 
Brodmann’s area (BA) 39 using the Kluver–Barrera stain (Diamond 
et al., 1985), this report has been criticized on methodological grounds 
(Hines, 1998). Another study determined that Einstein’s prefrontal 
cortex had a greater neuronal density than those of normal controls 
because it packed approximately the same number of neurons into 
a thinner cortex (Anderson and Harvey, 1996), but one does not 
know the extent to which this was due to age, especially in people 
with superior intelligence (Shaw et al., 2006). Because the blocks 
of Einstein’s brain were embedded in celloidin, histological studies 
using Golgi or other more revealing techniques would have been 

INTRODUCTION
Although the hypothesis that gross neuroanatomical features may 
refl ect the mental abilities of exceptionally talented individuals has 
held a long fascination (Amunts et al., 2004; Witelson et al., 1999b), 
efforts to address it are frequently viewed with hesitation for several 
reasons: First, such studies have historically been associated with 
phrenology, which was rightfully dismissed at the end of the 19th 
century as a pseudoscience (Gould, 1981). Second, the extent to 
which one of the traditional foci of these studies, brain size, is 
correlated with intelligence is diffi cult to assess (Roth and Dicke, 
2005). Finally, although sulcal patterns have also been of interest, 
sulci usually do not correlate precisely with the borders of func-
tionally defi ned cytoarchitectonic fi elds (Amunts et al., 1999; Zilles 
et al., 1997), some of which have been associated with exceptional 
competence, e.g., the extraordinary cytoarchitectonic features in 
Broca’s area of Emil Krebs (1867–1930) who was fl uent in more 
than 60 languages (Amunts et al., 2004). Despite these caveats, 
however, gross sulcal patterns have been associated with enlarged 
cortical representations that subserve functional specializations in 
mammals including carnivores (Welker and Campos, 1963) and 
primates (Falk, 1982), in a phenomenon called the ‘principle of 
proper mass’ (Jerison, 1973). Raccoons, for example, have greatly 
enlarged primary somatosensory forepaw representations in which 
the various palm pad and digit areas are demarcated from one 
another by sulci, and this remarkable cortical morphology has been 
attributed to the fact that these animals use their forepaws exten-
sively to explore their environments (Welker and Campos, 1963).

It is also well known that dramatic changes may occur in sen-
sory and motor cortices during a human’s lifetime as revealed 
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diffi cult if not impossible (Diamond et al., 1985). Einstein’s cerebral 
cortex was thin (Anderson and Harvey, 1996) and had widened sulci, 
which were normal for his age (Magnotta et al., 1999). His brain 
mass of 1230 g (Witelson et al., 1999b) was also unexceptional. Gross 
anatomical studies of Einstein’s brain included identifi cations for a 
number of sulci that were indicated on photographs (Witelson et al., 
1999a,b), and provided measurements that were obtained directly 
from the brain, as well as others that were measured from calibrated 
photographs (Witelson et al., 1999b). The table in which the meas-
urements appeared, however, did not indicate which ones were from 
each source, or when they were collected.

After being removed and processed, what remained of Einstein’s 
previously whole brain were histological slides, fragments of brain 
stored in a jar of formaldehyde, unspecifi ed measurements that 
Harvey obtained directly from the brain, and calibrated photo-
graphs (Lepore, 2001). Nevertheless, sulci may still be identifi ed 
and interpreted from the extant photographs of Einstein’s whole 
brain, in much the same way that cortical morphology is observed 
and studied on endocasts from fossils by paleoneurologists. It is 
hoped that the newly identifi ed gyral and sulcal features reported 
below for Einstein’s cerebral cortex will be of interest to future 
scholars. Despite the fact that a large portion of Einstein’s cerebral 
cortex was superfi cially unremarkable, regions in and near his pri-
mary somatosensory and motor cortices were highly unusual, and 
it is tentatively suggested that these may have contributed to the 
neuroanatomical substrates for some of his remarkable abilities.

MATERIALS AND METHODS
Previously unrecognized gyral asymmetries and sulci are iden-
tifi ed on published photographs of dorsal and lateral views of 
Einstein’s whole brain (Witelson et al., 1999b), using traditional 
landmarks (Brodmann, 1909; Connolly, 1950; Ono et al., 1990; 
Yousry et al., 1997) and the terminology of Connolly (1950). To 
the extent possible, certain observations are quantifi ed by com-
paring them to the range of measurements for normal humans 
published in Ono et al. (1990) and by referring to data published 
by Steinmetz et al. (1990), Witelson et al. (1999a), and Falk et al. 
(1991). Confl icting reports regarding Einstein’s handedness 
have been resolved through photographic evidence that reveals 
Einstein held pens, manipulated objects, and played the violin 
like a right-hander (Wolff and Goodman, 2007). Results are ten-
tatively interpreted in light of contemporary medical imaging 
studies (Bangert and Schlaug, 2006; Caulo et al., 2007; Falk et al., 
1991; Steinmetz et al., 1990; Yousry et al., 1997) and published 
details about Einstein’s linguistic and musical abilities (Bucky, 
1992; Einstein, 1970; Hadamard, 1945; Wertheimer, 1959; Wolff 
and Goodman, 2007). The controversial question of whether or 
not Einstein had opercular cortices (Galaburda, 1999; Witelson 
et al., 1999a,b) is revisited.

RESULTS
My identifi cations for cortical sulci are indicated on photographs of 
Einstein’s brain (Figure 1). As far as I know, this is the fi rst time that 

FIGURE 1 | Photographs of Einstein’s brain that were taken in 1955, adapted 

from Witelson et al. (1999b) with identifi cations added here. (A) Dorsal view, 
(B) left lateral view, (C) right lateral view. Sulci: angular (a2), anterior occipital (a3), 
ascending limb of the posterior Sylvian fi ssure (aSyl), central fi ssure (red lines), 
diagonal (d), descending terminal portion of aSyl (dt), inferior frontal (fi ), middle 
frontal (fm), superior frontal (fs), horizontal limb of the posterior Sylvian fi ssure 

(hSyl), intraparietal (ip), precentral inferior and superior (pci, pcs), marginal 
precentral (pma), medial precentral (pme), postcentral inferior and superior (pti, 
pts), ascending ramus of Sylvian fi ssure (R), subcentral posterior sulcus (scp), 
middle temporal (tm), superior temporal sulcus (ts), unnamed sulcus in postcentral 
gyrus (u). Other features: branching point between hSyl and aSyl (white dots, B), 
hand motor cortex knob (K, shaded in A, C), termination of aSyl (white dots, S).
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the following sulci have been identifi ed on such photographs: angular 
(a2), anterior occipital (a3), diagonal (d), descending  terminal portion 
of the caudal Sylvian (dt), inferior frontal (fi ), middle frontal (fm), 
superior frontal (fs), precentral inferior and superior (pci, pcs), mar-
ginal precentral (pma), medial precentral (pme), ascending ramus 
of Sylvian fi ssure (R), middle temporal (tm), and superior temporal 
sulcus (ts). The knob (K) representing hand motor cortex (discussed 
below) is also identifi ed on Einstein’s brain for the fi rst time.

The central fi ssure (C, red in Figure 1) forms the boundary 
between the postcentral gyrus that represents primary soma-
tosensory cortex and the precentral gyrus that contains motor 
cortex. On the lateral surface of the brain, Einstein’s postcentral 
gyri were noticeably wider at their lateral compared to medial 
ends (Figures 1B,C), contrary to measurements from 25 human 
cadavers, which revealed that the widths of pre- and postcentral 
gyri are very similar along their entire lengths and manifest lit-
tle asymmetry between hemispheres (Ono et al., 1990:152–153) 
(Figure 2). Einstein’s left postcentral gyrus contained a long 
unnamed sulcus (u) parallel to C (Figure 1B), which suggests 
expansion in depth as well as width in the cortical regions that 
normally represent face and tongue (Penfi eld and Rasmussen, 
1968). [Although this unnamed sulcus has been identifi ed else-
where as the retrocentralis transversus (rct) (Witelson et al., 
1999a), rct is much shorter and triradiate, as detailed by Connolly 
(Connolly, 1950:208–209).]

The medial parts of Einstein’s sensory/motor strip manifested 
several unusual features (Figure 1A): On both sides, the precentral 
superior and inferior sulci (pcs and pci) were continuous, contrary 
to the normal condition in which the precentral sulcus is separated 
into two or more segments that characterized 98% of the 50 hemi-
spheres scored by Ono et al. (1990:43). The medial extent of the left 
postcentral gyrus was unusually narrow (compare Figures 1 and 2), 
while on the right it was interrupted by a knob-shaped fold of 
precentral gyrus, or ‘knob’ (K; shaded in Figures 1A,C), that pro-
truded into C, causing the latter’s middle ‘knee’ (genu) to merge 
superfi cially with the postcentral superior sulcus (pts). Although 
this knob of hand motor cortex is usually better defi ned in deeper 
planes (Caulo et al., 2007; Yousry et al., 1997), it sometimes appears 

on the brain’s surface in the perirolandic region as an ‘omega sign’ 
(Bangert and Schlaug, 2006), which was the case for Einstein’s 
right hemisphere (K; Figure 1A). Functional imaging studies on 
normal humans reveal that the knob extends from the surface 
to the base of the precentral gyrus, and is typically larger in the 
hemisphere that is contralateral to the preferred hand (Caulo et al., 
2007; Volkmann et al., 1998). Although Einstein was right-handed 
(Wolff and Goodman, 2007), his superfi cial knob appeared larger 
in the right hemisphere, which may have been related to his musi-
cal training (see below).

My identifi cations of postcentral superior (pts) and inferior 
(pti) are based on their relationship to the intraparietal sulcus (ip) 
(Connolly, 1950). As reported by Witelson et al. (1999b), Einstein’s 
pti, which defi nes the caudal boundary of the postcentral gyrus, 
connected bilaterally with the termination (S) of the ascending 
limb of the posterior Sylvian fi ssure (aSyl), instead of coursing 
separately and more rostral to aSyl as is typical (Figures 1B,C). 
Connolly discusses this variation and notes that, although rare, it is 
more likely to occur on the right hemisphere (Connolly, 1950:210). 
Additionally, he illustrates this pattern in the left hemisphere of 
one child (p. 177).

My identifi cation of the level at which aSyl and pti meet in 
Einstein’s right hemisphere [at the white dot labeled S (the caudal 
termination of the Sylvian fi ssure) in Figure 1C] is noticeably lower 
than Witelson et al.’s (1999b, indicated by arrow in Figure 1C). It 
is not clear when or by whom the arrows were placed on Witelson 
et al.’s photographs, or what methods were used to determine the ter-
minal points of the Sylvian fi ssures. Ideally, one would determine the 
point (S) of confl uence of aSyl and pti by examining their submerged 
morphology (Connolly, 1950; Steinmetz et al., 1990). Einstein’s gross 
brain is no longer available, however, and there is no indication 
that the relevant blocks/sections were analyzed for submerged sulcal 
patterns. My location for right S is based on a number of observa-
tions: In lateral view, the sulcus at this level appears relatively wide 
compared to the medially located and slightly arched pti that merges 
with it, similar to Einstein’s left hemisphere (Figures 1B,C). These 
locations result in lengths and positions of pts and pti that are rela-
tively balanced in the two hemispheres (Figure 1), and yield an aSyl 
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FIGURE 2 | Widths of pre- and postcentral gyri (mm) in left and right 

hemispheres from 25 human cadavers. Mean widths and ranges are 
summarized from Ono et al. (1990, pp. 152–153). S, primary somatosensory 
cortex; M, motor cortex. As illustrated, the range for the medial measurement 
for the right M is 9–22 mm rather than 9–12 mm, which is a typo in Ono et al. 

(C. D. Abernathey, personal communication). Note that, contrary to Einstein’s 
brain in which the postcentral gyri are noticeably wider in their lateral compared 
to medial ends, particularly in the left hemisphere (Figures 1B,C), the widths of 
pre- and postcentral gyri in normal individuals are very similar along their entire 
lengths and manifest little asymmetry between hemispheres.
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DID EINSTEIN HAVE PARIETAL OPERCULA?
Whether or not Einstein had parietal opercula has been debated 
(Galaburda, 1999; Witelson et al., 1999a,b). The term ‘opercu-
lum’ derives from the Latin operire, which means to close or shut 
and refers to a lid or cover. Cortical opercula begin to develop 
around the fi fth month in the human fetus as parietal, temporal 
and, eventually, frontal cortices expand and gradually cover the 
(previously) exposed insula (Connolly, 1950). Normally, the pari-
etal operculum is located between the lateral end of C and the 
termination of aSyl and includes lateral portions of the inferior 
postcentral gyrus (BA 43) and rostral supramarginal gyrus (BA 
40) (Steinmetz et al., 1990) (Figure 3A), although most of it is 
buried on the superior bank within the Sylvian fi ssure (Eickhoff 
et al., 2006).

It is reasonable to speculate that the supramarginal gyrus 
began to develop prenatally in Einstein’s left hemisphere but was 
subsequently divided when pti merged with aSyl, consistent with 
Connolly’s discussion of the order in which prenatal opercula 
and postcentral sulci develop (Connolly, 1950). Numerous land-
marks suggest that the cortex directly rostral to aSyl in Einstein’s 
brain was part of BA 40 and that a separate portion of this area 
also occurred caudal to aSyl above an unnamed sulcus stemming 
from the branching point (B) in the left hemisphere at the junc-
tion of the horizontal limb of the posterior Sylvian fi ssure (hSyl) 
and aSyl (Brodmann, 1909; Eickhoff et al., 2006; Steinmetz et al., 
1990) (Figure 3B). BA 40 and 43 normally share a border near the 
subcentral posterior sulcus (scp) (Brodmann, 1909; Eickhoff et al., 
2006), which is present on Einstein’s left hemisphere and permits 
tentative identifi cation of BA 43 in addition to BA 40 (Figure 3B). 
These observations support Galaburda’s identifi cation of a left pari-
etal operculum in Einstein’s brain (Galaburda, 1999).

Einstein’s right insula is also covered with an operculum that 
probably contained BA 43 which may, or may not, have extended 
onto the brain’s lateral surface (Eickhoff et al., 2006) (Figure 1C). 

that is shorter in the right than left hemisphere, consistent with a 
statistically signifi cant fi nding in a 3D MR study on eight normal 
volunteers (Falk et al., 1991). A descending terminal (dt) portion 
of aSyl appears in Einstein’s right hemisphere (compare with Ono 
et al., 1990:148, photograph C).

The distance between the lateral ends of C and pti (which coin-
cides with S in Einstein’s brain) appears shorter on the right than 
left side, which is consistent with the reported distance of 3.5 cm 
between these two points in Einstein’s left hemisphere and 2.0 cm in 
the right hemisphere [measurement 22 in Witelson et al.’s (1999b) 
Table]. On the other hand, Witelson et al.’s lateral photographs 
of Einstein’s brain (Witelson et al., 1999b:Figures 1B,C) reveal an 
obviously longer distance between the lateral ends of C and pti (=S 
indicated by arrow) on the right, which contradicts measurement 
22 in their Table. The lateral end of Einstein’s left C is also more 
rostral than its counterpart on the right (compare Figures 1B,C, 
this paper), which is another signifi cant asymmetry that charac-
terizes normal people (Falk et al., 1991). These data suggest that 
the correct location for S in Einstein’s right hemisphere is the one 
presented here.

Of 58 brains from normal humans that could be scored bilater-
ally, a pattern of pti connecting with S similar to Einstein’s appeared 
in 8 (13.7%) of the right hemispheres and 1 (1.7%) of the left hemi-
spheres, but never appeared in both hemispheres of the same brain 
(Steinmetz et al., 1990). If one generalizes from this sample and 
makes the assumption that the left and right occurrences are inde-
pendent, then the odds of it occurring on both sides of one indi-
vidual’s brain (as it did on Einstein’s) are 0.137 × 0.017 = 0.002 
(or 0.2 of 1%). Because of this unusual sulcal pattern, Einstein’s 
aSyls were not capped by continuous supramarginal gyri (Figure 3) 
that represent an important language area in the left hemisphere, 
Brodmann’s area 40 (BA 40, Brodmann, 1909). As discussed below, 
this morphology may have been related to Einstein’s delayed acqui-
sition and use of language.
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FIGURE 3 | (A) Typical distribution of Brodmann’s areas 39, 40, and 43 
(Brodmann, 1909). BA 40 constitutes the supramarginal gyrus, which caps 
the fi ssure between B and S. A minimal region that encloses BA 40 may 
be defi ned by the Sylvian fi ssure, and lines that connect the end of scp 
with S and the latter with the end of an unnamed sulcus that extends 

caudally from B. (B) These landmarks are available in Einstein’s left 
hemisphere and enclose an area that probably approximates a minimal 
surface representation of BA 40. A supramarginal gyrus containing 
BA 40 did not cap aSyl, however, because the latter was continuous 
with pti.
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One would need to examine the cytoarchitecture within the  superior 
bank of the Sylvian fi ssure in this hemisphere to determine whether 
the operculum also contained part of BA 40 (Eickhoff et al., 2006). 
Given how the brain was processed, however, it seems unlikely that 
such a study could be done.

DISCUSSION
Exceptional abilities are sometimes manifested in cortical sym-
metries or asymmetries that depart from those of normal controls 
(Amunts et al., 2004). For example, the better performances of 
musicians with perfect pitch are associated with relatively enlarged 
left planum temporale (Schlaug et al., 1995), and early commence-
ment of musical training is sometimes associated with pronounced 
structural differences in hand representations (Schlaug, 2001) that 
are refl ected in cortical sulcal patterns (Bangert and Schlaug, 2006). 
Professional keyboard players have deeper and more symmetrical 
(in terms of depth) central sulci within their sensorimotor hand 
representations than normal controls, which appears to be related 
to increased skill of the nondominant hand as a result of early train-
ing (Amunts et al., 1997; Jancke et al., 1997). The cytoarchitecture 
of BA 44 was more symmetric in the polyglot Emil Krebs than in 
controls, while that of his BA 45 was more asymmetric than theirs 
(Amunts et al., 2004).

Einstein’s brain was characterized by an unusual mixture of 
symmetrical and asymmetrical features. A rare convergence of the 
postcentral sulcus with the Sylvian fi ssure (Steinmetz et al., 1990) 
occurred bilaterally in Einstein’s brain (Witelson et al., 1999b), 
which nonetheless manifested a marked degree of asymmetry in 
the width of the lateral postcentral gyrus that favored the left hemi-
sphere, and a pronounced knob in the right hemisphere. These 
asymmetries together with an atypical lack of uniformity in the 
medial and lateral widths of the pre-and post central sulci (Ono 
et al., 1990) indicate that the gross anatomy of Albert Einstein’s 
brain in and around the primary somatosensory and motor cortices 
was, indeed, unusual.

Musicians have more pronounced cortical knobs than non-
musicians, and right-handed string-players (as opposed to pian-
ists) tend to have differentially pronounced superfi cial knobs on 
their right rather than left hemispheres, especially if they began 
their musical training early in life (Bangert and Schlaug, 2006). 
Correspondingly, somatosensory representations for the left digits 
of right-handed violinists are larger than those of controls (espe-
cially if they began training before the age of 12), presumably 
because their performances engage their left digits more than the 
right ones that manipulate the bow (Elbert et al., 1995). Einstein’s 
differentially enlarged knob (K) on the surface of his right hemi-
sphere is consistent with the fact that he was a right-handed string-
player who took violin lessons from age 6 to 14 years (Bangert 
and Schlaug, 2006; Bucky, 1992). Although there is no proof that 
musical training induces changes in hand representations of musi-
cians, the correlation between early commencement of training 
and pronounced structural differences (Amunts et al., 1997), 
including superfi cially prominent knobs (Bangert and Schlaug, 
2006), suggests that these features developed in response to indi-
viduals’ lifetime experiences (Schlaug, 2001), which does not rule 
out a genetic component.

An earlier report concluded that Einstein’s visuospatial and 
mathematical cognition may have been infl uenced by relatively 
expanded parietal regions (Witelson et al., 1999b). Recent neu-
roanatomical and functional imaging studies suggest, further, 
that cortical features reported here may also have been related to 
Einstein’s self-reported preference for thinking in sensory impres-
sions including visual images rather than words (Einstein, 1970). 
Normally, BA 40 is one continuous region that is involved with 
short-term maintenance of phonemes and syllables during language 
tasks (Galaburda et al., 2002), and damage to the left supramarginal 
gyrus and its underlying white matter may result in a profound 
disability in which ‘words are no longer a means of expression of 
thoughts, although the individual may still be capable of think-
ing’ (Crosby et al., 1962). It is therefore tempting to speculate that 
the unusual superfi cial cleaving of BA 40 and seamless melding 
of its rostral portion with the postcentral gyrus in Einstein’s left 
hemisphere (Figures 1B and 3B) may have been associated with 
his well-known delay at acquiring language and the fact that he 
repeated sentences to himself softly until the age of about seven 
(Wolff and Goodman, 2007).

As an adult, Einstein famously observed that ‘the words or the 
language, as they are written or spoken, do not seem to play any 
role in my mechanism of thought. The psychical entities which 
seem to serve as elements in thought are certain signs and more 
or less clear images which can be ‘voluntarily’ reproduced and 
combined’ (Hadamard, 1945). Einstein laughed when informed 
that many people always think in words (Wertheimer, 1959), 
and emphasized that concepts became meaningful for him ‘only 
through their connection with sense-experiences’ (Einstein, 1970). 
He was a synthetic thinker. Family members and friends have docu-
mented that, when stuck on a physics problem, Einstein would 
play the violin until, suddenly, he would announce excitedly, ‘I’ve 
got it!’ (Bucky, 1992). It is interesting to contemplate that such 
synthesizing may have contributed to Einstein’s insights, and that 
his extraordinary abilities may, to some degree, have been associ-
ated with the unusual gross anatomy of his cerebral cortex in and 
around the primary somatosensory and motor cortices. Although 
these views are speculative, the identifi cations of previously unrec-
ognized cortical morphology on Einstein’s brain will, hopefully, 
be of use to future scholars who have access to new information 
and methodologies.
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