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Abstract: Rare diseases are a challenge in paleopathological research, mainly due to the ambiguity of skele-
tal signs, bad preservation state of the material, and lack of the reference material. The aim of our article is 
to present the skull characterized by the decreased values of the metrical traits and numerous pathological 
features of the cranial morphology and make an attempt to determine the possible cause of the observed 
anomalies.
The subject of our study is a cranium No KP 131 belonging to Polish skeletal collection named „Polish 
Kingdom”. We used both standard anthropometric methods, as well as the imaging techniques to detect 
the probable causes of the observed pathological changes.
This specimen presents a complex of pathologies. Decreased values of the metrical features, thinning of 
the lateral walls of the neurocranium and the presence of platybasia were probably caused by premature 
closure of all main cranial sutures.
Pathologies observed in cranium No 131 XIX might have had a common cause in some form of syndromic 
disorders.
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Introduction

Craniosynostosis (CS) is a condition in 
which one or more of cranial vault su-
tures fuse prematurely which usually 
leads to significant deformations of the 
neurocranium. There are several types of 
craniosynostosis, depending on how 
many and which sutures are involved. 
The most common type is sagittal cra-
niosynostosis, followed by unicoronal, 
bicoronal, metopic, and lambdoid cranio-
synostosis (Buchanan et al. 2017). 

The most severe form of craniosyn-
ostosis, pancraniosynostiosis, is charac-
terized by premature fusion of three or 
more main cranial sutures (Foo et al. 
2010). This form of complex synostosis 
may manifest early in the postnatal de-

velopment, eg. in a form of deformation 
called clover leaf skull (kleeblattschädel) 
(Fonesca and Borém 2014) or may devel-
op later in the postanal life resembling 
features observed in microcephaly: a 
markedly small head, but with normal 
proportions (Blount et al. 2007).

The main purpose of this paper is to 
present a rare case of a skull character-
ized by decreased values of the metric 
traits, and other pathological features 
that can be attributed to a unique form 
of pancraniosynostosis – progresive post-
natal pansynostosis (PPP). 

Materials and methods
The object of the study is a skull which is 
a part of cranial series named “Królestwo 

Fig. 1. The preservation state of the cranium labelled KP 131 XIX
a) Photograph showing the anterior aspect of the KP131, b) Left lateral view of the cranium No 131 KP XIX 
showing the closure stage of the cranial sutures, c) 3D – CT image of the cranium KP 131 XIX (anterior 
aspect), d) lateral aspect; note the undisturbed proportionality between the splanchocranium and neurocrani-
um of the skull.
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Table 1. The values of the variables of the skull No KP131

Definition of the variables Value 
Measurements 

CC = Cranial capacity (ml) 950
OFC occipito-frontal circumference between the glabella and opisthocranion points (mm) 442
g-op (M1) maximal cranial lenght (mm) 149
eu-eu (M8) maximal cranial breadth (mm) 125
ba-b* (M17) height of the cranium (mm) 107
n-ba (M5) external lenght of the skull base (mm) 81
ast-ast (M12) biasterionic breadth (mm) 101
l*-o (M31) occipital sagittal chord (mm) 77
ba-o (M7) length of the foramen magnum (mm) 31
breadth of the foramen magnum (M16) (mm) 25
fmt-fmt (M43) outer biorbital breadth (mm) 91
ft-ft (M9) least frontal breadth (mm) 83
ek-ek (M44) (mm) 85
mf -mf (M50) anterior interorbital breadth (mm) 16
orbital height (M52) (left) (mm) 32
mf-ek (M51) orbital breadth (left) (mm) 37
zm-zm (M46) bimaxillary breadth (mm) 78
zy-zy (M45) bizygomatic breadth (mm) 111
apt-apt (M54) nasal breadth (mm) 17
n-ns (M55) nasal height (mm) 43
ba-pr* (M40) basion-prosthion length (mm) 77
n-pr* (M48) upper facial height (mm) 59
ol-sta (M62) internal palatal length (mm) 33

Indices
(eu-eu/g-op) x 100 83.89
(ba-b*/g-op) x 100 71.81
(ba-b*/eu-eu) x 100 85.60
(n-pr*/zy-zy) x 100 53.15
(orbital height /mf-ek) x 100 (left) 86.49
(n-pr*/zm-zm) x 100 75.64
(zy-zy/eu-eu) x 100 88.0
(ft-ft/zy-zy) x 100 74.77
(apt-apt/n-ns) x 100 39.53
GN measure of the neurocranium size = geometric mean of three measurements: g-op, 
eu-eu, ba-b

125.84

GS measure of the splanchnocranium size – the geometric mean of three measurements: 
n-pr*, zy-zy, ol-sta

60.01

GS/GN relative size of the splanchnocranium 0.48
V – po × 100/OFC acrocephalic index = (vertex-porion chord/OCF) 24.89

*the location of the craniometric point was estimated; # index proposed by Oostra et al. (2005); the numbers in 
parentheses following to Martin and Saller (1957) description. The values of indices are dimensionless.
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Polskie, XIX w.” (Polish Kingdom, 19th 
century), belonging to the osteological 
collection of the Department of Anthro-
pology, L. Hirszfeld Institute of Immunol-
ogy and Experimental Therapy of the Pol-
ish Academy of Sciences in Wrocław. Skull 
No 131 was in a good state of preserva-
tion but lacked the mandible (Fig. 1a–d). 
The postcranial elements of the skeleton 
were also absent. To clarify the archaeo-
logical background of this skull, the radio-
carbon dating procedure had been carried 
out. Results of the 14C calibration dates 
range between the years 1686 and 1927 
with the probability at the level of 95.4%.

The sex of the individual was estimat-
ed as a female, according to the method 
established by Ferembach and Schwide-
tzky (1980). Based on the presence of 
the right third permanent molar in the 
maxilla and fused spheno-occipital syn-
chondrosis (Fig. 1a–d), it can be conclud-
ed, that cranium No 131 belonged to an 
individual who was an adult at the time 
of death.

The standard cranial measurements 
of cranium No 131 were taken with slid-
ing and spreading calipers according to 
Martin and Saller (1957) method. To 
measure the volume of the neurocranium, 
linseed was used (Breitinger 1936). Sev-
eral indices describing the shape of the 
neurocranium and splanchnocranium, the 
size of the splanchnocranium in relation to 
the size of the neurocranium, as well as the 
acrocephalic index described by Oostra et 
al. (2005) were also calculated (Table 1).

The CT analysis and 3D–CT recon-
structions of the examined skull were 
also performed for a more accurate as-
sessment of the relation between the cra-
niofacial structures and the neurocranium 
(Fig. 1c–d). To detect platybasia in the ex-
amined skull, the value of the Welcher’s 
basal angle was calculated. A value of this 

angle greater than 140° indicates the pres-
ence of platybasia (Canon, Canon 2009, 
Harnsberger et al. 2006). Klaus’s index, 
which allows estimating the degree of the 
basilar invagination was also calculated. 

Results
Skull No 131 has rounded and regular 
shape of the neurocranium and almost 
complete fusion of all cranial sutures. 
The horizontal circumference is only 442 
mm and intracranial volume is only 950 
ml, thus the skull is metrically and visu-
ally smaller than other skulls from the 
Polish Kingdom series (Fig. 2a–b).

In the frontal view of the skull, large, 
rhomboid in shape and symmetrical or-

Fig. 2. Comparison between skull No 131 XIX and 
another skull from the Polish Kingdom series

a) anterior aspect – KP 131 XIX on the right, b) lat-
eral aspect (KP 131 XIX in the background).
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bits are visible. The frontal bone is round 
and upright with prominent frontal 
eminences. The facial profile is slightly 
prognathic with strongly prominent na-
sal bones and slightly upturned anterior 
nasal spine (Fig. 1 and 2).

Most of the individual’s dentition was 
lost post-mortem and some teeth ante 
mortem due to the pathological inflam-

matory processes caused by oral health 
problems. Only two of all the teeth (two 
permanent molars) had been left in the 
upper arch.

The lateral walls of the neurocranium 
show a significant degree of thinning. 
Bone tissue within the larger wing of the 
sphenoid (particularly left) (Fig. 3a) and 
roofs of the orbits is regionally translu-

Fig. 3. The thinning within the neurocranium of the KP 131 XIX
a) Close-up photograph showing thinning within left greater wing of the sphenoid bone, with visible trans-
lucencies, b) Photograph showing the thinning of the upper roof of the left orbit.

Fig. 4. Abnormalities in the cranial vault thickness
a) CT scan image showing thinning of the lateral walls of the neurocranium (coronal slice); note extensive 
lesions of inflammatory origin within the maxilla (marked with an arrow), b) CT scan showing lateral 
thinning of the cranium (horizontal slice)
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cent (Fig. 3b). The thinning was also vis-
ible on the CT scans as grooving of the 
internal laminae of both temporal squa-
mae, with more intensive on the left side 
(Fig. 4a–b); the occipital squama was 
also symmetrically thinned.

The Welcher’s angle value is 141.7° 
which confirms the presence of platybasia 
and the foramen magnum lies significantly 
higher in relation to the bimastoid line. 
Additionally, it is situated asymmetrical-
ly, about 5 mm higher on the right side 
(Koenigsberg et al. 2005). The low value 
of Klaus’s index – probably less than 30 
mm (between 24.3 and 30.0 mm) indi-
cates an increased depth of the posterior 
cranial fossa and confirms the presence 
of the basilar invagination (Canon, Can-
on 2005, Yochum, Rowe 2011) (Fig. 5).

Discussion
Rare diseases are a challenge in paleop-
athological research, mainly due to the 
ambiguity of skeletal signs, bad preserva-
tion state of the osteological material and 
lack of the reference material. There are 
not many publications dedicated to the 
anomalies of the cranial sutures’ obliter-
ation and most of them relate to the sin-

gle suture synostosis (Giuffra et al. 2011, 
Skrzat et al. 2014, Évinger et al. 2016). 
Archaeological cases referring to pancra-
niosynostosis are extremely rare mainly 
due to the fact that there are difficulties 
in distinguishing pancraniosynostosis 
from some forms of microcephaly. Oostra 
et al. (2005) define it as a “chicken-ver-
sus-egg” problem as it is not always clear 
whether microcephaly may be the cause 
of the craniosynostosis although there 
are reports regarding multisuture CS as 
a cause of microcephaly.

It should be noted that most shape 
anomalies can also result from other, 
non-suture-related conditions, most of 
which have a postnatal, exogenous cause 
(Oostra et al. 2016). For instance, it has 
been proved that hypophosphatemic 
rickets is associated with synostosis of 
the single suturae (especially sagittal, 
lambdoid and coronal), as well as the 
pancraniosynostosis (Vega et al. 2016).

In the case of KP 131 XIX, small OFC 
and lower cranial capacity existed togeth-
er with the features of elevated intracra-
nial pressure (ICP) that caused the re-
modelling of the fronto-lateral segments 
of the neurocranium. Platybasia was also 
observed in the examined skull and this 

Fig. 5. CT scans based measurements
a) basal angle measurements, b) asymmetrical localization of the occipital condyles and their elevation 
above the line connecting the tips of the mastoid processes, c) presence of the basilar invagination.
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pathology is usually recognized as a char-
acteristic sign of Arnold Chiari malforma-
tions frequently associated with higher 
values of ICP (McClugage, Oakes 2019).

The above-described features indicate 
that the cranial sutures must have been 
closed while the brain was still expand-
ing, and pathological changes caused by 
increasing ICP occurred during the post-
natal growth of the cranium. This situa-
tion corresponds with the clinical picture 
of progressive postnatal pancraniosyn-
ostosis (PPP) which occurs late during 
an individual’s ontogeny and typically 
presents with signs of increased intracra-
nial pressure with rather normal, albeit 
smaller than average head size (Wood et 
al. 2015).

PPP may have various backgrounds 
and is frequently observed as a syndromic 
form, especially in Crouzon’s syndrome, 
Apert’s syndrome, or Pfeiffer’s syndrome 
which are associated with mutations in 
FGRFR genes (Blount et al. 2007). An-
other group of syndromes associated 
with multiple sutures craniosynostosis 
is related to ERF genes which can be 
characterized by a wide spectrum of de-
velopmental disorders including a great-
er tendency to multisutural synostosis. 
According to Glass et al. (2019), ERF-re-
lated craniosynostosis may develop after 
birth in the first few years, evolve insidi-
ously, and be associated with a relatively 
normal head shape.

Conclusions
Cranium No 131 presents a complex of 
pathologies. Potentially all of them, es-
pecially decreased values of the metric 
traits, thinned lateral regions of the neu-
rocranium and platybasia may have had 
a common cause in some form of syn-
dromic disorders. 
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