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Morphological analysis
of the skull shape in craniosynostosis
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Craniosynostosis represents premature suture fusion of the fetal and neonatal skull. Pathogenesis of craniosynostosis is complex
and probably multifactorial. Growth of skull bones is strictly connected with the expanding growth of the brain and cranial malfor-
mations or prematurely fused sutures cause abnormal head shape. In order to diagnose the craniosynostosis, physical examination,
plain radiography, and computed tomography with 3D reconstructions are indispensable. Engineering software such as Mimics v.13.1
and 3-matic v.5.0 enables a 3-dimensional model of head to be generated, based on the pictures obtained from CT. It is also possible
to indicate the distances between the characteristic anatomical points. These measures are helpful during planning the neurosurgical
correction of the skull, because the possibility of strictly specifing incisions before surgery, which is very important to provide the
maximal safety of a child.
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1. Introduction

Craniosynostosis represents premature suture fu-
sion of the fetal and neonatal skull. It occurs in ap-
proximately 1 per 2,000 live births. Most forms of
craniosynostosis are isolated and not associated with
any other conditions, and are therefore nonsyndro-
mic. On the other hand, the pathogenesis of cranio-
synostosis is complex and probably multifactorial.
The cause of craniosynostosis may lie either in pri-
mary suture abnormalities, sufficient extremes of
forces that overcome the underlying expansive forces
of the brain, inadequate intrinsic growth forces of the
brain, or in various genetic and environmental fac-
tors [4]–[6]. Craniofacial skeleton is composed of
bones, cranial sutures and connective tissues. Be-
cause the growth of skull bones is strictly connected

with the expanding growth of the brain, an abnormal
head shape resulting from cranial malformations or
prematurely fused sutures (craniosynostosis) in in-
fants is a diagnostic and therapeutic challenge [3]. It
is important make an objective evaluation of de-
formity as soon as possible, because untreated pro-
gressive craniosynostosis can stunt to brain growth
and can increase intracranial and intraorbital pressure
[2], [3], [5].

2. Methods

The diagnosis of craniosynostosis is based on
physical examination, plain radiography, and com-
puted tomography with 3D reconstructions. The
classification of craniosynostosis depends on the
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shape of the skull, which usually reflects the un-
derlying prematurely fused suture or sutures. There
are a few types of deformations [1] according to
which sutures have fused. They are presented in
figure 1.

a)     b) 

c)      d) 

Fig. 1. Types of nonsyndromic craniosynosostosis:
a) scaphocephaly, b) trigonocephaly,

c) brachycephaly, d) anterior plagiocephaly [1]

The radiodiagnosis of craniosynostosis is used to
define quantitatively anatomic anomalies, to plan sur-
gical procedures, and, first of all, to demonstrate the
difference between stenosed and nonstenosed sutures
to parents. Engineering software such as Mimics
v.13.1and 3-matic v.5.0 can generate a 3-dimensional
model of head, based on the pictures obtained from
CT (figure 3). It is also possible to indicate the dis-
tances between the characteristic anatomical points.
These measures are helpful during planning the neu-
rosurgical correction of the skull, because of the pos-
sibility of strictly specifying incisions before surgery,
which is very important to provide the maximal safety
of a child.

The proposed procedure of preoperative planning
in craniosynostosis surgery is presented in figure 2.

3. Results

In the first step of analysis, we obtained two 3D
geometrical models of the skull, before and after the
surgery. These models allowed us to perform the
simulations of bone thickness (figure 4) and also to
generate the characteristic cross-sections based on the
parallel planes crossing the points of nasal bone and
occipital bone (N–P in the figures 5, 6).

Fig. 2. Schema of the process examining patient with scaphocephaly

          

Fig. 3. Preoperative neurosurgical planning of the whole calvaria correction
in case of premature closure of sagittal suture
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In these plans, many measurements were carried
out to evaluate abnormal head shape based on the
distance (in mm) from one point on the skull to an-
other (figure 7, table 1).Comparison of the anthro-
pometric data on the right and left sides was pre-
sented in figure 6 and in table 2. The most significant
measures used in this initial evaluation are: skullbase
asymmetry, cranial vault asymmetry, orbitotragial
depth, and cephalic index. The values of indices for

the skull before and after surgery were calculated as
follows:

op)  (glength  skull
eu.l) (eu.r  width skull index  Cephalic

−
−

= . (1)

The scaphocephalic indices obtained for the skull
before and after surgery were presented in table 3 and
in figure 8.
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Fig. 4. Simulations of the skull thickness in 3-matic: a) before surgery, b) after surgery
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Fig. 5. Cross-sections of skull before the surgery (a),
models of head before (inside) and after (outside) the surgery (b)

a)     b) 

Fig. 6. Cross-section B–B before the surgery (a),
selected results of measurement in 3-matic software (b)
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Fig. 7. Skull landmarks

Fig. 8. Values of skull indices before and after surgery

Table 1. Description of skull landmarks

Landmarks Description
ba basion
br bregma
l lambda
n nasion
s sella

eu.l
eu.r

euryon left
euryon right

g glabella
op opisthocranion

petp.l
petp.r

petrous posterius left
petrous posterius right

spa.l
spa.r

sphenoidale anterior left
sphenoidale anterior right

Table 2. Measurements for the skull shape

Measurement Description Before the surgery
(mm)

After the surgery
(mm)

eu.l-eu.r maximum cranial width 85.8 128.3
g-s posterior cranial base length 21.3 111.3
petp.l-petp.r posterior cranial fossa width 67.4 89.4
l-ba posterior cranial valut height 87.2 120.6
spa.l-petp.l left lateral middle cranial fossa length 39.9 50.7
spa.r-petp.r right lateral middle cranial fossa length 13.8 58.1
s-ba posterior cranial base length 65.1 56.5
br-ba cranial height 68.8 155.1
g-op maximum cranial length 91.7 157.8
l-n cranial valut length 58.7 166.3
s-n anterior cranial base length 137.8 64.7
spa.l-spa.r anterior cranial base width 33.7 40.1
br-n anterior cranial valut height 155.5 103.8
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4. Discussion

In this paper, their authors wanted to show the pos-
sibility of carrying out anatomical, pathomorfological,
preoperative and postoperative analyses with the appli-
cation of modern 3D modelling methods. We present
the aforementioned analyses in the child with scapho-
cephaly. Until now, more than 60 children with single
suture and complex craniosynostoses were provided
with neurosurgical planning and treatment with the
application of engineer support, especially the children
with premature closure of sagittal or metopic sutures. In
all cases, we obtained informed consent from parents.
The aim of this paper was to show and explain the

methods applied in case of scaphocephaly. The analysis
of surgical results of the whole group of operated chil-
dren will be the topic of the next paper after collecting
whole data with an appropriate follow-up.

The main purpose of the skull correction in cranio-
synostosis cases is to reopen the cranial suture in or-
der to free the growing skull. Closed sutures not only
provoke deformation of the skull calvaria and skull
base, but also can bring about local intracranial hy-
pertension. This means that after a successful surgery
the skull grows and can expand sufficiently under the
sustained stress generated by brain [2]–[5].

For a proper skull reconstruction the sequence of
bone osteotomies and repositioning are required. During
the surgery, the pieces of bone that have been taken out

Table 3. Values of indices for the skull

Indices/ratio Description Before
surgery

After
surgery

op-s
petp.r-petp.l

index of length and width 0.317 0.245

Po
st

er
io

r
cr

an
ia

l f
os

sa
l-ba
op-s

index of height and length 0.804 0.923

spa.l-petp.l
eu.r-eu.l

index of left length and width 0.466 0.396

spa.r-petp.r
eu.r-eu.l

index of right length and width 0.161 0.453

ba-s
eu.r-eu.l

index of height and width 0.758 0.440

l-n
g-op

index of length and width maximum
cranial length 0.685 0.771

l-n
eu.r-eu.l

index of length and width 0.640 0.685

ba-br
g-op

index of height and length 0.333 0.018

ba-br
eu.r-eu.l

index of height and width 0.802 0.827

M
id

dl
e 

cr
an

ia
l f

os
sa

eu.r-eu.l
g-op

cephalic index 0.935 0.813

s-n
eu.r-eu.l

index of height and width 0.623 0.504

s-n
g-op

index of height and length 0.666 0.410

ba-br
eu.r-eu.l

index of height and width 0.802 0.827

spa.r-spa.l
eu.r-eu.l

index of width 0.393 0.312

n-s
spa.r-spa.l

index of inferior height and width 0.245 0.618A
nt

er
io

r c
ra

ni
al

 fo
ss

a

n-br
spa.r-spa.l

index of superior height and width 0.217 0.385
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of the skull need to be often bent before they can actually
be used in its reconstruction, especially in most recon-
structions of the orbital rim. Because of the complexity
of the surgery as a whole, preoperative planning is un-
avoidable [2], [3], [5]. Up to now, neurosurgeons during
preoperative planning of bones’ correction based on their
own knowledge and experience. The measurements
performed complement full neurological and neurosur-
gical diagnosis in children with craniosynostosis. By
measuring the parameters specified in the paper, sur-
geons are able to estimate cranial malformations better
than in a conventional way. This is very important re-
garding the etiopathogenesis of possible neurological
consequences in case of high intracranial pressure. The
results obtained are helpful in the context of making
decision about the method of cranioplasty of the cranial
vault. Virtual models can help in the better imagination
of the skull shape and its crucial details such as sutures
and foramina. The models play an important role in pre-
operative planning of neurosurgical cranial reconstruc-
tion, especially in terms of ranges, angles and proper
contours of osteotomies.

Acknowledgement

The research is supported by Polish Ministry of Science and
High Education, project No. N R03 0063 06.

References

[1] Erlanger Health System Tennessee Craniofacial Center, 1997,
No. 1(800), 418–3223.

[2] GZIK M., WOLAŃSKI W., TEJSZERSKA D., GZIK-ZROSKA B.,
KOŹLAK M., LARYSZ D., Interdisciplinary researches sup-
porting neurosurgical correction of children head deforma-
tion, Modelling and Optimization of Physical Systems, 2009,
No. 8, 49–54.

[3] HAYWARD R., JONES B., DUNAWAY D., EVANS R., The clinical
management of craniosynostosis, Mac Keith Press, 2004.

[4] KABBANI H., RAGHUVEER T.S., Craniosynostosis, American
Family Physician, 2004, Vol. 69.

[5] SUN P.P., PERSING J.A., Craniosynostosis. Principles and
practice of pediatric neurosurgery, New York Thieme Medi-
cal, 1999, 219–242.

[6] ZEIGER J.S., BEATY T.H., HETMANSKI J.B., Genetic and envi-
ronmental risk factors for sagittal craniosynostosis, J. Cra-
niofac, Surg., 2002, 13, 602–606.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


