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Introduction

Grow ing s k ull fracture  (GSF) is  als o te rm e d as  cranio-
ce re bral e ros ions . It occurs  in 1%  of line ar s k ull frac-
ture s . It is  s us taine d unde r 3 ye ars  of age . It can
pre s e nt m any ye ars  late r w ith  h e adach e , h e m ipare s is
and s e iz ure s . Th e re  is  progre s s ive  e nlarge m e nt of
th e  fracture  line .1 It is  te rm e d le ptom e ninge al cys t
due  to fre q ue nt as s ociation cys tic m as s  fille d w ith
CSF. 2 Its  e xact e tiopath ological proce s s  is  not k now n.
H ow e ve r, dural te ar is  th e  m os t im portant factor in
its  path oge ne s is . Four e s s e ntial fe ature s  are  obs e rve d
in th e  grow ing facture  of s k ull - a) Sk ull fracture  in
infancy or e arly ch ildh ood, b) dural te ar at th e  tim e
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Grow ing s k ull fracture  (GSF) is  als o te rm e d as  cranio-ce re bral e ros ions , le ptom e ninge al cys t, ce ph aloh ydrocoe le ,
traum atic m e ningoce le , m e ningoce le  s puria and ps e udoe nce ph aloce le . It occurs  in 1%  of line ar s k ull fracture s .
9 0%  of patie nts  are  be low  th e  age  of 3 ye ars  and 50%  of patie nts  are  be low  th e  age  of 1 ye ar. Th e  condition is
rare  afte r th e  age  of 3 ye ars . Grow ing s k ull fracture s  com m only involve d calvarial bone s . Etiologie s  include  fall,
ve h icular accide nt and ch ild abus e . Rare  caus e s  are  corre ctive  s urge rie s  for cranios ynos tos is  and follow ing
difficult vacuum  e xtraction and afte r burr h ole  place m e nt. An im portant factor in its  path oge ne s is  is  a s k ull fracture
w ith  its  dural te ar and e ntrapm e nt of arach noid m e m brane  and brain tis s ue  w ith in fracture  m argin. Till now  only
9  re ports  of GSF afte r corre ctive  s urge ry for cranios ynos tos is  h ave  be e n re porte d. W e  re port a cas e  of an 11 -
m onth  old m ale  ch ild, a k now n cas e  of Crouz e n’s  s yndrom e  w h o w as  ope rate d pre vious ly for cranios ynos tos is
by bifrontal craniotom y, fronto-orbital advance m e nt and righ t frontal ve ntriculo-pe ritone al (VP) Sh unting. H e
pre s e nte d w ith  m ultiple  e xtracranial lobulate d s oft tis s ue  s w e llings . Com pute d tom ograph y of th e  brain s h ow e d
dilatation of both  late ral ve ntricle s . Cranial vault w as  de form e d in s h ape  due  to cranios ynos tos is . Coppe r be ate n
s k ull s ugge s tive  of rais e d intracranial te ns ion w as  note d. Multiple  de fe cts  w e re  note d in th e  cranial vault in
bilate ral fronto-parie tal re gions  th rough  w h ich  h e rniation of CSF fille d s tructure s  w e re  note d s ugge s tive  of
ps e udom e ningoce le s .
Ke yw ords : Cranios ynos tos is , grow ing s k ull fracture , pore nce ph alic cys t, dural de fe ct, ps e udom e ningoce le ,
le ptom e ninge al cys t.
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of fracture , c) Brain injury unde rlying th e  fracture ,
and d) progre s s ive  e nlarge m e nt of fracture  w ith
re s ultant incre as e  in s iz e  of cranial de fe cts .3

It w as  firs t de s cribe d by H ow s h ip in 1816. 9 0%  of
patie nts  are  be low  th e  age  of 3 ye ars  and 50%  of
patie nts  are  be low  th e  age  of 1 ye ar. Th e  condition
is  rare  afte r th e  age  of 3 ye ars . Grow ing s k ull fracture s
com m only involve d calvarial bone s . Rare ly orbital
roof and bas iocciput can be  involve d.4

Cas e  Re port

11- m onth  old m ale  ch ild pre s e nte d w ith  vom iting
and difficulty in bre ath ing and de cre as e d activity. H e



w as  a k now n cas e  of s yndrom ic cranios ynos tos is  -
Cruoz e n’s  s yndrom e  w ith  VP s h unt in s itu. Th e  ch ild
h ad a full te rm  norm al de live ry, crie d im m e diate ly
afte r birth . Th e re  w as  no h is tory of ne onatal  ICU
adm is s ion. Ante natal ultras onograph y (USG) s h ow e d
abnorm al s h ape  of th e  h e ad at 7 m onth s .
Th e re  w as  prior h is tory of bifrontal craniotom y, fronto-
orbital advance m e nt follow e d by righ t frontal ve ntriculo-
pe ritone al (VP) s h unt and re pos itioning of righ t VP
s h unt. Th e  ch ild now  pre s e nte d w ith  m ultiple  s w e llings
in s k ull and incre as e d h e ad s iz e . Pos t-ope rative  plain
CT of th e  brain s h ow e d m ode rate  dilatation of both
late ral ve ntricle s  and 3rd ve ntricle  w ith  e fface m e nt of
bas al cis te rns  and s ulcal s pace s  w h ich  h ad incre as e d
as  com pare d to pre ope rative  CT s can. Th e re  w e re
ch ange s  of e nce ph alom alacia in bilate ral fronto-
parie tal re gion w ith  e x- vacuo dilatation of bilate ral
frontal h orns .
3D CT s h ow e d com pound cranios ynos tos is  w ith
pre m ature  clos ure  of bilate ral coronal s uture s  , partial
fus ion of bilate ral lam bdoid s uture s   and s agittal
s uture . Th e  Coppe r be ate n appe arance  of a s k ull and
bilate ral h arle q uin e ye s  w e re  obs e rve d.
CT Brain (Fig. 1-7) s h ow e d dilatation of both  late ral
ve ntricle s . Bilate ral frontal h orns  w e re  m ore  dilate d
and pulle d ante riorly, 3rd ve ntricle  s h ow e d m ild
dilatation, 4th  ve ntricle  w as  norm al in s iz e . VP s h unt
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w as  note d in s itu w ith  its  tip in righ t frontal h orn.
Cranial vault w as  de form e d in s h ape  due  to cranio-
s ynos tos is . Scalloping w as  note d along an inne r table
of cranial vault on e ith e r s ide  in fronto-te m poro-
parie to - occipital re gion - s ugge s tive  of Coppe r be a-
te n s k ull - s ugge s tive  of rais e d intracranial te ns ion
(ICT). Multiple  de fe cts  w e re  note d in th e  cranial vault
in bilate ral fronto-parie tal re gion. Large s t de fe ct in
th e  righ t parie tal bone  m e as ure d 2.4 cm  and large
de fe ct in th e  le ft parie tal bone  m e as ure d 2.2 cm . W e ll
de fine d fluid de ns ity le s ions  (CT value  0-5 H U) w e re
note d e xte nding th rough  th e s e  bony de fe cts  in

Figure  1: Plain CT Brain axial s h ow e d dilatation of both  late ral
ve ntricle s . Bilate ral frontal h orns  w e re  m ore  dilate d and pulle d

ante riorly. Cranial vault w as  de form e d in s h ape  due  to
cranios ynos tos is . Multiple  de fe cts  w e re  note d in th e  cranial vault

in bilate ral fronto-parie tal re gion.

Figure  2: Plain CT Brain axial s h ow e d dilatation of both  late ral
ve ntricle s . Cranial vault w as  de form e d in s h ape  due  to

cranios ynos tos is . Multiple  de fe cts  w e re  note d in th e  cranial vault
in bilate ral fronto-parie tal re gion w ith  m ultiple

ps e udom e ningoe nce ph aloce le s  e xte nding th rough  th e s e  bony
de fe cts .

Figure  3: Plain CT Brain coronal s e ctions  s h ow e d dilatation of
both  late ral ve ntricle s . Cranial vault w as  de form e d in s h ape  due
to cranios ynos tos is . Multiple  de fe cts  w e re  note d in th e  cranial

vault in bilate ral fronto-parie tal re gion w ith  m ultiple
ps e udom e ningoe nce ph aloce le s  e xte nding th rough  th e s e  bony

de fe cts .



e xtracranial s oft le s ions  w ith  re s ultant e xtracranial
lobulate d s oft tis s ue  s w e llings . Th e y m e as ure d approx.
54 x 37 x 49  m m  on righ t s ide  and 82 x 47 x 82 m m
on th e  le ft s ide . Th e s e  s h ow e d m ultiple  tiny s e ptations .
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Th e re  w as  h igh  s us picion of th e  com m unication w ith
th e  occipital h orn and body of both  late ral ve ntricle s .
Th e re  w as  th inning of brain pare nch ym a in bilate ral
fronto-parie tal re gion. Th e re  w as  a fus ion of coronal,
lam bdoid and s agittal s uture  - s ugge s tive  of cranio-
s ynos tos is  -  Cruoz e n’s  s yndrom e . Diagnos is  of
grow ing fracture  w ith  dural de fe cts  w ith  ps e udom e nin-
goce le  and pore nce ph alic cys t w as  m ade .
CT Ve ntriculograph y (Fig. 8-10) w as  done  by inje cting
non- ionic contras t th rough  th e  drain in righ t frontal
h orn. Th e  fluid de ns ity le s ions  e xte nding th rough
bony de fe cts  w e re  opacifie d w ith  contras t on Ve ntri-
culograph y s ugge s tive  of com m unication of pore n-
ce ph alic cys ts  w ith  th e  ve ntricle s . Trans ve rs e  diam e te r
of bifrontal re gion w as  w ide ne d as  com pare d to
bilate ral parie to- occipital re gion. Diagnos is  of grow ing

Figure  6: CT s can of brain s agittal  at bone  w indow s  - Cranial
vault w as  de form e d in s h ape  due  to cranios ynos tos is  w ith  coppe r
be ate n s k ull. Multiple  de fe cts  w e re  note d in th e  cranial vault in

bilate ral fronto-parie tal re gion.

Figure  4: Plain CT Brain s agittal s e ctions  - s h ow e d dilatation of
both  late ral ve ntricle s . Cranial vault w as  de form e d in s h ape  due
to cranios ynos tos is . Multiple  de fe cts  w e re  note d in th e  cranial

vault in bilate ral fronto-parie tal re gion w ith  m ultiple
ps e udom e ningoe nce ph aloce le s  e xte nding th rough  th e s e  bony

de fe cts .

Figure  5: CT s can of brain coronal at bone  w indow s  -Cranial
vault w as  de form e d in s h ape  due  to cranios ynos tos is  w ith  coppe r
be ate n s k ull. Multiple  de fe cts  w e re  note d in th e  cranial vault in

bilate ral fronto-parie tal re gion.

Figure  7: 3D CT - Cranial vault w as  de form e d in s h ape  due  to
cranios ynos tos is  w ith  coppe r be ate n s k ull. Multiple  de fe cts  w e re

note d in th e  cranial vault in bilate ral fronto-parie tal re gion.



fracture s  w ith  dural de fe cts  w ith  h e rniation of pos te rior
portion of both  late ral ve ntricle s  th rough  bony de fe cts
w as  give n.
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MRI Brain (Fig. 11-15) s h ow e d m ark e d th inning of
brain pare nch ym al in bi - frontal re gion s upe rior to
dilate d late ral ve ntricle s .  Multiple  de fe cts  w e re  note d
in th e  cranial vault in bilate ral fronto-parie tal re gion
w ith  h e rniation of CSF fille d s tructure s  - s ugge s tive
of m e ningoe nce ph aloce le s .

Figure  8: CT Ve ntriculograph y axial s e ctions  - th e  fluid de ns ity
le s ions  e xte nding th rough  bony de fe cts  w e re  opacifie d w ith  contras t
on Ve ntriculograph y s ugge s tive  of com m unication of pore nce ph alic

cys ts  w ith  th e  ve ntricle s .

Figure  9 : CT Ve ntriculograph y coronal s e ctions  -th e  fluid de ns ity
le s ions  e xte nding th rough  bony de fe cts  w e re  opacifie d w ith  contras t
on Ve ntriculograph y s ugge s tive  of com m unication of pore nce ph alic

cys ts  w ith  th e  ve ntricle s .

Figure  10:  CT Ve ntriculograph y s agittal  s e ctions  -th e  fluid de ns ity
le s ions  e xte nding th rough  bony de fe cts  w e re  opacifie d w ith  contras t
on Ve ntriculograph y s ugge s tive  of com m unication of pore nce ph alic

cys ts  w ith  th e  ve ntricle s .

Figure  11:  MRI Brain axial T1W I s h ow e d m ark e d th inning of
brain pare nch ym al in bi - frontal re gion s upe rior to dilate d late ral

ve ntricle s .  Multiple  de fe cts  w e re  note d in th e  cranial vault in
bilate ral fronto-parie tal re gion w ith  h e rniation of CSF fille d s tructure s

- s ugge s tive  of m e ningoe nce ph aloce le s .

Dis cus s ion

Etiologie s  of GSF include  fall, ve h icular accide nt and
ch ild abus e . Rare  caus e s  are  corre ctive  s urge rie s  for
cranios ynos tos is  and follow ing difficult vacuum
e xtraction and afte r burr h ole  place m e nt.5 An im por-
tant factor in its  path oge ne s is  is  a s k ull fracture  w ith
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its  dural te ar and e ntrapm e nt of arach noid m e m brane
and brain tis s ue  w ith in fracture  m argin. H igh e r
incide nce  of GSF in infancy and e arly ch ildh ood
occurs  due  to th e  rapid grow th  of th e  brain and s k ull
in firs t 2 ye ar of life  w h e n th e  dura m atte r is  tigh tly
adh e re nt to th e  bone  and h e nce  e as ily torn w h e n th e
s k ull is  fracture d. Th e  oth e r h ypoth e s is  is  th at th e
s k ull is  le s s  s tiff, th inne r and de form able .
Due  to th e s e  factors , any de form ity in s k ull re s ults  in
unde rlying dural te ar.6 Progre s s ion of Grow ing s k ull
fracture s  occurs  in 3 s tage s :-  STAGE I- Th e  pre ph as e
of grow ing s k ull fracture  - Th is  s tage  is  from  th e  tim e
of injury till jus t be fore  th e  e nlarge m e nt of th e  fracture .
At th is  s tage , s k ull fracture  w ith  dural te ar and h e r-
niation of arach noid m e m brane  and brain tis s ue  occur
th rough  th e  fracture . STAGE II- Early ph as e  of grow ing
s k ull fracture  - It occurs  from  th e  initial fracture
e nlarge m e nt to 2 m onth  afte r th e  be ginning of
e nlarge m e nt. At th is  s tage , th e  bony de fe ct is  m ore
and th e  s k ull de form ity and ne urological de ficit are
m ild. If th e  grow ing s k ull fracture  is  diagnos e d and
tre ate d at th is  s tage , th e  prognos is  is  good. STAGE
III - Late  ph as e  of grow ing s k ull fracture  - It be gins
2 m onth s  afte r initial e nlarge m e nt of fracture . Th e
bone  de fe ct be com e s  large r in s iz e . Th e  s k ull de form ity

Figure  12: MRI Brain axial T2W I s h ow e d dilatation of both  late ral
ve ntricle s . Multiple  de fe cts  w e re  note d in th e  cranial vault in
bilate ral fronto-parie tal re gions  w ith  h e rniation of CSF fille d

s tructure s  - s ugge s tive  of m e ningoe nce ph aloce le s .

Figure  15: MRI Brain s agittal T1W I s h ow e d dilatation of both
late ral ve ntricle s . Multiple  de fe cts  w e re  note d in th e  cranial vault

in bilate ral fronto-parie tal re gion w ith  h e rniation of CSF fille d
s tructure s  - s ugge s tive  of m e ningoe nce ph aloce le s .

Figure  13: MRI Brain axial FLAIR s h ow e d dilatation of both  late ral
ve ntricle s . Multiple  de fe cts  w e re  note d in th e  cranial vault in
bilate ral fronto-parie tal re gions  w ith  h e rniation of CSF fille d

s tructure s  - s ugge s tive  of m e ningoe nce ph aloce le s .

Figure  14: MRI Brain coronal  T2W I s h ow e d dilatation of both
late ral ve ntricle s . Multiple  de fe cts  w e re  note d in th e  cranial vault

in bilate ral fronto-parie tal re gions  w ith  h e rniation of CSF fille d
s tructure s  - s ugge s tive  of m e ningoe nce ph aloce le s .



and ne urological de ficit be com e  s e ve re  if untre ate d.7

Grow ing s k ull fracture  are  divide d into 3 type s  bas e d
on CT appe arance  - TYPE I - le ptom e ninge al cys t
w ith  GSF h e rniating th rough  th e  s k ull de fe ct into th e
s ubgale al s pace . TYPE II-   as s ociate d w ith  brain
dam age  or glios is . TYPE III- as s ociate d w ith  pore n-
ce ph alic cys t.8 Incre as e  in s e ve rity of ne urological
de ficit is  obs e rve d w ith  incre as e  in th e  orde r of th e
de fe ct.4

CT is  us e ful in de te cting fracture . MRI can de te ct a
dural te ar im m e diate ly follow ing th e  h e ad injury. H e nce
th e  tim e ly corre ction can pre ve nt grow th  of fracture .
Tre atm e nt of th e  GSF is  s urgical and include s  re duc-
tion of h e rniate d ce re bral tis s ue , re pair of dural
lace ration or cranioplas ty s h unt. Surge ry can be  done
to de com pre s s  th e  cys t and tre at localiz e d ve ntricular
dilatation.4

Oth e r te rm inologie s  us e d for grow ing s k ull fracture
are  le ptom e ninge al cys t, ce re bro-cranial e ros ion,
ce ph aloh ydrocoe le , traum atic m e ningoce le , m e nin-
goce le  s puria and ps e udoe nce ph aloce le .
Ris k  factors  for occurre nce  of grow ing s k ull fracture
afte r craniofacial proce dure  are  - 1) H ydroce ph aly or
s igns  of incre as e  intracranial pre s s ure  due  to lim ite d
lym ph  circulation, s igns  of lym ph  diape de s is  and
dural e ctas ia s urrounding th e  optic ne rve , Arnold
Ch iari m alform ation I and as ym m e try of th e  s e ptum
pe llucidum .2) Bilate ral or unilate ral coronal cranio-
s ynos tos is  due  to th e  dis place m e nt of late ral s ph e noid
w ing and m iddle  cranial fos s a.3) Com ple x cranios y-
nos tos is  and cranio-facial s yndrom e  affe cting m ore
th an one  s uture . Cranioplas ty be com e s  ch alle nging
in th e s e  cas e s  due  to th e  im pre s s ion on th e  inne r
cranium  due  to incre as e d intracranial pre s s ure .
4) Re pe ate d s urgical inte rve ntion w h ich  incre as e d
ris k  of dural le ak s  due  to s carring and dural adh e s ions .
5) Endos copic cranios ynos tos is  re pair. Re cognition
of intra-ope rative  dural injury is  difficult as  it is  a
m inim ally invas ive  proce dure .9

Till now  only 9  re ports  of GSF afte r corre ctive  s urge ry
for cranios ynos tos is  h ave  be e n re porte d.9  In s yn-
drom ic cranio-facial cas e s  affe cting th e  s k ull bas e
(Ape rt, Crouz e n, Pfe ilfe r, Se ath e r- Ch otz e n s yndro-
m e s ) th e  m iddle  cranial fos s a is  locate d m ore
ante riorly th an in non - s yndrom ic cranios ynos tos is .
Th e  late ral s ph e noid w ings  are  als o dis place d
ante riorly. H e nce  unre cogniz e d dural lace ration can
occur during corre ctive  proce dure s  due  to lim ite d
fie ld of vie w .
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M e ch anis m  of Grow ing s k ull fracture  (Fig. 16)
Th e re  are  tw o re q u ire m e nts  for e xpanding dural
de fe ct irre s pe ctive  of th e  m e ch anis m  of injury -
a) Th e  dura h as  to be  dis rupte d. b) Th e re  m us t
be  an outw ard during force (lik e  norm al grow ing
brain, diffu s e  ce re bral e de m a, h ydroce ph alus ,
brain tum or). Th e  ce re bral h e rnia continu e s  to
e nlarge  u ntil th e  dura is  re paire d or until th e
outw ard dri-ving force  is  dim inis h e d (by ce s s ation
of brain grow th ). Th e  radial force s  of th e  grow ing
brain are  norm al counte racte d by an intact dural
e nve -lope . If th e  dura is  de fe ctive , th e  le s s e r-
re s training force s  offe re d by s calp ove rlying th e
de fe ct and vis coe las tic prope rtie s  of infant brain,
th e  brain h e rniation can occur. Norm al te ns ile
force s  w ith in th e  dura are  re - e s tablis h e d afte r
th e  re pair of dural de fe ct th us  confining th e  brain
and allow ing uniform  dis tribution of radially active
force s  of th e  e xpanding brain.10 Th e  grow ing s k ull
fracture  occurs  due  to e xpanding dural de fe ct.
Th e  du ra of a norm al infant grow s , th i s
ch aracte ris tic applie s  e q ually to intact dura and
th e  dura at th e  e dge  of lace ration. Th e  dura grow s
in th e  dire ction of te ns ile  force , s im ilarly th e  e dge
of th e  lace rate d dura continu e s  to grow  in a
dire ction th at is  para-lle l to and not ce ntripe tal
to th e  e dge  of th e  d e fe ct. Th i s  re s u lts  in
progre s s ive  e nlarge m e nt of th e  de fe ct.

Figure  16: Diagram  of radial force s  acting on th e  dura in an
e xpanding de fe ct. (A) Intact dura - force s  approxim ate ly e ve nly
dis tribute d agains t dura. (B) Lace rate d dura - th e  radial force s  in

th e  re gion of th e  de fe ct unoppos e d by th e  re s training dural
e nve lope . (C) Dural de fe ct re paire d - radial force s  again e ve nly

dis tribute d.

Conclus ion

Corre ctive  s urge rie s  for cranios ynos tos is  is  a rare
caus e  of grow ing s k ull fracture s . Th e s e  occur due  to
dural de fe cts  w h ich  progre s s ive ly e nlarge  w ith  grow th



of brain and rais e d intracranial pre s s ure . Th e re  tim e ly
de te ction is  of utm os t im portance  to pre ve nt th e ir
grow th .
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