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OBJECTIVE: To de te rm ine  th e  diagnos tic accuracy of m ultis lice  com pute d tom ograph y in de te cting bony invas ion
of s q uam ous  ce ll carcinom a of th e  oral cavity. METHODS: W e  e nrolle d 80 biops y prove n patie nts  of oral s q uam ous
ce ll carcinom a w h o unde rw e nt m ultis lice  com pute d tom ograph y at de partm e nt of diagnos tic radiology, Liaq uat
National Pos tgraduate  M e dical Ce ntre  from  July 2011 till De ce m be r 2011. Le s ions  w e re  as s e s s e d for bony
involve m e nt of  m axilla &   m andible . A total of 69  patie nts  unde rw e nt s urge ry afte r com pute d tom ograph y.
Se ns itivity, s pe cificity, pos itive  and ne gative  pre dictive  value s   w e re  calculate d by com paring th e  com pute d
tom ograph y re s ults  w ith  h is topath ology. Around 11 patie nts  w h o did not h ave  s urge ry w e re  e xclude d from  th e
s tudy. RESULTS: Multis lice  CT corre ctly ide ntifie d  invas ion of th e  m axilla in 9  out of 9  patie nts  (9 /9 ), invas ion
of m andible  in 30 out of 32 patie nts  (30/32), invas ion of m axilla and m andible  in 4 out of 4 patie nts . Th us  th e
s e ns itivity of th e  com pute d tom ograph y w as  9 5.55% . On th e  oth e r h and, com pute d tom ograph y corre ctly de te cte d
24 out of 25 cas e s  w ith out bony invas ion m ak ing th e  s pe cificity as  9 5.85% . CONCLUSION: Mulltis lice  com pute d
tom ograph y is  an accurate  m odality for de te cting bony invas ion of s q uam ous  ce ll carcinom a of th e  th e  oral cavity.
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ABSTRACT

Introduction

Pre vale nce  and m ortality rate s  of oral carcinom a are
ris ing w orldw ide . Th e  annual incide nce  is  m ore  th an
3,000,000 ne w  cas e s , globally.1 For lip and oral cavity
cance r only, th e  incide nce  rate s  are  low e s t in Eas te rn
As ia and h igh e s t in South -Ce ntral As ia. Its  pre vale nce
is  e s tim ate d to be  40%  of all cance rs  in South  Eas t
As ia.1  It is  th e  s e cond com m one s t cance r in both
m ale s  and fe m ale s  in Pak is tan.1 Oral car-cinom a is
re s pons ible  for approxim ate ly 200’000 de ath s  pe r
ye ar w orld w ide .2 Sq uam ous  ce ll carcino-m a is  th e
m os t com m on m alignant tum or of th e  oral cavity1,3

In a s tudy by Mus ani e t al bony invas ion by ch e e k

carcinom a is  found to be  53.3%  in m andible , 15.5%
in m axilla and 4.4%  in both .1

Th e  im portant role  of im aging for patie nts  w ith  s q ua-
m ous  ce ll carcinom a of oral cavity is  th e  e valuation
of pre s e nce  and e xte ns ion of bony invas ion as  it
influe nce s  s urgical planning and prognos is . Diffe re nt
s urgical e xcis ions  lik e  m arginal and s e g-m e ntal
m andibule ctom y, h e m im andibule ctom y, partial
m axille ctom y and total m axille ctom y can be  planne d
de pe nding upon e xte ns ion of bone  involve m e nt.1,4

Am ong various  im aging m odalitie s  both  com pute d
tom ograph y (CT) and m agne tic re s onance  im aging
(MRI) are  com m only us e d to e valuate  bony invas ion
of s q uam ous  ce ll carcinom a of oral cavity.4,5 Th e re

Muhammad Imran Siddiqui, Muhammad Misbah Tahir, Amanullah Khan,
Muhammad Ayub Mansoor

De partm e nt of Diagnos tic Im aging, Liaq uat National H os pital (LNH ), Karach i, Pak is tan.

PJR January - March 2015; 25(1): 01-06



02PJR January - March 2015; 25(1)PAKISTAN JOURNAL OF RADIOLOGY

is  no Pak is tani data available  re garding accuracy of
com pute d tom ograph y in de te ction of bony invas ion
of s q uam ous  ce ll carcinom a of oral cavity. Be s t of
our k now le dge  th is  is  th e  firs t s tudy e valuating
accuracy of CT in de te cting involve m e nt of both
m axilla and m andible  by oral s q uam ous  ce ll carci-
nom a. Pre vious  s tudie s  h ave  e valuate d involve m e nt
of m andible  only.
Com pute d tom ograph y can ide ntify th e  location and
e xte nt of tum or along w ith  pre s e nce  or abs e nce  of
dis tant m e tas tas is . Ability of m ultis lice  com pute d
tom ograph y to s can th e  h e ad &  ne ck  in s ingle  bre ath
h old com bine d w ith  a be tte r re s olution and e lim ination
of bre ath ing and m is s  re gis tration artifacts  h as  m ade
it m odality of ch oice  for e valuating bone  invas ion by
oral carcinom a. Prope rly pe rform e d and accurate ly
inte rpre te d im aging s tudy can s ignificantly influe nce
clinical m anage m e nt be s ide s  be com ing cos t e ffe ctive .

Methods and Material

W e  e nrolle d 80 b iops y prove n patie nts  of oral
s q uam ous  ce ll carcinom a w h o unde rw e nt m ultis lice
com pute d tom ograph y at de partm e nt of diagnos tic
radiology, Liaq uat National Pos tgraduate  M e dical
Ce ntre  from  July 2011 till De ce m be r 2011 in th is
s tudy. Sixty-nine  of th e s e  patie nts  unde rw e nt s urge ry
afte r CT. Ele ve n patie nts  w h o did not h ave  s urge ry
w e re  e xclude d from  th e  s tudy. CT w as  pe rform e d on
Tos h iba As te ion 16 m ulltis lice  CT s canne r. Im age s
w e re  acq uire d be fore  and afte r intrave nous  contras t
adm inis tration. Inform e d cons e nt w as  tak e n from  all
patie nts . Approval from  e th ical com m itte e  of our
ins titution w as  als o obtaine d. Scanning w as  pe rfor-
m e d in axial and coronal plane s  by a CT te ch nician
h aving at le as t five  ye ar e xpe rie nce  in body im aging.
Non-ionic iodinate d contras t (Iopam iro 370, Bracco
s .p.a. Italy)  w as  give n at a dos e  of 1.5 - 2.0 m l pe r
k g w ith  pow e r inje ctor at rate  of 2.0 - 3.0 m l pe r
s e cond. Patie nt’s  alle rgy s tatus  and cre atinine  le ve l
w e re  tak e n into account be fore  giving contras t.
Scanning protocol w as  3 m m  s e ction th ick ne s s ,
collim ation 3 m m , re cons truction inte rval 3m m , s can
de lay 80 s e conds , 450 m A and 100 to 150 Kv. Scan-
ne d fie ld w as  from  bas e  of s k ull to th oracic inle t.
Im age s  w e re  re vie w e d by a radiologis t w h o h ad m ore

th an five  ye ar e xpe rie nce  of cros s  s e ctional body
im aging. Im age s  w e re  re vie w e d on diagnos tic m onitor
in s oft tis s ue  and bone  algorith m  and in axial, s agittal
and coronal plane s . Th e  crite rion for bony invas ion
w as  e ros ion, lys is  or de s truction of th e  corte x of th e
adjace nt bone . Pe r-ope rative ly, re pre s e ntative  s e c-
tions  of th e  tum or-bone  inte rface  and th e  bony
m argins  w e re  s ubm itte d. Path ologis t w ith  m ore  th an
five  ye ar e xpe rie nce  in oncology re vie w e d th e  s pe -
cim e ns .
Data w as  initially colle cte d on pe rform a w h ich  w as
th e n e nte re d into SPSS s oftw are . All analys is  w e re
done  us ing SPSS ve rs ion 15. M e an and Standard
de viations  w e re  calculate d for continuous  variable s
lik e  age . Fre q ue ncie s  w ith  pe rce ntage s  w e re  cal-
culate d for cate gorical variable s  lik e  s e x, final
diagnos is  on biops y and com pute d tom ograph y. Th e
binary variable s  of diagnos is  of bony invas ion on
h is topath ology and com pute d tom ograph y w e re  cros s
tabulate d to cons truct a 2 x 2 table . Th e  2 x 2 table
w as  us e d to calculate , s e ns itivity, s pe cificity, pos itive
pre dictive  value , ne gative  pre dictive  value  and
accuracy.

Results

A total of 69  patie nts  w e re  include d in th is  s tudy.
Age  range d from  32 to 73 ye ars  (m e an age  53.84
ye ars , SD ± 10.208). Th e re  w e re  38 (55.0% ) m ale s
and 31 (45.0% ) fe m ale s . Dis tribution of s q uam ous
ce ll carcinom a of oral cavity w as  as  follow s :
45(65.21% ) le s ions  in buccal m ucos a; 7 (10.14% )
in alve olar ridge ; 7(10.14% ) in tongue ; 5 (7.24% )  in
floor of m outh ; 5 (7.24% ) in h ard palate . Forty-four
out of 69  patie nts  s h ow e d e vide nce  of bony invas ion
on m ultis lice  CT. Nine  and 31 patie nts  e xh ib ite d
invas ion of m axilla and m andible  re s pe ctive ly, w h ile
4 h ad involve m e nt of  both . Bony invas ion of th e
s q uam ous  ce ll carcinom a w as  found in 45 patie nts
on h is topath ology. Multis lice  CT corre ctly ide ntifie d
9 /9  invas ions  of th e  m axilla, 30/32 of th e  m andibular
invas ions  and 4 out of 4 le s ions  involving both  m axilla
and m andible . Th us  th e  s e ns itivity of th e  com pute d
tom ograph y w as  9 5.55% . O n th e  oth e r h and, com -
pute d tom ograph y truly ide ntifie d 23/24 cas e s  w ith out
bony invas ion m ak ing th e  s pe cificity as  9 5.85% . Th e
Ove rall diagnos tic accuracy of th e  m ultis lice  Com pute d
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Tom ograph y w as  9 5.65% . Pos itive  and ne gative
pre dicative  value s  for a diagnos is  of SCC w ith  bony
invas ion on CT w e re  9 7.7%  and 9 2.0%  re s pe ctive ly.
Corre lation of CT findings  w ith  h is topath ology is
give n in th e  (Tab. 1).

local availability and e xpe rtis e .
In e arly 19 80s  Lars on e t al11 and Murak i e t al12,13

de s cribe d th e  radiological and s e ctional anatom y of
th e  oral cavity. Le nz  e t al14 and Sigal e t al15 dis cus s e d
th e  role  and us e fulne s s  of CT s canning in path ologie s
of oral cavity particularly carcinom as .
CT protocol for h e ad and ne ck  im aging w ith  m ultis lice
s piral s canne rs  h as  be e n de s cribe d in de tail by Baum
e t al.16 Th in-s e ctions  acq uire d w ith  s piral m ultis lice
s canne rs  afte r adm inis tration of IV contras t h ave
s h ow n to s ignificantly im prove  th e  ability to e valuate
oral cance rs .Our protocol m atch e s  w ith  th e  protocol
de s cribe d by Baum  e t al.16

Pre ope rative  as s e s s m e nt of m andibular involve m e nt
provide s  crucial inform ation to h e ad and ne ck  s ur-
ge ons . Accurate  inform ation on s tatus  of m andible
is  ne ce s s ary for prope r patie nt couns e ling.17,18 Man-
dibular involve m e nt h as  be e n w ide ly s tudie d and
various  im aging m odalitie s  h ave  be e n us e d to
de te rm ine  w h e th e r patie nts  are  candidate s  for m an-
dibular s paring proce dure s . Te ch nical advance s  h ave
m ade  CT s can th e  e xam ination m os t com m only us e d
to de te ct m andibular involve m e nt. Re s ults  h ave  be e n
variable  re garding diagnos tic accuracy of pre ope rative
CT in th is  conte xt. In 19 86 Clos e  e t al19  re porte d a
s e ns itivity of 100%  s pe cificity of 9 7%  pos itive  pre -
dictive  value  of 9 2%  and ne gative  pre dictive  value
of 100% .
In s ub s e q ue nt s tudie s  S h ah a e t al20 re porte d
diagnos tic accuracy of 68%  and Brow n e t al21 claim e d
a fals e  ne gative  rate  of 28%  arguing th at th e  pre -
dictability and re liability of CT w as  dis appointing.
Late r Lane  e t al22 re porte d s e ns itivity of 50%  w ith
ne gative  pre dictive  value  of 61%  s ugge s ting th at CT
s can w as  inaccurate  m e th od for e valuating s tatus  of
m andible .
In 2001 th e  s tudy of Muk h e rji e t al23 s h ow e d prom is ing
re s ults  in th is  re gard, th e y re porte d s e ns itivity of
9 6%  s pe cificity of 87%  pos itive  pre dictive  value  of
89 %  and ne gative  pre dictive  value  of 9 5% .
In 2006 Im aiz um i e t al7 h ad als o s h ow n e xce lle nt
re s ult in a com parative  s tudy for m andibular invas ion
in CT Vs  MRI. H e  re porte d s e ns itivity of CT 100% and
s pe cificity 88% , PPV 89 %  as  w e ll as  NPV 100% .
Th e s e  accuracy m e as ure s  are  h igh e r th an any oth e r
s tudy. It is  ch ie fly be caus e  of Im aiz um i e t al h ad
tak e n 5 m m  and 1 m m  th ick ne s s  in axial s e ction
along w ith  s oft tis s ue  and bone  algorith m  im age s .

H is topath ology + ve H is topath ology -ve

CT+ ve

CT-ve

43

02

01

23

Total CT+ ve  (44)

Total CT-ve  (25)

Total H is topath ology
+ ve  45

Total H is topath ology
-ve  24

Total Patie nt
69

True  Pos itive , n = 43
Fals e  Pos itive , n = 01
True  Ne gative , n = 23
Fals e  Ne gative , n = 02

Table 1: Corre lation of h is topath ology &  com pute d tom ograph y

Discussion

Th e  de ve lopm e nt of m ode rn im aging te ch niq ue s  h as
s ignificantly alte re d th e  tre atm e nt and m anage m e nt
of m alignancie s  of oral cavity and oth e r s ite s  in h e ad
and ne ck  re gion. De cis ions  w h ich  w e re  once  m ade
intraope rative ly are  now  m ade  in advance  by us ing
inform ation from  cros s  s e ctional im aging te ch niq ue s .6

Th e  goal of im aging is  to corre ctly de te rm ine  th e
s tage  of tum or. Involve m e nt of m andible  or m axilla
s ignificantly affe cts  th e  prognos is , m orbidity and
tre atm e nt planning. It is  vital to de te ct th e  bone
involve m e nt be fore  planning s urge ry as  it ch ange s
th e  s urgical approach . Th e  im aging m odality for
e valuation of oral cance rs  h as  be e n a s ubje ct of
de bate  and opinions  and re s ults  vary w ith  various
auth ors .7,8 Som e  be lie ve  th at us e  of MRI is  s upe rior
to CT in e valuation of tum ors  e s pe cially w h e n le s ions
are  s m all, w h ile  m any auth ors  be lie ve  th at CT and
MRI are  e q ually valuable  in de te rm ining th e  e xte nt
of tum or.7,8,9  M RI m ay not be  pe rform e d in patie nts
w ith  m e tallic im plants  and pace m ak e rs . Sw allow ing,
bre ath ing artifacts  and claus troph obia m ay h am pe r
th e  e xam ination. CT h as  th e  advantage  of re duce d
e xam ination tim e  inte rval w h ich  als o de cre as e s  th e
ch ance s  of m otion artifacts . Tooth  im plants  m ay pro-
duce  artifacts  obs curing th e  im aging de tails . Ke e ping
th e  s canning plane  paralle l to th e  m andibular plane
h e lps  to e lim inate  artifacts  caus e d by m e tallic de ntal
re s torations .10 Th e  ch oice  large ly de pe nds  on th e



Study Publica-
tion ye ar

No. of
patie nts

Slice
th ick ne s s

Im aging
m odality

Se ns ivi-
ty (% )

Spe cifi-
city (% )

Accuracy
(% )

Brow n
e t al21

19 9 4 35
35

4-5m m
5m m

CT
M RI

53.3
9 1.7

100
100

72
9 3.8

Lane
e t al22

2000 26 5m m CT 50 9 1.7 69 .2

M uk e rji
e t al23

2001 49 3m m CT 9 6.2 87 9 1.8

Im aiz um i
e t al4

2006 51
51

5-1m m
3-4m m

CT
M RI

100
9 6

88
54

9 4
74

Table 2: Re vie w  of s tudie s  us ing CT, MRI or both  for de te cting
bone  invas ion by s q uam ous  ce ll oral carcinom a.

Figure 1: Axial s e ction of CT s can (bone  w indow ) re ve aling oral
carcinom a e roding adjace nt m andible  on righ t s ide .
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H e  h ad als o adde d de ntal CT, or de ntal s can, CT
s oftw are  program  s pe cifically de ve lope d to e valuate
m ultiple  panoram ic and cros s  s e ctional im age s  of
th e  jaw  bone .
Th is  variability in re s ults  of diffe re nt s tudie s  is  m os t
probably due  to incons is te nt im aging te ch niq ue  th at
w as  not optim al. Re vie w  of m ultiple  pre vious  s tudie s
us ing various  im aging m odalitie s  for de te cting bone
invas ion by s q uam ous  ce ll oral carcinom a h as  be e n
give n in (Tab. 2).

Brow n e t al21 and Lane  e t al22 acq uire d im age s  by
us ing 5 m m  th ick  s e ctions  and did not routine ly e va-
luate  m andible  w ith  bone  algorith m s . Sh ah a e t al20

did not de s cribe  th e ir CT te ch niq ue . Clos e  e t al als o
obtaine d 5 m m  th ick  contiguous  s e ctions , h ow e ve r
if th e re  w as  s us picion of bony involve m e nt 3 m m
s e ctions  w e re  again obtaine d. Muk h e rji e t al23 acq ui-
re d contiguous  3 m m  im age s  of all patie nts . Both
Clos e  e t al19  and Muk h e rji e t al23 e valuate d im age s
on s oft tis s ue  and bone  w indow  s e ttings .
Th e  re lative ly h igh e r s e ns itivitie s  of CT note d in
s tudie s  of Muk h e rji e t al23 and Im aiz um i e t al7 is  m os t
lik e ly due  to th e  fact th at Muk h e rji e t al23 include d
only th os e  patie nts  w h o h ad carcinom as  fixe d to
m andible  on clinical e xam ination and Im aiz um i e t al7

us e d an additional  s oft w are , De ntal CT, or De nta
s can th at w as  not us e d in our s tudy .Th e re  are  s om e
lim itations  of CT in diagnos ing s upe rficial le s ion
only abutting adjace nt bone , h e nce  full s taging pro-
ce s s  s h ould include  clinical e xam ination and im aging.
And th e re  is  alw ays  a ne e d for re fine m e nt in im aging
te ch niq ue s  and m odalitie s  th at can provide  accurate
inform ation approach ing gold s tandard. Furth e r
s tudie s  can be  done  in th is  re gard. In s e le cte d cas e s
us e  of anoth e r im aging m odality lik e  MRI in s m all
le s ions  or Fus e d PET/CT m ay be  us e ful.
On th e  oth e r h and be s ide s  m andibular invas ion w e
h ave  als o as s e s s e d th e  invas ion of m axilla w h ich
w as  not done  in pre vious  s tudie s . Alth ough  th e  cas e s
of m axillary invas ion are  le s s  th an m andibular invas ion
but accuracy of  CT for de te cting m axillary invas ion
in our s tudy is  found to be  h igh e r th an m andibular
invas ion. Th is  is  probably due  to anatom ic s ite  of
involve m e nt of oral carcinom a and late  pre s e ntation
of patie nt for tre atm e nt.

Th e  re s ults  of th is  s tudy for e valuation of bony
involve m e nt (s e ns itivity 9 5.55% , s pe cificity 9 5.85% ,
pos itive  pre dictive  value  9 7.7% , and ne gative  pre -
dictive  value  9 2% ) are  s upe rior to s tudie s  of Brow n
e t al,21 Sh ah a e t al20 and Lane  e t al.22 Th is  in our
be lie f is  be caus e  of be tte r im aging te ch niq ue .

Conclusion

Com pute d tom ograph y is  an im aging m odality w ith
h igh  diagnos tic accuracy, s e ns itivity and s pe cificity
in de te cting bony invas ion in oral s q uam ous  ce ll
carcinom a. Us e  of th is  rapid, non ope rator de pe nde nt
&  h igh ly accurate  e xam ination de cre as e s  de lays  in
appropriate  m anage m e nt and als o guide s  in de fining
th e  dis e as e  e xte nt and s urgical approach .
Th e  re s ults  of our s tudy s h ow e d th at CT is  re liable
te ch niq ue  for pre dicting bony invas ion and m ay be
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a h e lpful adjunct w h e n cons ide ring m andibular or
m axillary s paring proce dure s  for carcinom a of th e
oral cavity. W e  be lie ve  th at h igh  diagnos tic accuracy
of CT can be  cons is te ntly obtaine d only w ith  h igh
q uality s tudie s  cons is ting of th in- s e ction im aging,
re cons truction and re form ation of im age s  in m ultiple
plane s , us ing both  s oft tis s ue  and bone  algorith m .
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