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Introduction

Th e  accurate  as s e s s m e nt and diagnos is  of m axillary
s inus itis , fre q ue ntly e ncounte re d in pe diatric patie nts ,
is  ofte n ch alle nging due  to th e  non-s pe cific s igns  and
s ym ptom s .1 Sinus  puncture  follow e d by th e  bacte rial
culture  of th e  s inus  conte nt h as  be e n cons ide re d as
th e  s tandard diagnos tic tool of bacte rial s inus itis .
H ow e ve r, th e  invas ive  nature  of s am pling th e  s inus
conte nt ofte n h inde rs  th e  fre q ue nt clinical im ple m e n-
tation of th is  te ch niq ue , particularly in pe diatric
patie nts .
A w ide  varie ty of radiological inve s tigations  is  available
and us e d as  s urrogate s  for th e  as s e s s m e nt of m axi-
llary s inus itis ; th e s e  include  plain radiograph y, ultra-
s onograph y, com pute d tom ograph y (CT) and m agne tic
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BACKGROUND: Ultras onograph y is  a s afe , rapid, cos t e ffe ctive  and re adily available  im aging tool in pe diatric
clinics . Th e  aim  of th is  s tudy w as  to de te rm ine  th e  diagnos tic value  of ultras onograph y in clinically s us picious
m axillary s inus itis  in pe diatric patie nts , tak ing com pute d tom ograph y (CT) as  gold s tandard. MATERIAL AND
METH ODS: Th is  pros pe ctive  s tudy w as  conducte d from  January to July, 2015, e nrolling patie nts  of age  3-12
ye ars  old and pre s e nting w ith  clinical s ym ptom s  of m axillary s inus itis . Both  ultras onograph y and CT w e re  carrie d
out in all patie nts . RESULTS: Th e  data w e re  analys e d and q uantitative  m e tric lik e  s e ns itivity (Sn= 45% ), s pe cificity
(Sp = 9 3% ), pos itive  pre dictive  value s  (PPV = 9 4% ), ne gative  pre dictive  value s  (NPV = 41% ) and accuracy
(Acc = 9 4% ) of ultras onograph y for de te ction of m axillary s inus itis  w e re  calculate d. CONCLUSIONS: Ultras onograph y
offe r low  s e ns itivity and h igh  s pe cificity in diagnos is  of m axillary s inus itis  in pe diatric population.
Ke yw ords : Maxillary s inus itis , Ultras onograph y, Com pute d Tom ograph y
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re s onance  im aging (MRI).2,3 In s pite  th e  availability
of s e ve ral im aging tools , th e  us e  of ioniz ing radiations
for th e  as s e s s m e nt of m axillary s inus itis  is  one  of th e
prim ary conce rns , particularly in pe diatric patie nts .4

More ove r, th e  num be r of m axillary path ologie s  th at
an im aging te s t is  able  to de te ct (i.e ., th e  s e ns itivity)
and th e  num be r of fals e  pos itive s  th at an im aging
tool avoids  (i.e ., th e  s pe cificity) als o ne e d to be  cons i-
de re d. Lik e w is e , th e  financial im pact, proce dural tim e ,
clinical availability and patie nt conve nie nce  for th e
give n im aging m e th od are  als o crucial factors ; th e s e
factors  are  crucial tow ards  th e  q uality of life  of th e
patie nt and s h ould be  clos e ly e xam ine d in th e  s e le ction
of any im aging m odality for m axillary s inus itis .
Th e  prim ary goal of any diagnos tic tool is  ultim ate ly
to im prove  th e  q uality of life  of th e  patie nt. Th at s aid,



pre vious ly s e ve ral s tudie s  h ave  focus e d on and
com pare d th e  outcom e s  of th e  above m e ntione d im a-
ging m odalitie s  for th e  as s e s s m e nt of m axillary
s inus itis  in ge ne ral population.5-7 H ow e ve r, an obje ctive
com paris on of th e s e  im aging tools  aim e d at th e
pe diatric patie nts  h as  rare ly be e n re porte d, particularly
in our s pe cific local e nvironm e nt. In th is  conte xt, w e
aim  to pre s e nt a com parative  s tudy of ultras onograph y
ve rs us  CT for as s e s s m e nt of m axillary s inus itis  in
pe diatric patie nts . In particular, w e  analys e d s pe cific
param e te rs  including s e ns itivity, s pe cificity, pos itive
and ne gative  pre dictive  value s  and accuracy of ultra-
s onograph y ve rs us  CT. W e  pos tulate  th at s uch
obje ctive  com paris on m ay s ignificantly facilitate
clinicians  in e valuating th e  optim al options  (in te rm s
of q uality of life , conve nie nce  and tre atm e nt cos t) for
th e  m anage m e nt of m axillary s inus itis  in pe diatric
patie nts .
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or abnorm al s inus , type  of path ology in s inus , involve d
s inus , e tc.) w e re  colle cte d in a dictate d, pre form e d
proform a. Th e  data w e re  analys e d and com pare d in
te rm s  of s e ns itivity, s pe cificity, pos itive  and ne gative
pre dictive  value s  and accuracy for ultras onograph y
ve rs us  CT s can.

Mate rial and Me th ods

Th is  pros pe ctive  s tudy w as  conducte d at th e  radiology
de partm e nt of com bine d m ilitary h os pital (CMH ),
Multan, Pak is tan, from  January to July, 2015. Patie nts
of age  3-12 ye ars  old and pre s e nting w ith  clinical
s ym ptom s  of m axillary s inus itis  for m ore  th an th re e
m onth s  duration w e re  include d in th is  s tudy. H ow e ve r,
patie nts  w ith  anom alie s  of m axillary s inus , s us pe cte d
or prove n m alignancy in th e  s inonas al re gion, h aving
h is tory of traum a to th e  nos e / face , h is tory of s ino-
nas al s urge ry or conge nital anom alie s  (i.e ., facial
cle fts , cle ft lip and palate ) w e re  not e nrolle d in th is
s tudy. Bas e d on th e s e  crite ria, a total of 9 2 pe diatric
patie nts  w e re  include d.
Both  ultras onograph y and CT s can w e re  carrie d out
in all patie nts  include d in th e  s tudy group. Spe cifically,
ultras onograph y w as  pe rform e d in e ve ry patie nt by
us ing a pe diatric conve x, m ulti-fre q ue ncy 4-9 M H z
trans duce r. Both  m axillary s inus  w e re  inve s tigate d
for s upe rior to infe rior e xte nts  and any pos s ible
path ologie s . In particular, th e  patie nts  w e re  as s e s s e d
for any m ucos al th ick e ning, ane ch oic re te ntion cys ts ,
s oft tis s ue  m as s e s  and fluid le ve ls . Afte r ultras ono-
graph y, CT s can of all patie nts  w as  pe rform e d, s ub-
s e q ue ntly analys e d.
Com ple te  data for e ach  patie nt s uch  as  patie nt parti-
culars , clinical h is tory, radiograph ic findings  (norm al

Re s ults

A total of 9 2 patie nts  w ith  m e an age  of 8.1 ± 2.3
ye ars  (range  = 3-12 ye ars ) w e re  include d in th is
com parative  s tudy; 67 (~ 73% ) w e re  m ale  and 25
(~ 27% ) w e re  fe m ale s .
Th e  pre s e nt s tudy cons is te d of pe diatric (<12Y)
patie nts  w h o unde rw e nt CT s cans  of th e  h e ad and
w e re  furth e r e valuate d w ith  ultras onograph y to find
out s e ns itivity, s pe cificity, pos itive  and ne gative
pre dictive  value s  and accuracy of ultras onograph y
k e e ping CT s can as  gold s tandard.
On ultras onograph y 61 (~ 66% ) patie nts  didn’t re ve al
any pos itive  findings  w h ile  31 (~ 34% ) patie nts  h ad
pos itive  findings . For th e  patie nts  w ith  pos itive  findings ,
19  (~ 61% ) patie nts  w e re  h aving righ t, le ft or bilate ral
m ucos al th ick e ning alone  w h ile  12 (~ 39 % ) patie nts
s h ow e d fluid in th e  s inus . Alte rnative ly, CT s can
de m ons trate d 65 (~ 71 % ) patie nts  h ad pos itive
findings  w h ile  27 (~ 29  % ) patie nts  e xh ibite d norm al
m axillary s inus e s . For th e  patie nts  w ith  pos itive
findings  on CT s can, 27 (~ 42 % ) s h ow e d m ucos al
th ick e ning, 13 (~ 20 % ) h ad total opacity and 25
(~ 38% ) h ad air / fluid le ve l. An illus trative  im age  s h ow ing
m axillary s inus itis  for e ach  CT s can and ultras o-
nograph y h as  be e n s h ow n in (Fig. 1) w h ile  th e  patte rns
of pos itive  findings  for ultras ound and CT s can are
s um m ariz e d in (Tab. 1).
Th e  confus ion m atric pre s e nting a one  to one  com -
paris on of th e  pos itive  findings  of ultras onograph y
ve rs us  CT s can in diagnos is  of clinically s us picious
m axillary s inus itis  is  de picte d in (Tab. 2). It m ay be

Mucosal thickening

Sinus fluid

Total opacity

Normal

Findings
Ultrasound

Right Left Bilate-
ral Total Right Left Bilate-

ral Total

Computed Tomography

8

6

6

3

5

3

19

12

61

11

11

6

9

10

4

7

4

3

27

25

13

27

Table  1: Ultras onograph y ve rs us  CT s can pos itive  findings  in th e
clinical m axillary s inus itis  pe diatric patie nts



note d th at ultras onograph y illus trate d pos itive  findings
in 02 patie nts  w h o w e re  s h ow n norm al on CT s can.
On th e  oth e r h and, 36 patie nts  w e re  pos itive  for m axi-
llary s inus itis  on CT s can but w e re  not pick e d up on
ultras ound.
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In th e  ne xt s te p, CT s can w as  as s um e d as  gold
s tandard for th e  de te ction of clinically s us picious
m axillary s inus itis  and th e  q uantitative  e fficie ncy of
ultras onograph y w as  e valuate d in te rm s  of s tatis tical
m e trics  s uch  as  s e ns itivity (Sn), s pe cificity (Sp),
accuracy (Acc), pos itive  pre dictive  value s  (PPV) and
ne gative  pre dictive  value s  (NPV). To th is  e nd, con-
fus ion m atrix, w h ich  de s cribe s  th e  de te ction para-
m e te rs  in th e  m os t fundam e ntal form  i.e ., true  pos itive
(TP); fals e  pos itive  (FP); true  ne gative  (TN); fals e
ne gative  (FN) h as  be e n calculate d for com paring th e
de te ction e fficie ncy of ultras onograph y (w ith  CT s can
as  gold s tandard) and pre s e nte d in (Tab. 3). It m ay
be  note d th at th e  e le m e nts  1 and 2 of th e  firs t row
re pre s e nt TP and FN for m axillary s inus itis  w h ile

Sensitivity

Specificity

Accuracy

Positive predictive value

Negative predictive value

Parameters

Table  3: Diagnos tic value  of ultras onograph y in m axillary s inus itis
of pe diatric patie nts  cons ide ring CT s can as  gold s tandard

Percent

45

93

59

94

41

Dis cus s ion

Tim e ly diagnos is  of clinically s us picious  m axillary
s inus itis  h as  alw ays  be e n a s ubs tantial ch alle nge  for
prim ary care  ph ys icians , m os t lik e ly due  to th e  uns pe -
cific clinical s ym ptom s  including rh inorrh e a, cough ,
nas al voice , fe ve r, h e adach e , s inus  te nde rne s s , inflam -
m ation of nas al m ucos a, pos tnas al drip, e tc. Ch ronic
s inus itis  is  particularly difficult to diagnos e  as  th e
s ym ptom s  are  us ually vague  and m ay e ve n be  s h are d
by oth e r dis e as e s  s uch  as  vas om otor rh initis , alle rgic
rh initis , m igraine , m yofacial pain s yndrom e s , e tc. Th at
s aid, th e  patie nt’s  ability to conve y a coge nt h is tory
appe ars  ve ry crucial for th e  clinical diagnos is  of th e
s inus itis ; h ow e ve r, th is  factor is  als o lack ing in pe diatric
patie nts  (age  <12 ye ars ), furth e r confounding th e
e arly diagnos is . More ove r, th e  h igh  load of patie nts
and lim ite d cons ultation tim e  available  to e ach  patie nt
in de ve loping countrie s  lik e  Pak is tan m ay als o contri-
bute  to h inde r th e  accurate  diagnos is  of th e  s inus itis .
On th e  oth e r h and, th e  ph ys ician is  als o re luctant to
pe rform  th e  s tandard diagnos tic te s t of s inus itis  (i.e .,
antral puncture  follow e d by bacte rial culture ) in pe dia-
tric patie nts , be caus e  of th e  invas ive  nature  of th e
te ch niq ue . Ne ve rth e le s s , failure  to diagnos e  m axillary
s inus itis  can le ad to pote ntially s e rious  com plications .
Ove rall, th e s e  factors  contribute  in e s tablis h ing th e
diagnos is  th rough  conve ntional radiologic im aging.
Com pute d tom ograph y (CT) and ultras onograph y are
th e  fre q ue ntly us e d m e dical im aging m odalitie s  us e d
in clinics  w orldw ide . As  s uch , th e s e  tw o im aging tolls
are  als o us e d for de te ction of clinically s us picious
m axillary s inus itis  in pe diatric patie nts . In particular,
CT s can is  able  to s e ns itive ly de te rm ine  th e  e xte nt
and s e ve rity of s inus itis  but is  typically carrie d out
w h e n patie nts  h ave  com plications  or w h e n ch ronic
s inus itis  is  s us pe cte d.8,9  Alte rnative ly, ultras onograph y
is  a rapid, re adily available , re lative ly ine xpe ns ive
and conve nie nt im aging m e th od for e valuation of
m axillary s inus itis .10,11 In th is  conte xt, th is  s tudy w as

Sinusitis on CT

Positive Negative
Sinusitis on ultrasound

Positive

Negative

29

36

02

25

Table  2: Confus ion m atrix for ultras onograph y ve rs us  CT s can
pos itive  findings  of m axillary s inus itis  pe diatric patie nts

e le m e nts  3 and 4 of th e  s e cond row  re pre s e nt FP
and TN for norm al patie nts , re s pe ctive ly. Th e  us e ful
s tatis tical m e trics  param e te rs  (i.e ., Sn, Sp, Acc, PPV

and NPV) w e re  de rive d from  th e  confus ion m atrix;
th e s e  m e trics  cam e  out to be   Sn = 45% , Sp = 9 3% ,
Acc = 9 4% , PPV = 9 4% , NPV = 41% .

Figure  1: Maxillary s inus itis  s e e n on CT s can and Ultras ound



planne d to com pare  both  th e s e  im aging tools  to
e xplore  and de s cribe  th e  pos s ible  options  in various
s ce narios  of pe diatric clinics  w ith out com prom is ing
th e  q uality of life  of th e  patie nts .
Th e  obs e rve d tre nds  in th e  diagnos is  of clinically
s us picious  m axillary s inus itis  re ve ale d th at CT s can
is  a cle arly s upe rior im aging m e th od as  com pare d to
ultras onograph y. Ke e ping th e  CT s can as  gold s tan-
dard, ultras onograph y de te cte d cons ide rably low e r
num be r of m axillary s inus itis . Th e  com m on finding of
ultras onograph y w as  unilate ral m ucos al th ick e ning
follow e d by bilate ral s inus  involve m e nt. Since  th e
bilate ral involve m e nt w as  m os tly s e e n in acute  s inus itis
patie nts , th e re by th e  obs e rve d tre nd in th e  findings
m ay h ave  s te m m e d from  th e  fact th at our s am ple
coh ort containe d h igh e r num be r of ch ronic s inus itis
cas e s  as  com pare d to acute  s inus itis  cas e s . More ove r,
th e  s e ns itivity of ultras onograph y for de te ction of
m axillary s inus itis  is  low  (Sn = 45% ), h ow e ve r it offe rs
ve ry good s pe cificity and accuracy (Sp = 9 3% , Acc

= 9 4% ). Furth e rm ore , ultras onograph y is  s afe  (as  it
doe s  not utiliz e  ioniz ing radiations ), le s s  e xpe ns ive ,
allow s  for re al-tim e  as s e s s m e nts  and fre q ue ntly
available . In th is  conte xt, it is  pos tulate d th at ultra-
s onograph y m ay be  us e d as  a firs t h and tool in th e
diagnos is  of clinically s us picious  m axillary s inus itis ,
particularly in pe diatric patie nts .
Th e  findings  of th is  s tudy appe ar cons is te nt w ith
s im ilar pre vious  s tudie s . For ins tance ,  com paris on
of ultras ound to CT s can for acute  m axillary s inus itis
h ave  pre vious ly de m ons trate d s e ns itivity and s pe ci-
ficity le ve ls  of 66.7%  and 9 4.9 % , re s pe ctive ly.12  Oth e r
s tudie s  de aling w ith  th e  ch aracte riz ation of m axillary
s inus  h ave  als o de m ons trate d alm os t s im ilar s e ns itivity
and s pe cificity m e trics .13-15 To e nh ance  th e  accuracy
of ultras ound, a pos tural ch ange  during s inus
ultras ound h as  be e n s ugge s te d. In particular, s inus
ultras ound, as  typically pe rform e d in h alf-s itting
pos ition, give s  a partial s inus ogram  (i.e ., th e  s ole
vis ualiz ation of th e  h ype re ch oge nic pos te rior w all of
th e  s inus ), indicative  of air-fluid le ve l. Th e  ultras ound
w as  re pe ate d w ith  a pos tural ch ange  in th e  patie nt
pos ition (i.e ., in s upine  pos ition) w h e re  th e  appe arance
(or dis appe arance ) of th e  partial s inus ogram  w as
corre late d w ith  m ucos al th ick e ning (or air-fluid le ve l).
Th e  pos tural ch ange  for s inus  ultras ound incre as e d
th e  value  of PPV from  61 to 9 1.2% .16 Lik e w is e ,
ultras ound and plain radiograph y w e re  inve s tigate d
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and found com parable  in th e  diagnos is  of m axillary
s inus itis . Spe cifically, th e  Sn, Sp, Acc, PPV and NPV

value s  of ultras ound in com paris on of plain radio-
graph y w e re  9 9 .7% , 89 .9 % , 9 4% , 88.5%  and 9 9 .8% ,
re s pe ctive ly.7 More ove r, ultras ound and plain radio-
graph y s h ow e d agre e m e nt in de te ction of fluid
accum ulation and air-fluid le ve l in th e  m axillary
s inus e s .17 O ve rall, th e s e  s tudie s  s ugge s t th at
ultras ound is  a s im ple  and e fficie nt im aging toll for
th e  as s e s s m e nt of clinically s us picious  m axillary
s inus itis .

Conclus ion

In th is  s tudy, w e  h ave  com pare d th e  e fficie ncy of
ultras onograph y agains t CT s can for th e  as s e s s m e nt
of clinically s us picious  m axillary s inus itis  in pe diatric
patie nts . In particular, ultras onograph y offe rs  low
s e ns itivity but ve ry good s pe cificity and accuracy
com pare d to CT s can. Ultras onograph y is  a s afe ,
rapid, cos t e ffe ctive  and re adily available  im aging tool
for th e  initial as s e s s m e nt of clinically s us picious
m axillary s inus itis  in pe diatric patie nts .

Re fe re nce s

1.

2.

3.

4.

5.

Anon JB. Uppe r re s piratory infe ctions . Am  J Me d.
2010; 123(4): S16-25.

Madani G, Be ale  T. Sinonas al inflam m atory dis e -
as e . Se m in Ultras ound CT MR. 2009 ; 30: 17-24.

Re ide r JM, Nas h e ls k y J. Do im aging s tudie s  aid
diagnos is  of acute  s inus itis ? J Fam  Pract. 2003;
52(7): 560-9 .

Bas s im  M, Ebe rt C, Sit R, Se nior B. Radiation
dos e  to th e  e ye s  and parotids  during CT of th e
s inus e s . Otolaryngol H e ad Ne ck  Surg. 2005; 133:
531-3.

Jos h i VM, Sans i R. Im aging in s inonas al inflam -
m atory dis e as e . Ne uroim aging Clin N Am . 2015;
25(4): 549 -68.



132PJR April - June 2018; 28(2)PAKISTAN JOURNAL OF RADIOLOGY

16.

17.

Vargas  F, Boye r A, Bui H N, Salm i LR, Grus on D,
H ilbe rt G. A pos tural ch ange  te s t im prove s  th e
pre diction of a radiological m axillary s inus itis  by
ultras onograph y in m e ch anically ve ntilate d patie nts .
Inte ns ive  Care  Me d. 2007; 33: 1474-8.

Re z a N, Ali T, Se digh e  V, Lale h  B. Diagnos tic value
of ultras onograph y in ch ildre n w ith  m axillary s inu-
s itis . Int J Me d Inve s tig. 2015; 5(1): 32-5.

6.

7.

8.

9 .

10.

11.

12.

13.

14.

15.

Varone n H , Mäk e lä M, Savolaine n S, Läärä E,
H ilde n J. Com paris on of ultras ound, radiograph y,
and clinical e xam ination in th e  diagnos is  of acute
m axillary s inus itis : a s ys te m atic re vie w . J Clin
Epide m iol. 2000; 53: 9 40-8.

Pant H . Com paris on of s onograph y w ith  plain
radiograph y in clinically s us pe cte d m axillary s inu-
s itis . Pak is tan J Radiol. 2017; 27(2): 71-8.

Rao K. Com pute d tom ograph y of paranas al s inus
path ologie s  w ith  functional e ndos copic s inus
s urge ry/ nas al e ndos copy corre lation. Clin Rh inol
An Int J. 2015; 8(1): 15-9 .

Nas s  RL, H olliday RA, Re e de  DL. Diagnos is  of
s urgical s inus itis  us ing nas al e ndos copy and
com pute riz e d tom ograph y. Laryngos cope . 19 89 ;
9 9 : 1158-60.

Fufe z an O, As avoaie  C, Panta PC, M ih ut G, Bur-
s as iu E, Anca I, e t al. Th e  role  of ultras onograph y
in th e  e valuation of m axillary s inus itis  in pe diatrics .
Me d Ultras on. 2010; 12(1): 4-11.

Puh ak k a T, H e ik k ine n T, Mak e la MJ, Alane n A,
Kallio T, Kors off L, e t al. Validity of ultras onograph y
in diagnos is  of acute  m axillary s inus itis . Arch
Otolaryngol H e ad Ne ck  Surg. 2000; 126: 1482-6.

K arantanas  AH , Sandris  V. M axillary s inu s
inflam m atory die s e as e : ultras uund com pare d to
com pute d tom ograph y. Com put Me dicaI Im aging
Graph . 19 9 7; 21(4): 233-41.

Bie rig SM, Jone s  A. Accuracy and cos t com paris on
of ultras ound ve rs us  alte rnative  im aging m odalitie s ,
including CT, MR, PET, and angiograph y. J Diag-
nis tic Me d Sonogr. 2009 ; 25(3): 138-44.

Ah m e d A. Im aging of th e  pae diatric paranas al
s inus e s . South  African J Radiol. 2013; 17(3):
9 1-7.

Abdalla AA, Abde lgadir SA, Ayad CE, Gadal A.
Ch aracte riz ation of m axillary s inus  in patie nts  w ith
facial pain us ing ultras ound. Glob J M e d Re s .
2013; 13(2): 3-6.


