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Abstract
Purpose:  To  compare  the  diagnostic  performance  of  T2-weighted  Dixon,  T1-weighted  and  Short-
Tau Inversion  Recovery  (STIR)  MR  images  for  the  detection  of  radiographically  occult  fractures
(ROF) of  the  hip  and  pelvis  in  elderly  patients  after  low-energy  trauma.
Materials  and  methods:  A  total  of  22  patients  older  than  50  years  with  suspected  ROF  after  low-
energy trauma  was  prospectively  included.  There  were  9  men  and  13  women,  with  a  mean  age
of 80.9  years  ±  12.5  (SD)  (range:  52—100  years).  T2-weighted  Dixon,  T1-weighted  and  STIR  MR
images were  analyzed  by  3  independent  radiologists  blinded  to  the  clinical  data  and  the  results
of other  imaging  examinations.  Readers  separately  assessed  each  series  of  images  for  the  pres-
ence of  fractures  on  a  per  bone  analysis.  Diagnostic  performance  of  each  reader  was  compared
for Dixon  and  non-Dixon  sequences  using  contingency  tables  and  McNemar  test.  Interobserver

agreement  was  evaluated  according  to  the  Fleiss-Cuzick’s  kappa  statistics.
Results:  The  sensitivity  of  the  Dixon  sequence  in  the  detection  of  ROF  ranged  from  90.9%  (20/22;
95% CI:  70.8—98.9%)  to  100%  (22/22;  95%  CI:  84.6—100%).  The  sensitivities  of  the  non-Dixon
sequences  in  the  detection  of  ROF  ranged  from  95.5%  (21/22;  95%  CI:  77.2—99.9%)  to  100%
(22/22;  95%  CI:  84.6—100%).
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For  each  reader,  there  were  no  statistical  differences  between  combined  Dixon  and  combined
non-Dixon  images  for  the  detection  of  ROF  (P  =  0.12,  0.99  and  0.99).  Interobserver  agreement
with T2-weighted  Dixon  water-only  images  was  significantly  lower  than  that  with  the  STIR
sequence  (0.70—0.79  vs.  0.87—0.93).
Conclusion:  T2-weighted  Dixon  may  be  a  second-rate  alternative  to  T1-weighted  and  STIR
sequences  for  the  detection  of  ROF  of  the  hip  and  pelvis  in  elderly  patients.

© 2018  Société  française  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
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he  estimated  number  of  low-energy  hip  fracture  in  elderly
atients  is  expected  to  rise  from  1.7  million  in  the  90s  to
.3  million  in  2050  worldwide  [1].  Plain  radiography  is  the
ornerstone  imaging  modality,  but  radiographically  occult
racture  (ROF)  of  the  hip  and  pelvis,  defined  as  a  fracture  not
isible  on  radiographs,  is  observed  in  2  to  14%  of  the  patients
fter  low-energy  trauma  [2—5].  Diagnosis  of  ROF  is  necessary
s  undetected  or  delayed  detection  of  ROF  of  the  hip  and
elvis  are  associated  with  higher  morbidity  and  mortality
6—8].  Magnetic  resonance  imaging  (MRI)  is  considered  as
he  imaging  modality  of  choice  to  assess  suspected  hip  and
elvic  fractures  [2,9—14].

The  most  common  MRI  protocols  to  detect  hip  and  pelvic
ractures  include  T1-weighted  spin-echo  (SE)  sequence  in
he  coronal  plane  along  with  Short-Tau  Inversion  Recovery
STIR)  or  T2-weighted  fast  SE  sequences  with  fat  suppres-
ion  in  the  coronal  and  transverse  planes  [6,11,13].  Several
uthors  suggested  an  abbreviated  protocol  to  decrease
he  examination  time  for  elderly  patients  using  fat-  and
uid-sensitive  sequences  in  the  coronal  imaging  plane  only
2,5,6,15].

The  Dixon  technique  based  on  the  simultaneous  acqui-
ition  of  in-phase  and  opposed-phased  images  allows  the
roduction  of  fat-only  (water-suppressed)  and  water-only
fat-suppressed)  images  by  post-processing  [16].  Previous
tudies  have  demonstrated  that  the  water-only  images
llowed  equivalent  or  better  fat  suppression  than  the  usu-
lly  performed  fat-saturated  and  STIR  sequences  [16—20].
ecent  studies  suggested  that  T2-weighted  Dixon  fat-only
mages  could  replace  the  T1-weighted  SE  sequence  for  the
etection  of  bone  marrow  metastasis  [21]  and  sacroiliitis
22].  It  may  be  thus  assumed  that  the  T2-weighted  Dixon
equence  might  replace  T1-weighted  SE  and  STIR  sequences
or  the  detection  of  ROF.

The  purpose  of  this  study  was  to  compare  the  diagnostic
erformance  of  T2-weighted  Dixon,  T1-weighted  SE  and  STIR
equences  for  the  detection  of  ROF  of  the  hip  and  pelvis
fter  low-energy  trauma  in  elderly  patients.

aterials and methods
atients

he  current  prospective  single-center  study  was  approved
y  the  institutional  ethic  committee  of  our  institution,  and
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nformed  consent  was  obtained  from  all  patients.  Patients
lder  than  50  years  who  were  admitted  to  the  emergency
oom  between  August  2017  and  February  2018  for  suspicion
f  fracture  of  the  hip  or  pelvis  after  low-energy  trauma
nd  had  radiographic  examinations  that  included  antero-
osterior  radiographs  of  the  pelvis  and  antero-posterior  and
blique  radiographs  of  the  symptomatic  hip  were  eligible  for
he  study.

Radiographs  were  read  by  the  on-duty  radiology  resi-
ent  with  3-  to  5-years  of  experience  in  medical  imaging.
atients  with  diagnosis  of  recent  fracture  at  radiographs  and
atients  with  normal/inconclusive  radiographs  and  low  clin-
cal  suspicion  of  fracture  were  excluded.  Patients  with  high
linical  suspicion  of  fracture  and  normal  or  non-conclusive
adiographs  underwent  multiple  detector  computed  tomog-
aphy  (MDCT)  examination  as  it  is  the  standard  of  care  in  our
nstitution  (IQon  Spectral  CT

®
, Philips).  Standard  acquisition

arameters  of  the  MDCT  were  120  kV/204  mAs  and  images
ere  reconstructed  with  bone  and  soft  tissue  kernels.

After  patients  had  undergone  MDCT  examination,  two
adiology  residents  responsible  of  the  inclusion  process
sked  the  patients  to  freely  participate  to  the  study
nd  further  undergo  MRI  examination.  Exclusion  criteria
ere  refusal  to  undergo  MRI,  contraindications  to  MRI,
navailability  of  the  MRI  examination  and  incomplete  MRI
xamination  ( Fig.  1).

R imaging parameters

RI  examinations  were  performed  with  a  3  T  MR  scan-
er  (Magnetom  Skyra

®
, Siemens  Healthineers  or  Ingenia

chiva
®
,  Philips).  All  MRI  examinations  involved  both  prox-

mal  femurs,  iliac  bones  and  sacrum  with  the  standard  MRI
equences  used  in  our  institution  and  a  T2-weighted  Dixon
equence  specifically  added  for  the  purpose  of  the  study.
he  standard  MRI  protocol  included  a  T1-weighted  turbo  SE
equence  in  the  coronal  plane  (repetition  time  (TR)/echo
ime  (TE),  750/16  ms;  field-of-view  (FOV),  400  ×  400;  sec-
ion  thickness  (ST),  4  mm;  intersection  gap  (IG),  1  mm;
ength  (L),  2  min  43  s)  and  a  STIR  sequence  in  the  coronal
lane  (TR/TE,  11,697/60  ms;  FOV,  400  ×  400;  ST,  4  mm;  IG,

 mm;  L,  4  min  23  s)  with  a  STIR  sequence  in  the  transverse

lane.  The  coronal  T2-weighted  Dixon  turbo  SE  sequence
TR/TE,  4940/80  ms;  FOV,  400  ×  400;  ST,  4  mm;  IG,  1 mm;  L,

 min  52  s)  was  added  and  randomly  ordered  in  the  MRI  pro-
ocol.  Coronal  T1-weighted,  STIR  and  T2-weighted  Dixon



MRI  detection  of  radiographically  occult  fractures  of  the  hip  and  pelvis  in  the  elderly  171

tudy.
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Figure 1. Flowchart demonstrating the inclusion process in the s

fat-  and  water-only  MR  images  were  anonymized,  randomly
labelled  and  archived  in  our  picture  archiving  and  commu-
nication  system  (Carestream  Vue  12.1.5.5151,  Carestream
Health,  Inc.).  T2-weighted  Dixon  in-phase  and  out-of-phase
images  were  not  used  in  the  study.

Lesion definition

Bone  fracture  was  defined  as  a  poorly  defined  medullary
area  that  demonstrated  decreased  signal  intensity  on
fat-sensitive  images  (T1-and  T2-weighted  Dixon  fat-
only  images)  and  high  signal  intensity  on  fluid-sensitive
sequences  (STIR  and  T2-weighted  Dixon  water-only  images)
with  or  without  a  linear  component  within  the  marrow
changes  (Fig.  2).  The  confidence  level  for  the  fracture  was
evaluated  on  a  three-level  Lickert  scale:  1  indicated  uncer-
tainty;  2,  a  good  degree  of  confidence;  and  3,  a  high  degree
of  confidence.

Image analysis

Between  March  and  May  2018,  one  of  the  two  last-year
residents  who  had  been  involved  in  the  inclusion  process
(B.H.)  and  two  radiologists  with  3  years  of  experience  in
musculoskeletal  imaging  (T.K.  and  V.P.)  who  had  not  been
involved  in  the  inclusion  process  analyzed  the  images  for
the  presence  or  absence  of  bone  fracture.  Readers  assessed
separately  bones  and  sequences  blinded  to  all  clinical  infor-
mation  and  all  imaging  data  except  the  analyzed  coronal  MR
images.  Analysis  of  the  images  was  performed  on  a  per  bone

analysis  to  avoid  the  influence  of  the  findings  observed  in
the  other  bones  when  assessing  the  target  bone.  To  do  so,
readers  were  asked  to  zoom  the  images  and  focus  on  the
target  bone  only.  After  having  analyzed  the  same  bone  of
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ll  patients  in  a given  sequence,  readers  were  asked  to  ana-
yze  another  bone  in  the  same  sequence.  Readers  analyzed
he  bones  in  the  following  order:  right  femurs,  left  femurs,
ight  pelvic  bones,  left  pelvic  bones  and  sacrums.  After  anal-
sis  of  the  5  bones  of  all  patients  of  the  same  sequence,
eaders  assessed  another  series  on  a  per  bone  analysis  in  a
imilar  manner.  Sequences  were  analyzed  in  the  following
rder:  T2-weighted  Dixon  fat-only,  T1-weighted  SE,  Dixon
ater-only  and  STIR  images.

The  reference  standard  for  the  presence  or  absence  of
cute  fracture  was  based  on  the  retrospective  analysis  per-
ormed  by  a  musculoskeletal  radiologist  (J.M.)  with  35  years
f  experience  in  musculoskeletal  imaging  who  had  access  to
ll  medical  and  available  imaging  data  including  MDCT  and
R  images  in  the  transverse  plane.

tatistical analysis

he  sensitivity,  specificity  and  accuracy  for  each  reader  to
etect  fractures  were  calculated  for  each  series  of  images
nd  for  combined  Dixon  and  combined  non-Dixon  images
sing  contingency  tables  along  with  their  exact  Clopper-
earson  95%  confidence  intervals  [23].  Results  obtained
ith  combined  Dixon  and  combined  non-Dixon  images  were
ompared  using  McNemar  test.  Statistically  significant
ifference  was  set  at  P  <  0.05.  Lesions  with  a  confidence
evel  reading  of  1  were  considered  negative  for  fracture
nd  lesions  with  a  confidence  level  reading  of  2  or  3  were
onsidered  positive  for  fracture.  In  the  combined  analysis
f  fat-  and  fluid-sensitive  series  of  images,  fractures  were

onsidered  positive  if  present  in  at  least  one  of  the  two
eries.  Interobserver  agreement  was  evaluated  for  all  bones
n  each  series  according  to  the  Fleiss-Cuzick’s  kappa  statis-
ics.  Agreement  was  interpreted  as  follows:  Kappa  ≤  0.20
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Figure 2. A 99-year-old woman with fracture of the left proximal femur after low-energy trauma. a: STIR image in the coronal plane
reveals bone marrow edema with poorly defined high signal intensity of the bone marrow (arrow); b: T2-weighted Dixon water-only image
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emonstrates similar findings (arrowhead); c: T1-weighted SE ima
efined low signal intensity of the bone marrow (arrow); d: T2-wei

ndicated  poor  agreement,  Kappa  between  0.21  and  0.40,
air  agreement,  Kappa  between  0.41  and  0.60  moderate
greement,  Kappa  between  0.61  and  0.80  substantial
greement,  and  Kappa  ≥  0.81  very  good  agreement.  Statis-
ical  analyses  were  conducted  with  the  Medcalc  software
Medcalc  18.5,  Medcalc  Statistical  Software-Belgium).

esults

tudy population

etween  August  2017  and  February  2018,  288  patients  aged
ver  50  years  were  admitted  at  our  emergency  department
ecause  of  pain  and  inability  to  walk  after  a  low-energy
rauma.  Radiographs  read  by  the  on-duty  radiology  resident
emonstrated  recent  fractures  in  163  patients  who  were

xcluded  from  the  study.  Radiographs  were  considered  to
e  negative  or  non-conclusive  in  125  patients  and  MDCT
as  performed  in  51  of  them  because  of  high  clinical

uspicion  of  ROF.  After  MDCT,  22  patients  underwent  further

9
8
c
d

 the coronal plane also reveals bone marrow edema with poorly
 Dixon fat-only image demonstrates similar findings (arrowhead).

RI  examination  within  24  hours  after  admission  with
he  required  sequences  and  were  included  in  the  study.
here  were  9  men  and  13  women  with  a  mean  age  of  80.9
ears  ±  12.5  (SD)  (range:  50—100  years).

Among  the  included  patients,  6  patients  had  no  frac-
ures  and  16  patients  had  22  fractures,  including  3  femoral
ractures,  12  pelvic  bone  fractures  and  7  sacral  fractures.
our  femurs  could  not  be  assessed  due  to  the  presence  of
etal-related  artifacts.

omparison between Dixon and non-Dixon
equences

he  sensitivity  of  the  Dixon  sequence  in  the  detection  of
OF  ranged  from  90.9%  (20/22;  95%  CI:  70.8—98.9%)  to
00%  (22/22;  95%  CI:  84.6—100%).  The  sensitivities  of  the
on-Dixon  sequences  in  the  detection  of  ROF  ranged  from

5.5%  (21/22;  95%  CI:  77.2—99.9%)  to  100%  (22/22;  95%  CI:
4.6—100%).  There  were  no  statistical  differences  between
ombined  Dixon  and  combined  non-Dixon  images  for  the
etection  of  ROF  for  each  reader  (P  = 0.12,  0.99,  0.99).
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Table  1  Diagnostic  performance  to  detect  radiographically  occult  fractures  of  the  hip  and  pelvis  with  combined  Dixon
and  non-Dixon  fat-and  fluid-sensitive  images  in  22  patients.

Reader  Diagnostic  performance  T2-weighted  Dixon  T1-weighted  SE  +  STIR

R1  Sensitivity  100  (22/22)  [84.6—100]  100  (22/22)  [84.6—100]
Specificity  94.1  (79/84)  [86.7—98.0]  98.8  (83/84)  [93.5—100]
Accuracy  95.3  (101/106)  [89.3—98.5]  99.1  (105/106)  [94.9—100]

R2  Sensitivity  95.5  (21/22)  [77.2—99.9]  100  (22/22)  [84.6—100]
Specificity  95.2  (80/84)  [88.3—98.7] 95.2  (80/84)  [88.3—98.7]
Accuracy  95.3  (101/106)  [89.3—98.5] 96.2  (102/106)  [90.6—99.0]

R3  Sensitivity  90.9  (20/22)  [70.8—98.9] 95.5  (21/22)  [77.2—99.9]
Specificity  95.2  (80/84)  [88.3—98.7]  94.1  (79/84)  [86.7—98.0]
Accuracy  94.3  (100/106)  [88.1—97.9]  94.3  (100/106)  [88.1—97.9]

Note. Numbers in parentheses are proportions. Numbers in brackets are 95% confidence intervals. SE indicates spin-echo.

Table  2  Diagnostic  performance  to  detect  radiographically  occult  fractures  of  the  hip  and  pelvis  with  fat-sensitive  Dixon
and  non-Dixon  MR  images  in  22  patients.

Reader  Diagnostic  performance  Dixon  fat-only  T1-weighted  SE

R1  Sensitivity  81.8  (18/22)  [59.7—94.8]  90.9  (20/22)  [70.8—98.9]
Specificity  95.2  (80/84)  [88.3—98.7]  100  (84/84)  [95.7—100]
Accuracy  92.5  (98/106)  [85.7—96.7]  98.1  (104/106)  [93.4—99.8]

R2  Sensitivity  90.9  (20/22)  [70.8—98.9]  95.5  (21/22)  [77.2—99.9]
Specificity  96.4  (81/84)  [89.9—99.3]  96.4  (81/84)  [89.9—99.2]
Accuracy  95.3  (101/106)  [89.3—98.5]  96.2  (102/106)  [90.6—99.0]

R3  Sensitivity  81.8  (18/22)  [59.7—94.8]  86.4  (19/22)  [65.1—97.1]
Specificity  97.6  (82/84)  [91.7—99.7]  94.1  (79/84)  [86.7—98.0]
Accuracy  94.3  (100/106)  [88.1—97.9]  92.5  (98/106)  [85.7—96.7]

Note. Numbers in parentheses are proportions. Numbers in brackets are 95% confidence intervals. SE indicates spin-echo.

Table  3  Diagnostic  performance  to  detect  radiographically  occult  fractures  of  the  hip  and  pelvis  with  fluid-sensitive
Dixon  and  STIR  MR  images  in  22  patients.

Reader Diagnostic  performance  Dixon  water-only  STIR

R1  Sensitivity  86.4  (19/22)  [65.1—97.1]  95.5  (21/22)  [77.2—100]
Specificity  95.2  (80/84)  [88.3—98.7]  98.8  (83/84)  [93.5—100]
Accuracy  93.4  (99/106)  [86.9—97.3]  98.1  (104/106)  [93.4—99.8]

R2  Sensitivity  90.9  (20/22)  [70.8—98.9]  100  (22/22)  [84.6—100]
Specificity  97.6  (82/84)  [91.7—99.7]  97.6  (82/84)  [91.7—99.7]
Accuracy  96.2  (102/106)  [90.6—99.0]  98.1  (104/106)  [93.4—99.8]

R3  Sensitivity  72.7  (16/22)  [49.8—89.3]  86.4  (19/22)  [65.1—97.1]
Specificity  96.4  (81/84)  [89.9—99.3]  98.8  (83/84)  [93.5—100]
Accuracy  91.5  (97/106)  [84.5—96.0]  96.2  (102/106)  [90.6—99.0]

Note. Numbers in parentheses are proportions. Numbers in brackets are 95% confidence intervals. STIR indicates short-tau inversion
recovery.

I

The  2  ×  2  interobserver  agreement  for  the  detection  of
fractures  was  substantial  to  very  good  for  all  sequences.
Results  are  summarized  in  Table  1  for  the  comparison  of
combined  fat-  and  fluid-sensitive  sequences,  Table  2  for
the  comparison  of  fat-sensitive  sequences,  Table  3  for  the
comparison  of  fluid-sensitive  sequences  and  Table  4  for  the

comparison  of  the  confidence  level  for  the  detection  of  frac-
tures.

I
e

nterobserver agreement
nterobserver  agreement  was  not  statistically  differ-
nt  between  Dixon  and  non-Dixon  fat-sensitive  images
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Table  4  Mean  confidence  level  and  standard  deviation  for  the  detection  of  radiographically  occult  fractures  of  the  hip
and  pelvis  of  each  reader  with  T2-weighted  Dixon  fat-only,  T1-weighted  SE,  T2-weighted  Dixon  water-only  and  STIR  images
according  to  the  gold  standard  of  the  study.

Fracture  Fat-only  T1-weighted  SE  Water-only  STIR

R1  Yes  2.32  ±  1.04  2.59  ±  0.85  2.59  ±  0.85  2.64  ±  0.79
No  0.37  ±  0.58  0.17  ±  0.46  0.17  ±  0.46  0.12  ±  0.45

R2  Yes  2.68  ±  0.89  2.82  ±  0.66  2.82  ±  0.66  2.91  ±  0.29
No  0.13  ±  0.53 0.10  ±  0.46 0.10  ±  0.46  0.07  ±  0.40

R3  Yes 1.91  ±  1.38 2.41  ±  1.14 2.41  ±  1.14  2.27  ±  1.20
No  0.13  ±  0.58 0.19  ±  0.63 0.19  ±  0.63 0.14  ±  0.52

Note. Confidence level for fracture detection was scored as follow: 0: no fracture; 1: uncertainty; 2: good degree of confidence; and 3:
high degree of confidence for the fracture. STIR indicates short-tau inversion recovery.

Table  5  Interobserver  agreement  with  2  ×  2  comparison  for  the  detection  of  radiographically  occult  fractures  of  the  hip
and  pelvis  with  T2-weighted  Dixon  fat-only,  T1-weighted  SE,  T2-weighted  Dixon  water-only  and  STIR  MR  images.

Fat-only  T1  SE Water-only  STIR

R1/R2  0.76  [0.69—0.83]  0.84  [0.79—0.89]  0.79  [0.73—0.85]  0.89  [0.85—0.93]
R2/R3  0.81  [0.75—0.87]  0.80  [0.74—0.86]  0.73  [0.66—0.80]  0.87  [0.82—0.92]
R1/R3  0.78  [0.71—0.85]  0.83  [0.78—0.88]  0.70  [0.63—0.80]  0.93  [0.90—0.96]

Note. Numbers in brackets are 95% confidence intervals. STIR indicates short-tau inversion recovery.
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0.76—0.81  for  T2-weighted  Dixon  fat-only  images  and  0.80-
.84  for  T1-weighted  SE  images).  Interobserver  agreement
ith  T2-weighted  Dixon  water-only  images  was  significantly

ower  than  that  with  the  STIR  sequence  (0.70—0.79  for  T2-
eighted  Dixon  water-only  images  and  0.87—0.93  for  STIR

mages).  Results  for  the  interobserver  agreement  are  sum-
arized  in  Table  5.

iscussion

ur  study  demonstrated  that  T2-weighted  Dixon  MR
equence  in  the  coronal  plane  has  high  diagnostic  perfor-
ance  for  the  detection  of  occult  fractures  of  the  hip  and
elvis  in  the  elderly  with  confidence  level  similar  to  those
f  T1-weighted  and  STIR  sequences  in  the  coronal  plane.
owever,  the  diagnostic  performance  of  the  T2-weighted
ixon  sequence  did  not  outreach  those  of  the  conventional
equences.

Our  results  concerning  fat-sensitive  images  are  in  line
ith  those  of  previous  studies  which  demonstrated  the
otential  of  T1-weighted  Dixon  fat-only  images  as  an
lternative  to  the  conventional  T1-weighted  SE  sequence
o  detect  bone  metastases  in  patients  with  cancer  [21]  or
o  assess  chronic  signs  of  sacroiliitis  [22].  On  the  contrary,
ur  results  with  the  fluid-sensitive  images  contrast  with
hose  of  previous  studies  which  demonstrated  the  supe-
iority  of  the  T2-weighted  Dixon  sequence  in  comparison
ith  non-Dixon  fluid-sensitive  imaging  [18,19,22]. Indeed,
2-weighted  Dixon  water-only  images  had  lower  sensitivity,

ccuracy  and  interobserver  reproducibility  than  the  STIR
equence  in  our  study.  In  certain  areas  of  the  body,  the
ixon  technique  may  be  less  efficient  than  STIR  sequence

n
p
o

r  chemical  shift-selective  (CHESS)  technique  as  it  has
een  recently  demonstrated  in  the  cervical  spine  [24].  It  is
ossible  that  the  benefit  in  terms  of  fat  signal  suppression
nd  contrast-to-noise  ratio  with  the  T2-weighted  Dixon
ater-only  images  does  not  yield  any  significant  advantage

n  the  detection  of  fracture  when  large  field-of-views  are
sed  in  which  the  STIR  sequence  also  provides  effective  fat
uppression  with  satisfying  lesion  depiction.

The  T2-weighted  Dixon  sequence  could  be  an  alternative
n  a  single  sequence  approach  to  the  standard  T1-weighted
E  and  STIR  sequences  in  clinical  practice.  Indeed,  reduced
cquisition  time  of  a  single  coronal  T2-weighted  Dixon
equence  (less  than  4  minutes  for  T2-weighted  Dixon  vs.

 minutes  for  standard  protocol)  could  increase  the  access  to
RI  for  these  patients  during  scheduled  activities,  especially
sing  2-point  Dixon  that  is  faster  than  the  3-point  tech-
ique.  Although  it  was  not  one  of  the  objectives  of  our  study,
nterestingly  we  noted  that  the  coronal  STIR  sequence  as  a
ingle  sequence  was  excellent  with  an  accuracy  superior  to
hat  of  all  other  sequences.  These  results  are  in  accordance
ith  those  of  Khurana  et  al.  who  suggested  that  a  single
oronal  STIR  sequence  was  sufficient  to  enable  detection
f  radiographically  occult  fractures  in  elderly  patients  [15].
oreover,  the  duration  of  the  STIR  sequence  acquisition  was

imilar  to  that  of  the  T2-weighted  Dixon  in  our  study  and
ould  be  reduced  after  further  optimization  [25]. This  find-
ng  deserves  further  analysis  as  it  was  not  within  the  scope
f  our  study.

Our  study  had  several  limitations.  First,  this  study  was
reliminary  with  a  limited  number  of  included  patients  and

o  power  analysis  was  performed.  We  intentionally  com-
lexified  the  image  analysis  process  to  increase  the  number
f  analyzed  bones  and  decrease  the  chance  of  a  clustering
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MRI  detection  of  radiographically  occult  fractures  of  the  hip

effect.  Actually,  the  finding  of  a  fracture  interferes  with  the
likelihood  of  another  [26,27].  As  an  example,  the  presence
of  an  obturator  ring  fracture  increases  the  likelihood  of  a
sacral  fracture  and  decreases  that  of  a  femoral  fracture.
Second,  readers  did  not  analyze  images  obtained  in  the
transverse  plane  as  a  single  STIR  sequence  was  obtained
in  this  plane.  We  estimated  that  the  MRI  acquisition  time
would  have  been  overlength  with  the  addition  of  multiples
sequences  in  the  transverse  plane.  Anyway,  the  coronal
plane  has  been  demonstrated  to  be  sufficient  in  this  indi-
cation  [15,25].  Third,  we  acknowledge  that  the  combined
analysis  of  fat-  and  fluid-sensitive  images  was  artificial
and  based  on  separated  single  analysis.  We  deliberately
separated  the  analysis  of  fat-  and  fluid-sensitive  images
to  treat  equally  Dixon  and  non-Dixon  sequences.  However,
Dixon  sequences  present  a  major  benefit  in  clinical  practice
with  the  simultaneous  production  of  fat-  and  fluid-sensitive
images,  which  can  be  assessed  together  while  two  different
non-Dixon  sequences  are  necessary  to  do  so.

In  conclusion,  our  study  demonstrates  that  T2-weighted
Dixon  fat-  and  water-only  images  may  be  a  second-rate
alternative  to  T1-weighted  SE  and  STIR  sequences  in  the
detection  of  occult  hip  and  pelvic  fracture  in  elderly
patients.  However,  our  results  also  demonstrate  the  high
diagnostic  performance  of  a  single  coronal  STIR  sequence
for  this  indication.
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