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Summary 
Computed tomography (CT) imaging is an im-
portant component in the pre-operative as-
sessment of pelvic fractures in humans. The 
value of CT images in the management of 
small animal pelvic fractures is presently un-
determined. The objective of this study was to 
investigate the benefits of CT images on the 
management of pelvic fractures. A prospec-
tive study of 25 traumatised cases of canine 
and feline pelvic fractures were evaluated, 
where CT images and conventional orthogon-
al radiographic assessments were performed 
on each case. Three diplomat orthopaedic sur-
geons independently reviewed the radio-
graphs and CT images on separate occasions 
and determined fracture classification,  
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management plan, estimated recovery time 
and prognosis.  A consensus review of the im-
aging modalities and surgical reports was 
used as the definitive fracture description. For 
all observers, management was not found to 
differ significantly between radiographic and 
CT analysis (P< 0.05). There was moderate 
agreement between observers and between 
imaging modalities for fracture description. 
Greatest discrepancy was found as the frac-
ture complexity increased, such as with acet-
abula and sacral fractures, whereby CT was 
the most sensitive. Clinically high quality radi-
ography would be recommended for all pelvic 
fracture cases; CT may be beneficial where 
there is uncertainty, particularly with acetabu-
la fractures or sacral fractures causing neuro-
logical deficits. Experienced orthopaedic sur-
geons often disagreed on the diagnosis, treat-
ment and prognosis of pelvic trauma. 

Introduction 
Road traffic accidents (hit by car) are the 
most common reason for the high-energy, 
multi-trauma injuries seen in small animals, 
as is found in the adult human and paediatric 
populations (1, 2). Pelvic fractures are a com-
mon sequel to trauma of small animals and 
account for 20–25% of reported fractures (3, 
4). In humans computed tomography (CT) 

images are more sensitive than plain radio-
graphic films for detecting pelvic fractures 
and give greater certainty in planning therapy 
(5–7), particularly for fractures involving the 
sacrum and acetabulum (8). Canine and fe-
line acetabula are weight-bearing along their 
whole radius (9, 10), so the accurate identifi-
cation of articular fractures in traumatised 
patients is pertinent; furthermore plain 
radiographs are poor at detecting steps in the 

articular surface of the acetabulum (11). The 
purpose of our study was to assess the bene-
fits of CT in assessing pelvic fractures by ad-
dressing the following questions regarding 
the imaging of pelvic trauma cases; 
1. Do CT images facilitate the identification 

of more pelvic injuries than plain  
radiography? 

2. Does the interpretation of CT images 
alone alter the management of pelvic frac-
tures, when compared to plain  
radiography? 

3. In which types of pelvic fracture is CT im-
aging recommended, in addition to or as 
an alternative to plain radiography? 

 
Our hypothesis was that the  addition of CT to 
plain radiography would not alter the man-
agement of pelvic fractures (including prog-
nostic information supplied to the owners). 

Materials and Methods 

Over a 2-year-period (2005 to 2007), 25 con-
secutive dogs and cats admitted to the Glas-
gow University Small Animal Hospital with a 
pelvic fracture were identified prospectively. 
Each patient was assessed upon admission by 
the attending clinician using a standardised 
form for orthopaedic and neurological exam-
ination. Orthogonal radiographic projec-
tions were taken of the pelvis which included 
the standard lateral and ventrodorsal 'frog-
leg' position. Computed tomography (CT) 
examinations were performed under the 
same general anaesthetic using a third gener-
ation, helical, four-slice, multi-detector CT 
scannera. 

Dogs were placed in dorsal recumbency, 
the hindlimbs flexed in a 'frog-leg' position 

a CT twin flash Excel 2400: Elscint, Philips Medical 
System, Surrey, UK 
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with the pelvis perpendicular to the CT gan-
try. The region to be scanned included the en-
tire pelvis from tuber coxae to the tuber ischii. 
Contiguous slices with a slice thickness of 1.5 
mm or 2.7 mm were obtained, bed increment 
0.7 or 1.4, pitch 0.7 mm, (120 Kv 153 mA cat-
small dog, 120 Kv 165 mA medium-large 
dog), dependent on patient size. Slice thick-
ness of 1.5 mm was used in all cases unless the 
pelvic length was too long for the scan 
window, in which case 2.7 mm was used. 
Transverse images were reviewed by all ob-
servers, on a computer workstation, using a 
bone window (window width 3500 Houns-
field units, window level 500 Hounsfield 
units). Three dimensional (3-D) recon-
structed images, (surface rendering), were 
produced and saved for each patient, using 
image analysis softwareb.  

Multiplanar reconstructed images were 
available in real time. Radiographic and CT 
examinations were obtained when the patient 
was suitably stabilised taking into account all 
other injuries. The patients were assessed by 
one of the authors who did not take part in 
analysing the CT scans and radiographs. Each 
patient was ascribed a total fracture assess-
ment score out of thirty. This was a sum-
mation of the mechanical, biological and 
clinical assessment scores which were each 
rated on a score of one to 10 (12, 13). 

The fracture assessment scores along with 
a written description of all concurrent in-
juries that the patient had sustained were 
given to each observer. Three board certified 
orthopaedic surgeons (observers), none of 
whom had used CT to analyse pelvic fractures 
before the study (though they were familiar 
with CT), were blinded to the identity of the 
cases; all names and case numbers were cover-
ed and every case was assigned a number. 
Each observer analysed the radiographs inde-
pendently and two months later analysed the 
CT scans also independently. Each observer 
was given a questionnaire to complete per pa-
tient and per imaging modality. This was di-
vided into three parts: classification, manage-
ment and prognosis. 

In part one, the observers were asked to 
write down a written description of the pelvic 
and sacral fractures visualised. They were 
then asked to classify the pelvic fractures 

using the alpha numerical coding system de-
scribed by Messmer and Montavon (14). Sac-
ral fractures are not included in this coding 
system and therefore these were classified into 
types I-V as described by Anderson and 
Coughlan (15). In part two, they were asked 
whether they would manage these pelvic 
 fractures conservatively or surgically. If the 
surgical option was elected then they were 
asked which primary method of fracture fix-
ation they would choose. In part three, they 
were asked to grade the prognosis for re-
covery from one to five (�Table 1) and pro-
vide an estimate of the time to recovery (in 
weeks). 

After review of the surgical report (if avail-
able) and a repeat analysis of the CT scans and 
radiographs together, a consensus by simple 
majority was reached for each identified 
lesion. If a surgical report was available, this 
was given a higher weighting than the CT or 
radiographic findings. The consensus was ob-
tained between one board eligible radiologist, 
one board certified radiologist, and one 
board eligible surgeon (all blinded to case 
identity and assessment scores). The consen-
sus was used as the standard against which 
each of the independent observers results 
were analysed. To assess intraoberserver 
variability, observer 3 repeated the CT scan 
questionnaire one year later. 

Statistical analysis 

The fracture classification for each observer 
was compared to the consensus and given a 
numerical coding (1 = correct, 0 = incorrect). 
This was compared at the principal fractures 
level and at the precise configuration level. 
Principal fractures were defined by numerical 
coding (0 = pelvic floor or sacrum, 1 = acet-
abulum, 2 = ilium, 3 = sacro-iliac luxation, 4 
= acetabulum and ilium, 5 = acetabulum and 
sacro-iliac luxation, 6 = ilium and sacro-iliac 
luxation, 7 = acetabulum, ilium and sacro-
iliac luxation). 

Inter-observer agreement for fracture 
classification was calculated using Kappa 
statistics, significance was assessed at P<0.05 
(16). Likewise, inter-observer agreement of 
management (conservative or surgical), 
prognosis grades and recovery times were cal-
culated using Kappa statistics. The accuracy, 
sensitivity, specificity, positive predictive 
value (PPV) and negative predictive value 
(NPV) for acetabula, iliac and sacral fractures 
and sacro-iliac luxations were calculated. 
McNemar’s tests were undertaken for each 
observer to ascertain whether the same man-
agement options (conservative or surgical) 
were selected after fracture assessment by 
radiographic versus CT analysis. For all ana-
lyses, significance was set at P<0.05. Intra- 

Table 1  
Table given to the 
observers to grade 
the prognosis for  
recovery of the  
patient. 

Grade Descriptive Grade Meaning 

1 Excellent Normal, 
ambulation normal, 
no pain, 
no neurological deficits 

2 Good Mild / intermittent lameness 1–2/10, 
no pain, 
no neurological deficits 

3 Moderate Moderate lameness 3–5/10, 
mild pain, 
with or without mild neurological  
deficits 

4 Poor Marked lameness 6–9/10, 
evidence of pain, 
possible neurological deficits 

5 Very Poor Euthanasia, 
amputation, 
no limb use, 
severe pain, 
severe neurological deficits

b MxView 3.51: Marconi Medical Systems, UK 
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observer analysis was performed for one ob-
server with regards to their repeatability to 
classify and manage the fractures according 
to CT analysis. This was also compared to the 
consensus. 

Results 
Fracture distribution, species, age, and sex for 
each case are presented in �Tables 2 and 3. 
All fractures were identified in animals over 
three months of age (range 13 weeks – 19 
years).  Approximately equal numbers of both 

sexes were recorded, the ratio of males to fe-
males was 1 : 0.9 and the ratio of entire vs. 
neutered animals was 0.9 : 1 (2 cats and 11 
dogs were entire). There was no breed predis-
position amongst dogs, and all cats were Do-
mestic Shorthaired.  Whereas all of the canine 
pelvic fractures were caused by witnessed 
motor accidents, the causes of the feline in-
juries were not witnessed. None of the frac-
ture configurations were the same (between 
cases). If the fractures are classified into prin-
cipal fractures only using the Messmer-Mon-
tavon classification (14), the most common 
fractures were ilial (6/25) and ilial sacro-iliac 
luxation combinations (7/25) (�Fig. 1). 
Type I (alar) sacral fractures had no neuro-
logical deficits (4 cases), type V (com-
minuted) sacral fractures mostly had S1-S3 
neurological deficits (2/3 cases). 

The CT descriptions matched the consen-
sus on average 80% of the time (average 20 
cases), (�Table 4) and inter-observer agree-
ment was poor to moderate (Kappa = 
0.05–0.50). Repeat CT analysis by observer 3 
matched the consensus descriptions 88% of 
the time (22 cases) (�Table 4). The radio-
graphic descriptions matched only 70% 
(average 17 cases) of the time and inter-ob-
server agreement was moderate (Kappa = 
0.52–0.60). For both imaging modalities, 
there was excellent agreement between ob-
servers and consensus in the principal clas-
sification of fractures (�Table 7), but they 
disagreed as to the exact configuration of the 
fractures (Kappa 0.05– 0.5) (�Table 5). 

The greatest disagreement occurred with 
pelvic floor fractures, sacral fractures, com-
plex acetabula fractures, and on the CT im-
ages sacro-iliac luxation was often missed 
(four cases for one observer compared to only 
two on radiographic analysis). On repeat 
analysis of the CT scans, only one sacro-iliac 
luxation was missed. Observer accuracy, sen-
sitivity, specificity, positive and negative pre-
dictive values for each fracture type are pres-
ented in �Table 8. intra-observer repeatabil-
ity is presented in �Table 4 and 5. 

For all observers’, management (whether 
conservative or surgical plans were chosen) 
was not found to be significantly different be-
tween CT and radiographic evaluation, 
(P<0.05). Observer 1 changed management 
in 5/25 cases, observer 2 in 0/25 cases and ob-
server 3 in 8/25 cases. None of the observers 
agreed between each other for the type of 

Fig. 1 Histogram to show the distribution and frequency of principal fractures amongst the 25 cases. 

Table 2  
Pelvic fracture  
distribution amongst 
the 25 cases. 

Table 3 Median ages and weights of the 25 cases. The ratio of male to female is recorded in brackets. 

Table 4 Percentage of correct fracture classifications on CT and radiographic analysis for each  
observer and intra-observer for observer 3. 

Species Acetabula Ilial Sacral Sacro-iliac luxation 

Canine  7 16  5  7 

Feline  1  3  4  6 

Total 32% 76% 36% 56%

Species Median weight/kg Median age/months Male Female 

Canine 12 21 mth. 11 (1.5) 7 (1) 

Feline  3.4 45 mth.  2 (0.4) 5 (1)

Observer Percentage of correct  
classification on CT 

Percentage of correct  
classification on Radiographs 

1 vs. consensus 76% 68% 

2 vs. consensus 80% 72% 

3 vs. consensus 84% 76% 

Repeat 3 vs. consensus 88% n/a
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management on CT (P<0.05). Based on 
radiographic assessment, the observers 
agreed fair to moderately (Kappa 0.35–0.44) 
(�Table 5). Within observers, their manage-
ment was the same overall on radiographic 
and CT analysis (84% of the time) (Kappa 
ranged 0.36–1) (�Table 6). 

Observers 2 (48%, 12/25 cases for both 
radiographs & CT) and 3 (44%-52%, 
11–13/25 cases for radiographs & CT respect-
ively) equally elected for conservative or sur-
gical management; whereas observer 1 had a 
surgical bias (only 2%-24%, 2–6/25 cases for 
CT & radiographs respectively were treated 
conservatively). 

Overall CT images changed the written de-
scription on 60% of occasions (range 13–17 
cases per observer). If surgical management 
was chosen, the surgical plan was changed on 
29.3% of occasions (range 2–11 cases per ob-
server). Analysing individual fractures the 
acetabular description was changed on 62% of 
occasions (5–7 cases per observer) and the 
surgical plan altered on 26.6% of occasions 
(1–3 cases per observer). The ilial fracture de-
scription never changed, but the surgical plan 
did alter on 29.2% of occasions (0–8 cases per 
observer). The sacral fracture description 
changed 17.3% of the time (on average 4 out 
of 9 sacral fractures) but the surgical plan did 
not alter on any occasion. On repeat analysis 
observer 3 only missed one alar type 1 sacral 
fracture. The sacro-iliac fracture luxation de-
scription changed on 23% of occasions and 
the surgical plan on 25.5% of occasions (range 
one to six cases per observer). 

Estimates of prognosis showed moderate 
to substantial agreement between CT and 
radiographic assessment (Kappa 0.48–0.8) 
and inter-observer agreement was fair to 
poor. For estimates of recovery times between 

CT and radiography the agreement was sub-
stantial for one observer but fair to poor for 
the others (0.16–0.38) and inter-observer 
agreement was slight to moderate (Kappa 
range 0.08–0.46) (�Tables 5 and 6). There 
was less agreement between imaging moda-
lities and between observers as the injuries 
became more complex (e.g. acetabula frac-
tures, highly comminuted ilial fractures), or 
when there were neurological deficits, par-

ticularly associated with sacral injuries, al-
though there were too few cases to statistically 
analyse these. 

It was not possible to see if the manage-
ment significantly differed between the 
species as too few cats were enrolled in the 
study, though one observer did treat six out of 
seven cats conservatively (85%). The range 
between the observers was 14–85% whereas 
for canines the range was 16–55%. 

Table 5 Kappa statistics comparing the observers for classification, management, prognosis and recovery time for CT and radiographic analysis; n/a = not 
applicable. Where Kappa agreement 0 = poor, 0.01–0.2 = slight, 0.21–0.40 = fair, 0.41–0.60 = moderate, 0.61–0.80 = substantial, 0.81–1.00 = almost  
perfect. 

Table 6 Kappa statistic results showing the level of agreement for management, prognosis and  
recovery times per observer between CT and radiographic analysis; 95% Confidence Intervals are in 
brackets. 

Table 7 This table shows the ability of observers to detect the presence of principal pelvic fractures 
(not exact configuration) using imaging modality (radiographs or CT), compared to the consensus and 
the results when observer 3 repeated the CT analysis. The results show the number of matched cases out 
of a possible 25 patients. In brackets below is the overall Kappa result, n/a = not applicable. 

Observer  
combinations 

CT Kappa statistics Radiograph Kappa statistics 

Classification Management Prognosis Recovery 
times 

Classification Management 

1 & 2 0.18 0.17 0.50 0.46 0.52 0.35 

2 & 3 0.05 0.17 0.48 0.15 0.48 0.44 

1 & 3 0.50 0.006 0.53 0.22 0.60 0.40 

3 & 3 repeat 0.17 0.14 n/a n/a n/a n/a 

Prognosis 

0.18 

0.31 

0.12 

n/a 

Recovery 
times 

0.18 

0.08 

0.08 

n/a

Observer Management CT  
versus Radiographs 

Prognosis CT versus  
Radiographs 

Recovery times CT  
versus Radiographs 

1 0.43 (0.10–0.75) 0.48 (0.20–0.75) 0.16 (0.12–0.43) 

2 1 (0.60–1.39) 0.80 (0.53–1.08) 0.7 (0.42–0.98) 

3 0.36 (-0.02–0.75) 0.50 (0.25–0.75) 0.38 (0.10–0.65)

Observer No. of matched cases to consensus  
on radiographs 
(Kappa results in brackets) 

No. of matched cases  
to consensus on CT 
(Kappa results in brackets) 

1 20/25 
(0.75) 

17/25 
(0.68) 

2 21/25 
(0.80) 

19/25 
(0.71) 

3 23/25 
(0.90) 

20/25 
(0.75) 

Repeat 3 n/a 23/25 
(0.90)
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analysis, �Table 8), (�Fig. 2). It is of great 
importance that these fractures are correctly 
classified in order to help the surgeon decide 
whether the fracture is reconstructible. Out of 
five acetabula fractures which were initially 
diagnosed as simple on radiography, four 
were diagnosed as comminuted on the CT 
scans. This worsened the prognosis that the 
surgeons estimated and altered their manage-
ment, some electing for conservative man-
agement or different internal fixation. 

Due to the small number of acetabula 
cases we cannot conclude that CT should be 
used for all cases in order to detect these par-
ticular fractures. However, we recommend 
that a CT scan be performed if there there is 

Discussion 
In human orthopaedic surgery there is much 
controversy as to whether plain radiography 
is superfluous for pelvic fracture assessment 
(17–19). In our study the hypothesis that the 
addition of CT to standard imaging moda-
lities would not alter the management of pel-
vic fractures was supported by all three ob-
servers (P<0.05). As a general statement we 
would agree with the one veterinary pub-
lication and the human paediatric studies 
that plain radiography alone is sufficient in 
the majority of cases (19–21). 

CT did change the fracture classification 
on 60% (range 13–17 cases per observer) of 

occasions but the management of the pelvic 
fractures was only altered on 29.3% of occa-
sions (range 2–11 cases per observer). When 
this data is analysed further, CT and radiogra-
phy only agreed on classification and man-
agement in certain fracture configurations. 
Ilial fractures were always detected on radio-
graphs by all observers, but the degree of 
comminution and spatial orientation was 
more readily observed on CT; this however 
did not affect management, although the sur-
geons noted that they had a higher degree of 
certainty and were more prepared prior to 
surgery for the complex fractures. 

Acetabula fractures were more readily 
evaluated by CT (100% accuracy upon repeat 

Table 8  
Accuracy, sensitivity, 
specificity, positive 
(PPV) and negative 
predictive values 
(NPV) for each 
 fracture type per  
observer, intra-ob-
server repeatability 
tested for observer 3. 

Test Observer Accuracy Sensitivity Specificity PPV NPV 

Acetabula fracture on radiograph 1  92%  88%  94%  88%  94% 

2  88%  88%  88%  78%  94% 

3  92%  75% 100% 100%  90% 

Average  91%  83%  94%  88%  92% 

Acetabula fracture on CT 1  88%  63% 100% 100%  85% 

2  84%  88%  82%  70%  93% 

3  92%  87.50%  94%  87.50%  94% 

Average  88%  79.17%  92%  85.83%  91% 

Repeat 3 100% 100% 100% 100% 100% 

Sacral fracture on radiograph 1  84%  55% 100% 100%  80% 

2  84%  55% 100% 100%  80% 

3  76%  33.30% 100% 100%  72.7 

Average  81%  47.77% 100% 100  78% 

Sacral fracture on CT 1  80%  44% 100% 100%  84% 

2  84%  66.60%  93.80%  85.70%  72% 

3  84%  55.50% 100% 100%  80% 

Average  83%  56%  98%  95%  79% 

Repeat 3  96%  89% 100% 100%  94% 

Sacro-iliac luxation on radiograph 1  80.8%  86%  75%  80%  82% 

2  96.2% 100%  92%  93% 100% 

3  96.2%  93% 100% 100%  92% 

Average  91.1%  93.%  89%  91%  91% 

Sacro-iliac luxation on CT 1  80.8%  71%  92%  91%  73% 

2  96.2%  93% 100% 100%  92% 

3  84.6%  79%  92%  92%  79% 

Average  87.2%  81%  94.7%  94.3%  81.3% 

Repeat 3  96.1%  93% 100% 100%  92%
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any indication upon clinical examination 
(conscious and under sedation), or uncer-
tainty upon analysis of the radiograph. It is 
interesting to note that prior to the training of 
one of the observers, there were one to two 
cases (per observer) of false negatives and 
false positives on CT and radiographic analy-
sis with respect to acetabula fractures 
(�Table 8). This accuracy rate is in agree-
ment with a previous study which showed on 
radiography that one acetabula fracture was 
missed and there were two false positives, (ac-
curacy rate of 86%) (20). 

CT has many advantages over radiography 
including the greater detail of spatial relation-
ship of fracture fragments, the lack of super-
imposition of faecal matter or colonic air ob-
scuring the view and the ability to 3D model 
the anatomy of interest. However, it may be 
costly (to those where CT is not available on 
site), increases the patient radiation dose and 
is not accessible to all veterinary practices. 
Therefore considering our data, CT would 
generally not be recommended over high 
quality orthogonal plain radiographs. How-
ever, CT is recommended in addition to plain 
radiography in sacral fractures with neurolog-
ical clinical signs, acetabula fractures and 
those where there is a large degree of uncer-
tainty with regards to the fracture configur-
ation. CT can also be used to concurrently 
evaluate soft tissue injuries including vascular 
injuries which might include angiographic 
techniques. At our institution urogenital in-
juries are typically investigated using contrast 
radiographic studies and ultrasound; apart 
from contusions there were no other urogeni-
tal injuries detected in our study, and all sus-
pected muscular injuries were treated conser-
vatively. In this study these injuries were not 

classified by CT analysis. This is an area that 
could be studied in the future. 

Of concern was the discrepancy in classifi-
cation between observers for CT which was 
greater than for radiographic evaluation. Of 
even greater concern was the CT evaluation of 
fractures that are managed by surgery, such as 
acetabula fractures (1, 9, 11, 22–25). Two ob-
servers’ erroneously detected acetabula frac-
tures on CT which were not present. In one 
case they had elected to repair the fracture; 
they would have found intra-operatively that 
this was a pelvic floor fracture. This is likely to 
be due to a lack of experience with the evalu-
ation of CT scans for pelvic fractures and 
fractures of the pubis and/or ischium can be 
misinterpreted (11). This can be shown by the 
improved results obtained once one of the 
observers had been trained specifically for 
pelvic fracture CT evaluation (100% accu-
racy/sensitivity/specificity for acetabula frac-
tures, �Table 8). The authors accept this is a 
limitation of our study; although all the ob-
servers were familiar with CT they had not 
used this modality for imaging the pelvis be-
fore this study. It would have been interesting 
to have had a board certified radiologist as 
one of the observers for the classification of 
fractures (the consensus team included a ra-
diologist). A previous study showed a 98.7% 
agreement between a board certified radiolo-
gist and surgeon at classifying pelvic fractures 
on CT (20). Another reason may be that due 
to the intellectual demands of analyzing 25 
cases in one session, some scans were not ob-
served with as much care as would be desired. 
Certainly this problem has been reported in 
human studies whereby the initial detection 
rate was dramatically increased when re-
evaluated subsequently (26). 

When identifying fractures, there was ex-
cellent agreement (kappa 0.8–1) between ob-
servers on CT and radiographs compared to 
consensus. However there was lack of agree-
ment between observers when describing the 
exact configurations. The inter-observer lack 
of agreement was particularly related to the 
pelvic floor injuries (fractures of the ischium 
and pubis). These fractures can be highly 
comminuted and difficult to interpret in both 
imaging modalities. Although none of these 
fractures are usually primarily repaired (none 
were surgically repaired in this study), these 
fractures are important as they often deter-
mine whether the weight-bearing com-

Fig. 2 CT transverse image, (Width 2500 Hu, 
Centre 500 Hu) of a six-month-old canine pelvis 
with bilateral acetabular fractures. Two out of 
three observers did not detect the left acetabular 
fracture on radiographic analysis. All the observ-
ers detected the fractures on CT analysis; L, Left; R, 
Right. 

ponents are supported and may increase the 
risk of implant failure or delayed recovery 
time (1). 

The 3-D reconstructions can be useful for 
these fractures in creating 3-D images of the 
bone surface; however fine detail may be lost 
due to the nature of surface rendering (5). Vol-
ume rendering algorithms are superior at dis-
playing minimally displaced fractures and 
hidden areas of interest with few artefacts. This 
may have increased the sensitivity and reliabil-
ity of detecting these fractures, but this moda-
lity was not available at our institution (5). 

A veterinary study had identified that no 
lesions were detected on multiplanar re-
formatted (MPR) or 3-D reconstructed CT 
images which were not detected on transverse 
sectional imaging (20). The surgeons did find 
the 3-D reconstructions complementary to 
the transverse CT images for ascertaining the 
spatial arrangement of fracture fragments 
and preferred these for determining the sur-
gical approach and screw placement. Real 
time MPR images could be accessed using the 
computer workstation; though standardised 
saved MPR images were not available due to 
technical difficulties. The authors acknowl-
edge that this is a limitation of the study. This 
may have contributed to the misdiagnosis of 
some cases if this modality was not used by 
observers. All of the fractures, when reviewed 
by the consensus meeting, were detected and 
MPR found no fractures which had not al-
ready been detected on the transverse sec-
tional imaging. Perhaps this indicates that ex-
perience in pelvic CT analysis is a greater con-
tributor. Further studies including board cer-
tified radiologists, volume rendering and 
standardised MPR would be ideal. 

The accuracy, sensitivity, specificity, posi-
tive and negative predictive values were excel-
lent and similar for both imaging modalities 
in detecting acetabula and ilial fractures 
(�Table 8). This is analogous to findings by 
Crawford 2003 (20). It may be that such high 
accuracies and positive predictive values were 
obtained from the radiographic images due 
to the experience of the three board certified 
surgeons. The observers were not as familiar 
with CT imaging modalities because CT was 
not routinely used to evaluate pelvic fractures 
prior to this study. These results therefore 
must be interpreted with caution and our 
intra-observer study showed that the  
accuracy of CT was greatly enhanced by ex-

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.vcot-online.com on 2011-11-23 | ID: 1000542141 | IP: 137.166.68.75



was utilised in this study in an attempt to vali-
date this system. The classification system was 
proposed as a simple, reliable method of coding 
fracture combinations according to their clini-
cal relevance with respect to therapy and prog-
nosis (14). Our observers found the system easy 
to use at the simple level; deciding whether the 
fracture had no involvement, unilateral or bi-
lateral involvement of weight-bearing elements 
and then assigning a number to the location of 
the principal fracture. 

At this stage the observers all agreed. Every 
case then had one to four further digits, each 
of which had three variables ranked accord-
ing to therapeutic and prognostic relevance. 
The observers did not agree at this level, and 
often the written description of the fracture 
did not match the code that the observer had 
written down. The observers commented that 
this was probably a reflection of the complex-
ity of the fracture classification system. 

Additional important clinical factors such 
as the degree of displacement of fracture frag-
ments or pelvic narrowing are not incorpor-
ated into this classification scheme. This is 
understandable as pelvic fractures can be ex-
tremely complex, as highlighted in this study 
where over half of the fractures were bilateral 
and no fracture configuration was the same. 
Messmer and Montavon 2004 agreed with 
this whereby out of 556 cases they had 160 
different combinations and only 19 com-
binations occurred in more than 6 cases (14). 
They also found 52% of cases had unilateral 
involvement of the weight-bearing elements 
which is similar to our findings whereby 48% 
of cases were unilateral, the most common 
combination being an ilial fracture with 
sacro-iliac luxation (�Fig. 1). As this study 
has only 25 cases it is not large enough to vali-
date the classification system and this system 
maybe more beneficial in larger studies. 

This was a small study and thus the results 
must be interpreted with caution. The cost of 
advanced imaging meant no further patients 
could be recruited. Patients with fractures of 
the acetabulum and sacrum were highlighted 
in this study as potentially benefiting from 
CT. Further studies concentrating on these 
areas would be valuable. Our results were 
based on whether the surgeons changed their 
surgical plans when assessing the CT images. 
This change may not have been due to the 
fracture configuration visualised but simply 
due to a chance change in opinion and this is 
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perience. It must also be noted that less ex-
perienced surgeons may not interpret the 
radiographs as accurately, and CT may give 
more certainty in this instance. Human 
studies of the diagnosis of pelvic fractures in 
adult patients with acute trauma, found error 
rates of 30–65% with plain radiographs (8, 
24, 27–30) although other authors concur 
with our findings; Resnik et al (1992), for 
example, found a 9% misdiagnosis rate (21). 
They too concluded that their improved 
radiographic detection rates were due to their 
observers’ level of skill. 

The lower sensitivity of detecting sacral 
fractures on plain radiographs is in agree-
ment with many human studies and the one 
previous veterinary study (18, 20, 21, 31). All 
the surgeons found CT more sensitive at de-
tecting the exact configuration of the sacral 
fracture (�Fig. 3). This had no significant ef-
fect on surgical management as all observers 
treated these injuries conservatively. However 
it did have a profound influence on prog-
nosis; all the sacral fractures which traversed 
the spinal canal or sacral forminae had neu-
rological deficits (32). All four cases of type I 
had no neurological deficits and this agrees 
with the findings of Anderson and Coughlan 
1997 (15). It has been recommended that CT 
be routinely used to assess sacral fractures in 
man (33) and although our numbers are 
small the preliminary findings would suggest 
this should be the case also for the dog and 
cat. 

Conventional radiographs of the sacrum 
are often difficult to interpret since overlying 
viscera and the normal angulation of the sa-
crum make the diagnosis of injury difficult. 
However, the use of plain films should not be 
completely discounted since a retrospective 
review of vertical shear injuries of the sacrum 
found the sensitivity to improve from 34% to 
93% (26). Resnik et al. (21) reported that they 
missed only 16% of sacral fractures on plain 
films and that none of these missed fractures 
would have changed management. An ad-
equate ventrodorsal radiograph of the sa-
crum will enable visualization of the sacral 
arcuate lines, which outline the sacral for-
amen. Disruption of the arcuate lines in 
human studies has been found to be a clear 
indication of a sacral fracture (34). 

In a previous study, 20 degree inlet/outlet 
views did not provide significant additional 
information to the standard lateral/VD 

radiographs and were thus not included as 
part of our standard radiographic protocol 
(20). However if CT is not available these 
views may give additional information with 
regards to sacral fractures and sacro-iliac lu-
xations. Although our study has relatively 
small numbers we also found that cats were 
more likely to sustain sacro-iliac luxations 
than dogs, which may suggest a relatively 
weak attachment for the pelvis (15). Further 
investigations into this potential species dif-
ference are warranted. 

Our lack of agreement between observers 
in terms of type of management is not sur-
prising considering the number of different 
ways pelvic fractures can be managed; and 
simply highlights individual opinions, differ-
ent previous experiences and the need to have 
at least three observers to obtain valid results. 

The observers found estimating recovery 
times and prognoses similar between CT and 
radiography for those cases without neuro-
logical deficits but as the cases became more 
complex, the recovery times and prognoses 
varied more greatly. This is to be expected and 
emphasises the need to explain to clients the 
intricacy of the injuries and that a range of 
outcomes are possible. 

The pelvic fracture classification system de-
scribed and based on the AO/ASIFc principal 

Fig. 3 CT transverse image, (width 2500 Hu, 
centre 500 Hu) of an adult canine sacro-iliac joint 
showing a left comminuted type V sacral fracture 
and right comminuted, medially displaced ventral 
ilial wing fracture. One observer detected a sacral 
fracture on radiographic analysis but was unable 
to determine the exact location, extent and con-
figuration of the fracture. All observers detected 
the fracture on CT analysis. This case had left sided 
neurological signs localised to S1-S3; R, Right; L, 
Left. 

c AO: Arbeitsgemeinschaft für Osteosynthesefragen; 
ASIF: Association for the Study of Internal Fixation
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why our Kappa statistical analysis of agree-
ment was low in spite of the seemingly high 
matched percentages. 

In conclusion, this study highlighted that 
good quality, plain radiographic films are ad-
equate to interpret and surgically plan the 
majority of pelvic fractures, which should be 
available to most general practitioners. If the 
fractures are involving the acetabulum or sa-
crum, or if there is uncertainty about the 
exact fracture configuration, CT may be 
beneficial to fracture planning and prognosis, 
but experience in viewing CT images may im-
prove the value of using this imaging tech-
nique. Experienced orthopaedic surgeons 
often disagreed on the diagnosis, treatment 
and prognosis of pelvic trauma; this high-
lights the complexity of decision making in 
pelvic fracture analysis and repair. 
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