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Abstract
Purpose 
Paediatric forearm fractures are commonly seen and treated by closed reduction and plaster cast application in theatre.
Historically cast application has been subjectively evaluated for its adequacy in maintaining fracture reduction. More
recently emphasis has been placed on objectively evaluating the adequacy of cast application using indicators such as
the Canterbury index (CI). The CI has been used in predicting post-reduction, re-displacement risk of patients by
expressing the cast and padding indexes as a ratio. The CI has been criticised for not including cast three-point pres-
sure, fracture personality, lack of standardisation of X-ray views as well as practical requirement of physical meas-
urement using rulers. 

The aim of this study was to determine whether subjective evaluation of these indices, before and after a tutorial on
the CI, was accurate in predicting a patient’s ultimate risk of re-displacement, following reduction and casting. 

In addition, we aimed to determine whether objective evaluation of these indices by measurement on the hospital’s
digital X-ray system correlated with the final fracture outcome post-reduction. 

Materials and methods
A retrospective study was done on a sample of 11 patients during the period May 2010 to July 2011 at Steve Biko
Academic Hospital. In total, 44 X-rays/fluoroscopy views were subjectively evaluated by 20 registrars and eight con-
sultants for possible fracture re-displacement, before and after a tutorial on the CI. Five consultants and 10 registrars
each measured 22 cast, padding and CIs on the digital X-ray system.

Results
A formal tutorial did not produce an increase in subjective predictive accuracy. Pre- and post-tutorial observed agree-
ment was seldom better than agreement by chance alone. Poor strength of agreement (κ <0.20) was found in all groups,
irrespective of level of displacement, imaging modality, level of orthopaedic training and tutorial attendance. Objective
measurement of the indexes all had insignificant p-values for comparing groups, indicating that there was no correla-
tion between the measured indexes and the final outcome irrespective of the level of fracture, imaging modality and
level of orthopaedic training. Shortcomings were variable co-operation from participants and non-standardisation of
X-rays.

Conclusion
In our hospital setting, no clinical value for the subjective and/or objective use of the CI could be found. Subjective
agreement was almost the same as expected agreement and objective measurement indicated no correlation with the
fracture outcome. It is suggested that patients following closed reduction of forearm fractures be followed up within
the first three days, and regularly thereafter, as there is currently no ideal system to predict re-displacement.
Further studies are needed to validate the CI by standardisation of X-rays.

Key words: paediatric, closed forearm fractures, Canterbury index, cast index, padding index
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Introduction
Forearm fractures are the most common fractures in the
paediatric population,1-3 while distal radial fractures
account for most of these.2,4 Historically closed manipula-
tion, with anatomical reduction and plaster of Paris (POP)
moulded casting has yielded good results in the manage-
ment of these fractures.2 This still remains the preferred
treatment in current orthopaedic practice.2,5

The Canterbury index (CI)3,6 is one of the indexes
described for evaluating the adequacy of post-manipula-
tion casting. It is a sum of the cast index, first described
by Chess and co-workers in 1994, and the padding index.
The cast index3,6,7 is defined as the measurement of the
internal cast width in the lateral view and the internal cast
width in the anteroposterior (AP) view at the fracture site,
expressed as a ratio (Figure 1a). As the cast becomes
more circular, the lateral diameter approaches that of the
AP diameter and the cast index would approach the value
of 1. The padding index6 is the ratio of the padding thick-
ness under the moulded cast in lateral view, in the plane
of deformity correction, to the maximum interosseous
distance in the AP view (Figure 1b). The padding index is
said to be an indirect measure of the three-point fixation,
where the greater the padding thickness at the fracture site
the poorer the three-point fixation.6

Following cast application, a cast index exceeding 0.8, a
padding index exceeding 0.3, and/or the combined CI of
more than 1.1 should be closely followed up, as it is prone
to re-displacement.3,6

With this study we aimed to determine the accuracy of
predicting fracture re-displacement by subjective evalua-
tion of the cast adequacy post reduction, pre- and post a
tutorial on the usage of the CI. In addition, we aimed to
determine the accuracy of objective evaluation of the cast
adequacy post reduction by measuring the CI on the hos-
pital’s digital X-ray system and correlating it with the
final fracture displacement.

Materials and methods
A retrospective study was done on all patients admitted to
Steve Biko Academic Hospital (SBAH), for closed reduc-
tion of forearm fractures during the period May 2010 to
July 2011. Excluding Salter Harris fractures and fractures
that received fixation, 34 closed distal radius with or with-
out ulna fractures from 33 patients, and 18 closed radius
and ulna shaft fractures from 17 patients, were identified.
Inclusion criteria included patients with an open growth
plate, adequate fluoroscopy in theatre post reduction, ade-
quate follow-up X-rays on days 1–7 post-operatively and
an X-ray at 3–6 weeks to evaluate for displacement.
Exclusion criteria included Salter Harris fractures, open
fractures, fractures that were unstable in theatre and
required K-wire fixation, as well as those patients who
had inadequate X-rays or follow-up. 

Based on the criteria, a sample of 11 patients was cho-
sen for the study, six of whom sustained distal radius with
or without ulna fractures, and five radius and ulna shaft
fractures. Of these patients, two distal radius fractures had
clinically significant displacement (>20° angulation and
>50% translation as described by Singh1,3,8); three had
clinically insignificant displacement (of which two were
distal radius fractures and one a shaft fracture); and six
had no displacement at final follow-up (Figure 2). No
clinically significant displaced shaft fractures from the
reviewed period were available to use in the study. The
age ranged from 4–14 years (average 7.7 years).

In total, eight consultants and 20 registrars evaluated 44
fluoroscopy views/X-rays. This added up to a total of 
1 232 evaluations as compared to the 200 from Singh.3

Displacement risk was recorded for each subject on each
fluoroscopy view/X-ray as likely or unlikely. This was
followed by an information session on performing the CI.
Thereafter, participants re-evaluated all the fluoroscopy
views/X-rays, and again rated displacement risk for each
case as likely or unlikely (Figure 3). The performances of
the subjects were compared to the clinical outcome of the
patients. 
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Figure 1b: Padding index = X/Y
Adapted from Singh and co-workers³
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Figure 1a: Cast index = A/B
Adapted from Singh and co-workers³

With this study we aimed to determine the accuracy 
of predicting fracture re-displacement by subjective evaluation 

of the cast adequacy
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ulna fractures 
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displacement 
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insigni!cant 
displacement 

Figure 2: Outline of study population and fracture outcome
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Figure 3: Participants and outline of chosen imaging pre- and post-tutorial 
(part one of the study)
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In the second part of the study five consultants and ten reg-
istrars were asked to measure the cast index, padding index
and ultimately the CI on the digital X-ray system available
at SBAH (Figure 4). A total of 330 CIs were measured.
These results were correlated to the three final outcome
groups for fracture displacement previously described
(Figure 2). 

Data analysis
Agreement between observers and actual outcome was
measured with the Kappa statistic (which measures agree-
ment beyond that which can be expected by chance). Angles
between groups were compared with Mann-Whitney and
Kruskal Wallis tests. The p-value for trend was computed
from the Spearman test. P-value of <0.05 was deemed sta-
tistically significant.9

Results
The pre- and post-tutorial agreement (observed, expected
and Kappa) are given separately for registrars and consult-
ants, on fluoroscopy, X-ray and combined images (Tables I

and II). 

Observed agreement: results of subjective evaluation,
obtained in the study.

Expected agreement: results that are expected if left to
chance.

Pre-tutorial observed agreement was seldom better than
agreement by chance alone (expected agreement) (Tables

I and II), implying that to flip a coin would almost give
the same results as subjectively trying to evaluate a post-
operative X-ray for possible re-displacement. The best
Kappa (Table III) was 0.257 which is at best fair (for the
consultants evaluating any displacement on fluoroscopy),
but all the other pre-tutorial Kappa values indicated poor
strength of agreement. 

Post-tutorial agreement was worse as compared to pre-
tutorial data, with all the Kappa values indicating poor
agreement and having lower values. The only exceptions
were the consultants’ prediction for major displacement
using X-rays and combined imaging, as well as all the
participants’ X-ray evaluation for any displacement,
where the Kappa values did not increase significantly.

10 Registrars 
5 Consultants 

Digital Measuring 

11 Patients 

6 Distal radius ± ulna fractures 

22 Fluoroscopy views  
Post-reduction  

Intra-operatively 

22 Lateral views 

(a)  Internal cast width 

Cast index = a/b = 0.8 

5 Radius + ulna shaft fractures 

22  X-Rays  
Day  1-7 

Post-operatively 

(b)  Internal cast width 
(x)  Padding thickness in the 
plane of deformity 

(y)  Maximum  interosseous distance 

Padding index = x/y = 0.3 

Canterbury index = a/b + x/y = 1.1 
(total of 330 measurements) 

22 AP views 

10 Registrars 
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Digital Measuring 

6 Distal radius ± ulna fractures 

11 Patients 

5 Radius + ulna shaft fractures 5 Radius + ulna shaft fractures 

(a)  Internal cast width 

22 Fluoroscopy views  
Post-reduction  

Intra-operatively 

22 Lateral views 

(x)  Padding thickness in the 
(b)  Internal cast width 

(x)  Padding thickness in the 

22 AP views 

22  X-Rays  
Day  1-7 

Post-operatively 

(b)  Internal cast width (y)  Maximum  

22 AP views 

interosseous distance (a)  Internal cast width 

Cast index = a/b = 0.8 

(x)  Padding thickness in the 
plane of deformity 

(b)  Internal cast width 
(x)  Padding thickness in the 

Padding index = 

(b)  Internal cast width (y)  Maximum  

Padding index = x/y = 0.3 

(y)  Maximum  interosseous distance 

Canterbury index = a/b + 
(total of 330 measurements) 

Canterbury index = a/b + x/y = 1.1 
(total of 330 measurements) 

Figure 4: Participants and digital measurement of indexes (part two of the study)

Pre-tutorial observed agreement was seldom better than 
agreement by chance alone (expected agreement)
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Despite this, the values were still poor. The strength of
agreement was less for major displacement than for any
displacement, with the accuracy of the registrars being
below the expected agreement post tutorial. This poor
strength of agreement (Kappa value <0.20) was found
in all groups, irrespective of level of displacement,

imaging modality, level of orthopaedic training and
tutorial attendance.

Due to the fact that no shaft fractures had clinically sig-
nificant displacement at follow-up, the trends could not be
calculated and there are no indexes available (Tables IV

and V).

ANY  
DISPLACEMENT 

(Insigni!cant 
and signi!cant 
displacement) 

Pre-tutorial 
Consultants 

 All 
Registrars 

All 
Consultants 
Fluoroscopy 

Registrars 
Fluoroscopy 

Consultants  
X-rays 

Registrars  
X-rays 

observed 60.80% 57.95% 63.64% 57.73% 57.95% 58.18% 

expected 50.46% 50.60% 51.03% 51.03% 49.90% 50.17% 

Kappa 0.209 0.149 0.257 0.137 0.161 0.161 

Post-tutorial 
Consultants  

All 
Registrars 

All 
Consultants 
Fluoroscopy 

Registrars 
Fluoroscopy 

Consultants  
X-rays 

Registrars  
X-rays 

observed 57.95% 55% 55.68% 52.27% 60.23% 57.73% 

expected 50.83% 49.75% 51.55% 50.04% 50.10% 49.46% 

Kappa 0.145 0.104 0.085 0.045 0.203 0.164 

Table I. Agreement between assessment (will displace) and final outcome (any displacement)

MAJOR 
DISPLACEMENT 

(Signi!cant 
displacement) 

Pre-tutorial 
Consultants 

 All 
Registrars 

All 
Consultants 
Fluoroscopy 

Registrars 
Fluoroscopy 

Consultants  
X-rays 

Registrars  
X-rays 

observed 53.98% 54.32% 56.82% 55.91% 51.14% 52.73% 

expected 53.25% 54.19% 57.23% 57.23% 49.28% 51.16% 

Kappa 0.015 0.003 -0.01 -0.031 0.037 0.032 

Post-tutorial 
Consultants 

 All 
Registrars 

All 
Consultants 
Fluoroscopy 

Registrars 
Fluoroscopy 

Consultants  
X-rays 

Registrars  
X-rays 

observed 56.82% 46.82% 60.23% 47.73% 53.41% 45.91% 

expected 55.79% 48.26% 60.85% 50.29% 50.72% 46.24% 

Kappa 0.023 -0.028 -0.016 -0.052 0.055 -0.006 

Table II. Agreement between assessment (will displace) and final outcome (major displacement)
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For the registrars’ X-ray measurements of the distal
radius, significant p-values are observed (p <0.05) for the
padding and CIs. However, even though the p-trend is
also significant (0.012 and 0.024 respectively), it is in the
wrong direction, indicating that the indexes decrease as
the displacement increases, thus rendering it clinically
insignificant. The p-values of the padding and CIs for the
registrars’ combined fracture X-ray measurements are
also significant (p <0.05), but irrelevant due to the fact
that the trends are insignificant (0.313 and 0.177 respec-
tively).

The registrars’ measurements of the padding index on
fluoroscopy views for shaft fractures was significant (p-
value = 0.021) indicating a significant decrease in the
padding measurement between the undisplaced and
insignificantly displaced fractures, as expected.
Unfortunately no trend is available, due to the fact that
there were no significantly displaced shaft fractures avail-
able to include in the study. This measurement taken by
the consultants had an insignificant p-value as well as the
CIs of both the consultants and registrars for the evalua-
tion of shaft fractures on fluoroscopy. This makes it diffi-
cult to interpret the relevance of this p-value, and clini-
cally it appears to be insignificant if looking at the greater
picture.

Taking everything into consideration, the cast, padding
and CIs all had insignificant p-values for comparing
groups, indicating that there was no correlation between
the measured indexes and the final outcome irrespective
of the level of fracture, imaging modality, level of
orthopaedic training and qualification.

Discussion
A well-known complication of paediatric forearm frac-
tures is re-displacement following initial manipulation
and casting2,6 with rates as high as 12%–34% cited.2,6,11

Various factors have been implicated as possibly con-
tributing to re-displacement and they can be divided into
three main groups:2

1. Fracture-related factors (degree of initial displacement,
location and geometry of the fracture, isolated distal
radius fracture and associated ulna fracture on the same
level)12,13

2. Patient-related (muscle atrophy and resolution of the
initial swelling while in the cast)2

3. Surgeon-related (ability to reduce the fracture anatomi-
cally, and to maintain that reduction with a well-mould-
ed cast)11,12 

Of these factors, initial translation of fracture on pre-manip-
ulation X-rays, and failure to achieve anatomical reduction
is associated with a high re-displacement rate.11,12 While a
poorly applied cast, with subsequent loss of reduction in the
cast is said to be the most important causative factor by
other authors,6,14 the importance of a well-moulded cast has
been emphasised as early as 1968 by Charnley3 and has
been reiterated in more recent literature.7 Other authors con-
cluded that a well-moulded below-elbow cast is as effective
as an above-elbow cast in the management of distal third
forearm fractures in children.4,14

In an attempt to minimise the complication of re-displace-
ment, various indices have been described to look at the ade-
quacy of the post-manipulation casting, thereby predicting
whether the fracture will re-displace based on the particular
index used. These indices serve as a method for objectively
assessing cast adequacy2,3,6 and include:
• the cast index described by Chess and co-workers3,4,6,7

• the Canterbury index (i.e. the sum of the cast index and
the padding index)3,6

• the gap index2

• the three-point index2

• the second metacarpal-radius angle2

In the original article by Singh, Bhatia and Housden,3 a 50%
reduction in re-displacement rate of paediatric fractures was
achieved by adhering to the CI in the teaching of cast appli-
cation.2 They also showed that there was good inter-observ-
er and intra-observer reproducibility for the cast and
padding indices. In a later study Singh validated the use of
the CI, and concluded that it was a safe, reliable and repro-
ducible measure in predicting re-displacement of forearm
fractures in children.3 Prior to the use of indexes cast appli-
cation has been subjectively scrutinised (‘eyeballed’) to
evaluate its adequacy in maintaining fracture reduction.
Singh, Bhatia and Housden showed that the accuracy in pre-
dicting fracture re-displacement by simply ‘eyeballing’ the
cast was 33% for their consultant group, while only mar-
ginally less at 28% in the registrars tested. Both groups
showed a statistically significant improvement after apply-
ing the CI.3

This study however indicated that the strength of agree-
ment during subjective evaluation was poor and seldom bet-
ter than the expected agreement, irrespective of the level of
displacement, imaging modality and level of orthopaedic
qualification. Results in general worsened after the tutorial
on the CI. This might be due to the fact that the participants
excluded other factors usually taken clinically into account,
e.g. fracture pattern. 

Value of ! Strength of agreement 

<0.20 Poor 

0.21-0.41 Fair 

0.41-0.60 Moderate 

0.61-0.80 Good 

0.81-1.00 Very good 

Table III10 : Strength of agreement based on
Kappa values
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Consultants’ X-ray                 
Distal fractures 

Displacement 

none clinically insigni!cant clinically signi!cant p-value 

cast index 0.72  0.76  0.72  0.939 

padding index 0.29  0.31  0.13  0.403 

Canterbury index 1.02  1.02  0.92  0.502 

Consultants’ X-ray                      
Shaft fractures 

Displacement 

none clinically insigni!cant clinically signi!cant p-value 

cast index 0.74 0.78  - 0.946 

padding index 0.20 0.24  - 0.892 

Canterbury index 1.02 0.93  - 1.000 

Consultants’ X-ray                    
All fractures 

Displacement 

none clinically insigni!cant clinically signi!cant p-value 

cast index 0.74 0.78  0.72  0.521 

padding index 0.24 0.25  0.13  0.418 

Canterbury index 1.02 0.97  0.92  0.429 

Registrars’  X-ray                     
Distal fractures 

Displacement 

none clinically insigni!cant clinically signi!cant p-value 

cast index 0.72  0.78  0.68  0.429 

padding index 0.41  0.50  0.24  0.003 

Canterbury index 1.16  1.23  0.92  0.003 

Registrars’ X-ray  
Shaft fractures 

Displacement 

None clinically insigni!cant clinically signi!cant p-value 

cast index 0.76  0.74  - 0.875 

padding index 0.34  0.33  - 0.926 

Canterbury index 1.09  1.13  - 0.598 

Registrars’ X-ray                    
 All fractures 

Displacement 

none clinically insigni!cant clinically signi!cant p-value 

cast index 0.73  0.76  0.68  0.065 

padding index 0.35  0.42  0.24  0.018 

Canterbury index 1.12  1.22  0.92  0.001 

Table IV. Comparison of X-ray indexes across levels of displacement

The cast, padding and CIs all had insignificant p-values for comparing groups, indicating that there was 
no correlation between the measured indexes and the final outcome irrespective of the level of fracture, 

imaging modality, level of orthopaedic training and qualification
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There was also no correlation between the measured
indexes and the final fracture outcome, irrespective of the
level of the fracture, the imaging modality and the level of
orthopaedic qualification, with almost all the p-values
being insignificant. 

Consultants’ 
Fluoroscopy                 

Distal fractures  

Displacement 

none clinically insigni!cant clinically signi!cant p-value 

cast index 0.72 0.70 0.70 0.823 

padding index 0.17 0.15 0.15 0.868 

Canterbury index 0.86 0.82 0.82 0.566 

Consultants’ 
Fluoroscopy                      

Shaft fractures 

Displacement 

none clinically insigni!cant clinically signi!cant p-value 

cast index 0.78 0.72 - 0.247 

padding index 0.12 0.13 - 0.865 

Canterbury index 0.96 0.87 - 0.234 

Consultants’  
Fluoroscopy                    

All fractures 

Displacement 

none clinically insigni!cant clinically signi!cant p-value 

cast index 0.72 0.72 0.70 0.116 

padding index 0.12 0.14 0.15 0.959 

Canterbury index 0.92 0.83 0.82 0.273 

Registrars’  
Fluoroscopy                      

Distal fractures 

Displacement 

none clinically insigni!cant clinically signi!cant p-value 

cast index 0.70  0.72  0.71  0.974 

padding index 0.25  0.29  0.34  0.458 

Canterbury index 0.97  1.08 1.00  0.263 

Registrars’ 
Fluoroscopy                   

Shaft fractures 

Displacement 

None clinically insigni!cant clinically signi!cant p-value 

cast index 0.84  0.73 - 0.189 

padding index 0.26  0.36 - 0.021 

Canterbury index 1.08  1.10 - 0.405 

Registrars’ 
Fluoroscopy                    

All fractures 

Displacement 

none clinically insigni!cant clinically signi!cant p-value 

cast index 0.74 0.78 0.72 0.521 

padding index 0.24 0.25 0.13 0.418 

Canterbury index 1.02 0.97 0.92 0.429 

Table V. Comparison of fluoroscopy indexes across levels of displacement

Initial translation of fracture on pre-manipulation X-rays, 
and failure to achieve anatomical reduction is associated with 

a high re-displacement rate
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The shortcomings of this study are the fact that our dig-
ital X-ray system does not have standardisation of the X-
rays, and this is paramount in validating the CI as an accu-
rate predictor of fracture re-displacement. However, the
aim of our subjective part of the study did not require it,
due to the fact that we aimed for a real-life, current setting
study.

The second shortcoming was the variability of co-oper-
ation from the participants.

Conclusion
In our hospital setting, no clinical value for the subjective
and/or objective use of the CI could be found. Subjective
agreement was almost the same as expected agreement
and objective measurement indicated no correlation with
the fracture outcome.

Use of the CI in clinical practice is doubtful due to var-
ious confounding factors. It has been used due to lack of
other available systems, and ideally a system should be
sought which incorporates fracture personality, cast three-
point pressure,15-17 standardisation of X-rays, anatomical
reduction immediately post-operatively4 and initial dis-
placement.11,12

It is suggested that patients following closed reduction
of forearm fractures be followed up within the first three
days and regularly thereafter, as there is currently no ideal
system to predict re-displacement. Further studies are
needed to objectively validate the CI by standardisation of
X-rays.

No benefits of any form have been received from a com-

mercial party related directly or indirectly to the subject

of this article. The content of this article is the sole work

of the authors.
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