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Classification systems for distal radius fractures
Does the reliability improve using additional computed tomography?
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Background and purpose — The reliability of conventional radi-
ography when classifying distal radius fractures (DRF) is fair
to moderate. We investigated whether reliability increases when
additional computed tomography scans (CT) are used.

Patients and methods — In this prospective study, we per-
formed pre- and postreduction posterior-anterior and lateral
radiographs of 51 patients presenting with a displaced DRF. The
case was included when there was a (questionable) indication for
surgical treatment and an additional CT was conducted within 5
days. 4 observers assessed the cases using the Frykman, Fernan-
dez, Universal, and AO classification systems. The first 2 assess-
ments were performed using conventional radiography alone; the
following 2 assessments were performed with an additional CT.
We used the intraclass correlation coefficient (ICC) to evaluate
reliability. The CT was used as a reference standard to determine
the accuracy.

Results — The intraobserver ICC for conventional radiogra-
phy alone versus radiography and an additional CT was: Fryk-
man 0.57 vs. 0.51; Fernandez 0.53 vs. 0.66; Universal 0.57 vs. 0.64;
AO 0.59 vs. 0.71. The interobserver ICC was: Frykman: 0.45 vs.
0.28; Fernandez: 0.38 vs. 0.44; Universal: 0.32 vs. 0.43; AO: 0.46
vs. 0.40.

Interpretation — The intraobserver reliability of the classifica-
tion systems was fair but improved when an additional CT was
used, except for the Frykman classification. The interobserver
reliability ranged from poor to fair and did not improve when
using an additional CT. Additional CT scanning has implica-
tions for the accuracy of scoring the fracture types, especially for
simple fracture types.

Distal radius fractures were initially, since 1814, called “Pou-
teau” fractures and later renamed “Colles” fractures, after the
Irish surgeon Abraham Colles (Colles 1970). At that time, no
further distinctions were made into various subtypes of distal
radius fractures. After the introduction of the roentgen and the
growing awareness of the diversity of fracture features, the
number of subtypes along with fracture eponyms increased.
The first classification system (Colles 1970) was originally
based on clinical features only, but additional classification
systems have been developed since through the use of conven-
tional radiographs (CR).

The most common classification systems for distal radius
fractures include Frykman (1967), Ferndndez (2001), Univer-
sal (Cooney 1993), and AO classification (Marsh et al. 2007).
An overview of reliability studies evaluating these 4 classi-
fication systems is presented in Tables 1 and 2 (see Supple-
mentary data). Using these full classification systems, the
interobserver reliability was fair to moderate. Good to excel-
lent agreement was found only when using the AO classifica-
tion of only 3 types (Type A: extra-articular, Type B: partial
articular and Type C: complete articular). This is comparable
for the intraobserver reliability. However, 2 studies found sub-
stantial reliability for the Universal classification (Belloti et al.
2008, Kural et al. 2010). Currently, there is no gold standard
for classifying distal radius fractures.

Validated trauma classification systems offer a structured
framework to communicate effectively about clinical cases,
and support the treatment decision process (i.e., nonsurgical
vs. surgical management, type of surgical intervention). In
addition, classifying the severity of fractures is important in
clinical research, as the classified grade or type can be used as

© 2017 The Author(s). Published by Taylor & Francis on behalf of the Nordic Orthopedic Federation. This is an Open Access article distributed under the terms
of the Creative Commons Attribution-Non-Commercial License (https://creativecommons.org/licenses/by-nc/3.0)

DOI 10.1080/17453674.2017.1338066



682

Acta Orthopaedica 2017; 88 (6): 681687

part of a study’s eligibility criteria. However, in order to apply
the treatment recommendations arising from these trials, the
applicable classification systems must also be used in daily
practice. Given the low degree of reliability using conven-
tional radiography (CR) alone for fracture classifications, sup-
plemental information may be warranted for more accurate
and reproducible evaluations.

Prior studies have used computed tomography (CT) to
investigate the AO, Fernandez and Universal classification of
distal radius fractures. However, these studies have been lim-
ited by lack of standardization on expertise of the reviewers
(Yunes Filho et al. 2009) and focus on simplified versions of
the original classifications (Flikkild et al. 1998). Currently, no
evaluation of the utility of an additional CT scan on any origi-
nal full classification system with experienced reviewers has
been published. Additionally, prior studies have not evaluated
radiographs versus radiographs plus CT scans.

To address this current lack of knowledge, we aimed to
determine the intra- and interobserver reliability of the most
commonly used fracture classification systems, using both
CR and CR with the addition of a CT scan in a representa-
tive clinical setting of cases with a questionable indication
for surgery. We evaluated the most commonly used classifica-
tion systems that have been developed to classify any type of
distal radius fracture; the Frykman (1967), Ferndndez (2001),
Universal (Cooney 1993), and AO classification (Marsh et al.
2007). By using experienced observers, we hypothesized that
the intraobserver and interobserver reliability is higher when
using conventional radiography with additional CT. In addi-
tion, we determined the accuracy of the classification systems
using the CT scan as a reference standard.

Patients and methods

Study design

A prospective database was established between January 1,
2007 and March 2, 2011 of patients with a displaced distal

radius fracture seen at the emergency rooms in a hospital in
Amsterdam (Onze Lieve Vrouwe Gasthuis).

Experience of the observers

The observers consisted of 4 experienced Dutch surgeons, of
whom 2 were trauma surgeons (MS, RH) and 2 were ortho-
pedic surgeons (JH, PK). Each had over 10 years of experi-
ence in fracture treatment. All were responsible for the (distal
radius) fracture care within their department.

Study patients

Patients were eligible for inclusion if they (1) were 18 years of
age or older presenting with a displaced distal radius fracture
in the emergency department, (2) had pre- and postreduction
conventional posterior—anterior and lateral radiographs of the
wrist, and (3) had an additional CT within 5 days in cases of

a (questionable) indication for surgery. Questionable indica-
tion for surgery was defined as an inadequate reduction of the
fracture as described by the AAOS guidelines (Lichtman et al.
2010) or in case of a presumably unstable fracture (Macken-
ney et al. 2006). Patients were excluded if they had a prior
fracture or pathology of the distal radius.

Scoring procedure

The 4 observers independently classified the radiographic and/
or CT images at 4 different time points. Each scoring round
was performed with an interval of at least 4 weeks. All images
were digitalized and anonymized.

Although increasing the number in either group would yield
a more precise reliability estimate, the number of fractures has
a greater impact on the precision than the number of observers
(Steiner and Norman 2013). For this reason we chose a rela-
tively low, but clinically representative, number of 4 observers.

At time points 1 and 2, the pre- and postreduction CR were
used to classify the fracture according to the Frykman, Fernan-
dez, Universal and AO classification systems. At time points 3
and 4, both the CR and all the 2D CT scan images were used
(axial, sagittal and coronal planes). The order of the images
was randomized at each time point. A short description of the
4 classification systems with additional illustrations was avail-
able for each observer.

Classification systems (Table 3)

The subgroups of the AO classification were not used in this
study, to simplify the evaluation and keep the number of grad-
ing criteria comparable to the other classification systems.

Sample size

Based on the methodology proposed by Giraudeau and Mary
(2001), we used the expected value of the ICC, along with the
number of raters and the desired confidence interval and con-
fidence level, to determine the number of subjects to be evalu-
ated in this study. When using an additional CT, we expected
a higher ICC than is shown in previous literature when using
CR. We therefore estimated an ICC between 0.6 and 0.8. To
obtain a 95% confidence interval (CI) with a confidence level
of +0.10 we needed between 30 and 81 patients.

Statistics

Classifications at time points 1 and 2 were used to determine
the intraobserver reliability for the CR for each observer sep-
arately. Classifications at time points 3 and 4 were used to
determine the intraobserver reliability for the CR with added
CT scans for each observer separately.

Classifications at time points 1 and 3 were used to determine
the interobserver reliability for the CR for each pair of observ-
ers (observer 1-2, 1-3, 1-4; 2-3, 2-4; 3-4) and we report the
mean of these results with the associated CI.

We present descriptive statistics of the study patients,
including means (SD) for continuous data. Intra- and interob-
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Table 3. Overview of included classification systems

Classification, types (n), and description of types

Frykman (1967), 8 (I-VIII)
| Extra-articular
1] Extra-articular with ulnar fracture
1 Intra-articular into radiocarpal joint

Y Intra-articular into radiocarpal joint with ulnar fracture
Vv Intra-articular into radioulnar joint

\ Intra-articular into radioulnar joint with ulnar fracture
Vi Intra-articular into radiocarpal + radioulnar joints

Vil Intra-articular into radiocarpal + radioulnar joints with

ulnar fracture
Fernandez (2001), 5 types, based on trauma mechanism
Type 1 Bending fracture of metaphysis
Type 2 Shearing fracture of joint surface
Type 3 Compression fracture of joint surface
Type 4 Avulsion fractures or radiocarpal fracture-dislocation
Type 5 Combined fractures associated with high high-velocity
injuries
Universal (1993), 4 types, subdivision in 2 x 3 groups

Type 1  Extra-articular fracture, without deviation
Type 2 Extra-articular fracture, with deviation
2A Reducible and stable

2B Reducible and unstable
2C Irreducible
Type 3 Intra-articular fracture, without deviation
Intra-articular fracture, with deviation
4A Reducible and stable
4B Reducible and unstable
4C Irreducible
AOQ/ASIF (2007), 3 types, 9 groups
A Extra-articular fractures
Al Ulnar fracture, radius intact
A2 Radius fracture, simple and impacted
A3 Radius fracture, multifragmentary
B Partial articular fractures
B1 Radius fracture, sagittal
B2 Radius fracture, frontal, dorsal rim
B3 Radius fracture, frontal, volar rim
C Complete articular fractures
C1 Articular simple + metaphyseal simple
Cc2 Articular simple, metaphyseal multifragmentary
C3 Articular multifragmentary

server reliability was evaluated using the intraclass correla-
tion coefficient (ICC). While other reliability studies have
chosen a Kappa statistic, the ICC is able to take into account
skewed data as well as to give credit for partial agreement.
Kappa statistics are less accurate if responses are skewed and
only appropriate for categorical data (Karanicolas et al. 2009).
Fleiss and Cohen (1973) showed that weighted kappa and
ICC are equivalent in general cases when interval scales are
used. To compare our results with previous literature, Cohen’s
Kappa was determined as well. The values were interpreted as
described by Cicchetti (1994); ICC values less than 0.40 indi-
cate poor agreement, values between 0.40 and 0.59 indicate
fair agreement, values between 0.60 and 0.74 indicate good
agreement, and values ranging from 0.75 to 1.00 indicate
excellent agreement. To determine the accuracy, direct visual-
ization through operative intervention would theoretically be
the gold standard, but practically this is unrealistic. Both the

Distal radius fracture with
(questionable) surgery indication
n=107

Excluded (n = 56):

| | —radiographs at other hospital, 22
- no CT scan (within 5 days), 31

- combined injury, 3

Distal radius fracture included
n =51

Flow chart of patients in the study.

volar and dorsal approach, which are used in the treatment of
the majority of distal radius fractures, do not provide an ade-
quate view of the dorsal, volar and intra-articular comminuted
fracture. We used the CT scan as a reference standard instead
of the “gold standard” to more accurately classify the fracture
(Knottnerus and Muris 2003). With regard to the distribution
of fracture types, absolute and percentile frequencies were
calculated and differentiated according to CR (round 1) and
CR with an additional CT (round 3). In addition, the percent-
age of change per fracture type was determined for all 4 clas-
sification systems. We compared the distribution of fracture
classifications using CR only and CR with added CT scans for
each classification system using chi-square tests. We corrected
for multiple testing using a Bonferroni correction.

Ethics, funding and potential conflicts of interest

Ethics approval was obtained from the medical ethical com-
mittee at our hospital (WO 10.086). We conducted this study
according to the Collaboration for Outcome Assessment in
Surgical Trials (COAST) guidelines (Karanicolas et al. 2009).

No external funding was received for this study. No compet-
ing interests were declared.

Results
Study participants

From the 107 patients who entered the emergency room during
the study period with a distal radius fracture with a (question-
able) indication for surgery, 51 patients met the inclusion
criteria (Figure). The included patients had a mean age of 50
(14) years. 38 patients (75%) were female. The postreduction
CT scan was performed after a mean of 2.5 (2.2) days. The
number of cases selected for surgical treatment ranged widely
(31%, 53%, 82% and 96%) between the 4 observers.

Reliability of classification systems

All ICCs for the intraobserver reliability with the range of the
4 observers are presented in Table 4. All ICCs for the interob-
server reliability and their respective 95% confidence intervals
(CI) are presented in Table 5. The calculated Kappa values, to
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Table 4. Intraobserver reliability

Table 5. Interobserver reliability

CR CR + CT scan
Classification ICC Agreement ICC Agreement p

CR CR + CT scan
Classification ICC Agreement ICC Agreement p

Frykman 0.57 (0.34-0.77) Fair 0.51(0.33-0.80) Fair 0.6

Fernandez 0.53 (0.32-0.62) Fair 0.66 (0.53-0.90) Good 0.1

Universal 0.57 (0.43-0.71) Fair 0.64 (0.50-0.78) Good 0.5
( (

AO groups 0.59 (0.51-0.66) Fair 0.71 (0.56-0.91) Good 0.3

Frykman  0.45 (0.31-0.60) Fair  0.28 (0.14-0.44) Poor 0.03
Fernandez 0.38 (0.21-0.55) Poor 0.44 (0.30-0.59) Fair 0.4
Universal 0.32 (0.18-0.48) Poor 0.43 (0.20-0.51) Fair 0.01
AO groups 0.46 (0.31-0.60) Fair  0.40 (0.26-0.53) Fair 0.4

CR: Conventional radiographs
ICC: Mean intra-class correlation coefficient of the Intraobserver
reliability with the range of the 4 observers in parentheses

compare with previous literature, are presented in Tables 8 and
9 (see Supplementary data).

Frykman classification

Intraobserver reliability: The mean ICC of the Frykman clas-
sification was 0.57 when using CR, representing fair reli-
ability. The addition of CT showed no statistically significant
improvement. The mean reliability was also fair (mean ICC
=0.51).

Interobserver reliability: The mean ICC of the Frykman
classification was 0.45 when using CR, representing fair reli-
ability. The addition of CT scanning was less reliable (p =
0.03). The mean reliability was poor (mean ICC = 0.28).

Fernandez classification

Intraobserver reliability: The mean ICC of the Fernidndez
classification was 0.53 when using CR, representing fair reli-
ability. The addition of CT showed a trend toward improve-
ment but this was not statistically significant. The mean reli-
ability was good (mean ICC = 0.66).

Interobserver reliability: The mean ICC of the Ferndndez
classification was 0.38 when using CR, representing poor reli-
ability. The addition of CT showed no statistically significant
improvement. The mean reliability was fair (mean ICC = 0.44).

Universal classification

Intraobserver reliability: The mean ICC of the Universal
classification was 0.57 when using CR, representing fair reli-
ability. The addition of CT showed no statistically significant
improvement. The mean reliability was good (mean ICC =
0.64).

Interobserver reliability: The mean ICC of the Universal
classification was 0.32 when using CR, representing poor reli-
ability. The addition of CT showed significant improvement
(p = 0.01). The mean reliability was fair (mean ICC = 0.43).

AO classification

Intraobserver reliability: The mean ICC of the AO classifica-
tion was 0.59 when using CR, representing fair reliability. The
addition of CT showed no statistically significant improve-
ment. The mean reliability was good (mean ICC = 0.71).

CR: Conventional radiographs
ICC: Mean intraclass coefficient of the interobserver reliability with
95% Cl in parentheses.

Interobserver reliability: The mean ICC of the AO classifi-
cation was 0.46 when using CR, representing fair reliability.
The addition of CT showed no statistically significant change.
The mean reliability was only fair (mean ICC = 0.40).

Distribution of fracture types with and without CT scan

The overall distribution of fracture types changed after adding
a CT scan using the AO and Fernandez classification systems
(p < 0.001 and p = 0.006 respectively). The overall distribu-
tion of fracture types did not significantly change using the
Universal and Frykman classification systems (p = 0.09 and p
= 0.06 respectively).

In general, in each classification system approximately half
of the extra-articular fractures were classified as an intra-artic-
ular fracture when adding CT scanning. For example, in the
AO classification the ratio of intra-articular to extra-articular
fractures increased from 171:33 (= 5) in round 1 (based on
conventional radiography), to 189:15 (= 13) in round 3 (based
on CT scanning). The other 3 classifications showed a similar
increase in the number of intra-articular fractures. In addition,
when adding CT scanning the extra-articular fracture types
were classified differently between 60% (Universal type 1)
and 100% (Universal: 2B and AO: A3), as the scoring of the
intra-articular fracture types changed between 17% (AO: C3)
and 53% (Frykman: III/IV). Besides these features, the other
statistically significant changes for each classification system
are described in Tables 6 and 7.

Frykman: Only the number of fractures classified as type
VIII (intra-articular radio-ulnar and radio-carpal joint with an
ulnar fracture) increased. The other changes were not statisti-
cally significant.

Ferndndez: The number of fractures classified as type
2 (shearing fracture of joint surface) increased, while the
number of fractures classified as type 1 (bending fractures of
metaphysis) decreased.

Universal: None of the changes in distribution were statisti-
cally significant.

AO: The number of fractures classified as type C3 (intra-
articular multifragmentary) increased, while the number of
fractures classified as type A2 (extra-articular simple) and
type C1 (articular simple + metaphyseal simple) decreased.
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Table 6. Distribution of fracture types in round 1 (CR: conventional
radiography) and round 3 (CR + CT: CR + additional CT scan) of all
4 observers given in percentages

Frykman | Il ] \Y Vv VI Vil VI
CR 9 5 20 25 3 1 18 194
CR+CT 5 2 18 16 8 0 24 SillS
Fernandez 1 2 8 4 5
CR 182 112 50 1 20
CR+CT 72 212 59 0 13

Universal 1 2A 2B 2C 3 4A 4B 4C
CR 2 8 4 0 4 25 39 17
CR+CT 1 5 1 0 9 27 32 24

AO groups A2 A3 B1 B2 B3 Ct Cc2 C3
CR 12€ 4 1 3 12 312 30 62
CR+CT 22 5 3 5 12 192 32 224

a Significant changes in fracture distribution in that category.

Discussion

In contrast to our hypothesis, the results of this study revealed
that the increase in reliability when using additional CT scan-
ning was seen only in the intraobserver reliability, with the
exception of the Frykman classification. The Frykman clas-
sification distinguishes between intra-articular and extra-artic-
ular fractures of the distal radio-ulnar joint. On CR, the distal
radio-ulnar joint fracture line is not always clearly imaged and
therefore generally not taken into account in the classifica-
tion evaluation. However, on a CT scan a small fracture line is
often seen in the region of the distal radio-ulnar joint, allowing
room for interpretation and potentially discrepant results. This
could explain the decrease in reliability of the Frykman clas-
sification when using additional CT scanning.

3 prior studies also used CT scanning to investigate the
interobserver reliability of the AO classification for distal radius
fractures (Flikkila et al. 1998, Yunes Filho et al. 2009, Arealis
et al. 2014). In our study, the interobserver reliability (kappa
values) was found to be comparable, both using CR alone and
with an additional CT scan. One would expect a higher reli-
ability, since determining the three-dimensional morphology
of the fracture might be more difficult when CT scans are not
combined with radiographs. Surprisingly, using an additional
CT scan and only experienced observers in our study the reli-
ability did not improve in comparison with some other studies
that used a CT scan alone and observers of all levels of experi-
ence (Yunes Filho et al. 2009, Arealis et al. 2014).

Using the CT scan as the reference standard, we can state
that simple fracture types are less accurately classified when
using only a radiograph than more severe types. This is con-
tradictory to the clinical practice in which CT scans are espe-
cially used in the more severe fracture types to plan treat-
ment. Similar to other published reports (Johnston et al. 1992,
Dahlen et al. 2004), we found a systematic decrease of about
50% in the ratio of extra- to intra-articular fractures when the
CT scan was added to CR.

Table 7. Percentage of changes in classification after adding a CT
scan (round 1 versus 3)

Frykman I+l +IV o V+VIE VII+VIHI
69 48 78 0

Fernandez 1 2 3 4 5
69 4 7 n/a 0

Universal 1 2A 2B 3 4A 4B 4C
60 71 75 25 29 23 0

AO groups A2 A3 C1 Cc2 C3
88 89 51 25 0

Frykman: The fracture types with and without an ulnar fracture are
added together.

Fernandez: type 4 and Universal type 2c were not taken into
account, because these were not classified.

Furthermore, our results confirm earlier statements that the
severity of a distal radius fracture may be underestimated in
standard radiographs. For instance, Cole et al. (1997) reported
an improved reliability in assessing specific displacement fea-
tures, in particular the measurement of gapping or stepping-
off, based on CT compared with CR. This is best shown by
the AO classification as the number of type C3 (articular mul-
tifragmentary) fractures, which increased after adding CT to
the evaluation.

Rozental et al. (2001) and Heo et al. (2012) reported that
sigmoid notch involvement is underestimated when using
only CR. This feature is also seen in our study. The Frykman
classification distinguishes between intra-articular and extra-
articular fractures of the distal radio-ulnar joint. As shown in
Table 3, the number of type VIII (intra-articular distal radio-
ulnar joint and distal radio-carpal joint with ulnar fracture)
increased when using the additional CT scan as also shown by
Goldwyn et al. (2012).

We suggest use of the AO classification, as this is currently
the classification system most frequently used and the reli-
ability is comparable to the other classification systems. Pref-
erably, a new classification system also based on CT instead
of CR alone should be developed. Such a new classification
system should focus mainly on giving direction to the type of
treatment.

A limitation of our study is that the sample size was under-
estimated for the interobserver reliability. The pre-specified
estimation of ICC for intraobserver reliability (as described
in the methods) was comparable to our estimation so we can
be confident that our number of raters is sufficient. The range
of intraobserver ICCs was relatively large for some classifi-
cations; however, replacing either the best or worst observer
would be unlikely to change the conclusion that an additional
CT scan improves reliability. It would likely only affect the
absolute ICC, not the difference between CR alone and CR
with additional CT scan. By choosing a group of patients with
a (questionable) indication for surgery we introduced a selec-
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tion bias, which possibly influenced our results and therefore
risks a lack of generalizability to other patients. However, the
optimal treatment of this group of patients lacks consensus and
therefore these patients will likely benefit most from additional
evaluation criteria for accurate classification. Although the
intraobserver reliability improved from fair to good, the p-val-
ues were not significant. However, these t-tests were likely to
be underpowered and had a high rate of Type II error. Previous
studies have shown better reliability for younger patients when
classifying DRFs (Wadsten et al. 2009). The relatively low
mean age in this study may affect the outcome and could give
higher reliability. Additionally, it is important to note that there
is some inferential uncertainty with these results. It may be dif-
ficult to apply our results to broader populations, although we
took precautions to ensure a representative sample and as close
to a real-world clinical setting as possible.

A strength of our study is that we used the COAST criteria
to ensure we addressed all components of a reliability study.
Another strength is that the number of patients selected for
surgical treatment ranged widely between the 4 observers,
showing that this group of patients is representative of the
group of patients lacking consensus.

Our study results suggest that the additional value of CT
scanning over CR is limited in regard to reliability. However, it
has significant implications for accurate scoring of the fracture
types. Using an additional CT scan changes how patients are
classified into fracture types, therefore trials using CR alone to
evaluate eligibility will have different patients included com-
pared with trials using additional CT scans. This has implica-
tions for external validity (generalizability) and for comparing
trials with each other.

Although previous literature showed that CT scans are more
reliable than CR quantifying articular surface incongruencies,
to our knowledge no previous studies have reported the impact
on clinical outcome of intra-articular involvement without a
step or gap. The outcomes of the current study are not neces-
sarily related to better patient outcomes. Prospective random-
ized studies—comparing CR for patients who have displaced
DRF with additional CT scans—should be conducted to con-
firm the additional value of a CT scan for patient outcomes.
Also a cost-effectiveness analysis should be conducted as
national care budgets are limited.

In summary, our study results suggest that the additional
value of CT scanning over CR is limited with regard to reli-
ability, but has significant implications for accurate scoring of
the fracture types. The reliability of the classification system
might be decreased due to the fact that the additional infor-
mation concerning fracture morphology provided by the addi-
tional CT scan leaves increased room for interpretation when
classifying a distal radius fracture.

Summary

To our knowledge this is the first reliability study on 4 clas-
sification systems that determines the intra- and interobserver

reliability using CR alone and with additional CT scanning.
The intraobserver reliability of the classification systems was
found to be fair but improves to good agreement if an addi-
tional CT is used, with the exception of the Frykman clas-
sification. The interobserver reliability of the investigated
classification systems for distal radius fractures was poor to
fair and did not improve when using additional CT scanning.
Additional CT scanning has significant implications for accu-
rate scoring of the fracture types in AO and Fernandez clas-
sifications, especially for the less severe fractures.

Supplementary data

Tables 1, 2, 8, and 9 are available in the online version of this
article, http://dx.doi.org/ 10.1080/17453674.2017.1338066
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