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Classification of distal radius fractures in children:
good inter- and intraobserver reliability, which
improves with clinical experience
Per-Henrik Randsborg1,2* and Einar A Sivertsen1

Abstract

Background: We wanted to test the reliability of a commonly used classification of distal radius fractures in
children.

Methods: 105 consecutive fractures of the distal radius in children were rated on two occasions three months
apart by 3 groups of doctors; 4 junior registrars, 4 senior registrars and 4 orthopedic consultants. The fractures were
classified as buckle, greenstick, complete or physeal. Kappa statistics were used to analyze inter- and intraobserver
reliability.

Results: The kappa value for interobserver agreement at the first reading was 0.59 for the junior registrars, 0.63 for
the senior registrars and 0.66 for the consultants. The mean kappa value for intraobserver reliability was 0.79 for the
senior registrars, 0.74 for the consultants and 0.66 for the junior registrars.

Conclusions: We conclude that the classification tested in this study is reliable and reproducible when applied by
raters experienced in fracture management. The reliability varies according to the experience of the raters.
Experienced raters can verify the classification, and avoid unnecessary follow-up appointments.

Background
Distal radius fractures is the most common fracture in
childhood [1]. Most of these fractures are treated con-
servatively in a plaster and complications are rare.
Although these fractures generally are benign, they are
monitored differently according to the stability of the
fracture and whether the growth plate is injured or not.
A clinically relevant classification must take these fac-
tors into account. Otherwise the classification will not
be helpful in deciding the correct treatment, follow-up
strategy and prognosis. Any fracture classification
should also have a substantial degree of both inter- and
intraobserver reliability. If not, treatment algorithms will
be arbitrary, since the fractures are placed in different
categories by different doctors. If an unstable fracture is
classified in a benign category with little or no follow-
up, it can lead to complications, i.e. malunion of the
fracture. Placing stable fractures, such as buckle

fractures, in categories for unstable fractures will cause
more follow-up than necessary. This is costly both for
patients and society. On the other hand, a fracture clas-
sification with high reliability will provide effective, pre-
dictable and safe treatment algorithms, and it will be
possible to draw general conclusions from research
based on that system.
Very few commonly used fracture classifications have

demonstrated acceptable inter- and intraobserver agree-
ment [2-5]. This is certainly the case for distal radius
fractures in adults [6-11] (Table 1). However, pediatric
fractures are different from adult fractures. The pediatric
bone has a thick periosteal sleeve, is softer and more pli-
able than adult bone and the growing bone exhibits the
unique feature of growth with considerable remodeling
potential [12]. These differences make adult fracture
classifications unsuitable for pediatric fractures.
Fractures of the distal radius in children are com-

monly grouped into four categories [13-21] (Figure 1):
Buckle (torus) fractures are characterized by a compres-
sion failure of bone without disruption of the cortex on
the tension side of the bone [14]. The greenstick
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fractures differ from the buckle fracture as the cortex is
disrupted on the tension side, but intact on the com-
pression side of the fracture [19]. Complete fractures
(adult type) have disruption of both cortices in one
plane. Physeal injuries occur frequently during the prea-
dolescent growth spurt, when there is a transient corti-
cal porosity caused by the increase in calcium
requirement and bone turn-over [22]. Fractures invol-
ving the growth plate are often subdivided according to
the classification of Salter and Harris [23]. The follow-
up algorithm of these different categories varies, thus
the classification will provide guidelines for management
and prognosis. Buckle fractures are stable, and don’t
need follow up, while the lateral angulation of greenstick
fractures often change during the immobilization period
[18,24,25]. Complete fractures are highly unstable, and
will often need fixation with Kirschner pins [15,16].
Fractures involving the physis might lead to growth dis-
turbances, although this is rare. The risk of growth dis-
turbances increase, however, if the fracture is reduced
more than 3 days after the fracture, or if repeat attempts
of reduction is attempted [13].
The aim of this study is to evaluate the interobserver

and intraobserver reliability of this commonly used clas-
sification of distal radius fractures in children. Also, we

wanted to investigate to what degree experience influ-
ence the reliability of the classification. To the best of
our knowledge this has not previously been done,
although this classification has been used in several
publications.

Methods
We designed this study to comply with the guidelines
for reliability studies of fracture classification systems
outlined by Audigé, Bhandari and Kellam [26]. We
included the first 105 consecutive distal radius fractures
in children below the age of 16 years treated at our
institution in 2007. Where indicated, information on fol-
low ups was retrieved from the electronic journal. The
radiographs were identified via our computerized files
and checked by the authors. Fractures not involving the
metaphysis according to the AO Pediatric Comprehen-
sive Classification of long bone fractures were consid-
ered to be diaphyseal fractures and were excluded from
the study [27]. No radiograph was excluded due to poor
quality, to avoid selection bias. Standard anterior-poster-
ior and lateral radiographs of the distal radius were
reviewed independently by 12 different observers: four
junior orthopedic residents with a mean experience of
fracture management of 14 months (6-28), four senior

Table 1 Reported reliability of different fracture classifications for distal radius fractures in adults

Reference Classification Interobserever reliability Intraobserver reliability

Kreder et al 1996 AO type 0.68 0.86

AO group 0.48

AO subgroup 0.33 0.42

Ploegmakers et al 2007 AO/ASIF 0.10* 0.52

Frykman 0.10* 0.26

Fernandez 0.16* 0.42

Older 0.15* 0.27

Jin et al 2007 AO type 0.45 0.49

AO group 0.25 0.36

Frykman 0.36 0.54

Cooney group 0.59 0.72

Cooney subgroup 0.36 0.42

Andersen et al 1996 Frykman 0.36 0.48

Melone 0.34 0.48

Mayo 0.43 0.44

AO type 0.64 0.66

AO Group 0.30 0.37

AO subgroup 0.25 0.31

Flinkkilä et al 1998 AO/ASIF modified 0.23

Belloti 2008 AO/ASIF 0.27 0.49

Frykman 0.24 0.55

Fernandez 0.34 0.59

Universal (Cooney) 0.40 0.61

Kappa coefficients unless where indicated

* Spearman rank correlation coefficient
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orthopedic registrars with an average experience in frac-
ture management of 41 months (30-49) and four experi-
enced orthopedic surgeons. In our institution, the
pediatric distal radius fractures are generally managed
by the junior registrars, who are supervised by the
senior registrars. The orthopedic consultants are only
occasionally involved in the management of these
fractures.
Each fracture was classified to one of four possible

categories; buckle (or torus), greenstick, complete or
physeal fracture. The physeal fractures were not subclas-
sified further. Before rating the radiographs, the obser-
vers were given schematics of the different fracture
types and a written introduction to the difference
between the categories. Further instructions to enhance
results were not given. The radiographs were reviewed
by the observers at two occasions 3 months apart. The
raters were blinded to clinical information regarding the
patients. The observers were not given any feed-back

between the observations, and the order of the fractures
was randomly changed before the second rating.

Statistics
The statistical analyses were performed using the free
software R version 2.9.2 [28] and the associated package
irr [29]. Kappa statistics were used to analyze interob-
server and intraobserver variation. The Kappa value is a
coefficient of agreement between observers, correcting
for the proportion of agreement that could have
occurred by chance. Fleiss introduced a category-specific
kappa score and a kappa score that can be employed
when there are more than two observers, as is the case
in our study [30]. For intraobserver variation we used
Cohens kappa [31]. A kappa score of 1 indicates perfect
agreement and a score of zero indicates that the varia-
tion in agreement can be explained purely by chance.
Several authors have provided guidelines to the interpre-
tation of kappa scores [30,32,33] (Table 2).

B

C

A

D
Figure 1 Examples of fractures from each category. A: Buckle fracture, rated as buckle on all readings. B: Greenstick fracture, rated as
greenstick on 20 of 24 readings. C: Complete fracture, rated as complete on all readings. D: Physeal fracture, as rated by all raters on both
readings
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Results
Interobserver reliability
The highest interobserver agreement at the first reading
was achieved by the consultants, with a percentage of
agreement of 67.6%, and a kappa value of 0.66 (Table
3). The overall interobserver agreement among the 8
most experienced observers was 58.1% of the radio-
graphs at the first reading, representing a kappa value of
0.66 (95% C.I: 0.64 - 0.68). This was better than the
junior registrars (p < 0.01) with 56.2% agreement at the
first reading, producing a kappa value of 0.59 (95% C.I:
0.54 - 0.64). The difference in rating between the doc-
tors is demonstrated in Figure 2.

The greenstick and complete fractures were most dif-
ficult to agree on, while buckle fractures had the highest
category-specific kappa value (Table 4). No greenstick
fracture was rated as such by all raters on both readings.

Intraobserver reliability
The highest mean intraobserver kappa value was
achieved by the senior registrars; with a mean kappa
value of 0.79 (Table 5). The junior registrars had the
lowest score with a mean kappa value of 0.66. The
mean kappa value for the consultants was 0.74. Figure 3
illustrates the difference in intraobserver agreement
between the three groups of raters.

Distribution of fractures
We defined a buckle fracture as a fracture categorized as
buckle by at least 6 of the 8 most experienced doctors
on both readings. We identified 65 such fractures. 53 of
these stable fractures were given a clinical and/or radi-
ological follow-up appointment. Only 10 patients were
told to remove the splint themselves after 3 weeks with
no appointment scheduled (table 6). All healed unevent-
fully. The distribution of the fracture categories based
on consensus among the raters as well as the distribu-
tion of age and sex is presented in Table 7.

Discussion
The overall interobserver reliability of this fracture clas-
sification is better than most other reported agreement
for fracture classification systems in adults. According
to Landis and Koch, a kappa value of 0.66 would be
rated as substantial agreement [32]. It is reasonable to
believe that the reliability of the fracture classification
will improve in the clinical setting, where information
about the patient is available.
The number of categories will affect the reliability of

any classification. This is obvious if we think of a classi-
fication with only one category. Adult fracture classifica-
tions have often many categories due to the various
fracture patterns that can occur in brittle bone, such as
intraarticular affection and comminution. For example,

Table 2 Interpretation of kappa values according to
different authors

Kappa value Fleiss Svanholm Landis and Koch

0.95 - 1.00

0.90 - 0.95 ALMOST

0.85 - 0.90 EXCELLENT EXCELLENT PERFECT

0.80 -0.85

0.75 - 0.80

0.70 - 0.75 SUBSTANTIAL

0.65 - 0.70

0.60 - 0.65 FAIR GOOD

0.55 - 0.60 TO

0.50 - 0.55 GOOD MODERATE

0.45 - 0.50

0.40 - 0.45

0.35 - 0.40

0.30 - 0.35 POOR FAIR

0.25 - 0.30

0.20 - 0.25

0.15 - 0.20 POOR

0.10 - 0.15 SLIGHT

0.05 - 0.10

0.00 - 0.05

Table 3 Reliability of fracture classification of 105 consecutive pediatric distal radius fractures rated by 12 doctors
with variable level of experience in fracture management.

Complete
agreement
at first
reading

Two
categories at
first reading

Three
categories at
first reading

Four
categories at
first reading

Inter-observer
values at first
reading

Inter-observer
values at second
reading

Intra-observer
agreement (Mean
kappa)

All 12 raters 41.9 40.0 15.2 2.9 0.61 0.59 0.73

8 senior raters 58.1 30.5 11.4 - 0.66 0.70 0.77

4 junior registrars 56.2 38.1 5.7 - 0.59 0.50 0.66

4 senior registrars 65.7 27.6 6.7 - 0.63 0.72 0.79

4 consul-tants 67.6 27.6 4.8 - 0.66 0.67 0.74

Kappa values and percentage of cases placed in one, two, three or all four categories
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the AO classification of distal radius fractures in adults
has 3 types, 9 groups and 27 subgroups, and the reliabil-
ity has been reported to be less than satisfactory by sev-
eral authors [6-11] (Table 1). However, intraarticular
fractures and severe comminution are rare features of
pediatric fractures. It is therefore possible to reduce the
number of categories and increase the reliability of the
classification without loss of prognostic value. For

example, the Gartland classification of supracondylar
humerus fractures in children has only three categories,
and has one of the highest reported kappa values for
interobserver reliability [34].
There are very few fracture classifications for pediatric

fractures compared to the vast array of different classifi-
cations that exists for fractures in adults. The Arbeitsge-
menischaft für Osteosynthesefragen (AO) has recently
proposed a comprehensive fracture classification system
for pediatric fractures [35]. This fracture classification
contains categories for fracture types that are unique for
pediatric bone, such as bowing fractures and growth
plate injuries. However, this classification does not make
the distinction between the buckle (torus) and the
greenstick fracture of the distal radius. It is generally
agreed that these two common pediatric fracture types
are different entities which behave differently and need
different treatment and follow up [18,24,25,36,37]. In
addition, the AO group has added ligamentous avulsion
injuries of the wrist as a separate category. This is a
very rare injury in children and was not identified when
the AO classification system for pediatric fractures was
validated [38].
The AO group reported a kappa value of 0.70 for meta-

physeal fractures of the distal radius [38]. However, in
this study there were only two categories; complete frac-
tures and buckle/greenstick categorized together. Epiphy-
seal fractures were analyzed separately. The authors
defined the correct classification as that defined by most
raters, and then excluded the epiphyseal fractures when
analyzing the reliability for metaphyseal fractures. This
raises a few concerns: A fracture classification should
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Figure 2 Classification of 105 consecuitive pediatric distal
radius fractures into four categories by 12 raters in increasing
order of clinical experience.

Table 4 Category-specific kappa values at first reading

Fracture
type

Junior
registrars

Junior
registrars

Senior
registrars

Consultants

Buckle 0.63 0.75 0.72

Greenstick 0.47 0.47 0.52 0.52

Complete 0.57 0.40 0.66

Physeal 0.64 0.64 0.66 0.70

Table 5 Intraobserver agreement for 12 raters with
different experience in fracture management

Rater Number of
months in
practice

Cohens
kappa
value

Percentage of
agreement

1 Junior registrar < 6 0.49 62.9

2 Junior registrar 7 0.69 81.0

3 Junior registrar 18 0.75 83.8

4 Junior registrar 28 0.72 83.8

5 Senior registrar 30 0.75 86.7

6 Senior registrar 38 0.76 86.7

7 Senior registrar 46 0.80 88.6

8 Senior registrar 49 0.86 93.3

9 Consultant 89 0.68 81.0

10 Consultant 105 0.84 91.4

11 Consultant 110 0.82 90.5

12 Consultant > 200 0.63 78.1
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Figure 3 Box-plot demonstrating the difference in
intraobserver agreement between a) junior registrars, b) senior
registrars and c) consultants.
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include all possible fracture categories for that bone (dis-
tal radius). When confronted with an injured wrist, the
clinician does not know if the physis is involved before
the radiological examination. There is often disagreement
between raters whether the fracture involves the physis
or not. This is certainly the case in our study, as is
demonstrated in Figure 2. If we excluded all the growth
plate injuries as defined by most raters, there would still
be raters that would categorize some of the remaining
fractures as physeal. Furthermore, buckle and greenstick
fractures should be managed differently [18]. By placing
these fractures in the same category the classification will
not offer helpful guidelines to the clinician. In addition, it
is important that the sample is representative of the
study population, since the kappa statistics will vary
according to the prevalence of the categories under study
[39]. When the number of categories is reduced by
excluding one type of fracture, this will change the preva-
lence of the different fracture types in the sample com-
pared to that of the population at risk, and thus changing
the kappa statistics. It is therefore essential that the
included fractures come from an unfiltered consecutive
series to make sure the sample is representative of the
population. This is specifically important when examin-
ing the reliability of distal radius fractures in children,
since the distribution of categories is highly uneven, with
buckle fractures representing the majority of cases.
Our results demonstrate that the fracture classification

is not only dependent on the number of categories and
the prevalence of the categories in the study population,
but also on the experience of the raters. Ideally, a classi-
fication system should be simple and independent of the
experience of the rater. However, the effect of experi-
ence on reliability has previously been described for

other classification systems [2,6,40]. The effect of the
experience on this particular classification is noteworthy,
since these fractures are considered benign and are gen-
erally treated by the youngest doctors. The best result at
the first reading in our study was achieved by the ortho-
paedic consultants. It is worth noticing that two experi-
enced consultants had lower intraobserver agreement
than the senior registrars. The senior registrars have
several years of experience in fracture management, and
are involved in fracture classification on a daily basis. At
our institution the consultants are in general not
involved in fracture management of the distal radius in
children, except occasionally while on-call. It seems that
both daily fracture management and general experience
in orthopedics enhances the reliability.
Stable distal radius fractures in children are exten-

sively monitored with both clinical and radiological fol-
low ups [18,41]. In this series of 105 consecutive
fractures, 65 fractures were by consensus defined as
buckle fractures. These stable fractures were given a
total of 72 clinical follow-up examinations and 34
further radiological examinations. These could have
been avoided with more focus on the fracture classifica-
tion and better supervision. The junior registrars had
statistically significant lower kappa value for interobser-
ver reliability than the more experienced raters. They
placed fewer fractures in the buckle group, and rated
more fractures as greenstick or physeal injuries. This
generated more unnecessary follow-ups, but didn’t risk
any adverse outcome. We coclude that junior registrars
overdiagnose, and safe-guard themselves by placing
more fractures in categories that merit a follow-up. We
encourage the junior registrars to ask for a second opi-
nion. We can avoid an appointment in an overbooked

Table 6 Follow up of 65 buckle fractures

Type of follow up Number of patients Number of clinical follow-ups Number of radiological examinations

No follow up scheduled 10 0 0

After 1 week only 3 3 2

After 1 week and at plaster removal 20 40 30

At plaster removal only 29 29 2

Unknown 3

Total 65 72 34

The fractures were defined as a buckle if it was rated as such by at least 6 of the 8 most experienced doctors on both readings

Table 7 Classification of 105 consecutive distal radius fractures by consensus among 12 raters, including age and
gender distribution.

Fracture type Number of patients Number of boys Mean age in years (range)

Buckle 65 45 (69%) 11.0 (1.6 - 15.8)

Greenstick 18 12 (67%) 12.0 (7.3 - 15.4)

Complete 6 5 (83%) 13.7 (12.6 - 14.8)

Physeal 16 10 (63%) 12.2 (6.0 - 15.8)

Total 105 72 (69%) 11.4 (1.6 - 15.8)
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fracture clinic, the child can stay in school and the par-
ents don’t have to take time off work to take the child
to hospital.

Limitation of the study
All raters in this study were selected from one institu-
tion. This may limit the generalizability of the results to
other institutions, thus reducing the external validity of
the study. The type and amount of instruction for each
rater prior to enrollment in the study is unknown. How-
ever, at our institution no systematic instruction for
classification are given to doctors treating these frac-
tures, and we have no reason to believe that this is dif-
ferent at other institutions. Only one of the consultants
was trained in pediatric orthopedics, and thus the find-
ings may not be relevant for institutions where specia-
lists in pediatric orthopedics are involved in outpatient
fracture treatment.

Conclusions
We conclude that the classification tested in this study
is reliable and reproducible when applied by raters
experienced in fracture management. More focus on the
different fracture categories and better supervision of
our younger colleges (who treat most of these fractures
in the fracture clinic) will reduce the number of frac-
tures that are considered in need for follow up. This is
supported by the results in the study where the more
experienced doctor tended to classify better, and where
the youngest doctors improved throughout the study
period. We recommend this simple four category classi-
fication for future research into the treatment and prog-
nosis of distal radius fractures in children.

Acknowledgements
We thank statistician Jūratė Šaltytė Benth of HØKH Research Center,
Akershus University Hospital, Norway, for help with the statistical analysis.
The study was supported by grants from Aase Bye and Trygve J. B. Hoffs
Research Fund. The funding agency was not involved in the design or the
conduct of the study; data analysis or interpretation; manuscript preparation
or in the decision to submit the manuscript for publication.

Author details
1The Department of orthopaedic surgery, Akershus University Hospital,
Lørenskog, Norway. 2Faculty Division, University of Oslo, Norway.

Authors’ contributions
PHR conceived the study and participated in the design, collected data,
participated in statistical analysis and drafted the manuscript. EAS
participated in the design of the study, performed the statistical analysis,
and edited manuscript. Both authors read and approved the final
manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 21 November 2011 Accepted: 23 January 2012
Published: 23 January 2012

References
1. Brudvik C, Hove LM: Childhood fractures in Bergen, Norway: identifying

high-risk groups and activities. J Pediatr Orthop 2003, 23:629-634.
2. Sidor ML, Zuckerman JD, Lyon T, Koval K, Cuomo F, Schoenberg N: The

Neer classification system for proximal humeral fractures. An assessment
of interobserver reliability and intraobserver reproducibility. J Bone Joint
Surg Am 1993, 75:1745-1750.

3. Siebenrock KA, Gerber C: The reproducibility of classification of fractures
of the proximal end of the humerus. J Bone Joint Surg Am 1993,
75:1751-1755.

4. Thomsen NO, Jensen CM, Skovgaard N, Pedersen MS, Pallesen P, Soe-
Nielsen NH, et al: Observer variation in the radiographic classification of
fractures of the neck of the femur using Garden’s system. Int Orthop
1996, 20:326-329.

5. van ED, Rhemrev SJ, Meylaerts SA, Roukema GR: The comparison of two
classifications for trochanteric femur fractures: the AO/ASIF classification
and the Jensen classification. Injury 2010, 41:377-381.

6. Kreder HJ, Hanel DP, McKee M, Jupiter J, McGillivary G, Swiontkowski MF:
Consistency of AO fracture classification for the distal radius. J Bone Joint
Surg Br 1996, 78:726-731.

7. Ploegmakers JJ, Mader K, Pennig D, Verheyen CC: Four distal radial
fracture classification systems tested amongst a large panel of Dutch
trauma surgeons. Injury 2007, 38:1268-1272.

8. Belloti JC, Tamaoki MJ, Franciozi CE, Santos JB, Balbachevsky D, Chap CE,
et al: Are distal radius fracture classifications reproducible? Intra and
interobserver agreement. Sao Paulo Med J 2008, 126:180-185.

9. Andersen DJ, Blair WF, Steyers CM Jr, Adams BD, el-Khouri GY, Brandser EA:
Classification of distal radius fractures: an analysis of interobserver
reliability and intraobserver reproducibility. J Hand Surg Am 1996,
21:574-582.

10. Flikkila T, Nikkola-Sihto A, Kaarela O, Paakko E, Raatikainen T: Poor
interobserver reliability of AO classification of fractures of the distal
radius. Additional computed tomography is of minor value. J Bone Joint
Surg Br 1998, 80:670-672.

11. Jin WJ, Jiang LS, Shen L, Lu H, Cui YM, Zhou Q, et al: The interobserver
and intraobserver reliability of the cooney classification of distal radius
fractures between experienced orthopaedic surgeons. J Hand Surg Eur
Vol 2007, 32:509-511.

12. Wilkins KE: Principles of fracture remodeling in children. Injury 2005,
36(Suppl 1):A3-11.

13. Cannata G, De MF, Mancini F, Ippolito E: Physeal fractures of the distal
radius and ulna: long-term prognosis. J Orthop Trauma 2003, 17:172-179.

14. Light TR, Ogden DA, Ogden JA: The anatomy of metaphyseal torus
fractures. Clin Orthop Relat Res 1984, 103-111.

15. McLauchlan GJ, Cowan B, Annan IH, Robb JE: Management of completely
displaced metaphyseal fractures of the distal radius in children. A
prospective, randomised controlled trial. J Bone Joint Surg Br 2002,
84:413-417.

16. Miller BS, Taylor B, Widmann RF, Bae DS, Snyder BD, Waters PM: Cast
immobilization versus percutaneous pin fixation of displaced distal
radius fractures in children: a prospective, randomized study. J Pediatr
Orthop 2005, 25:490-494.

17. Noonan KJ, Price CT: Forearm and distal radius fractures in children. J Am
Acad Orthop Surg 1998, 6:146-156.

18. Randsborg PH, Sivertsen EA: Distal radius fractures in children: substantial
difference in stability between buckle and greenstick fractures. Acta
Orthop 2009, 80:585-589.

19. Davidson JS, Brown DJ, Barnes SN, Bruce CE: Simple treatment for torus
fractures of the distal radius. J Bone Joint Surg Br 2001, 83:1173-1175.

20. Plint AC, Perry JJ, Tsang JL: Pediatric wrist buckle fractures. CJEM 2004,
6:397-401.

21. Solan MC, Rees R, Daly K: Current management of torus fractures of the
distal radius. Injury 2002, 33:503-505.

22. Parfitt AM: The two faces of growth: benefits and risks to bone integrity.
Osteoporos Int 1994, 4:382-398.

23. Salter RB: Injuries of the epiphyseal plate. Instr Course Lect 1992,
41:351-359.

24. Plint AC, Perry JJ, Correll R, Gaboury I, Lawton L: A randomized, controlled
trial of removable splinting versus casting for wrist buckle fractures in
children. Pediatrics 2006, 117:691-697.

Randsborg and Sivertsen BMC Musculoskeletal Disorders 2012, 13:6
http://www.biomedcentral.com/1471-2474/13/6

Page 7 of 8

http://www.ncbi.nlm.nih.gov/pubmed/12960626?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12960626?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8258543?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8258543?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8258543?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8258544?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8258544?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8930727?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8930727?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19906370?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19906370?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19906370?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8836058?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17643439?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17643439?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17643439?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18711658?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18711658?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8842946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8842946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9699835?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9699835?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9699835?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17950210?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17950210?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17950210?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15652934?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12621255?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12621255?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12002503?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12002503?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12002503?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15958902?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15958902?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15958902?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9689186?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19916694?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19916694?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11764434?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11764434?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17378957?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12098547?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12098547?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7696836?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1588078?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16510648?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16510648?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16510648?dopt=Abstract


25. West S, Andrews J, Bebbington A, Ennis O, Alderman P: Buckle fractures of
the distal radius are safely treated in a soft bandage: a randomized
prospective trial of bandage versus plaster cast. J Pediatr Orthop 2005,
25:322-325.

26. Audige L, Bhandari M, Kellam J: How reliable are reliability studies of
fracture classifications? A systematic review of their methodologies. Acta
Orthop Scand 2004, 75:184-194.

27. Slongo T, Audige L, Schlickewei W, Clavert JM, Hunter J: Development and
validation of the AO pediatric comprehensive classification of long bone
fractures by the Pediatric Expert Group of the AO Foundation in
collaboration with AO Clinical Investigation and Documentation and the
International Association for Pediatric Traumatology. J Pediatr Orthop
2006, 26:43-49.

28. R Development Core Team: R: A Language and Environment for
Statistical Computing., http://www.r-project.org/. 2009. R Foundation for
Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0, URL http://www.
R-project.org. Ref Type: Online Source.

29. Gamer M, Lemon J, Fellows I: irr: Various Coefficients of Interrater
Reliability and Agreement. R package version 0.82 [http://cran.r-project.
org/package=irr.] 2009., Ref Type: Online Source.

30. Fleiss JL: Measuring nominal scale agreement among many raters.
Psychol Bull 1971, 86:378-382.

31. Cohen J: A coefficient of agreement for nominal scales. Educ Psychol
meas 1960, 20:37-46.

32. Landis JR, Koch GG: The measurement of observer agreement for
categorical data. Biometrics 1977, 33:159-174.

33. Svanholm H, Starklint H, Gundersen HJ, Fabricius J, Barlebo H, Olsen S:
Reproducibility of histomorphologic diagnoses with special reference to
the kappa statistic. APMIS 1989, 97:689-698.

34. Barton KL, Kaminsky CK, Green DW, Shean CJ, Kautz SM, Skaggs DL:
Reliability of a modified Gartland classification of supracondylar
humerus fractures. J Pediatr Orthop 2001, 21:27-30.

35. Slongo TF, Audige L: Fracture and dislocation classification compendium
for children: the AO pediatric comprehensive classification of long bone
fractures (PCCF). J Orthop Trauma 2007, 21:S135-S160.

36. Symons S, Rowsell M, Bhowal B, Dias JJ: Hospital versus home
management of children with buckle fractures of the distal radius. A
prospective, randomised trial. J Bone Joint Surg Br 2001, 83:556-560.

37. Gupta RP, Danielsson LG: Dorsally angulated solitary metaphyseal
greenstick fractures in the distal radius: results after immobilization in
pronated, neutral, and supinated position. J Pediatr Orthop 1990, 10:90-92.

38. Slongo T, Audige L, Clavert JM, Lutz N, Frick S, Hunter J: The AO
comprehensive classification of pediatric long-bone fractures: a web-
based multicenter agreement study. J Pediatr Orthop 2007, 27:171-180.

39. Viera AJ, Garrett JM: Understanding interobserver agreement: the kappa
statistic. Fam Med 2005, 37:360-363.

40. Wiig O, Terjesen T, Svenningsen S: Inter-observer reliability of
radiographic classifications and measurements in the assessment of
Perthes’ disease. Acta Orthop Scand 2002, 73:523-530.

41. Green JS, Williams SC, Finlay D, Harper WM: Distal forearm fractures in
children:the role of radiographs during follow up. Injury 1998, 29:309-312.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2474/13/6/prepub

doi:10.1186/1471-2474-13-6
Cite this article as: Randsborg and Sivertsen: Classification of distal
radius fractures in children: good inter- and intraobserver reliability,
which improves with clinical experience. BMC Musculoskeletal Disorders
2012 13:6.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Randsborg and Sivertsen BMC Musculoskeletal Disorders 2012, 13:6
http://www.biomedcentral.com/1471-2474/13/6

Page 8 of 8

http://www.ncbi.nlm.nih.gov/pubmed/15832147?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15832147?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15832147?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15180234?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15180234?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16439900?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16439900?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16439900?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16439900?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16439900?dopt=Abstract
GamerMLemonJFellowsI
GamerMLemonJFellowsI
http://www.ncbi.nlm.nih.gov/pubmed/843571?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/843571?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2669853?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2669853?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11176349?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11176349?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18277238?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18277238?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18277238?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11380131?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11380131?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11380131?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2298903?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2298903?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2298903?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17314642?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17314642?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17314642?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15883903?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15883903?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12440495?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12440495?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12440495?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9743754?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9743754?dopt=Abstract
http://www.biomedcentral.com/1471-2474/13/6/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Statistics

	Results
	Interobserver reliability
	Intraobserver reliability
	Distribution of fractures

	Discussion
	Limitation of the study

	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


