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Paper I
Randsborg P H, Sivertsen E A. Distal radius fractures in chil-
dren: substantial difference in stability between buckle and 
greenstick fractures. Acta Orthop 2009; 80(5): 585-9

The medical records of 305 paediatric distal radius fractures 
were reviewed. Only 1 of 311 follow-ups led to an active inter-
vention. The greenstick fractures had more complications than 
the buckle fractures. The stability of greenstick and buckle 
fractures of the distal radius was assessed by comparing the 
lateral angulation radiographically. The lateral angulation of 
the buckle fractures did not change importantly throughout 
the treatment. The greenstick fractures displaced 5 degrees 
on average, and continued to displace after the first 2 weeks. 
On average, the complete fractures displaced 9 degrees. We 
conclude that buckle fractures are stable and do not require 
follow-up. Greenstick fractures are unstable and continue to 
displace after 2 weeks. Complete fractures of the distal radius 
are uncommon in children, and highly unstable. A precise 
classification of fracture type at the time of diagnosis would 
identify a smaller subset of patients that require follow-up.

Paper 2
Randsborg P H, Sivertsen E A, Skråmm I, Šaltyte Benth J, 
Gulbrandsen P. The need for better analysis of observational 
studies in orthopaedics. A retrospective study of elbow frac-
tures in children. Acta Orthop 2010; 81(3): 377-81

In a cohort of 112 patients with single supracondylar 
humerus fractures, 78 patients were examined clinically on 
average 4 years after surgery. There were no cases of perma-
nent neurovascular injury, deep infection, or compartment 
syndrome. We found 21 postoperative complications (19%). 
Gartland 3 fractures were operated earlier and more often by 
consultants, and had more complications than Gartland 2 frac-
tures. 11 of the 78 elbows had a cubitus varus malunion. The 
mean VAS score was lower in patients who developed cubitus 
varus (7.7 vs. 9.6) than in patients who had a positive carrying 
angle (p < 0.001). 

The results were used to compare traditional least-squares 
regression analysis with a two-level model with interactions. 
The conventional statistical methods employed in observa-
tional studies in orthopaedics require the fundamental assump-
tion that the outcomes are independent. However, fractures 
treated by the same surgeon cannot be regarded as being inde-
pendent of each other and should be nested in the statistical 
analysis. We found that 25% of the variance in outcome could 
be attributed to between-surgeon variance. We also identified 
an interaction between the surgeons’ experience and the sever-
ity of the fractures that influenced the conclusions. We con-

Included papers with brief summaries

clude that researchers should consider the need for a 2-level 
model and the presence of interactions. Standard statistical 
methods might lead to wrong conclusions.

Paper 3

Randsborg P H, Sivertsen E A. Classification of distal radius 
fractures in children: good inter- and intraobserver reliability, 
which improves with clinical experience. BMC Musculoskel-
etal Disorders 2012; 13(1): 6

12 doctors rated 105 consecutive fractures of the distal 
radius in children on two occasions three months apart. The 
doctors were placed in 3 groups according to the level of 
formal experience; 4 junior registrars, 4 senior registrars and 
4 orthopaedic consultants. Each fracture was placed in one of 
four possible categories; buckle, greenstick, complete or phy-
seal. 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. We 
conclude that the classification tested in this study is reli-
able and reproducible when applied by raters experienced in 
fracture management. The reliability varies according to the 
experience of the raters. More focus on the different fracture 
categories and better supervision of our younger colleges by 
experienced raters will reduce the number of unnecessary 
clinical and radiological follow-up appointments.

Paper 4

Randsborg PH, Gulbrandsen P, Šaltyte Benth J, Sivertsen E A, 
Hammer O L, Fuglesang H F, Årøen A. Fractures in children. 
Epidemiology and activity-specific fracture rates. J Bone Joint 
Surg [Am] 2013; 95: e42(1-7), DOI:10.2106/JBJS.L.00369

1403 paediatric fractures were registered prospectively 
over 12 months. Exposure time to the most common child-
hood activities was measured by parental interview. The over-
all annual incidence was 180.1 fractures per 10,000 children 
younger than 16 years. The distal radius was most often frac-
tured (436 fractures, 31.1%). Snowboarding had the highest 
activity-specific fracture rate, estimated to 1.9 (95% confi-
dence interval [CI] 1.16–2.60) fractures per 10,000 hours of 
exposure. In comparison, the fracture rate per 10,000 hours 
of exposure was 0.79 (CI, 0.42–1.09) for handball, 0.44 (CI, 
0.35–0.52) for soccer, and 0.35 (CI, 0.23–0.47) for trampolin-
ing. We conclude that the fracture rates differ between vari-
ous physical activities. Specific preventive measures should 
be implemented to target this subpopulation of children at risk 
of fractures.
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Introduction

Fractures in childhood are common and are often considered 
a consequence of normal active upbringing. The fracture inci-
dence seems to be rising (67) and children with previous frac-
tures are of particular risk to sustain a new fracture (45). Evi-
dence suggests that the majority of childhood fractures occur 
in children who will experience two or more fractures (44). 
Still half of all children remain fracture free until adulthood 
(63), suggesting that some children are more prone to fractures 
than others. When treating a paediatric fracture, the aim is to 
restore full function, as well as to obtain a best possible cos-
metic result. The paediatric long bones have a great potential 
for remodelling (113;129), helping the patient (and the ortho-
paedic surgeon) to achieve these goals. Although most frac-
tures in children heal without loss of function, there are con-
siderable costs for the child in form of pain, hospitalisation, 
time away from school and reduction of activity for weeks 
to months (71). Although paediatric fractures normally are 
closely followed in the outpatient clinic (46), it is a common 
clinical observation that secondary intervention after primary 
treatment is rare. However, serious complications do occur. 
Childhood fracture can affect health and development due to 
complications such as malalignment of the bone, length over-
growth, physeal arrest (11), compartment syndrome or neurov-
ascular complications, either iatrogenic or caused by the frac-
ture itself (47). Osteoarthritis can develop as a consequence of 
intraarticular fractures (42) or secondary to malalignment. It 
is desirable to be able to identify the small subset of patients 
that actually needs follow up to implement effective follow-up 
routines. The prevention or reduction of fracture risk in addi-
tion to adequate follow-up would imply huge benefits both for 
the child and the society. 

Epidemiology

During the last half century, children in the western world 
have enjoyed increasing prosperity, leisure time and access 
to recreational and organized sport. Despite this increase in 
welfare, the number of fractures in children has increased 
enormously. In his classic study of 8,682 paediatric fractures, 
Lennart Landin reported a two-fold increase in fracture rate 
between 1950 and 1979 in a Swedish population (75). Though 
some of the increase might be attributed to better access to 
healthcare and better detection of small fractures, there is gen-
eral agreement that there has been a true increase in the inci-
dence of paediatric fractures (48;52;67).

Age and gender
The properties of growing bone together with the natural phys-
ical development and increased ability to ambulate as children 
grow older explains why the incidence of childhood fractures 
increase linearly from birth to a peak incidence between ages 
12 and 15 years (9;14;75). The universally observed peak in 
fracture incidence at the start of puberty coincides with the 
growth-spurt that involves increased demand of new bone, a 
high turn-over of bone metabolism and reshaping of the meta-
physis prior to the closing of the physis (5;43;106) . The onset 
of puberty is earlier in girls and boys, explaining why the frac-
ture incidence peaks earlier in girls than in boys (Figure 1). 

 Landin observed a double risk of sport-related fractures in 
boys than in girls, and boys were 50% more likely than girls 
to sustain a fracture before age 16 (75). As girl’s participa-
tion in sport and recreational activity increases, the difference 
between the sexes have decreased, but boys are still at a higher 
risk of sustaining a fracture. The level of physical activity 
in Norwegian 9-year-old children increased in the five year 
period from 2000 to 2005 (70). The change was greater for 
girls than boys in children from families with high socioeco-
nomic status, indicating that girls are catching up with boys 
in terms of participating in sports and recreational activities. 

Seasonal distribution
Several large epidemiological studies from the northern hemi-

Figure 1. Distribution of fractures by age and sex (from Paper 4). Copy-
right Journal of Bone and Joint Surgery [Am], reprinted with permis-
sion.
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sphere have found a seasonal variation of paediatric fractures, 
with most fractures occurring during summer and autumn 
(14;89;126;150). Most paediatric fractures occur during physi-
cal activities such as sport and play. Physical activity depends 
on space and light, and explains why more fractures occur out-
doors during summer and autumn when there are more hours 
of sunshine and easier to spend time outdoors.

Location of fracture
Most paediatric fractures occur outdoors. Younger children 
are at particular risk of sustaining fractures on playgrounds 
(147), while older children tend to sustain fractures during rec-
reational and organized sports (9;14;144). In a large epidemio-
logical study of more than 58 million emergency visits in the 
United States, 16.5% of all injuries in school-aged children 
(5–19 years) occurred at school. Sports injuries were signifi-
cantly more common in school (53% of injuries) than outside 
schools (33%, p < 0.001). In a prospective registration of 1735 
childhood fractures from Bergen, Norway, 20% of fractures in 
schoolchildren occurred outdoors at school, and 10% indoors 
at school (9). Most fractures in schoolchildren occurred out-
doors near the home (28%).

Paediatric fractures and physical activity
Regular physical activity is necessary for children to ensure 
healthy mental and physical development (54). There is a global 
increase in the prevalence of childhood obesity (103;148), and 
Norwegian children are no exception (65). International physi-
cal activity guidelines for children recommend that children 
participate in at least 60 minutes of moderate or vigorous 
physical activity every day (141). In the United States, less 
than one third of 15 year olds meet these guidelines (98). 
Efforts are therefore necessary to increase the physical activity 
in children. However, physical activities expose children to an 
unwanted and in some cases unacceptable risk of injury, such 
as permanent complications or even death (10;17;125;154). The 
increase in paediatric fractures observed by Landin (75) have 
been attributed to a general increase in sports and physical 
activity (9;52;84). Sport and recreational activities are reported 
to cause up to 39% of paediatric fractures (9;52). To be able 
to identify measures that can reduce the risk of injury while 
maintaining the recommended level of physical activity, it is 
important to quantify the risk of injury associated with child-
hood activities. 

The injury risk describes the cumulative number of injuries 
that occur in a given population over a given time, while the 
injury rate considers the length of person-time exposure to the 
risk. The terms risk and rate are often used interchangeably 
in sport injury epidemiology (68). Although there are numer-
ous reports of injury risk on various childhood activities, the 
exposure to risk is rarely quantified (136). Further sport injury 
research and surveillance data is needed to help identify spe-
cific risk factors in young athletes. As we will discuss in this 
thesis, it is important that such studies include an estimate of 

the exposure time for the various activities. Exposure time is 
essential to be able to compare sports and to quantify their 
associated injury rates (22). For example, some activities 
such as motor sports might have a low injury risk (incidence) 
because it is performed by few children, but have a high injury 
rate when the exposure to the activity is accounted for. Most 
reports on injury rates have focused on isolated sports, such 
as soccer, handball or ice-hockey (29;97;153). Reported injury 
rates for soccer have varied from 0.04 injuries per 1000 hours 
(23) to 75.8 injuries per 1000 hours (55). This variation by 
a factor of 1000 is attributed to methodological differences 
(136), mostly selection bias. This bias is introduced because 
the definition of injury varies greatly between publications. 
In some studies, parental reported injuries are included (137), 
other studies include injuries that prevented the athlete from 
participating in the next training (29;112). Other studies have 
included injuries that were evaluated by a doctor (153). How-
ever, the threshold to avoid training or to seek medical advice 
varies greatly among children and families, as does the percep-
tion of what constitutes an injury worth reporting in a study 
setting. Hence, the injuries included in one study are different 
from the injuries included in another study. These differences 
in injury definition lead to a large variation in reported injury 
rates for the same sport, making comparison between studies 
impossible. It is therefore necessary to standardize the inclu-
sion criteria so that studies can be reproduced and comparable. 
This is why we have elected to study fracture rates instead of 
injury rates. A fracture is normally a definite diagnosis based 
on radiological findings, and treatment is channelled through 
the fracture clinics, avoiding overestimation. Moreover, frac-
tures are rarely left untreated, making underestimation less 
likely. 

Furthermore, the exposure to different sports in the same 
population is rarely presented in published data, making com-
parison between sports impossible. In Paper 4 we estimate the 
fracture rates for various childhood activities in the same pop-
ulation during the same period of time, making comparison 
between sports possible. Our precise injury definition (frac-
tures) and complete record of all fractures in a population will 
make it possible to reproduce our results elsewhere.

Health service perspectives

It is an ongoing challenge for decision makers to adopt the 
healthcare institution to the health challenges in the popula-
tion. The incidence of diseases in a given population varies 
over time. The progress of medical science brings both new 
conditions and new treatments, while the dynamics of soci-
ety remove and add risk factors, changing the panorama of 
diseases. It is therefore essential that proper population based 
studies are performed regularly to monitor the health of the 
population. This will enable policymakers to adapt to changes 
and prepare the healthcare organisations accordingly.
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Any healthcare provider must evaluate the quality of the 
service rendered to the public by investigating the clinical out-
come of the patients. The effectiveness of the infrastructure and 
treatment algorithms should be constantly scrutinized, so that 
the best practice is ensured. Resources are not limitless, and it 
is the responsibility for the institutions to ensure that expenses 
are acceptable. Unnecessary clinical controls and lengthy hos-
pital stays are a burden both to society and patients. To be able 
to avoid unnecessary healthcare visits without compromising 
the safety of the patients, clinical data must be collected in 
a methodological and scientific matter. These data must then 
be analyzed using appropriate statistical methods. Statistical 
models can always be improved to better fit reality, and it is 
possible to lend statistical designs developed in other scien-
tific fields to improve the accuracy of the conclusions drawn. 
This is especially crucial when the results from observational 
studies lead to a change in clinical management. 

Purpose of the present dissertation

The overall purpose of the present thesis is to improve and 
increase our knowledge of the incidence, causes and manage-
ment strategies of paediatric fractures. Four studies have been 
performed with the following aims:
I 	 to compare the stability of greenstick and buckle fractures 

of the distal radius in children,
II	 to investigate the inter- and intrareliability of the most 

commonly used classification of distal radius fractures in 
children,

III	 to investigate the clinical outcome after displaced supra-
condylar humerus fractures in children managed by closed 
reduction and percutaneous pinning,

IV	 to evaluate the statistical methods employed in observa-
tional studies in orthopaedics,

V		 to describe the epidemiology of paediatric fractures in our 
region of Norway,

VI	 to estimate the fracture rate by hours of exposure of the 
most common childhood sport and recreational activities.
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Ethics

To obtain informed consent from a participant in a research 
program means that the person willingly chooses to partake 
in the research after being informed in a manner that is under-
standable for her or him, without any external coercion, pres-
sure or inducement. This means that the information has to 
be presented in a manner understandable for the children as 
well as the parents. Babies and toddlers cannot possibly be 
expected to understand a research protocol, but as the children 
grow older, more level of understanding is expected. But it 
is difficult to determine at what age a child is mature enough 
to make an independent choice. There has been an increasing 
focus on the right for children to participate in the discussion 
regarding their own health. In Norway, the ethical commit-
tees suggest that the parents or legal guardian make decisions 
for children younger than 12 years, children aged 12 to 16 
have the right to be heard and children older than 16 years can 
make their own decision (7). In practice, this means that chil-
dren older than 12 years should have a say in the decision, and 
parental consent might not be sufficient to include the child in 
the study (20). Reversely, in children older than 16 years old, 
parental dissent might be ignored if the patient gives informed 
consent. We have adhered strictly to these guidelines when 
including children in our research projects. To give children 
aged 12–16 years a better understanding of the research proj-
ects, specific information letters aimed at this age group were 
written. These letters were approved by the regional ethics 
committee. For children aged 12–16 both the children and 
their parents gave written consent.

Included materials and subjects

The papers included in this dissertation are based on data col-
lected from a total of 2,673 children younger than 16 years 
from Akershus, Norway. Papers I to III reflects materials from 
three different retrospective cohorts. In Paper I, the radio-
graphs and clinical data from all 306 paediatric distal radius 
fractures managed at our institution in 2006 was examined. 
There were 172 boys (56%) and the average age was 9.9 
(range 1.3–16) years. The material investigated in Paper II 
derives from the radiographs and clinical data of 112 supra-
condylar humerus fractures that were treated operatively with 
percutaneous pinning at our institution between 1999 and 
2006. There were 62 boys (55%) and the average age was 6.1 
(range 1.6–12.4) years at the time of injury. 78 of these chil-
dren attended a follow-up clinic on average 4.3 years after the 

Methodological considerations

injury. To examine the reliability of the classification of distal 
radius fractures in children (Paper III), we collected data from 
the first 105 consecutive paediatric distal radius fractures that 
were managed at our fracture clinic in 2007. These fractures 
occurred in January, February and March 2007. There were 
72 boys (69%) and the average age at the time of fracture was 
11.4 (range 1.6–15.8) years. 

In the fourth and final paper we included all paediatric frac-
tures that were managed at our institution between March 16, 
2010 to March 15, 2011. 1,357 patients who had sustained 
1403 fractures were finally included. 866 (61.7%) of the frac-
tures occurred in boys. The average age at the time of frac-
ture was 10.0 (range 0.7–16) years. To estimate the exposure 
time for various child activities, the parents of 794 random 
children in our area were interviewed, of which 395 (49.7%) 
were boys. The mean age of the children at the time of the 
interview was 9.3 (range 3–16) years. The patients from the 
fracture register are considered cases, and the children from 
the interviews are considered controls. An unmatched case-
control study was then designed to estimate fracture rates of 
various childhood activities.

Study design and data collection

The choice of study design is of paramount importance in 
any research project. The type of design will affect both the 
results and how these should be analyzed and interpreted. 
Two main types of errors can affect the study design, namely 
systematic error and random error. Systematic errors are any 
circumstance that leads to the situation where the measured 
means of the outcome measurements differ significantly from 
the actual values of the population. A properly designed study 
will minimize the systematic error. The effect of the system-
atic error remains unchanged regardless of the sample size, 
while the effect of random error will decrease as the sample 
size increases. The random error is basically the variation in 
the data that we cannot readily explain. This type of error 
cannot be removed from the dataset, but the employment of 
the appropriate statistical model will reveal the inaccuracy of 
the data caused by the random error. Improper statistics might 
yield misleading results, although the study is well designed. 
This is certainly the case for observational studies in ortho-
paedics, as demonstrated in Paper 2 and discussed later in this 
dissertation.

Two broad types of clinical study designs exist: interven-
tional studies and observational studies. Interventional stud-
ies are controlled experiments that compare the effect of dif-
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ferent treatments by allocating different treatments to two or 
more groups of similar patients. In evidence-based medicine, 
randomized-controlled trials are considered the gold-standard 
that render the highest level of evidence. However, there are 
situations where it is impractical or even unethical to conduct 
a randomized controlled trial, especially in the field of sur-
gery (56). In these cases, observational studies may be more 
appropriate.

All of the four papers in this dissertation are observational 
studies. Differences between groups are observed and com-
pared without the intervention of the investigator. The main 
concern regarding observational study is the potential threat 
to the internal validity caused by the potential introduction of 
confounders (94). This occurs because there is no randomiza-
tion or blinding to avoid (or at least limit) differences between 
groups, introducing known or unknown confounders that may 
generate biased results. Paper 2 demonstrates that the exis-
tence of interactions also can generate biased results, and 
should be considered as well as confounders. 

There are several types of observational studies, such as 
cohort studies and case-control studies. A cohort is a group of 
people that have shared an experience over the same period of 
time. In research it is used to describe a group of individuals 
that are observed or followed over a period of time (124). Case-
control studies are epidemiological observational studies that 
endeavours to identify risk factors for any given condition by 
investigating patients with the disease (cases) with individuals 
without the disease (controls), but who are otherwise similar. 
Case-control studies are quicker and cheaper than prospec-
tive cohort studies, and the statistical power is higher because 
cohort studies have to continue until sufficient number of dis-
ease events have occurred. However, it is difficult to gather 
reliable exposure data for both cases and controls, risking the 
introduction of systematic errors.

The cohort studies
 A cohort study can be both prospective (Paper 4) and retro-
spective (Paper 1, 2 and 3). The main problem with a cohort 
study is selection bias. Selection bias occurs when the patients 
who participate in the study differ from those who don’t. 
Another systematic error is information bias. In a retrospec-
tive cohort study, the information is based on previously col-
lected data, and might not be detailed enough or even accu-
rate. In a prospective cohort study, the type of data collected is 
standardised, thus reducing the risk of information bias.

Although prospective studies have several obvious benefits, 
such as controlling the data collection and standardizing mea-
surements, retrospective studies describes the results from 
treatment conducted in the institution based on standard rou-
tines, outside the controlled settings of a study design. This 
gives important information regarding the effect of the health 
service and the current treatment algorithm in the institution 
where the study was conducted. Patients who know they are 
studied have improved results compared to those who don’t 

(31;90). This is known as the Hawthorne effect, and is avoided 
in retrospective studies.

In Paper 1, we wanted to compare the stability of distal 
radius fractures in children. The study design is a retrospective 
cohort. The patients were easily identified through our com-
puterized files, but some selection bias might have occurred. 
Patients who were given the wrong ICD-10 code (Interna-
tional Statistical Classification of Diseases and Related Health 
Problems, tenth revision) would be missed. Further, it is pos-
sible that some patients elected to attend neighbouring hos-
pitals, and would not be included in our retrospective cohort. 
However, during the data collection leading to Paper 4 we 
controlled for leakage to neighbouring hospitals, which was 
found to be very small. We therefore believe that this is likely 
to be a very small number of patients and should not affect 
conclusions. Another reason to chose a retrospective design is 
that the data we collected were available in its original form 
(radiographs). To assess the stability of the fractures, we mea-
sured the lateral angulation on the radiographs at presentation 
and at all other subsequent radiographs retrospectively. The 
angle of the distal radial physis on the radial axis (the epiphy-
seal axis angle) is normally 90° (77). Any deviation from this 
normality represents the true displacement caused by the frac-
ture, as represented by α in Figure 2. If we had designed a pro-
spective study, we could have standardized the radiographs, 
possibly improving the accuracy of the measurements. How-
ever, we believe our results are valid , since this is a reliable 
and recommended method to asses distal radial deformities 
in children (77). In our opinion the benefit of a retrospective 
design in this case outweighs the burden of conducting this 
study as a prospective cohort study.

The classification of the fractures in Paper 1 could have 
introduced an information bias known as misclassification, 
since we were two different raters who classified the fractures 
into one of the four categories (buckle, greenstick, complete 
and physeal). We know now from Paper 3 that this classifi-
cation is reliable, but depends on the experience of the rater 
(117). The two raters of Paper 1 have similar experience in 
treating wrist fractures in children, and we have therefore 
reason to believe that the information bias is limited. 

Paper 2 consists of a retrospective review of the medical 
records of 112 supracondylar humerus fractures in children 
operated between 1999 and 2006. Some selection bias is likely 

Figure 2. Measuring the sagittal displacement of distal radial fractures 
in children. α represents the angular displacement caused by the frac-
ture.
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to have been introduced during the sampling. Patients who 
were given the wrong diagnostic- or operative code would 
have been missed in our electronic search. 78 of 112 patients 
attended the follow up, probably introducing a selection bias 
known as self-selection. The 34 patients who did not attend 
the follow-up clinic might have had a different clinical out-
come than those who attended. 

In Paper 4 we wanted to collect data regarding the mecha-
nism of injury in paediatric fractures. A retrospective study 
would not be appropriate, because the type of data needed 
are not normally recorded in the medical files. A prospective 
design let us standardize the data collection, which consisted 
of a questionnaire regarding the location and mechanism of 
injury, previous medical history including previous fractures 
etc. We collected data for 12 months. Very few parents (or 
children) refused participation, but selection bias could still 
have been introduced. 

When calculating the annual incidence of paediatric frac-
tures, the major challenge is to control both the nominator 
(All children younger than 16 years with a new fracture) and 
denominator (all children younger than 16 years living in our 
region). The denominator could be identified by national regis-
ters. The National Population Register is a public register with 
details of all registered residents living in Norway. By October 
1, 2010 (halfway through the inclusion period) 77,683 persons 
younger than 16 years (63,986 aged 3–16) were registered 
habitants of the catchment are of Akershus University Hos-
pital (138). Virtually all paediatric fractures are treated at our 
institution, and all radiographs and medical journals are digi-
talized and viewable via the same system. This system allows 
for a comprehensive fracture registration of all paediatric frac-
tures. The neighbouring hospitals were contacted during the 
study period, to identify children with new fractures living in 
our area who contacted these hospitals. These patients con-
stituted less than 1% of our total number, and most of these 
patients were included in the study when they were transferred 
to our institution for follow-up. We therefore believe that the 
nominator in our incidence is complete and reliable. The only 
exemption could be patients who were fully treated outside of 
our region or neighbouring hospitals, and thus not referred to 
our institution for follow up. We believe this to be a miniscule 
number of patients, representing a small selection bias that 
would not affect conclusions. 

The case-control study
To estimate fracture rates for various childhood activities, we 
designed a case-control study. The major drawback of a cohort 
study is the need to gather information of a large population to 
measure the rate of a disease. Only 1–2% of children sustain 
a fracture every year (43). We could not possibly measure the 
exposure time for all activities for all children living in our 
area in a prospective cohort. We therefore designed a case-
control study, where the cases are the patients from the pro-
spective cohort of children with fractures. We assume this to 

be a complete record of children with fractures in our region. 
The controls however, had to be selected from the population. 
This introduces selection bias, which is the major weakness 
of any case-control study. The source population in our case-
control study is all children living in our region (at risk of 
fracture). We randomly invited the parents of children in our 
region to answer questions regarding their child(ren)s expo-
sure time for various activities in summer and winter. 24% 
(600 of 2502) of the households agreed to participate in the 
survey. This is the major limitation of our study, and repre-
sents a self-selection bias. The parents (and children) who 
accepted could be different from those who didn’t. Therefore 
the estimated exposure time in our calculation might not be 
representative for the entire population. An information bias 
known as memory bias could also have been introduced. The 
parents answered questions on their child activity level, and 
had to rely on their memory. Even though the collection of 
the exposure data might introduce selection bias and there-
fore limit the ability to generalize study findings to the whole 
population, it represents the underlying strength of the study, 
making it possible to compare the fracture rates between dif-
ferent sports and activities.

Statistics

Just as we strive to improve surgical technique, we should also 
try to improve our statistical design. The statistical models we 
employ on our data might influence results, and even lead to 
change in clinical management. No statistical method can 
fully describe reality, but we should constantly look for the 
best fitted model. Standard statistical methods, such as ordi-
nary least-squares regression analysis might not be appropri-
ate. In this thesis, we have looked at several statistical issues. 
In Paper II we compared the use of a more sophisticated mul-
tilevel modelling with and without interactions to the standard 
OLS regression model. The kappa statistics used to measure 
reliability of fracture classification have been scrutinized in 
Paper III. In the last paper we discussed the difference and 
importance of injury rates compared to injury risk, and the 
necessity of exposure data to be able to compare risk.

Multilevel modelling 
Multilevel modelling was initially developed in social sciences, 
such as education and sociology (24), but the implementation 
of this statistical method has not yet been adopted by medi-
cal researchers, despite repeated encouragements (15;130). In 
standard regression analysis, there is a fundamental assump-
tion that every outcome event is independent of each other. 
However, patients operated by the same surgeon are likely to 
have a more similar outcome than patients operated by another 
surgeon. This dependency should be controlled for in the sta-
tistical design. Multilevel analysis allows clustering of indi-
vidual units (patients) within units of a higher level (patients 
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operated by the same surgeon). It is a common misunderstand-
ing that multilevel analysis is controlling for the experience of 
the surgeon, or to put it simply; to see who the best (or worst) 
surgeon is. This misconception might partly explain why this 
model is rarely used in orthopaedic research. But the results 
for fractures treated by the same hands are likely to be more 
similar than if they were not, regardless of the ability of the 
surgeon. Ignoring such correlations may lead to underestima-
tion of standard errors, increasing the risk of committing a 
type-I error with the conclusion that a variable is statistically 
significant when it is not. The intraclass correlation coefficient 
(ICC) expresses the amount of dependency among observa-
tion and is calculated to decide whether a multilevel analysis 
is appropriate. The ICC can take values from 0 to 1. A non-
zero value of ICC implies that the observations are not uncor-
related and that there is a need for multilevel modelling.

In Paper II we show that the clinical outcome after pinning 
of displaced supracondylar humerus fractures in children is 
good or excellent in most cases. We have used our clinical 
data to compare two different statistical approaches; regres-
sion analysis and multilevel modelling. We demonstrate that 
the simple statistical methods that are commonly used in 
observational studies might in fact lead to wrong conclusions. 
We have considered the most commonly used explanatory 
variables for inferior outcome; still 84% of the variance in 
outcome is unexplained by our data. The level of explainable 
variance should be stated in published papers, so that readers 
can consider the clinical relevance of statistically significant 
results. Furthermore, we have demonstrated that even in a case 
with low level of explained variance, the use of models that 
more accurately reflect reality (effect modifiers, two levels) 
affects conclusions. This is even more likely to occur in obser-
vational studies with more frequent adverse outcomes. 

Our two-level model demonstrates that 24% of the explain-
able variance is attributed to the surgeon level. It seems that 
the surgeon has more influence on outcome than any of the 
predictors. It is noteworthy that the variable “number of pins” 
becomes non-significant in this model (p=0.07). Without a 
two-level model we would report this as a significant finding 
(p=0.01), committing a Type I error.

Interactions
In Paper II we also tested the effect of the inclusion of inter-

action variables in the model. An interaction is defined as a 
factor that modifies the independent factor under study (95). 
Interactions reflect that the effect of one variable depends on 
the values of one or more other variables. For example, the 
influence of the surgeon’s experience on outcome could be 
stronger for severe fractures than for less complicated ones. 
In such cases, a statistical model with interactions should be 
tested. One should not try out all possible interactions since 
this increases the risk of spurious results. Thus, when building 
the statistical model, variables that might produce an inter-
action must be considered apriori to the analysis, based on 
existing knowledge and clinical experience. In our study, we 
decided that the surgeon’s level of experience (consultant or 
resident) and time to surgery might have different effects on 
outcome depending on the severity of the fracture. We there-
fore included these two interaction terms in the model. The 
interaction had a significant effect on outcome (p=0.046) and 
was therefore included in the final model.

Measuring reliability
In Paper III we measured the reliability of the most com-
monly used classification system for paediatric distal radius 
fractures. The study was designed to comply with the guide-
lines for reliability studies of fracture classification systems 
outlined by Audigé, Bhandari and Kellam (4). We selected to 
measure the reliability of the classification by means of the 
kappa coefficient. A kappa score of 1 indicates perfect agree-
ment and a score of zero indicates that the variation in agree-
ment can be explained purely by chance. Kappa is generally 
considered the best way to measure agreement between cat-
egorical assessments (16;33), although there are certain limita-
tions that should be acknowledged. Several aspects influence 
the kappa value, such as the number of categories, the preva-
lence of the different categories in the population and – as we 
demonstrated in Paper III – the experience of the raters. It is 
also evident that when a dataset is reduced to a single kappa 
value, information is lost underway. It is therefore difficult to 
interpret a kappa value, and even harder to agree on which 
kappa value should be considered acceptable. Most authors 
agree that a value inferior to 0.5 represents poor agreement 
(33;76;142), but what constitutes an acceptable agreement will 
depend on circumstances. Statistical outcome measures can 
never replace clinical judgement. 
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Distal radius fractures in children

Distal radius fractures is the most common fracture in 
childhood, representing 23–36% of all childhood fractures 
(9;18;52;71;75;83;144). These fractures occur at any age, but 
they are most common during the adolescent growth spurt 
(5;62). They are more common in boys, and the non-dominant 
arm is more often affected (9;14;67). Two of the papers in this 
thesis focus on distal radius fractures in children (Papers 1 
and 3), and Paper 4 provides estimates of the annual fracture 
incidence in our region of Norway.

Classification
In the scientific literature, fractures of the distal radius in 
children are commonly grouped into four categories (12;21;

Discussion

79;91;92;100;111;118;135) (Figure 3): Buckle (torus) fractures 
are characterized by a compression failure of bone without 
disruption of the cortex on the tension side of the bone (79). 
The greenstick 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 (21). Complete fractures (adult 
type) have disruption of both cortices in one plane. Physeal 
injuries occur frequently during the preadolescent growth 
spurt, when there is a transient cortical porosity caused by 
the increase in calcium requirement and bone turn-over (106). 
Fractures involving the growth plate are often subdivided 
according to the classification of Salter and Harris (Figure 4) 
(127). The follow-up algorithm of these different categories 
varies, thus the classification will provide guidelines for man-
agement and prognosis. 

Figure 3. Examples of fractures from each category. A: Buckle fracture B: Greenstick fracture C: Complete fracture D: Physeal 
fracture (From Paper 3). Published by BioMedCentral Musculoskeletal Disorders.
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Figure 4. The Salter-Harris classification of growth plate injuries. Type 
I is a plain fracture through the physis. Type II includes a metaphyseal 
fragment. Type III is an intraarticular physeal fracture without affec-
tion of the metaphysis. Type IV has both intraarticular affection and a 
metaphyseal component. Type V is a compression injury of the physis. 
There is some controversy regarding the existence of type V.

Fracture classifications are important tools in the reporting 
of clinical research, leading to clinical consequences such as 
the development and implementation of treatment strategies. 
Although the classification of distal radius fractures in chil-
dren described above has been used in several publications 
(12;21;79;91;92;100), its reliability has to the best of our knowl-
edge never been examined. If the reliability of a fracture clas-
sification is unacceptably poor, any research based on this 
system should be interpreted with caution, especially if the 
results changes clinical management. In Paper 3, we therefore 
investigated the inter- and intrareliability of the most com-
monly used classification system of paediatric distal radius 
fractures. Our results indicates that this classification system 
is indeed more reliable than other commonly used classifica-
tion systems, such as the AO classification of distal radius 
fractures in adults (74). The overall interobserver reliability 
of 0.61 in our study would be classified as excellent accord-
ing to Fleiss (33) and Svanholm (142), and substantial accord-
ing to Landis and Koch (76). We therefore recommend this 
simple four category fracture classification for future research 
on the treatment and prognosis of distal radius fractures in 
children. However, we noted that inexperienced doctors had 
lower inter- and intraobserver reliability and placed more frac-
tures in categories that merit a follow up (greenstick fractures 
and complete fractures) than more experienced doctors. We 
demonstrate that this lead to an increase in unnecessary radio-
logical and clinical follow-ups, which can be avoided by better 
supervision and more focus on the fracture categories. 

 
Stability, management and remodelling potential
We demonstrated in Paper I that buckle fractures are stable 
(118). In this study most fractures (254 of 305) were mini-
mally displaced and managed conservatively (without reduc-
tion). The majority of fractures were stable and did not need 
follow-up. Since this was a retrospective study, the results rep-
resent the actual management and effectiveness of the health 
service in our institution during 2006. No complications in 
the buckle or greenstick group led to surgical intervention. Of 
more than 300 clinical follow-ups, only 1 led to change in 
management. This was a complete fracture. Complete frac-
tures are highly unstable, and will often need fixation with 

Kirschner pins (91;92). Our results are similar to previous 
publications (3;46;58;62;140). Like others, we see no need to 
follow-up buckle fractures (30;110;135;151). 

Greenstick fractures are, however, unstable. Moreover, they 
continue to displace also after the first 2 weeks (Figure 5). Our 
study shows that it is difficult to identify which fractures will 
displace beyond 20º. None of the greenstick fractures in Paper 
1 that displaced during the immobilisation period were sub-
sequently manipulated. Two greenstick fractures with dorsal 
angulation > 20° at plaster removal were followed up after 6 
months (at the discretion of the physician). In both cases the 
angulation had remodelled considerably. These are examples 
of the amazing potential for sagittal remodelling of the distal 
radius (Figure 6). In children under 5 years, sagittal plane 
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Figure 5. Lateral angulation during the immobilization period in plas-
ter of unreduced greenstick fractures. Note the tendency of the lateral 
angulation to increase throughout the period. (Data from Paper I).

Figure 6. Remodelling of a displaced complete fracture of the distal 
radius in a 7 year old girl. 
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angulation up to 35° can remodel completely, and in patients 
younger than 10 years up to 25° of lateral angulation might 
remodel fully (37;39;61;115;152). Excellent long-term func-
tional and anatomical results have been reported (58). Because 
of this wonderful ability to remodel, it is difficult to agree on 
limits for acceptable angulations and consequently on follow-
up routines. If displaced greenstick factures of the distal radius 
remodel over time, and the clinical and radiological follow-
ups never lead to a change in management (as seen in our 
study), it can be argued that immobilization alone is sufficient 
(3;25). Immobilization alone has also been shown to be less 
costly than manipulation (25). However, little is known about 
the consequences of a bent wrist on the physical activity of 
children, even if it’s transient. The degree of acceptable angu-
lation diminishes as the child approaches puberty. Since girls 
reach puberty before boys, the acceptable lateral displacement 
is greater for boys than for girls (Table 1).

Fractures involving the physis might lead to growth dis-
turbances. The risk of distal radial growth arrest is estimated 
to 4–5% for displaced radial physeal fractures (12;78). The 
risk of growth disturbances increase, however, if the fracture 
is reduced more than 3 days after the fracture, or if repeat 
attempts of reduction is attempted (12). Salter-Harris Type 
2 is the most common physeal fracture. Salter-Harris Type 3 
and 4 are intraarticular fractures. These rare fractures often 
need surgery because the joint surface must always be reduced 
anatomically. When a physeal fracture needs reduction, the 
manipulation should be done carefully without the use of 
excessive force to avoid iatrogenic injury to the growth plate. 
It’s acceptable to place a smooth K-wire through the physis to 
stabilize the reduction, but repeat drilling through the growth 
plate should be avoided. There is some evidence to suggest 
that pinning reduces the risk of growth disturbance (Figure 7), 
possibly because it stabilizes the physis and prevents harmful 
movement of the fragments (131). Pinning through the physis 
may on the other hand also cause growth disturbance (57). 

Supracondylar humerus fractures in children

Supracondylar humerus fractures (SCHF) in children is the 
most common fracture around the elbow in children, and 
the most common fracture in children younger than 7 years 

(14;105). It is the most common cause of surgery to the elbow 
in children. The mechanism of injury is frequently a fall from 
a height, i.e. higher than body height (Table 2). The results 
after pinning of displaced SCHFs in children were examined 
in Paper 2.

Classification
SCHF in children are classified according to the Gartland clas-
sification (41). This fracture classification is based on the lat-
eral radiological view. Undisplaced fractures are classified as 
type 1, displaced fractures with an intact posterior pereosteal 
hinge are classified as Type 2 fractures, while Type 3 fractures 
are completely displaced with no bony contact between the 
fragments (Figure 8). This classification system has excellent 
intra- and interobserver reliability (overall kappa value of 0.74 

Table 1. Limits of angulation of distal radial metaphyseal 
fractures that will remodel anatomically. Based on refer-
ences (3;25;37;39;58;61;152)

	 Sagittal plane	 Frontal plane
Age Boys	 Girls

0–7	 25°	 20°	 10°
8–12	 20°	 15°	 5°
> 13	 10°	 0°	 0°

Figure 7. Growth arrest of the distal radial physis following a SH Type 
2 fracture in a 12 year-old girl that was initially reduced on the day of 
injury, and re-manipulated 3 days later due to loss of reduction.

Table 2. Mechanism of injury for 114 Gartland 2 and 3 
supracondylar humerus fractures treated with closed 
reduction and percutaneous pining at Akershus Uni-
versity Hospital between 1999 and 2005

Mechanism of injury No (percent)

Trampoline   22 (19.3)
Fall from playground equipment   19 (16.7)
Fall outdoors (unspecified)   16 (14.0)
Fall indoors (unspecified)   12 (10.5)
Bicycle     8 (7.0)
Fall from swing     8 (7.0)
Fall from tree     7 (6.1)
Fall in kindergarten     5 (4.4)
Fall from bed/sofa     4 (3.5)
Fall from horse     2 (1.8)
Soccer     2 (1.8)
Fall from fence     2 (1.8)
Unknown     6 (5.3)

Total 114 (100)
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for interobserver reliability) (6). Most fractures (97–99%) are 
extension type fractures where the distal fragment is tilted 
posteriorly (86) . 

Management
Undisplaced SCHFs are treated conservatively in an above 
elbow plaster in 3 to 4 weeks, and complications are very rare 
(81). Traditionally displaced fractures have been managed 
with closed reduction and immobilization in plaster. How-
ever, to maintain reduction, the elbow must be immobilized in 
more than 90° of flexion. This increases the risk of ischemia 
of the anterior cubital fossa (Volkmann’s ischemia) (96) and 
malunion in cubitus varus (53). Open surgery is generally not 
recommended for SCHFs (34;41). 

Management by traction was introduced by John Dunlop in 
the 1930s, with good functional results (27). Traction can be 
done laterally (27;108) or overhead (1;73;122;157). The method 
avoids the risk of deep infections or iatrogenic neurovascular 
injury (26), but still up to a third of the fractures malunite in 
varus (114). Traction reduces the rate of ischemic injury com-
pared to immobilization in plaster alone (1;81).  

Percutaneous pinning of SCHFs was first described by Judet 
in 1947 (64) (Figure 9). It is now considered the gold standard 
for management of SCHFs in children (34;35;114;145). The 
method allows for better control of the bone fragments. The 
arm does not have to be immobilized in acute flexion, reduc-
ing the risk of compartment syndrome with subsequent devel-
opment of Volkmann’s ischemic contracture (36). The plaster 
and the pins are removed after three to four weeks. 

Cubitus varus 
The physiological carrying angle of the elbow (cubitus angle) 
varies from 3° to 29° (139). Girls usually have a more pro-
nounced carrying angle than boys. After SCHF the valgus 
angle tend to decrease. If the valgus angle is lost altogether, 
the deformity is referred to as cubitus varus, also known as 
the gunstock deformity (Figure 10). Cubitus varus is caused 

Figure 8. The Gartland classification for supracondylar humerus frac-
tures in children. Type 1: Undisplaced. Type 2: Displaced, with intact 
posterior cortex. Type 3: Displaced with no bony contact between frag-
ments.

by insufficient reduction of the fracture and not a growth dis-
turbance of the medial physis as previously thought (133). The 
incidence of cubitus varus after conservative management 
of displaced fractures (Gartland type 2 and 3) was histori-
cally relatively high (88), and it has been reported to be lower 
after CRPP than after management in traction (114). It is still 
the most common permanent complication after displaced 
SCHFs, but it is mainly a cosmetic concern. Little dysfunc-
tion as a result of cubitus varus has been reported in the lit-
erature (69;132;156;157), although some authors have reported 
an increased risk of lateral condyl fractures and posterolateral 
instability after severe cubitus varus deformities (2;102). In 
Paper 2 we found that 14% (11 of 78) had developed the cubi-
tus varus malunion. This might be seen as an unacceptable 
high percentage. A study from England of 291 SCHFs reported 
that only 3% of patients developed the cubitus varus malunion 
(87). However, in this study the patients were not re-examined, 
only children who contacted the institution because of con-
cerns regarding the malunion were identified. This introduces 
a significant risk of selection bias, especially when we know 
that this condition is well tolerated with little physical com-
plaints. In our study, several of the eleven patients with cubitus 

Figure 9. Gartland 3 supracondylar humerus fracture in a 3 year old 
girl, managed by closed reduction and percutaneous pinning.
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varus of the elbow as measured with a goniometer were not 
aware of the condition before the follow-up examination. 

When measuring the outcome after SCHFs, the Flynn’s cri-
teria is commonly used (34). It is divided in two parts or fac-
tors; the cosmetic factor and the functional factor (Table 3). 
This simple scoring system makes comparison between stud-
ies possible, but the outcome measure has some limitation. It 
does not take into consideration any pain, neurovascular com-
plications or ability to perform daily activities or partake in 
sports. In addition, the cosmetic factor defines cubitus varus as 
a poor result by definition. However, the natural carrying angle 
varies greatly between individuals (139). Some patients in our 
study had a natural carrying angle of less than 5 degrees. A 
loss of five degrees would place the results in the category for 
poor results, while other subjects with the same loss of angle 
would be classified as having an excellent result. In our study, 
All 11 patients with a cubitus varus malunion was by defini-
tion classified as a poor result according to the cosmetic factor 
of Flynn’s criteria, but only 4 has a poor result according to 
the functional factor. 

We also used the validated Quick DASH outcome score 
(32) to measure the outcome in our patients. Unlike Flynn’s 
criteria, this outcome measure considers pain, discomfort and 
the ability to perform daily activity and partake in sports or 
play musical instruments. Only twenty patients (25%) had a 
positive Quick-DASH score, with a median value of 0 and a 
mean value of 0.51. We conclude that this commonly used 
outcome measure is inappropriate to measure the outcome 
after pinning of supracondylar humerus fractures in children 
in a modern clinical setting, because the Quick-DASH is not 

Figure 10. Cubitus varus after a supracondylar humerus fracture of 
the right elbow. The patient had no functional complaints, normal neu-
rovascular status and had a Quick-DASH score of 0 four years after 
injury.

sensitive enough to measure the small variability in the other-
wise excellent outcome. 

Although the cubitus varus seems to be a benign complica-
tion, it is not without concern for the patients. The mean VAS 
score was significantly lower among patients who developed 
cubitus varus (7.7 vs. 9.6) compared with patients who ended 
up with a positive carrying angle (p < 0.001). The VAS score 
we used was a subjective global satisfaction score, asking the 
question: How satisfied are you with the results of your elbow 
today? A score of 0 indicated that the patient felt that the result 
after surgery was “the worst imaginable” and a score of 10 
indicated a perfect result, “as good as the uninjured arm”. 
However, there was no difference in range of motion as mea-
sured by a goniometer between the group of patients with a 
cubitus varus malunion and the rest.

Volkmann’s ischemia
Displaced SCHFs have historically been associated with a 
relatively high incidence of severe complications, such as the 
Volkmann’s Ischemia with subsequent flexion deformity of 
the forearm known as Volkmann’s ischemic contracture (96). 
It occurs after compartment syndrome of the cubital fossa due 
to injury to the brachial artery or as a consequent of post isch-
emic oedema. The subsequent contracture results from necro-
sis of the flexor muscles of the forearm. In our study (Paper 
2) there were no cases of permanent neurovascular injury or 
compartment syndrome. There were ten cases of transient 
neurological deficit, but only one postoperative nerve injury 
was considered severe. This was a patient with loss of both 
sensory and motoric ulnar nerve function which was explored 
three months later. The nerve was found intact, and the pin 
holes indicated that the pins had not injured the ulnar nerve. 
The function returned spontaneously two months after the 
exploration. Our results support the notion that severe neu-
rovascular complications after CRPP of displaced SCHFs are 
rare. Between 2001 and 2007 the Rikshospitalet University 
Hospital in Oslo received only five children with compro-
mised distal vascular status after CRPP of displaced SCHFs 
operated at other hospitals. The elbows were explored, and the 
brachial artery was found entrapped in the fracture in all five 
patients. At follow-up over a year later all had excellent func-

Table 3. Flynn’s criteria for grading functional and cosmetic out-
come of supracondylar humerus fractures in children (34). Values 
are degrees

Result	 Rating	 Cosmetic factor:	 Functional factor:
		  Cubitus angle loss	 Motion loss

Satisfactory Excellent	 0–5	 0–5
 Good	 6–10	 6–10
 Fair	 11–15	 11–15
Unsatisfactory Poor	 Over 15 	 Over 15
 	 or cubitus varus	
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tion, normal range of motion and intact neurovascular status 
(121). Another study identified 11 patients who had developed 
compartment syndrome after a displaced SCHF (116). The 
average time from injury to surgery was 22 hours. To find the 
patients, the authors had to search the medical files of eight 
hospitals in three countries for the period 1995-2005, illustrat-
ing how rare such complications have become. 

A preoperatively neurovascular compromised arm is a sign 
of a potential vascular injury, but angiography is not indi-
cated initially, as this is time consuming and does not alter 
management (47). In the presence of a pulseless limb, closed 
reduction and percutaneous pinning should be performed as 
quickly as possible (13). The absent pulse might be caused 
by vascular injury, thrombosis, aneurism or the entrapment 
of brachial artery in the fracture (19;82;99;121), but the most 
common cause of a pulseless limb after a SCHF is vascular 
spasm (49). In most cases the pulse returns after the fracture 
is reduced. Some authors recommend exploration of the artery 
if the extremity remains pulseless after CRPP (19). The artery 
might simply be stuck in the fracture, and it is therefore worth 
redoing the CRPP to see if the pulse returns, before explor-
ing the artery (121). But if the extremity is pulseless, cold 
and white after CRPP, the artery should be explored quickly. 
The management of a pulseless, but warm and pink arm is 
more controversial (72). A review of the literature conclude 
that a pink, pulseless hand following CRPP of a SCHF can be 
treated expectantly, unless other symptoms of neurovascular 
compromise develop, in which case urgent exploration of the 
artery should be undertaken (47). The introduction of CRPP 
as standard management has greatly reduced the risk of Volk-
mann’s ischemia following a SCHF (34;109;143).

We could not find any convincing prognostic factors for an 
inferior outcome in our study. We tried four different outcome 
variables, and the effect of timing of the surgery (night-time 
or daytime), was the only significant finding (p = 0.01). Our 
main outcome, the VAS score, is a subjective measurement of 
global satisfaction, and could be influenced by other factors 
than the surgical treatment. Perhaps patients (or parents) who 
were operated at night were more satisfied simply because 
they did not have to wait until the next morning. Apart from 
that, we did not find any associated risk of inferior outcome 
associated with time to surgery, hence delayed surgical treat-
ment of these fractures to the next day seems safe. However, 
since the majority of the variance in outcome is unexplained, 
and almost a quarter of the explainable variance can be attrib-
uted to the surgeon, the level of evidence remains rather weak. 
We therefore agree with the authors who still recommend con-
sidering Gartland 3 supracondylar fractures an orthopaedic 
emergency (80;104;116;146), especially in cases with symp-
toms of neurovascular compromise. 

Epidemiology and fracture risk
Epidemiology of childhood fractures
The last study of the thesis found an overall fracture incidence 
of 180.1 fractures per 10,000 children younger than 16 years 
(Paper 4). This is comparable with other reports from Scandi-
navia and Great Britain (9;18;52;84;144). 

As children grow older and are able to spend more time 
outdoors, they try new and various activities and the number 
of fractures increase. The mechanism of injury varies accord-
ingly. For example, older children tend to fracture during more 
complex activities, such as alpine skiing and soccer, while 
young children sustain fractures from simple falls at the play-
ground. The difference in preferred activities increases also 
between girls and boys as they grow older. For example, in our 
material, only girls sustained fractures from horseback riding, 
which is much more popular among girls than boys. 

In the 1990s, a decrease in paediatric fracture incidence 
was described in Sweden (144). This decrease came after the 
monumental increase in fracture incidence between 1950 and 
1979 described by Landin, attributed to an increased participa-
tion in sport. It is difficult to decide whether the incidence of 
paediatric fractures has decreased or increased in our region, 
as there are no previous reports to compare with. The results 
indicate however that the fracture incidence have stabilized 
during the last decade. The annual incidence in our material is 
lower than the report from Brudvik and Hove, who reported an 
annual incidence of 245 fractures per 10,000 children younger 
than 16 years in Bergen, Norway in 1998 (9). Methodologi-
cal differences are unlikely to explain this difference fully, as 
these studies were very similar in design. Brudvik and Hove 
reported that most fractures occurred in children aged 12–16 
years, while we found that most fractures occurred in chil-
dren aged 6–12 years. An increase in sport activity has been 
reported for 9-year old Norwegian children between 1999 and 
2005 (70). It is possible that in the decade that has passed since 
Brudvik and Hove conducted their study, children are expos-
ing themselves to fracture risk at an increasingly younger age. 
Climate has been reported to influence fracture incidence, and 
could also in part explain the difference (89;107). Bergen is 
on the west coast of Norway, enjoying a wet and rainy cli-
mate, compared to the dry inland climate of Akershus. The 
seasonal variation we observed, with peaks in May-June and 
August-September, is similar to the variation registered in 
Umeå, Sweden, by Hedström et al. (52). In our study a varia-
tion in the distribution of fractures by time of day between 
winter and summer was demonstrated. In summer, when the 
afternoons are long and bright, most fractures occurred after 
school, while during winter, most fractures occurred during 
school hours. These findings might seem obvious, but are nev-
ertheless important to consider when preparing healthcare ser-
vices and preventive measures.
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Fracture rates of various child-
hood activities
Most preventable childhood fractures 
occur during sports and recreational 
activities. To be able to implement 
effective preventive measures, it is 
important to identify high-risk activ-
ities. In our study soccer was the 
activity that caused most fractures 
(Table 4). However, soccer is also the 
most popular sport among children. 
It is therefore crucial to estimate the 
fracture rate for various activities, 
as this takes into account the expo-
sure time to the activity. We found 
that the fracture rates per exposure-
time differ between various sport 
and recreational activities (Table 5). 
Our results correspond well with the 
injury rate of 1.7 per10,000 hours 
of exposure reported by Spinks et 
al. (137). In this study, the authors 
included all injuries that received 
treatment, either from a local doctor, 

related trauma incidence has increased accordingly (51). 
Furthermore, 77% of fractures sustained on snowboards are 
fractures of the distal radius, and 58% of snowboard related 
fractures occurred in boys aged 12–16 years (Table 5). Our 
results are in accordance with the literature (50;85). This infor-
mation should propel an increased effort to implement the use 
of wrist-protectors towards this subgroup of children where 
preventive measures are likely to be effective (123). 

 The increase in trampoline injuries seen in emergency 
departments has caused some authors to recommend that 
trampolines should be banned (28;40;59). However, reports 

Table 4. Most common fractures by most common sport activity. Values are number (%). (From Paper 4) Copyright The Journal of Bone and 
Joint Surgery [Am]. Reprinted with permission

Sport / activity	 Distal radius	 Hand	 Foot	 Distal humerus	 Clavicle	 Forearm	 Tibia shaft	 Ankle	 Other	 Total

Soccer    69 (41)	   42 (25)	   21 (12)	     7 (4)	     5 (3)	   6 (4)	   1 (1)	   9 (5)	     9 (5)	 169
Playground   44 (36)	     6 (5)	     9 (7)	   23 (19)	   10 (8)	 12 (10)	   2 (2)	   3 (2)	   14 (11)	 123
Bicycle   38 (37)	   14 (14)	     2 (2)	     8 (8)	     9 (9)	   9 (9)	   6 (6)	   1 (1)	   16 (16)	 103
Trampoline   12 (16)	     8 (11)	     8 (11)	   19 (25)	     1 (1)	   6 (8)	   2 (3)	   4 (5)	   16 (21)	 76
Hand- volley- basketball   10 (14)	   42 (58)	     8 (11)	     0	     1 (1)	   4 (6)	   0	   2 (3)	     5 (7)	 72
Snow sledge   17 (24)	     4 (6)	     3 (4)	     1 (1)	   23 (33)	   1 (1)	   7 (10)	   6 (9)	     8 (11)	 70
Skateboard/ rollerblades   32 (48)	     7 (11)	     5 (8)	     5 (8)	     1 (1)	   6 (9)	   3 (5)	   1 (1)	     6 (9)	 66
Alpine ski   10 (16)	   11 (17)	     1 (2)	     1 (2)	   10 (16)	   2 (3)	 11 (17)	   2 (3)	   16 (25)	 64
Snowboard   41 (77)	     1 (2)	     0	     1 (2)	     3 (6)	   1 (2)	   2 (4)	   0	     4 (8)	 53
Ice-skating   12 (43)  	     2 (7)	     0	     3 (11)	     2 (7)	   0	   4 (14)	   2 (7)	     3 (11)	 28
Nordic     5 (28)	     3 (17)	     0	     1 (6)	     2 (11)	   1 (6)	   3 (17)	   3 (17)	     0	 18
Horseback riding     0	     0	     1 (8)	     3 (23)	     3 (23)	   1 (8)	   0	   0	     5 (38)	 13
Martial Arts     2 (17)	     2 (17)	     6 (50)	     0	     1 (8)	   0	   0	   1 (8)	     0	 12
Other 144 (26.9)	 105 (19.6)	   94 (17.5)	   38 (7.1)	   36 (6.7)	 25 (4.7)	 27 (5.0)	 16 (3.0)	   51 (9.5)	 536

Total  436	 247	 158	 110	 107	 74	 68	 50	 153	 1403

Table 5. Fracture rate estimates for common children activities. Estimates number of fractures 
per 104 hours of activity. Confidence interval assuming Poisson distribution of fractures (From 
Paper 4) Copyright The Journal of Bone and Joint Surgery [Am], reprinted with permission

 No (%) of 	 Average hour of	
 active children	 activity per week	 Number of	 Fracture
Activity N=794	 mean (SD)	 fractures 	 rate	 95% CI

Summer activities
 Handball	   70 (8.8)	 3.5 (2.3)	 28	 0.79	 0.42–1.1
 Skateboard/rollerblades	 108 (13.6)	 4.5 (10.4)	 43	 0.61	 0.43–0.79
 Soccer	 301 (37.9)	 5.2 (7.1)	 99	 0.44	 0.35–0.52
 Playground	 170 (21.4)	 6.0 (6.1)	 62	 0.42	 0.31–0.52
 Trampoline	 180 (22.7)	 3.8 (7.6)	 35	 0.35	 0.23–0.47
 Horseback riding	   41 (5.2)	 3.8 (4.9)	 7	 0.31	 0.06–0.56
 Bike	 471 (59.3)	 4.3 (7.0)	 74	 0.25	 0.19–0.31
 Swimming	 242 (30.5)	 3.1 (6.9)	 0	 0	 –
Winter activities
 Snowboard	   45 (5.67)	 3.3 (3.1)	 27	 1.9	 1.2–2.6
 Playground	   49 (6.2)	 4.3 (4.8)	 15	 0.73	 0.35–1.1
 Ice skating	 164 (20.7)	 1.5 (1.3)	 17	 0.72	 0.36–1.1
 Handball	   82 (10.3)	 3.7 (2.6)	 20	 0.68	 0.38–0.99
 Alpine skiing	 245 (30.9)	 2.3 (2.6)	 35	 0.64	 0.40–0.82
 Soccer	 163 (20.5)	 3.2 (3.1)	 22	 0.44	 0.25–0.62
 Ski (total)	 595 (74.9)	 3.3 (4.8)	 77	 0.41	 0.31–0.50
 Snow sledge	 337 (42.4)	 2.6 (2.1)	 33	 0.39	 0.25–0.52
 Nordic skiing	 521 (65.6)	 2.4 (4.6)	 12	 0.099	 0.041–0.16

an emergency department, a dentist or a physiotherapist. The 
injuries are not described in further detail, but we must assume 
that sprains and soft tissue injuries were included as well as 
fractures.

 About one third of injuries associated with childhood activ-
ities are fractures (8), explaining the 3 times higher injury 
rate reported by Spinks et al compared to the fracture rates 
in our study. Snowboarding had the highest fracture rate, five 
times higher than the fracture rate for trampolining and four 
times higher than the fracture rate for soccer. Snowboarding 
has become an increasingly popular sport, and the snowboard-
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on trampoline injuries have not considered exposure time, or 
the possible positive effects of trampolining. Our results indi-
cate that the trampoline-associated fracture rate is lower than 
that of handball or soccer. Trampolines have become increas-
ingly common, and it would be logical to expect an increase 
in trampoline related injuries over time. In Paper IV we found 
that the most common cause of distal humerus fractures in 
children during 2010–2011 was a fall from playground equip-
ment, followed by trampolining. 25% of all trampoline related 
fractures was a fracture of the distal humerus, while 17% of 
all distal humerus fractures was caused by a fall on or off a 
trampoline. This is in line with the results from the retrospec-
tive study of supracondylar humerus fractures treated between 
1999 and 2006 (Paper II), where the most common cause 
of injury was a fall on or off a trampoline (19%) (Table 2). 
There is no clear evidence to say that trampoline related frac-
tures have increased during the last decade. Perhaps effective 
measures have been successful, such as the use of safety nets 
and avoiding multiple users, all of which have proven effec-
tive (101;120;155). We therefore believe there is currently not 
enough evidence to support a ban of the use of recreational 
trampolines.

Paediatric fractures in a socioeconomic 
perspective

Prevention of injury is obviously always preferable, both from 
the point of view of the children and parents and in a socioeco-
nomic perspective. We believe there is great potential to reduce 
the number of paediatric fractures by implementing preventive 
strategies. But the management of childhood fractures will 
always be a major task for fracture clinics, as long as there are 
playgrounds, ski slopes, soccer fields and trees to climb in. In 
addition to effective preventive strategies, we must therefore 
also look for the most effective way to handle paediatric frac-
tures in the clinic, without risking adverse outcomes.

In Paper 1 we investigate the stability, remodelling and 
follow-up routine of the most common paediatric fracture 
(distal radius) (118), another study measures the reliability of 
the most commonly used classification for distal radius frac-
tures in children (Paper III) (117). A third study examines the 
outcome after operative management of elbow fractures in 
children (Paper 2) (119). The results of these studies provide 
useful knowledge to improve the treatment for these patients 
and to reduce expenses in the health care system. The last 
study in this thesis investigates the epidemiology and fracture 
rates for various popular childhood activities (Paper 4), and 
provides healthcare managers, politicians, trainers, teachers, 
parents and clinicians with important information that help 
identify and facilitate the implementation of effective preven-
tive measures to reduce paediatric fractures.

Every clinic should have proper written protocols for the 
managements of common fractures. Such protocols have been 

demonstrated to reduce the need for fracture clinic attendance 
(66). Our results support the notion that wrist fractures in 
childhood are benign.. In Paper 1, 68% (208) of the 305 distal 
radius fractures were classified as buckle fractures, which we 
have demonstrated are stable fractures without need for fur-
ther follow up. However, stable distal radius fractures in chil-
dren are extensively monitored with both clinical and radio-
logical follow ups (46;118). In our study of 105 consecutive 
fractures (Paper 3), 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 unnecessary follow-ups could have been 
avoided with more focus on the fracture classification and 
better supervision. It has been demonstrated that proper treat-
ment algorithms managed by experienced orthopaedic sur-
geons will reduce the costs of managing paediatric fractures 
(128;134). We demonstrated that junior registrars had statisti-
cally significant lower kappa value for interobserver reliability 
than the more experienced raters. They placed fewer fractures 
in the buckle group, and rated more fractures as greenstick 
or physeal injuries. There is much to be gained if treating 
physicians distinguish between buckle and greenstick frac-
tures. Between March 2010 and March 2011 436 paediatric 
distal radius fractures were treated at our institution (Paper 4). 
Around 300 of these would be buckle fractures. Our institution 
alone can therefore potentially avoid over 330 unnecessary 
clinical follow-ups and around 150 radiological follow-ups 
every year. The costs for unnecessary fracture clinic appoint-
ments are both direct and indirect. The direct costs are the hos-
pitals expenses, everything from salary, equipment, electricity, 
maintenance, infrastructure etc. This was estimated in 2006 to 
1300 NOK (173 Euros) for a consultation and 500 NOK per 
radiological examination (38). However, in Norway the Con-
sumer Price Index has increased with over 10% between 2006 
and 2011 (138), indicating that our institution could save over 
550,000 NOK in direct costs annually. In addition there will 
be a tremendous reduction in indirect costs, such as the cost 
of parents taking time off work to accompany the child to the 
clinic, transportation, time away from school and activities for 
the child etc. These costs are more difficult to estimate. In a 
report of the epidemiology of childhood fractures in Stavan-
ger, Norway, the authors found an average restriction from 
activities of 26 days for fractures in the lower extremities (71). 
A study from Sheffield, England, estimated the indirect cost of 
attending a paediatric fracture clinic to 0.25 work days, 0.18 
days wages, and 0.54 days schooling (93). This represents tre-
mendous costs for society, especially when considering the 
high incidence of childhood fractures, estimated to be 180.1 / 
10,000 children in our study (Paper 4). 

Percutaneous pinning of displaced supracondylar humerus 
fractures in children is now gold standard, but treatment by 
traction has been common until relatively recently. CRPP for 
SCHF is also a preferred method from a socioeconomic point 
of view. The median stay in hospital in our material (Paper 2) 
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was 1 day. A study from Bergen, Norway, reported a median 
stay in hospital of 11 days for children treated with overhead 
traction (157). The cost of an overnight stay in our institution 
is estimated to 9,000 NOK (60). The difference of 10 over-
night stays implies that it is 90,000 NOK cheaper to manage 
these fractures by CRPP rather than traction. Additional costs 
would include the time away from work for the parents (chil-
dren don’t stay in hospital alone anymore) and time away from 
school for the child. This difference in costs between CRPP 
and traction for SCHF in children has also been found by 
others (114). The small risk of iatrogenic neurovascular injury 
and pin infection is clearly outweighed by this difference in 
expenses. 

Furthermore, our results support the notion that there is no 
need for a clinical follow-up between hospital discharge and 
plaster and pin removal. Nor is it necessary for a follow-up 
some weeks after pin removal. The elbow is often quite stiff 
on the day the pins and the plaster are removed, but physio-
therapy is not necessary. 90% of the normal range of motion is 
regained after five weeks without physical therapy (149), and 
further improvement can be expected for another 12 months 

after injury (158). This is consistent with John Gartland’s 
clinical experience. In his classic paper published in 1959 he 
writes: ”Formal physical therapy is not required (…) Children 
possess their own special brand of magic and will regain full 
function if left to their own devices” (41).

Although there is potential to reduce the expenses of paedi-
atric fracture management without compromising the safety 
of patient follow-up, the optimal goal would still be preven-
tion of injury. In paper 4 we estimate fracture rates for various 
childhood activities in the same population based on exposure 
time. To the best of our knowledge this has not previously 
been done. This information identifies high risk sports, most 
notably snowboarding with a fourfold increase in fracture rate 
compared to other activities. As discussed previously, preven-
tive measures should be developed to reduce the risk of wrist 
fractures in children on snowboards. But our results should 
also be used to debate whether activities with low fracture 
rates should be targeted for preventive measures. Prevention 
in sports with lower fracture rate might outweigh the benefits 
of physical activity, especially if the preventive measures are 
decreasing the level of physical activity.
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•	 The distal radius is the most common fracture in childhood.
•	 Buckle fractures of the distal radial metaphysis in children 

are stable, and don’t need follow-up. Management consists 
of immobilization for comfort, in a splint that is removable 
by the parents after three weeks.

•	 Greenstick fractures of the distal radius are unstable, and 
continue to displace also after the first two weeks in plaster.

•	 The classification of fractures of the distal radius in children 
tested in this study is reliable and reproducible, but varies 
according to the experience of the raters. More focus on 
the different fracture categories and better supervision of 
our younger colleges by experienced raters will reduce the 
number of unnecessary clinical and radiological follow-up 
appointments.

•	 Closed reduction and percutaneous pinning (CRPP) of dis-
placed supracondylar humerus fractures (SCHFs) in chil-
dren is a safe method with excellent results for the vast 
majority of patients.

•	 Cubitus varus is the most common permanent complication 
after CRPP of displaced SCHFs in children. Cubitus varus 
is mainly a cosmetic concern.

•	 We found that 25% of the variance in outcome after CRPP 
of SCHFs in children could be attributed to between-sur-
geon variance.

•	 In observational studies in orthopaedics, standard statisti-
cal methods, such as an Ordinary Leasts-Squares regression 
model, might lead to wrong conclusions. We have demon-
strated that even in a case with low level of explained vari-
ance, the use of models that more accurately reflect reality 
(effect modifiers, two levels) affects conclusions.

•	 The fracture rates differ between various physical activi-
ties. The fracture rate for snowboarding is four times higher 
compared to other common childhood sport and recreational 
activities.

•	 The fracture rate for trampoline is comparable or lower than 
that of handball, soccer and skiing. 

Conclusions Perspectives for the future

An increased focus on the simple fracture classification of 
paediatric distal radius fractures is recommendable. Buckle 
fractures do not need follow up, and a great amount of unnec-
essary clinical and radiological follow-up appointments can 
be avoided every year by making supervision by senior col-
leagues available to help classify these simple fractures.

Future observational studies in orthopaedics must consider 
inclusion of interaction terms before performing the analyses. 
Further, since surgery is two-level in nature, the need for a 
two-level model should always be explored by calculating the 
intraclass correlation coefficient (ICC). This is possible even 
in relatively small materials. Statistically significant find-
ings in previous studies where an OLS model without effect 
modifiers has been used, and where the conclusions have had 
impact on clinical practice, should be reviewed using more 
sophisticated methods. 

A considerable amount of paediatric fractures occurs during 
sport and recreational activities. The fracture incidence in the 
paediatric population remains unacceptable high, and pre-
ventive measures should be implemented through national 
campaigns. The epidemiology of paediatric fractures is well 
described, but there are still few reports on fracture rates that 
take exposure time into consideration. More detailed studies 
of the high risk sports such as snowboard, soccer, handball, 
playground and alpine skiing are needed to describe the injury 
situation to be able to intervene with meaningful effective pre-
ventive measures. 

This PhD has focused on the fracture risk of various child-
hood activities. More studies are needed to identify the indi-
vidual children at risk for fracture. Studies on bone mineral 
density, hormonal status, environment, behavioural (psycho-
logical) and motor skills should be undertaken to help identify 
children at risk for fractures.
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