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ABSTRACT

The purpose of this thesis study was to investigate the trends and incidence rates of
operative treatment of upper limb fractures in Finland. A further purpose of the study
was to evaluate the reliability of the Finnish National Hospital Discharge Register.
The thesis consists of five separate studies. The first part of the thesis evaluated
the reliability of the Finnish National Hospital Discharge Register. The study pop-
ulation consisted of all adult patients diagnosed with a pertrochanteric hip fracture
in three Finnish hospitals between 2008 and 2010. Accuracy of diagnosis as well
as accuracy and coverage of procedural coding and external cause of injury were
assessed. The following four studies were based on data obtained from the Finnish
National Hospital Discharge Register. The second study assessed the trends and in-
cidence rates of surgically treated clavicle fractures consisting of all surgically treated
adult patients with a clavicle fracture in Finland between 1987 and 2010. The third
and fourth studies assessed trends and incidence rates of surgically treated humeral
fractures. The study population consisted of all surgically treated adult patients with
a fracture of proximal part or shaft of the humerus in Finland between 1987 and
2009. The fifth study assessed trends and incidence rates of surgically treated distal
radius fractures. The study population consisted of all surgically treated patients 20
years and older with a distal radius fracture in Finland between 1998 and 2009.
In the first part of this thesis, the accuracy of diagnosis in the Finnish National
Hospital Discharge register was 96%, coverage of external cause of injury was 95%
and accuracy 90%. The coverage of procedural coding was 98% and accuracy 88%.
According to the results of this thesis, surgical treatment of common upper
limb fractures has increased markedly. As with other upper limb fractures in this
thesis, the rate of surgically treated clavicle fractures increased between 1987 and
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2010. The magnitude of the change that was observed in this study was surprising;
the overall incidence rate of clavicle fractures increased about ninefold. The change
was even stronger in men under 60 years of age, where the incidence of surgical
activity increased almost elevenfold. The rate of proximal humeral fractures that
were surgically treated between 1987 and 2009 nearly quadrupled. The continuous
increase in the surgical activity coincided with the actual fracture rate remaining
quite constant, indicating that an increasing proportion of fractures are being treated
surgically. The increase in the rate of surgical treatment, especially in plating was
greatest in women older than 60 years of age. Between 1987 and 2009 the number
and incidence rate of surgically treated humeral shaft fractures increased significantly,
especially in older women. There was a clear shift towards plating, mostly at the ex-
pense of nailing, in the surgical treatment of humeral shaft fractures. Between 1998
and 2008 the incidence rate of surgically treated distal radius fractures doubled. A
clear change in the type of surgical technique was also evident, as plating surpassed
external fixation as the most popular procedure. These changes were especially
notable in older women.

According to the first study, the Finnish National Hospital Discharge Register
is a very reliable source of information, and can be used on assessing trends in the
surgical treatment of fractures.

For one reason or another, surgical treatment of common upper limb fractures
has increased markedly during recent years. Concerning distal radius, and proximal
as well as humeral shaft fractures, plate fixation has increased, thus diminishing the
rate of other surgical techniques. Current scientific evidence on the treatment of these
upper limb fractures does not support the changes observed in this thesis. There is
an urgent and evident need for more high-quality prospective research comparing
non-operative and surgical treatment of these fractures. Additionally, different sur-
gical methods need to be compared in a high-quality setting before major changes

in the treatment protocols of common injuries are adopted.

10 — Tuomas Huttunen



TIIVISTELMA

Tidmin viitoskirjatutkimuksen tarkoitus oli selvittdd, miten tavallisten yliraajamur-
tumien ja leikkaushoidon insidenssi on kehittynyt Suomessa viimeisten vuosikym-
menten aikana. Toisena tavoitteena oli arvioida kansallisen hoitoilmoitusrekisterin
luotettavuutta epidemiologisessa tutkimuksessa.

Tutkimus koostuu viidesti erillisestid osatydstd. Ensimmaiisessd osatydssid py-
rittiin arvioimaan hoitoilmoitusrekisterin luotettavuutta lonkkamurtumapotilailla
erityisesti toimenpidekoodien osalta. Ensimmaisen osatyon aineisto koostui kolmeen
eri sairaalaan vuosien 2008 ja 2010 viliseni aikana trokanteerisen reisiluun yliosan
murtuman vuoksi joutuneista potilaista. Luotettavuutta arvioitaessa selvitettiin diag-
noosin, toimenpidekoodin ja ulkoisen tapaturman syyn kiyton tarkkuutta ja lisiksi
toimenpidekoodin ja ulkoisen syyn kidyton kattavuutta. Neljin seuraavan osatyon
aineistona kiytettiin valtakunnallista hoitoilmoitusrekisterid. Toisessa osatydssid
selvitettiin solisluun murtumien leikkaushoidossa tapahtuneita muutoksia. Tutki-
musaineisto koostui kaikista vuosien 1987 ja 2010 viliseni aikana solisluun murtu-
man vuoksi leikkaushoidetuista aikuispotilaista. Kolmannessa osatydssi selvitettiin
olkaluun yliosan murtumien leikkaushoidon esiintyvyydessi tapahtuneita muutoksia.
Tutkimusaineisto koostui kaikista vuosien 1987 ja 2009 vilisend aikana olkaluun
yldosan murtuman vuoksi leikkaushoidetuista aikuispotilaista. Neljinnessi osatyossd
tutkittiin olkaluun varren murtumien leikkaushoitojen esiintyvyydessi tapahtuneita
muutoksia vuosien 1987 ja 2009 vilisend aikana. Tutkimusaineisto koostui kaikista
olkaluun varren murtuman vuoksi leikatuista aikuispotilaista. Viidennessi osatyossi
tutkittiin distaalisen virttindluun murtuman leikkaushoitojen esiintyvyydessi tapah-
tuneita muutoksia. Tutkimusaineisto koostui kaikista Suomessa vuosien 1998 ja

2008 vilissd virttindluun murtuman vuoksi leikatuista aikuispotilaista.
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Ensimmiisessid osatydssd arvioitiin hoitoilmoitusrekisterin luotettavuutta ja
todettiin, ettid diagnoosin tarkkuus oli 96%), ulkoisen syyn kattavuus oli 95% ja
tarkkuus 90%. Toimenpidekoodin kattavuus oli 98% ja tarkkuus 88%. Tutkimuk-
sen perusteella kansallista hoitoilmoitusrekisterii voidaan pitid erittdin luotettavana
tiedonlihteeni tehtiessd tapaturmiin ja leikkaushoitoihin kohdistuvaa epidemiol-
ogista tutkimusta.

Viitostutkimuksen perusteella voidaan lisiksi todeta, etti yleisimpien yliraajan
murtumien leikkausmiirit ovat lisidntyneet merkittivisti viime vuosina. Solisluun
murtumien leikkaushoito lisidntyi vuosien 1987 ja 2010 viliseni aikana. Solisluun
leikkausmiidrien kasvu oli ylldttdvin voimakasta; aikuisten solisluun murtumien
leikkaushoidot lisddntyivit yli yhdeksinkertaisesti ja alle 60-vuotiaiden miesten
leikkausmairit lisddntyivit lihes yksitoistakertaisesti. Olkaluun yliosan murtum-
ien leikkausmiidrit lihes nelinkertaistuivat vuosien 1987 ja 2009 viliseni aikana.
Leikkaushoidon miirin kasvu on tapahtunut aikaan, jolloin itse olkaluun ylidosan
murtumien esiintyvyys on pysynyt melko tasaisena, miki voi viitata leikkaushoidon
suosion kasvuun konservatiivisesti hoidettujen potilaisiin verrattuna. Muutokset oli-
vat selkeimmit vanhempien naisten osalta. Olkaluun varren murtumien leikkaushoito
lisadntyi selkeisti vuosien 1987 ja 2009 vilisend aikana, etenkin vanhempien naisten
osalta. Murtuman hoidossa aiemmin yleisimmin kiytetty naulaus viheni levytysten
lisdédntyessd. Distaalisen virttindluun leikkausmidrit kaksinkertaistuivat vuosien
1998 ja 2008 vilisend aikana. Lisiksi havaittiin, ettd leikkaustavoissa tapahtui selkei
muutos; murtumien leikkaushoito levyttimailld lisidntyi huomattavasti ulkoisen
kiinnityksen vihentyessd. Muutokset olivat selkeimpii vanhempien naisten osalta.

Yleisimpien yliraajamurtumien leikkaushoitojen esiintyvyys on lisdintynyt
Suomessa viime vuosina huomattavasti. Distaalisen virttiniluun ja olkaluun ylidosan
ja varren murtumien osalta levytysleikkaukset ovat syrjiyttineet muita leikkau-
stekniikoita. Nykyinen tutkimustieto ei tue niiden yliraajan murtumien osalta
havaittua muutosta, etenkiin vanhempien potilaiden osalta. On ilmiselvii, ettd
jatkossa tullaan tarvitsemaan korkealaatuista kliinistd tutkimusta, jossa verrataan
konservatiivista hoitoa leikkaushoitoon. On my®és vilttdimitontd, et eri leikkau-
stekniikoita verrattaessa kiytetddn parhaita ja luotettavimpia tutkimusasetelmia

parhaan leikkaustekniikan selvittimiseksi.
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1. INTRODUCTION

Upper limb fractures are common injuries encompassing nearly 60% of all adult
fractures.(Court-Brown and Caesar, 2006) As such, these injuries pose a considerable
strain on our health-care system. Most upper limb fractures are traditionally good
candidates for conservative treatment and are usually treated by primary immobi-
lization.(Bucholz et al., 2006) During recent years, reports have been published
indicating that injuries such as proximal humeral or distal radial fractures have
been increasingly the target of surgical treatment.(Koval et al., 2008, Bell et al.,
2011, Wilcke et al., 2013) However, the amount of high quality scientific evidence
suggesting that a change in a more surgically active direction is lacking. Although
common injuries, upper limb fractures have not been researched thoroughly in a
high-quality setting. Because of the lack of clear evidence, it seems that treatment
policies of common injuries vary between different orthopaedic trauma centres.
(Chung et al., 2009, Bell et al., 2011)

The Finnish National Hospital Discharge Register (NHDR) provides for an
excellent source of information as all surgically treated patients in Finland are re-
corded into the database.(Sund, 2012) The register contains a multitude of variables
that can be used in epidemiological research. Together with the Official Statistics of
Finland, the register allows true national population-based rates of surgical treat-
ments to be assessed.

The validity of the NHDR has been evaluated previously and the reliability in
respect to diagnosis has proved to be excellent.(Sund, 2012) However, there is only
one previous study assessing the reliability of diagnosis, external cause of injury
and procedural coding in the same study in recent years.(Sund et al., 2007) With

Surgical Treatment of Upper Limb Fractures —An evidence-based approach — 13



administrative hospital registers, a high level of validity is needed for the findings
of research reports based on the register to be reliable.

This study aimed at increasing our knowledge of the trends in the surgical
treatment of common upper limb fractures during recent years in Finland. There are
no large population scale studies evaluating the rates of surgical treatment of these
fractures. Additionally, proportions of different surgical procedures in the treatment
of these fractures have not previously been studied on a national level. Assessing
trends in surgical approaches adds to our understanding of the implementation of
scientific evidence in clinical practice on a national level. Monitoring changes in
current surgical practice enables us to critically appraise whether a certain trend is
justified according to the best scientific evidence available. Additionally, the reliability
of data sources such as hospital discharge register needs to be evaluated and a high
rate of validity should be demanded. Therefore this study also aimed at assessing
the reliability of the NHDR in respect to diagnosis, external cause of injury and

procedural coding.
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2. REVIEW OF THE LITERATURE

2.1 Bone tissue

Mature bone is made of bone marrow lined with endosteum, which is surrounded
by the actual bone tissue and periosteum. Bone is a type of connective tissue with a
matrix made of an organic and an inorganic component.(Ross and Pawlina, 2011)
The matrix forms the bulk of bone tissue with the remainder made up of cells and
blood vessels.(Ross and Pawlina, 2011) Most of the organic part of bone matrix
consists of collagen, primarily of type I and to a lesser degree of types 111, V, X and
XII.(Buckwalter et al., 1996b) In addition to providing reinforcement to the struc-
tural integrity of bone, collagen also provides elasticity in bone.(Browner, 2009, Ross
and Pawlina, 2011) The remainder of the organic matrix includes proteins such as
proteoglycan, glycosaminoglycan, osteocalcin and sialoprotein.(Buckwalter et al.,
1996b) The inorganic matrix of bone consists mostly of hydroxyapatite (Ca, [PO,]
[OH,], and serves two functions: while it gives bone its stiffness and strength it
also provides a reservoir of important electrolytes for the body such as calcium,
phosphorus and magnesium.(Buckwalter et al., 1996b, Buckwalter et al., 1996a,
Ross and Pawlina, 2011)

The actual bone tissue can be divided into two separate types: cortical and
cancellous bone. They have an identical composition but differ in density; cortical
bone is much more dense or less porous than cancellous bone. This ultimately leads
to cortical bone having greater compressive strength than cancellous bone. The bulk
of the human skeleton consists of cortical bone and in long bones such as femur,
clavicle or humerus the diaphysis or shaft is rich in cortical bone provides resistance
to torsion and bending. Metaphyseal and epiphyseal parts of bones however are rich

in cancellous bone with porous structure that allows greater deformation, providing
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a needed distribution of load adjacent to joints. Over time the structure of bone
tissue on human skeleton is altered in response to loading, as depicted by Wolff, and
additionally in response to hormonal changes, injuries and immobilization.(Bucholz
et al., 2006) Cancellous bone with its greater porosity has more inner surface area
than cortical bone and as such cancellous bone has more area covered with cells in
close proximity of blood vessels. Therefore, cancellous bone has a higher metabolic
activity rate and changes as well as fracture healing occur more rapidly than in cor-
tical bone.(Buckwalter et al., 1996b)

Both cortical and cancellous bone tissue consists of woven or lamellar bone.
Woven bone forms the skeletal structures of the growing embryo and is slowly
replaced by mature bone in the developing skeleton. Woven bone is rare in the ma-
turing skeleton after the age of four to five years of age, but can be seen in response
to injury, metabolic or malign disease or inflammation. In contrast to lamellar
bone, woven bone is rich in osteocytes and cells, and extracellular matrix has a less
organized structure. The irregular structure, with a high concentration of cells and
water, makes woven bone more flexible and it has weaker tensile and compressive
strength than lamellar bone. Lamellar bone is highly organized and consists of densely
packed collagen fibre both intra- and extracellularly. The lamellae in lamellar bone
organize into cylindrical form where the collagen fibres interconnect the adjacent
lamellae. The collagen mesh, acting like ferroconcrete, provides additional strength
into the structure.(Buckwalter et al., 1996b, Buckwalter et al., 1996a, Ross and
Pawlina, 2011)

2.2 Fracture healing and basis for fracture fixation

Fractures can be classified according to their shape and anatomical presentation(Bu-
cholz et al., 2006, Browner, 2009). A closed fracture occurs without affecting the
overlying soft tissue, whereas an open or compound fracture communicates with
the surface of the skin. A splintered fracture is called comminuted and displaced
if the fractured bone fragments are not aligned. Fracture can also be angulated in
response to torque forces created by muscles that are attached to fractured bone
fragments and pulling them apart. Bone, unlike many other tissues, has an efficient
and unique ability to repair itself.(Bucholz et al., 2006, Robbins et al., 2010, Ross
and Pawlina, 2011)

16 — Tuomas Huttunen



After sustaining a fracture, the induction of self-repair in bone is almost concur-
rent with the insult. The healing consists of three phases, a sequence of inflammation,
repair and remodelling(Einhorn, 2005, Bucholz et al., 2006, Browner, 2009, Robbins
etal., 2010). The period of inflammation begins as the fractured site is rapidly filled
with blood, resulting in hematoma formation.(Buckwalter et al., 1996a, Browner,
2009) A blood clot fills the space between and around the bone fragments. In re-
sponse to the injury in the tissues, the inflammatory cells and platelets release a broad
spectrum of cytokines, activating in turn the osteoprogenitor cells in the periosteum,
medullary cavity and surrounding soft tissues.(Buckwalter et al., 1996a, Browner,
2009, Robbins et al., 2010) In response to the inflammatory mediators, blood vessels
dilate and plasma is pooled, resulting in local oedema.(Robbins et al., 2010) After
the initial inflammatory response subsides, a fibrin mesh is formed, isolating the site
and also providing an initial supporting structure for the chondrocytes, fibroblasts
and newly forming capillary vessels.(Robbins et al., 2010) The period of repair is
initiated as multipotent mesenchymal cells migrating through blood circulation
start forming the initial fibrous tissue at the fracture site.(Einhorn, 1998, Einhorn,
2005) As early as 72 hours after the injury, the migrated cells start to proliferate,
and mononuclear cells differentiate into osteoclasts and multipotent mesenchymal
cells into chondroblasts, osteoblasts, osteocytes and bone lining cells.(Einhorn,
1998, Einhorn, 2005) Newly formed chondroblasts and osteoblasts start producing
extracellular matrix, resulting in fracture callus consisting of fibrous tissue; cartilage
first and later on woven bone.(Einhorn, 2005) Cartilaginous tissue formation starts
after the first week after the injury and continues until 4 to 5 weeks after the injury.
(Einhorn, 1998) After 5 weeks newly forming woven bone emerges. As mentioned
before, woven bone has an unorganized extracellular matrix that gradually, as the
healing and ossification proceeds, becomes more and more organized especially in
respect to collagen fibrils and their orientation.(Einhorn, 1998) Initially, the callus
can be divided into soft and bony callus.(Einhorn, 1998, Einhorn, 2005, Robbins
et al., 2010) Soft callus consists primarily of cartilage and fibrous tissue whereas
hard callus gradually replaces the cartilaginous softer callus with mature bone, a
process also called endochondral or secondary ossification. (Einhorn, 2005, Ross and
Pawlina, 2011) As the mineralization of callus proceeds, stiffness and stability of
the fracture increases. The process continues until the fractured site is bridged with
new bone, resulting in clinical union of the fracture.(Bucholz et al., 2006, Browner,
2009) In the last phase of remodelling, woven bone is turned into lamellar bone

and excess callus is resorbed partly in response to increasing tensile and loading
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forces of the bone.(Buckwalter et al., 1996a, Bucholz et al., 2006) Bone repair can
also occur without a formation of callus when fractures are stabilized and fractured
parts are aligned and in contact.(Einhorn, 2005) This ability of bone healing, also
called intramembranous or primary ossification, is utilized in fracture surgery, but
is dependent of absolutely rigid fracture fixation.(Bucholz et al., 2006, Ross and
Pawlina, 2011) Primary ossification occurs when osteoclasts and osteoblasts from
the adjacent bone tissue and newly forming blood vessels traverse the fracture line
and directly initiate new bone formation.(Einhorn, 1998, Ross and Pawlina, 2011)
In case of a gap between the fragments, osteoblasts migrate into the gap, forming
woven bone and, with progressive remodelling, lamellar bone.(Buckwalter et al.,
1996a, Bucholz et al., 2006)

An occurrence where bone heals in a deformed way or there is marked angulation
or shortening after healing, is called malunion. A non-union is a situation when
the fracture gap is not bridged by new bone, resulting in an unstable bone. Delayed
union is simply a bone healing slower than is characteristic for a certain type of
bone. Time to union (or delayed union) is dependent on the bone in question: for
instance, wrist fractures heal more rapidly than fractures of the femur.

Several different techniques and fixation devices to treat different types of frac-
tures have been developed over the years.(Bucholz et al., 2006) The different types
of fixation techniques rely on a different approach and also a different biological
process of healing.(Bucholz et al., 2006, Browner, 2009)

When external fixation device is used, pins are attached to the proximal and
distal side of the fracture. An external fixator is then used to bridge the pins to form
an external support for the fracture.(Bucholz et al., 2006, Browner, 2009) With
external fixation, bone healing occurs after secondary or endochondral ossification.
(Bucholz et al., 2006) As the external fixator provides for stability but allows for
relative movement facilitating the normal bone healing, even large fracture gaps can
be treated.(Bucholz et al., 2006) The basis of open reduction and internal fixation
relies on four principles: anatomic reduction, rigidity of internal fixation, atrau-
matic surgical technique and early pain-free motion of the injured site.(Allgower
and Spiegel, 1979) Locking compression plates allow for an anatomic reduction
and compression of the bone fragments to bridge the fracture gap. Fracture healing
after internal fixation occurs by primary ossification, which necessitates anatomic
reduction and absolute rigidity of the fixation.(Bucholz et al., 2006) In contrast to
normal fracture healing, callus formation after internal fixation has been seen as a sign

of instability. Fracture fixation using intramedullary techniques such as intramed-
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ullary nails provides for an internal fixation using closed technique.(Bucholz et al.,
2006, Browner, 2009) The basis of the technique is less traumatic for soft tissues
than open reduction and internal fixation as a smaller surgical exposure is needed.
Opposite to the rigid fixation associated with open reduction and internal fixation,
intramedullary fixation allows for some movement between the bone fragments.
(Bucholz et al., 2006, Browner, 2009) Therefore, bone healing after intramedullary
fixation relies on secondary or endochondral ossification: fracture healing occurs
after callus formation.(Bucholz et al., 20006)

2.3 Definition of evidence-based medicine

Although apparently used already in 1990 as a part of the application material for the
internal medicine residency program at McMaster University, the term evidence-based
medicine (EBM) was first described in the literature in 1991, when Gordon Guyatt
raised the question of whether the authority-based decision-making in medical ed-
ucation and practice should be questioned.(Guyatt, 1991) In a subsequent defining
article, published in the Journal of the American Medical Association in 1992, a
multidisciplinary Evidence-Based Medicine Working Group (EBMWG) introduced
the path for the future.(Guyatt, 1992) The original introducers of EBM probably
did not dare to contemplate, how profound a change in the practice of medicine
they had started. More than a decade later, in 2007, the British Medical Journal
proposed EBM as one of the 15 most important milestones next to, for instance,
the discovery of DNA structure and antibiotics.(Godlee, 2007)

The ideas suggested by the original EBMWG were manifold. Traditionally
medical science and especially the practice of medicine have revolved around au-
thorities (masters) that the students (apprentices) look up to. An important part of
the new way of thinking was to lessen the emphasis on relying on authorities such as
clinical expertise and textbooks, and to accentuate the role of scientific literature on
decision-making. New skills and knowledge for clinicians were seen as a necessity:
understanding rules of evidence to be able to critically evaluate causation, diagnostic
testing and treatments. This was not all new, though; understanding the underly-
ing physiological and pathophysiological basis of disease was seen as important,
especially when pondering whether certain research findings could be applied to an
individual or generalized from one population to another. The above-mentioned
EBMWG also pointed out that the “new way of thinking” did not try to downplay
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the importance of clinical expertise, basic sciences in medicine or traditional teach-
ing of clinical skills. The idea was to refine the traditional skills and add in a new
way of critical thinking. An important part of implementing a new approach such
as EBM is teaching. In the original paper, the authors from McMaster University
presented the curriculum outline of their internal medicine program, where resi-
dents were “exposed” to EBM schooling on a weekly basis. A variety of problems
that had arisen after the introduction of the evidence-based approach were also
recognized in the original article: some authorities in their respective fields had
found the authority-diminishing thinking to be threatening, the implementation
of a critical appraisal of literature was found to be time-consuming, especially if the
area of interest was lacking in high-quality research. The new way of thinking was
also met with a certain amount of scepticism.(Guyatt, 1992)

The advocates of EBM from McMaster University followed with a series of
articles aimed at familiarizing clinicians with reading scientific articles with the
idea of answering defined questions that had arisen from clinical work. A critical
evaluation of articles boiled down to three fundamental questions: Are the results
of the study valid? What are the results? Can the results be applied to another pop-
ulation?(Guyatt and Rennie, 1993, Oxman et al., 1993) The EBM method starts
by learning to ask questions related to patient work and then defining the problem
or issue. In the next phase one needs to study the literature at hand and find the
best evidence by going through all the relevant articles and critically assessing their
results. In the last phase, after careful review and finding relevant and valid infor-
mation, one needs to consider whether the results can be applied to the problem at
hand and possibly generalized. (Sackett, 2000) In a later article of the series on EBM
methodology, patient-related factors such as values and choices related to patient
care decisions were discussed; after assessing the best evidence for a well formulated
question, good care crystallizes in clinical skills, humanism and social responsibility.
(Guyatt et al., 2000) As each patient is unique with his or her beliefs and values,
the choice of treatment relies on the skills of the treating physician to find the best
treatment for an individual.(Sackett, 2000)

Since the inception of EBM, computerized access to information and scien-
tific literature has become increasingly easy. However, the exponential increase in
information and different databases only further underlines the need for individual
clinicians to be able to screen relevant and valid information. To help clinicians cop-
ing in the avalanche of scientific information, support systems for decision-making

have evolved. Cochrane reviews and meta-analyses pool and analyse the results of
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studies on a single subject. Also, decision support systems such as UpToDate aim
to answer specific clinical questions.(Sackett, 2000)

In terms of EBM, the literature can be divided into four subgroups, namely
diagnostic studies, cohort (observational, prognostic) studies, randomized controlled
studies and meta-analyses. There are several issues to take into account when reading
the literature. When reviewing an article about diagnostic testing, certain things need
to be considered. Firstly, the validity of a diagnostic test should be independently
evaluated by comparing to a reference or more commonly to a “gold standard”.
Secondly, the tested patient sample should be a good representation of the kind
of population or patients to whom the diagnostic test will be applied in an actual
clinical setting. Thirdly, the validity of a test should always be tested regardless of
the result of the diagnostic test.(Sackett, 1991, Jaeschke et al., 1994b, Jaeschke et
al., 1994a, Sackett, 2000) Studies on cohort samples should be evaluated by firstly
assessing whether the studied patient sample was a representative sample of patients
in a well-defined period of the ailment. Secondly, the length of follow-up is especially
important in prognostic cohort studies. Thirdly, the outcome criteria should be well
defined in advance and outcome assessors should be blinded. Lastly, adjustment
for important prognostic factors needs to be analysed if groups that have different
prognoses are found.(Sackett, 2000)

When therapeutic studies are considered, a certain hierarchy of evidence exists.
(Sackett, 1991) Clinical experience and expert opinion lie at the bottom of the pyra-
mid of evidence (Figure 1) and randomized clinical trials (RCTs) are at the top. When
the outcomes of many RCTs are pooled and analysed, performing a meta-analysis
can further increase the power of the original studies.(Sackett, 2000, Bhandari and
Tornetta, 2004) In a randomized trial, patients are randomly allocated to alternative
study groups randomly. By randomizing the groups that are eventually compared,
trial conductors try to control known and unknown factors affecting the outcome.
(Sackett, 1991) Blinding (patient) and double blinding (outcome assessor) are an
important part of a high-quality comparative study and usually feasibly realizable in
medical research.(Bhandari et al., 2002) It is obvious that in trials where the studied
intervention includes invasive manoeuvres, such as internal fixation of a pertro-
chanteric hip fracture, the surgeon can not be blinded and blinding of a patient is
at the very least difficult. In a study assessing the quality of 72 orthopaedic RCTs,
Bhandari et al found that in at least 90% of trials both outcome assessors and data
analysts could have been blinded.(Bhandari et al., 2002) They also suggested that
in most trials (including surgical) the blinding of patients could have been feasible.
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One aspect of RCTs is the analysis of results that should be done following the in-
tention-to-treat principle, which means that all cases are analysed in the respective
groups they were allocated to during randomization.(Sackett, 2000) This helps
to avoid the skewing of results if there is a lot of crossover between the treatment

groups during the trial.

Meta-apalysis of RCTs

Cohort Study

Case-control study

Case Series

Expert opinion

Figure 1. Hierarchy of Evidence. Adapted from Bhandari and Tornetta, 2004.

In orthopaedic literature the term evidence-based orthopaedics and the use of levels
of evidence were introduced at the start of the millennium.(Bhandari and Sanders,
2003, Wright et al., 2003) Although RCTs are considered to lie on the top of the
pyramid of evidence, observational studies such as cohort studies, case-control
studies and case series can provide and add to the existing knowledge. Observational
studies have been criticized for easily overestimating outcomes when patients are not
allocated in study groups at random.(Bhandari et al., 2001, Bhandari et al., 2004)
However, Concato and co-workers did not find evidence of cohort or case-control

studies overestimating the outcomes when compared to RCTs.(Concato et al.,
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2000) So it is probably not just a matter of RCTs when therapy or intervention is
considered.(Hoppe et al., 2009) Additionally, high-quality evidence can arise from
clearly defined case series prognostic studies such as arthroplasty or trauma register
studies when patients are enrolled at the same point of their disease and there is a
sufficient proportion of follow-up.(Hoppe et al., 2009, Trumm et al., 2012)

It is important to identify certain risks related to RCTs. A very common problem
in orthopaedic literature has been that the studies have been underpowered.(Loch-
ner et al., 2001) An underpowered study is not able to detect a difference (in other
words, the results are not statistically significant) between the studied interventions
when a difference actually exists, a problem also called a type II error.(Bhandari
and Tornetta, 2004) A common way to try to avoid a type II error is to perform a
sample size calculation when planning a trial. However, properly conducted sample
size calculation only guarantees that an estimate of sufficient sample size has been
assessed. If the difference in outcome measures used in sample size calculation has
been poorly selected, a study can still be underpowered. But then, even if the results
of a trial are statistically significant, it does not automatically mean that there is a
clinically significant (relevant) difference between the studied groups.(Sackett, 1991)
Figure 2. When planning a study, the outcomes measured need to be valid and the
smallest clinically significant difference in outcome measures defined when doing
sample size calculation. Usually patients in trials get better outcomes than regular
patients since the patients regard themselves, and they are regarded by the physi-
cians, nurses and physiotherapists treating them in a generally more positive way,
a phenomenon also called the study effect. Results of sample-based studies always
need to be considered carefully when trying to generalize for other populations. If,
for instance, a plethora of patients were evaluated as candidates for a study but only
a fraction were accepted, one needs to ask if the inclusion and exclusion criteria for
the study were valid and representative. When reading a research paper, it should
always be noted if the study has received outside funding or if a conflict of interest
exists for any of the authors. Lastly, when evaluating the available literature, it is
possible that only trials resulting in positive results (differences between studied in-
terventions) get published, also called publication bias.(Sackett, 2000) For instance,
the Cochrane collaboration has attempted to take publication and other types of
reporting bias into account when conducting systematic reviews by including all
studies independent of the original language of the report or medium of presentation.

Cohort studies can prove their significance when, for instance, studying a

certain exposure would be unethical; an ethical review board would probably not
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Figure 2. Statistical significance versus clinical significance. A= an outcome that is small
but statistically significant. B= an outcome that is large and statistically significant. C= an
outcome that is small and not statistically significant, D= an outcome that is large but not
statistically significant.

approve an RCT study setting where patients referred to a university hospital with
chest pain would either wait over 4 hours to see a consulting emergency room
doctor or the consultation would be immediate. By assessing this setting with
two cohorts (retrospectively), it would be possible to ascertain whether prolonged
waiting time carries some risks. In addition, large nationwide cohort studies can
show reliably whether treatment policies or costs of treatment have changed over
time. A case-control study setting is especially useful if the studied outcome is rare.
If, for instance, factors affecting post-operative infection rates were considered, a
sample of patient cases with a certain outcome (infection) is identified from a data
registry following arthroscopy, and the sample is then matched by control patients
who underwent arthroscopy but did not develop an infection. By comparing these
two groups, certain factors increasing the rates of postoperative infection could be
assessed, although a risk of selection bias always exists. Case series are observational

studies that are usually retrospective and not controlled. A successful case series is a
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history of an individual or a group of patients where the value can be increased by
standardizing the cases when prognostic factors can at least be hypothesized.(Bhan-
dari et al., 2004, Bhandari and Tornetta, 2004, Hoppe et al., 2009, Uhari, 2012)

When assessing the evidence and, more importantly, the relevance of different
studies, in the end it all comes down to the application and generalization of a study.
Who were the patients and how were they chosen and when were they excluded?
What was the studied intervention? Was there a control? What were the outcomes
and how were they measured? And finally, what was the study type?

Commonly, a change in the clinical practice needs several high-quality studies
and a marked difference in the outcomes measured. For instance, a Cochrane review
and meta-analysis in 2004 concluded that conservative and operative treatment yield
similar functional outcome in acute Achilles tendon rupture.(Khan et al., 2004) Ac-
cording to Khan and co-workers the rate of re-rupture was higher in conservatively
treated patients. (Khan et al., 2004) As the conservative treatment of acute Achilles
tendon rupture evolved by abandoning rigid cast treatment and a shift was made to
early weight bearing with protected range of motion, new high-quality studies have
emerged.(Suchak etal., 2008) According to these newer RCTs, conservative treatment
with novel functional bracing produces similar functional outcomes as operative treat-
ment with almost similar rate of re-rupture.(Metz et al., 2008, Nilsson-Helander et
al., 2010, Willits et al., 2010, Wallace et al., 2011) A decrease in the rate of surgically
treated acute Achilles tendon ruptures was seen in Finland since 2007, indicating that
Finnish orthopaedic surgeons have adapted to the new evidence.(Mattila et al., 2013)

2.4 Finnish National Hospital Discharge Register

Initiated in 1956, the NHDR is one the oldest hospital discharge registers in the
world.(Sund, 2012) The first registered discharges were from tuberculosis sanatoriums
and mental hospitals and since 1967 the register has had full nationwide collection
of discharges from all hospitals.(Sund, 2012) The register data per discharge has
included personal identification numbers since 1969 allowing the incorporation of
register data against other data sources such as patient records.(Sund, 2012) The
NHDR has been intensively used over the years in medical and epidemiological
research.(Sund, 2012) Similar registers exist in other Scandinavian countries like
Norway, Denmark and Sweden. At least in Sweden the register has been widely

used in research and found to be of relatively good quality.(Ludvigsson et al., 2011)
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The NHDR data includes records in rows that contain variables such as personal
identification number, sex, domicile of the subject, duration and type of hospital
stay, external cause of injury, primary, secondary and tertiary diagnoses and all pro-
cedures performed during the stay.(THL, 2012) In 2013, the data record includes
up to 70 variables per one hospitalisation period. Data is collected and maintained
by the National Institute for Health and Welfare, Helsinki, Finland. Some changes
in the NHDR have happened in the course of its history. Diagnoses were recorded
according to the ICD-8 (International Classification of Diseases) coding system
between 1969 and 1986, ICD-9 between 1987 and 1996 and more recently ICD-
10 since 1996.(Lidkintohallitus, 1979, Lidkintohallitus, 1986, Nienstedt, 1995)
Similarly the procedural coding has changed; from 1986 to 1996 procedural coding
was done according to guidelines set by the National League of Hospitals.(Sairaa-
laliitto, 1983) Starting in 1996 with national coverage from the beginning of 1997
procedural coding has been done according to directions by Nomesco (Nordic Med-
ico-Statistical Committee) procedure classification.(Stakes, 1996) These changes in
classification systems have to be taken into account when conducting research (for
instance, trends over years) based on diagnoses or procedures.(Riisinen et al., 2013)

When conducting research based on administrative register data such as the
NHDR, a high level of validity is needed. The NHDR undergoes routine internal
validity checks that assess logical errors and missing data.(THL, 2012) When the data
is reviewed, hospitals are asked to correct errors if needed. According to the internal
validity checks, the reliability of the data is excellent.(Sund, 2012) Studies of the external
validity of data from the NHDR have focused on inpatient discharges from hospitals.
Studies of vascular disease, mental illnesses and injuries have been the most numerous
and have focused on diagnosis: for instance, accuracy of diagnosis of stroke(Tolonen et
al., 2007) or heart failure(Sund, 2012, Mihonen et al., 2013) In these studies the data
from the administrative register (NHDR) is compared to a more clinically oriented,
validated register, or the data is compared against medical records. According to a
recent review by Sund, the positive predictive value (PPV) for common diagnoses in
the NHDR was between 75 and 99%.(Sund, 2012) As far as injuries are concerned
there is a limited number of studies assessing the validity of diagnoses and procedural
coding. Keskimiki and Aro took a random sample of 2285 cases from the NHDR in
1986 and compared this data to the individual medical records. They found that the
diagnosis was accurate in 95% of the cases but procedural coding was quite inaccurate
(70 to 78%).(Keskimiki and Aro, 1991) In another study, Liithje and co-workers
analysed all patients hospitalized for pelvic fracture in 1988 and identified 1,212
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primary cases. They conducted an analysis of validity on the accuracy of diagnosis by
assessing the medical records of a number (n=114) of these cases randomly selected;
the accuracy of diagnosis was 97%. (Liithje et al., 1995) Mattila and co-workers aimed
to assess the validity of the NHDR in relation to diagnosis of cruciate ligament injury.
Coverage was assessed by comparing arthroscopic findings to the NHDR and accuracy
by comparing NHDR data to findings on MRI and arthroscopy. They found both
coverage (92%) and accuracy (89%) to be excellent.(Mattila et al., 2008) In contrast
to analysing diagnoses, there are only few studies concentrating on evaluating the
validity of procedural coding after the implementation of the Nomesco procedural
classification system. Sund and co-workers found the completeness, accuracy and
correctness of the National Hospital Discharge Register to be excellent in registering
diagnosis and procedural coding.(Sund et al., 2007) Studies assessing the validity or
use of external cause of injury are scarce.(Lunetta et al., 2008, Haikonen et al., 2013)

2.5 Clavicle fractures

Clavicle fracture (CF) is among the common injuries of the skeleton. In an analysis
of all fractures treated in a single trauma unit, the incidence rate of CFs was 36.5
per 100,000 (n=195) person-years covering a 3.3% proportion of all fractures with
a male to female ratio of 7:3 and an average age of 38 years at the time of the inju-
ry.(Court-Brown and Caesar, 2006) In another Scottish study, Robinson analysed
retrospectively 1,000 consecutive CFs between 1988 and 1994.(Robinson, 1998)
In Robinson’s material, incidence of CF on over 13-year-old patients was 29 per
100,000 person-years with a mean age of 34 years. In an epidemiological study
in Malmé General Hospital, 2,035 CFs were identified from one prospective and
three retrospective cohorts and the results were pooled for analysis.(Nordqvist and
Petersson, 1994) According to the Swedish study, CFs occurred mostly in men with
an average age of 27 years at the time of the injury. In an Italian study, all fractures
in the catchment area of a single hospital between 1990 and 2001 were analysed and
533 CFs were identified, encompassing 2.6% of all fractures with a male to female
ratio of roughly 7:3.(Postacchini et al., 2002) Robinson found that sports injuries
were more common in younger males and simple falls and falls from a standing
height became more common in older age groups.(Robinson, 1998) In the Italian
study, 48% of all fractures were traffic accident related with fall-related injuries
following with a 33% proportion; traffic accident related CF was more common
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in adults and fractures after falls were more common in children 0 to 10 years old;
fractures occurring at birth were excluded from the study.(Postacchini et al., 2002)
However, the Swedish study in Malmé identified simple falls as the leading cause
of CFs.(Nordgvist and Petersson, 1994) In another Swedish study by Nowak and
co-workers cycling was the leading cause of injury for both genders.(Nowak et al.,
2000) Winter sports have also been reported to be associated with producing high
numbers of CFs.(Matsumoto et al., 2002) While the epidemiological findings
differ somewhat, simple falls either on an outstretched hand or onto the shoulder
are traditionally thought to be the leading reasons for sustaining CF.(Allman,
1967, Stanley et al., 1988) According to an epidemiological study by van Staa and
co-workers, and affirmed by the researchers at the Royal Infirmary of Edinburgh,
CFs have in general a bimodal distribution with the first peak occurring in young
males between the second and third decade of life and the second, smaller peak
in patients predominantly female after the age of 75 years.(van Staa et al., 2001,
Court-Brown and Caesar, 2006) When the incidence of CFs is stratified by fracture
type, it seems that medial and lateral CFs have a bigger incidence rate in older age
groups and midshaft fractures occur more often in younger age groups.(Nordqvist
and Petersson, 1994, Robinson, 1998, Robinson et al., 2004)

As other fractures, CFs can be classified according to several different systems.
Traditionally CFs have been classified according to Allman, who divided CFs into
three subgroups: shaft, lateral and medial.(Allman, 1967) Although simple, the
Allman classification does not take into account fracture splintering, shortening or
displacement and therefore several other attempts at classification have been made
afterwards. In his classification, Neer took into account soft tissue injuries and frac-
ture displacement(Neer, 1960), while Rockwood later improved the classification by
turther subdividing lateral fractures.(Bucholz et al., 2006) In his already mentioned
epidemiological study, Robinson, after analysing the fracturing pattern and healing,
classified CFs into three groups: medial, shaft and lateral.(Robinson, 1998) Robinson
also included prognostically valuable subgroups according to displacement, intra-ar-
ticular involvement and comminution. Regardless of the classification system used,
fractures of the shaft are the most common, covering over two thirds of CFs, with
lateral fractures covering roughly one fourth; medial fractures are more uncommon
with a proportion of under 3%.(Nordqvist and Petersson, 1994, Robinson, 1998)

CFs are common injuries that can be suspected just by clinical examination as
the clavicle can be easily visualized and palpated. If fracture is suspected, radiological
imaging is done, usually by taking just an anterior-posterior radiograph.
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CFs are traditionally treated by immobilizing the upper extremity with a sling
or a figure-of-eight —type bandaging and progressive mobilization after 2-3 weeks.
Most CFs heal uneventfully and reach union in less than 12 weeks. Eskola and
co-workers evaluated 83 patients with conservatively treated clavicle fractures with
a 98% union-rate. In their study, 4.5% of the conservatively treated patients had
an unsatisfactory clinical result.(Eskola et al., 1986b) In another Finnish study,
both primary conservative and operative treatment after a non-union resulted in
satisfactory outcomes.(Eskola, 1989) Fracture union is defined as a callus formation
bridging the fracture gap evidenced on radiographs at 24 weeks.(Robinson et al.,
2004) Formerly almost all CFs were treated with immobilization, but during recent
years, after recognizing relatively poor results following conservative treatment in
some displaced CFs, surgical treatment has gained popularity. Also, the introduction
of new implants, such as locking plates and intramedullary nails and their aggres-
sive marketing, may have played a role. However, there have been no large-scale
population-based studies assessing solely the proportion of conservative and surgical
treatment of CFs. Thus, we do not really know how CFs are currently treated.

In an older study by Neer, 2,235 patients with CFs of the shaft were treated
conservatively and only 0.1% (n=3) developed a non-union.(Neer, 1960) Neer’s
study, however, also included children. In a Swedish study, 225 conservatively
treated CFs were retrospectively analysed after more than 10 years after the initial
injury.(Nordgyvist et al., 1998) A majority, 68% of the patients had normal union,
29% had radiological malunion (defined as one or more bone widths of fracture
displacement or over 30 degrees of angulation), and 3.8% had a non-union.(Nor-
dqvist et al., 1998) Despite the high rate of malunion in the data, 82% of patients
had a good clinical outcome.(Nordgyvist et al., 1998) Of those patients who had a
displaced CE, the proportion that was pain free and had normal function was 77%.
(Nordgvist et al., 1998) Not all studies have been able to reproduce the good results,
especially with displaced fractures. In their retrospective analysis of 52 displaced
CFs of the shaft, Hill and co-workers observed a rate of non-union of 15%.(Hill et
al., 1997) McKee and co-workers retrospectively assessed 30 patients from a total
of 107 with a conservatively treated displaced CF of the shaft and found significant
residual disability in function and strength of the shoulder.(McKee et al., 2006) In
contrast, there were 607 displaced fractures in Robinson’s study of 1,000 CFs and
the rate of non-union among the displaced fractures was only 4.8%.(Robinson,
1998) In a recent meta-analysis, 2,144 CFs of the shaft were analysed, and the rate
of non-union was 15% in the displaced fractures of the shaft that were treated con-
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servatively.(Zlowodzki et al., 2005) In summary, according to the existing literature,
non-displaced, minimally displaced and even some of the displaced middle-third CFs
can be treated conservatively with good results, regardless of the fracture location.
(Neer, 1960, Nordqvist and Petersson, 1994, Nordqvist et al., 1998, Robinson,
1998, Nowak et al., 2000, Robinson and Cairns, 2004) There are, however, occa-
sions where surgical treatment should be considered. Common accepted absolute
indications include open fractures, compromise of overlying skin, neural or vascular
injury and floating shoulder.(Bucholz et al., 2006) Poor functional outcome after
non-union of CE especially in younger patients, may require surgical treatment.
However, it has been estimated that with CFs of the lateral third and shaft, the risk
of non-union is greatest in elderly female patients.(Eskola et al., 1986a, Robinson
et al., 2004) In addition to female gender and advancing age, comminution and
complete displacement were independently predictive of non-union.(Robinson et
al., 2004)

There are several different surgical approaches described in the literature for
treatment of CFs. The surgical approach is dependent on the fractured site.(Bucholz
etal., 2006) Open reduction and plate fixation, nail fixation or the use of wires and
screws have all been reported to yield sufficient results in the surgical treatment of
CFs.(Jupiter and Leffert, 1987, Eskola et al., 1987, Ballmer and Gerber, 1991, Brad-
bury et al., 1996, Kao et al., 2001, Jubel et al., 2003) External fixation is a very rare
procedure for CFs.(Bucholz et al., 2006) As CFs of the shaft encompass a proportion
of over two thirds of all CFs, the literature on surgical treatment is focused on these
fractures. A recent Cochrane review and meta-analysis included 555 patients from eight
trials comparing conservative and surgical treatment of middle-third clavicle fractures.
(Lenza et al., 2013) No clear evidence on the superiority of surgical over conservative
treatment was found.(Lenza et al., 2013) Descriptions and results of RCTs on treat-
ment of CFs are presented in Table 1(Kabak et al., 2004, COTS, 2007, Shen et al.,
2008, Smekal et al., 2009, Ferran et al., 2010, Assobhi, 2011, Virtanen et al., 2012,
Robinson et al., 2013) It seems that based on these level I studies, there is moderate
evidence that some completely displaced CFs of the midshaft benefit from primary
surgical fixation in terms of earlier return to work, etc.(COTS, 2007, Robinson et
al., 2013) However, in the Finnish RCT by Virtanen and co-workers, clear evidence
favouring surgical management over conservative treatment was not seen.(Virtanen
et al., 2012) Based on these studies, though, the choice between different surgical
approaches cannot yet be made. Additionally, there is need for studies comparing
different treatment modalities for lateral and medial fractures of the clavicle.

30 — Tuomas Huttunen



80l 8U} JO

90BN Joladns sy uo

sleak pf obe ues|\-
dnoub Buneid Jouadns ul

pexy Buneld padeys-g- 99 pue Bueid Qg u £9-
S[0IAB[D BU} JO Jeys ay} Jo
uole[noed azis ajdwes oN- dnoub bunejd-qg ajel uolun- aoepns [ewixoud Jousy 40 pade|dsip Ajeyeidwod Buned “sa Buneld
painseawl ur Jaybiy ajel uoiun pue slajowe.ed payioads  -ue pue [eisip Jouadns  Ylm SAINOASUOD Jap|o JO
SOWO9JN0 [BUOI}OUN) ON- (1eaiboolpel) ayeJ buijeay- [eaiBojoipey- 10N- uo paxy Buneid gg- sieaf g| syuaned ¢¢ |- 900z “’|e 18 uays
Jodai ay
ur uanib $2109s [euonouny
10} san|eA dawNU ON-
uonel|dwod
Se paulep uolun-uoN-
sjnsal uswibai AdesayioisAyd
JO uonejuasaid Jugjeaxa  9%e9 'sA /¢ ‘dnoub |eaibuns ul 0} Buipioooe asn
Yum Apnis pajonpuod [|op\-  Jajjews uoneoldwod jo ajey- anissalboud pue skep
dnoub |eaibins INO¥Y Ul 8dUBIaLIp ON- 0L~/ Jo} uonezijiqowwi sleak p¢ obe ues|\-
ul Jayeq uonoeysies Juaned- syuiod awiy Buiis pue bune|d- dnoub |ealbins ul /9
‘dnoub aaneAsasuod  ||e Je Jouadns 8109 JUBISU0D- Adelayy pue BAeAIaSUOD Ul GO~ Juswjeau} an)
ur Jajeasb dn-mojjo} 0} SSOT- Syeam suoneo|dwo)- -o1sAyd anissaifoid  Jeys ayj Jo s40 padejdsip  -eAdsUO0D “SA Buneld
pasn saje|d Juaiayip - Xis Je Ajuo g} < Inq ‘sjuiod ajel uolun- pue syaam Xis Joj Buis Aje1e1dwod yym Japjo Jo
Apnis Jayusonniy- awn |l e Jouadns HSYQ-  9409S JUBISUOD- HSYQ- € Ul uoljezijiqoww|- sieah 9| syuaned zg| - 100Z “S10D
sleak | obe ues|\-
SEE dnoub Buied joe)
6’11 'SA Z'6 ‘Bunerd oiweuhp -u02-moj ui /| pue Buneyd
YIIM J8}aq uojun 0} awi] - weiboud olweuAp ul sjusned g -
suones Jeak | je /'8 'SAQ/) suopeoldwo)- uoljejjiqeyal [eanuap|- Juswjesauy
-1[dwo9 Ul 82UBIBLIP ON-  ©2UBIBYIP ‘SYIUOW g PUE ¢ Je awonNo Bunerd uoissaidwod [eaibuns Buninbal yeys
uoljenofed azis a|dwes ON- (] < $8109S HSY( Ul 8ousl8y |euonoun4- OIWeUAP JOBJUOD-MOT- 8} JO S47 JO (SHeaMm $Z<) Buneld “sa Buied
payodal  -jip ‘dnoub Buiyeid Joeju00-MO] sisjoweled Bunerd uolun-uou yym syuaied
pUB Pajonpuoo |[ap\- ul Ja)aqg Apusisisuod HSY Q- [eaibojoipey- HSYQ-  uoissaidwod oiweuAg- }JNPE 9ANJ8SU0D £¢- $00Z “'[e 19 Yeqey
FE1T) o) s)insay satiogno - suioano uoluaAIdu| sjualjed Apmg
fiepuooag Krewnud ; :

Surgical Treatment of Upper Limb Fractures —An evidence-based approach — 31

"a|eos Bojeue |BNSIA =S\ "UOIIOUN] 10} 8100S SWOJINO UB =8102S J8P|NOYS PIOIXO ‘Uoiow Jo abuel =|\OY ‘uonouny
10} 8100S B8WO02IN0 UB =8J02S JUBJSUOY ‘UOIJOUN) IO} 8100S SWODJNO UB ‘puUBY PUE Jap|noys ‘w.e ay) Jo saniigesip =HSYQa ‘al| 1o Aljenb jo ainsesw
8wWoo)No pajejal Jusned uonsenb aA[eM] B ‘Z| WIOJ LOYS = Z|-4S ‘8in)jorl) S|2IARD =40 "S8INjoel} S|2IARID UO S|BL} P8||0J)u0d pasiwopuey | ajqel



syiod
awn ||e Je sjuiod G Jspun
sdnoib usemyaq s8100s

(0 'sA ¢) dnoib

Buned ui suonealdwod aiop-
)1 UOJUN Ul 80UBJBYIP ON-
1’69 'SA L°29

‘syoam g Je Ajuo jueoiubis

uoneyljiqeyau Jejiwis-
Buijeu Ale

sieaf |¢ abe ues\-
sdnoub yoq ul g}, -

Buireu Asejnpaw
-ejul 'sA Buield

JUBISUOY) Ul 80UBIBYIQ- Ajjeansness inq dnoJb Buijreu suoneodwon- 9I00S  -|NPAWOPUS WNIUB)I] - 1eys ay} Jo s49 paoeld
uoije|noles azis a|dwes oN- Ul JaJ8q 8J09S JUB)SUOD- 9jeJ uolun-  Juelsuo)-  Bupeld uoiontsuodsy- -SIp ypm sjusijed ge- 1102 “[E 18 1Yqossy
81098
JUBISUOY) Ul 8ouaIagip Juiod uonealdwod e se
G'J olenualayip 0} suop  pajunod pue ‘suid ||e 1o} suop sieak ¢ abe ues\-
uone|nojed azis sjdwes- [BAOWS. [elIg)ew uonexi4- suoneoldwon- uoljeyljiqeya. Jejiwis- dnoub Buned Bunerd ‘sa
paAowsal S8JeJ UoIUN Ul dUBIayIp ON- ajeJ uolun- Buneld uoissaidwod ur Gy pue buuuid ur /- Buiuuid Asejnpawesu
sem [elajew uopexi} ‘dnoib $8100S PIOJXQO 81098 8I00S  OIWBUAP JOBJU0D-MOT- }Jeys ay} Jo s49 paderd
Buluuid s1 UsaS SEM UOJUN J|- O JUBJSUOD Ul 80UBJBYIP ON-  JOPINOYS PIOXQ-  Juejsuo)-  Buluuid Asejnpawedu)- -SIp ypm sjusned ze- 0102 “[e 18 Uelia
Jueoyubis Ajleonsiels
jou Ing dnolb aAeAIBSUOD
ur uoneoldwod aIoj\-
sjnsal
Jo uoneyuasaud buisnjuo)- ured Jo
uone|nofes azis a|dwes oN- 166 "SA uoijesuss 0) buipioooe
Syoam 4z 1e dnoib annenlss 626 ‘dnoub [eaibuns ui sieak UoneZIjiqow ajelpaww
-U0J Ul SUOIUN-UOU BIO\- Z 1B 91095 JUejsu0)) Janag- pue (N31) buiieu Asej
sjulod awiy Yyuow g pue z| (ydeJb e ui Ajuo pajussaid suoneoldwon- -|NPAWOpUS Wniuey| - JUETHEEY)]
8y} Je jou Ing ‘syjuow 9 Joj  S}HNS8I) BWI} JOAO paySIUILIP sigjoweled ured Jo suonesuss 0} sdnob yoq ui og- BAIJBAIBSUOD "SA
yoam A1ans pazhleue HSyYQ-  8ouasayip Ing ‘dnob [eaibins [eaibojoipey- Buipioooe UOKEZIIqOW  JeyS 8y} Jo S40 pade|dsip u Azejinpawesny
pazAjeue dn-moj|o} 8Jjud ay} ul pouad Yjuow 9 ajus 8y} 8I03S JUBISUOD- payoads [enpelb pue syeam  Aj919|dwiod yim pjo sieak
pa1a|dwod Jey) $ase AluQ- Buunp Jayeq $9109s HSYQ- HSYQ- 10N- € 10} Uolez||Iqowu|- G9 0} 8| syuaned g9- 600Z e 19 [BYaWS
Y10 s)insay sewionno - ewoano uoljuUsAIB}U| sjualjed Apmg
Kiepuooag Arewnd : ;

32 — Tuomas Huttunen



uoiun-uou
Uim pajeroosse Buows-
pauodal

[lom ‘Apn)s Jus||80x3-
awo2jno [euopouny Jood
10 8AloIpald uojun-uoN-
anIsuadxa alow

(%€ uononpal

dnoib
SAJBAISSUOD UJIM SB
uoney|iqeya. Jejiwis
|enpeb pue Ainfur jo

sawl}  Jano [eaifins ‘paje ysu) dnoub [eaibins ui ajel uonoey syeam z uiyym arerd sleak zg obe ues|y-
-N|BAd JusW)eal) JO }S0D- uolun-uou Jamoj AjpaxJely- -Sljes juaijed- Buiyoo yym Aiabing- dnoub [ealbuns ui G
sdnoub usemiaq Jeaf | 1e dnoib [eaibins Bu HSVYa- uoneyljiqeyas papinb pUB SAIJBAISSUOD Ul GO |- Buneyd s yuaw
JusiayiplouIng (%LL)  -10AB} 0°Z6 "SA /8 JUBISUOD- JuBjSu0)- |enpelb usy) pue  Jeys auy} Jo s49 pade|dsip -Jeal} SAJeAIaSU0))
22=U dn-moj|0} 0} }s07- Jeaf | ye dnoib [eaibins Z2L-48- payoads  Syeam ¢ Joj 4nd Jejj0d Ajo1o1dwod yym sieak
uoije|na|eo azis ajdwes oN- Bunoney ¢ "SA |'9 HSYQ- 8jeJ uolun- JON- U)Im uoljezijiqowu]- 09019} sjuaned 00z- €10z "[e 18 Uosuigoy
dnoJf aAneAIasuU0D
au apisul (9=u)
1’61 'SA (G)=U) ¢'¢ ‘Jeak
| Je $8109s HSY( JaJood uoleyliqeyal Jejiis-
UM Pa}eIooSSe Uuolun-UoN- Syeam 8aIy) sleak /¢ abe ues|y-
dnoub annenias Ja)je saoualayIp 10} UonEZI|IqoWwwW| pue dnoub [eaibuns ur zg
-u09 ul syuaned JaBunox- ou ‘(0L "SA QL) SYeam g e Buneyd uononiisuoosy- pUE BAIBAIBSUOD Ul §Z- Bunerd s Jusw
pajenojed azis sjdwes-  uied sso| pey dnoib [eaibing- suoneddwon- uonezijiqow [enpelb  }eys ay} jo s49 paoe(dsip -]eal) 9AIBAIISUOD)
Apnis pa $9100S JUBJSUO) (SYA) ured- Yum sxaam ¢ Joj Bulis Ao1o1dwod yim sieak
-Jlodal pue paonpuod ||BpN- J0 HSY(Q Ul 8ouaJiayip ON-  9J09S Juejsuo)- HSYQ- B Ynm uonezijgoww- 0/.01 81 sjuaned g9- 2102 “'[e 18 UBUBMIA
19yl0 sjinsay sewiogxno - suloxmno uoljusaAIdU| sjualjed Apmsg
Arepuooag frewnd : :

Surgical Treatment of Upper Limb Fractures —An evidence-based approach — 33



2.6 Proximal humeral fractures

Proximal humerus fracture (PHF) can be considered one of the most common
fractures especially when only osteoporotic fractures are considered.(Seeley et al.,
1991, Kannus et al., 2000, Court-Brown et al., 2001, Court-Brown and Caesar,
2006) PHF is heavily associated with osteoporosis as the majority of PHFs occur
after low energy trauma, for instance falls from a standing height.(Kannus et al.,
2000, Court-Brown et al., 2001) In a Scottish analysis of all fractures diagnosed
over a period of one year, the incidence of PHF had an incidence of 63 per 100,000
person-years, representing 5.7% of all fractures.(Court-Brown and Caesar, 2000)
The average age of a PHF patient has been shown to be 65 years and nearly 78% of
all PHFs occur after the age of 50 with a male to female ratio of 3:7.(Court-Brown
and Caesar, 2006) There is a clear rise in incidence at around 50 years of age with
a female dominance.(Singer et al., 1998, Hagino et al., 1999) In Finns aged 60 or
more the national age-adjusted incidence of PHFs has been rising steadily for the
past decades.(Kannus et al., 2000, Palvanen et al., 2006) However, a recent analysis
of octogenarians and older women showed a stabilizing trend in the age-adjusted
incidence of PHFs(Kannus et al., 2009).

Codman classified PHFs according to the major fragments: minor and major
tuberosities, articular surface and shaft.(Bucholz et al., 2006) Neer later developed the
classification based on the number of fragments by adding the degree of displacement
and angulation into the scheme.(Neer, 1970) According to Neer’s classification, if
fragments are less than 1cm apart or less than 45 degrees angulated, the fracture is
considered minimally displaced.(Neer, 1970) Neer classifies PHFs into 16 different
groups whereas AO(Arbeitsgemeinschaft fiir Osteosynthesefragen) -classification
divides PHFs into A, B and C groups and further subgroups them based on fracture
location, impactation, angulation, angulation or comminution of the surgical neck
of the humerus and displacement.(Neer, 1970, Bucholz et al., 2006) Both Neer
and AO-classifications are widely used in the diagnostics, treatment and research
concerning PHFs. A point worth noting is that the classification systems have been
shown to be associated with poor intra- and inter-observer agreement.(Brorson et
al., 2002, Majed et al., 2011) In a unique epidemiological study conducted over a
5 year period in Scotland, 1,027 PHFs were reviewed and analysed retrospectively
and fractures classified according to their morphology into Neer and AO-groups
respectively. (Court-Brown et al., 2001) If classified by Neer classification, 49% of
all analysed fractures were in the minimally displaced category, 37% were in the
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two part surgical neck group, 10% were three-part greater tuberosity and surgical
neck fractures and only 3% were four-part fractures.(Court-Brown et al., 2001)
If AO-classification was used, 66% of the fractures were type A unifocal fractures
involving either greater tuberosity or surgical neck.(Court-Brown et al., 2001) Type
B fractures had a 27% proportion and type C fractures only 6% of all PHFs.(Court-
Brown et al., 2001) There was a positive association between the number of more
compound fractures and advancing age.(Court-Brown et al., 2001) Interestingly,
when Brorson and co-workers evaluated the repeatability of treatment recommenda-
tions and fracture classification of PHFs, experienced shoulder surgeons were more
likely to agree on treatment modalities than Neer classification.(Brorson et al., 2012)

In a retrospective study, Koval and co-workers analysed 128 conservatively
treated minimally displaced PHFs (as described by Neer).(Koval et al., 1997) All
fractures united. Functional assessment yielded good or excellent results for 77%,
and 91% had mild pain at most.(Koval et al., 1997) In a Swedish study, 40 patients
with three- or four-part displaced PHFs were randomized for either tension band
surgery or conservative treatment; there were no differences in the functional results
between the groups, but there were more complications in the surgically treated group.
(Zyto etal., 1997) It seems that most PHFs can be maintained conservatively.(Neer,
1970, Rasmussen et al., 1992, Court-Brown et al., 2001) There is little information,
though, on what proportion of all patients are actually treated conservatively. In a
recent study in the United States, there was considerable variation between different
regions in the proportion of patients with PHFs treated nonsurgically. The overall
proportion of conservative treatment of PHFs in their cohort of 16,138 patients
was 84%, but in some regions as much as 68% of patients with PHFs were operated
on.(Bell et al., 2011)

Conservative treatment usually comprises of immobilization with a sling for
up to 3 weeks with simultaneous mobilization of elbow and wrist.(Bucholz et al.,
2006) After 2-3 weeks, mobilization with pendulum exercises and passive movements
are initiated. However, Hodgson and co-workers found early physiotherapy to be
related to less pain at 12 months after the injury when they compared immediate
physiotherapy with delayed (2-3 weeks in a sling) physiotherapy.(Hodgson et al.,
2003) Radiological evaluation is usually done after one week and again after six
weeks following the injury.(Bucholz et al., 2006)

In some cases surgical treatment of PHFs is warranted. Absolute indications for
surgery are thought to be three- or four-part fractures with dislocation, open fractures,

compromise of neural or vascular tissue, pathological fractures and intra-articular

Surgical Treatment of Upper Limb Fractures —An evidence-based approach — 35



splitting.(Murray et al., 2011) Unfortunately, fracture classification cannot be used as
a straightforward reference for surgical treatment, but other indications for surgical
treatment should be considered as a whole, together with patient related factors,
surgical factors and the fracture configuration or ‘fracture personality’, as dubbed
by Murray and co-workers.(Murray et al., 2011) The choice between surgical and
conservative treatment should be made bearing in mind that only those patients that
benefit from surgical treatment should be operated on. A variety of different methods
can be used for surgical treatment of PHFs, including minimally invasive techniques
such as percutaneous fixation with pins, wires or screws, open reduction and plate
fixation, intramedullary nailing and arthroplasty.(Bucholz et al., 2006, Mauro, 2011)
Bell and co-workers reported of increased surgical activity with rising numbers of
open reduction and internal fixation.(Bell et al., 2011) However, the report by Bell
detailed only rates of open reduction and internal fixation and arthroplasty.(Bell
etal., 2011) All interventions in the treatment of PHFs are associated with certain
complications and have been identified with unique advantages. A Cochrane review
and meta-analysis on the treatment of PHFs identified 6 trials with 270 patients
focusing on conservative treatment versus surgical treatment, but it could not con-
clude whether conservative or operative treatment is superior to the other.(Handoll
etal., 2012) Moreover, three trials comparing different surgical treatment modalities
were analysed with no conclusion of superiority.(Handoll et al., 2012)

It is indisputably difficult to draw conclusions on the existing literature as the
studies conducted on PHF treatment are generally of a low level of evidence and the
study settings vary greatly.(Lanting et al., 2008, Handoll et al., 2012) Descriptions of
RCTs comparing different methods of treatment of PHFs are listed in Table 2.(Zyto
etal., 1997, Olerud et al., 2011b, Olerud et al., 2011a, Zhu et al., 2011, Boons et
al., 2012, Fjalestad et al., 2012) Based on these five RCTs comparing surgical and
nonsurgical treatment among persons over the age of 60, it seems that nonsurgical
treatment yields corresponding results in terms of pain and function, but is associated
with a lower rate of complications. However, an on-going international, multicentre
RCT conducted in Finland and Sweden will probably add to our knowledge on the
issue.(Launonen et al., 2012)
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2.7 Fractures of the humeral shaft

A fracture of the humerus occurring between the surgical neck of the proximal hu-
merus and supracondylar ridge of the distal humerus are defined as fractures of the
humeral shaft (HSF).(Bucholz et al., 2006, Browner, 2009) Fractures of the humeral
diaphysis or shaft have not been studied as much as, for instance, DRFs. In fact, no
large population-based studies on the epidemiology of HSFs exist. In a retrospective
assessment of all fractures diagnosed in a single trauma unit in Scotland during a
follow-up period of two years on patients between 15 and 94 years of age, the in-
cidence of HSF was found to be between 16.9 and 185 per 100,000 person-years
according to the age group.(Singer et al., 1998) Partly overlapping the previously
mentioned study by Singer and co-workers in the same trauma unit, but evaluating
only 249 consecutive HSFs between 1989 and 1992, the incidence of HSFs was
estimated at between 30 and 100 per 100,000 person-years.(Tytherleigh-Strong et
al., 1998) In their evaluation of patients over 12 years of age, with 5,953 fractures
identified in a single trauma unit in Scotland in 2000, HSFs were estimated to
have an incidence of 12.9 cases per 100,000 person-years, accounting for 1.2% of
all fractures.(Court-Brown and Caesar, 2006) In the same study Court-Brown and
colleagues found that the average age for patients presenting with HSF was 55 years,
and 67% of all HSFs occurred to patients over 50 years of age.(Court-Brown et al.,
2001) In a Swedish study of 401 consecutive HSFs in patients 16 years and older,
the incidence of HSF was 14.5 per 100,000 person-years, ranging from 10 to 100
per 100,000 person-years depending on age and gender.(Ekholm et al., 2006a) The
overall fracture distribution pattern for HSFs is bimodal for both genders with the
first peak occurring between the second and third decades of life and the latter peak
after 50 years of age.(Court-Brown and Caesar, 2006)

Reasons for sustaining an HSF vary in different age groups and are also gender
dependent. Younger male patients typically sustain a higher energy trauma, for
instance in motor vehicle accidents, whereas older female cases occur after simple
falls.(Tytherleigh-Strong et al., 1998) Diagnosis is based on radiological imaging,
typically taken in two different planes at 90 degrees to each other. Fracture classifi-
cation is based on radiological imaging. AO-classification is commonly used with
HSFs.(Cole and Wijdicks, 2007) According to AO-classification, type A fractures
have a proximal and a distal fragment that are in contact, type B fractures have two
or more fragments which have some contact and type C fractures are complex frac-

tures where the fragments are not in contact.(Bucholz et al., 2006, Browner, 2009)
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As with other fractures, the goal in the treatment of HSF is a functionally
working pain free arm. It has been suggested that most HSFs can be treated without
surgical intervention.(Sarmiento et al., 2000) Interestingly, no high-quality studies
with modern methodology comparing conservative and surgical treatment exist.
Functional bracing, as first described by Sarmiento(Sarmiento et al., 1977), has be-
come the gold standard in the conservative treatment of HSFs. Functional bracing
allows for shoulder and elbow motion, is light in construction and well tolerated.
(Sarmiento et al., 1977, Sarmiento et al., 2000) Zagorski and colleagues treated 233
patients with an HSF with a functional brace, resulting in a non-union rate of 1.8%
with 98% of patients having good or excellent functional outcome.(Zagorski et al.,
1988) In their analysis of 922 patients, Sarmiento described a union rate of 97%,
when HSFs were treated with a functional brace.(Sarmiento et al., 2000) The results
of the two studies are persuasive as the fracture types included were comprehensive,
especially in the latter, but there was a significant loss to follow-up and the patient
selection and follow-up were insufficiently described diminishing the value of the
studies.(Zagorski et al., 1988, Sarmiento et al., 2000) Not all studies on conservative
treatment of HSFs have been able to replicate the high rates of union shown by
Sarmiento. Koch and co-workers had a union rate of 87%(Koch et al., 2002), and
in a Finnish study there was a union rate of 77%, although the average time for
bracing in the nonunited patients was only about 7 weeks(Toivanen et al., 2005).
The lack of prospective studies on conservative treatment is evident, and the existing
literature is plagued by small sample sizes.(Papasoulis et al., 2010)

It is thought that there are some occasions when surgical treatment needs to be
considered as the first treatment modality, such as simultaneous vascular- or nerve
tissue damage, open or compound fractures, multiple fractures of the same upper
extremity or bilateral HSFs.(Bucholz et al., 2006, Browner, 2009, Cole and Wij-
dicks, 2007) Sometimes secondary surgical treatment is opted for after the failure of
primary conservative treatment. Some have suggested that radiological parameters
indicating surgical treatment of HSFs after failure to obtain or maintain closed re-
duction could be: shortening of more than 3 cm, rotation of more than 30 degrees or
angulation of more than 20 degrees.(Bucholz et al., 2006, Browner, 2009) Options
for surgical treatment include intramedullary nailing, plating, external fixation and
the use of screws or pins.(Cole and Wijdicks, 2007) Over the years plating and
intramedullary nailing have gained popularity over other surgical techniques and
recent literature is focused on comparing these two surgical methods. In a Cochrane

review and meta-analysis comparing intramedullary nailing and plate fixation of
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HSFs, the results of 5 studies with 260 participants were pooled for analysis. There
was no conclusive evidence favouring either method of surgical treatment.(Kurup
et al., 2011) In general there are few RCTs conducted on the surgical treatment
of HSFs. Descriptions of recent trials and their results are in Table 3.(Chapman
et al., 2000, McCormack et al., 2000, Changulani et al., 2007, Putti et al., 2009,
Singisetti and Ambedkar, 2010)

Scientific literature does not provide enough evidence on the best treatment
method for HSFs and different methods of treatment may vary considerably between
countries and trauma units. As the epidemiology of the fracture and its implement-
ed treatment modalities are poorly known, it is difficult to design clinical studies.

2.8 Distal radius fractures

Distal radius fracture (DRF) is among the most common fractures in adults.(Court-
Brown and Caesar, 2006) In general the incidence of DRFs peaks in children between
8 to 13 years and in adults after the age of 50.(Court-Brown and Caesar, 2006) The
overall fracture distribution curve for DRF in adults is unimodal for young men and
older women.(van Staa et al., 2001, Court-Brown and Caesar, 2006) In different
populations and geographically defined regions, DRFs in adults have been described
to have an incidence rate between 100-300 per 100,000 person-years.(Hagino et
al., 1999, van Staa et al., 2001, Thompson et al., 2004, Court-Brown and Caesar,
2006, Brogren et al., 2007, Lofthus et al., 2008, Flinkkili et al., 2011, Sigurdar-
dottir et al., 2011, Wilcke et al., 2013) In a study of 5953 fractures diagnosed in
a single Scottish trauma unit, it was estimated that DRFs encompass 17.5% of all
adult fractures. In an epidemiological study by Kaukonen and co-workers that was
conducted in Southern Finland, the annual incidence of distal forearm fractures
was 365 per 100,000 person-years in residents of the city of Helsinki 15 years or
older.(Kaukonen, 1985, Kaukonen, 1989) In a more recent epidemiological study
in Northern Finland, Flinkkili et al found DRFs to have an incidence rate of 258
per 100,000 person-years in residents of the city of Oulu aged 16 or older.(Flinkkild
etal., 2011) Slippery winter days were found to be associated with a higher risk of
sustaining a DRE (Flinkkild et al., 2011)

DREFs are fractures of the forearm that occur within 3cm of the proximal from
the radiocarpal joint. The diagnosis of DRF is based on radiological findings and,
since the implementation of radiological imaging a multitude of classification sys-
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tems for DRFs have been created: Gartland and Werley, Melone, Frykman, AO- and
Mayo classification.(Bucholz et al., 2006, Browner, 2009) Frykman divided distal
radius fractures into 7 subtypes: extra-articular fracture, extra articular fracture with a
fracture of ulnar styloid, with radiocarpal articular involvement, radiocarpal involve-
ment with ulnar styloid fracture, radioulnar involvement, radioulnar involvement
with ulnar styloid fracture, radioulnar and radiocarpal involvement, radioulnar and
radiocarpal involvement with ulnar styloid fracture.(Bucholz et al., 2006) AO-clas-
sification is probably the most used system and is based on the fracture line location,
displacement of the distal fragment, articular involvement and the presence of ulnar
styloid fracture.(Bucholz et al., 2006) In clinical practice, DRFs are also classified
using eponyms such as Colles’, Smith’s, Chauffeur’s and Barton’s fractures.(Bucholz
etal., 2006, Browner, 2009) In a study by Kaukonen and colleagues, Colles’ fracture
had a proportion of 91.5%, Smiths’ fracture followed with 3%, combination fractures
of distal radius and ulna with 5%, and there were only 0.5% of Barton’s fractures
and no Chauffeur’s fractures.(Kaukonen, 1985, Kaukonen, 1989) A problem of
the multitude of classification systems is that they do not predict instability of an
individual fracture and thus are seldom used in the clinical setting.

The goal for treatment of DRF is to gain a functionally working wrist with
pain-free motion. To succeed in this, most DRFs undergo closed reduction with
or without manipulation and immobilization.(Bucholz et al., 2006) However, in a
Cochrane review and meta-analysis of 37 trials with over 4,000 patients included,
different conservative treatment modalities were compared but no conclusive evidence
on superiority could be found, for instance, whether or not to apply manipulation to
gain fracture reduction, use immobilisation or position and immobilise the fractured
forearm in a specific way.(Handoll and Madhok, 2003a) In fact, most DRFs can
and are still managed by primary conservative treatment, but during recent years
reports of increased surgical activity in the treatment of DRFs have been published.
(Koval et al., 2008, Wilcke et al., 2013)

Opver the years a multitude of different surgical approaches have been developed
in order to gain a sufficient fracture reduction in cases where conservative treatment
has not succeeded or is thought to yield unsatisfactory results. The principally used
surgical approaches are percutaneous pinning, external fixation, internal fixation and
bone grafting or a combination of these techniques.(Bucholz et al., 2006, Browner,
2009) Pinning and external fixation are closed techniques whereas the latter two
require an open surgical approach. Various different materials and surgical approaches

inside these main categories exist.
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Orthopaedic surgeons have long debated which DRFs should undergo surgical
treatment. The classification systems have been developed in order to find a specific
fracture needing specific treatment. Just as the fracture classifications, the indications
for surgical treatment are based on radiological imaging. Radiocarpal articular conti-
nuity has been seen as an important parameter for both a functionally working wrist
and degenerative changes occurring later.(Knirk and Jupiter, 1986) Usually, a step of
<2mm on the face of the radiocarpal articulation is accepted.(Bucholz et al., 2006,
Browner, 2009) The loss of palmar tilt or dorsal tilt should not exceed 10 degrees.
Radial loss of length in relation to ulna should not exceed 2mm. A loss of more than
5 degrees of radial inclination is not accepted. However, there is ambiguity on how
the radiological findings correlate with a functionally working and pain free wrist.
In a Finnish trial, 652 patients with DRFs were analysed 5 years after the injury
and neither AO nor Frykman classification could predict the clinical outcome after
the fracture.(Flinkkild et al., 1998)

No universal consensus has been reached on the indications of surgical treat-
ment. Taking into account how common an injury DRF is, there is a surprisingly
small number of RCTs comparing conservative and operative treatment. A Cochrane
review identified 6 trials including 420 patients in which nonsurgical treatment was
compared to percutaneous pinning in the treatment of DRFs and a pooled analysis
was made.(Handoll et al., 2007b) The conclusions of the meta-analysis are very
limited as the trials were heterogeneous in patient demographics, included fracture
types, care after intervention and outcomes measured. Another Cochrane review,
aimed at assessing whether external fixation is superior to nonsurgical treatment of
DREFs, pooled and analysed the results of 15 trials including 1022 patients.(Handoll
etal., 2007a) In light of the meta-analysis, anatomical results in the externally fixated
DRFs were superior to the conservatively treated.(Handoll et al., 2007a) There is
also evidence that the functional results are better with external fixation, but the
functional assessment and outcomes of the included trials were diffuse. Secondary
displacement of the fractures was more frequent in the conservatively treated patients.
All in all, drawing overall conclusions is hindered by the varying inclusion criteria,
insufficient study populations and heterogenic outcomes.(Handoll and Madhok,
2003b, Handoll et al., 2007a, Handoll et al., 2007b, Handoll et al., 2008)

When surgical treatment is opted for as the appropriate procedure, it is unclear
in light of scientific evidence which surgical technique should be chosen and when.
Before the introduction of open surgical techniques, surgeons mostly relied on
closed techniques, first pinning and then external fixation later on. During the last
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two decades, the open surgical approach has gained popularity as new materials for
osteosynthesis, especially plates, have been developed. During the 1990s dorsally
applied plates became popular, but were plagued by complications such as tendon
irritation and patient dissatisfaction.(Ring et al., 1997, Rozental et al., 2003) More
recently the volar approach of plate fixation has gained popularity and seems to have
stormed the field at the expense of traditional closed techniques.(Koval et al., 2008,
Chung et al., 2009, Wilcke et al., 2013)

As open reduction by volar plate fixation has gained popularity at the expense
of external fixation during the last decade, studies comparing these two methods
have emerged. The outlines of 8 RCTs comparing external fixation to plate fixation
have been described in Table 4.(Grewal et al., 2005, Kreder et al., 2005, Egol et al.,
2008, Leung et al., 2008, Wei et al., 2009, Wilcke et al., 2011, Jeudy et al., 2012,
Williksen et al., 2013) As with the two previously mentioned Cochrane meta-analyses,
it is difficult to pool results for studies that present such a large variety of interven-
tions and outcomes used. According to the recent RCTs presented in Table 4 there
might be some evidence that volar plating allows faster functional recovery, but
the differences in measured outcomes between those treated with external fixation
diminish over time. These results do not seem to warrant the change in the surgical
treatment of DRFs. Overall there is a clear need for studies that utilize similar in-

terventions and measure the same outcomes in addition to the other requirements

of well-conducted RCTs.
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3. AIMS OF THE STUDY

The aim of this thesis study was to assess the trends and incidence rates of surgical
treatment of common upper limb fractures in Finland in recent years. Another aim
was to evaluate the reliability of the Finnish National Hospital Discharge Register.
The detailed objectives of the study were to investigate:

1. Validity of the Finnish National Hospital Discharge Register in respect to diagno-
sis, external cause of injury and procedural coding

Trends in the rate of surgical treatment of clavicle fractures

Trends in the rate of surgical treatment of proximal humeral fractures

Trends in the rate of surgical treatment of humeral shaft fractures

AN

Trends in the rate of surgical treatment of distal radius fractures
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4. MATERIALS AND METHODS

4.1 Validity of the Finnish National Hospital Discharge Register (I)

For the purpose of this study, a sample was collected from three hospitals in Finland:
Tampere University Hospital, Hatanpii City Hospital of Tampere and the Central
Hospital of Kanta-Hime located in Himeenlinna. All patients 18 years or older
admitted alive to any of the three study hospitals between January 1% 2008 and
December 31 2010 with a diagnosis of pertrochanteric hip fracture (including both
intertrochanteric and trochanteric fractures) were included. All re-hospitalisations
due to either rehabilitation, medical or surgical complications were excluded based
on the original medical records, and thus only primary hospitalisations after the
initial injury were included in the study. Patients were selected from the NHDR
registry by using ICD-10 code $72.1 (pertrochanteric fracture of the femur). Per-
trochanteric hip fracture was selected because practically all cases undergo surgery
and therefore result in hospitalisations with procedure coding registered in the
NHDR. Furthermore, according to the recommendations of the use of the ICD-10,
whenever injury coding (S00-T98) is used, it is obligatory to use external causes of
morbidity and mortality (V01-Y98) to try and classify the environmental events
and circumstances leading to the injury.(WHO, 2010)

By comparing the NHDR data to the original medical records and x-rays of
individual patients, we were able to assess whether diagnostic codes and procedural
codes were accurate.

After the sample was collected, all selected cases were re-evaluated by going

through the patient chart and x-rays taken both pre- and post-operatively.
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We assessed the accuracy of diagnosis by examining pre-operative x-rays and
determining the type of the hip fracture (fracture of the femoral neck, pertrochanteric,
or subtrochanteric fracture) and then comparing the result to the type of fracture
(pertrochanteric hip fracture) recorded in the NHDR.

The coverage of the procedural coding was quantified by reading through the
medical records and radiographs to find all patients who had undergone surgery.
This number was then compared to the number of patients that were recorded into
the NHDR with a surgical procedure code.

The accuracy of the procedural coding was assessed by examining the post-op-
erative x-rays and determining the type of fixation used, and then comparing to the
type of osteosynthesis (procedural code) recorded in the NHDR.

The coverage of the external cause of injury was examined by comparing the
number of patients who had been injured (had a diagnosis of a pertrochanteric
fracture recorded in the NHDR) to the number of patients whom had an external
cause of injury recorded in the NHDR. The accuracy of the external cause of injury
was assessed by going through the medical records and determining the mechanism
of injury (for example, a fall) and then comparing it to the external cause of injury
recorded in the NHDR.

All of the results were expressed as a percentage with a 95% confidence interval

(CD).

4.2 Clavicle fractures (ll)

To study the changes in the surgical treatment of clavicle fractures in ICD-9 and
ICD-10 time, patient data from the NHDR was collected between January 1+ 1987
and December 31+ 2010. All patients 18 years or older who had been hospitalized
with a primary or secondary diagnosis code indicating a fracture of the clavicle were
included in the study. All clavicle fracture types were included.

During the 24-year study period both diagnosis coding and procedural coding
changed. From 1987 to 1995, all diagnoses recorded into the NHDR were accord-
ing to the ICD-9 classification.(Liikintshallitus, 1986) Starting in 1996, diagnosis
coding has been recorded according to the ICD-10 classification.(Nienstedt, 1995)
The ICD-9 diagnosis codes used were 8100A, 8101A and 9052A between 1987
and 1995. ICD-10 code $42.0 was used from 1996.
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Between 1986 and 1996 the procedural coding was recorded according to the
Finnish Hospital League manual.(Sairaalaliitto, 1983) Starting in about mid 1996,
procedural coding was recorded according to a Finnish version of Nomesko proce-
dure classification. (Stakes, 1996) The procedural code used between 1987 and 1996
in this study was 9128 (open reduction and osteosynthesis). Starting 1997, codes
NBJ53 (open reduction of clavicle fracture) and NBJ92 (other fracture surgery of
clavicle) were used.

For the purpose of analysing the trend of all surgically treated clavicle fractures
between 1987 and 2010 procedures NBJ53 and NBJ92 were pooled.

The main outcome variable was the number of patients undergoing surgical
treatment of a clavicle fracture. To calculate the incidence rates of surgically treat-
ed clavicle fractures, the annual mid-population was obtained from the Official
Statistics of Finland, an electronic register of the Finnish population. An analysis
based on the type of hospital stay was also carried out. The type of operation was
classified as either in- or outpatient surgery: this information has been recorded in
the NHDR, starting 1997. For this analysis hospitals were also categorized as either

public or private.

4.3 Proximal humeral fractures (lll)

To study the changes in the surgical treatment of proximal fractures of the humerus
in ICD-9 and ICD-10 time, patient data from the NHDR was collected between
January 1 1987 and December 31 2009. All patients 20 years or older who had
been hospitalized with a primary or secondary diagnosis code indicating a fracture
of the proximal part of humerus were included in the study.

During the 23-year study period, both diagnosis coding and procedural coding
changed. From 1987 to 1995, all diagnoses recorded into the NHDR were accord-
ing to the ICD-9 classification.(Lidkintshallitus, 1986) Starting in 1996, diagnosis
coding has been recorded according to the ICD-10 classification.(Nienstedt, 1995)
The ICD-9 diagnosis codes used were 81200 and 81210 between 1987 and 1995.
ICD-10 code §42.2 was used starting in 1996.

Between 1986 and 1996 the procedural coding was recorded according to the
Finnish Hospital League manual.(Sairaalaliitto, 1983) Starting in about mid 1996,
procedural coding was recorded according to a Finnish version of Nomesko procedure

classification.(Stakes, 1996) The procedural codes used between 1987 and 1997 in
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this study were 9126 (closed reduction and osteosynthesis), 9128 (open reduction
and osteosynthesis), 9130 (external fixation) and 9132 (endoprosthesis). Starting
1998, codes NBJ60 (open reduction and osteosynthesis by nailing), NBJ62 (open
reduction and osteosynthesis by plate fixation), NBJ64 (fracture reduction and screw,
percutaneous pinning or absorbable screw fixation), NB]70 (external fixation) and
NBB10-30 (arthroplasty) were used.

For the purpose of analysing trends of the different surgical procedures in the
treatment of proximal humeral fractures between 1987 and 2009, the procedural
codes according to the two different coding systems were pooled to form four
groups: closed reduction and osteosynthesis (9126 and NBJ64), open reduction and
osteosynthesis (9128, NBJ60 and NBJ62), external fixation (9130 and NBJ70) and
arthroplasty (9132 and NBB10-20).

Starting 1998, a second analysis was made to further investigate the rates of
different procedures. Between 1998 and 2009 the numbers and incidences of pro-
cedures NBJ60, NBJ62, NBJ64 and NBJ70 were analysed.

The main outcome variable was the number of patients undergoing first surgical
treatment of a proximal humerus fracture. The mean length of hospital stay is also
reported. To calculate the incidence rates of surgically treated proximal humeral

fractures, the annual mid-population was obtained from the Official Statistics of

Finland.

4.4 Humeral shaft fractures (IV)

To study the changes in the surgical treatment of humeral shaft fractures in ICD-9
and ICD-10 time, patient data from the NHDR was collected between January 1*
1987 and December 31* 2009. All patients 18 years or older who had been hospi-
talized with a primary or secondary diagnosis code of humeral shaft fracture were
included in the study.

During the 23-year study period, both diagnosis coding and procedural coding
changed. From 1987 to 1995, all diagnoses recorded into the NHDR were accord-
ing to the ICD-9 classification.(Liikintshallitus, 1986) Starting in 1996, diagnosis
coding has been recorded according to the ICD-10 classification.(Nienstedt, 1995)
The ICD-9 diagnosis codes used were 8122A and 8123A between 1987 and 1995.
ICD-10 code §42.3 was used starting in 1996.

54 — Tuomas Huttunen



Between 1986 and 1996 the procedural coding was recorded according to
the Finnish Hospital League manual.(Sairaalaliitto, 1983) Starting in about mid
1996, procedural coding was recorded according to a Finnish version of Nomesko
procedure classification.(Stakes, 1996) The procedural codes used between 1987
and 1997 were 9126 (closed reduction and osteosynthesis), 9128 (open reduction
and osteosynthesis) and 9130 (external fixation). Starting 1997, procedural codes
NBJ60 (fracture reduction and osteosynthesis by nailing), NBJ62 (open reduction
and osteosynthesis by plate fixation), NBJ64 (open reduction and screw, percutane-
ous pinning or absorbable screw fixation) and NBJ70 (external fixation) were used.

For the purpose of analysing trends of the different surgical procedures in the
treatment of humeral shaft fractures between 1987 and 2009, the procedural codes
according to the two different coding systems were pooled to form three groups:
closed reduction and osteosynthesis (9126 and NBJ60), open reduction and oste-
osynthesis (9128, NBJ62 and NBJ64) and external fixation (9130 and NBJ70).

Starting 1997, a second analysis was made to further investigate the rates of
different procedures. Between 1997 and 2009 the numbers and incidences of pro-
cedures NBJ60, NBJ62, NBJ64 and NBJ70 were analysed.

The main outcome variable was the number of patients undergoing the surgical
treatment of a humeral shaft fracture. Only hospitalisations with the first surgical
procedure were analysed. Mean length of hospital stay is also reported. To calculate
the incidence rates of surgically treated humeral shaft fractures, the annual mid-pop-
ulation was obtained from the Official Statistics of Finland.

4.5 Distal radius fractures (V)

To study the changes in the surgical treatment of distal radius fractures the adult
population of Finland between January 1 1998 and December 312008 was stud-
ied. The DRF data was obtained from the electronic data registry, the NHDR. All
patients who were aged 20 years and older and who had been hospitalized with a
main or secondary diagnosis of distal radius (ICD-10 code S52.5) or distal radius
and ulnar fracture (ICD-10 code $52.6) and undergone a surgical procedure for the
treatment of the fracture, were selected. The NHDR is mandatory for all hospitals
including public, private and other institutions providing an excellent coverage for
the data.(Sund, 2012) In addition, all surgical procedures are recorded regardless
of the type of hospital stay, meaning both in- and outpatient surgery is recorded.
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For the purpose of analysing different surgical approaches, the surgical procedures
were categorized into three groups according to the Nomesco classification: plate
fixation (procedural codes NCJ62 and NDJ62), percutaneous pinning (procedural
codes NCJ64 and NDJ64) and external fixation (NC]J70 and NDJ70). Between
1998 and 2001 only the main procedural code was allowed. Thus we were unable
to assess the second and third procedural codes during this time period. Combina-
tion surgery was therefore categorized according to the main procedure code. Only
patients undergoing the first surgical procedure were analysed.

The main outcome variable was the number of patients undergoing a surgical
procedure to treat a distal radius fracture. To calculate the incidence rates of surgi-

cally treated distal radius fractures, the annual mid-population was obtained from
the Official Statistics of Finland.
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5. RESULTS

5.1 Validity of the Finnish National Hospital Discharge Register (I)

To evaluate the reliability of the NHDR, a sample of 1,112 hospitalisations was col-
lected. Each hospitalisation had a primary or secondary diagnosis of pertrochanteric
hip fracture (ICD-10 code §72.1). Only primary hospitalisations were included and
all secondary admissions were excluded, as described in the methods. The resulting
study sample consisted of 741 cases: 509 women (69%) and 232 men. The mean
age of the patients was 81 years. Men were younger (mean age 76 years) than their
female counterparts (mean age 83 years).

Most (n=729, 98 %) of the 741 patients with a pertrochanteric hip fracture were
treated operatively. Of the nonsurgically treated patients (n=12, 2%), two refused
surgery and 10 died prior to surgery.

A pertrochanteric hip fracture was coded as the diagnosis in all of the 741 (100%)
patients as it was an inclusion criterion in the study sample. According to the radio-
logical assessment, the diagnosis in the NHDR was accurate for 709 of the 741 pa-
tients, giving an accuracy of diagnosis of 96% (95% CI: 94 to 97%). The remaining
32 fractures were falsely registered: 24 were actually fractures of the neck of femur, 5
were subtrochanteric hip fractures and 3 were fractures of the diaphysis of the femur.

A procedural code was found in the NHDR on 711 of the 729 cases whom had
undergone a surgical procedure. The coverage of the procedural coding was therefore
98% (95% CI: 96 to 98%). The reasons for not registering a surgical procedure in
the NHDR were not uniform and difficult to assess reliably afterwards. Therefore
we did not categorize these 18 cases. A common reason for not registering a sur-
gical procedure was that the patient had been transferred to another ward because
of a medical reason (for instance, after suffering heart failure or infection) prior to
surgery and the operation was later performed while the patient was staying on a

nonsurgical ward.
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Of the 711 patients who had a procedure recorded on the NHDR, 10 died
before post-operative radiological assessment was made. Therefore it was not possible
to validate these cases. Of the remaining 701 patients, 616 had a correctly placed
procedural code. The accuracy of the procedural coding was therefore 88% (95% CI:
85 t0 90%). The remaining 85 procedures were erroneously registered in the NHDR.
Internal fixation of fracture of proximal femur with trochanteric nail (NEJ50) was
wrongly used in one case. Internal fixation of fracture of proximal femur with sliding hip
screw (NFJ52) was wrongly used in 24 cases. Internal fixation of fracture of proximal
femur with trochanteric nail (NF]J54) was wrongly used in 57 cases. Internal fixation
of fracture of other parts of femur (NFJ62) was wrongly used in three cases. The most
common errors were in mixing up procedures NFJ52 and NFJ54.

An external cause of injury was registered on 707 of the 741 patients resulting
in coverage of 95% (95% CI: 94 to 97%). Of these 707 patients with an external
cause of injury, 635 had a correct code registered in the NHDR resulting in an
accuracy of 90% (95% CI: 87 to 92%).

5.2 Surgically treated clavicle fractures in Finland (lI)

A total of 20,486 hospitalisations with primary or secondary diagnosis of clavicle
fractures were registered in the NHDR during the 24-year study period. The number
of hospitalised patients was 325 in 1987 and 1,163 in 2010. The rate of hospitalisa-
tion following clavicle fracture increased from 8.6 per 100,000 person-years in 1987
to 27.2 per 100,000 person-years in 2010. The rate of hospitalisation in men was
10.2in 1987 and 38.5 in 2010, both per 100,000 person-years. The corresponding
figures in women were 7.0 in 1987 and 16.5 in 2010.

Altogether 7,073 surgically treated clavicle fractures were registered in the
NHDR. The annual number of surgically treated clavicle fractures increased from
48 in 1987 t0 462 on 2010. The total number of surgically treated clavicle fractures
was 5,243 (74%) for men and 1,830 (26%) for women. The mean age for the sur-
gically treated men was 39.0 (SD 13) years while the mean age for surgically treated
women was 42.9 (SD 15) years. The age distribution curve of the surgically treated
patients is shown in Figure 3.

The rate of surgical treatment of clavicle fractures was 1.3 (n=48) per 100,000
person-years in 1987 and 10.8 (n=462) per 100,000 person-years in 2010. In me
the rate of surgical treatment increased from 1.6 (n=29) in 1987 to 17.5 (n=363)
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Figure 3. Age distribution of the surgically treated men and women with clavicle fracture.
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Figure 4. Rate of surgically treated adult clavicle fractures per 100,000 person years
between 1987 and 2010.
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in 2010. The corresponding figures for women were 1.0 (n=19) in 1987 and 4.5
(n=99) in 2010. Figure 4. Thus, the steepest rises in rate of surgical treatment were
seen in men; the increase was notable in all age groups under 60 years of age. Figure
5. In women the overall and age-specific changes in the rate of surgical treatment

were more moderate. Figure 6.

30
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Figure 5. Rate of surgically treated clavicle fractures in Finnish male adults per 100,000
person years between 1987 and 2010.
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Figure 6. Rate of surgically treated clavicle fractures in Finnish female adults per 100,000
person years between 1987 and 2010.
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In a secondary analysis we assessed the type of hospital (public, private) and the
surgical procedure between 1997 and 2010. Altogether 5,359 procedures were
included in this analysis.

Most of the surgical procedures (n=4,760, 89%) were carried out in public
hospitals and the remaining (n=599, 11%) in private hospitals. A clear majority
of the procedures were performed on an inpatient basis (n=4,843, 90%) and 516
(10%) were performed on an outpatient basis. The mean age for the surgically treated
men in public hospitals was 40 years and 39 in private hospitals. The corresponding
figures for women were 44 years in public and 43 years in private hospitals.

A difference was seen in surgical treatment between public and private hospitals.
In public hospitals 3,417 (96%) men were treated as inpatients and 127 (4%) as
outpatients. In private hospitals, the corresponding figures were 181 (40%) as inpa-
tients vs. 276 (60%) as outpatients. Concerning women in public hospitals, 1,174
(97%) were treated as inpatients and 42 (3%) as outpatients. In private hospitals
the corresponding figures were 71 (50%) as inpatients vs. 71 (50%) as outpatients.

5.3 Surgically treated proximal humerus fractures in Finland (ll)

Between 1987 and 2009 a total of 47,960 hospitalisations with primary or secondary
diagnosis of proximal humeral fracture were identified. During the 23-year period,
10,560 surgical procedures were registered in the NHDR. The number of surgical
procedures in women was roughly twice that in men (n=7,008, 66% in women and
n=3,552, 34% in men).

The rate of surgical treatment of proximal humerus fractures increased from
1987 to 2009. The rate was 5.1 (n=185) per 100,000 person-years in 1987 and
19.6 (n=808) per 100,000 person-years in 2009. The increase was especially strong
in women as the rate rose from 5.7 (n=110) per 100,000 person-years in 1987 to
26.1 (n=553) per 100,000 person-years in 2009. In men the corresponding figures
were 4.3 (n=75) per 100,000 person-years in 1987 and 12.8 (n=255) per 100,000
person-years in 2009. Figure 7.
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Figure 7. Rate of surgically treated adult proximal humeral fractures per 100,000 person
years between 1987 and 20009.

Open reduction and osteosynthesis was the most common procedure between
1987 and 2009 (n=7,774, 74%), followed by closed reduction and osteosynthesis
(n=1,515, 14%), arthroplasty (n=1,198, 11%) and external fixation (n=73, 1%).

The changes in the rates of different surgical approaches between 1987 and
2009 are shown in Figure 8 and Table 5. The rate of open reduction and osteosyn-
thesis was 4.2 (n=153) per 100,000 person-years in 1987 and 14.5 (n=598) per
100,000 person-years in 2009. The steepest rise in incidence rate was observed in
open reduction and osteosynthesis in women with an increase from 4.4 (n=84) per
100,000 person-years in 1987 to 19.1 (n=405) per 100,000 person-years in 2009.
The incidence of closed reduction and osteosynthesis was 0.25 (n=9) per 100,000
person-years in 1987 and 2.0 (n=81) per 100,000 person-years in 2009. The corre-
sponding values for arthroplasty were 0.5 (n=17) and 3.1 (n=129).

Between 1998 and 2009 a second analysis was made, resulting from the fact
that Nomesco classification allowed for a more specific procedural coding. During
the period, 7,075 surgical procedures were performed. Open reduction and oste-
osynthesis by plate fixation (NBJ62) was the most common procedure (n=4,395,
62%), followed by fracture reduction and screw, percutaneous pinning or absorbable
screw fixation (NBJ64, n=1,166, 16%), arthroplasty (NBB10-20, n=945, 13%),
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Figure 8. Changes in the rate of surgically treated proximal humeral fractures in Finnish
adults per 100,000 person years between 1987 and 2009. CRO=closed reduction and
osteosynthesis, ORIF=open reduction and osteosynthesis, EF=external fixation, AP=ar-
throplasty.

Table 5. Rate of surgically treated proximal humeral fractures. CRO= closed reduction and
osteosynthesis, ORO= open reduction and osteosynthesis, EF= external fixation, AP= ar-
throplasty, ALL= all surgical procedures combined.

1987 2009
CRO
men 0.2 (n=3) 1.6 (n=32)
women 0.3 (n=6) 2.3 (n=49)
all 0.2 (n=9) 2.0 (n=81)
ORO
men 4.0 (n=69) 9.7 (n=193)
women 4.4 (n=84) 19.1 (n=405)
all 4.2 (n=153) 14.5 (n=598)
EF
men 0.1 (n=1) 0 (n=0)
women 0.3 (n=5) 0 (n=0)
all 0.2 (n=6) 0 (n=0)
AP
men 0.1 (n=2) 1.5 (n=30)
women 0.8 (n=15) 4.7 (n=99)
all 0.5 (n=17) 3.1 (n=129)
ALL
men 4.3 (n=75) 12.8 (n=255)
women 5.7 (n=110) 26.1 (n=553)
all 5.1 (n=185) 19.6 (n=808)
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open reduction and osteosynthesis by nailing (NBJ60, n=555, 8%) and external
fixation (NBJ70, n=19, 0.3%). Changes in the rate and proportions of different
surgical approaches between 1998 and 2009 stratified by sex are shown in Figure 9
and Figures 10 and in Table 6.
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Figure 9. Rate of surgically treated proximal humeral fractures in Finnish male adults per
100,000 person years between 1998 and 2009. NBJ60=nail, NBJ62=plate, NBJ64=screw,
NBJ70=external fixation, NBB10-20=arthroplasty.
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Figure 10. Rate of surgically treated proximal humeral fractures in Finnish female adults per

100,000 person years between 1998 and 2009. NBJ60=nail, NBJ62=plate, NBJ64=screw,
NBJ70=external fixation, NBB10-20=arthroplasty.
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Table 6. Rate of surgically treated proximal humeral fractures. NBJ60= nail, NBJ62=plate,
NBJ64=screw, NBJ70=external fixation, NBB10-20=arthroplasty, ALL=all procedures com-

bined.

NBJ60
men
women
all

NBJ62
men
women
all

NBJ64
men
women
all

NBJ70
men
women
all

NBB10-20
men
women

all

ALL
men
women
all

1998 2009

1.0 (n=19) 0.4 (n=8)

1.4 (n=29) 0.8 (n=16)
1.2 (n=48) 0.6 (n=24)
4.1 (n=77) 9.3 (n=185)
7.6 (n=152) 18.3 (n=389)
5.9 (n=229) 13.9 (n=574)
2.2 (n=41) 1.6 (n=32)
4.9 (n=98) 2.3 (n=49)
3.6 (n=139) 2.0 (n=81)
0.2 (n=3) 0 (n=0)

0.05 (n=1) 0 (n=0)

0.1 (n=4) 0 (n=0)

0.4 (n=8) 1.5 (n=30)
1.6 (n=32) 4.7 (n=99)
1.0 (n=40) 3.1 (n=129)
8.0 (n=148) 12.8 (n=255)
15.5 (n=312) 26.1 (n=553)
11.9 (n=460) 19.6 (n=808)

The rate of plate fixation was 5.9 (n=229) per 100,000 person-years in 1998 and it

increased to 13.9 (n=574) per 100,000 person-years in 2009. The rise was especially

clear in women; the rate was 7.6 (n=152) per 100,000 person-years in 1998 and

18.3 (n=389) per 100,000 person-years in 2009. Changes in the rates of plating

between 1998 and 2009 stratified by sex and age are shown in Figures 11 and 12.

Surgical Treatment of Upper Limb Fractures —An evidence-based approach — 65



50 v 20-49

45

40 e

35

30

25

20

15

10

1998 2000 2002 2004 2006 2008

Figure 11. Rate of plating in proximal humerus fractures in Finnish male adults per 100,000
person years between 1998 and 2009.
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Figure 12. Rate of plating in proximal humerus fractures in Finnish female adults per
100,000 person years between 1998 and 2009.
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As the rates of nailing, external fixation and screw, pin or absorbable screw decreased
from 1998 to 2009, the rates of arthroplasty increased from 1.0 (n=40) per 100,000
person-years in 1998 to 3.1 (n=129) per 100,000 person-years in 2009.

The mean age at the time of surgery varied: 65 years (SD 15) for nailing, 62
years (SD 15) for plating, 59 years (SD 16) for screw pin or absorbable screw, and
70 (SD 11) for arthroplasty.

5.4 Surgically treated fractures of the humeral shaft in Finland (IV)

Between January 1% 1987 and December 31% of 2009 15,096 hospitalisations with
primary or secondary diagnosis of a fracture of the humeral shaft were recorded in the
NHDR. During these 15,096 hospitalisations due to humeral shaft fractures, 4,518
surgical procedures were performed and registered in the NHDR. Surgical treatment
of humeral shaft fractures was more common in women (n=2,462, 54%) than in men
(n=2,056, 46%). Surgically treated women were older (mean 63 years, SD 18) than
men (mean 49 years, SD 18). The mean age of the surgically treated men increased
from 43 years in 1987 to 52 years in 2009. There was a corresponding increase in the
mean age of the surgically treated women from 57 years in 1987 to 64 years in 2009.

The age distribution curve of the surgically treated population is shown in Figure 13.
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Figure 13. Age distribution of the surgically treated men and women with humeral shaft
fracture.
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The rate of surgical treatment of humeral shaft fracture rose steadily from 2.6 (n=98)
per 100,000 person-years in1987 to 5.7 (n=253) per 100,000 person-years in 2009.
The rate was 2.3 (n=46) per 100,000 person-years in 1987 and 6.9 (n=151) per
100,000 person-years in 2009 in women and 2.9 (n=52) per 100,000 person-years
in 1987 and 4.4 (n=91) per 100,000 person-years in 2009 in men. Figure 14.
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Figure 14. Rate of surgically treated humeral shaft fractures in Finnish adults per 100,000
person years between 1987 and 2009.

During the study period, open reduction and osteosynthesis was the most common
surgical procedure in the treatment of humeral shaft fracture (n=3,179, 70%).
Closed reduction and osteosynthesis (n=1,268, 28%) and external fixation (n=71,
2%) followed. The changes in the rates of different surgical procedures are shown
in Figure 15.

The rate of open reduction and osteosynthesis was 1.8 (n=69) per 100,000
person-years in 1987 and 5.1 (n=218) per 100,000 person-years in 2009. The rate
of closed reduction and osteosynthesis was 0.7 (n=27) per 100,000 person-years in
1987 and 0.5 (n=22) per 100,000 person-years in 2009. The corresponding rates for
external fixation were 0.1 (n=2) per 100,000 person-years in 1987 and 0.05 (n=2)
per 100,000 person-years in 2009. The strongest change occurred in the open reduc-
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tion and osteosynthesis group in women where the rate was 1.7 (n=34) per 100,000
person-years in 1987 and 6.3 (n=137) per 100,000 person-years in 2009. Table 7.
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Figure 15. Changes in the rate of surgically treated humeral shaft fractures in Finnish
adults per 100,000 person years between 1987 and 2009.

Table 7. Rate of surgically treated humeral shaft fractures. CRO= closed reduction and
osteosynthesis, ORO= open reduction and osteosynthesis, EF= external fixation, ALL= all
surgical procedures combined.

1987 2009
CRO
men 0.8 (n=15) 0.5 (n=10)
women 0.6 (n=12) 0.6 (n=12)
all 0.7 (n=27) 0.5 (n=22)
ORO
men 1.9 (n=35) 3.9 (n=81)
women 1.7 (n=34) 6.3 (n=137)
all 1.8 (n=69) 5.1 (n=218)
EF
men 0.1 (n=2) 0 (n=0)
women 0 (n=0) 0.1(n=2)
all 0.1 (n=2) 0.05 (n=2)
ALL
men 2.9 (n=52) 4.4 (n=91)
women 2.3 (n=46) 6.9 (n=151)
all 2.6 (n=98) 5.7 (n=242)
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ICD-10 allowed for a second analysis between 1997 and 2009 to further break down
the distribution of different surgical procedures. A total of 2,852 surgical proce-
dures were included in the second analysis. Open reduction and osteosynthesis with
plate fixation (NBJ62) was the most common procedure (n=1,841, 65%) followed
by fracture reduction and osteosynthesis by nailing (NBJ60, n=847, 30%), open
reduction and screw, percutaneous pinning or absorbable screw fixation (NBJ64,
n=129, 5%) and external fixation (NBJ70, n=35, 1%).

A clear increase was seen with plating as the rate rose from 2.9 (n=115) per
100,000 person-years in 1997 to 4.9 (n=210) per 100,000 person-years in 2009. The
increase was especially clear in women where the rate was 3.5 (n=72) per 100,000
person-years in 1997 and 6.0 (n=131) per 100,000 person-years in 2009. The in-
crease in plating coincided with the declining rate of nailing, with 2.0 (n=80) per
100,000 person-years in 1997 and 0.5 (n=22) per 100,000 person-years in 2009.
According to present results, screw, pin and absorbable pin fixation and external
fixation were relatively uncommon procedures in the treatment of humeral shaft
fractures. Changes in the rates and proportions of different surgical approaches be-
tween 1997 and 2009 stratified by sex are shown in Table 8 and Figures 16 and 17.
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Figure 16. Rate of surgically treated humeral shaft fractures in Finnish male adults per
100,000 person years between 1997 and 2009. NBJ60=nail, NBJ62=plate, NBJ64=screw,
NBJ70=external fixation.
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Figure 17. Rate of surgically treated humeral shaft fractures in Finnish female adults per
100,000 person years between 1997 and 2009. NBJ60=nail, NBJ62=plate, NBJ64=screw,
NBJ70=external fixation.

Table 6. Rate of surgically treated humeral shaft fractures. NBJ60= nail, NBJ62=plate,
NBJ64=screw, NBJ70=external fixation, ALL=all procedures combined.

1997 2009
NBJ60
men 2.0 (n=38) 0.5 (n=10)
women 2.0 (n=42) 0.5 (n=12)
all 2.0 (n=80) 0.5 (n=22)
NBJ62
men 2.2 (n=43) 3.8 (n=79)
women 3.5 (n=72) 6.0 (n=131)
all 2.9 (n=115) 4.9 (n=210)
NBJ64
men 0.2 (n=3) 0.1 (n=2)
women 0.3 (n=7) 0.3 (n=6)
all 0.3 (n=10) 0.2 (n=8)
NBJ70
men 0.1 (n=1) 0 (n=0)
women 0.2 (n=4) 0.1 (n=2)
all 0.1 (n=5) 0.05 (n=2)
ALL
men 4.4 (n=85) 4.4 (n=91)
women 6.0 (n=125) 6.9 (n=151)
all 5.3 (n=210) 5.7 (n=242)
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The mean length of hospital stay decreased from 10.7 days in 1987 to 4.2 days in
2009. Mean hospital stay by surgery type was 6.3 days for closed reduction and
osteosynthesis, 6.0 days for open reduction and osteosynthesis and 14.7 days for

external fixation.

5.5 Surgically treated distal radius fractures in Finland (V)

There were 14,514 surgical procedures to treat DRFs in adults recorded in the
NHDR between 1998 and 2008. Surgical treatment was more common in women
(n=10,595, 73%) than in men (n=3,919, 27%). The overall rate of the surgical
treatment of distal radius fractures increased from 23.9 per 100,000 person-years
(n=924) in 1998 to 47.2 per 100,000 person-years (n=1,929) in 2008. The rates of
surgical procedures for men were 13.5 per 100,000 person-years (n=251) in 1998
and 23.7 per 100,000 person-years (n=469) in 2008, while the corresponding rates
for women were 33.4 per 100,000 person-years (n=673) in 1998 and 69.2 per
100,000 person-years (n=1,460) in 2008.
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Figure 18. Rate of surgically treated distal radius fractures in Finnish male adults per
100,000 person years between 1998 and 2008.
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Figure 19. Rate of surgically treated distal radius fractures in Finnish female adults per
100,000 person years between 1998 and 2008.

The most common surgical procedure during the study period between 1998 and
2008 was external fixation (n=8,630, 59%), followed by open reduction and fixation
by plating (n=4,053, 28%) and percutaneous pinning (n=1,831, 13%).

A clear change occurred during the 11-year study period. The rate of external
fixation was 18.2 per 100,000 person-years (n=704) in 1998 and 12.7 per 100,000
person-years (n=519) in 2008. The rate of external fixation in men was 9.0 per
100,000 person-years (n=167) in 1998 and 4.4 per 100,000 person-years (n=87)
in 2008. Figure 18. The corresponding rates per 100,000 person-years for women
were 26.7 (n=537) in 1998 and 20.5 (n=432) in 2008. Figure 19. The change in the
rate of the external fixation was strong in women aged 50 years and more: however,

there was not a marked change in men. Figures 20 and 21.
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Figure 20. Rate of external fixation in distal radius fractures in Finnish female adults per
100,000 person years between 1998 and 2008.
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Figure 21. Rate of external fixation in distal radius fractures in Finnish male adults per
100,000 person years between 1998 and 2008.
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Figure 22. Rate of plating in distal radius fractures in Finnish female adults per 100,000
person years between 1998 and 2008.
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Figure 23. Rate of plating in distal radius fractures in Finnish male adults per 100,000 per-
son years between 1998 and 2008.
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For open reduction and plate fixation, the rate was 2.3 (n=90) per 100,000 per-
son-years in 1998 and 30.9 (n=1,265) per 100,000 person-years in 2008. For men,
the rate in open reduction and plate fixation was 2.2 (n=40) per 100,000 person-years
in 1998 and 16.9 (n=334) per 100,000 person-years in 2008. Figure 18. The cor-
responding figures per 100,000 person-years for women were 2.5 (n=50) in 1998
and 44.1 (n=93) in 2008. Figure 19. As with external fixation, the clearest change
for plating occurred in women 50 years and older. Figure 22. The changes in men
were not as strong as in women. Figure 23.

The rates of percutaneous pinning were 3.4 (n=130) per 100,000 person-years
in 1998 and 3.5 (n=145) per 100,000 person-years in 2008. The rate of percuta-
neous pinning in men was 2.4 (n=44) per 100,000 person-years in 1998 and 2.4
(n=48) per 100,000 person-years in 2008. Figure 18. In women, the rates were 4.3
(n=86) per 100,000 person-years in 1998 and 4.6 (n=97) per 100,000 person-years
in 2008. Figure 19.

The mean length of hospital stay was 2.8 days in 1998 and 2.3 days in 2008.
Mean duration of hospital stay by surgery type was 2.7 days in the external fixation
group, 2.9 days in the open reduction and plate fixation group and 2.7 days in the

percutaneous pinning group.
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6. DISCUSSION

6.1 Reliability and validity of the Finnish National Hospital
Discharge Register in pertrochanteric hip fractures

The NHDR is a statutory, computer-based register in Finland with an almost six dec-
ade-long history.(Sund, 2012) The data is collected and maintained by the National
Institute for Health and Welfare, and the registry is therefore government funded. It
undergoes routine internal validity checks to spot logical errors and missing data. If
needed, corrections are requested from individual hospitals.(THL, 2012) External
validation and reliability assessment has focused on the accuracy of diagnosis, while
many other variables, such as procedural coding and external cause of injury, have
been less evaluated. According to a recent review of studies assessing the quality
of the NHDR, the PPV for common diagnoses was between 75 and 99%.(Sund,
2012) Most studies evaluating the reliability of the NHDR have focused on mental
illnesses and vascular diseases and to a lesser extent on other diseases or injuries.
(Sund, 2012) In general, the reliability of injury-related diagnoses has been found
to have a better PPV, possibly because diagnosing fractures is more clear-cut than,
for instance, bipolar disorder.

Validity of the NHDR is important as the National Institute of Health and
Welfare and also individual hospital districts routinely use the data on the register
in assessing the need for various treatments. What is more, a part of the billing of
Finnish public hospitals is based on the NHDR data. The data in the NHDR has
also been used in research, which places a high demand of validity on the data.
Errors in the register can occur on many levels of data generation. It is common

in Finland that treating physicians describe the course of medical care, including
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procedures, by dictaphone, and a clinic secretary later types out the dictations on the
actual medical records. When an individual patient is discharged, the hospitalisation
record is closed and the data stored by the hospital administration until collectively
sent to the NHDR. Errors in the NHDR data can occur in different levels. First,
the physician can make an incorrect diagnosis. Secondly, it is also possible that the
clinician assigns the right diagnosis but uses the wrong diagnosis code when dictat-
ing. Thirdly, it is later possible that the secretary makes a typo or misunderstands
the physician’s dictation.

In previous studies on injuries, Keskimiki and Aro found that accuracy of
diagnosis was excellent (95%), but procedural coding was less accurate (70-78%).
(Keskimiki and Aro, 1991) In two separate studies Liithje, Sund, and co-workers
found the accuracy of diagnosis to be excellent.(Liithje et al., 1995, Sund et al.,
2007) Mattila et al assessed both accuracy and coverage and found that both were
excellent (92 and 89%).(Mattila et al., 2008) The present study the accuracy of di-
agnosis and both accuracy and coverage of external reason for injury and procedural
coding was evaluated.

In the present study, the accuracy of diagnosis of trochanteric hip fracture
was 96% (95% CI: 94 to 97%). The coverage of external cause of injury was 95%
(95% CI: 94 to 97%) and accuracy was 90% (95% CI: 87 to 92%). The coverage
of procedural coding was 98% (95% CI: 96 to 98%) and accuracy was 88% (95%
CI: 85 to 90%).

Our results on the accuracy of diagnosis are well in line with the findings of
Keskimiki, Liithje, Sund and Mattila.(Keskimiki and Aro, 1991, Liithje et al., 1995,
Sund etal., 2007, Mattila et al., 2008) In the present study, the coverage of diagnosis
was not assessed due to the study setting. The assessment of the coverage of diag-
nosis would have required an evaluation of all pelvic radiographs during the study
period in all of the studied hospitals, which was not deemed feasible. In addition,
diagnostic reliability has been assessed in numerous previous studies.(Sund, 2012)
In their study, Sund and co-workers assessed the accuracy of hip fracture diagnosis
in all hip fractures treated in a single hospital in Finland, and found that there was
some variation in the accuracy of diagnosis between different types of hip fractures.
(Sund et al., 2007) Additionally, Sund and co-workers studied the completeness,
accuracy and correctness of procedural coding and external reason of injury.(Sund
et al., 2007) In contrast to the findings of Keskimiki and Aro, our results on the
accuracy of procedural coding are better, and similar to those reported by Sund
and co-workers.(Keskimiki and Aro, 1991, Sund et al., 2007) However, the studies
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differ; Keskimiki and Aro used a random sample taken from all hospitalisations in
1986.(Keskimiki and Aro, 1991) The present study evaluated a pooled sample taken
from three individual hospitals including only patients with a primary or secondary
diagnosis of trochanteric hip fracture. Sund and co-workers evaluated all hip fractures
treated in a single hospital in a little over a year’s time.(Sund et al., 2007) Keskimiki
and Aro’s sample contains a variety of different hospitalisations and, consequently,
procedure types that might increase the inaccuracy.(Keskimiki and Aro, 1991)
Their study was carried out in 1986, when procedural coding was done according
to the Hospital League and diagnosis was according to ICD-8.(Liikintshallitus,
1979, Sairaalaliitto, 1983) To date, the study by Sund and co-workers is the only
other study evaluating the reliability of both external cause of injury and procedural
coding that has been published since the implementation of ICD-10 in Finland.
(Sund et al., 2007) The development of the NHDR, introduction of the ICD-10
coding system and better schooling in their uses are also likely to explain a part of
the difference between the studies.

The strength of the present study on the validity of the NHDR is a sufficient
sample size (n=741). Simple dichotomies (yes/no) on the studied variables were
created that were assessed by reading through the original medical records of the
entire hospitalisation. Original radiographs were also evaluated. The information
was then compared to the data on the NHDR.

Hospital discharge registers that have national coverage are rare and seem to be
a Scandinavian phenomenon. For instance, in the United States studies assessing
trends in the surgical treatment of certain injuries are based on samples from smaller
populations, which are then generalized.(Koval et al., 2008, Bell et al., 2011) This
is due to the fact that health care is insurance-based and all citizens are not entitled
to free health care unlike in the Scandinavian countries.

Other Scandinavian discharge registers have been assessed for validity. In a
Norwegian study, Lofthus and co-workers found that there were major discrep-
ancies in registering diagnosis in different Norwegian hospital discharge registers
and questioned their reliability.(Lofthus et al., 2005) In contrast, Ludwigsson et
al found that the Swedish National Inpatient Register had excellent reliability for
diagnosis coding, especially in injury-related hospitalisations with a high reporting
rate for external cause of injury.(Ludvigsson et al., 2011) The Swedish findings are
similar to those of a recent review assessing the reliability of the Finnish NHDR.
(Sund, 2012) The Danish National Patient Register in Denmark was established in
1977, and is less thoroughly validated than it's Swedish and Finnish counterparts.
(Lynge et al., 2011)
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6.2 Surgical treatment of clavicle fractures

Based on our nationwide analysis between 1987 and 2010, a marked increase in
the rate of surgically treated CFs was observed; the overall rate of surgical treatment
increased over ninefold. The increase in surgical treatment in men was swift for the
first third of the study period, after which the incidence remained stable for some
years and started another increase in the mid 2000s. In women the changes have
been more moderate.

When the results were stratified by age and sex, it was clear that the strongest
increase in surgical activity has happened in men less than 60 years of age. In wom-
en, the increase in incidence of surgical treatment has remained quite constant in
all age groups.

The reasons for the increase in surgical treatment rates of CFs are unknown.
According to the present results, the surgically treated patients with CFs are mostly
young or middle-aged and therefore an aging population cannot explain the increase
in surgical treatment. It is possible that Finnish middle-aged people are nowadays
more active and therefore more injury-prone during their leisure time. However,
there is no scientific evidence supporting this assumption.

It is most likely that an increasing proportion of CFs are treated operatively:
however, the claim cannot be verified by this study due to the study setting. A clear
limitation of the present study is that, based solely on the data in NHDR, the over-
all incidence rate of CFs cannot be assessed as most conservatively treated CFs are
treated in emergency rooms, or outside hospitals in health care centres or private
clinics on an outpatient basis, thus falling outside the NHDR. The scientific liter-
ature seems to be quite uniform that different types (e.g. lateral, midlle-third and
medial) of CFs should be handled as separate entities. Therefore it is surprising that
the International Classification of Diseases recognizes only one diagnosis code for
CE (Lizkintohallitus, 1986, Nienstedt, 1995) This leads to an obvious limitation of
the present study: it is not possible to differentiate the anatomical sites or fracture
patterns of the CFs included in this study.

There are no large population based studies assessing the distribution of con-
servative and operative treatment of CFs. Even though the more recent studies
have not been able to replicate the near perfect fracture union rates of Neer and
Rowe, it is possible to conclude that nearly all clavicle fracture types can be treated
without a surgical intervention.(Neer, 1968, Rowe, 1968, Nordqvist et al., 1993,
Nordqvist et al., 1998, Robinson, 1998, Nowak et al., 2000) Therefore, a clear in-
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crease in surgical activity over conservative treatment would require strong evidence.
Completely displaced CFs of the shaft have been identified as resulting in a greater
rate of non-union.(Zlowodzki et al., 2005) One aspect in being able to evaluate
interventions in orthopaedic research is the use of standardised functional scores.
DASH (Disabilities of Arm, Shoulder and Hand) is an example of a standardised
and validated measure of functional outcome. DASH is scored from 0 to 100.
(Hudak et al., 1996) A higher score indicates greater disability. When Constant
Shoulder Score is used, the functional measures of the injured side are compared to
the unaffected side.(Constant and Murley, 1987) Greater difference between the
affected and unaffected side indicates greater disability.

As seen on Table 1, there were serious methodological issues in a trial by
Smekal et al (2009) but the three other studies (COTS 2007, Virtanen 2012 and
Robinson 2013) comparing plating to conservative treatment are of high quality.
In a multicentre randomized controlled trial by the Canadian Orthopaedic Trauma
Society, DASH scores were better in all time points but the difference was about 10
at one year.(COTS, 2007) Virtanen and co-workers found that at one year DASH
scores were better (<5) than those treated without surgery, but the difference was
not statistically significant.(Virtanen et al., 2012) Robinson et al reported similar
findings; surgical treatment yielded better DASH scores (<5) at one year and the
results were statistically significant.(Robinson et al., 2013) All three trials included
only completely displaced CFs with mean age of patients from 32 to 37 years.
Based on the results of these trials, it seems that there is some evidence that surgical
treatment by plate fixation produces better results than conservative treatment in
the treatment of completely displaced CFs, but the differences are still minor as
the functional scores are not drastically different. A recent Cochrane review and
meta-analysis found no clear evidence supporting neither operative nor conservative
treatment of fractures of the middle third of the clavicle.(Lenza et al., 2013) Also,
from an economical perspective, we need to consider if the difference is enough
to justify an operative intervention that Robinson and colleagues found to be four
times more expensive.(Robinson et al., 2013) Further studies of similar settings and
a pooled meta-analysis of these studies will probably result in a better understanding.
(Handoll and Lenza, 2013)

The change in the rate of surgical treatment of CFs observed in this study is
marked and most probably cannot be explained by change in overall incidence of
CFs. It may be that the new hardware, especially locking plates which allow better

grip in comminuted bone, have encouraged surgeons to undertake increased surgical
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activity. It may also be hypothesized that rigorous marketing of the new hardware
has played a role. Finally, as the anatomically different CFs are considered as indi-
vidual entities, it would be preferable that in future versions of ICD these different

fractures (lateral, medial and shaft) be recognized as separate entities.

6.3 Surgical treatment of proximal humeral fractures

The rate of surgical treatment of PHFs nearly quadrupled in Finland between
1987 and 2009. At the same time the incidence of hospitalisation due to PHF only
doubled. The change is important, as PHF is one of the most common osteoporotic
fractures. Two separate analyses were made, between 1987 and 2009 and 1998 and
2009 respectively. The 10,560 surgically treated patients were predominantly wom-
en (n=7,008, 66%) and the increase in surgical treatment was steeper in women.
Between 1987 and 2009 open reduction and osteosynthesis was the most common
surgical procedure.

Between 1998 and 2009 a second analysis was made to further evaluate the
distribution of different surgical procedures (n=7,075). Open reduction and osteo-
synthesis by plate fixation was the most common procedure with an increasing rate
throughout the period. The change was especially marked in women in the older
age groups. The increase of surgical treatment by plating in women over 70 years
was somewhat unexpected, as the rates of PHFs in Finland in older women have
remained steady since the 1990s.(Kannus et al., 2009) The increased rates of surgical
treatment may be a result of a decreased rate of conservative treatment, as reported
by Bell et al in the United States.(Bell et al., 2011) The trend towards an increased
amount of surgical treatment is surprising as there is a clear lack of evidence on the
superiority of surgical treatment over nonsurgical treatment of PHFs.(Handoll et
al., 2012) As fracture patterns are not recorded on the NHDR, it is not possible
to report, according to the present study, whether the surgically treated PHFs have
had a certain morphology, for instance if the rate of displaced fractures has increased
thus explaining the increase in surgical activity. It is possible and even plausible that
as osteoporotic fractures are more complex, they have been the targets of increased
surgical activity, especially plating.

Surprisingly little research has been done comparing different surgical approaches
in a high-quality setting. A recent Cochrane meta-analysis identified only three trials
comparing different surgical procedures in the treatment of PHFs.(Handoll et al.,
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2012) Obviously it is impossible to draw conclusions on the basis of three trials that
compared different interventions.

In two separate studies by Olerud et al, conservative treatment was compared
with plate fixation and arthroplasty, respectively.(Olerud et al., 2011a, Olerud et
al., 2011b) Although many relevant and validated outcome measures were used,
they defined no actual primary outcome measures in their two studies.(Olerud et
al., 2011a, Olerud et al., 2011b) After a two-year follow-up there was a difference
between conservatively treated and plate fixated groups favouring surgical treat-
ment, but the difference in DASH-score between the groups was under 10, which
is commonly considered a limit for clinical significance.(Olerud et al., 2011a) Also,
in the other study by Olerud and co-workers, surgically treated (hemiarthroplas-
ty) patients had slightly better (<10) DASH-scores than those that were treated
conservatively.(Olerud et al., 2011b) Both studies lacked sample size calculations,
and were found to be underpowered, probably partly explaining why differences
between interventions were not statistically significant. Fjalestad and colleagues
compared conservative treatment to plate fixation, and found Constant scores after
12 months of follow-up to be equal between the groups.(Fjalestad et al., 2012)
After extending the follow-up to two years, Fjalestad and co-workers still found
no differences between the operative and conservative groups.(Fjalestad and Hole,
2014) Boons et al compared conservative treatment to hemiarthroplasty and found
no differences between the groups when Constant score was used to assess function.
(Boons et al., 2012)

All of the above-mentioned four studies were done on patients older than 55
years of age, with either three- or four-part displaced PHFs. Table 2.

In light of the scarce evidence, the marked increase in plating that occurred after
the beginning of the 2000s is noteworthy. The rate of plating more than doubled
without any clear evidence of superiority compared to other surgical interventions
or even conservative treatment. The finding may imply that other factors have
affected decisions in the treatment choices of PHFs. Orthopaedic surgeons may
adopt new fixation systems without conclusive evidence or knowledge of whether
these fractures need to be treated surgically at all. It may be that thanks to the new
hardware, especially locking plates which allow better grip in comminuted bone,
surgeons have spurred into increased surgical activity. It may also be hypothesized
that rigorous marketing of the new hardware has played a role. Especially in the
older women, we would have expected to see a stronger rise in the incidence rate

of arthroplasty but the increase has been upstaged by plating. Unfortunately, based
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on the present study, it is not possible to assess whether the increase in the rate of
surgery is a result of increased tendency to treat PHFs operatively as a part of patients
with PHFs are treated outside hospitals and therefore outside the catchment of the
NHDR. Based on the present study, it is not possible to assess the true incidence
of PHFs. However, a recent study in Finland assessing the incidence of PHFs in
patients 50 years and older reported of a stabilising incidence of PHFs.(Kannus et
al., 2009) As the present study witnessed a steady increase in the rate of surgical
activity in patients over 50 years of age, this might suggest an increase in the overall
surgical activity in the treatment of PHFs.

There seems to be a trend towards of increased surgical activity in the treatment
of PHFs in Finland with plating and to a lesser degree arthroplasty being the only
approaches gaining popularity. Based on the available evidence, most PHFs can still
be treated without surgery. More high-quality intervention studies are needed to
indicate the superiority of plating over other surgical procedures in the treatment
of PHFs, especially in the older age groups.

6.4 Surgical treatment of humeral shaft fractures

Two analyses were made to assess the change in the rate and trends in the surgical
treatment of HSFs between 1987 and 2009, and 1997 and 2009 respectively. The
present study shows that between 1987 and 2009 there was a steady rise in the rate
of surgical treatment of HSFs. More than two-thirds (n=3,179, 70%) of the sur-
gically treated patients received open surgery, closed treatment followed (n=1,268,
28%) and external fixation was quite rare (n=71, 2%). The mean age of patients
who received surgical treatment increased between 1987 and 2009.

The steepest rise in the rate of surgical treatment of HSFs was seen during the
first half of the study period: from the late 1990s, the overall rate of surgical treatment
has remained steady. The reason for the increased surgical activity is unknown. Un-
fortunately, the overall rate of HSFs cannot be assessed using the NHDR data alone,
as a part of the humeral shaft fractures are treated as outpatient cases, for instance in
health care centres. Therefore it is not possible to draw conclusions, whether there
has been a similar increase in the overall incidence of HSFs. Moreover, as fracture
patterns are not recorded on the NHDR, it is not possible to report, according to
the present study, whether the surgically treated HSFs have had a certain morphol-
ogy, for instance if the rate of high-energy and complex fractures has increased thus
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explaining the increase in surgical activity. Large-scale epidemiological studies on
the overall fracture incidences for HSFs do not exist, but incidences of PHFs and
distal humeral fractures have been studied in Finland: their incidence rates in older
age groups have risen steadily during the last decades until about the mid 1990s,
after which the incidence rates have remained quite steady.(Kannus et al., 2009,
Palvanen et al., 2010) These studies have similar limitations as the present study,
with a part of the fractures falling outside the NHDR as they are treated in health
care centres. Assuming that the incidence rate of HSFs resembles those of PHFs
and distal humeral fractures, we could therefore speculate, whether the greatest
increase in surgical activity has coincided with an increase in the overall incidence
rates. It is possible that after the increase in surgical treatment rates, the proportion
of conservative treatment has diminished. However, there are no studies evaluating
the distribution of conservative and operative treatment on a population basis.
High-quality intervention studies comparing conservative and operative treatment
of HSFs are non-existent, but based on case-series, it is evident that HSFs can be
treated without surgical interventions resulting in a good clinical outcome.(Sarmiento
etal., 1977, Zagorski et al., 1988, Sarmiento et al., 2000, Koch et al., 2002) Some
fracture types may result in worse outcomes, but this is a statement needing further
research.(Toivanen et al., 2005, Ekholm et al., 2006b) Certainly there are factors
affecting the choice of treatment that are independent of scientific evidence: the
experience and education of an individual orthopaedic surgeon, patient beliefs,
expectations and compliance. It is also possible that nowadays, older people are
more active and physically demanding than before, leading to increased numbers
of surgically treated HSFs.

Between 1997 and 2009 the rate of plate fixation increased most in women and
in the older age groups (60 years and older). At the same time the rate of intramed-
ullary nailing decreased to one-fourth. External fixation and fracture fixation with
pins or absorbable or non-absorbable screws were rare in the surgical treatment of
HSFs. Heineman et al published a meta-analysis including 203 patients but did not
find differences in functional results between plating and nailing of HSFs.(Heineman
et al., 2010) In another systematic review and meta-analysis published a year later
by Kurup and co-workers, including 260 patients and comparing intramedullary
nailing and plating, no clear differences in the functional results between the two
interventions were observed.(Kurup etal., 2011) According to the latter meta-anal-
ysis there was a statistically significant difference in shoulder impingement and

restriction of movement favouring plating over nailing. However, as described in
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Table 3, many of the studies have methodological issues that diminish their use in a
meta-analysis. Furthermore, it is disturbing that patients included in the Cochrane
meta-analysis were mainly males under 50 years of age, when according to our results
most surgically treated patients in Finland were women with a mean age of over 50.

According to the results of the present study, the role of pinning, screw fixation
and external fixation is small and has been decreasing steadily. External fixation
probably has a role in the treatment of some comminuted fractures especially if
associated with extensive soft tissue damage, bacterial infection, or both.(Cole and
Wijdicks, 2007)

Based on the NHDR data, it is not possible to separate the operations that have
been done for primary treatment of the fracture from those done as a secondary
treatment (for instance failure of closed treatment). This is due to the fact that based
on our experience, non-union is quite commonly diagnosed with the initial injury
diagnosis code instead of the actual code for non-union. Therefore, no straightfor-
ward conclusions can be made regarding the choice of primary treatment options
(operative vs. conservative) based on the present results.

There are no previous studies evaluating trends in the surgical treatment of
HSFs. The available scientific evidence does not warrant the changes in the surgical
treatment of HSFs observed in the present study. Further studies are needed to firstly
identify fracture types and patterns benefiting from surgical treatment. Secondly,
high-quality intervention studies are needed to compare different interventions in
the treatment of HSFs. It would also be very interesting to know, on a national level,
how many non-unions due to primary conservative treatment need secondary surgical
stabilization. There are two published study protocols that will probably add to our
knowledge on the choice between conservative and operative treatment of HSFs.
(Matsunaga et al., 2013, Mahabier et al., 2014) Mahabier and co-workers describe
an observational multicentre trial that will assess differences between conservative
and operative treatment.(Mahabier et al., 2014) Interestingly, according to the study
protocol, the intervention will be completely left to the treating surgeons discre-
tion.(Mahabier et al., 2014) In a Brazilian RCT protocol, conservative treatment
with a functional brace will be compared to plate osteosynthesis.(Matsunaga et al.,
2013) Both study protocols are well described, but it will be interesting to see what
the eventual study demographics will be as both protocols include all patients 18
years and older, and not focusing on the older age groups.(Matsunaga et al., 2013,
Mahabier et al., 2014)
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6.5 Surgical treatment of distal radius fractures

Between 1998 and 2008 the rate of surgically treated DRFs in Finland more than
doubled. Over two-thirds of the surgically treated patients were women and the
increase in surgical treatment was more pronounced in women. The total incidence
of DRFs cannot be assessed using solely the NHDR data since a portion of DRFs
are treated outside hospitals as outpatient cases for instance in health care centres.
Additionally, a recent study by Koski and co-workers that compared manually
collected fracture data to register data concluded that register data underestimates
incidence rates for DRFs.(Koski et al., 2014) It is therefore difficult to estimate how
much of the change in the incidence of surgical treatment in Finland is explained by
the increase in the incidence of DRFs. There are no recent studies on the trend in
the incidence rate of DRF in Finland but in a recently published study in Sweden,
the incidence of DRF has decreased in children and in patients older than 65 years.
(Wilcke et al., 2013)

In the United States, Chung et al found that closed treatment has decreased
mostly at the expense of a rise in open reduction and internal fixation of DRFs.
(Chungetal., 2009) In the same study and later affirmed by Koval and co-workers,
it was noted that the rate of percutaneous pinning has decreased at the same time as
the rates of open reduction and fracture fixation with plates have increased.(Koval
et al., 2008, Chung et al., 2009) In a recent study in the Netherlands, Putter and
co-workers observed a decrease in the incidence of wrist fractures with a simultaneous
increase in the rate of operative treatment in women.(de Putter et al., 2013) In the
Dutch study, there was an evident trend in all age groups towards plate fixation in
the operative treatment of DRFs.(de Putter et al., 2013) In the present study the shift
in the choice of surgical approach was significant; the rate of percutaneous pinning
remained quite constant, but the rate of external fixation decreased and the rate of
plating increased. A Swedish study recently confirmed the present results: Wilcke
and co-workers observed a marked increase in plating at the expense of external
fixation and percutaneous pinning.(Wilcke et al., 2013)

Interestingly the increase in surgical treatment of DRFs and plating in Finland
was especially visible among women over the age of 60 years. It is possible that as
these DRFs are osteoporotic they may be more complex, and thus encouraged an
increased surgical activity, such as volar locked plating. It may be that the increased
rates of surgical treatment in the older age groups prove to be controversial: Arora

and co-workers first published a retrospective analysis to evaluate whether con-
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servative and operative treatment yield different results in patients over 70 years of
age and found that there was no difference in the functional results: there were no
differences in functional scores or pain.(Arora et al., 2009) After the initial findings,
the same group designed an RCT with a similar setting to obtain better evidence on
the difference between surgical and nonsurgical treatment in the older age groups.
In the RCT there were initial differences between surgical treatment (volar plate
fixation) and nonoperative treatment groups favouring surgical intervention, but
after 12 weeks the difference diminished and after 12 months the DASH-scores
were similar; 5.7 vs. 8.0.(Arora et al., 2011)

When generalizing the results of a study, it is important to acknowledge both
the inclusion and exclusion criteria of the study. A point worth noting is that in
many of the trials listed in Table 4, the included patients are under 50 years of age.
It is essential that major changes in policies for treatment of such a common inju-
ry as a DRF should be based on the principles of EBM. To justify the change we
have observed, at least some RCTs conducted with patients in the older age groups
favouring surgical over nonsurgical treatment should exist. Results from studies
conducted among under 50-year-old patients should not be generalised to patients
older than 65, as it can be argued that bone properties and functional needs differ
in different age groups.(Sackett, 1991, Sackett, 2000)

As previously described, if surgical treatment is opted for, the literature concern-
ing surgical treatment of DRFs is all but unanimous on the best choice of surgical
approach.(Handoll et al., 2007a, Handoll et al., 2007b, Handoll et al., 2008) Dur-
ing recent years, external fixation has been compared with different types of plate
fixation. It seems that, compared to external fixation, volar plating allows for a more
swift initial recovery of function than external fixation, but the differences diminish
over time.(Egol et al., 2008, Wei et al., 2009, Wilcke et al., 2011) Furthermore, as
the follow-up times of recent high-quality studies are limited, the need for fixation
material removal has been inadequately assessed.

Certainly, there is no evidence that any of the existing methods of surgical
treatment would be universally better than the others in the treatment of DRFs. It
would be desirable that when drastic changes in the chosen treatment for a certain
injury or illness occur, the changes would be based on the best evidence available.
When two or more surgical interventions are compared, the study setting should
be RCT.(Sackett, 1991, Guyatt et al., 1993, Sackett, 2000) It is surprising that a
fracture that encompasses almost 20% of all adult fractures has been so scarcely

studied, at least on a high-quality basis. The economic impact of DRFs should be
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reflected as a corresponding input in high-quality trauma research, as DRFs pose
a considerable strain on health-care systems globally.(de Putter et al., 2012) Based
on the available literature, the observed change in the present study has happened
without proper scientific justification. It may be that the new hardware, especially
volar locking plates, has encouraged surgeons to favour operative treatment. It may

also be hypothesized that rigorous marketing of the new hardware has played a role.
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7. SUMMARY AND CONCLUSIONS

In the first original article of this thesis, the reliability of the NHDR was evaluated
comparing data on the NHDR to the original medical records and radiographs
in patient samples from three individual hospitals. In the following four original
articles, trends and rates of surgical treatment of common upper limb fractures
were assessed. The articles were based on data obtained from the Finnish National
Hospital Discharge Register (NHDR). The four studies on surgical treatment of
upper limb fracture rates were purely descriptive.

The first article, which assessed the reliability of the NHDR, consisted of a
sample from three Finnish hospitals with all pertrochanteric hip fractures that
were hospitalised in three study hospitals between 2008 and 2010. The accuracy
of diagnosis, and both accuracy and coverage of external cause of injury and proce-
dural coding was evaluated. The data on surgical treatment of different upper limb
fractures was evaluated between 1987 and 2010 (clavicle fractures), 1987 and 2009
(proximal and diaphyseal humerus fractures), and 1998 and 2008 (distal radius
fractures). The data on surgical treatment of distal radius and proximal humeral
fractures encompassed all surgically treated patients aged 20 years and older. The
data on humeral shaft and clavicle fracture surgery consisted of all patients aged 18
and older. The number of surgically treated individual fractures was assessed from
the NHDR, after which the actual population based rates were calculated using the
mid-population rates obtained from the Official Statistics of Finland.

According to the reliability assessment of the NHDR, this study concludes
that it can be used with confidence in epidemiological research, as the accuracy of
diagnosis was excellent, 96% (95% CI: 94 to 97%). The procedural coding was
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also extensively placed with coverage of 98% (95% CI: 96 to 98%) and accuracy
of 88% (95% CI: 85 to 90%). External cause of injury had an excellent coverage,
95% (95% CI: 94 to 97%) and an accuracy of 90% (95% CI: 87 to 92%).

Between 1987 and 2010 the incidence rate of clavicle fracture surgery increased
ninefold. The increase has a magnitude warranting the assumption that the propor-
tion of patients treated surgically has increased without high quality of evidence.
As conservative and surgical treatment yield similar functional results, the observed
change may prove to be controversial. Between 1987 and 2009 the incidence rate
of proximal humeral surgery nearly quadrupled and there was an especially steep
rise in the incidence rates in women 60 years and older. The increase of plating over
other surgical approaches in the older age groups in women was also noteworthy
and is without sound scientific base. There was a clear rise in the incidence rate of
surgically treated humeral shaft fractures between 1987 and 2009 with a concurrent
increase in plating over intramedullary nailing. The rate of surgical treatment of
distal radius fractures increased markedly between 1998 and 2008 and there was a
significant shift from external fixation to plating. The scientific evidence does not
support the changes that have occurred.

Concluding the results of this thesis, the NHDR was found to be a reliable tool
in assessing trends in surgical treatment of different upper limb fractures. Surgical
activity of common upper limb fractures has increased significantly over recent years.
Severe discrepancies between scientific evidence and observed trends in the surgical
treatment of these upper limb fractures were found. A marked change in the choice
of surgical approach has emerged as plate fixation has increased diminishing the
proportion of other procedures. Especially with proximal humeral fractures and
distal radius fractures, the rate of older age groups receiving surgical treatment has
increased considerably. There is no evidence supporting the increasing rate of surgical
treatment of these fractures in the older age groups as similar functional results can
be attained with conservative treatment. In the future, it is imperative that changes
in treatment policies for common injuries are based on high-quality research.

Recalling the five earlier mentioned aims of the present study, the conclusions

of this thesis study are as follows:
1) The Finnish National Hospital Discharge Register was found to be a reliable

source of information in pertrochanteric hip fractures in respect to the validity of

diagnosis, external cause of injury and procedural coding.
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2)

3)

4)

5)

The rate of operatively treated clavicle fractures in Finnish adults between 1987
and 2010 increased over ninefold. The strongest changes have occurred in men
under 60 years of age. The increase was moderate in women. There is a clear lack

of evidence on the choice of treatment for clavicle fractures.

The rate of operatively treated proximal humeral fractures in Finnish adults nearly
quadrupled in Finland between 1987 and 2009. The change was most profound
in the older female age groups of 60 years and older. Plate fixation has gained
popularity over other surgical techniques during recent years diminishing the role
of other surgical techniques. There is no sound scientific evidence supporting the

change observed in the present study.

The rate of operatively treated humeral shaft fractures in Finnish adults increased
between 1987 and 2009. The fastest rate of increase occurred in the 1990s. A shift
towards plate fixation in the operative treatment of humeral shaft fractures has

occurred in recent years with the proportion of nail fixation continuously decreas-

ing.

The rate of operatively treated distal radius fractures over doubled in Finnish
adults between 1998 and 2008. The change was especially strong in female pa-
tients 60 years of age or older. Plate fixation has gained popularity without clear

evidence on superiority over other surgical techniques.
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Abstract

Background

Hospital discharge data is routinely collected in Finland and &ni invaluable source pf

information when assessing injury epidemiology as well asntiesatt The database can

used when planning injury prevention and redirecting resources ofetith ltare system.

be

Most recently our hospital discharge register has been ussddssahe incidence of surgical

treatment of common fractures. This study was aimed to evdh&t®verage and accurs
of the Finnish National Hospital Discharge Register (NHDRu$ing on hip fractures.

cy
n

other words, patients hospitalized for a pertrochanteric hip feaetere used to assess fthe

validity of the NHDR.

Methods

The validity of the NHDR was assessed by comparing the déwaspital discharge register

with the original patient records and radiographs in three sephosjgitals; Tamper

University Hospital, Hatanp&a City Hospital of Tampere, and ther@leHospital of Kanta-

Hame. The study analysis included 741 patients hospitalized due tocpartteric hi
fracture between®1January 2008 and 3December 2010.

Results

The diagnosis was correctly placed on 96% (95% CI: 94 to 97%jeof41 patients whg
radiographs were used as golden standard. The procedural coding hadecot/&&#g (959

Cl: 96 to 98%) and an accuracy of 88% (95% CI: 85 to 90%). The coveradge external

cause for injury was found to be 95% (95% CI. 94 to 97%) with an acgwf 90% (959
Cl: 87 to 92%).

Conclusions

Our results show that the validity of the Finnish NHDR is erctllas determined I
accuracy of diagnosis and both accuracy and coverage of procedural aadirexterng
cause for injury. The database can be used to assess injurynepidy and changes

n
D

1=}

Dy

n

surgical treatment protocols.

Background

The National Hospital Discharge Register (NHDR) is stayutoomputer-based register

in

Finland including all hospitalization data in the country since 1967. @lyrié contains data
on almost 70 variables including a personal identification numbey,sageand domicile of
the subject, place and cause of injury, duration of hospital stay, diagravsk procedures

performed during the hospital stay.

The Finnish NHDR has been valuable and widely used in epidemiologics on sports
and other injuries, and more recently when describing incidenagrgital treatment [1-5].
A few studies have investigated the validity, i.e. coverage and agcofdhe register with



regard to diagnosis [6-9]. In a recent review, Sund compiled all stadreerning the quality
of the Finnish NHDR and found it to be a valid source of information [10].

We previously investigated the coverage and accuracy of diagndkes Finnish NHDR and
found that concerning the diagnosis of the cruciate ligament injury of the knee thie hidD
coverage of 92% and an accuracy of 89% [8]. Other previous studies abseatethe
accuracy of pelvic and hip fracture diagnoses ranged from 95% to 98% [6,7].

As noted above, in addition to the diagnoses placed during the hospdalizbe Finnish

NHDR contains information on procedural coding, external cause foryiajoud type of

injury or accident. However, when conducting register-based epidemcalogudies on

injuries it is of utmost importance that coverage and accusadliese variables are well
assessed.

Currently, studies on the validity of procedural coding and externaecéor injury are
scarce[6], and to our knowledge no previous study has focused on assassiatidity of
procedural coding after implementation of the Nomesco (Nordic Mesliatstical
Committee) procedure classification in 1996.

In this study we assessed the validity of the Finnish NHDRelation to the diagnosis,
procedural coding and external cause for one specific injury (pleanteric hip fracture) by
determining the coverage and accuracy of these parameters én Rim@ish hospitals.
Pertrochanteric hip fracture was considered suitable for our purpesasse it is a common,
surgically treated injury.

Methods

The study sample included three level one to three trauma hogspitBlaland: Tampere
University Hospital (level 1), Hatanpaa City Hospital ofiizere (level 1ll), and the Central
Hospital of Kanta-Hame (level Il). Patients 18 years or olderewncluded. In Finland,
register-based studies do not require the approval of ethics deeanty legislation.
However, all register studies that utilize any confidentiatlital information such as patient
charts and radiographs, require an approval of the correspondingimstiiuhospital. These
permissions were obtained from all hospitals that participated our study.

The sample was obtained by selecting from the NHDR albmtst with a diagnosis of
pertrochanteric hip fracture admitted alive to any of the thregy hospitals betweeri' bf
January 2008 and 3Df December 2010. All re-hospitalizations due to either rehalmlitati
medical or surgical complications were excluded based on thiealrigedical records and
thus only primary hospitalizations after the initial injury waneluded into the study. We
used the International Classification of Diseasé$ddition (ICD-10) code S72.1 [11]. After
1996 all procedural coding in Finland has been done according to a Finnssbnvef
Nomesco procedure classification and so Nomesco procedural coding&hs this study.
The main outcome variable in the study was assessed by comprdata from the NHDR
to the original patient charts and x-ray archives.

As noted above, the Finnish NHDR is a mandatory national redustatl of our hospitals
encompassing private, public, and other institutions. The NHDR isctedl and maintained
by the National Institute for Health and Welfare, Helsinki, Finland.



After the sample was collected, all selected cases wateated by going through the patient
chart, and x-rays taken both pre- and post-operatively. Accuracheodibgnosis was
assessed by examining pre-operative x-rays and determinintyp@eof the hip fracture
(fracture of the femoral neck, pertrochanteric fracture orrgalbanteric fracture) and then
comparing the result to the type of the fracture (diagnosi®yded in the hospital register.
Coverage of the procedure coding was determined by reading thiweighedical records
and radiographs to find the patients who had undergone surgery. It waketbanined how
many of these procedures were recorded into the NHDR. Acc(datywtomy right/wrong)
of the procedural coding was assessed by examining the posthapexatays and
determining the type of fixation used and then comparing to thedfyfieation (procedure
code) in the NHDR.

Coverage of the external cause for injury was examined by corgghe number of patients
who were injured (and had a diagnosis of a pertrochanteric fratdutlee number of patients
who had an external cause for injury recorded on the hospital disckgigeer. Accuracy of
the external cause for injury was assessed by going throwghmédical records and
determining the mechanism of injury (for example a fall) amehtcomparing it to the
external cause for injury recorded on the hospital register.

All of the results were expressed as a percentage with 95% confidence if@érval

Two experienced physicians (T.T.H. and V.M.M.) examined the patatts and
radiological findings separately. In case of a disagreemensensus was reached. If there
was an unresolved radiological finding, the result was resolved bgxfieat opinion of the
radiologist who had originally evaluated the radiological images.

Results

According to the sample taken from the above noted three individual hespitatal of
1,112 hospitalizations with a primary or secondary diagnosis of peatrteaic hip fracture
were identified during the study period. As only the primary hakpations were included
into the study sample comprised 741 cases. Majority of patiesres f@male (n = 509, 69%)
The mean age of patients was 81 years. Men were younger (igeatt gears) than their
female counterparts (mean age 83 years).

Most (n = 729, 98%) of the 741 patients with a pertrochanteric hip feaateire operated on.
Of the non-surgically treated patients (n = 12, 2%), two refssedical treatment and 10
died prior surgery.

A pertrochanteric hip fracture was coded as diagnosis in ahef741 (100%) patients
(inclusion criterion). According to the radiological assessmentNlH®R diagnosis was
accurate on 709 of the 741 patients resulting in an accuracy ofthreodis of 96% (95% CI:
94 to 97%). The remaining 32 fractures were falsely regist@4d75%) of these were
actually fractures of the neck of the femur, 5 (16%) were suidrderic hip fractures and 3
(9%) were fractures of the shaft of femur.

A procedural code was found on 711 of the 729 patients of who had undergone&a surg
procedure. The coverage of the procedural coding was therefor¢9%8%0Cl. 96 to 98%).
The reasons for not registering a surgical procedure into theRNWE&re not uniform and



therefore we were unable to further categorize these 18 casss.chmmonly the reason

was that the patient was transferred from the surgical wodainother ward because of a
medical reason (for instance after suffering heart failurantection) and the surgical

procedure was later performed while being on a non-surgical ward.

Of the 711 patients with a procedural code recorded on the NHDR, 10 died@fsarothe
surgery and did not have x-rays taken after the operation. Theiéfaas not possible to
validate these cases. Of the remaining 701 patients 616 had a codeciThe accuracy of
the procedural coding was therefore 88% (95% CI: 85 to 90%). Théniagn85 procedures
were erroneously registered into the NHDR. Internal fixatiofraxfture of neck of femur
with nail or screw (NFJ50) was wrongly used in 1 case. Intéteion of fracture of upper
part of femur with sliding hip screw (NFJ52) was wrongly used igdses. Internal fixation
of fracture of upper part of femur with trochanteric nail (NFJ\wdy wrongly used in 57
cases. Internal fixation of fracture of other parts of fenNFJG2) was wrongly used in 3
cases. The most common errors were to mix procedures NFJ52 and NFJ54.

An external cause for injury was registered on 707 of the 741 patients regultmgerage of
95% (95% CI: 94 to 97%). Of these 707 patients with an exterrsdndar injury 635 had a
correct code registered on the NHDR resulting in an accuracy of 90% (955 10192%).

Discussion

Data collection in Finnish hospitals is statutory and thereforeoqmeedd routinely for all

hospital admissions. The collected data should be readily usabledemnepiogical research
and in fact numerous reports have been published utilizing this datgevieiQ no previous
research has been made in attempt to validate the coverage@mecy of the procedural
coding in the NHDR, although in general the coverage and accuracygrifogis in the

Finnish NHDR have been found to be good [10].

In this study we assessed the validity of diagnosis, proceduralgcadah external cause for
injury in hospitalizations after a pertrochanteric fractureheffemur. Accuracy of diagnosis
and both coverage and accuracy of procedural coding and externalfeausery were
found to be excellent.

Pertrochanteric hip fracture was selected because practidhligses undergo surgery and
therefore result in hospitalizations with procedure coding registane the NHDR.
Furthermore, according to the recommendations of use of the ICD{i€newer injury
coding (S00-T98) is used it is obligatory to use the external cdosemorbidity and
mortality (V01-Y98) to try and classify the environmental eventsarmdimstances leading
to the injury [11]. Thus, in our study during one hospitalization periodag possible to
assess information of the use of these three individual variables.

Pertrochanteric hip fracture is an injury that requires simgatment [12]. It is common
practice in Finland that surgeons dictate the course of procedunadimgcprocedural coding
after the operation. It is possible that work done during uncomfortales increases the
inaccuracy of procedural coding. There are no studies comparinglidgy of procedural
coding in the NHDR between elective and acute surgical procedBegtrochanteric hip
fracture can be surgically treated by using various surgymaroaches, which also increases



the risk for inaccuracy. In this regard our results of 88% accuwhpyocedural coding can
be considered excellent.

In our previous study on validity of anterior cruciate ligamapiry diagnosis, we found the
diagnosis coding to have both good coverage (92%) and accuracy (89%) §ldition,
Luthje and coworkers took a sample from the NHDR in 1988 by sadeati patients (n =
1,212) hospitalized due to pelvic fracture [7]. They then validated tigaal#s by selecting
every tenth case randomly and reviewing the case medical remgadsst the data on the
NHDR. Accuracy of diagnosis was found to be very high, 97%.

Our current result on accuracy of diagnosis of 96% is wellni@ Wwith our own previous
results with anterior cruciate ligament injury (92%) and with findings of Luthje and
coworkers (97%). The true coverage of the diagnosis could not be dssessg present
study, as the diagnosis code S72.1 was a selection criterion fostutlg population.
Assessment of coverage of diagnosis would have required a diffeusiyt sttting and
therefore our principal aim was to assess the coverage and accuracy d@@ioceding.

We are not aware of any recent study trying to assessaagcof diagnosis and both
accuracy and coverage of procedural coding and external causgufgrin the Finnish or
any other NHDR. In a Norwegian study, Loftus and coworkers foundhbet were major
variations in registering diagnosis in different hospital dischaeggsters and questioned
their reliability [13]. In a recent review, Ludvigsson et al. found tha Swedish National
Inpatient Register had excellent injury diagnosis coding with g meporting rate for
external cause for injury [14]. In Finland Keskim&ki and Aro tooknaloan sample of 2,285
cases from the Finnish NHDR including all different reasons fopitedzations in the year
1986 and compared this data to the individual medical records. The diagnosis was found to be
accurate in 95% of cases but procedural coding was quite iatedu0-78%). Coding for
external cause for injury was also poorly placed (64%). It hd® taemembered, however,
that the study was done in 1986 and the register used the ICD-&eVhampment of the
NHDR, introduction of the ICD-10 coding system and better schoolitigein use are likely
to explain the major differences to our current results.

Although orthopedic surgeons may concentrate more on outcomes of sprgasdures, the

validity of the NHDR could be increased further by persoredid@ck and education in using
the NHDR. Thus, we suggest that more resources should be put intacdacat proper use

of procedural coding including surgeons in training. This will helpssesasing the future

trends in common musculoskeletal injuries and their treatment.

Conclusions
We found that the accuracy of diagnosis and both accuracy and cowéragecedural
coding and external cause for injury in the Finnish National Hodpisalharge Register are

excellent. The register can be used as a reliable source aymatfon especially in
epidemiological studies of injuries.
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Background: Clavicle fractures are among the most common upper extremity injuries. Traditionally most
clavicle fractures have been treated non-surgically, but during recent decades the surgical treatment of
clavicle fractures has increased. The purpose of this study was to assess the numbers and trends of
surgically treated clavicle fractures in Finland between 1987 and 2010.
Methods: The study covered the entire adult (>18 years) population of Finland over the study period.
Data on surgically treated clavicle fractures was collected from the Finnish National Hospital Discharge
Register. We assessed the number and incidence of surgically treated clavicle fractures annually.
Results: Atotal of 7073 surgically treated clavicle fractures were identified in the register over the study
period. Three-fourths of the surgically treated patients were men and one-fourth was women. The
incidence of surgical treatment increased nearly ninefold from 1.3 per 100,000 person years in 1987 to
10.8 per 100,000 person years in 2010. The increase in the rate of surgical treatment was especially
notable in men.
Conclusions: A striking increase in incidence of surgically treated clavicle fractures was seen from 1987
to 2010. Although the actual incidence of clavicle fractures is not known, we assume that the proportion
of patients receiving surgical treatment has increased markedly without high-quality evidence. Since
recent reports have suggested similar functional results between operative and conservative treatment
critical evaluation of the treatment policy of clavicle fractures is warranted.

© 2013 Elsevier Ltd. All rights reserved.
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Introduction according to the anatomy of the clavicle [4]. The majority of

clavicle fractures are type I fractures in the middle third of the

Fractures of the clavicle are common injuries and typically fall-
related. Previous epidemiological studies have estimated that
clavicle fractures encompass up to 4% of all fractures [1,2].
However, these estimates are based on small study samples, and
the authors are not aware of any national population-based studies
on the true incidence of clavicle fractures.

Clavicle fractures are common in young male individuals, but
the incidence of the injury increases in both genders with age [3].
Traditionally clavicle fractures are divided into three groups

* Corresponding author at: Simppoonkatu 5 B 8, FIN-33230 Tampere, Finland.
Tel.: +358 41 519 8228.
E-mail address: tuomas.huttunen@uta.fi (T.T. Huttunen).

0020-1383/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.injury.2013.09.006

bone. Group II fractures are in the lateral or distal third and group
III fractures in the medial or proximal third of the bone.

Most clavicle fractures regardless of the fracture site are
treated non-surgically, usually by primary immobilization with a
sling or figure-of-eight - type of bandage and progressive
mobilization. According to a recent review indications for primary
surgical treatment of clavicle fractures include open fracture,
damage to neural or vascular tissues, fractures that threaten the
skin, multiple trauma and floating shoulder. Relative indications
for primary surgical treatment may include the treatment of a
young, active patient with considerable shortening of the
fractured bone and displacement of the fracture. A number of
different surgical approaches have been described including
fixation with screws, pins, wires or plates and external fixation.
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Bone grafting has also been used, especially in fractures with non-
union [5].

Traditionally most of the middle-shaft clavicle fractures have
been treated non-surgically and the literature describes that
conservative treatment gives good results [6,7]. More recent
studies have, however identified types of fractures that are at risk
for an increased non-union rate and maybe benefit from primary
surgical treatment [8-10]. In a multicentre trial, Canadian
Orthopaedic society had 132 patients with displaced mid-shaft
fractures randomized to either non-surgical treatment or primary
plate fixation. Surgical treatment was found to be significantly
superior to non-surgical treatment according to the functional
tests used and the rate of mal-union was significantly lower on the
surgically treated group. The difference between the groups as
assessed by Constant and DASH scores was approximately 10
points [10]. Thus, these findings have made the choice between
surgical and non-surgical treatment has become difficult and
partly controversial. Displaced group II (lateral-end) fractures have
been described to have an even higher rate of non-union compared
to the more common group I (mid-shaft) fractures [11,12].
Although this assumption is not well documented in the literature,
it is likely that most orthopaedic surgeons agree with it.

In general, it seems that surgical treatment of clavicle fractures
has gained increasing popularity. However, the literature is scarce
concerning prospective, randomized clinical trials on treatment of
clavicle fractures and thus strong treatment recommendations are
difficult to give [13,14].

To the best of our knowledge, no population-based studies on
the incidence of the surgical treatment of clavicle fractures have
been made. In our previous studies of other upper limb fractures,
we found that after the introduction of locking plates in Finland,
surgical treatment of these injuries gained popularity [15-17]. We
thus hypothesized that surgical treatment of clavicle fractures has
also increased during the last two decades. For this purpose we
analyzed all surgically treated clavicle fractures in Finland
between 1987 and 2010. We also report the demographics of
the patients and the type (inpatient vs. outpatient) and duration of
hospital stay.

Materials and methods
Patient data was collected from the Finnish National Hospital

Discharge Register (NHDR) between 1st of January 1987 and 31st
of December 2010. Only adults 18-years-old or older were
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included in the study. The Finnish NHDR was founded in 1967
and provides a reliable database for epidemiologic studies of
injuries with excellent coverage and accuracy [18-20]. The
database includes information on all hospitalizations, and it
includes variables such as age, sex, domicile of the subject,
duration of hospital stay, diagnoses and procedures performed
during the hospitalization. The data collected for the NHDR is
mandatory for all health care institutions in Finland including
private, public and military hospitals.

The main outcome variable for this study was the number of
patients undergoing surgical treatment of clavicle fracture.
Patients were included in the study if either primary or secondary
diagnosis was clavicle fracture (ICD-9 codes 8100A, 8101A or
9052A in 1987-1995, and ICD-10 code S42.0 in 1996-2010).
Procedures were also registered according to ICD-9-coding
between 1987 and 1997 and ICD-10 coding from 1998 to 2010.
The procedural code during the ICD-9 coding was 9128 (open
reduction and osteosynthesis) and during the ICD-10 coding NBJ53
(open reduction of clavicle fracture) and NBJ92 (other fracture
surgery of clavicle).

For the purpose of analysing the trend of all surgically treated
clavicle fractures from 1987 to 2010, ICD-10 procedures NBJ53 and
NBJ92 were pooled for the analysis.

To calculate the incidence ratios of surgically treated clavicle
fractures, the annual mid-population of Finland was obtained from
the Official Statistics of Finland, a statutory electronic population
register of the country. The rates of surgically treated clavicle
fractures (per 100,000 persons) were based on the entire adult (18-
year-old and older) population of Finland rather than sample or
cohort -based estimates and thus, in full agreement with our
previous studies [15-17], 95% confidence intervals were not
calculated. Statistical analysis was performed using PASW 19.0%.

Results

A total of 20,486 hospitalizations with a diagnosis of clavicle
fracture were registered in the Finnish NHDR during the 24-year
study period. The number of hospitalized patients was 325 in 1987
and 1163 in 2010. The incidence of hospitalization following
clavicle fracture increased from 8.6 per 100,000 person-years in
1987 to 27.2 per 100,000 person-years in 2010. The incidence of
hospitalization in men was 10.2 in 1987 and 38.5 in 2010, both per
100,000 person-years. The corresponding figures in women were
7.0 in 1987 and 16.5 in 2010.
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Fig. 1. Age distribution of the surgically treated men and women with clavicle fracture.
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Fig. 2. Incidence of surgically treated clavicle fractures in Finnish adults per 100,000 person-years between 1987 and 2010.

During the study period, altogether 7073 clavicle fractures were
operated and registered into the NHDR. The number of surgically
treated clavicle fractures increased from 48 in 1987 to 462 on 2010.
The total number of surgically treated clavicle fractures was 5243
(74%) for men and 1830 (26%) for women. The mean age for the
surgically treated men was 39.0 (SD 13) years while the mean age
for surgically treated women was 42.9 (SD 15) years. The age
distribution curve of the surgically treated patients is shown in
Fig. 1.

The incidence for surgical treatment of clavicle fractures was
1.3 per 100.000 person years (n = 48) in 1987 and 10.8 (n = 462) in
2010. In men the incidence of surgical treatment increased from
1.6 (n=29)in 1987 to 17.5 (n=363) in 2010. The corresponding
figures for women were 1.0 (n=19) in 1987 and 4.5 (n=99) in
2010 (Fig. 2). Thus, the steepest rises in incidence of surgical
treatment were seen in men; the increase was notable in all age
groups under 60 years of age (Fig. 3). In women the overall and age-
specific changes in the incidence of surgical treatment were more
moderate (Fig. 4).

As the recording of all surgical procedures in the NHDR is
mandatory in Finland, an analysis based on the operating unit
and type of hospital stay was also made. Hospital stay type was

categorized either as inpatient or outpatient. The hospitals were
categorized as public or private, and the analysis was possible
from 1997 (type of hospital stay was not recorded before 1997).
5,359 surgical procedures were included in the analysis.

Most of the surgical procedures (n = 4760, 89%) were made in
public and the remaining (n=599, 11%) in private hospitals.
Majority of the operations were made on an inpatient basis
(n=4843, 90%) and 516 (10%) as outpatients. The mean age for
surgically treated men in public hospitals was 39.8 years and 38.8
in private hospitals. Corresponding figures for women were 44.4
years in public and 42.7 years in private hospitals.

A difference was seen in surgical treatment between public and
private hospitals. In public hospitals 3417 (96%) men were treated
as inpatients and 127 (4%) as outpatients. In private hospitals, the
corresponding figures were 181 (40%) as inpatients vs. 276 (60%) as
outpatients. Concerning women in public hospitals 1174 (97%)
patients were treated as inpatients and 42 (3%) as outpatients. In
private hospitals the corresponding figures were 71 (50%) as
inpatients vs. 71 (50%) as outpatients.

The mean hospital stay for men was 2.0 days in public vs. 1.1 in
private hospitals. Corresponding figures for women were 2.1 vs. 1.1
days.
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Discussion

Our nationwide study allowed us to analyze the incidence and
trends of surgically treated clavicle fractures in the entire adult
Finnish population. Over the 24-year study period we noticed a
significant increase in the number and incidence of surgical
treatment of clavicle fractures. The magnitude of the finding is
somewhat surprising even though we hypothesized that a clear
increase would be found.

The overall incidence of surgical treatment of clavicle fractures
increased ninefold but the increase was notably steep in men
where the incidence of surgical treatment increased nearly
elevenfold. Among men the increase was clear in all other age
groups except for men over 60 years of age. The increase in the
incidence of surgical treatment was swift for men till the late 1990s
after which the incidence stayed quite constant until a new rise in
the middle 2000s. In women, a more moderate rise in the incidence
of surgical treatment was seen till the late 1990s, but unlike in
men, since then the incidence has remained quite constant.

The reasons for the increased surgical activity are unknown.
Clavicle fractures are typically fall-induced and therefore uninten-
tional. Unfortunately the NHDR is unable to give exact information
on the type of the incident and therefore it cannot shed light on the
true reasons of the underlying fracture. According to our results the
surgically treated adult patients are mostly young or middle-aged
and therefore the increase in the surgical incidence cannot be
explained via population ageing. It is possible that Finnish middle-
aged people are nowadays more active and therefore more injury-
prone during their leisure time. However, the authors are not
aware of any scientific evidence supporting this assumption.

It may also be that the new hardware, especially locking plates,
which allows better grip to comminuted bone, have encouraged
surgeons to operate. The rigorous marketing of new fixation
materials may also play a role. This is of interest because no radical
changes on the national treatment recommendations of clavicle
fractures (changes that would have favoured surgical treatment
over conservative treatment) have been made.

A limitation of our as well as any previous register-based study
is that the overall incidence of clavicle fractures can not be
assessed using the data on NHDR, because conservatively treated
clavicle fractures are often treated in emergency rooms only, or
outside hospitals in community health care centres and private

outpatient clinics thus falling outside the NHDR. However, a
ninefold increase in the rate of surgical treatment cannot be based
solely to an increase in the actual incidence of clavicle fractures,
but is due to an increase in surgical treatment.

It seems that the literature is rather uniform in stating that
different types of fractures (e.g. lateral vs. diaphysis vs. medial)
should be handled and treated as separate entities. Therefore it is
surprising that the version 10 of the International Classification of
Diseases (ICD-10) recognizes only one diagnosis, S42.0 for the
fracture of the clavicle. ICD-9 recognizes complicated (8101A) and
non-complicated (8100A) fractures and additionally fracture
consequences (9052A). This leads to an obvious limitation of
our study: we were unable to differentiate the anatomical sites of
the clavicle fractures included in this study.

During the 24-year study the increase in surgically treated men
is puzzling. The steepest rise in the incidence of surgical treatment
for men was seen up till the end of the 1990s, which probably
reflects the literature and common practice over that period. In
their work Hill and co-workers found a high rate of non-union
(15%) in conservatively treated mid-shaft clavicle fractures. Even
though the combined rate of mal- and non-union was high (27%) in
their work, Nordqvist and co-workers reported a low rate of
patient discontent.

Although the demand for better functional outcome is clear
with younger men, the rise in incidence was nearly similar in the
age groups 40-59 years old. Robinson and cowriters found
advancing age, female gender, displacement of the fracture and
fracture comminution as risk factors for non-union [21]. As the risk
of non-union also increases the risk for surgical treatment it would
be understandable why these factors might explain the change in
the older age groups (especially female), but not in the younger
males. According to our results, the majority of increase in the
incidence of surgical treatment comes from men under 60 years of
age. This begs to ask whether these patients had been seen as good
candidates for undisturbed healing. It is also possible that people in
general are nowadays more active and expectations on (surgical)
treatment and results are high.

Arecent review suggests that conservative treatment is still the
first treatment option for primary clavicle fractures regardless of
the site of fracture [5]. On the other hand, conservative treatment
on mid-shaft clavicle fractures has been proved to yield
unsatisfactory results with a high rate of non-union and high rate
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of patient dissatisfaction [8,9,14,21-23]. Some studies have
showed that displaced middle-shaft fractures benefit from internal
fixation when compared to conservative treatment [10,24]. In the
study performed by the Canadian Orthopaedic society, a statisti-
cally significant difference regarding function between surgically
and nonsurgically treated groups was found although the clinical
relevance of the difference could be questioned as the DASH score
differences at the end of the follow-up between the groups were
approximately 10. In their recent high-quality randomized
controlled trial, Virtanen et al. reported significantly lower non-
union rate in the surgically treated patients, but there was no
significant group difference in Constant or DASH scores regarding
function and disability between these nonsurgically and surgically
treated groups [25]. Additionally, they observed no difference in
function between the united and non-united fracture cases when
assessed with Constant score, and patients with non-unions
declined corrective surgery.

Strength of our study is the excellent national coverage of
surgically treated clavicle fractures, because all public and private
hospitals must register their procedures into the NHDR [18-20].
Therefore all surgically treated clavicle fractures in Finland
between 1987 and 2010 were recorded in this study.

In conclusion, we found a marked increase in the number and
incidence of surgically treated clavicle fractures over the 24-year
study period in Finland. The change has mainly occurred in men
less than 60 years of age. Although the true incidence and trend of
all clavicle fractures are not known, we conclude that the increase
of surgical treatment has been remarkable. However, there is no
high-quality evidence supporting this type of radical change in the
treatment recommendation of clavicle fractures. High-quality
research is needed to see whether a similar change has occurred in
other countries. Additionally we feel that as the different types of
clavicle fractures are separate entities, they deserve to be
recognized with separate codes in the future versions of the
International Classification of Diseases.
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Abstract

Background: Proximal humeral fractures are common osteoporotic fractures. Most proximal humeral fractures are
treated non-surgically, although surgical treatment has gained popularity. The purpose of this study was to
determine changes in the surgical treatment of proximal humeral fractures in Finland between 1987 and 2009.

Methods: The study covered the entire adult (>19 y) population in Finland over the 23-year period from 1st of
January 1987 to 31st of December 2009. We assessed the number and incidence of surgically treated proximal

humeral fractures in each year of observation and recorded the type of surgery used. The cohort study was based
on data from Finnish National Hospital Discharge Register.

Results: During the 23-year study period, a total of 10,560 surgical operations for proximal humeral fractures were
performed in Finland. The overall incidence of these operations nearly quadrupled between 1987 and 2009. After

each individual treatment method is needed.

the year 2002, the number of patients treated with plating increased.

Conclusion: An increase in the incidence of the surgical treatment of proximal humeral fractures was seen in
Finland in 1987-20009. Fracture plating became increasingly popular since 2002. As optimal indications for each
surgical treatment modality in the treatment of proximal humeral fractures are not known, critical evaluation of

Background

Proximal humeral fractures are common and they are
the third most common osteoporotic fracture after hip
and distal radius fractures [1-3]. The rate of proximal
humeral fractures typically increases in women after age
50 and in men after age 70 [4]. Based on recent litera-
ture, the age- and sex-specific incidence rate of proximal
humeral fractures varies from 10 to 300 per 100,000
person-years in different populations [1,2,4,5].

Proximal humeral fractures typically occur due to a low-
energy trauma, most commonly by falling from standing
height [6]. The incidence of proximal humeral fractures
has clearly increased over the past few decades [5,7]. Des-
pite the high prevalence of these injuries, surprisingly little
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is known which proximal humeral fractures should be trea-
ted surgically [8].

Most proximal humeral fractures are treated nonsurgi-
cally [1,9,10]. A variety of different methods can be used
for surgical treatment of proximal humeral fractures, in-
cluding percutaneous fixation, open reduction and internal
fixation (ORIF), and arthroplasty. While there are a few
clinical case series of surgical treatment few high-quality
randomized controlled trials have been performed [11].

Fjalestad and coworkers found no evidence of a diffe-
rence between surgical and conservative treatment,
whereas Olerud and coworkers reported that arthroplasty
is associated with a better quality of life. In another study
Olerud et al. compared plating to conservative treatment
but found no statistical difference for quality of life in
elderly patients [11-14].

New treatment options, such as locking plates, were
introduced to clinical practice during the recent decade,

© 2012 Huttunen et al, licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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but their superiority over other treatment options has not
yet been demonstrated [8,11].

The aim of the current study was to assess the incidence
and trends in the surgical treatment of fractures of the
proximal humerus. We were especially interested to see
how the number and incidence of different surgical treat-
ment methods have evolved at this site.

Methods
The Institutional Review Board approved the study.

Patient data were obtained from the Finnish National
Hospital Discharge Register (NHDR) between 1987 and
2009. All patients 20 years of age or older admitted to
hospitals alive were included. The Finnish NHDR, founded
in 1967, provides data on age, sex, domicile of the subject,
hospital stay duration, primary and secondary diagnosis,
and operations performed during the hospital stay. The
data collected by the NHDR is mandatory for all hospitals,
including private, public, and other institutions. The validity
of the NHDR is excellent regarding both coverage and
accuracy of the database [15-17]. On the other hand, the
NHDR is a hospital discharge register and it does not pro-
vide conclusive data on co-morbities and other risk factors
for fractures.

Patients were selected in the study if they had either
primary or secondary diagnosis of a proximal humeral frac-
ture. As the ICD-coding changed during the study period,
ICD-9 codes 81200 and 81210 were used to select patients
in the study between 1987 and 1995. ICD-10 code S42.2
was used to select patients in the study between 1996 and
2009. The main outcome variable for the study was the
number of patients undergoing surgical treatment of a
proximal humeral fracture. The procedural codes also
changed during the study period. The ICD-9 was used in
Finland from 1987 to 1997. During this period, we included
ICD-9 surgical treatment codes 9126 (closed reduction and
osteosynthesis), 9128 (open reduction and osteosynthesis),
9130 (external fixation), and 9132 (endoprosthesis). In
1998, the more specific ICD-10 procedural coding system
was introduced. The ICD-10 surgical treatment codes for
the proximal humeral fractures included NBJ60 (open re-
duction and osteosynthesis by nailing), NBJ62 (open reduc-
tion and plating), NBJ64 (fracture reduction and screw,
percutaneous pinning or absorbable screw fixation), NBJ70
(external fixation), and NBB10-20 (arthroplasty). For
analysis of the data for the whole study period from 1987
to 2009, the codes of the ICD-9 system were pooled with
those of the ICD-10 system, and surgical treatment was
categorized into four groups; closed reduction and osteo-
synthesis (codes 9126 and NBJ64), open reduction and
osteosynthesis (codes 9128, NBJ60, and NBJ62), fracture
reduction and external fixation (codes 9130 and NBJ70),
and arthroplasty (codes 9132 and NBB10-20).
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Implementation of the ICD-10 in 1998 allowed us to
further dissect the proximal humeral procedures, and
therefore a more specific analysis was performed for the
years 1998 to 2009 to specify the proportions of individual
surgical procedures. For this period, from 1998 to 2009,
the numbers and incidences of procedures NBJ60, NBJ62,
NBJ64, NBJ70, and NBB10-20 were analysed individually.

Statistical analysis

To compute the incidence ratios of proximal humerus frac-
tures requiring surgical intervention and thus leading to
hospitalization, the annual mid-population was obtained
from the Official Statistics of Finland, an electronic national
population register [18]. The rates of surgically treated
proximal humerus fractures (per 100,000 persons) were
based on the entire adult population of Finland rather than
cohort-based estimates and thus 95% confidence intervals
were not calculated. Statistical analysis was performed using
PASW19.0°.

Results

A total of 47,960 hospitalizations with a diagnosis of prox-
imal humeral fracture were registered in the NHDR during
the 23-year study period. The number of patients was 1136
in 1987 and 2944 in 2009. The incidence of hospitalization
following proximal humeral fracture increased from 31.1
per 100,000 person years in 1987 to 71.5 per 100,000
person years in 2009.

During the 23-year period, 10,560 surgical operations of
these fractures were registered in the NHDR. The number
of surgically treated proximal humerus fractures increased
from 1987 to 2009. The number of surgical procedures in
women was roughly twice that in men (n=7008; 66% in
women and n = 3552; 34% in men). The total incidence of
surgical procedures was 5.1 per 100,000 person years
(n=185) in 1987 and 19.6 per 100,000 person years
(n =808) in 2009. In women, the incidence increased from
5.7 per 100,000 person years (n=110) in 1987 to 26.1 per
100,000 person years (n=553) in 2009. In men, the
incidence increased from 4.3 per 100,000 person years
(n=75) in 1987 to 12.8 per 100,000 person years (n = 255)
in 2009 (Figure 1).

During the entire 23-year study period, ORIF was the
most common surgical procedure performed (n=7774,
73.6%), followed by closed reduction and osteosynthesis
(n=1515, 14.3%), arthroplasty (n = 1198, 11.3%), and exter-
nal fixation (n =73, 0.7%). As the number and incidence of
external fixations were so low during the entire study
period, they were excluded from further analysis.

The number and incidence of different surgical proce-
dures changed markedly (Figure 2). The incidence for ORIF
was 4.2 per 100,000 person years (n = 153) in 1987 and 14.5
per 100,000 person years (n=598) in 2009. The steepest
rise in the number and incidence of the ORIF was observed
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among women: from 4.4 per 100,000 person years (n = 84)
in 1987 to 19.1 per 100,000 person years (n =405) in 2009.
The incidence of closed reduction and osteosynthesis was
0.25 per 100,000 person years (n=9) in 1987 and 2.0 per
100,000 person years (n=281) in 2009. The corresponding
values for arthroplasty were 0.5 (n=17) and 3.1 (n = 129).

Between 1998 and 2009, when the more specific ICD-10
codes were available, the incidence in plating (NBJ62)
increased from 5.9 per 100,000 person years (n=229) in
1998 to 13.9 per 100,000 person years (n=574) in 2009
(Figure 3). The increase in plating was greater in women as
the incidence rose from 7.6 per 100,000 person years
(n=152) in 1998 to 18.3 per 100,000 person years (n = 389)
in 2009 (Figure 4). The plating incidence nearly doubled in
every age group between 1998 and 2009 (Figure 5).

The incidence of nailing (NBJ60) decreased over time,
from 1.2 per 100,000 person years (n =48) in 1998 to 0.6

per 100,000 person years (n = 24) in 2009 (Figure 3). The
corresponding values for fracture reduction with screw, and
percutaneous pinning or absorbable screw fixation (NBJ64)
were 3.6 (n =139) and 2.0 (n = 81). The incidence of arthro-
plasty (NBB10-20) increased from 1.0 (n=40) in 1998 to
3.1 per 100,000 person-years (n=129) in 2009 (Figure 3).
The mean age by surgery type varied: 65.0 yrs. (SD 15) for
nailing, 61.7 yrs. (SD 15) for plating, 59.3 yrs. (SD 16) for
screw, pin or absorbable screw, 68.1 (SD 12) for external
fixation and 69.5 (SD 11) for arthroplasty.

Discussion

In this cohort study based on a nationwide register, we ana-
lysed the trends for surgical treatment of proximal humeral
fractures in the entire adult Finnish population. The main
finding was that the incidence of surgical treatment of
proximal humeral fractures nearly quadrupled between
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1987 and 2009. This is of interest as proximal humeral frac-
ture is the third most common osteoporotic fracture type
and as such poses considerable strain on our healthcare
system. At the same time the incidence of hospitalization
due to proximal humeral fractures only doubled, and more
specifically, in the oldest age groups the age-adjusted inci-
dence of these fractures has stayed quite constant since the
late 1990s [5].

A majority of proximal humeral fractures occur in
women with incidence increasing almost exponentially
with aging [19,20]. According to our study the incidence
for surgical treatment rose for both men and women but
it is unclear why the rise in incidence is steeper with
women. Aging women have shown to have a greater risk
than men for an osteoporotic fracture such as proximal
humeral fractures [21,22].

Surprisingly little is known regarding whether two,
three, or four part humeral fractures in elderly patients
should be treated operatively or conservatively [8,11].
There are few randomized controlled trials comparing
nonsurgical versus surgical treatment with adequate
scoring in follow-up reports [12-14]. In light of the scarce
evidence, the significant increase in plating that occurred
after the introduction of locking plates in Finland in 2002
is noteworthy. The number and incidences of ORIF with
plating more than doubled between 1998 and 2009. These
findings may imply that orthopaedic surgeons adopt new
fixation systems without conclusive evidence or knowledge
whether these fractures should be treated surgically at all.
In a previous independent study we observed a significant
increase in the surgical treatment of humeral shaft frac-
tures [23]. The change in the rate of surgical treatment was
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not as drastic as in the current study on proximal humeral
fractures.

The small number of arthroplasty in the surgical treat-
ment of proximal humeral fractures was surprising as
based on the literature, joint replacement is usually
suggested especially in age groups of 70 years and older
[24]. The incidence of arthroplasty was quite steady
from the late 80’s until the late 90’s. The incidence has
since risen (Figure 4) but not as sharply as plating. At
the same time fracture plating in women over 70 has
gained popularity (Figure 5).

In Finland, medical treatment is equally available to
everyone and the study population comprised the entire
Finnish adult population; therefore, we consider our
study reliable. In addition, previous studies reported the
coverage and accuracy of the NHDR injury codes to be
over 90% [17]. A strength of our study is the excellent
national coverage of surgically treated proximal humeral
fractures; all surgically treated proximal humeral frac-
tures between 1987 and 2009 are included in this study,
whether treated as outpatients or inpatients.

A weakness of this study is that the precise incidence of
all proximal humeral fractures cannot be assessed using the
NHDR data alone because an unknown number of the frac-
tures were treated conservatively on an outpatient basis.
Thus we are not able to deduct whether a part of the in-
crease in the incidence of operative treatment of proximal
humeral fractures is due to growing numbers of proximal
humeral fractures or a growing tendency towards surgical
treatment. The available scientific literature suggests that
the majority of proximal humeral fractures are still treated
nonsurgically [10,25]. Another limitation of our 23-year
study is the change in the ICD procedure-coding system in
1998. Due to the less specific procedural codes in the ICD-

9 system, specific data about the implants (i.e., pinning,
plates) used could not be evaluated during 1987-1997.
Because of this, the main finding of this study between
1987 and 1997 is the increase in the incidence of surgical
treatment of proximal humeral fractures. The implementa-
tion of locking plates in Finland occurred at the beginning
of the 2000s when the more specific ICD-10 coding system
was already in use.

In Finland the use of procedural coding of humeral frac-
ture surgery is exercised as explained in Methods but the
practical use of procedural coding between different coun-
tries may vary. For instance plating of humeral fracture in
Finland is NBJ62 but NBJ61 in Norway. The possible
differences in procedural coding have to therefore be taken
into account when comparing results between different
countries.

According to Bell and co-workers, the incidence of
surgical treatment for proximal humeral fractures has
increased in North America [10]. With the lack of con-
sensus on the treatment of choice for proximal humeral
fractures, this increased incidence of surgical treatment
seems controversial, especially for the older age groups.
The lack of evidence makes it difficult to determine
whether ORIF with plating is the best surgical treatment
option. According to our data, with the exception of
plating and arthroplasty, the incidence of all other surgi-
cal treatment options has decreased with time, consist-
ent with the findings of Bell et al. [10].

Conclusions

Given the scarce amount of evidence concerning surgical
versus nonsurgical treatment of proximal humeral frac-
tures, the marked increase in plating procedures performed
after the introduction of locking plates in 2002 is
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noteworthy. In clinical practice good functional outcome
and patient satisfaction in shoulder-specific questionnaires,
and minimal rate of complications and reoperations should
be characteristic for surgical treatment of the proximal
humeral fractures. To assess whether (or which) surgical
treatment provides this we need more high-quality
prospective randomised clinical studies with adequate
follow-up.
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Introduction: Humeral-shaft fractures are not uncommon osteoporotic fractures. While most of the
humeral-shaft fractures can be treated conservatively, some need surgical treatment. The purpose of this
study was to assess the trends of the surgical treatment of humeral-shaft fractures. The study
determined whether surgical treatment of humeral-shaft fractures has changed in Finland between
1987 and 2009. We assessed the number and incidence of surgically treated humeral-shaft fractures in
each year and recorded the type of surgery used.

Patients and methods: The study covered the entire adult (>18 years) population in Finland over the 23-
year period from 1 January 1987 to 31 December 2009. Data on surgically treated humeral-shaft
fractures were obtained from the nationwide National Hospital Discharge Registry.

Results: During the 23-year study period, a total of 4469 surgical operations of the humeral shaft were
performed in Finland. The male patients were markedly younger (49 years) than their female
counterparts (63 years). The incidence of surgical treatment nearly doubled in men and over tripled in
women. Between 1987 and 2009, there occurred a clear shift towards plating in the surgical treatment of
humeral-shaft fractures.

Conclusions: A marked increase in the surgical treatment of humeral-shaft fractures was seen in Finland
in 1987-2009. Fracture plating increased during the first decade of the millennium. Since high-quality
evidence for treatment of humeral-shaft fractures is absent, critical evaluation of the chosen treatment
options is needed.

Keywords:
Humeral fractures
Surgical treatment
Humeral shaft
Epidemiology

© 2012 Elsevier Ltd. All rights reserved.

Introduction in which surgical treatment needs to be considered including
vascular- or nerve-tissue damage, open or pathological fractures,
multiple fractures of the same upper extremity and bilateral
humeral-shaft fractures. Inadequate closed reduction may also

result in consideration of surgical treatment.'® Surgical-treatment

As with many other adult fracture types, scientific literature
provides no fresh population-based studies on the epidemiology of
humeral-shaft fractures. Some smaller epidemiological studies

estimate that fractures of the humeral shaft account for up to 3% of
all adult fractures.! Humeral-shaft fractures seem to be related to
falls and osteoporosis as the majority of patients are over the age of
50 years.!

Non-surgical treatment options of humeral-shaft fractures
include casting, functional bracing, or a sling* and it has been
suggested that most of these fractures can be treated non-
surgically.” Non-surgical treatment, especially functional bracing,
seems to give good results.>~® However, there are some occasions,

* Corresponding author at: Simppoonkatu 5 B 8, FIN-33230 Tampere, Finland.
Tel.: +358 41 519 8228.
E-mail address: tuomas.huttunen@uta.fi (T.T. Huttunen).

0020-1383/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.injury.2012.06.011

options include mainly intramedullary nailing and compression
plating, rarely external fixation or the use of screws or pins.!!

Both surgical and non-surgical treatment options have unique
profiles for complications. With functional bracing, the rate of non-
union varies between 2% and 23%.5-7°1213 Complications associ-
ated with surgical treatment include non-union, fracture of the
fixation material, infection, soft tissue irritation including radial
nerve injury and the need for fixation material removal.’*-1°

In the clinical setting, the use of nailing and plating seems to
have risen above the other surgical treatment options. Recent
studies have focussed on comparing intramedullary nailing to
compression plating.'415-18 plating and intramedullary nailing are
both widely used, but scientific literature provides no clear answer,
which is the best surgical treatment option for humeral-shaft
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fractures, especially regarding functional outcome.?>2! The choice
between different surgical treatment options may vary consider-
ably in different countries, but the authors feel that at least in
Finland the trend has clearly been towards plating over the other
treatment options.

To our knowledge, there are no population-based epidemiolog-
ic studies analysing the surgical trends in fractures of the humeral
shaft. Therefore, the purpose of this nationwide study was to
analyse all surgically treated humeral-shaft fractures in Finland
between 1987 and 2009.

Materials and methods

Patient data were collected from the Finnish National Hospital
Discharge Register (NHDR) between 1 January 1987 and 31
December 2009. All patients 18 years or older were included in the
study. The Finnish NHDR was founded in 1967 and provides an
excellent database for epidemiologic studies. The data stored in the
database include variables such as sex, domicile of the subject,
duration of hospital stay, primary and secondary diagnosis and
procedures performed during the hospital stay. The data collected
by the NHDR are mandatory for all hospitals encompassing private,
public and other institutions. The validity of the NHDR is excellent
regarding both coverage and accuracy of the database.??-%4

The main outcome variable for this study was the number of
patients undergoing surgical treatment of a humeral-shaft
fracture. The patient had the fracture as a main or secondary
diagnosis (International Classification of Diseases Ninth Revision
(ICD-9) codes 8122A and 8123A in 1987-1995 and ICD-10 code
S42.3 in 1996-2009). During the study, the procedural codes also
changed. Procedural codes were in the ICD-9 form between 1987
and 1997 and the ICD-10 form between 1998 and 2009. The used
ICD-9 codes were 9126 (closed reduction and osteosynthesis),
9128 (open reduction and osteosynthesis) and 9130 (external
fixation). The ICD-10 codes were NBJ60 (open reduction and
osteosynthesis by nailing), NBJ62 (open reduction and osteosynth-
esis by plating), NBJ64 (fracture reduction and screw, percutane-
ous pinning or absorbable screw fixation) and NBJ70 (external
fixation).

For the purpose of analysing trends during the entire study
period from 1987 to 2009, the ICD-9 procedural codes were pooled
with ICD-10 codes and surgical treatment were categorised into
three groups: closed reduction and osteosynthesis (9126 and
NBJ60), open reduction and osteosynthesis (9128, NBJ62 and
NBJ64) and external fixation (9130 and NBJ70). From 1998
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onwards and further the ICD-10 procedural coding enabled more
elaborate dissection of the different procedures, as the coding
system is more specific. Thus, a second analysis between 1998 and
2009 was performed. For this period, the numbers and incidences
of procedures NBJ60, NBJ62, NBJ64 and NBJ70 were analysed.

To calculate the incidence ratios of surgically treated humeral-
shaft fractures, the annual mid-population was obtained from the
Official Statistics of Finland, a statutory electronic register of the
population. The rates of surgically treated humeral-shaft fractures
(per 100,000 persons) were based on the entire adult population
(>18 years of age) of Finland rather than sample or cohort-based
estimates and thus, in full agreement with our previous study,?
95% confidence intervals were not calculated. Statistical analysis
was performed using PASW 19.0®.

Results

A total of 15,906 hospitalisations with a diagnosis of humeral-
shaft fracture were registered in the Finnish NHDR during the 23-
year study period. The number of patients was 358 in 1987 and 819
in 2009. The incidence of hospitalisation following humeral-shaft
fracture increased from 9.4 per 100,000 person-years in 1987 to
19.3 per 100,000 person-years in 2009. The incidence of
hospitalisation for men was 8.3 in 1987 and 12.6 in 2009. The
corresponding figures for women were 10.5 in 1987 and 25.6 in
20009.

During the 23-year period, 4649 surgical operations of the
humeral shaft were registered into the NHDR. The number of
surgically treated fractures increased from 1987 to 2009, from 99
to 253. The total number of surgically treated humeral-shaft
fractures was 2524 (54%) for women and 2125 (46%) for men. The
surgically treated men were significantly younger than the
surgically treated women (mean age 49 years (SD 18) for men,
while it was 63 years (SD 18) for women). The mean age for the
surgically treated men increased from 43 years in 1987 to 52 years
in 2009. A similar increase was seen in women (from 57 years in
1987 to 64 years in 2009). The age distribution curve of the entire
female and male study population is shown in Fig. 1.

The overall incidence of surgical procedures was 2.6 per
100,000 person-years (n=99) in 1987 and 6.0 per 100,000 person-
years (n=253) in 2009. In women, the incidence of surgical
procedures increased from 2.3 per 100,000 person-years (n = 46) in
1987 to 7.2 per 100,000 person-years (n = 158) in 2009. In men, the
incidence increased from 2.9 per 100,000 person-years (n =53) in
1987 to 4.6 per 100,000 person-years (n =95) in 2009 (Fig. 2).
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Fig. 1. Age distribution of the surgically treated men and women with humeral-shaft fracture.
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Fig. 2. Incidence of surgically treated humeral-shaft fractures in Finnish adults per 100,000 person-years between 1987 and 2009.

During the entire 23-year period, open reduction and osteosynth-
esis was the most common surgical procedure for humeral-shaft
fracture (n=3264, 70.2%) followed by closed reduction and
osteosynthesis (n =1303, 28%) and external fixation (n = 82, 1.8%).
The numbers and incidences of different surgical techniques changed
over time (Fig. 3). The incidence of open reduction and osteosynthesis
was 1.8 per 100,000 person-years (n=70) and 5.3 per 100,000
person-years (n =225) in 2009. The incidence for closed reduction
and osteosynthesis was 0.7 per 100,000 person-years(n = 27)in 1987
and 0.6 per 100,000 person-years (n = 25)in 2009. The corresponding
figures for external fixation were 0.05 (n = 2)in 1987 and 0.07 (n = 3)
in 2009. The clearest change occurred in the open reduction and
osteosynthesis group in women; the incidence was 1.7 per 100,000
person-years (n=34) in 1987 and 6.5 per 100,000 person-years
(n=142)in 2009. At the same time, the corresponding incidences for
men were 2.0 per 100,000 person-years (n = 36) in 1987 and 4.0 per
100,000 person-years (n =83) in 2009.

Between 1998 and 2009, the more specific ICD-10 procedure
codes were used in Finland and thus the data allowed a more
specific analysis between the surgical procedures. A clear increase
in the incidence of plating was observed starting in 2004 while the
incidence of other techniques decreased (Fig. 4). The incidence of

(R

nailing (NBJ60) was 2.1 per 100,000 person-years (n=383) in 1998
and 0.5 per 100,000 person-years (n=22) in 2009. For plating
(NBJ62), the incidence was 2.9 per 100,000 person-years (n=115)
in 1998 and 4.9 per 100,000 person-years (n=210) in 2009.

The steepest rise in plating was seen with women and in the
older age group as the incidences for the procedure over doubled in
age groups over 60 between 1998 and 2009 (Fig. 5). The fixation
with screw, pin or screw (NBJ64) was an uncommon technique
between 1998 and 2009 as the incidence was 0.4 per 100,000
person-years (n=14) and 0.2 per 100,000 person-years (n = 8) in
2009. The incidence of external fixation was even lower as the
corresponding figures were 0.1 in 1998 and 0.05 in 2009.

The mean length of hospital stay for the surgically treated
patients with humeral-shaft fracture decreased from 10.7 days in
1987 to 4.2 days in 2009. Mean hospital stay was 6.3 days for
closed reduction and osteosynthesis, 6.0 days for open reduction
and osteosynthesis and 14.7 days for external fixation.

Discussion

In this nationwide study, we analysed the incidence and trends
of the surgical treatment of humeral-shaft fractures in the entire
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Fig. 3. Changes in the incidence of surgically treated humeral-shaft fractures in Finnish adults per 100,000 person-years from 1987 to 2009. 9126 = closed reduction and

ostheosynthesis, 9128 = open reduction and ostheosynthesis, 9130 = external fixation.
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Fig. 4. Incidence of surgically treated humeral-shaft fractures in Finnish adults per 100,000 person-years between 1998 and 2009. NBJ60 = nail, NBJ62 = plate, NBJ64 = screw,

NBJ70 = external fixation.

adult Finnish population. An important finding was also that the
incidence of plating increased markedly; in the older age groups,
the incidence more than doubled between 1998 and 2009. At the
same time, the incidence of nailing decreased to one-fourth. This is
in accordance with our clinical observations and our hypothesis
that plating has risen in popularity over nailing in Finland.

The overall incidence of surgical treatment of humeral-shaft
fractures increased markedly in Finland between 1998 and 2009,
more so with women and in the older age groups. The steepest rise
in the overall surgical activity was seen in the first half of the study
period: from the late 1990s, the overall incidence of surgical
treatment has been quite steady. The reason for the increased
surgical activity is unknown. Factors affecting the choice of
treatment include the experience and education of an individual
orthopaedic surgeon, available scientific evidence and patients’
beliefs, expectations and compliance. One could speculate that
elderly people are nowadays more active and physically more
demanding than before. Surgical treatment may allow earlier
mobilisation and better function in the early phases of the
treatment.?® This may have led to increased activity of surgical
treatment amongst the elderly. On the other hand, during the last

10 years some studies have paid attention to increased number of
non-unions with regard to certain fracture types of the humeral
shaft.>7"12 This may also have influenced the choice of treatment
option. Unfortunately, we cannot reliably separate the operations
that have been done for primary treatment of the fracture from
those done as a secondary treatment. A minor part of the plate
fixations has probably been done as this kind of secondary
treatment; hence, no straightforward conclusions can be made
regarding the choice of primary treatment options (surgical vs.
non-surgical) based on these figures.

During the 23-year study period, the mean age of patients with
surgical treatment for humeral-shaft fractures increased in both
sexes. The increasing surgical treatment of humeral-shaft fractures
in the older age groups is puzzling as there is no evidence that
humeral-shaft fractures of elderly people should be treated
surgically. Further, studies included in a recent Cochrane review
consisted of patients with mean age firmly below the age of 50
years and over 50% of the patients were male.?° This is interesting
as we discovered that most of the patients with surgically treated
humeral-shaft fractures are women and clearly older than 50
years. In previous studies, the incidence of humeral-shaft fractures

incidence / 100 000
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2004 2006 2008

Fig. 5. Age-specific incidence of platings for humeral-shaft fractures in Finnish female adults per 100,000 person-years between 1998 and 2009.
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has been described as having two peaks: the first peak between the
second and third decades of life and the second peak between the
fifth and sixth decades of life.!"

The best treatment of humeral-shaft fractures has been under
debate for decades. A large proportion of these fractures can be
treated non-surgically with good results.>~ Interestingly, there are
no prospective randomised studies comparing surgical versus non-
surgical treatment. Regarding different surgical methods, a recent
Cochrane review identified some 260 patients in five separate
prospective randomised trials comparing intramedullary nailing
and plating. According to this analysis of Kurup and co-workers,
there was a statistically significant increase in shoulder impinge-
ment and the need for fixation material removal with intrame-
dullary nailing. Regarding functional outcome and other
complications rates, both surgical procedures gave similar
results.?? In their meta-analysis Heineman and co-workers did
not find differences between intramedullary nailing or plate
fixation regarding functional outcome.?! After the publication of
this meta-analysis, Putti and study group and Singisetti and co-
workers have showed similar results in trials.!”!®

According to our data, the role of pinning and screw fixation is
minor and has been steadily decreasing. Similarly, it seems that
currently the use of external fixation in the treatment of humeral-
shaft fractures is very uncommon, although the role of external
fixation still remains in the treatment of some comminuted
fractures especially if associated with extensive soft tissue damage,
bacterial infection, or both.!!

A strength of our study is the excellent national coverage of
surgically treated humeral-shaft fractures; all surgically treated
humeral-shaft fractures between 1987 and 2009 are included in this
study. A limitation in the NHDR is that the precise incidence of all
humeral-shaft fractures in Finland cannot be assessed using the
NHDR data alone as many of the non-surgically treated humeral-
shaft fractures are treated in an outpatient setting in primary care
and thus not covered by the NHDR. In addition, NHDR is a hospital
discharge register and it does not provide conclusive data on co-
morbidities and other risk factors for fractures, which is an obvious
limitation associated with all register-based studies. The change of
ICD coding from ICD-9 to ICD-10 also produced some limitations.
Due to the less specific procedural codes of the ICD-9, specific
information about the fixation material used (i.e., nailing and plates)
cannot be retrieved from the NHDR register data for the period
1987-1997. Because of this, the main finding between 1987 and
1997 is the change (increase) in the incidence of surgical treatment
of the humeral-shaft fractures. An additional limitation of our study
was that secondary procedures of the humeral-shaft fractures could
not be analysed. It is possible that a shift towards surgical treatment
of the acute fractures has decreased the need for secondary
operations, but this needs to be addressed in further research.
Finally, this study is a register-based study reporting on the trends of
surgical treatment of humeral-shaft fractures and therefore no
treatment recommendations can be given on the basis of this study.

Conclusions

The marked increase in the surgical treatment of humeral-shaft
fractures in Finland is of great interest as there is no evidence
regarding the superiority of surgical over non-surgical treatment.
It is also noteworthy that the clear shift towards plating in the
surgical treatment of humeral-shaft fractures has occurred after
the implementation of locking plates and without a solid scientific
base. Thus, a need for high-quality, randomised clinical studies,
comparing surgical treatment with the non-surgical approach and
various surgical treatment options with each other, is evident. It
should also be researched whether the increase in primary surgical
treatment for humeral-shaft fractures has decreased the rate of

non-union fractures. In the mean time, every orthopaedic surgeon
should critically evaluate his or her treatment protocol on
humeral-shaft fractures.
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Significant Change in the Surgical Treatment of Distal Radius
Fractures: A Nationwide Study Between 1998 and 2008
in Finland

Ville M. Mattila, MD, PhD, Tuomas T. Huttunen, MD, Petri Sillanpdd, MD, PhD, Seppo Niemi,
Harri Pihlajamdki, MD, PhD, and Pekka Kannus, MD, PhD

Background: Studies from the United States report a large increase in the
surgical treatment of distal radius fractures with open reduction and internal
fixation using locked plates. The aim of the present study was to determine
whether the same trend has occurred in a Scandinavian country by assessing
the number, incidence, and surgical methods of all surgically treated distal
radius fractures in Finland over a recent 11-year period.

Methods: The study covered the whole adult population (aged >19 years) in
Finland during the 11-year period from January 1, 1998, to December 31,
2008. Data on surgically treated distal radius fractures were obtained from
the nationwide National Hospital Discharge Registry.

Results: During the 11-year study period, a total of 14,514 surgical opera-
tions (external fixation, percutaneous pinning, or plating) for adult distal
radius fractures were performed in Finland. There was a dramatic shift
toward internal fixation with plating; the incidence and number of platings
more than doubled between 2006 and 2008. The incidence and number of
external fixations decreased correspondingly. Percutaneous pinning was used
in 13% of the surgical procedures during the study period.

Conclusions: A striking shift from external fixation to plating in the treatment
of distal radius fractures has occurred in Finland over the past few years, despite
the fact that the scientific literature does not support plating over external fixation.
In addition, the incidence and number of surgeries for distal radius fractures doubled
between 1998 and 2008. The reasons for these changes are not known.

Key Words: Distal radius, Bone fracture, Epidemiology, Surgery.

(J Trauma. 2011;71: 939-943)

Distal radius fractures are very common injuries, and high
prevalence rates are reported worldwide.!-3 Distal radius
fractures account for ~20% of all fractures and are the
second most common fracture requiring hospital stay, next to
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hip fractures.* Distal radius fractures occur at two age peaks:
children aged 8 years to 13 years and among persons older
than 60 years.!> Women have a two- to three-fold greater
risk for fractures than men.25 The overall incidence of distal
radius fractures varies between 100 and 350 per 100,000
persons-years.'3> Recent reports describe an increasing trend
toward surgical treatment for distal radius fractures, concom-
itant with a significant increase in the incidence of these
fractures over the past two decades.¢

There is no uniform treatment for distal radius frac-
tures. Most distal radius fractures can be treated nonsurgi-
cally with a cast. During the past few decades, however, the
interest in surgical treatment has increased. Surgical options
include external fixation, percutaneous pinning, and open
reduction with internal fixation (ORIF) using volar or dorsal
plates.” Based on recent studies from the United States, there
have been striking changes in the selection of surgical tech-
niques; the rate of using internal fixation with volar locked
plating has increased from 3% to 16%,® whereas the propor-
tion of percutaneous fixations has decreased from 58% to
19%,° despite the lack of clear evidence supporting the
superiority of either internal or external fixation in the treat-
ment of distal radius fractures.”-1°-17 In addition, Cochrane
reviews report significant flaws in the studies of surgical
treatment for these fractures.!4-17

To assess whether countries other than the United
States show the same trend toward ORIF using volar plates,
we designed a nationwide study to assess the number and
incidence of distal radius fractures requiring surgical treat-
ment in Finland. The second aim of the study was to assess
the secular trend toward surgical treatment of these fractures
and possible trend changes between percutaneous pinning,
external fixation, and internal fixation.

MATERIALS AND METHODS

This study covered the whole adult population (aged
>19 years) in Finland during an 11-year period, from January
1, 1998, to December 31, 2008. The total number of Finnish
inhabitants aged 20 years or older was 3.9 million in 1998
and 4.1 million in 2008.'® The distal radius fracture data were
obtained from the statutory, computer-based National Hospi-
tal Discharge Register of Finland (NHDR), which included
information on all patients admitted alive to any Finnish
hospital as a patient for the operative treatment of a distal
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radius fracture. The NHDR covers all operatively treated
fractures, treated either as an inpatient or outpatient setting.
This register is the oldest nationwide discharge register, and
its coverage and accuracy are excellent.!2! Medical treat-
ment including surgery is equally available to everyone in
Finland because of the nationwide public health insurance
legislated by the Finnish Ministry of Social Affairs and
Health, ensuring that the hospitalization database we used has
comprehensive coverage.

The NHDR contains data on the age, sex, domicile of
the subject, length of hospital stay, primary and secondary
diagnosis, and operations performed during the hospital stay.
The information is collected equally from all hospital cate-
gories (private, public, and other). The diagnosis in the
NHDR had been coded since 1996 using the 10th revision of
the International Classification of Diseases (ICD).22

The main outcome variable for this study was the
number of patients hospitalized as an inpatient with a main or
secondary diagnosis of (1) distal radius fracture (ICD-10 code
S52.5) and (2) distal radius and ulnar fracture (ICD-10 code
S52.6) for operative treatment. In Finland, all surgical inter-
ventions concerning distal radius fractures are coded to
NHDR. When describing the number and incidence of sur-
geries for distal radius fractures, we categorized the surgical
treatment into three groups. The groups and corresponding
ICD-10 codes were NCJ62 and NDJ62 for distal radius
plating, NCJ64 and NDJ64 for percutaneous pinning, and
NCJ70 and NDJ70 for external fixation. The main and sec-
ondary operation codes were allowed during the whole study
period, with the exception years from 1998 to 2001, when
only the main operative code was allowed. Therefore, we
were unable to assess the second and third operation code
between 1998 and 2001. Therefore, a combination surgery
(e.g., external fixation and percutaneous pinning) was cate-
gorized according to the main operation code. Approval of
the Institutional Review Board is not required for hospital
register studies in Finland.

Statistical Analysis

To compute the incidence ratios of distal radius frac-
tures requiring surgical intervention and thus leading to
hospitalization even for a day, the annual mid-population was
obtained from the Official Statistics of Finland, a computer-
based national population register.!® The rates of surgically
treated distal radius fractures were thus the true results
concerning the entire adult population in Finland during the
study period rather than cohort-based estimates, and thus
95% confidence intervals were not calculated. Incidence rates
were calculated with the Open Epi Program.

RESULTS

During the 11-year study period, a total of 14,514
surgical operations (external fixation, percutaneous pinning,
or plating) for adult distal radius fractures were performed in
Finland. The number of operations performed in women was
markedly greater than that performed in men (n = 10,595;
73% in women and n = 3,919; 27% in men). The rate of
surgical treatment for distal radius fractures increased from
1998 to 2008. The incidence and number of surgical opera-
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Figure 1. The incidence of surgically treated distal radius
fractures in Finnish male adults per 100,000 person-years
between 1998 and 2008.
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Figure 2. The incidence of surgically treated distal radius
fractures in Finnish male adults per 100,000 person-years
between 1998 and 2008.

tions was 23.9 per 100,000 persons-years (n = 924) in 1998
and 47.2 per 100,000 person-years (n = 1929) in 2008. The
sex-specific figures in 1998 were 13.5 per 100,000 person-
years (n = 251) in men and 33.4 per 100,000 person-years
(n = 673) in women. In 2008, the corresponding figures were
23.7 (n = 469) in men and 69.2 (n = 1460) in women.
External fixation was the most common operation dur-
ing the entire study period (n = 8,630, 59%), followed by
open reduction/ORIF with plating (4,053, 28%) and then by
percutaneous pinning (n = 1,831, 13%). However, a steep
change in the type of surgical intervention occurred during
the study period. The incidence and number of platings
increased from 2.3 (n = 90) to 30.9 (n = 1265) per 100,000
person-years between 1998 and 2008. This change was most
dramatic from 2006 to 2008, during which the incidence and
number of platings more than doubled (Figs. 1 and 2). While
plating became more popular, the incidence and number of

© 2011 Lippincott Williams & Wilkins

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



The Journal of TRAUMA® Injury, Infection, and Critical Care * Volume 71, Number 4, October 2011

Changes in the Treatment of Distal Radius Fractures
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Figure 3. The incidence of platings in distal radius fractures
in Finnish female adults per 100,000 person-years between
1998 and 2008.
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Figure 4. The incidence of platings in distal radius fractures
in Finnish male adults per 100,000 person-years between
1998 and 2008.

external fixations correspondingly decreased (Figs. 1 and 2).
Percutaneous pinning was a relatively uncommon surgical
procedure during the study period, and the incidence and
number of percutaneous pinnings did not change markedly
(Figs. 1 and 2).

When the change in surgical intervention due to distal
radius fractures was stratified by sex, the shift from external
fixation to plating was especially clear in women in the elder
age groups. Among women, the incidence and number of
platings increased from 2.5 per 100,000 person-years (n =
50) in 1998 to 44.1 (n = 931) in 2008 (Fig. 3). In men, the
corresponding values were 2.2 per 100,000 person-years (n =
40) in 1998 and 16.9 per 100,000 person-years (n = 334) in
2008 (Fig. 4).

The mean duration of hospitalization was 2.8 days in
1998 and 2.3 days in 2008. The length of stay did not differ
with the type of the surgery. Mean duration of hospital stay
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was 2.9 days in the plating group, 2.7 days in the percutane-
ous pinning group, and 2.7 days in the external fixation

group.

DISCUSSION

The principal finding of this study was that the inci-
dence and number of surgical treatments for distal radius
fractures doubled in Finland between 1998 and 2008. In the
past few years, there has been a striking change in the
treatment for distal radius fractures from external fixation to
ORIF with plating. The increase in plating was especially
dramatic in women older than 60 years. Thus, the same
phenomenon that was reported in the United States seems to
have also occurred in Finland, that is, this nationwide study
confirmed a similar dramatic increase in ORIF with plating in
the treatment of distal radius fractures.

The increased incidence and number of platings for
distal radius fractures is interesting, especially because the
evidence supporting plating over external fixation is not
convincing.”-1°-13The intense marketing of plating, especially
with the locking screw method, over the past few years may
play a role in this change, although the true reasons for this
change in practice are not known.

Medical treatment, including surgery, is equally avail-
able in Finland, and the study population comprised the
whole adult population of Finland. Therefore, we consider the
results of this study very accurate, especially as the informa-
tion in the Finnish NHDR is collected equally from public,
private, and military hospitals. Previous studies demonstrated
that the accuracy and completeness of the NHDR database
are excellent.2%-2! The weakness of our study, however, was
that we had no means to identify the number of nonsurgically
treated distal radius fractures in Finland, because the majority
of these were treated on an outpatient basis and no outpatient
database is available.

The literature indicates that the number and incidence
of surgical treatment for distal radius fractures has increased,
as observed in this study. Chung et al.® from the United States
reported an increasing number and incidence of internal
fixations with volar locked plating in elderly people, which
corresponds with our results. The striking change in the older
age groups may prove to be controversial, as Arora et al
presented a study showing that in elderly people, there was no
difference between the functional and subjective outcomes
for the surgical and nonsurgical treatments.?*> In addition, in
accordance with the findings of Koval’s study group, we
detected a decrease in the proportion of percutaneous fixa-
tions.? As noted above, however, there is no clear evidence to
indicate that either internal or external fixation for the treat-
ment of distal radius fractures provides a better clinical
outcome.'°~13 The increase in the use of plating corresponds
with the commercial initiation of volar plating with the
locking screw method. In Finland, the first volar plates with
locking screws became widely available in 2004. It is thus
possible that surgeons are attracted to modern technologies,
such as distal radius plating with locking screws. The in-
crease in ORIF with volar plating might also be due to better
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availability and marketing of the technology than to clinical
evidence from published studies.

The advantages of internal fixation with plating are
suggested to be better visualization and therefore more accu-
rate maintenance of normal anatomy. Internal fixation may
allow earlier mobilization and has decreased incidence of
malunions requiring surgical intervention.”?* The problems
with internal fixations include operation site-related compli-
cations, such as soft tissue irritation.!0-11.13.24 External fixation
in turn has the advantage of percutaneous fixation and there-
fore less soft-tissue dissection. On the other hand, external
fixation techniques are associated with a greater number of
pin-track infections.!4-!7 Evidence also suggests that a loss of
reduction may occur for a period up to 6 months after external
fixation surgery,?’ although there is also contradictory evi-
dence that the radiographic parameters do not differ between
external and internal fixation at 1 year postoperatively.!! The
immobilization period following internal fixation is shorter
than that following external fixation or cast immobilization
(0-2 weeks vs. 5—-6 weeks).

To summarize, despite the fact that scientific literature
does not support plating over external fixation, there has been
a striking shift from external fixation to plating as a treatment
for distal radius fractures in Finland over the past few years.
In addition, the incidence and number of surgeries for distal
radius fractures has doubled in this country between 1998 and
2008. The reasons for these changes are not known, however.
For this reason, each orthopedic surgeon and hand surgeon
should carefully evaluate his/her surgical protocol when treat-
ing distal radius fractures. More research-based knowledge is
needed regarding the benefits and adverse effects of this
change in the treatment protocol.
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EDITORIAL COMMENT

The authors report on surgical treatment of distal radius
fractures between 1998 and 2008 in Finland. The National
Hospital Discharge Register of Finland was used, which
includes all patients surgically treated even if they were
discharged on the same day. The Registry represents a great
resource. The authors could not comment on whether there
was an increase in the incidence of distal radius fractures. The
purpose of article was to report the type of fixation used, and
some interesting results were noted. However, those results
were not unexpected regarding the fact that volar locked
plates have increased in popularity the past several years. In
light of the recent literature, it would have been interesting to
evaluate the breakdown per age group versus treatment meth-
ods used.!2

Interestingly, the patient’s length of stay contrasted to
what would be expected after a distal radius fracture. The
authors stated ~95% of operatively treated distal radius
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fractures have at least a one night stay in the hospital. The
average length of stay for patients in this study was 2.3 days.
The authors commented in a response to my review that “Free
health care in Finland is provided by the government and a
third party like an insurance company cannot influence the
treatment of an individual patient in Finland.” I question why
would the patients really need a 2.3-day stay? It is not
cost-effective and I cannot understand which intervention
they are receiving while in the hospital that cannot be com-
pleted at home or on an outpatient basis.

A weakness of this study includes that they really
cannot comment on the overall incidence of distal radius
fractures. So we do not know whether there is an increase in
osteoporotic distal radius fractures. However, they found a
100% rise in the surgical treatment between 1998 and 2008,
and they feel it is because of the rise in surgery cases rather
than a number of total fractures. The authors state volar
locking plates became popular in Finland in 2004. Plating
more than doubled between 2006 and 2008, which indi-
cates this trend has definitely caught on in the country. As
plating rose in Finland, external fixation decreased. But
external fixation was the most common operation account-
ing for 59% of the cases in the study. Percutaneous pinning
was consistent in 13% of procedures throughout the study
and really did not vary.

There was a marked gender difference in the number of
surgeries performed: 73% of women and 27% of men. The
number of platings was especially noted to increase in women
over 60 years. The Register covered the entire Finnish pop-

© 2011 Lippincott Williams & Wilkins

ulation age greater than 18 years old. So it is difficult to draw
conclusions regarding whether the use of the plates was just
in the older patient. There is no information provided on the
surgeon population and age distribution of the surgeon or
years in practice as the senior surgeons might not use the
plate regularly.

Overall, this study does contribute to the literature by
demonstrating the trends in distal radius fixation. Because we
do not know the true incidence of fractures, questions still
remain as to why there are more surgeries being performed.
These may be unnecessary in light of results recently reported
that nonoperative treatment of distal radius fractures in the
elderly can lead to similar results as operative fixation.! It
seems the authors are confirming the popularity of the volar
locked plate for distal radius fractures. Would the number of
surgeries increase for other fractures as more novel technol-
ogy becomes popularized?

Lisa K. Cannada, MD
Department of Orthopaedic Surgery
Saint Louis University

St. Louis, Missouri
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