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Abstract

Distal radius fractures (DRFs) are the most commonly encountered fall-related fracture in clinical
practice. Recognised as a typical fragility fractures, the ageing of the population may increase the
occurrence of DRFs in the near future.

The aims of this thesis were (I) to describe the epidemiology of DRFs in a cohort of adult
patients in the city of Oulu during the year 2008 and to study changes in the incidence of DRFs
during the last decades in Finland and other northern countries and the relationship between
slippery conditions during the winter and the incidence of DRFs, (II) to compare the results of
primary nonoperative treatment and early palmar plating of primarily dislocated DRFs in 80
patients ≥ 50 years old in an randomised controlled study and (III) to investigate the rate and risk
factors for plate-related complications after palmar plate fixation of 881 DRFs.

The crude incidence rate of DRFs was 258/100 000 person-years in Oulu in 2008, and the age-
specific incidence rate in the female population aged ≥ 70 years was increased compared to
previous studies in Finland and in Norway. A clear seasonal variation was observed in fall-related
DRFs. The number of DRFs was 2.5 times higher on slippery winter days compared to non-winter
days.

Early palmar plating of DRFs showed favourable DASH (disabilities of the arm, shoulder and
hand) scores at two years compared to primary nonoperative treatment. Delayed surgery in the
primary nonoperative treatment group did not provide comparable DASH scores to early plating.

The overall complication rate in the cohort of 881 plate-fixated DRFs was 15%. These could
be regarded as plate-related in 7% of cases. Operations performed by low-volume surgeons and
patient ages < 40 years were independent predictors of plate-related complications.

In conclusion, the incidence of DRFs has increased during the last decades in Finland in elderly
females, and slippery winter conditions increase the risk of DRFs. Early palmar plating of DRFs
produces more consistent results compared to primary nonoperative treatment in patients ≥ 50
years old. The complication rate after palmar plating of DRFs is significantly influenced by
surgeon experience and patient age.

Keywords: complications, delayed surgery, distal radius fracture, epidemiology,
nonoperative treatment, palmar plating, risk factors, seasonal variation
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Tiivistelmä

Värttinäluun alaosan murtuma (rannemurtuma) on yleisin kaatumistapaturman aiheuttama luun-
murtuma, jonka taustalla on monesti ikääntymisestä johtuva luun hauraus. Väestön edelleen
ikääntyessä rannemurtumien ilmaantuvuus todennäköisesti lisääntyy.

Tämän väitöskirjan tavoitteina oli (1) kuvata rannemurtumien epidemiologiaa ja ilmaantu-
vuuden muutosta Suomessa ja muissa Pohjoismaissa viimeisten vuosikymmenien aikana, sekä
tutkia liukkaiden talvikelien yhteyttä rannemurtumien ilmaantuvuuteen. Lisäksi tavoitteena oli
(2) verrata kahden eri hoitokäytännön – varhaisen levykiinnityksen ja ensisijaisen konservatiivi-
sen hoidon – kliinisiä tuloksia ≥ 50-vuotiailla rannemurtumapotilailla. Lopuksi tavoitteena oli
(3) selvittää rannemurtuman levytykseen liittyvien komplikaatioiden yleisyys sekä riskitekijät.

Rannemurtumien ilmaantuvuus oli oululaisessa aikuisväestössä 258/100 000 henkilövuotta
vuonna 2008. Ikä-spesifinen ilmaantuvuus lisääntyi aiempaan suomalaistutkimukseen verrattu-
na etenkin > 70 vuotiailla naispotilailla ja sama suuntaus todettiin myös aiemmassa norjalaistut-
kimuksessa. Rannemurtumien ilmaantuvuudessa todettiin selkeä vuodenaikavaihtelu, ja liuk-
kaalla talvikelillä rannemurtuman riski oli 2.5-kertainen verrattuna ei-talvikelin murtumariskiin.

Varhaisella rannemurtuman levykiinnityksellä saavutettiin paremmat DASH (Disabilities of
the Arm, Shoulder, and Hand) – pisteet kahden vuoden seurannassa verrattuna ensisijaiseen kon-
servatiiviseen hoitoon. Murtuman asennon heikentyessä seurannassa ei myöhäisleikkauksella
saavutettu kliinistä hyötyä ensisijaisessa konservatiivisen hoidon ryhmässä.

Komplikaatioprosentti 881 levykiinnityksellä hoidetun rannemurtumapotilaan aineistossa oli
15 %. Levytyskomplikaatioita todettiin 7 %:lla potilaista. Itsenäisiä levytyskomplikaatioille
altistavia riskitekijöitä olivat kirurgin vähäinen leikkauskokemus ja potilaan matala ikä (< 40
vuotta).

Yhteenvetona voidaan todeta, että rannemurtumien ilmaantuvuus on lisääntynyt Suomessa
iäkkäillä naispotilailla viimeisten vuosikymmenten aikana ja liukkaudella on selkeä yhteys ran-
nemurtumien ilmaantuvuuteen. Varhaisella leikkaushoidolla saavutetaan yhtenäisemmät hoitotu-
lokset verrattuna ensisijaiseen konservatiiviseen hoitoon ≥ 50-vuotialla rannemurtumapotilailla.
Kirurgin leikkauskokemus ja potilaan ikä ovat yhteydessä rannemurtuman levytyskomplikaatioi-
den riskiin.

Asiasanat: epidemiologia, komplikaatiot, konservatiivinen hoito, levykiinnitys,
rannemurtuma, riskitekijät, värttinäluun alaosan murtuma
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1 Introduction 

Distal radius fractures (DRFs) cause major health issues, being one the most 

common fractures in adult population (Court-Brown & Caesar, 2006). The usual 

mechanism of injury is a fall from standing height, and the risk of having a DRF 

increases with age, which is typical also for other types of fragility fractures 

(Court-Brown & Caesar, 2006). Nearly 80% of DRFs in the adult population 

occur in women, and the typical patient having a DRF is a physically active 

female patient aged nearly 70 years old (Brogren et al., 2007; Lofhus et al., 2008; 

Melton et al., 1998). 

In previous studies, in the United States (US), a 17 % increase in age-

adjusted incidence of DRFs in patients ≥ 35 years old was shown between 1950s 

and 1990s (Melton et al., 1998). The age-specific incidence of DRFs more than 

doubled in women over 65 years of age between the 1950s and 1980s in Sweden, 

suggesting a real change in the epidemiology of these injuries (Bengnér & 

Johnell, 1985). If there has been a change in the epidemiologic profile of DRFs 

since then, it is not well known. Seasonal variation in the incidence of DRFs has 

been observed, and weather conditions like snow and ice during the wintertime 

are predisposing factors for DRFs (Bischoff-Ferrari et al., 2007). According to 

clinical practice, slippery pavement surfaces may cause nearly an epidemic of 

DRFs, but previous studies have not been able to quantify the relationship. 

Weather conditions in northern countries are prone to change a lot during the 

winter months, which makes the effect of slippery pavement conditions on the 

incidence of DRFs of great interest in Finland. Slipping injuries have been 

recognised as one of the most important climate-related health risks in Finland, 

and climate change may still increase the risk of adverse weather conditions in the 

future (Tuomenvirta et al., 2018). Most slippery pavement conditions during 

winter develop when temperature varies around zero, and melting and freezing 

cycles form smooth icy surfaces, increasing the risk of slipping. As a consequence 

of climate change, wintertime freezing-point days will become more frequent 

throughout the whole country (Jylhä et al., 2009). 

About 70% of DRFs are primarily undisplaced or stable after closed 

reduction and can be treated conservatively with cast immobilisation (Bales et al., 

2012). If the reduction of the fracture is not achieved by closed means, or the 

reduction is lost during the first weeks after primary reduction, malunion of the 

fracture may occur, causing, in some instances, functional deficiency of the arm. 

The incidence of operative treatment of DRFs has almost doubled during the last 
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decade, particularly in the elderly population and mainly because of the increased 

number of palmar platings (Mattila et al., 2011), but evidence supporting this 

trend is limited. Only few randomised controlled trials (RCTs) have compared the 

clinical results of palmar plating and the nonoperative treatment of DRFs in the 

elderly population (Arora et al., 2011; Bartl et al., 2014), and high-quality studies 

also considering the working-age population are lacking. Delayed surgery is often 

proposed to the patient in case of re-displacement of the fracture within two 

weeks after the injury. Better radiographic reduction is usually achieved, but little 

is known whether delayed operation also results in better functional outcomes in 

case of secondary fracture displacement. 

As the popularity of palmar plating of DRFs has increased, reports of 

complications related to the surgery have also become more common. Among the 

increasing trend of palmar plating DRFs, a variety of complications related to the 

procedure itself or postoperative treatment have been described (Bentohami et al., 

2014). The most common complication associated to DRFs is carpal tunnel 

syndrome (CTS), followed by complex regional pain syndrome type I (CRPS), 

tendon problems and malunion (McKay et al., 2001; Pope & Tang, 2018). After 

palmar plating, a variety of plate-related problems, such as a loss of reduction, 

plate loosening, tendon irritation and screw associated issues, can occur. Earlier 

results of palmar plating showed only a few plate-related complications (Orbay & 

Fernandez, 2004), but more recent studies have demonstrated much higher 

complication rates (Arora et al., 2011). Risk factors for plating complications in 

particular are not yet well known, and identifying these factors could be helpful in 

reducing the complication rate and thereby secondary operations after the plate 

fixation of DRFs. 

The purpose of this thesis was to study the epidemiology of DRFs in an adult 

population with a focus on the effect of seasonal variation and weather conditions 

on the incidence of DRFs. Additionally, the aim was to investigate whether a 

more active treatment protocol (i.e., the immediate palmar plate fixation of 

primarily displaced DRFs) could result in better outcomes compared to our 

current practice of primary nonoperative treatment. Finally, the purpose was to 

elucidate risk factors for complications after palmar plate fixation of DRFs. 



19 

2 Review of the literature 

2.1 Anatomy and function of the wrist joint 

The distal radius is considered to be the anatomic foundation of the wrist joint. 

The articular surface of the distal radius is biconcave and triangular in shape, 

covered with two hyaline cartilage facets, articulating with the scaphoid and 

lunate bones of the carpus. This joint is called the radiocarpal joint. Radiocarpal 

and ulnocarpal ligaments support these bony structures and maintain the 

kinematics of the radiocarpal articulation. The dorsal surface of the distal radius is 

convex and acts as a fulcrum for extensor tendon function. Lister’s tubercle is a 

dorsal, longitudinal prominence of the distal radius supporting the extensor 

pollicis longus (EPL) tendon (Wolfe, 2017). 

The distal radioulnar joint (DRUJ) is formed between the convex head of the 

distal ulnar head and the concave ulnar side notch of the radius (sigmoid notch). 

The triangular fibrocartilage complex (TFCC) connects the distal radial ulnar 

notch to the distal ulnar styloid process and is the primary restraint of the DRUJ 

(Palmer & Werner, 1981). The articular disc of this complex sits between the 

distal ulnar head and the ulnar carpal bones (lunate and triquetrum) and acts as a 

cushion for the ulnar carpus and stabilises the DRUJ. A loose capsule around the 

DRUJ is reinforced with ligaments (the dorsal and palmar radioulnar ligaments), 

allowing rotatory movement of the radius around the ulna (pronation and 

supination). The TFCC stabilises the radioulnar and ulnocarpal joints, transmits 

load from the carpus to the ulna and allows complex movements of the wrist. 

Approximately 80% of the axial load across the wrist is transmitted through the 

distal end of the radius and 20% across the TFCC and the distal end of the ulna 

(Palmer & Werner, 1984; Figure 1). 
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Fig. 1. The anatomy of the radiocarpal joint, intra-articular view. Copyright by the 

Department of Anatomy/University of Oulu. 

2.2 Radiography and classification of distal radius fractures 

A full understanding of the normal, undisrupted structure of the distal end of the 

radius and ulna is the foundation of the evaluation of skeletal injuries of the wrist. 

The anatomy of the distal radius is routinely evaluated on the postero-anterior 

(PA) and on lateral radiographs. The shoulder is abducted, the elbow is flexed 90 

degrees and the forearm is in neutral rotation on PA radiographs. Lateral 

radiograph is obtained with the arm against the body and the elbow flexed 90 

degrees and the forearm in neutral position. Oblique lateral (10–15 degrees) 

radiographs can be included as a supplemental view to allow for a more accurate 

assessment of the dorsal and volar rims and lunate facet of the distal radius 

(Johnson & Szabo, 1993; Medoff, 2005). 

Radiographic parameters that have been found to correlate with patient 

outcomes include the radial length (RL), radial inclination and volar tilt. RL is 

measured on the PA radiograph as the distance between one perpendicular line to 

the long axis of the radius at the distal tip of the sigmoid notch and a second 
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perpendicular line at the distal tip of the styloid process of the radius. The RL 

averages 10–13 mm (Goldfarb et al., 2001). Alternatively, ulnar variance (UV) 

can be used as an assessment of the radial length (Palmer et al., 1982). UV is 

measured by the distance between a line parallel to the most proximal surface of 

the lunate facet and a line parallel to the articular surface of the ulnar head. In 

optimal conditions, UV is assessed comparing the injured arm to the non-injured 

arm (Schuind et al., 1996). On average, a negative ulnar variance (ulna shorter 

than the radius) of 1 mm has been demonstrated (Medoff, 2005). 

Radial inclination, or radial angle, is measured on PA radiographs as the angle 

between the line connecting the tip of the radial styloid and the most distal ulnar 

side of the distal radius and a line perpendicular to the long axis of the radius. The 

central reference point of the ulnar border of the radius can be alternatively used 

for measurement of the radial inclination and also the UV to reduce variation 

caused by dorsal or volar angulation on the distal radius (Medoff, 2005). The 

range of radial inclination, or slope, is usually between 21 and 25 degrees. 

The volar tilt is measured from the lateral radiographs as the angle between a 

line of articular surface of distal radius and the line perpendicular to the long axis 

of the radius, averaging 11 degrees and ranging between 2 and 20 degrees 

(Goldfarb et al., 2001; Figure 2). 

 

 

Fig. 2. The measurement of radial inclination, radial shortening (radial length = RL), 

ulnar variance (UV) and volar tilt of the distal radius. Copyright by the Department of 

Anatomy/University of Oulu. 
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Classification of distal radius fractures 

The classification of DRFs is mainly based on changes in the bony anatomy of the 

distal radius observed on PA and lateral radiographs. Eponyms are commonly 

used in the classification of DRFs. The most commonly used eponym is a Colles 

fracture, described as an extra-articular, dorsally angulated fracture of the distal 

radius causing a typical ‘bayonet’ deformity of the wrist (Figure 3). A Smith 

fracture is an extra-articular fracture with volar displacement. A third commonly 

used eponym is a Barton fracture, which includes either the dorsal or volar edges 

of the articulating edge of the distal radius, although the dorsal variety is 

considered to be much more common. Volar Barton fractures are nowadays often 

also classified as type II Smith fractures (Caldwell et al., 2018). Another 

commonly used eponym is Chauffeur’s fracture (or the Hutchinson fracture) of 

the radial styloid, which includes the scaphoid facet, and a die-punch fracture of 

the lunate facet of the distal radius with proximal migration of the lunate (Figure 

4). 

 

 

Fig. 3. Typical bayonet deformity of the wrist caused by a Colles fracture. 
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Fig. 4. Common eponyms used to describe DRFs. Copyright by the Department of 

Anatomy/University of Oulu. 

AO/ASIF (Arbeitsgemeinschaft für Osteosynthesefragen/Association for the 

Study of Internal Fixation) classification is probably the most used fracture 

classification of DRFs, published in 1987 by the AO Foundation (Müller et al., 

1987). In this system, fractures are divided into three major subtypes: type A 

(extra-articular), type B (partial articular) and type C (complete articular). The AO 

classification considers the severity of the fracture based on the extent of articular 

involvement and metaphyseal comminution. The three main types (A, B and C) 

are mainly used because of the poor inter- and intraobserver agreement of the 

fracture subtypes (Andersen et al., 1996; Flinkkilä et al., 1998; Figure 5). 
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Fig. 5. AO classification of DRFs (main types A, B and C with three subtypes). 
Source: AO Surgery Reference, www.aosurgery.org. Copyright by the AO 

Foundation, Switzerland. 

2.3 Mechanism of injury and predisposing factors of distal radius 

fractures 

Most DRFs are caused by a simple fall onto an outstretched hand. The energy of 

the trauma is moderate in the majority of cases, especially for women aged > 50 

years (Brogren et al., 2007), and most of the fractures are sustained at home 

(Chung & Spilson, 2001). The proportion of displaced fractures increases with 

age (Brogren et al., 2007). Amongst young men, high-energy injuries, like falls 

from greater than standing height, sports accidents and motor vehicle accidents, 

are more common. Severe trauma has been shown to account for 52% of DRFs in 

men and only 21% of those in women (Melton et al., 1998). Left-sided fractures 

are more common in both sexes (Brogren et al., 2007). 

A low body mass index, osteoporosis, use of corticosteroids, female sex, high 

age, propensity of falling, vitamin D deficiency, genetics and environmental 

factors have been shown to predispose for DRFs (Ferrari, 2005; Lofthus et al., 

2008; Oyen et al., 2011). The prevalence of osteoporosis in patients with DRFs is 

high compared to the control population, and osteoporosis is a risk factor for 

DRFs in both women and men (Oyen et al., 2011). Also, the risk of falling is 

increased after menopause among women, which is possibly related to reduced 

muscle strength and impaired reaction time (Brogren et al., 2007). 
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2.4 Epidemiology of distal radius fractures in adults 

DRFs are the one of the most common fractures of the upper limb (Larsen & 

Lauritsen, 1993; Court-Brown & Caesar, 2006). In people aged > 65 years, almost 

18% of all fractures were DRFs in the US during the years 1986–1990 (Baron et 

al., 1996). In Rochester, US, an overall incidence of 287/100 000 person-years 

was noted in the 1980s and 1990s, with the average age of the male population 

being 55 years and 65 years in the female population (Melton et al., 1998). In 

more recent studies in the US, the incidence of DRFs has been estimated to be 

643 000 fractures per year (Chung & Spilson, 2001). In an epidemiological study 

of 5 953 fractures in the UK, DRFs were demonstrated to be the most common 

fracture during the year 2000, with a bimodal distribution in young men and older 

women (Court-Brown & Caesar, 2006). In the Northern European population, the 

incidence of DRFs in adults has varied in males between 120–170/100 000 

person-years and, in female population, 370–560/100 000 person-years (Brogren 

et al., 2007; Lofthus et al., 2008; Sigurdardottir et al., 2011). In the Danish 

population, the incidence of DRFs was 270/100 000 person-years, being the most 

common fracture of the upper limb (Larsen & Lauritsen, 1993). In Helsinki, an 

annual incidence of 365/100 000 person-years of DRFs in the adult population 

was reported during the year 1981 (Kaukonen, 1985). 

2.4.1 Changes in incidence 

When assessing the actual changes in the incidence of fractures, the age-specific 

incidence rates should be compared instead of crude incidence rates, although 

crude incidence rates can be useful in assessing the total amount of fractures and 

thereby in targeting the resources of society. In an earlier study from Sweden, the 

age-specific incidence of DRFs more than doubled among women ≥ 65 years of 

age between the 1950s and 1980s (Bengnér & Johnell, 1985). A statistically 

significant rise in the incidence of DRFs was observed in men ≥ 35 years old in 

the US between the years 1945 and 1994, with an overall doubling of age-

adjusted incidence, while only a 7% increase in age-adjusted incidence rates in 

women was noted during the same period (Melton et al., 1998). In more recent 

studies, the incidence of DRFs seems to have levelled or declined, especially 

among women between 50 and 79 years old (Brogren et al., 2007). In a study by 

Lofthus et al. from Norway (2008), a significant increase of the age-specific 

incidence of DRFs in females aged > 80 years was reported in the late 1990s 
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compared to a previous study from the late 1970s. If there has been a change in 

incidence of DRFs since then, it is not well known, and no studies regarding the 

epidemiology of DRFs in the Finnish population after the 1980s exist. 

2.4.2 Seasonal variation and weather conditions 

A strong seasonal pattern has been demonstrated in the occurrence of DRFs in 

several studies in the US and in Europe (Bischoff-Ferrari et al., 2007; Jacobsen et 

al., 1999; Sigurdardottir et al., 2011; Thompson et al., 2004). In the US, a 3.5-fold 

increase in fracture risk among women aged 35–65 years was observed in the 

wintertime compared to the summer (Jacobsen et al., 1999). In an Icelandic study, 

the highest incidence of DRFs was noted during the winter months (Sigurdardottir 

et al., 2011). 

An increase in the risk of DRF is strongly associated with adverse weather 

conditions, such as freezing rain or snow fall, which cause a two-fold increase in 

the risk of DRF (Jacobsen et al., 1999). Periods of heavy snow falls have been 

shown to increase the number of trauma referrals and especially the number of 

small energy fractures such as DRFs in the UK (Weston-Simons et al., 2012), and 

during cold weather, the incidence of DRF increases, particularly in women aged 

40–69 years in Johnson et al.’s study (2018). In Norway, the incidence of arm 

fractures was observed to be 69% higher during the cold season compared with 

milder seasons (Bulajic-Kopjar, 2000). Also, an increase in fracture incidence has 

been noted in the summertime, probably because of greater outside activity during 

the summer (Thompson et al., 2004). 

Seasonal variations of fracture distribution have also been demonstrated in 

more southern countries without significant changes in climate during the year 

(Hayashi et al., 2019; Tenías et al., 2015). High wind velocity in coastal regions is 

associated with increased hip fracture risk, in particular among > 65-year-old 

women, but the relationship between wind velocity and DRFs has not yet been 

established (Jacobsen et al., 1999; Tenías et al., 2015). Seasonal variation in 

vitamin D levels can also play a role in fracture risk, and vitamin D deficiency has 

been associated with muscle weakness (Jacobsen et al., 1999). Also, a decreased 

amount of daylight with impaired vision and deteriorating physical performance 

in elderly people have been proposed as contributing causes of increased fracture 

risk during the winter (Gronskag et al., 2010). High rates of upper extremity 

fractures and especially of DRFs in rural areas in contrast to urban regions have 
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been noted (Saw et al., 2010). Hence, it is not only wintry weather conditions that 

seem to be environmental risk factors for DRFs. 

2.4.3 The effect of slipperiness on seasonal variation 

Although previous studies and also clinical experience supports the seasonal 

variability of fracture occurrence (i.e., an increasing trend of fracture incidence, 

especially during the wintertime), no previous scientific data exist supporting the 

relationship between slippery pavement conditions and seasonal variation of 

DRFs. The Finnish Meteorological Institute (FMI) has developed a unique, 

validated weather model to inform pedestrians about slippery weather conditions 

during the wintertime. This model is based on the FMI road weather model 

developed in the late 90s to predict road conditions. The road weather model 

calculates vertical heat transfer in the ground, taking into account the special 

conditions prevailing on the road surface and below the ground. The effect of 

traffic is also taken into account. The road weather model covers the whole of 

Finland in a 10 × 10 km grid and produces a three-level traffic condition index 

(Kangas et al., 2006; Kangas et al., 2015). 

The road weather model has further developed into a pedestrian warning 

system aiming to predict sidewalk pavement conditions. FMI has been using 

slippery warnings for pedestrians since 2004, and the model is used as guidance 

for meteorologists when considering warnings for slippery weather conditions. 

The model products a three-level slipperiness condition index – normal, slippery 

and very slippery. The weather model has been tested by FMI with pavement 

slipperiness measurements and injury reports from hospitals with an accuracy of 

92% in the latest model version (Aschan et al., 2009; Ruuhela et al., 2005). No 

studies regarding the relationship between the prediction of slipperiness by road 

weather model and the incidence of DRFs and has been conducted. 

2.5 Biomechanical basis of the treatment of distal radius fractures 

When Abraham Colles first described the most common fracture pattern of the 

DRF, the prognosis of the fracture was considered relatively favourable, with 

Colles stating that ‘One consolation only remains, that the limb will at some 

remote period again enjoy perfect freedom in all its motions, and be completely 

exempt from pain’ (Colles, 1814). Since then, several biomechanical studies have 
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shown that changes in the bony anatomy of the distal radius and ulna, including 

the DRUJ, may cause alterations in biomechanics and wrist function. 

Short et al. (1987) found in a cadaveric study that load through the ulna 

increased substantially as the angulation of the distal radial fragment increased 

from an anatomic 10 degrees of palmar tilt to 45 degrees of dorsal tilt. Pogue et 

al. (1990) demonstrated in a cadaveric model that a radial shortening of 2 mm 

significantly increased the contact area of the lunate fossa and that angulating the 

distal radius > 20 degrees palmarly or dorsally caused a dorsal shift of the high-

pressure areas of the scaphoid and lunate. Decreasing the radial inclination caused 

a greater shift in the load distribution in the lunate fossa. In a cadaveric study by 

Kihara et al. (1996), an incongruence of the DRUJ was noted with increasing 

dorsal tilt of the distal radius, being most evident with 10 degrees of dorsal tilt of 

the articular surface. Also, maximal pro-supination of the forearm was limited 

with these anatomical changes. In contrast, a more recent cadaveric study showed 

that up to 5 mm of radial shortening and 30 degrees of dorsal tilt of the distal 

radius causes no significant loss in forearm rotation (Bronstein et al., 2014). In 

addition, soft tissues might have a larger role than previously appreciated in 

limiting the function of the wrist joint, especially in malunited DRFs (Moore et 

al., 2002). 

When it comes to the articular incongruity of the lunate fossa (die-punch 

fractures), maximum-contact, overloaded areas were found to be significantly 

increased with articular step-offs of 2 mm or more in a cadaver model (Baratz et 

al., 1996). In addition, with as small as a 1 mm depression in the scaphoid fossa, 

significant changes of the contact pressures on the lunate side of the joint have 

been observed in a cadaveric study (Wagner et al., 1996). Also, increased post-

traumatic articular cavity depth of the distal radius has been shown to correlate 

with a higher arthritic stage and decreased range of wrist motion in a combined 

clinical and cadaveric study (Erhart et al., 2013). 

According to these biomechanical studies, a dorsal angulation of the distal 

radius of less than 10 degrees, radial shortening of less than 2 mm and an articular 

step-off of less than 1 mm could be optimal in the treatment of DRFs. 

Malunion of distal radius fractures 

Occasionally, DRF leads to the malunion of the fracture, with permanent 

alterations in the bony anatomy that causes an apparent deformity of wrist. 

Nevertheless, no consensus about the clear definition of the malunion of the distal 
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radius exists. The incidence of distal radius malunion (i.e., fracture healing in a 

non-anatomic position) has been estimated to be 25% (Amadio et al., 1987). 

Symptomatic malunion is much less common, and there is no agreement about 

the most specific parameter relevant for functional outcome. Fourrier et al. (1981) 

concluded that a sagittal tilt (volar or dorsal) of 10–20 degrees, a radial inclination 

of 20–30 degrees and a radial shortening of 0–2 mm can be tolerated without 

significant symptoms. In general, the overall alignment is considered 

unacceptable if > 10 degrees of dorsal angulation, < 15 degrees of radial 

inclination and > 2 mm of radial shortening exists (Grewal & MacDermid, 2007). 

In a selected elderly population, > 30 degrees of dorsal angulation and > 5 mm of 

radial shortening have been proposed as a cut-off point for unacceptable 

alignment (Kelly et al., 1997). 

Despite sound biomechanical data, no straight relationship between the 

alignment of the distal radius and functional outcomes or patient satisfaction has 

been shown in clinical studies. Reduced grip strength has been demonstrated if 

dorsal angulation of the distal radius exceeds 20 degrees and radial inclination is 

less than 10 degrees (Porter & Stockley, 1987). Radial shortening > 4 mm has 

shown to reduce the radial and ulnar deviation and is associated with persistent 

pain (Jenkins & Mintowt-Czyz, 1988). McQueen & Caspers (1988) concluded in 

a clinical study that a dorsal angulation of a malunited distal radius of more than 

12 degrees causes weakness, deformity and stiffness of the wrist compared to 

patients with more anatomic results. In a more recent study, the malalignment of 

the distal radius was associated with inferior clinical results in patients < 65 years, 

but no correlation between radiographic parameters and functional results was 

found in patients older than 65 years (Grewal & MacDermid, 2007). Brogren et 

al. (2013) found that after combined malunion, defined as an ulnar variance 

of > 1 mm and dorsal angulation > 10 degrees, arm-related disabilities are more 

likely to persist after two years compared to patients with only shortening or 

dorsal angulation of the distal radius. 

This controversial data from previous biomechanical and clinical studies of 

DRFs do not provide us with sufficient information of acceptable alignment to 

guide everyday practice. 

2.6 Treatment options of distal radius fractures 

Restoring normal bony anatomy and thereby regaining normal wrist function has 

been the main goal in the treatment of DRFs. The treatment of DRFs by closed 
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means has been the mainstay of treatment and most of the DRFs are applicable to 

conservative treatment. There has been a shift during the last decades from high-

energy fractures in young people to osteoporotic low-energy fractures in elderly 

people, and the number of these fragility fractures will probably increase in the 

near future (Court-Brown & Caesar, 2006), which causes major challenges 

regarding the treatment of these fractures. According to Chung et al. (2009), the 

use of closed reductions in the treatment of DFRs has been significantly reduced 

in the US from 82% in 1996 to 70% in 2005. Although operative treatments of 

DRFs, especially internal fixation with palmar plating, have gained popularity 

since the beginning of this millennium (Hevonkorpi et al., 2018; Mattila et al., 

2011; Bales et al., 2012), clinical evidence supporting this trend is lacking. Only a 

few RCTs have compared the results of palmar plating and nonoperative 

treatment of DRFs in populations predominantly including elderly patients, 

showing no significant benefit of plating in these studies (Arora et al., 2011; Bartl 

et al., 2014). 

2.6.1 Conservative treatment 

Below-elbow casts have routinely been used in the immobilisation of non-

displaced fractures. Also, long-arm plaster casts (over the elbow) can be used, but 

no benefit of long-arm casts has been shown in stable DRFs compared to short-

arm casts (Park et al., 2017). In case of displaced DRFs, closed reduction under 

local anaesthesia is performed, and the wrist is usually immobilised in a below-

elbow arm cast (Figure 6). Closed reduction can be achieved by the direct 

manipulation of the fracture fragments or indirect reduction with longitudinal 

finger-trap traction (Fernandez, 2005). In a recent meta-analysis, no clinically 

significant difference in radiographic outcomes was noted between these two 

manoeuvres, although longitudinal traction may be less painful to the patient than 

direct manipulation (Søsborg-Würtz et al., 2018). The recommended position of 

immobilisation for dorsally angulated metaphyseal fractures has not been yet 

established. Recommendation of the position of immobilisation has varied during 

the history and is more or less related to the cultural habits (Colles, 1814; Grle et 

al., 2017; Gupta, 1991; van der Linden & Ericson, 1981). In Finland traditional 

position of immobilisation has been about 15 degrees of palmar flexion, 10–15 

degrees of ulnar deviation and slight pronation, as proposed by Fernandez (2005), 

but there is a lack of evidence supporting this recommendation (Handoll & 

Madhok, 2003). The immobilisation of the wrist in marked flexion (> 20 degrees) 
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should probably be avoided because of its associated high incidence of median 

neuropathy (Gelberman et al., 1984). The functional position of the wrist in 20 

degrees of extension after closed reductions of DRFs has also been proposed 

(Blatter et al., 1994). 

 

 

Fig. 6. Below-elbow cast after the closed reduction of a DRF. Excessive flexion of the 

wrist should be avoided. 

The recommended time of immobilisation varies between 3–6 weeks (Fernandez, 

2005). Most primary stable or well-reduced extra-articular fractures may 

consolidate initially by 4–5 weeks after injury (Vang Hansen et al., 1998), but 

cortical bony union can be seen in some cases only by 7 weeks (Kristiansen et al., 

1997). In clinical practice, stable DRFs are usually immobilised for 4 weeks, and 
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unstable fractures, especially in elderly people, are immobilised for 5–6 weeks. 

Clinical and radiographic follow-ups are usually arranged at 1 and 2 weeks, and if 

the reduction is maintained, cast immobilisation is continued until 5–6 weeks. Re-

manipulation of re-displaced DRFs after closed reduction and cast treatment does 

not seem to be beneficial in restoring the anatomy (McQueen & Caspers, 1988). 

In a prospective study by Anzarut et al. (2004) on patients aged > 50 years with 

conservatively treated DRFs, adequate radiographic reduction was not associated 

with better functional outcomes at six months, suggesting that a need for a less 

aggressive approach in aiming for anatomic position in the elderly may be 

considered. Young & Rayan (2000) concluded that in low-demand patients older 

than 60 years, nonoperative treatment of DRFs yields satisfactory outcomes 

regardless of the radiographic result. 

2.6.2 Surgical treatment 

A variety of surgical methods are available for treating DRFs, including 

percutaneous Kirschner wire (K-wire) fixation, external fixation and internal 

fixation with plates. 

In percutaneous K-wire fixation, metallic pins are usually placed 

percutaneously through the radial styloid and ulnar corner of the radius over the 

fracture site and drilled through the opposite cortex of the radius. A closed 

reduction of the fracture is performed before pinning, and adequate reduction is 

confirmed by fluoroscopy. Intrafocal pinning and reduction of the fracture within 

the fracture site is also an option, described by Kapandji (1988). In external 

fixation, the fracture site is stabilised indirectly (bridging fixation) or directly 

(non-bridging fixation) with 3 mm pins drilled into the radius proximal to the 

fracture site and other pins introduced into the base on the second metacarpal 

(bridging) or into the distal part of the fractured radius (non-bridging; McQueen, 

1998). The fracture is reduced with gentle manipulation and traction of the 

fracture site and stabilised with a metallic bar applied between the pins. K-wires 

can be used as an augmentation with external fixation in comminuted fractures to 

enhance the stability (Wolfe et al., 1998). An external fixator is usually removed 

after six weeks of treatment (McQueen, 1998). 

Surgical stabilisation of DRFs can also be achieved with open reduction and 

internal fixation (ORIF) with plates. Open reduction has been shown to yield 

improved radiographic alignment compared to percutaneous fixation with pins or 

external fixation (McQueen et al., 1996). Internal fixation can be achieved by 



33 

dorsal or palmar plates. Soft tissue coverage on the palmar side of the wrist is 

more sufficient than on dorsal side, allowing better wound healing and reducing 

the need for the removal of the plates. In a previous meta-analysis, dorsal plates 

were associated with more soft tissue problems, such as tendon irritation, 

compared to palmar plates (Wei et al., 2013). Locking palmar fixed-angle plates, 

in which the screws lock to the plate, have gained popularity since their 

introduction in the late 1990s, allowing early postoperative wrist mobilisation 

(Orbay & Fernandez, 2004; Wright et al., 2005; Rozental & Blazar, 2006). With 

palmar fixed-angle plates, near-anatomic reduction and stable fracture fixation 

can usually be achieved also in the osteoporotic bone (Orbay & Fernandez, 2004; 

Figl et al., 2010; Figures 7 and 8). 

  

Fig. 7. Preoperative dorsally displaced Colles fracture. PA and lateral views 

demonstrating typical shortening and dorsal displacement/tilt of the distal radius joint 

line. 
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Fig. 8. Colles fracture after ORIF (palmar plating): PA and lateral views. Shortening and 

dorsal displacement of the distal radial joint line has been successfully reduced. 

2.7 High-quality evidence comparing palmar plating and 

nonoperative treatment 

In a comparison of surgical and nonoperative treatment of DRFs, Cochrane 

collaboration has concluded that surgical methods of treating DRFs are associated 

with better anatomical appearance compared to conservative treatments, but there 

is no evidence confirming that surgery results in better functional outcomes 

(Handoll & Madhok, 2003). A comparison of the results between different 

fixation methods was not conclusive, but several studies have shown that the most 

anatomical end results can be achieved by ORIF with a plate (Grewal et al., 2011; 

Williksen et al., 2013). 

As the incidence of plate fixation of DRFs in patients ≥ 50 years of age has 

increased multiple times from 1998 to 2008, the incidence of external fixation and 

pinning of DRFs has diminished at the same time in Finland. After 2008, only a 

minority of DRFs was operated upon by some means other than plating, although 

evidence supporting this trend is still lacking (Hevonkorpi et al., 2018; Figure 9). 
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Fig. 9. The incidence of surgical techniques used in the treatment of DRFs in Finnish 

patients ≥ 50 years old between 1998 and 2016. Figure by Hevonkorpi, T. P., Launonen, 

A. P., Huttunen, T. T., Kannus, P., Niemi, S., & Mattila, V. M. (2018). BMC 

Musculoskeletal Disorders, 19, 70. https://doi.org/10.1186/s12891-018-1983-0. 

Distributed under the terms of the Creative Commons Attribution 4.0 International 

License http://creativecommons.org/licenses/by/4.0. 

For a reliable comparison of the results between different studies, valid 

instruments in assessing subjective outcomes should be used. In addition to the 

routinely used objective outcome measurements, including radiographic 

parameters, range of movement (ROM) and grip/pinch strength, several 

subjective patient-reported outcome measurements (PROMs) have been 

developed. Patient concerns are more focused on managing everyday activities 

after injury than on the radiographic outcomes or even wrist ROM (Shauver et al., 

2014). In addition, radiological measurements have been found to correlate poorly 

with physical measures of function and patient-reported outcomes after DRFs 

(Plant et al., 2017). 

The most commonly used PROMs after DRFs are the visual analogue scale 

(VAS; Scott & Huskisson, 1976), disabilities of the arm, shoulder and hand 

(DASH) score (Hudak et al., 1996) and patient-rated wrist evaluation (PRWE) 

scores (Macdermid et al., 1998). Both DASH and PRWE scores are now also 

translated in Finnish (Aro et al., 2008; Sandelin et al., 2016). VAS is a numeric 

rating scale for pain intensity, ranging from 0 (no pain) to 10 (worst imaginable 

pain). DASH is a 30-item instrument that captures the physical function of 
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symptoms for upper-limb conditions, also including additional parts for sports 

and work. QuickDASH is a shorter version of DASH including only 11 items and 

is proven to be similar regarding to scores of full DASH (Beaton et al., 2005). 

PRWE is a 15-item questionnaire designed to measure wrist pain and disability. 

Both DASH and PRWE scores are proven to be valid and reliable tools in rating 

the disability of the upper extremities and changes in disability during the 

rehabilitation after a DRF (MacDermid et al., 1998; MacDermid & Tottenham, 

2004). 

Only a few studies have compared the results of palmar plating and 

nonoperative treatment. In a retrospective study, Arora et al. (2009) found no 

functional differences between nonoperative treatment and palmar plating of DRF 

in patients > 70 years old at a mean follow-up time of 4.5 years. Egol et al. (2010) 

compared the results of cast immobilisation and surgical intervention (palmar 

plating or external fixation) in a case-control study in patients > 65 years old 

having initially displaced DRFs, with comparable DASH scores between the 

groups after one year of follow-up. Chan et al. (2014) compared the results of cast 

immobilisation and palmar plating of displaced DRFs after initial closed 

reductions in patients aged > 65 years and found no statistically significant 

differences in function at 12 months. 

According to the previous literature, nonoperative treatment of DRFs seems 

to produce comparable PROMs with surgical fixation in elderly population with 

unstable fractures. Only a few high-quality, randomised controlled studies have 

compared the results of palmar plating and nonoperative treatment of DRFs in 

predominantly elderly people, showing no significant benefit of plating (Arora et 

al., 2011; Bartl et al., 2014; Table 1). 

In the majority of cases, the treatment of primary displaced DRFs is initiated 

with cast immobilisation after the closed reduction of the fracture. If displacement 

of the fracture is observed within the first two weeks after injury, operative 

treatment in a delayed fashion – in most cases palmar plating – is often 

recommended for the patient. Although satisfactory radiographic results can 

usually also be achieved with a delayed operation, scientific evidence supporting 

this practice is lacking, and the benefit of delayed operations is still questionable. 

Only one previous RCT has allowed delayed surgery in the conservative 

treatment group due to the loss of reduction within two weeks after injury (Bartl 

et al., 2014). 



37 

Table 1. Overview of RCTs comparing palmar plating and nonoperative treatment of 

DRFs.  

Author Study 

design 

Number of 

patients 

analysed 

(plating/ 

nonop.) 

Delayed 

operation 

allowed 

in protocol 

AO 

fracture 

types 

included 

Mean age, 

years 

(plating/ 

nonop.) 

Follow-up 

time 

Primary 

outcome 

measure 

Results 

Arora 

et al., 

2011 

RCT, 

single 

centre 

73 

(36/37) 

No A2-3, 

C1-3 

76/77 12 months PRWE1, 

DASH 

No 

difference 

between 

groups 

Bartl 

et al., 

2014 

RCT, multi 

centre 

149 

(68/81) 

Yes C1-3 75/74 12 months SF-362, 

DASH 

No 

difference 

between 

groups 

1 Patient-rated wrist evaluation, 2 Short Form (36) Health Survey 

There is an obvious lack of high-quality evidence comparing the results of 

nonoperative treatment and palmar plating of DRFs and a need to clarify the 

rationale for the current treatment protocol of primarily dislocated DRFs in 

elderly population and also in working-age patients. 

2.8 Complications associated with the treatment of distal radius 

fractures 

Several types of complications have been described in association with DRFs. 

Some of the complications are a consequence of the fracture itself and some of 

them are related to the treatment of DRFs. Reported overall complication rates 

vary from 6% to 80% (McKay et al., 2001), depending on the definition of a 

complication. The most common complication associated with DRFs is CTS, with 

rates varying between 0.5% and 22% (Pope & Tang, 2018), most of them being 

mild in severity. The position of the wrist during the immobilisation (Gelberman 

et al., 1984), high-energy injuries, ipsilateral upper-extremity trauma, being a 

woman aged below 48 years, multiple closed reduction attempts and comminuted 

fractures with > 35% fracture translation are predisposing factors for acute CTS 

(Pope & Tang, 2018). Other common complications after DRFs are CRPS, tendon 

irritation/ruptures, malunion, loss of motion and post-traumatic osteoarthritis 

(McKay et al., 2001). 
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Preliminary reports of palmar plating demonstrated only very few 

complications (Orbay & Fernandez, 2004), but more recent studies have shown 

significantly more, with up to a 36% complication rate after palmar plate fixation 

(Arora et al., 2011; Bentohami et al., 2014). As the incidence of plate fixation in 

the treatment of DRFs has increased, especially in older age groups (Hevonkorpi 

et al., 2018; Mattila et al., 2011), there is also a concern about the potential 

increase of complication rates. Complications after palmar plate fixation of DRFs 

can lead to secondary operations, resulting in prolonged and imperfect healing 

and additional costs. Risk factors affecting the rate of complications after plate 

fixation of DRFs have been investigated in only a few earlier studies (Jiang et al., 

2014; Soong et al., 2011; Ward et al., 2011), and the results have been 

inconclusive. Previous studies have suggested that surgeon experience, surgical 

delay, the age of the patient, the mechanism of injury, the type of fracture and 

plate design may affect the rate of complications and secondary operations 

(Johnson et al., 2014; Soong et al., 2011; Thorninger et al., 2017; Ward et al., 

2011). Identifying the predisposing factors for complications after palmar plate 

fixation of DRFs is essential in reducing these complications as well as in 

minimising secondary operations. 

  



39 

3 Aims of the present study 

The specific aims of this thesis are as follows: 

1. To describe the epidemiology of DRFs in the city of Oulu during the year 

2008 and to compare the possible changes in age-specific incidence of DRFs 

during the last few decades in Finland. The purpose was also to demonstrate 

possible relationship between slippery weather conditions and the seasonal 

variation of DRFs. 

2. To compare functional and radiological results of two different treatment 

protocols – early palmar plating and primary nonoperative treatment – in an 

RCT of patients ≥ 50 years of age with primary dorsally displaced DRFs 

(Colles fracture). The interest was also to assess the benefit of delayed 

operations in case of a secondary displacement of the DRF in primary 

nonoperative cases. 

3. To investigate the complication rate and risk factors for complications after 

palmar plating DRFs. Particularly, clarifying the risk factors for plate-related 

complications was the primary goal, with a special interest in surgeon 

experience. 
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4 Materials and methods 

The research was conducted at the Division of Orthopaedic and Trauma Surgery, 

Department of Surgery, Oulu University Hospital, in co-operation with the 

Division of Operative Care and Medical Research Center Oulu, Department of 

Surgery and Anaesthesiology, Oulu University Hospital, Terveystalo, Mehiläinen, 

Oulu Deaconess Institute, and the Finnish Meteorological Institute. 

4.1 Patients 

4.1.1 Epidemiology (I) 

All adult distal forearm radius fractures in the city of Oulu during the year 2008 

were included in this study. Data were collected prospectively in centres with 

radiology facilities in Oulu, including Oulu University Hospital, Terveystalo, 

Mehiläinen and Oulu Deaconess Institute. All radiographs and radiologist reports 

in patients aged 16 years and above with DRFs (AO/Orthopaedic Trauma 

Association (OTA) segment 23) living in Oulu during the study period were 

examined. 

Demographic data, fracture characteristics, the mechanism of injury and the 

treatment method were recorded. If the fracture was sustained during a sports 

activity, by falling from a height of > 1 m or by a bicycle accident or a motor 

vehicle accident, the energy of the injury was defined as high. Otherwise the 

energy of the injury was defined as low and was usually caused by a simple fall. 

The number of fractures due to falling from standing height and non-falling 

accidents were calculated for each day of the year. The total count and age 

distribution of the population of Oulu during the study period were obtained from 

the Statistics Finland website, and the number of patients at risk was calculated. 

The crude-, sex- and age-specific incidence rates were calculated using 10-year 

interval age groups per 100 000 person-years. 

FMI provided a unique weather and pavement condition model, using 

multiple weather parameters such as temperature, precipitation and humidity to 

calculate the energy balance of the pavement surface. Based on these data, a 

numeric estimate for the slipperiness of the pavement surfaces was given. During 

the study period, 19 days with slippery or very slippery pavement conditions, 164 

days with normal winter weather and 183 days with non-winter weather were 
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observed. The number of fractures caused by falling and non-falling accidents 

was compared with the estimate of slipperiness. 

4.1.2 RCT comparing primary nonoperative treatment and early 

palmar plating of distal radius fractures (II) 

A prospective, randomised, controlled, single-centre trial was conducted at Oulu 

University Hospital (Department of Surgery, Division of Orthopaedic and Trauma 

Surgery, Oulu, Finland). The catchment area of patients was our hospital district, 

and patients were screened for trial eligibility and collected between November 

2008 and January 2014. In this study comparing two treatment protocols of DRF, 

patients aged 50 years and older with dorsally displaced DRFs were randomised 

in two treatment groups after the satisfactory closed reduction of their fractures. 

In group 1, the fractures were treated by early palmar fixed-angle plating, and 

group 2 (control group) was treated primarily nonoperatively with short-arm 

casts. Delayed operations were offered to the patients in the control group in case 

of secondary fracture displacement (> 10 degrees of dorsal angulation, < 15 

degrees of radial inclination or > 2 millimetres ulnar positive variance) at one- or 

two-week follow-up visits. All patients gave written informed consent, and the 

study was registered at Clinicaltrials.gov (NCT02990052). 

The inclusion criteria of the study were the existence of dorsally displaced 

DRFs (AO/OTA 23 type A2/A3 and C1/C2) and a duration of less than one week 

from primary injury. A total of 110 patients were assessed for eligibility, of which 

30 were excluded. The remaining 80 patients were randomised into one of two 

study protocol groups: early surgery with palmar plating (n = 38) or primary 

nonoperative treatment (n = 42; Figure 10, flow chart). Sixteen patients in the 

control group underwent delayed operation at one to three weeks after the initial 

trauma due to the early loss of reduction. Two patients in the control group 

declined delayed surgery and were treated nonoperatively. The baseline 

demographic characteristics of the main study groups are demonstrated in Table 

2. 
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Fig. 10. Flow chart of the prospective randomised trial comparing two treatment 

protocols of DRFs. 

Table 2. Demographics of the prospective randomised trial comparing two treatment 

protocols of DRFs. 

Feature Early surgery group (n = 38) Control group (n = 42) 

Years of age, mean (range) 62.3  (50 to 79) 64.2 (50 to 82) 

Age ratio, < 65 years / ≥ 65 years 23 (60.5%) / 15 (39.5%) 23 (54.8%) / 19 (45.2%) 

Sex     

Female 37  (97.4%) 39 (92.9%) 

Male 1  (2.6%) 3 (7.1%) 

Dominant hand involved 15 (39.5%) 17 (40.5%) 

AO classification     

A 23  (60.5%) 25 (59.5%) 

C 15  (39.5%) 17 (40.5%) 

Values given as number of patients (percentage) unless otherwise indicated 

Enrolment

Allocation

Follow‐up

Analysis

Assessed for eligibility (n = 110)

Excluded (n = 30)
Declined to participate (n = 17)
Other reasons (n = 13)

Co‐morbidity and/or age‐related 
reasons (8)
Senility (1)
Bilateral wrist fracture (1)
Rheumatoid arthritis (1)
Local dermal infection (1)
Previous ipsilateral fracture (1)

Control group (n = 42)

Lost to follow‐up (n = 7)
5 discontinued (2 hip fractures, 3 lost interest)
2 lost contact

Intention‐to‐treat analysis at 2 years (n = 35/42)

Early surgery group (n = 38)

Lost to follow‐up (n = 5)
3 discontinued (1 moved away, 2 lost interest)
1 died (unrelated to treatment)
1 lost contact

Intention‐to‐treat analysis at 2 years (n = 33/38)

Allocated intervention
Nonoperative treatment (n = 26)
Delayed operation (n = 16)

Randomised (n = 80)



44 

4.1.3 Complications after palmar plate fixation (III) 

A retrospective data collection from Oulu University Hospital’s electronic 

database was conducted in this study. All patients operated on in our hospital with 

a locking palmar plate due to a DRF between January 2008 and December 2016 

were included. Medical records were searched using ICD-10 code S52.5 

(fractures of distal radius) for diagnosis and Nordic Medico-Statistical Committee 

(NOMESCO) codes NCJ62 and NDJ62 (plating of DRF), identifying 987 DRFs 

in total. Patients treated with dorsal plating (n = 58), double plating (palmar and 

dorsal plating; n = 7) and patients operated on later than 30 days from the injury 

(n = 5) were excluded in addition to patients not seen at our follow-up clinic post-

operatively (n = 36). A total of 881 eligible DRFs in 867 patients were included. 

Patient characteristics, mechanism of injury, fracture classification, implant 

type and possible associated injuries and open fractures were retrospectively 

recorded (Table 3). Also, surgeon volume, surgeon seniority and surgical delay 

were obtained from medical records. The delay between the primary injury and 

surgery was recorded and grouped into three categories (0–3, 4–7, and > 7 days 

from the injury), and the age of the patients was grouped into three subgroups 

(16–39, 40–64, and ≥ 65 years old). The surgeon was defined as a high-volume 

surgeon if at least 20 palmar platings were recorded per surgeon during the study 

period; otherwise, the surgeon was classified as a low-volume surgeon. Surgeons 

were classified by seniority as resident or consultant depending on the main 

surgeon of the operation. Any adverse effect related to the primary injury, surgery 

or treatment after palmar plate fixation was defined as a complication. Overall 

complications and secondary operations were assessed retrospectively from 

medical records. In addition, plate-related complications and secondary 

operations were assessed. 
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Table 3. Demographic characteristics of the study (III) cohort (881 DRFs). 

Feature Value 

Average age, years (range)  58.7 (16–92) 

Sex   

Female  681 (77%) 

Male 200  (23%) 

Mean delay from injury to surgery in days (range) 8 (0–30) 

Mechanism of injury   

Fall from standing height 627 (71%) 

Fall from a height > 1 m 94 (11%) 

Sports injury 53 (6%) 

Bicycle accident 29 (3%) 

Motor vehicle accident 26 (3%) 

Fall on stairs 26 (3%) 

Other accidents 26 (3%) 

Eponyms    

Colles 791 (90%) 

Smith  45 (5%) 

Volar Barton 29 (3%) 

Chauffeur 3 (0.3%) 

Galeazzi 3 (0.3%) 

Non-specified 10 (1%) 

AO/OTA classification   

Type A 285 (32%) 

Type B 30 (4%) 

Type C 566 (64%) 

Implant type   

Aculoc (Acumed) 812 (92%) 

Variax (Stryker) 41 (5%) 

DVR (DePuy) 19 (2%) 

Synthes LCP 6 (0.7%) 

Other plates 3 (0.3%) 

Open fractures 22 (2.5%) 

Patients having associated injuries 82 (9%) 

Data are presented as n (%) unless otherwise indicated 

4.2 Intervention (II–III) 

In study II, patients in the intervention group (and some patients in the primary 

nonoperative group in case of delayed operation) underwent palmar plating of 

DRFs using the standard surgical technique. A modified volar Henry approach 



46 

was used. Fracture reduction was achieved by open manipulation, and the 

fractures were stabilised using a palmar fixed-angle plate (Aculoc or Aculoc 2; 

Acumed, Hillsboro, Oregon) with proximal 3.5 mm locking screws and distal 

2.3 mm locking cortical pegs. A dorsal plaster cast for pain relief was applied for 

ten days, after which active mobilisation of the wrist was initiated. All procedures 

were performed by experienced surgeons familiar with the operative technique 

being used. 

In the retrospective study regarding complications after palmar plate fixation 

of DRFs (III), a modified volar Henry approach was used for palmar plating of 

the distal radius. Locking screws were used proximally, and locking pegs or 

screws were used distally based on the surgeon’s preference and implant type. 

The implant type was decided by the main surgeon. Routine removal of the plates 

was not recommended for the any of patients (II–III). 

4.3 Control (II) 

Patients allocated to the control group in the RCT (II) were scheduled to attend 

follow-up visits at one and two weeks after satisfactory primary closed reduction 

and below-elbow cast immobilisation in the emergency department. 

Immobilisation in a cast was discontinued at six weeks, after which active 

mobilisation of the wrist was started. The threshold for delayed operative 

treatment in the control group was > 10 degrees of dorsal angulation, < 15 

degrees of radial inclination or > 2 millimetres ulnar positive variance at one- or 

two-week follow-up visits, and if one of these criteria was fulfilled, patients were 

offered surgery. If the patient declined surgery at this phase, nonoperative 

treatment was continued until fracture union. 

4.4 Clinical outcome measures (II) 

The primary outcome measure in the RCT (II) was the DASH score at two years. 

Secondary outcome measures included ROM, grip strength, subjective assessment 

of wrist function, radiological results, complications and the rate of re-operations. 

Follow-up visits for both study groups were scheduled at three, six, 12 and 24 

months. 

At each follow-up visit, the patients completed DASH questionnaires. All 

objective functional measurements were performed by a physiotherapist not 

involved in patient care. Dorsal and volar flexion and ulnar and radial deviation of 
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the wrist were measured using a manual goniometer. Wrist pronation and 

supination were measured using a Myrin compass goniometer (Follo Futura AS, 

Ås, Norway). Grip strength (kg) was measured using a calibrated hydraulic hand 

dynamometer (model SH5001, Saehan Corporation, Changwon, South Korea). 

The best result of three attempts was used for the analysis of grip strength. As a 

subjective assessment, patients were also asked to grade the function of their 

injured wrist as poor, fair, good or excellent using the uninjured side as a 

reference. 

4.5 Radiology (I–III) 

In study I, one surgeon examined all radiographs and radiologist reports in adult 

patients with DRFs. The fractures were classified according to eponyms and AO 

classification using the primary and follow-up radiographs or radiologist reports. 

In the RCT (II), standard PA and lateral wrist radiographs were taken immediately 

after primary injury and after closed reduction of the fracture in both treatment 

groups. In the control group, radiographs were taken at one, two, six and 12 

weeks and at six, 12 and 24 months after injury. In the early surgery group, 

radiographs were taken at postoperative day one and at and six and 12 weeks and 

at six, 12 and 24 months after injury. Fracture types were classified according to 

the AO classification using the main types A and C. Dorsal angulation was 

measured from the lateral radiographs, and radial inclination was measured from 

the PA radiographs. Ulnar variance (mm) was measured from PA radiographs with 

reference to the uninjured side, which was radiographed at six weeks after injury. 

In study III, routine PA and lateral wrist radiographs were available from all 

of the patients at the primary phase and during the follow-up. In standard cases, 

only one post-operative follow-up visit at six weeks was arranged. In more 

complicated cases or with prolonged recovery, follow-up time was continued until 

adequate improvement. The average follow-up time was 4.3 months from the day 

of surgery. Digital measurements were made from the latest radiographs by one of 

the study authors, who were all experienced upper-limb orthopaedic surgeons or 

well-trained orthopaedic residents. Fracture types were classified according to AO 

classification using main types A, B and C. Dorsal angulation of the distal radius 

was measured from the lateral radiographs, and radial inclination was measured 

from the PA radiographs. Ulnar variance (mm) was measured from PA 

radiographs and the intra-articular gap, if noted, was measured in millimetres. 

Dorsal angulation of the radius > 10 degrees, radial inclination < 15 degrees, 
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ulnar variance > 2 mm or intra-articular gap > 2 mm were criteria for 

malreduction. 

4.6 Statistical methods (I–III) 

Categorical data were analysed using Fisher’s exact test and by the χ2 test. 

Student’s t-test was used for continuous variables. A Poisson regression analysis 

was used to assess the possible effect of weather and slipperiness of pavement 

surfaces on the daily number of fractures (I). A p-value < 0.05 was considered 

statistically significant. 

The sample size in study II was calculated using DASH scores, assuming a 

clinically relevant 15-point difference between treatments and a standard 

deviation (SD) of 22. The calculation resulted in 35 patients per group (SD = 22, 

α = 0.05, power = 0.80), with an estimated 10% drop-out rate. We decided to 

include 80 patients in study II. 

The patients in study II were analysed primarily on an intention-to-treat basis 

and secondarily as-treated. Missing data in our primary outcome variable DASH 

at the 24-month follow-up of randomised patients were imputed using the 

multiple imputation (MI) method. The missing data pattern was non-monotone, 

and therefore, we used MI with a fully conditional specification using DASH 

variables (three, six and 12 month) and age, fracture type and randomisation 

group to model data for DASH at 24 months. Fifty different data sets were 

created, and the pooled result is presented. Summary measurements are presented 

as means (SD) or as medians with 25th and 75th percentiles. Comparisons between 

the study groups were performed using Student’s t-test or Mann-Whitney U-test 

for continuous variables and by the χ2 or Fisher’s exact test for categorical 

variables. The Kruskal-Wallis test was used to compare DASH results at the two-

year follow-up between the operative, completely nonoperative and delayed 

operation groups. If the p-value was < 0.05 according to the Kruskal-Wallis test, 

then the Mann-Whitney U test was used for comparisons between the two groups. 

Repeatedly measured data were analysed using a linear mixed model (LMM) 

assuming patients as random effects. The p-values reported for LMM are ptime for 

the change over time, pgroup for the average treatment difference and ptime x group for 

the interaction between time and treatment. The results of between-group 

comparisons are presented as the difference between means and 95% confidence 

intervals (CIs). Comparisons of functional outcome scores between age groups 
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were preplanned subgroup analyses, while comparisons between early surgery, 

delayed surgery and nonoperative treatment (as-treated) were decided post hoc. 

Complication and secondary operation rates (III) were calculated as the 

number of fractures and percentages. The χ2 test was used in analyses comparing 

categorical variables. A multivariate logistic regression analysis was performed to 

assess the predictive factors for complications, and odds ratios (ORs) with 95% 

CIs and p-values were calculated. Variables entered into the model were age, sex, 

AO classification, open fracture, associated injuries, surgical delay, surgeon 

volume and surgeon seniority (resident or consultant). A variable was left in the 

model if p < 0.05. The results of the logistic regression model are presented as 

ORs with 95% CIs. 

4.7 Randomisation (II) 

In study II, patients were randomly allocated into two study groups based on a 

computer-generated list. Randomisation was performed in blocks with sizes 

randomly varying between four, six, eight and 12. Separate lists were created for 

age groups of < 65 and ≥ 65 years and for type A and C fractures to control for the 

possible confounding effects of age or fracture type. Sealed numbered envelopes 

were used for randomisation. After confirmation of patient eligibility, the treating 

surgeon opened a numbered envelope revealing the study group (control group or 

early surgery group). 

4.8 Ethics (I–III) 

The studies (I–III) were approved by the Oulu University Hospital Ethics 

Committee. In the RCT (II), all patients gave written informed consent before 

randomisation. 
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5 Results 

5.1 Epidemiology (I) 

In total, 285 patients (80 males and 205 females) with 289 DRFs was observed 

during the year 2008 in Oulu. The crude incidence rate was 258/100 000 person-

years (363/100 000 person-years in women and 147/100 000 person-years in 

men). The mean age of the patients at the time of fracture was 58 (SD 19, range 

16–99) years. In women, the average age was 61 (SD 18, range 16–99) years, and 

in men, the average age was 50 (SD 19, range 17–87) years. The age-specific 

incidence rate increased steadily for both sexes, up to 1 107/100 000 person-years 

in women and 466/100 000 person-years in men aged ≥ 80 years (Table 4). 

Table 4. Age- and sex-specific incidence rates/100 000 person-years in Oulu, Finland 

during 2008. 

Age Women  Men 

Fractures 

N 

Population 

at risk 

Rate1 95 % CI Fractures 

N 

Population 

at risk 

Rate1 95 % CI 

16–19 4 3 743 107 29 to 274  3 3 499 86 18 to 251 

20–29 14 13 112 107 58 to 179  11 13 724 80 40 to143 

30–39 12 8 748 137 71 to 240  13 10 081 129 69 to 221 

40–49 15 8 896 169 94 to 278  12 8 906 135 70 to 235 

50–59 48 8 876 541 399 to 717  15 8 312 180 101 to 298 

60–69 40 6 642 602 430 to 820  11 5 564 198 99 to 354 

70–79 42 4 504 933 672 to 1 260  9 3 202 281 129 to 534 

80+ 34 3 071 1107 767 to 1 547  6 1 288 466 171 to 1 014 

Total 209 57 592 363 315 to 416  80 54 576 147 116 to 182 

1 Rate/100 000 person-years. 

The mechanism of injury was falling from standing height in 223 (77%), bicycle 

accident in 15 (5%), falling from a height greater than 1 m in 12 (4%), 

snowboarding or skiing accident in seven (2%), ice skating accident in seven 

(2%), other sports activity in eight (3%), motor vehicle collision in eight (3%) and 

other injury in nine (4%) cases. The trauma energy was low in 225 (78%) cases 

(176/209 [84%] in females, 49/80 [61%] in males, p < 0.001). Most of the 

fractures (76%) were treated nonoperatively. Colles fractures were the most 

common fracture type, comprising 79% of cases in women and 65% in men. AO 
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type A fractures were more common in women, and type B fractures were more 

common in men (Table 5). 

Table 5. Classification of fractures according to AO and eponyms with energy of the 

injury. 

Group Women Men Energy  Energy Age, years 

N  (%) N  (%) Low N (%) High N  (%) mean  (SD) 

AO-classification           

A 130 (62) 34 (43) 133 (59) 31 (48) 59 (20) 

B 12 (6) 22 (27) 22 (10) 12 (19) 49 (18) 

C 67) (32 24 (30) 70 (31) 21 (33) 58 (16) 

Total 209 (100) 80 (100) 225 (100) 64 (100)   

Eponyms           

Colles 165 (79) 52 (65) 176 (78) 41 (64) 60 (19) 

Smith’s 6 (3) 2 (3) 6 (3) 2 (3) 63 (23) 

Chauffeur’s 9 (4) 13 (16) 16 (7) 6 (9) 52 (15) 

Volar Barton’s 0  1 (1) 1 (0.) 0  81 (0) 

Dorsal Barton’s 0  1 (1) 0  1 (2) 22 (0) 

Non-displaced 24 (12) 6 (8) 22 (10) 8 (13) 49 (19) 

Unclassifiable 5 (2) 5 (6) 4 (2) 6 (9) 46 (19) 

Total 209 (100) 80 (100) 225 (100) 64 (100)   

A clear seasonal variation was observed in fractures sustained by falling from 

standing height (60% during wintertime, 40% non-wintertime), which was not 

that apparent in other injury mechanisms (Figure 11). On normal winter days, the 

number of fractures was 1.4 times greater (95% CI: 1.1 to 1.9, p = 0.014) than on 

non-winter days and on slippery winter days, the number of fractures was 2.5 

times greater than on non-winter days (95% CI: 1.6 to 4.0, p < 0.001). 
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Fig. 11. Seasonal variation of DRFs during the year 2008 in Oulu according to 

mechanism of injury. 

5.2 RCT comparing two treatment protocols of distal radius 

fractures (II) 

The mean DASH scores at the two-year follow-up differed statistically 

significantly between study groups, favouring early operation: 7.2 vs. 14.4, 

(difference between means, 7; 95% CI: 1.5 to 13, p = 0.005; Figure 12). 

According to the MI analysis, the mean difference was 6 points (8 vs. 14; 95% 

CI: 0.12 to 11, p = 0.05). 

In terms of ROM, statistically significant differences favouring early surgery 

were detected in flexion (71 degrees vs. 64 degrees; difference between means, 

7°; 95% CI: 3 to 12, p = 0.002) and ulnar deviation (28° vs. 25°; difference 

between means, 3°; 95% CI: 0.9 to 6, p = 0.009) at the two-year follow-up. The 

recovery rate of extension was more rapid in the early surgery group 

(ptime x group = 0.04). Grip strength was comparable between the study groups at the 

two-year follow-up (Table 6). Wrist function was self-assessed to be excellent or 

good by 30/33 patients in the early surgery group compared to 23/35 patients in 

the control group (p = 0.01). 
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Fig. 12. DASH scores for main study groups at follow-up points. Scores are presented 

as the medians with 25th and 75th percentiles. The p-values were determined according 

to a linear mixed model (LMM). 

In an analysis limited to patients ≥ 65 years of age, DASH score differences were 

not statistically significant between study groups after two years (difference 

between means, 6; 95% CI: 4 to 18; p = 0.2). For the patients below 65 years of 

age, the mean DASH score for the early surgery and control groups was 6 and 11, 

respectively (difference between means, 5; 95% CI: 1 to 12; p = 0.01). 

In the as-treated analysis, the mean DASH scores at the two-year follow-up 

were 7 (SD 10) in the early surgery group, 13 (SD 12) in the completely 

nonoperative group and 17 (SD 16) in the delayed operation group (p = 0.02). 

Between the early and delayed surgery groups, a statistically significant 

difference was found in DASH scores at the two-year follow up (difference 

between means, 9; 95% CI: 0.3 to 19; p = 0.02). 
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Table 6. ROM and grip strength. 

Category Early surgery 

group1 

Control 

group1 

 p-value2 

ptime pgroup ptime x group 

Extension (degrees)      < 0.001 0.2 0.04 

3 months 62 (10) 56 (12)     

6 months 64 (8) 65 (11)     

12 months 68 (8) 66 (9)     

24 months 69 (6) 68 (7)  (diff. 1, 95% CI: -2 to 4)3 

Flexion (degrees)      < 0.001 < 0.001 0.2 

3 months 58 (12) 51 (12)     

6 months 64 (8) 55 (11)     

12 months 66 (8) 61 (11)     

24 months 71 (7) 64 (11)  (diff. 7, 95% CI: 3 to 12)3 

Radial deviation (degrees)      0.02  0.7 0.5 

3 months 19 (5) 20 (9)     

6 months 21 (4) 21 (5)     

12 months 22 (5) 21 (4)     

24 months 22 (6) 22 (5)  (diff. 0, 95% CI: -3 to 3)3 

Ulnar deviation (degrees)      < 0.001 < 0.001 0.3 

3 months 24 (6) 20 (7)     

6 months 27 (6) 21 (6)     

12 months 28 (6) 22 (6)     

24 months 28 (5) 25 (6)  (diff. 3, 95% CI: 1 to 6)3 

Pronation (degrees)      < 0.001 0.8 0.8 

3 months 83 (8) 83 (12)     

6 months 85 (8) 87 (7)     

12 months 87 (5) 86 (8)     

24 months 88 (5) 88 (6)  (diff. 0, 95% CI: -2 to 3)3 

Supination (degrees)      < 0.001 0.05 0.2 

3 months 78 (13) 73 (17)     

6 months 85 (6) 79 (12)     

12 months 85 (7) 83 (10)     

24 months 88 (5) 84 (10)  (diff. 3, 95% CI: -1 to 7)3 

Grip strength (kg)      < 0.001 0.06 0.2 

3 months 21 (5) 18 (5)     

6 months 25 (5) 22 (5)     

12 months 26 (5) 25 (5)     

24 months 27 (5) 26 (7)   (diff. 1, 95% CI: -2 to 4)3 

1 Values are given as mean (standard deviation), 2 The presented p-values were determined according to 

a linear mixed model (LMM), 3 Differences between means and 95% confidence intervals are represented 

only at 24 months. 
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5.2.1 Radiography (II) 

All radiographical parameters were statistically significantly better in the early 

operation group compared to the control group (Table 7). Eighteen of 42 patients 

in the control group exhibited secondary loss of reduction at the one- or two-week 

follow-up visits, and 16 of these patients underwent delayed operation at between 

one and three weeks after primary injury. Patients in the delayed operation group 

had a mean dorsal angulation of −1.1 degrees (SD 5), radial inclination of 24 

degrees (SD 4) and ulnar variance −0.6 mm (SD 1.2) at the two-year follow-up. 

Loss of reduction after the two-week follow-up visits was observed in 14/42 

patients in control group at the final follow-up. 

Table 7. Radiographic results. 

Category Early surgery 

group1 

Control 

group1 

p-value 

ptime pgroup ptime x group 

Dorsal angulation (degrees)     < 0.001 0.003 < 0.001 

Post-injury 26 (9) 22 (8)    

Post-reduction 3 (5) 2 (6)    

Post-operative  −5 (3)      

At 24-month follow-up −3 (4) 3 (9)    

Radial inclination (degrees)     < 0.001 0.01 < 0.001 

ost-injury 17 (4) 18 (5)    

Post-reduction 20 (4) 21 (5)    

Post-operative2  23 (3)      

At 24-month follow-up 24 (4) 21 (8)    

Ulnar variance3 (mm)     < 0.001 0.002 < 0.001 

Post-injury −3.3 (1.7) −2.7 (1.7)    

Post-reduction −1.5 (1.0) −1.2 (1.1)    

Post-operative  −0.2 (0.5)      

At 24-month follow-up −0.7 (0.9) −2.0 (1.7)    

1 Values are given as mean (standard deviation), 2 Immediate post-operative values are indicated only for 

patients in the early surgery group, 3 Negative ulnar variance corresponds to the length of the radius 

being shorter than the ulna 

5.2.2 Complications and secondary operations (II) 

In the early surgery group, one case of CTS, one patient with flexor tenosynovitis 

and one case of post-traumatic radiocarpal arthritis was observed. Only the patient 

with CTS required a secondary operation in the early surgery group. In the control 
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group, four patients with CTS and one case of post-traumatic radiocarpal 

osteoarthritis were noted. Three patients in the control group needed secondary 

operations: two patients with CTS at nine and 11 months and one patient with 

malunion at six months after primary injury. 

5.3 Complications after palmar plate fixation of distal radius 

fractures (III) 

In the cohort of 881 DRFs after palmar plate fixation, a total of 132 complications 

were observed (overall complication rate: 15%). The most common complication 

types were CTS (3.9%), malreduction or loosened reduction (3.1%) and CRPS 

(1.5%; Table 8). High-volume surgeons had an overall complication rate of 

51/485 (11%), whereas the low-volume surgeons had a complication rate of 

81/396 (21%; p < 0.001). The complications could be regarded as plate-related in 

61/881 (7%) of cases. The rate of plate-related complications for high-volume 

surgeons was 20/485 (4%) and 41/396 for low-volume surgeons (10%; 

p < 0.001). 

Table 8. Complication rates after palmar plate fixation of 881 DRFs. 

Complication Complication rate1 

Carpal tunnel syndrome 34 (3.9%) 

Malreduction or loss of reduction 27 (3.1%) 

Complex regional pain syndrome 13 (1.5%) 

Intra-articular screw 9 (1%) 

Flexor tendon problem 9 (1%) 

(of rupture) 2  

Extensor tendon problem 7 (0.8%) 

(of rupture) 5  

Wound infection (culture positive) 7 (0.8%) 

Overly long screw 5 (0.6%) 

Plate loosening 4 (0.5%) 

Nerve compression or lesion 4 (0.5%) 

Malunion 1 (0.1%) 

Secondary radiocarpal OA 1 (0.1%) 

Vascular injury 1 (0.1%) 

Re-fracture 1 (0.1%) 

Other complications 9 (1%) 

Total  132/881  (15%) 

1 Data are presented as n (%) 
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The rate of secondary procedures was 84/881 (10%); the most common 

procedures were plate removal (2.8%), carpal tunnel release (2.4%) and re-

fixation (1.8%; Table 9). The rate of plate-related secondary operations was 

47/881 (5%), of which 16/485 (3%) were operated primarily by high-volume 

surgeons and 31/396 (8%) by low-volume surgeons (p = 0.003). 

Table 9. Secondary operation rates after palmar plate fixation in 881 DRFs. 

Secondary operation Operation rate1 

Plate removal 25  (2.8%) 

Carpal tunnel release 21  (2.4%) 

Re-fixation 16  (1.8%) 

Screw removal 5  (0.6%) 

Wound revision 1  (0.1%) 

Arthrodesis 1  (0.1%) 

Other procedure 15  (1.7%) 

Total  84/881  (9.5%) 

1 Data are presented as n (%) 

5.3.1 Risk factors for plate-related complications and secondary 

operations (III) 

According to a univariate analysis, surgeries performed by a low-volume surgeon 

(p < 0.001) and patients < 40 years (p = 0.008) were identified as risk factors for 

plate-related complications. Surgical delay or other clinically relevant studied 

factors had no effect on the plate-related complication rate (Table 10). In the 

multivariate logistic regression analysis, operations performed by a low-volume 

surgeon (OR 2.6, 95% CI: 1.5 to 4.6, p = 0.001) and patients < 40 years 

(compared to the ≥ 40 years old; OR 2.3, 95% CI: 1.2 to 4.8, p = 0.02) were 

independent predictors of plate-related complications. Increased risk of plate-

related secondary operations was also found in patients aged < 40 years compared 

to patients ≥ 40 years old (OR 3.8, 95% CI: 1.7 to 8.7, p = 0.001) and for low-

volume surgeons (OR 2.5, 95% CI: 1.3 to 4.7, p = 0.004). 



59 

Table 10. Risk factors for plate-related complications in 881 DRFs. 

Risk factor Complication rate1 p 

Age   0.008 

16–39 15/107 (14%)  

40–64 25/442 (6%)  

≥ 65 21/332 (6%)  

Sex   0.5 

male 16/200 (8%)  

female 45/681 (7%)  

AO classification   0.4 

type A 15/285 (5%)  

type B 2/30 (7%)  

type C 44/566 (8%)  

Open fracture   0.69 

no 59/859 (7%)  

yes 2/22 (9%)  

Associated injuries   0.88 

no 55/799 (7%)  

yes 6/82 (7%)  

Surgical delay   0.17 

0–3 22/277 (8%)  

4–7 18/201 (9%)  

> 7 days 21/403 (5%)  

Surgeon volume   < 0.001 

high 20/485 (4%)  

low 41/396 (10%)  

Surgeon seniority   0.99 

resident 27/391 (7%)  

consultant 34/490 (7%)  

1 Data are presented as n (%). 
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6 Discussion 

6.1 Main results 

The results of our epidemiologic study (I) demonstrated that the incidence rate of 

DRFs in elderly females has increased compared to a previous Finnish study 

(Kaukonen, 1985; Figure 13). Also, a clear seasonal variation of DRFs due to 

falling from a standing height was observed, and the fracture rate during slippery 

winter conditions was 2.5-fold compared to non-wintertime weather. 

Our results from the RCT (II) showed favourable DASH scores at two years 

in the early surgery group compared to the control group. In terms of ROM, wrist 

flexion and ulnar deviation favoured early surgery but other differences between 

the study groups in ROM or grip strength were minor. Early surgery seemed to 

result in more rapid recovery of wrist extension compared to the primary 

nonoperative group. Delayed operation due to secondary displacement after initial 

nonoperative treatment did not achieve comparable results to early surgery in 

terms of DASH scores. 

The results of our study regarding complications after palmar plate fixation of 

881 DRFs (III) indicate that an operation performed by a low-volume surgeon and 

a patient age below 40 years were independent risk factors for plating 

complications and for plate-related secondary operations. 

6.2 Epidemiology and seasonal variation of distal radius    

fractures (I) 

Only a few studies have reported a long-term change in the epidemiology of 

DRFs, but the results have not been conclusive (Bengnér et al., 1985; Lofthus et 

al., 2008; Melton et al., 1998; Sigurdadottir et al., 2011; Thompson et al., 2004). 

The results of our study should be compared cautiously with the results of 

Kaukonen et al.’s (1985) because of the possibly different population profile. The 

population of Oulu may represent a more rural environment compared to the 

urban region of Helsinki. A higher rate of DRFs has been observed to occur in 

rural areas compared to urban areas in developing countries (Saw et al., 2010), 

but if this trend also occurs in more developed countries, it has not been studied. 

Nevertheless, our results support those of Lofthus et al. (2008) from Norway, who 

reported a similar increase in elderly females (Figure 13). The change in the 



62 

epidemiology of DRFs is probably due to longer life expectancy and better 

treatment of medical conditions, allowing for more active lifestyles for elderly 

people than in the past decades and predisposing them to fractures of the 

extremities. As there has been an increase in life expectancy during the 19th 

century and during the last decades, there seems to be a shift of the peak 

incidence of DRFs towards patients aged > 70–80 years (Solvang et al., 2018). 

Assuming older patients will still sustain DRFs in the future, this causes pressure 

to define more specified treatment protocols for the elderly. On the other hand, 

the incidence of DRFs in the working-age population also seems to be increasing 

in a recent study by Jerrhag et al. (2017), which will cause more challenges for 

health care resources. 

 

Fig. 13. Comparison of age-specific incidence rates of DRFs of female population in 

Helsinki, 1981; Oulu, 2008; Oslo, 1979; and Oslo, 1999. 

In northern countries such as Finland, slipping on ice and snow is probably one of 

the main factors adding to the risk of falling during the winter season. We 

demonstrated that the unique weather model used in our study could predict an 

increased risk of falling and thereby an increase in the incidence of DRFs due to 

slippery pavement conditions. However, weather conditions in coastal locations 

such as in Oulu are prone to rapid changes, and local differences in weather can 

be difficult to predict. In addition, seasonal variation occurs predominantly in 

DRFs sustained outdoors (Oyen et al., 2010) in contrast to indoor DRFs, which 
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are a kind of fracture this weather model is not able to predict. More detailed 

information of the location and time of the injury combined with the slipperiness 

model and other weather parameters could provide a more profound 

understanding of the seasonal variation of DRFs. 

6.3 Nonoperative treatment vs. palmar plating of distal radius 

fractures (II) 

In previous RCTs comparing palmar plating and nonoperative treatment of DRFs 

in patients ≥ 65 years old, no clinically significant functional differences between 

treatment methods was found at 12 months (Arora et al., 2011; Bartl et al., 2014). 

In contrast to our study, Arora et al. also included fractures with no acceptable 

reduction. In our study, we compared two different treatment protocols instead of 

treatment methods. In addition, we included only fractures that were acceptably 

reduced, and therefore, we probably also operated on a few stable fractures, 

which may cause bias in the results. A recent study of Martinez-Mendez et al. 

(2018) showed significantly better functional results in patients older than 60 

years treated with palmar plating compared to cast treatment of intra-articular 

DRFs at two-year follow-ups. In Martinez-Mendez et al.’s study, the number of 

analysed patients at two-years was not reported, and also, allografts were used for 

subchondral support in a few cases, which makes the interpretation of their results 

difficult. After the publication of our RCT, Mulders et al. (2019) reported the 

results of their multicentre RCT, which had a similar design to our study. They 

included only extra-articular fractures and compared early palmar plate fixation to 

cast immobilisation in acceptably reduced extra-articular DRFs in patients aged 

18–75 years old. In the initially nonoperatively managed group, 42% of patients 

underwent a subsequent surgery because of early or late displacement of fracture. 

Functional outcomes were significantly better at 12 months in the early plating 

group compared to the nonoperative group, and the differences between the main 

groups were 6 and 7 points in their PRWE and in DASH scores respectively, 

favouring early surgery. This finding is comparable to ours in terms of PROMs. 

The difference in functional outcomes between our study and Mulders et al.’s 

could be explained by the different fracture types or age profiles of the patients in 

the studies. Also very recently published RCT-study of Saving et al. (2019) 

demonstrated significantly better PRWE and DASH scores at 12 months after 

palmar plating (within 14 days from the injury) of dorsally displaced DRFs in 

analysis of 122 patients aged > 70 years, compared to nonoperative treatment. All 
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fractures were primarily reduced by closed means as in our study, but no delayed 

operation was allowed in cases of late displacement in nonoperative group. These 

results support also our study findings of possible benefits of early surgery. 

The age profile of our study differed from the previous studies as we included 

patients aged ≥ 50 years and both intra- and extra-articular fractures. We think 

that it is relevant to also compare the results of nonoperative and palmar plating 

of DRFs in working-age people, who probably have more demands on their upper 

extremity function, compared to elderly people. The difference of five points in 

DASH scores in patients below 65 years at two months was statistically 

significant, but the clinical relevance of this can be questioned because of the 

wide 95% CIs of study groups. Also the minimal clinically important difference 

(MCID) in DASH scores has been proposed to be 10 points (Gummesson et al., 

2003). However, the MCID of the DASH scores for traumatic situations is yet to 

be studied. Nevertheless, as shown in our study and in the study by Mulders et al. 

(2019), early surgery may yield faster recovery of wrist function compared to 

nonoperative treatment, which may be significant in working-age populations and 

also in the active elderly. 

In our study, almost half of the fractures in the control group lost acceptable 

alignment within two weeks after closed reduction, and delayed operations were 

performed in more than one-third of patients in the control group. Functional 

results after delayed operation were not as good as in the early surgery group. Our 

results support those of Weil et al.’s (2014), who demonstrated statistically worse 

QuickDASH scores at one year after delayed surgery in a group comprising 

mostly intra-articular DRFs compared to the historical cohort of primarily 

operated patients. In contrast, Yamashita et al. (2015) found no difference in 

functional results between early and delayed operation at one year in a 

retrospective study of extra-articular DRFs. We also included intra-articular 

fractures, which may explain the difference. In Bartl et al.’s study (2014), 41% of 

patients in the primary nonoperative group were reassigned to delayed surgery 

within two weeks due to loss of reduction, and the conversion of primary cast 

immobilisation to surgical treatment resulted in nearly comparable results with 

those of primary surgery at 12 months. In contrast to our study, Bartl et al. 

included only unstable intra-articular fractures, also including type C3 fractures, 

which were excluded in our study. In Mulders et al.’s study (2019), 28% of 

patients in the nonoperative group had fracture redisplacement within 6 weeks 

from the injury, and 40% of nonoperatively managed patients developed a 

malunion. Subsequent surgery in the nonoperative group produced inferior 
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outcomes in terms of DASH and PRWE scores compared to the initially 

operatively managed patients, which supports our findings. 

Our data and previous studies suggest that the common treatment protocol of 

primary closed reduction and delayed surgery after secondary displacement is not 

optimal. Although the radiographical parameters can also be improved by delayed 

surgery, functional improvement is not necessarily achieved. Probably, the 

treatment method should be decided at a very early stage after injury before 

partial healing and scarring of the fracture site takes place. 

6.4 Complications after palmar plate fixation of distal radius 

fractures (III) 

Our results are in line with a previous study by Ward et al. (2011), which reported 

a decreasing early complication rate after 30 cases of palmar platings per surgeon. 

In contrast, Soong et al. (2011) reported more late complications with high-

volume surgeons (> 20 operations/surgeon) compared to low-volume surgeons. 

Flexor tendon rupture was the most common type of late complication in Soong 

et al.’s (2011) study. Tendon problems in our study population were very rare, 

which supports clinical experience with modern low-profile palmar plates. Our 

follow-up time was relatively short, and because of the retrospective design of our 

study, we may have missed some of the late tendon complications. Nevertheless, 

most of the clinically relevant tendon complications were probably diagnosed. 

Our finding of patients < 40 years of age having more plate-related 

complications than older patients supports previous results reported by 

Thorninger et al. (2017), who found the median age of the patients with 

complications was significantly lower compared to the patients without 

complications after palmar plating of DRFs. As plate-related secondary operations 

were also more common in younger patients in our study, it seems possible that 

these younger, working-age patients have higher demands on the function of the 

arm and therefore lower tolerance towards tendon irritation. 

We found a 15% overall complication rate after palmar plate fixation of 

DRFs, which is comparable with the previous meta-analysis of Bentohami et al. 

(2014), which demonstrated an overall complication rate of 17% after palmar 

plating of 1 817 patients in 33 distinctive studies. The rate of plate-related 

complications varied between 2% and 6% in this meta-analysis, while we 

observed a rate of 7% in plate-related complications, which can be regarded as 

very reasonable considering that we also included deep infections and flexor 
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tendon problems in plating complications. In more recent studies with patient 

counts comparable to our study, overall complication rates of palmar plate 

fixation between 7.5% and 16.5% have been reported (Esenwein et al., 2013; 

Obert et al., 2015; Satake et al., 2016; Thorninger et al., 2017), which shows that 

the palmar plate fixation of DRF is a relatively safe and feasible procedure. 

Our results suggest that high-volume surgery for DRFs is essential in 

lowering the complication rate. The experience of the surgeon is not necessarily 

related to the seniority (resident/consultant) of the surgeon, as some residents also 

operate on DRFs on a regular basis. Surgeon seniority was not associated with 

plate-related complications in our study. 

6.5 Strengths of studies 

Our studies had several strengths. Our studies consisted of more than 1 200 

patients totally, and we used generally accepted treatment modalities for these 

patients. Because Oulu University Hospital is the main trauma centre in our area, 

the catchment of the patients regarding primary trauma was probably quite 

comprehensive, and selection bias is unlikely. 

Study I included a cohort of patients during the year 2008, and in this study, 

local private clinics were also included. The assessment of pavement slipperiness 

provided by FMI in this study was unique and is proven to be a valid method in 

predicting road surface slipperiness during wintertime. 

Study II included prospective randomised patient collection with a 

comparison of two commonly used treatment protocols, therefore producing high-

quality evidence in the treatment of DRFs. The catchment of patients at the two-

year follow-up points was sufficient, being 85% of allocated patients. DASH 

scores are a valid outcome measurement for upper extremity conditions. 

In study III, the population was one of the largest ever published considering 

postoperative plating complications of DRFs. Data collection over a nine-year 

spectrum provided a good view of complication and re-operation profiles of DRF 

platings. Clarifying risk factors for plate-related complications and re-operations 

provides valuable information for clinical practice and could help us to minimise 

the adverse effects of plating. 
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6.6 Limitations of studies 

Our studies also had some limitations. Study I considered only one year of data in 

the population of Oulu, and the details and mechanisms of the injuries were 

collected retrospectively from medical records. The location of the injury 

(indoor/outdoor) was not clearly defined in all cases. It is also possible that during 

the study year of 2008, the weather conditions may not have represented the 

average annual climate conditions present in this area. 

Because of the commonness of the injury and due to the limited resources 

allowed for study II, probably only a part of all DRF patients treated at the 

emergency clinic could be screened during the study period. No blinding of study 

observers was conducted, which may have caused bias in the results. We also 

excluded C3-type fractures, which were considered unsuitable for conservative 

treatment. Therefore, the results cannot be generalised to these most complex 

fracture types. As our primary intention was to compare two main study groups, 

the results of subgroups of the study II should be analysed with caution, and they 

may be underpowered. At the beginning of our RCT, only the Finnish version of 

DASH scores was applicable; therefore, no PRWE score was used. 

The retrospective design is a major limitation of study III. We probably could 

not identify all of the complications that may have occurred during the 

observation time. We also did not have any specific checklist of the complications 

proposed by McKay et al., (2001). Pain and stiffness are quite common symptoms 

after a DRF, but there is no clear consensus on the definition of these findings and 

therefore cannot be straightforwardly considered as complications. Nevertheless, 

we think that most of the clinically relevant overall and plate-related 

complications were observed in this study. Some of the late complications may 

have been missed as well because of the retrospective registry study design. 

6.7 Clinical implications and future studies 

In conclusion, the incidence of DRFs in elderly patients shows an increasing 

trend, and slipping on icy pavement in the wintertime seems to be one of the 

major factors in sustaining a DRF. In the future, preventive methods should be 

applied to reduce these very common fragility fractures. Public weather warnings 

via media or by personalised services for the at-risk groups (e.g., text message) 

could be used in the planning and timing of outdoor activities and in use of anti-

slip devices and other safety equipment. Raising general awareness on the risks of 
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slipping would help promoting manufacturing and using slip-resistant footwear. 

Furthermore, tailored weather services can also be used in the optimisation of 

winter maintenance of walkways to reduce the risks of slipping. In emergency 

units, weather forecasts could be used in the prediction of workloads and ensuring 

sufficient facilities for operations. 

Based on our RCT comparing two treatment protocols, we can conclude that 

most of the typical DRFs heal well without significant functional deficit. If 

secondary displacement is imminent after primary closed reduction, early surgery 

could be recommended to the patient and should probably be made within one 

week after the injury. In light of our result, delayed operations of DRFs after two 

weeks from the primary injury should be avoided, at least in elderly patients, and 

nonoperative treatment should be the mainstay of treatment in patients older than 

65 years. Patient-wise, an assessment of the patient’s needs and expectations for 

arm function is still necessary in all situations. Future studies should also focus on 

the comparison of conservative and operative treatment results in the working-age 

population, who have more functional demands of the arm. Obviously, an RCT 

comparing the results of nonoperative treatment and palmar plating in cases of 

DRFs showing early displacement after successful primary reduction of the 

fracture is needed. In addition, the pre-injury activity level of the patients 

regardless of their age should probably be assessed more precisely in future 

studies. 

Our results regarding complications after plating of DRF suggest that 

focussing on comprehensive training of surgical skills and directing the most 

challenging DRFs into the most experienced hands could be worthwhile in 

reducing both plate-related complications and secondary operations. Timing of 

the surgery is also worthy of reconsideration. Most of the unstable DRFs can and 

should be scheduled to be operated on during office hours when consultations of 

the more experienced surgeons are available if necessary. In the future, studies 

investigating the relationship between postoperative complications and functional 

results after DRF should be conducted. 
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7 Conclusions 

Based on the results of the studies, the following conclusions can be made: 

1. The incidence rate of DRFs, especially in elderly females in Finland, has 

increased compared to previous study from Helsinki in 1980s. A clear 

seasonal variation was observed due to falling from standing height, and 

slippery pavement surfaces during wintertime were found to be a risk factor 

for sustaining a DRF compared to normal or non-winter weather. 

2. In a comparison of two different treatment protocols of displaced DRFs in 

patients aged ≥ 50 years, early palmar plating resulted in more consistent 

functional results compared to primary nonoperative treatment. Delayed 

operation in case of secondary displacement of the DRF did not provide 

comparable results to early surgery in terms of DASH score. 

3. After palmar plate fixation of 881 DRFs, an overall complication rate of 15% 

was observed, which is comparable to previous studies. Low-volume 

surgeons and patient ages < 40 years were found to be independent risk 

factors for plate-related complications. 
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