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Abstract

Objectives

After recent technical innovations of fracture surgery implants, treatment traditions are

changing for distal radius fractures, the most common orthopaedic injury. The aim of this

study was to determine if the choice of surgical method for treatment of distal radius frac-

tures differ between healthcare regions in Sweden.

Method

The study was based on all (n = 22 378) adult patients who were registered with a surgical

procedure due to a distal radius fracture during 2010–2013 in Sweden. Consecutive data

was collected from the Swedish National Patient Registry.

Results

The proportions of use of surgical method varied among the 21 healthcare regions between

41% and 95% for internal fixation, between 2.3% and 44% for percutaneous fixation and

between 0.6% and 19% for external fixation. Differences between regions were statistically

significant in all but 6 comparisons when controlled for age and gender. Incidence rates of

surgical treatment of a distal radius fracture varied between 4.2 and 9.2/10 000 person-

years.

Conclusion

We conclude that there is a large variation in operative management of distal radius frac-

tures between Swedish healthcare regions.
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Introduction

For a distal radial fracture, the most common of all fractures, there is no consensus regarding

optimal treatment [1]. Benign non-displaced fractures are commonly treated non-operatively

in a plaster cast. Unstable fractures tend to heal in a non-favorable anatomical position, and

surgical treatment is usually recommended [2]. In Sweden, 20–30% of radius fractures are

treated surgically [3, 4]. Different surgical methods are available, all with their inherent advan-

tages and disadvantages. Percutaneous pinning involves closed reduction of the fracture, and

metal pins are inserted through the skin into the fractured bone to reduce and fix the fracture

fragments. Cast and pins are removed after 5–6 weeks. External fixation (EF) constitutes a

scaffold of metal kept outside the skin for 6 weeks during fracture healing. It is held in place by

metal rods in the radial diaphysis and second metacarpal bone and establishes a traction over

the wrist, aligning the fractured bones. EF can be augmented with percutaneous pins to add

stability or to reduce intra-articular fractures. Commonly reported complications after EF

and/or pinning are superficial nerve palsy, pin tract infection and loss of fracture reduction [5,

6]. However, severe complications are rare [7]. At the turn of the century the innovation of

plates with locking screws provided new surgical possibilities for fracture fixation, even in

comminuted fractures and osteoporotic bone. The skin is opened at the volar side of the wrist,

the median nerve and the radial artery are retracted, and the fracture is exposed, reduced and

fixed by a plate held in place by screws. Volar plating allows early motion of the wrist which

seems to be beneficial for successful postoperative rehabilitation. However, the complication

rate has been reported to be high including median nerve palsy, tendon irritation and tendon

rupture [8, 9].

Since the introduction of the plates with locking screws, the incidence rate of surgically

treated distal radius fractures has increased in Sweden [3, 10] and other countries [11–13].

There are numerous publications showing advantages with plating as compared to traditional

percutaneous methods for fracture fixation [14–20], but the magnitude of these differences do

not reach a minimal clinically importance [21–25]. Nevertheless, reports from the US and

Scandinavia reveal an increase in the use of plating as a surgical treatment of a distal radius

fracture [3, 10, 12, 26]. Local traditions and personal preferences on behalf of the surgeon

largely affect the choice of treatment [26, 27]. Large regional variation has been shown to exist

in the treatment regimens for distal radius fractures in the US [13, 28, 29] and in the Nether-

lands [30].

The aim of this study was to investigate whether the choice of surgical methods for distal

radius fractures in Sweden varied between different healthcare regions.

Materials and methods

This is a nation-wide registry study investigating all patients that were registered with a surgi-

cal treatment due to a distal radius fracture in Sweden during the years 2010–2013. Patients

and treatments were identified in the Swedish national patient register (NPR), kept by the

Swedish National Board of Health and Welfare (www.socialstyrelsen.se). Swedish healthcare

providers mandatorily report all surgical interventions performed in Sweden to the NPR since

1990 [31]. An accuracy of the data in the NPR has been approximated to 90% by validating

studies [31].

All registry data regarding individuals with a diagnosis ‘Forearm fracture, S52 (Interna-

tional Statistical Classification of Diseases and Related Health Problems—Tenth revision,

ICD-10)’ was identified in the NPR during the period 2001–2013. We defined the study period

under investigation to 2010–2013. Each individual patient was recognized by the unique per-

sonal identity number used by all Swedish citizens in every contact with healthcare. The
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geographical location of where each fracture and its treatment took place was defined by the

unique code that each of the 21 politically and economically independent healthcare regions

in Sweden uses when reporting patients to the NPR register. Only patients 18 years of age or

older were included. Records with a diagnosis ‘Distal radius fracture’, S52.5 or S52.6, and a

concurrent code for surgical fracture treatment of the hand or forearm were selected. Registry

variables retrieved and analyzed included age, sex, type of surgical intervention according to

the Nordic codes for surgical procedures (NOMESCO), and date of admission. We limited our

analysis to the first occasion when a patient was recorded with a surgical treatment for a distal

radius fracture, in order to avoid inclusion of reoperations or new distal radius fractures of the

same or the contralateral side as the choice of surgical method might be influenced by the pre-

vious method. A flowchart for patient selection is presented in Fig 1.

Four groups of surgical treatments were defined: internal fixation (volar, radial, dorsal or

combined plating) with or without pins (IF), pin fixation only (PF), external fixation with or

without pins (EF), and other treatments or combinations of methods (Other). The total num-

ber and proportion (number in each surgical treatment group/total number of operations) for

each surgical method were calculated for each region 2010–2013.

Statistics

IBM SPSS Statistics version 23 was used for handling of data and calculations of proportions.

A multinomial logistic regression was performed controlling for age over 60 and gender,

choosing plate fixation in Örebro region as the reference. Significance was considered as

p<0.05. Incidence rates were calculated as the number of surgeries divided by the population

in each region on 1 November each year according to Statistics Sweden (SCB) (www.scb.se).

Ethics

The study was approved by the local Ethics Committee of Stockholm, Sweden (reference num-

bers 2014/1044-32, and 2010/1760-31/4).

Results

The total population

22 378 individuals were identified with a surgically treated distal radial fracture in Sweden dur-

ing the period 1 January 2010–31 December 2013 (Fig 1).

The total distribution of surgical techniques used are presented in Table 1.

The mean incidence rate of surgical treatment of a distal radial fracture in Sweden during

the period 2010–2013 was 7.4/10 000 person-years (Table 2).

Regional populations

Incidence rates of surgical treatment of a distal radius fracture varied among the 21 healthcare

regions in Sweden between 4.2 and 9.2/10 000 person-years. (Table 2).

The proportion of use of IF ranged from 41% (Jönköping) to 95% (Örebro). The proportion

of PF ranged from 2.3% (Örebro) to 44% (Norrbotten). The proportion of EF ranged from

0.6% (Dalarna) to 19% (Västernorrland) (Fig 2). Differences were significant in all but 6 com-

parisons when controlled for age and gender.

The highest IF frequencies were reported from regions situated in the south of Sweden. The

regions reporting the lowest IF frequencies were all except one situated in the northern parts

of Sweden (Fig 3).
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Discussion

The major finding in this study was that there were large regional differences in surgical treat-

ment preferences for distal radius fracture care between different health care regions in Swe-

den during the period 2010-2013. The differences remained significant after adjustment for

sex and age.

Fig 1. Flow chart with the inclusion and exclusion criteria for the study population; adult patients in Sweden with a surgically treated distal radius fracture

2010–2013.

https://doi.org/10.1371/journal.pone.0207702.g001

Table 1. Distribution of surgical procedures for distal radius fractures in Sweden 2010–2013.

Internal Fixation Percutaneous Fixation External Fixation Other Total

Number (%) 16110 (72) 3391 (15) 2151 (10) 726 (3) 22378 (100)

https://doi.org/10.1371/journal.pone.0207702.t001
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Table 2. Incidence of surgical treatment of a distal radius fracture per 10 000 person-years in different regions in

Sweden during 2010–2013.

Region Incidence per 10 000 person-years

Blekinge 4.2

Värmland 4.6

Skåne 5.5

Kronoberg 5.6

Östergötland 5.6

Gävleborg 6.5

Västmanland 6.5

Halland 6.6

Jönköping 7.5

Uppsala 7.7

Dalarna 7.8

Götaland 7.8

Stockholm 8.3

Västerbotten 8.4

Västernorrland 8.5

Jämtland 8.6

Gotland 8.7

Sörmland 8.7

Kalmar 8.9

Örebro 9.1

Norrbotten 9.2

Total 7.4

https://doi.org/10.1371/journal.pone.0207702.t002

Fig 2. Proportions of patients treated surgically for distal radius fractures with different methods. Patients are

adults in each of the 21 health care regions in Sweden during 2010–2013 (IF internal fixation, PF pin fixation, EF

external fixation). Multinomial logistic regression performed with the proportion of surgical management with

internal fixation in Örebro region (the highest proportion) as the reference.

https://doi.org/10.1371/journal.pone.0207702.g002
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Fig 3. Proportion of internal fixation in surgically treated distal radius fractures in adults for each healthcare

region in Sweden during 2010–2013.

https://doi.org/10.1371/journal.pone.0207702.g003

Radius fractures—Regional variation

PLOS ONE | https://doi.org/10.1371/journal.pone.0207702 November 16, 2018 6 / 11

https://doi.org/10.1371/journal.pone.0207702.g003
https://doi.org/10.1371/journal.pone.0207702


The reasons for the treatment differences between regions found in our study have some

possible explanations. Since the current study was conducted with registry data without infor-

mation on fracture classification we cannot rule out the possibility that different regions had

different case mixes, with more or less complicated fractures in different regions. This, how-

ever, does not seem likely. Another explanation may be that personal preferences among sur-

geons, and local treatment traditions dictate most of the treatment decisions. There is support

in the literature that such circumstances exist [26, 27, 32]. In the case of scarce scientific evi-

dence of optimal treatment this may be an acceptable and reasonable ground for decision-

making. In the case of distal radius fractures, it is somewhat surprising that large multicenter

studies and/or meta-analyses have failed to discern optimal treatment algorithms for distal

radial fracture care, which would minimize regional variation in treatment choices. An opti-

mal scenario for large patient populations treated in any health care system would be that

treatment recommendations were created based on solid scientific evidence regarding treat-

ment effects and risks and cost effectiveness studies respectively, with a possibility of influence

from patients’ personal preferences in the decision-making. In the case of distal radius frac-

ture, there is a lack of national consensus regarding treatment recommendations, which might

be reflected by our findings of large regional differences in treatment traditions. There is a

need for more well-designed controlled comparative studies regarding distal radius fractures

to create a solid scientific ground for future treatment guidelines.

There are studies from other countries showing similar regional differences in treatment

traditions for radius fractures as in our study. Walenkamp et al [30] report that the choice of

non-operative or operative treatment in different regions in the Netherlands differed largely,

and the differences were not found to be explained by other factors than personal preferences

of the surgeons. In accordance with Walenkamp’s findings, Chung et al [29] reported large dif-

ferences between regions in the US in treatment choices for radius fractures, not explainable

by age, sex or fracture type. In the same study, Chung reported that in the US in 2007, 66% of

all surgically treated distal radius fracture patients were treated with internal fixation, and 29%

and 5% with pins or external fixation respectively. This is in line with our findings in Sweden

2010–2013 showing an approximately equal distribution of total proportions of surgical meth-

ods between these two countries.

Neuhaus et al [33] present a world wide web-based survey interviewing orthopedic and

hand surgeons regarding indication for surgery in wrist fractures. They found that surgeons

chose non-operative treatment more often in Europe and North-America than in Asia and

Australia showing that there are differences of treatment algorithms for distal radius fractures

not only within countries, but also between countries and continents.

Chung et al [34] concluded in their study that the degree of education matters when deci-

sion-making is performed regarding indication for surgery of radial fractures. Patients treated

by American Society for Surgeons of the Hand (ASSH) members received internal fixation sig-

nificantly more often than patients who were treated by surgeons who were not ASSH mem-

bers, when controlled for other influencing factors such as fracture type, patient age or gender.

There is support in other studies [32, 35] that physician education matters for definition of

indications for surgical treatment.

We present data suggesting that indications for surgical treatment differ between regions,

and this finding is supported by other authors [30]. In our study there was a two-fold differ-

ence in incidence of surgical treatment of distal radius fractures between some regions. The

regions with a high incidence of surgical treatment treat a larger proportion of fractures surgi-

cally, which probably means that a number of relatively benign fractures are treated surgically.

Accordingly, in regions with a small proportion of surgical treatment, the surgical complexity

of fractures treated operatively ought to be higher. It is unknown which surgical method that is
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preferred in more complex fractures. Our clinical experience suggests that plating is more

common than external fixation or pinning alone in complex cases. To avoid bias caused by dif-

ferences in case mix in our analysis we have not analyzed records of patients treated with a

combination of methods, e g plating and external fixation (presented in our study as “other”).

Our study design does not, however, allow control for fracture pattern in all aspects, which we

admit is a shortcoming of our study.

The regional differences we found regarding radial fracture treatment may also be

explained by technology diffusion and financial incentives. The regions in Sweden that our

study showed had the highest incidence rates of surgery, and use of internal fixation, were all

situated in the densely populated southern parts of Sweden. Efficient marketing measures may

influence the choice of treatment, especially when scientific support for its use is scarce. To

minimize unmotivated variation for preference-sensitive conditions, especially in a perspective

of delicate financial interests, dissemination of shared decision making tools is a high priority

[32].

A factor that in part explains the allowance of differences in treatment recommendations

for radial fractures is that indication for surgery of distal radius fractures is always relative.

There may be a difference in hand and wrist function with or without surgery [2], but there is

never a life-threatening condition based solely on a distal radius fracture. In contrast, for

example in the case of hip fractures, the indication for surgery is more or less absolute, since

mortality rates are high if surgical treatment is not undertaken. This fact explains a low

regional variation for treatment of hip fractures [32].

Regional variation of treatment preferences has also been shown for other orthopaedic trau-

matic conditions, such as ankle fractures, as presented in a database study of Koval et al in the

US [36]. Furthermore, a similar regional variation has been suggested for proximal humeral

fracture treatment with a twenty- to thirtyfold difference between regions regarding propor-

tions of operative treatment [37]. In other aspects of fracture care, unmotivated regional varia-

tion has been reported from Canada regarding hip fracture patients [38].

The strength of this study is its size, with a large unselected population of distal radius frac-

ture patients in a well-defined time period. There are several limitations. There is no informa-

tion on the severity of fractures or mechanism of injuries, nor on co-morbidities. However,

this is the case for all regions. Neither is it known whether internal fixation means volar or dor-

sal plating (or both). There is no data on the specialty of the surgeon and our study does not

present data for non-surgically treated patients.

We conclude that we found large regional variation regarding choice of treatment methods

for distal radius fractures among different parts of Sweden during the period 2010–2013. To

minimize medically unmotivated regional differences, decision-making regarding radius frac-

ture treatment should involve best available scientific evidence, health economic consider-

ations and patient preference involvement.
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cation, Karolinska Institutet, Södersjukhuset, who contributed with statistical analyses.

Author Contributions

Conceptualization: Jenny Saving, Sari Ponzer, Anders Enocson, Cecilia Mellstrand Navarro.

Data curation: Jenny Saving, Cecilia Mellstrand Navarro.

Formal analysis: Jenny Saving, Cecilia Mellstrand Navarro.

Radius fractures—Regional variation

PLOS ONE | https://doi.org/10.1371/journal.pone.0207702 November 16, 2018 8 / 11

https://doi.org/10.1371/journal.pone.0207702


Funding acquisition: Sari Ponzer, Cecilia Mellstrand Navarro.

Investigation: Jenny Saving, Anders Enocson, Cecilia Mellstrand Navarro.

Methodology: Jenny Saving, Sari Ponzer, Anders Enocson, Cecilia Mellstrand Navarro.

Project administration: Jenny Saving, Anders Enocson, Cecilia Mellstrand Navarro.

Resources: Jenny Saving, Sari Ponzer, Anders Enocson, Cecilia Mellstrand Navarro.

Software: Jenny Saving, Cecilia Mellstrand Navarro.

Supervision: Jenny Saving, Sari Ponzer, Anders Enocson, Cecilia Mellstrand Navarro.

Validation: Jenny Saving, Anders Enocson, Cecilia Mellstrand Navarro.

Visualization: Jenny Saving, Anders Enocson, Cecilia Mellstrand Navarro.

Writing – original draft: Jenny Saving, Anders Enocson, Cecilia Mellstrand Navarro.

Writing – review & editing: Jenny Saving, Sari Ponzer, Anders Enocson, Cecilia Mellstrand

Navarro.

References
1. Day CS, Maniwa K, Wu WK. More evidence that volar locked plating for distal radial fractures does not

offer a functional advantage over traditional treatment options. J Bone Joint Surg Am. 2013; 95(19):

e1471–2. Epub 2013/10/04. https://doi.org/10.2106/JBJS.M.01064 PMID: 24088982.

2. McQueen M, Caspers J. Colles fracture: does the anatomical result affect the final function? J Bone

Joint Surg Br. 1988; 70(4):649–51. Epub 1988/08/01. PMID: 3403617.

3. Mellstrand-Navarro C, Pettersson HJ, Tornqvist H, Ponzer S. The operative treatment of fractures of

the distal radius is increasing: results from a nationwide Swedish study. The bone & joint journal. 2014;

96-b(7):963–9. Epub 2014/07/06. https://doi.org/10.1302/0301-620x.96b7.33149 PMID: 24986952.

4. Swedish Council on Health Technology A. SBU Systematic Review Summaries. Treatment Options of

Arm Fractures in the Elderly—A Systematic Review and Assessment of the Medical, Economic, Social

and Ethical Aspects. Stockholm: Swedish Council on Health Technology Assessment (SBU) Copyright

(c) 2017 by the Swedish Council on Health Technology Assessment.; 2017.

5. Zanotti RM, Louis DS. Intra-articular fractures of the distal end of the radius treated with an adjustable

fixator system. J Hand Surg Am. 1997; 22(3):428–40. Epub 1997/05/01. https://doi.org/10.1016/S0363-

5023(97)80009-3 PMID: 9195451.

6. Sanders RA, Keppel FL, Waldrop JI. External fixation of distal radial fractures: results and complica-

tions. J Hand Surg Am. 1991; 16(3):385–91. Epub 1991/05/01. PMID: 1861015.

7. Margaliot Z, Haase SC, Kotsis SV, Kim HM, Chung KC. A meta-analysis of outcomes of external fixa-

tion versus plate osteosynthesis for unstable distal radius fractures. J Hand Surg Am. 2005; 30

(6):1185–99. Epub 2005/12/14. https://doi.org/10.1016/j.jhsa.2005.08.009 PMID: 16344176.

8. Arora R, Lutz M, Hennerbichler A, Krappinger D, Espen D, Gabl M. Complications following internal fix-

ation of unstable distal radius fracture with a palmar locking-plate. J Orthop Trauma. 2007; 21(5):316–

22. https://doi.org/10.1097/BOT.0b013e318059b993 PMID: 17485996.

9. Navarro CM, Pettersson HJ, Enocson A. Complications After Distal Radius Fracture Surgery: Results

From a Swedish Nationwide Registry Study. Journal of Orthopaedic Trauma. 2015; 29(2):E36–E42.

https://doi.org/10.1097/BOT.0000000000000199 PMID: 25050752

10. Wilcke MK, Hammarberg H, Adolphson PY. Epidemiology and changed surgical treatment methods for

fractures of the distal radius. Acta Orthop. 2013; 84(3):292–6. Epub 2013/04/19. https://doi.org/10.

3109/17453674.2013.792035 PMID: 23594225.

11. Jo YH, Lee BG, Kim JH, Lee CH, Kim SJ, Choi WS, et al. National Surgical Trends for Distal Radius

Fractures in Korea. Journal of Korean medical science. 2017; 32(7):1181–6. Epub 2017/06/06. https://

doi.org/10.3346/jkms.2017.32.7.1181 PMID: 28581277.

12. Mattila VM, Huttunen TT, Sillanpaa P, Niemi S, Pihlajamaki H, Kannus P. Significant change in the sur-

gical treatment of distal radius fractures: a nationwide study between 1998 and 2008 in Finland. J

Trauma. 71(4):939–42; discussion 42–3. Epub 2011/10/12. https://doi.org/10.1097/TA.

0b013e3182231af9 PMID: 21986738.

Radius fractures—Regional variation

PLOS ONE | https://doi.org/10.1371/journal.pone.0207702 November 16, 2018 9 / 11

https://doi.org/10.2106/JBJS.M.01064
http://www.ncbi.nlm.nih.gov/pubmed/24088982
http://www.ncbi.nlm.nih.gov/pubmed/3403617
https://doi.org/10.1302/0301-620x.96b7.33149
http://www.ncbi.nlm.nih.gov/pubmed/24986952
https://doi.org/10.1016/S0363-5023(97)80009-3
https://doi.org/10.1016/S0363-5023(97)80009-3
http://www.ncbi.nlm.nih.gov/pubmed/9195451
http://www.ncbi.nlm.nih.gov/pubmed/1861015
https://doi.org/10.1016/j.jhsa.2005.08.009
http://www.ncbi.nlm.nih.gov/pubmed/16344176
https://doi.org/10.1097/BOT.0b013e318059b993
http://www.ncbi.nlm.nih.gov/pubmed/17485996
https://doi.org/10.1097/BOT.0000000000000199
http://www.ncbi.nlm.nih.gov/pubmed/25050752
https://doi.org/10.3109/17453674.2013.792035
https://doi.org/10.3109/17453674.2013.792035
http://www.ncbi.nlm.nih.gov/pubmed/23594225
https://doi.org/10.3346/jkms.2017.32.7.1181
https://doi.org/10.3346/jkms.2017.32.7.1181
http://www.ncbi.nlm.nih.gov/pubmed/28581277
https://doi.org/10.1097/TA.0b013e3182231af9
https://doi.org/10.1097/TA.0b013e3182231af9
http://www.ncbi.nlm.nih.gov/pubmed/21986738
https://doi.org/10.1371/journal.pone.0207702


13. Fanuele J, Koval KJ, Lurie J, Zhou W, Tosteson A, Ring D. Distal radial fracture treatment: what you get

may depend on your age and address. J Bone Joint Surg Am. 2009; 91(6):1313–9. https://doi.org/10.

2106/JBJS.H.00448 PMID: 19487507

14. Wei DH, Poolman RW, Bhandari M, Wolfe VM, Rosenwasser MP. External fixation versus internal fixa-

tion for unstable distal radius fractures: a systematic review and meta-analysis of comparative clinical

trials. J Orthop Trauma. 2012; 26(7):386–94.

15. Esposito J, Schemitsch EH, Saccone M, Sternheim A, Kuzyk PR. External fixation versus open

reduction with plate fixation for distal radius fractures: a meta-analysis of randomised controlled trials.

Injury. 2013; 44(4):409–16. Epub 2013/01/10. https://doi.org/10.1016/j.injury.2012.12.003 PMID:

23298757.

16. Xie X, Xie X, Qin H, Shen L, Zhang C. Comparison of internal and external fixation of distal radius frac-

tures. Acta Orthop. 2013; 84(3):286–91. https://doi.org/10.3109/17453674.2013.792029 Epub 2013

Apr 18. PMID: 23594247

17. Walenkamp MM, Bentohami A, Beerekamp MS, Peters RW, van der Heiden R, Goslings JC, et al.

Functional outcome in patients with unstable distal radius fractures, volar locking plate versus external

fixation: a meta-analysis. Strategies Trauma Limb Reconstr. 2013; 8(2):67–75. https://doi.org/10.1007/

s11751-013-0169-4 Epub 2013 Jul 28. PMID: 23892535

18. Li-hai Z, Ya-nan W, Zhi M, Li-cheng Z, Hong-da L, Huan Y, et al. Volar locking plate versus external fixa-

tion for the treatment of unstable distal radial fractures: a meta-analysis of randomized controlled trials.

The Journal of surgical research. 2015; 193(1):324–33. Epub 2014/09/27. https://doi.org/10.1016/j.jss.

2014.06.018 PMID: 25255722

19. Gouk CJC, Bindra RR, Tarrant DJ, Thomas MJE. Volar locking plate fixation versus external fixation of

distal radius fractures: a meta-analysis. The Journal of hand surgery, European volume.

2017:1753193417743936. Epub 2017/12/13. https://doi.org/10.1177/1753193417743936 PMID:

29228851.

20. Chaudhry H, Kleinlugtenbelt YV, Mundi R, Ristevski B, Goslings JC, Bhandari M. Are Volar Locking

Plates Superior to Percutaneous K-wires for Distal Radius Fractures? A Meta-analysis. Clin Orthop

Relat Res. 2015; 473(9):3017–27. Epub 2015/05/20. https://doi.org/10.1007/s11999-015-4347-1

PMID: 25981715.

21. St-Pierre C, Desmeules F, Dionne CE, Fremont P, MacDermid JC, Roy JS. Psychometric properties of

self-reported questionnaires for the evaluation of symptoms and functional limitations in individuals with

rotator cuff disorders: a systematic review. Disability and rehabilitation. 2016; 38(2):103–22. Epub

2015/03/25. https://doi.org/10.3109/09638288.2015.1027004 PMID: 25801922.

22. Kim JK, Park ES. Comparative responsiveness and minimal clinically important differences for idio-

pathic ulnar impaction syndrome. Clin Orthop Relat Res. 2013; 471(5):1406–11. Epub 2013/02/14.

https://doi.org/10.1007/s11999-013-2843-8 PMID: 23404422.

23. Angst F, Schwyzer HK, Aeschlimann A, Simmen BR, Goldhahn J. Measures of adult shoulder function:

Disabilities of the Arm, Shoulder, and Hand Questionnaire (DASH) and its short version (QuickDASH),

Shoulder Pain and Disability Index (SPADI), American Shoulder and Elbow Surgeons (ASES) Society

standardized shoulder assessment form, Constant (Murley) Score (CS), Simple Shoulder Test (SST),

Oxford Shoulder Score (OSS), Shoulder Disability Questionnaire (SDQ), and Western Ontario Shoulder

Instability Index (WOSI). Arthritis care & research. 2011; 63 Suppl 11:S174–88. Epub 2012/05/25.

https://doi.org/10.1002/acr.20630 PMID: 22588743.

24. Walenkamp MM, de Muinck Keizer RJ, Goslings JC, Vos LM, Rosenwasser MP, Schep NW. The Mini-

mum Clinically Important Difference of the Patient-rated Wrist Evaluation Score for Patients With Distal

Radius Fractures. Clin Orthop Relat Res. 2015; 473(10):3235–41. Epub 2015/06/05. https://doi.org/10.

1007/s11999-015-4376-9 PMID: 26040969.

25. Sorensen AA, Howard D, Tan WH, Ketchersid J, Calfee RP. Minimal clinically important differences of 3

patient-rated outcomes instruments. J Hand Surg Am. 2013; 38(4):641–9. Epub 2013/03/14. https://doi.

org/10.1016/j.jhsa.2012.12.032 PMID: 23481405.

26. Chung KC, Shauver MJ, Birkmeyer JD. Trends in the United States in the treatment of distal radial frac-

tures in the elderly. J Bone Joint Surg Am. 2009; 91(8):1868–73. https://doi.org/10.2106/JBJS.H.01297

PMID: 19651943

27. Ansari U, Adie S, Harris IA, Naylor JM. Practice variation in common fracture presentations: a survey of

orthopaedic surgeons. Injury. 2011; 42(4):403–7. Epub 2010/12/18. https://doi.org/10.1016/j.injury.

2010.11.011 PMID: 21163480.

28. Koval KJ, Harrast JJ, Anglen JO, Weinstein JN. Fractures of the distal part of the radius. The evolution

of practice over time. Where’s the evidence? J Bone Joint Surg Am. 2008; 90(9):1855–61. Epub 2008/

09/03. https://doi.org/10.2106/JBJS.G.01569 PMID: 18762644.

Radius fractures—Regional variation

PLOS ONE | https://doi.org/10.1371/journal.pone.0207702 November 16, 2018 10 / 11

https://doi.org/10.2106/JBJS.H.00448
https://doi.org/10.2106/JBJS.H.00448
http://www.ncbi.nlm.nih.gov/pubmed/19487507
https://doi.org/10.1016/j.injury.2012.12.003
http://www.ncbi.nlm.nih.gov/pubmed/23298757
https://doi.org/10.3109/17453674.2013.792029
http://www.ncbi.nlm.nih.gov/pubmed/23594247
https://doi.org/10.1007/s11751-013-0169-4
https://doi.org/10.1007/s11751-013-0169-4
http://www.ncbi.nlm.nih.gov/pubmed/23892535
https://doi.org/10.1016/j.jss.2014.06.018
https://doi.org/10.1016/j.jss.2014.06.018
http://www.ncbi.nlm.nih.gov/pubmed/25255722
https://doi.org/10.1177/1753193417743936
http://www.ncbi.nlm.nih.gov/pubmed/29228851
https://doi.org/10.1007/s11999-015-4347-1
http://www.ncbi.nlm.nih.gov/pubmed/25981715
https://doi.org/10.3109/09638288.2015.1027004
http://www.ncbi.nlm.nih.gov/pubmed/25801922
https://doi.org/10.1007/s11999-013-2843-8
http://www.ncbi.nlm.nih.gov/pubmed/23404422
https://doi.org/10.1002/acr.20630
http://www.ncbi.nlm.nih.gov/pubmed/22588743
https://doi.org/10.1007/s11999-015-4376-9
https://doi.org/10.1007/s11999-015-4376-9
http://www.ncbi.nlm.nih.gov/pubmed/26040969
https://doi.org/10.1016/j.jhsa.2012.12.032
https://doi.org/10.1016/j.jhsa.2012.12.032
http://www.ncbi.nlm.nih.gov/pubmed/23481405
https://doi.org/10.2106/JBJS.H.01297
http://www.ncbi.nlm.nih.gov/pubmed/19651943
https://doi.org/10.1016/j.injury.2010.11.011
https://doi.org/10.1016/j.injury.2010.11.011
http://www.ncbi.nlm.nih.gov/pubmed/21163480
https://doi.org/10.2106/JBJS.G.01569
http://www.ncbi.nlm.nih.gov/pubmed/18762644
https://doi.org/10.1371/journal.pone.0207702


29. Chung KC, Shauver MJ, Yin H, Kim HM, Baser O, Birkmeyer JD. Variations in the use of internal fixation

for distal radial fracture in the United States medicare population. J Bone Joint Surg Am. 2011; 93

(23):2154–62. https://doi.org/10.2106/JBJS.J.012802 PMID: 22159850

30. Walenkamp MM, Mulders MA, Goslings JC, Westert GP, Schep NW. Analysis of variation in the surgi-

cal treatment of patients with distal radial fractures in the Netherlands. The Journal of hand surgery,

European volume. 2016. Epub 2016/06/12. https://doi.org/10.1177/1753193416651577 PMID:

27289051.

31. Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim JL, Reuterwall C, et al. External review and

validation of the Swedish national inpatient register. BMC public health. 2011; 11:450. Epub 2011/06/

11. https://doi.org/10.1186/1471-2458-11-450 PMID: 21658213

32. Birkmeyer JD, Reames BN, McCulloch P, Carr AJ, Campbell WB, Wennberg JE. Understanding of

regional variation in the use of surgery. Lancet. 2013; 382(9898):1121–9. Epub 2013/10/01. https://doi.

org/10.1016/S0140-6736(13)61215-5 PMID: 24075052

33. Neuhaus V, Bot AG, Guitton TG, Ring DC. Influence of surgeon, patient and radiographic factors on dis-

tal radius fracture treatment. The Journal of hand surgery, European volume. 2015; 40(8):796–804.

Epub 2014/10/25. https://doi.org/10.1177/1753193414555284 PMID: 25342650.

34. Chung KC, Shauver MJ, Yin H. The relationship between ASSH membership and the treatment of distal

radius fracture in the United States Medicare population. J Hand Surg Am. 2011; 36(8):1288–93. Epub

2011/07/01. https://doi.org/10.1016/j.jhsa.2011.05.028 PMID: 21715104.

35. Waljee JF, Zhong L, Shauver MJ, Chung KC. The influence of surgeon age on distal radius fracture

treatment in the United States: a population-based study. J Hand Surg Am. 2014; 39(5):844–51. Epub

2014/03/29. https://doi.org/10.1016/j.jhsa.2013.12.035 PMID: 24674611

36. Koval KJ, Lurie J, Zhou W, Sparks MB, Cantu RV, Sporer SM, et al. Ankle fractures in the elderly: what

you get depends on where you live and who you see. J Orthop Trauma. 2005; 19(9):635–9. Epub 2005/

10/26. PMID: 16247309.

37. Bell JE, Leung BC, Spratt KF, Koval KJ, Weinstein JD, Goodman DC, et al. Trends and variation in inci-

dence, surgical treatment, and repeat surgery of proximal humeral fractures in the elderly. J Bone Joint

Surg Am. 2011; 93(2):121–31. Epub 2011/01/21. https://doi.org/10.2106/JBJS.I.01505 PMID:

21248210

38. Pitzul KB, Wodchis WP, Carter MW, Kreder HJ, Voth J, Jaglal SB. Post-acute pathways among hip frac-

ture patients: a system-level analysis. BMC health services research. 2016; 16:275. Epub 2016/07/20.

https://doi.org/10.1186/s12913-016-1524-1 PMID: 27430219

Radius fractures—Regional variation

PLOS ONE | https://doi.org/10.1371/journal.pone.0207702 November 16, 2018 11 / 11

https://doi.org/10.2106/JBJS.J.012802
http://www.ncbi.nlm.nih.gov/pubmed/22159850
https://doi.org/10.1177/1753193416651577
http://www.ncbi.nlm.nih.gov/pubmed/27289051
https://doi.org/10.1186/1471-2458-11-450
http://www.ncbi.nlm.nih.gov/pubmed/21658213
https://doi.org/10.1016/S0140-6736(13)61215-5
https://doi.org/10.1016/S0140-6736(13)61215-5
http://www.ncbi.nlm.nih.gov/pubmed/24075052
https://doi.org/10.1177/1753193414555284
http://www.ncbi.nlm.nih.gov/pubmed/25342650
https://doi.org/10.1016/j.jhsa.2011.05.028
http://www.ncbi.nlm.nih.gov/pubmed/21715104
https://doi.org/10.1016/j.jhsa.2013.12.035
http://www.ncbi.nlm.nih.gov/pubmed/24674611
http://www.ncbi.nlm.nih.gov/pubmed/16247309
https://doi.org/10.2106/JBJS.I.01505
http://www.ncbi.nlm.nih.gov/pubmed/21248210
https://doi.org/10.1186/s12913-016-1524-1
http://www.ncbi.nlm.nih.gov/pubmed/27430219
https://doi.org/10.1371/journal.pone.0207702

