
A prospective multicenter clinical study evaluated,

using the Hand20 and hand diagram, the disability,

incidence, location, and predictive factors of residual

wrist pain 18 months after volar locking plate fixati-

on of distal radius fracture in 122 patients. The aver-

age Hand20 score and numeric rating scores for pain

were 13.1 ± 18.2 and 2.1 ± 2.3, respectively. Fifty-

seven patients indicated that they had pain. Among

those patients, 25 had ulnar pain and 45 had radial

pain. The incidence of radial-sided wrist pain was

higher than ulnar-sided wrist pain. Logistic regressi-

on analysis showed that female sex and intra-articu-

lar fracture significantly correlated with radial-sided

wrist pain. Volar locking plate fixation maintained

anatomical reduction ; however, a significant number

of patients complained of residual wrist pain. 

Keywords : distal radius fracture ; volar locking plate ;

pain.

INTRODUCTION

Distal radius fracture is a common injury,

accounting for one sixth of all fractures treated in

the emergency room (1). in the past, most distal

radius fractures were manually reduced and treated

non-operatively with a plaster cast ; however, the

results of such non-operative treatment were not

always satisfactory, especially when the fractures

were unstable and showed cortical comminuti-

on (17,32). These results encouraged surgeons to use

internal or external fixation to maintain reduction

after surgery. Among these techniques, volar loc-

king plates have a number of theoretical advanta-

ges, including the provision of adequate stability.

recent biomechanical studies have shown that

available volar locking plates not only provide sig-

nificantly higher stiffness but also withstand a sig-

nificantly higher amount of cyclic loading, which

represents normal physiological forces encountered

during post-operative rehabilitation (19). in fact,

recent prospective studies on the use of volar loc-

king plates for distal radius fractures have shown

that volar locking plates lead to better radiologi-

cal (33) and clinical outcomes (9) early in the post-

operative periods compared with other fixation

methods. Even in the elderly, who are often frail

and have impaired bone quality which can affect

fracture stabilization, volar locking plates provide

superior stiffness and axial loading strength with

improved fixation compared with standard pla-

tes (26).
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Despite these favourable reports, the use of volar

locking plates for this common fracture still

remains a matter of controversy and the effect of

anatomical restoration on long-term outcome

remains uncertain (10). Pain largely affects the

patient's perspective of outcome. Few studies

 evaluated pain in detail and validated patient-

 reported outcome measures have not been used

until recently. 

Volar locking plates ensure excellent stability of

fixation and are able to maintain anatomic reduc-

tion after distal radius fractures. We expected a

lower risk of residual wrist pain, especially ulnocar-

pal pain. in this large-scale, prospective, multicen-

ter clinical study, we used a validated questionnaire

and a diagram of the upper extremity to clarify the

incidence and the location of residual wrist pain.

We also investigated predictive factors for residual

wrist pain.

MATERIALS AND METHODS

Study Design and Population

in 2006, a prospective cohort study of distal radius

fractures was conducted as a part of the study to evaluate

outcome associated with the volar locking plate system.

Nagoya university hospital and its 13 affiliate hospitals

were involved. The study protocol was reviewed and

approved by Human research Committee of Nagoya

University. Patients provided informed consent for the

use of their results in this study.

Between 2006 and 2007, 241 patients with distal

radius fractures that were treated with fixed-angle volar

locking plates and screws alone were identified.

inclusion criteria for this study were (1) distal radius

fracture, (2) operative treatment using volar locking

plate, (3) and age 18 years or older. Exclusion criteria

were (1) open fractures, high-energy pilon fractures with

significant comminution of the distal radius, (2) con-

founding factors such as concomitant wrist or upper

extremity injuries other than ulna styloid fracture, (3)

systemic, multiple organ, or head injuries, and (4) bilat-

eral fractures. A total of 198 patients were included in the

study. Two patients were lost to follow-up within

6 months of surgery. One hundred and ninety-six patients

underwent wrist radiographs and comprehensive objec-

tive functional measurements up to 6 months after sur-

gery. Thereafter, the patients were asked to rate their dis-

ability at home at 6-month intervals up to 18 months

using Hand20, a validated and self-administered instru-

ment to evaluate disability of the upper extremities (29).

intensity of pain was indicated on a 0 to 10-point rating

scale. in addition, patients were asked to mark the areas

where they feel pain on a diagram of the upper extremi-

ty. Those who did not answer at 18 months were exclud-

ed from the study, which reduced the number of patients

for statistical analysis of disability and pain to 122.

Treatment Methods

All operations were performed under general or axil-

lary block anaesthesia. A standard volar Henry approach

to the distal radius was used. if a satisfactory reduction

was not achieved through a single approach, an addition-

al dorsal approach was used. The fracture was fixed with

one of three systems : the Matrix Smart Lock system

(Stryker Osteosynthesis, Freiburg, Germany), Acu-Lock

system (Acumed, Hillsboro, Or, USA), or Locking DrP

system (Synthes, Paoli, PA, USA). Selection of the plate

was based on the surgeon’s preference. Because a con-

sensus regarding the need for bone grafts was not

reached in a preliminary discussion, bone graft or bone

graft substitute was used at the discretion of the surgeon.

After surgery, the wrist was immobilized in a volar plas-

ter splint. The total period of wrist splinting was between

1 and 6 weeks, based on the surgeon’s preference.

Clinical Examination

At each scheduled follow-up visit, surgeons recorded

the presence and absence of postsurgical complications

including infection, tendon injury, nerve palsy, and

chronic regional pain syndrome. range of motion was

measured by hand therapists. Objective functional out-

comes including range of motion were normalized as a

percentage of the value for the contralateral wrist.

Radiographic Examination

The fractures were categorized according to the AO

classification system (23). The degree of fracture dis-

placement was assessed with standard measurements of

volar tilt angle, radial inclination angle, ulnar variance,

and articular step-off at each patient’s visit (18).

Statistical Analysis

Data from the 13 institutions were pooled for all

 analyses. Changes in continuous outcomes between
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 follow-up investigations were evaluated with use of

Friedman test, followed by a series of Wilcoxon tests for

discrete variables, and the Cochran Q test and McNemar

test for categorical variables.

Univariate analyses to assess predictors of pain were

performed to analyze the effects of age, gender, affected

hand, duration of cast immobilization, plate selection,

implant removal, bone grafting, intra-articular fracture,

ulnar fracture, articular step-off (> 1 mm), volar tilt

angle, radial inclination angle, and ulnar variance in the

final evaluation, surgical approach (additional dorsal

approach), plate position, injury compensation status,

complications, and surgical experience. Data were com-

pared by chi-square test, Fisher’s exact test, Student’s t

test, or Mann-Whitney U test as appropriate. Age and

factors that showed a significant (p < 0.05) or a tenden-

cy toward association (p < 0.10) with radial-sided or

ulnar-sided wrist pain in univariate analyses were ente-

red into a multivariate analysis using stepwise logistic

regression, with backward elimination (likelihood ratio),

to identify factors that were independently associated

with pain. We used the Hosmer-Lemeshow test to assess

the goodness of fit of the logistic regression models. We

calculated odd ratios (Or) and 95% confidence intervals

(Ci) as measures of risk for significant multivariate pre-

dictors of pain at 18 months after surgery. Continuous

variables were described using means and standard devi-

ations unless otherwise specified. Two-tailed p values <

0.05 were considered statistically significant.

RESULTS

Of the 198 original patients, 76 did not answer

the questionnaires on the third occasion ; thus, a

total of 122 patients (61.6%) were included in the

final analysis. Among those patients, 91 answered

at 6 months and 84 answered at 12 months.

Demographic characteristics and injury patterns of

the 122 patents are shown in Table i. No significant

differences were found in demographic variables

between the 122 patients who answered question-

naires at 18 months and the 76 patients who did not.

Clinical Results

The mean flexion-extension and supination-

pronation arcs compared with the uninjured side

at 6 months were 74.1 ± 16.8% and 90.9 ± 9.8%,

respectively. The mean grip strength at 6 months

was 75.6 ± 24.3%. 

The mean Hand20 score (range : 0-100) at

18 months was 13.1 ± 18.2. Hand20 scores

obtained at 12 and 18 months were significantly

improved compared with those obtained at

6 months (p < 0.001) (Fig. 1A). The mean pain

score (range : 1-10) was 2.1 ± 2.3 at 18 months.

The numeric pain rating scores at 12 months were

significantly improved compared with scores at

6 months (p < 0.05). There was no significant dif-

ference in pain scores between 12 and 18 months

(Fig. 1B).

We used a hand diagram to identify the location

of wrist pain. results showed that 25 of

122 patients (20.5%) complained of ulnar-sided

wrist pain and 45 patients (36.9%) had radial-sided

wrist pain at 18 months after surgery. Thirteen

patients had pain on both the ulnar and the radial

side. in terms of pain overall, 65 (53.3%) subjects

answered that they had no pain, and 57 subjects

(46.7%) answered that they had pain. Statistically

significant declines occurred in the reported preva-

lence of the ulnar-sided wrist pain over the 18-

month period (Cochran Q 7.18, df 2, p < 0.05),

whereas no statistically significant changes were
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Table i. — Patient demographics, injury patterns, and type of plate

Age (years) 59 ± 15.9 (range : 19-84) 

Sex Male 33 (27%) ; Female 89 (73%)

Fracture side right 55 (45%) ; Left 67 (55%) 

injury compensation Yes 24 (20%) ; No 95 (78%) 

AO classification Type A 39 (32%) ; Type B 9 (7%) ; Type C 74 (61%)

Ulnar fracture Yes 72 (59%) ; No 47 (39%) 

Type of plate Acu-Loc 18 ; Matrix 58 ; LCP 46
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detected in the proportion with radial-sided wrist

pain over the 18-month period (p = 0.317) (Fig. 2). 

Radiological results

The average volar tilt, radial inclination, and

ulnar variance after surgery were 5.7 ± 6.0°, 21.2 ±

5.1°, and 0.0 ± 1.8 mm, respectively, and correction

loss for each variable assessed at 18 months was

-0.9 ± 3.4°, 0.1 ± 2.7°, and 0.8 ± 1.5 mm, respec-

tively. Fourteen of 83 intra-articular distal radius

fractures had a persistent step-off between frag-

ments of > 1 mm after surgery.

Predictors of Radial-sided Wrist Pain

in univariate analysis, there was a tendency to

associate radial-sided wrist pain with female sex,

ulnar fracture, intra-articular fracture and addition-

al dorsal approach (p < 0.10) (Table ii). Multi -

variate analysis demonstrated that female sex (p =

0.017) and intra-articular fracture (p = 0.036)

(Table iii), were the sole variables significantly cor-

related with radial-sided wrist pain.

Predictors of Ulnar-sided wrist Pain

in univariate analysis, there was a tendency to

associate ulnar-sided wrist pain with bone grafting,

additional dorsal approach, and affected hand.

Female sex and articular step-off were nearly

 significantly associated (Table ii). Multivariate

analysis demonstrated that bone grafting was the

only factor significantly correlated with ulnar-sided

wrist pain (p = 0.006) (Table iV). The Hosmer-

Lemeshow test did not reject the goodness of fit for

any of the models.
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Fig. 1A and 1B. — Box plots represents the Hand20 score (range : 0-100) and numeric pain rating score (range : 0-10) over 18 months.
The bottom and top of each rectangle of box plots correspond to the lower and upper quartiles of the data values. The line drawn
through the rectangle corresponds to the median value. The whiskers, starting at the ends of the rectangle, indicate minimum and
 maximum values. An asterisk indicates a significant difference between groups (p < 0.05).

Fig. 2. — Line graph illustrating the rate of radial-sided wrist
pain, ulnar-sided wrist pain, and overall pain according to fol-
low-up period. A dagger indicates significant declines occurred
in the reported prevalence of the ulnar-sided wrist pain over the
18-month  period (p < 0.05).

A B
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DISCUSSION

The management of distal radius fractures

remains a matter of debate. Clinical and bio -

mechanical studies have predicted poor long-term

outcome for those treated without restoration of

normal anatomy. Therefore, much effort has been

made to clarify the association between long-term

outcome and the degree of residual deformity.

However, the threshold for acceptable mal-union

has yet to be defined. Although it has been reported

repeatedly that mal-union with radial shortening or

persistent irregularity of the articular surface is

associated with a poor outcome (2,4,17,32), as

defined mostly by non-validated outcome measures

such as Gartland and Werley (13) or Green and

O’Brien score (7,16), recent studies using validated

outcome measures question these conclusions.

Barton et al studied the effect of radial shortening

using the patient rated wrist evaluation (PrWE)

score and did not find any correlation between

moderate (0-8 mm) shortening and outcome at a

mean follow-up of 29 months (3). Goldfarb et al

studied the impact of arthritic changes after severe

intra-articular fractures on long-term outcome using

two validated outcome measures, the Hand

Function Sort and the Musculoskeletal Function

Assessment score, and found no correlation

between the presence or degree of arthrosis and

upper-extremity function at 15 years (15). Similarly,

Forward et al reviewed 106 adults with malunited

distal radius fractures who were 40 years or

younger at the time of injury (mean, 38 years) :

”While there was radiological evidence of post-

traumatic osteoarthritis after an intra-articular frac-

ture in 68% of patients (27 of 40), the disabilities of

the arm, shoulder and hand (DASH) scores were

not different from population norms, and function
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Table ii. — Univariate analyses of predictors of wrist pain

n radial wrist pain

(p value)

Ulnar wrist pain

(p value)

Age 122 0.417 0.493

Sex 122 0.078 0.057

Affected hand 122 0.518 0.033

Articular step-off 120 0.337 0.089

Volar tilt (VT) 122 0.817 0.686

radial inclination (ri) 122 0.511 0.285

Ulnar variance (UV) 121 0.604 0.454

Correction loss of VT 122 0.513 0.237

Correction loss of ri 122 0.611 0.726

Correction loss of UV 121 0.912 0.66

Surgical experience 122 0.983 0.526

Duration of cast immobilization 121 0.574 0.223

Plate position 122 0.471 0.911

Ulnar fracture 119 0.073 0.604

implant removal 118 0.528 0.904

injury compensation 119 0.952 0.834

Complications 122 0.717 0.626

Plate selection 122 0.93 0.82

intraarticular fracture 122 0.078 0.15

Additional dorsal approach 121 0.057 0.033

Bone grafting 121 0.113 0.006
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as assessed by the Patient Evaluation Measure, was

impaired by less than 10%” (12). 

Aanatomical reduction is obviously an important

aim of treatment. Volar locking plates, which have

a number of theoretical advantages, have been

found to provide rigid fixation. Chung et al pros-

pectively assessed 87 patients, who underwent open

reduction and internal fixation of an inadequately

 reduced distal radius fracture with use of the volar

locking plating system, with the Michigan Hand

Outcomes Questionnaire and found that their score

approached normal by 6 months (6). Based on the

existing literature, it is clear that volar locking

 plates can satisfactorily be used to stabilize both

intra- and extra-articular fractures and allow early

mobilization. This was further confirmed by the

present study, because radiological parameters were

fine after surgery regardless of the plate used, type

of fracture, and period of immobilisation. Similarly,

patients regained satisfactory objective function

regardless of any of these factors. However, a signi-

ficant number of patients complained of residual

wrist pain and mild disability even at 18 months

after surgery. The discrepancy may be attributed to

the use of the Hand20 and the hand diagram to

identify the location of wrist pain. The mean of the
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Table iii. — risk factors associated with radial-sided wrist pain in multivariate analysis

Odds ratio 95% confidence interval p value

Age* 0.98 0.95 to 1.01 0.108

Female sex 3.72 1.26 to 10.96 0.017

intraarticular fracture 2.65 1.07 to 6.59 0.036

A multivariate logistic regression model, with backward elimination (likelihood ratio), was

performed to analyze the multiple effects of the variables of age, sex, intraarticular fractue,

ulnar fracture, and surgical approach.

* For each year of age.

Table iV. — risk factors associated with ulnar-sided pain in multivariate analysis

Odds ratio 95% confidence interval p value

Age* 0.97 0.93 to 1.003 0.07

Bone grafting 4.83 1.56 to 14.94 0.006

A multivariate logistic regression model, with backward elimination (likelihood ratio), was

performed to analyze the multiple effects of the variables of age, sex, affected hand, bone

 grafting, articular step-off (> 1 mm), and surgical approach.

* For each year of age.

norms of the Hand20 score is 1.2 ± 3.9 and the

norm of the Hand20 is much smaller than that of the

DASH (29). The small norms may have contributed

to detect mild disability.

We expected that anatomical reduction with

volar locking plate fixation could prevent ulnar-

sided wrist pain. Although our radiological

 findings, including ulnar variance and its correction

loss, were satisfactory, approximately 20% of the

patients complained of ulnar-sided wrist pain.

Zenke et al found that initial ulnar variance at the

time of injury, and not postoperative ulnar variance,

affected persistent ulnar-sided pain (34). initial ulnar

variance at the time of fracture could be a measure

of comminution and also collapse of the radius. A

high-energy injury with a large ulnar variance value

causing a triangular fibrocartilage complex tear has

been reported to be related to a high rate of distal

radio-ulnar joint instability (24). Persistent ulnar-

sided wrist pain might mainly be caused by dys-

function of the triangular fibrocartilage complex

and incongruity of the distal radio-ulnar joint (31).

Our radiological findings were not significantly

associated with ulnar-sided wrist pain at the final

examination. However, the initial ulnar variance

was not assessed in this study due to non-availabi-
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lity of data. This might have led our multivariate

analysis to conclude that only bone grafting remai-

ned a significant factor associated with ulnar-sided

wrist pain. in addition, bone grafting was used

based on surgeon preference. Technical variance of

practicing surgeons might have affected the conclu-

sion, even though surgical experience was entered

into a multivariate analysis. Another potential cause

of pain around the distal radioulnar joint is surgical

intervention near the sigmoid notch of the radius.

We found the incidence of radial-sided wrist pain

at final follow-up was much higher than ulnar-sided

wrist pain which significantly decreased over time.

We hypothesized that radial-sided wrist pain may

be related to the plate, taking into consideration the

study by Drobetz and Kutscha-Lissberg, which

indicated the importance of early plate removal to

avoid complications including rupture of the flexor

pollicis longus tendon (8). Because removal of plate

was decided at the surgeon’s discretion in this

cohort, we compared residual pain between those

who had the plate removed (mostly within 6 months

after surgery) and those who did not. We did not

find any significant differences between the two

groups (p = 0.53). Our multivariate analysis

demonstrated that female sex and intra-articular

fracture were significantly associated with radial-

sided wrist pain. Our results concur with prior clini-

cal studies reporting pain differences between

sexes. ruau et al reported that women suffered pain

more often and the most significant differences

occurred in patients with disorders of the musculo-

skeletal systems (11,27). in terms of fracture type, a

previous study indicated that patients with a com-

plex intra-articular fracture and those with an extra-

articular fracture had comparable wrist motion and

upper-extremity-specific health status one year after

open reduction and volar plate fixation (28). Another

study of arm-specific disability after volar plate

fixation indicated that only age and income were

associated with disability one year after fracture (5).

This study suggests that intra-articular fracture is

one of the risk factors for radial-sided wrist pain.

Our patients judged their pain and its location by

themselves on a diagram of the upper extremity.

This localized pain analysis may have led to a dif-

ferent result from previous studies. intra-articular

distal radius fractures were reported to associate

with scapholunate ligament injuries (14,20,25) and

the development of osteoarthrosis (17,21,22,30) more

frequently than extra-articular fractures. Additional

evaluation using arthroscopy might have revealed

the association of ligament injuries or chondral

defects with radial-sided wrist pain.

One limitation of this study is the approximately

38% patient loss for evaluation with the Hand20

and the diagram at 18 months. However, further

analysis demonstrated that no significant difference

in demographic variables, grip strength, flexion-

extension and supination-pronation arc, and the

Hand20 scores at 6 or 12 months was found

between the patients who answered at 18 months

and those who did not. This provided some assuran-

ce that our recruited data did not depend on disabi-

lities. Another shortcoming is that the clinical and

radiographic examinations were evaluated by a

variety of individuals involved in multicenter clini-

cal trials. Care was taken to evaluate carefully all

data points, and those at extreme variance were

reassessed.

Although there are various possible causes for

pain after distal radius fracture treated with volar

locking plates, precise evaluation of pain location

reveals different predictor variables for residual

wrist pain. This study showed that the incidence of

radial-sided wrist pain was higher than ulnar-sided

wrist pain, and radial-sided pain was associated

with female sex and intra-articular fracture.

However, the association of the predictors was

weak and these variables would probably predict

only a small part of residual pain. Therefore, further

study is needed to clarify other factors (eg, psycho-

social factors, chondral or ligament injuries) in the

future.

REFERENCES

1. Ark J, Jupiter JB. The rationale for precise management

of distal radius fractures. Orthop Clin North Am 1993 ; 24 :

205-210.

2. Aro HT, Koivunen T. Minor axial shortening of the radius

affects outcome of Colles' fracture treatment. J Hand Surg

Am 1991 ; 16 : 392-398.

3. Barton T, Chambers C, Bannister G. A comparison

between subjective outcome score and moderate radial

shortening following a fractured distal radius in patients of

Acta Orthopædica Belgica, Vol. 78 - 5 - 2012

rESiDUAL WriST PAiN 609

kurimoto-_Opmaak 1  25/09/12  16:29  Pagina 609



mean age 69 years. J Hand Surg Eur Vol 2007 ; 32 : 165-

169.

4. Bradway JK, Amadio PC, Cooney WP. Open reduction

and internal fixation of displaced, comminuted intra-

 articular fractures of the distal end of the radius. J Bone

Joint Surg 1989 ; 71-A : 839-847.

5. Chung KC, Kotsis SV, Kim HM. Predictors of functional

outcomes after surgical treatment of distal radius fractures.

J Hand Surg 2007 ; 32-A : 76-83.

6. Chung KC, Watt AJ, Kotsis SV et al. Treatment of

 unstable distal radial fractures with the volar locking

 plating system. J Bone Joint Surg 2006 ; 88-A : 2687-2694.

7. Cooney WP, Bussey R, Dobyns JH, Linscheid RL.

Difficult wrist fractures. Perilunate fracture-dislocations of

the wrist. Clin Orthop Relat Res 1987 ; 214 : 136-147.

8. Drobetz H, Kutscha-Lissberg E. Osteosynthesis of distal

radial fractures with a volar locking screw plate system. Int

Orthop 2003 ; 27 : 1-6.

9. Egol K, Walsh M, Tejwani N et al. Bridging external fixa-

tion and supplementary Kirschner-wire fixation versus

volar locked plating for unstable fractures of the distal

 radius : a randomised, prospective trial. J Bone Joint Surg

2008 ; 90-B : 1214-1221.

10. Fernandez DL. Should anatomic reduction be pursued

in distal radial fractures ? J Hand Surg 2000 ; 25-B : 523-

527.

11. Fillingim RB, King CD, Ribeiro-Dasilva MC, Rahim-

Williams B, Riley JL 3rd . Sex, gender, and pain : a

review of recent clinical and experimental findings. J Pain

2009 ; 10 : 447-485.

12. Forward DP, Davis TR, Sithole JS. Do young patients

with malunited fractures of the distal radius inevitably

develop symptomatic post-traumatic osteoarthritis ? J Bone

Joint Surg 2008 ; 90-B : 629-637.

13. Gartland JJ, Werley CW. Evaluation of healed Colles'

fractures. J Bone Joint Surg 1951 ; 33-A : 895-907.

14. Geissler WB, Freeland AE, Savoie FH,

McIntyre LW, Whipple TL. intracarpal soft-tissue lesions

associated with an intra-articular fracture of the distal end

of the radius. J Bone Joint Surg 1996 ; 78-A : 357-365.

15. Goldfarb CA, Rudzki JR, Catalano LW, Hughes

M, Borrelli J Jr. Fifteen-year outcome of displaced intra-

articular fractures of the distal radius. J Hand Surg 2006 ;

31-A : 633-639.

16. Green DP, O'Brien ET. Classification and management of

carpal dislocations. Clin Orthop Relat Res 1980 ; 149 : 55-

72.

17. Knirk JL, Jupiter JB. intra-articular fractures of the

distal end of the radius in young adults. J Bone Joint Surg

1986 ; 68-A : 647-659.

18. Kreder HJ, Hanel DP, McKee M et al. X-ray film measu-

rements for healed distal radius fractures. J Hand Surg

1996 ; 21-A : 31-39.

19. Levin SM, Nelson CO, Botts JD et al. Biomechanical

 evaluation of volar locking plates for distal radius fractures.

Hand (N Y) 2008 ; 3 : 55-60.

20. Lindau T, Arner M, Hagberg L. intraarticular lesions in

distal fractures of the radius in young adults. A descriptive

arthroscopic study in 50 patients. J Hand Surg 1997 ; 22-

B : 638-643.

21. Lutz M, Arora R, Krappinger D et al. Arthritis predicting

factors in distal intraarticular radius fractures. Arch Orthop

Trauma Surg 2011 ; 131 : 1121-1126.

22. Marsh JL, Buckwalter J, Gelberman R et al. Articular

fractures : does an anatomic reduction really change the

result ? J Bone Joint Surg 2002 ; 84-A : 1259-1271.

23. Müller ME, Allgöwer M, Schneider R, Willenegger H.

Manual of Internal Fixation. Springer ; New York, 1991.

24. Nakamura T, Takayama S, Horiuchi Y, Yabe Y. Origins

and insertions of the triangular fibrocartilage complex : a

histological study. J Hand Surg 2001 ; 26-B : 446-454.

25. Richards RS, Bennett JD, Roth JH, Milne K.

Arthroscopic diagnosis of intra-articular soft tissue injuries

associated with distal radial fractures. J Hand Surg 1997 ;

22-A : 772-776.

26. Ring D, Jupiter JB. Treatment of osteoporotic distal

 radius fractures. Osteoporos Int 2005 ; 16 Suppl 2 : S80-84.

27. Ruau D, Liu LY, Clark JD, Angst MS,  Butte AJ. Sex

 differences in reported pain across 11,000 patients captured

in electronic medical records. J Pain 2012 ; 13 : 228-234.

28. Sonderegger J, Schindele S, Rau M, Gruenert JG.

Palmar multidirectional fixed-angle plate fixation in distal

radius fractures : do intraarticular fractures have a worse

outcome than extraarticular fractures ? Arch Orthop

Trauma Surg 2010 ; 130 : 1263-1268.

29. Suzuki M, Kurimoto S, Shinohara T et al. Development

and validation of an illustrated questionnaire to evaluate

disabilities of the upper limb. J Bone Joint Surg 2010 ; 92-

B : 963-969.

30. Trumble TE, Schmitt SR, Vedder NB. Factors affecting

functional outcome of displaced intra-articular distal radius

fractures. J Hand Surg 1994 ; 19-A : 325-340.

31. Tsukazaki T, Iwasaki K. Ulnar wrist pain after Colles’

fracture. 109 fractures followed for 4 years. Acta Orthop

Scand 1993 ; 64 : 462-464.

32. Villar RN, Marsh D, Rushton N, Greatorex RA. Three

years after Colles' fracture. A prospective review. J Bone

Joint Surg 1987 ; 69-B : 635-638.

33. Wright TW, Horodyski M, Smith DW. Functional out -

come of unstable distal radius fractures : OriF with a volar

fixed-angle tine plate versus external fixation. J Hand Surg

2005 ; 30-A : 289-299.

34. Zenke Y, Sakai A, Oshige T et al. The effect of an associ-

ated ulnar styloid fracture on the outcome after fixation

of a fracture of the distal radius. J Bone Joint Surg 2009 ;

91-B : 102-107.

610 S. KUriMOTO, M. TATEBE, T. SHiNOHArA, T. ArAi, H. HirATA

Acta Orthopædica Belgica, Vol. 78 - 5 - 2012

kurimoto-_Opmaak 1  25/09/12  16:29  Pagina 610


