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Abstract

Background Studies concerning the relationship between
distal radius fracture malunion and a persistent arm-related
disability have produced conflicting results.
Questions/purposes We investigated (1) how arm-related
disability changes during the first 2 years after a fracture
and (2) whether fracture malunion causes persistent
disability.

Methods One hundred twenty-three patients with distal
radius fractures, treated with closed reduction and casts or
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external or percutaneous pin fixations, completed the
DASH questionnaire at baseline, 3 months, 6 months,
1 year, and 2 years after fracture. Radiographic measure-
ments were made at 1 year. Using a definition of malunion
as ulnar variance of 1 mm or more and dorsal tilt greater
than 10°, the patients were classified into three groups: no
malunion (n = 35), malunion involving either ulnar vari-
ance or dorsal tilt (n = 65), and malunion involving ulnar
variance and dorsal tilt (n = 23). The changes in the
DASH scores with time (baseline to 2 years), in relation to
malunion, were analyzed using generalized estimating
equations adjusted for age, sex, fracture type (extraarticular
or intraarticular), and treatment method.

Results The mean change in DASH scores from baseline
to 2 years was worse for patients with malunions involving
ulnar variance and dorsal tilt than for patients with no
malunions (mean difference, 13; 95% CI, 1.4-25) and for
patients with malunions involving either ulnar variance or
dorsal tilt (mean difference, 13; 95% CI, 2.2-24).
Conclusion After distal radius fracture, arm-related dis-
abilities are more likely to persist at least 2 years in
patients with fractures that healed with shortening and
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dorsal angulation than in patients with only shortening or
dorsal angulation or without malunion.

Level of evidence Level II, prognostic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Fractures of the distal radius commonly cause functional
declines in postmenopausal women [8]. Studies [2, 11]
concerning the relationship between distal radius fracture
malunions and persistent long-term, arm-related disabilities
have produced conflicting results. Retrospective studies of
patients with distal radius fracture have shown severe
malunion to be a common cause of long-term pain and
disability. Few prospective studies have used patient-
reported outcome measures to investigate the change in
disability and pain with time after a distal radius fracture.
In a study that used the Patient-Rated Wrist Evaluation
(PRWE) questionnaire, most patients had minimal pain and
disabilities 6 months after distal radius fractures, but at
1 year, almost one of 10 patients had persistent moderate-
to-severe pain and activity limitations [21]. That study
provided useful information about the course of recovery
during the first year but did not address the determinants of
persistent disability.

We previously showed, in patients with distal radius
fractures initially treated with closed reductions and casts
or with external or percutaneous pin fixations, the degree of
disability at 1 year is related to the severity of the fracture
malunions [6]. It is not known, however, whether this
relationship persists beyond 1 year after time of fracture.

We asked (1) how arm-related disability changes over
2 years after a distal radius fracture treated with closed
reduction and cast or with external or percutaneous pin
fixation and (2) whether fracture malunion influences
patient-reported disability up to 2 years after the fracture.

Patients and Methods

The study population was described previously [6]. During
a 15-month period starting January 2001, we performed a
prospective cohort study of the patients who attended the
two emergency departments in the region of Northeastern
Scania in Sweden (Kristianstad and Héssleholm Hospitals)
with acute extraarticular or intraarticular fractures of the
distal radius. All patients were invited to participate in a
longitudinal study consisting of repeated measurement of
patient-reported disability up to 2 years using the DASH
questionnaire and clinical and radiographic examinations at
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the hospital at 1 year. The current study was designed to
include all patients treated with closed reductions and casts
or with closed reductions and external fixation or percu-
taneous pin fixations. The treatment method was decided
by the orthopaedic surgeon in the emergency department
(general orthopaedic surgeon or resident in orthopaedic
surgery after consultation with an orthopaedic surgeon),
based on the clinical evaluation of the patient and the
radiographic appearance of the fracture. The study was
approved by the Regional Ethical Review Board (LU 516-
01) and informed consent was obtained from the patients.

Of 175 consecutive patients, seven patients died within
2 years from fracture, nine declined to participate, 10 were
excluded because of severe medical illnesses or cognitive
disorders, 10 were excluded because of treatment with
open reduction and internal fixation, two did not respond to
the outcome measure, and 14 did not attend their followup
radiographic examinations. Thus, 123 patients (94 women,
29 men) with a mean age of 63 years (SD, 15 years; range,
19-88 years) were included in this study. The treatment
methods were closed reductions and casts in 46 patients
(38 women) and closed reductions and fixations in 77
patients (56 women). In the closed reduction and fixation
group, 63 patients were treated with external fixations
(11 were treated because of fracture redisplacement after
initial nonsurgical treatments), five with external fixations
and percutaneous pinnings (three were treated after initial
nonsurgical treatments), and nine with percutaneous pin-
ning only. The trauma was moderate (falls from the same
level) in 79 patients, severe (such as falls from great
heights, traffic accidents, and sport injuries) in 43 patients,
and of an unknown type in one patient.

At the time of the study, the standard management for a
displaced distal radius fracture consisted of an initial
reduction and a cast at the emergency department, followed
by a postreduction radiograph. If the reduction was judged
to be satisfactory, the patient returned to the orthopaedic
outpatient department after 7 to 10 days for clinical and
radiographic examinations. If the examining surgeon
decided to continue cast treatment, the patient was referred
to a physiotherapist for cast removal 4 to 5 weeks after the
fracture followed by therapy. No further routine followup
visits were planned. In case of fracture redisplacement, the
patients were offered closed reduction and external fixa-
tion. If the initial reduction was unsatisfactory, the patient
was treated with closed reduction and external fixation or
percutaneous pinning, referred to a physiotherapist for
initiation of exercises, and returned to the orthopaedic
outpatient department at 5 to 6 weeks postoperatively for
removal of the fixation device. The frequency and duration
of the therapy were decided by the therapist.

The patients completed the DASH questionnaire at
baseline (questionnaires were mailed to patients from the
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trauma center within 1 week of their fractures and inquired
about the patients’ abilities to perform activities the week
before their fractures), 3 months, 6 months, 1 year, and
2 years. On all occasions, the DASH questionnaire was
sent to the patients by mail. The DASH questionnaire is
scored from O to 100, with a higher score indicating higher
disability [4, 14]. The questionnaire has been used as an
outcome measure after distal radius fractures [20] and the
minimum, clinically important difference in a DASH score
has been estimated to be 10 points in patients with various
upper-extremity disorders [13]. When responding to the
DASH questionnaire at the 1-year and 2-year followups,
the patients had no knowledge of the results of the 1-year
radiographic examination (information was planned to be
given at study conclusion). DASH scores were missing in
32 (26%) patients at baseline, 26 (21%) patients at
3 months, 38 (31%) patients at 6 months, 26 (21%)
patients at 1 year, and 23 (19%) patients at 2 years.
Before treatment began, posteroanterior and lateral
radiographs were obtained. At 1 year after the fracture, a
radiographic examination of both wrists was performed.
Standard radiographic projections were used and forearm
rotation carefully controlled. At the conclusion of the
study, an experienced radiologist (MP) with no knowledge
of the patient’s DASH responses classified the fractures on
the initial radiographs as extraarticular or intraarticular.
The radiologist measured ulnar variance, dorsal tilt mea-
sured from neutral angulation, radial inclination, and
intraarticular step-off of the injured wrist on the baseline
and 1-year radiographs and of the noninjured wrist on the
1-year radiographs. The reliability of the radiographic
measurements in the study population was assessed pre-
viously and was found to be high (intraclass correlation
coefficient of agreement between two examiners ranged
from 0.88 to 0.94) [6]. Radiographs of the noninjured wrist
were missing in seven patients. Clinical or radiographic
status of the distal radioulnar joint other than ulnar vari-
ance, dorsal tilt, and articular step-off was not assessed.
The change in the DASH score with time (baseline to
2 years) was the primary outcome. We investigated the
influence of fracture alignment after healing on the DASH
score by analyzing individual radiographic variables and a
combination of radiographic variables. The mean differ-
ence in the change in the DASH score, according to the
radiographic outcome, was estimated using generalized
estimating equations (GEE), adjusting for baseline factors.
This method is an extension of ordinary regression analysis
and was used to account for the within-subject correlation
that often occurs in longitudinal data. Another advantage of
the GEE is that it uses all available data from all patients in
the analysis [19], with the DASH score from all times
(including baseline) considered as the outcome. In the GEE
analyses, the change from baseline at each time was

estimated using indicator variables for each of the times.
The difference in change for the radiographic outcomes
was estimated using interaction terms involving the time
indicators and the radiographic variables. In all analyses,
an exchangeable correlation structure was assumed. The
results from the GEE analyses are interpreted similarly to
the results from an ordinary regression analysis. Our first
GEE analysis involved the relationships between the indi-
vidual radiographic variables (ulnar variance, dorsal tilt,
radial inclination) and the change in the DASH score from
baseline to 2 years. The mean differences in change in the
DASH score, according to ulnar variance, dorsal tilt, or
radial inclination, were estimated, adjusting for age, sex,
fracture type (extraarticular or intraarticular), treatment
method, and the corresponding measurement on the con-
tralateral wrist (to adjust for possible anatomic variations).
This analysis included data from all except the seven
patients without contralateral wrist radiographs.

Our second GEE analysis involved comparing disabili-
ties in patients with or without malunions. Based on the
radiographic measurements of the injured wrist at 1 year
and using the values of ulnar variance of 1 mm or more and
dorsal tilt greater than 10° as malunion, we classified the
patients into three groups: patients with no malunion,
patients with a malunion type involving either ulnar vari-
ance or dorsal tilt, and patients with a malunion type
involving both these magnitudes of ulnar variance and
dorsal tilt. The cutoff value for dorsal tilt was chosen fol-
lowing consensus recommendations based on several
biomechanical and clinical studies [12, 22] that have sug-
gested a dorsal tilt exceeding 10° should not be accepted.
Recommendations regarding the amount of positive ulnar
variance that may be considered acceptable vary, ranging
from 1 to 6 mm [16, 18, 22]. We chose to consider an ulnar
variance of 1 mm or greater as malunion because of the
lack of convincing evidence suggesting only greater
incongruity of the distal radioulnar joint is important
regarding disability. In a previous study [6], we found a
significant independent relationship between the DASH
score and dorsal tilt and ulnar variance but not with radial
inclination, which therefore was not included in the defi-
nition of malunion. Using GEE, we estimated the mean
differences in the change in DASH score from baseline to
2 years according to the malunion type, adjusting for age,
sex, fracture type (extraarticular or intraarticular), and
treatment method. This analysis included data from all
123 patients.

Additionally, a sensitivity analysis was performed for all
GEE models on the subgroup of patients who had baseline
DASH scores [19]. The analysis consisted of using the
baseline score as a covariate (instead of as part of the
primary outcome) and comparing the results with and
without adjusting for the baseline DASH score; this
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showed similar results (ie, the missing baseline scores did
not affect the results). To investigate the relationship
between fracture type (extraarticular or intraarticular) and
the DASH score at 2 years, we also performed an analysis
of covariance, adjusting for age, sex, and treatment
method. All tests were two-sided. Statistically significant
p values were considered to be less than 0.05.

Results

Complications included superficial pin site infection
treated with antibiotics in 26 patients. Four other compli-
cations were recorded each in one patient: (1) a rupture of
the extensor pollicis longus tendon; (2) chronic regional
pain syndrome; (3) osteomyelitis of the second metacarpal
that resolved with antibiotics; and (4) thumb adduction
contracture that improved with physiotherapy. The first
three belonged to the external fixation or percutaneous
pinning group and the fourth to the closed reduction and
cast group; all four patients belonged to the group with
malunions involving either ulnar variance or dorsal tilt. No
patients underwent corrective osteotomy during the study
period.

Table 1. Differences in the change in DASH score according to
malunion type and time since fracture

Malunion type* Mean change 95% CI1 p value
and time since in DASH score
fracture from baseline’
No malunion (n = 35)
3 months 20 13-26 < 0.001
6 months 13 5.9-19 < 0.001
1 year 11 4.8-17 0.001
2 years 9.9 3.7-16 0.002
Malunion Type I (n = 65)
3 months 25 19-30 < 0.001
6 months 16 12-19 < 0.001
1 year 15 10-19 < 0.001
2 years 10 5.9-14 < 0.001
Malunion Type II (n = 23)
3 months 24 14-33 < 0.001
6 months 23 15-30 < 0.001
1 year 20 12-29 < 0.001
2 years 23 13-33 < 0.001

* No malunion = ulnar variance 0 mm or less and dorsal tilt 10° or
less; Malunion Type I = ulnar variance 1 mm or more or dorsal tilt
less than 10°; Malunion Type II = ulnar variance | mm or more and
dorsal tilt less than 10°; "generalized estimating equations, adjusting
for age, sex, fracture type (extraarticular or intraarticular), and
treatment method; the analysis included all 123 patients.
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Arm-related disability was highest at 3 months after the
fracture and then decreased with time (Table 1). The
largest improvement occurred at 6 months, with further
smaller improvement up to 2 years (Fig. 1). The mean
DASH score did not reach preinjury level (mean, 4.9; SD,
9.2) during the 2-year followup.

Fracture malunion was associated with higher arm-
related disability over 2 years. The mean change in DASH
score increased with positive ulnar variance and with
dorsal tilt, whereas radial inclination had no effect
(Table 2). The mean ulnar variance of the injured wrist was
2.6 mm (SD, 3.5 mm) at baseline and 2.5 mm (SD,
3.4 mm) at 1 year and that of the uninjured wrist was
0 mm (SD, 1.7 mm). The mean dorsal tilt was 20° (SD,
17°) at baseline and 3° (SD, 11°) at 1 year and that of the
uninjured wrist was —8° (SD, 8°). The mean radial incli-
nation was 15° (SD, 7°) at baseline and 18° (SD, 6°) at
1 year and that of the uninjured wrist was 22° (SD, 4°).

The mean change in DASH score over 2 years was less
in the 23 patients with malunion involving ulnar variance
and dorsal tilt than in the 35 patients with no malunion
(adjusted mean difference, 13; 95% CI, 1.4-25) and in the
65 patients with malunion involving either ulnar variance
or dorsal tilt (adjusted mean difference, 13; 95% CI, 2.2—
24) (Table 3).

Intraarticular step-off of 1 mm or more at 1 year was
found in seven patients. Fracture type had no influence on
arm-related disability. For extraarticular fractures (n = 88),
the mean DASH score was 4.7 (SD, 9.3) at baseline and 17
(SD, 19) at 2 years. For intraarticular fractures (n = 35), it
was 5.2 (SD, 9.2) and 17 (SD, 19), respectively, with a mean
difference in the 2-year DASH score of 0.1 (95% CI, —7.7 to
7.9) (p = 0.97).

Discussion

Studies concerning the relationship between distal radius
fracture malunion and a persistent arm-related disability
have produced conflicting results. We investigated (1) how
arm-related disability changes during the first 2 years in
distal radius fractures treated with closed reduction and
cast or with external or percutaneous pin fixation and
(2) whether fracture malunion causes persistent disability.
We found patient-reported disability was, on average,
highest at 3 months. After 6 months, improvement in dis-
ability was considerably slower, and even though the mean
DASH score was low after 6 months, it did not reach
preinjury level. We also found patients with malunions
involving a positive ulnar variance and substantial dorsal
tilt had worse disability over 2 years. In addition, we found
fracture type (extraarticular or intraarticular) did not
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Table 2. Differences in the change in the DASH score according to
radiographic variable

No Malunion

@ 3 months
0 6 months

M 1year
@ 2 years

Malunion 11

Malunion |

Table 3. Differences in the change in the DASH score according to
malunion type

Radiographic Mean difference 95% CI p value Comparison Mean difference 95% CI p value
variable in change in DASH of malunion in change in DASH

score from baseline* types* score from baseline”
Ulnar variance (mm)  1.35 0.26-2.45 0.016 Malunion Type II versus 13 1.4-25 0.028
Dorsal tilt (°) 0.40 0.06-0.73 0.021 no malunion
Radial inclination (°) —0.24 —0.92 to 0.45 0.497 Malunion Type II versus 13 22-24 0.018

* Generalized estimating equations, adjusting for age, sex, fracture
type (extraarticular or intraarticular), treatment method, and the cor-
responding radiographic value of the contralateral side; the analysis
included 116 patients.

influence arm-related disability at 2 years after the fracture,
which is in agreement with previous studies [7, 10].

This study has limitations. Complete followup data were
not available for all the patients. To handle the missing
data, we used GEE models assessed with sensitivity anal-
yses; this method uses data from all patients, including
those with incomplete followup, to improve the precision
of the estimates [19]. The treatment methods used in this
study generally have been replaced by open reduction and
fixation with volar plates. However, because the definition
of malunion was based on 1-year radiographs of healed
fractures regardless of treatment method, it is reasonable to
speculate the effect of malunion would be similar for the
same type of fractures treated with internal fixation. Fur-
ther, treatment method was adjusted for in all analyses and
it is unlikely factors related to the type of treatment (closed
reduction followed by cast, pinning, or external fixation)
influenced disability 2 years after fracture, beyond their
possible effect on the occurrence of malunion. Another
limitation is the large age range (19-88 years), although
age was adjusted for in all analyses. The baseline DASH
scores (mean, 4.9; SD, 9.2) obtained within 1 week after
the trauma (inquiring about the function before the frac-
ture) were lower than the normative values for the US

Malunion Type I

Malunion Type I versus 0.2 —73t0 7.7 0.961

no malunion

* No malunion = ulnar variance 0 mm or less and dorsal tilt 10° or
less; Malunion Type I = ulnar variance 1 mm or more or dorsal tilt
less than 10°; Malunion Type II = ulnar variance 1 mm or more and
dorsal tilt less that 10°; +generalized estimating equations adjusting
for age, sex, fracture type (extraarticular or intraarticular), and
treatment method; analysis including all 123 patients.

general population (mean, 10; SD, 15) [15] but similar to
those for a random Swedish general population sample of
71 persons of similar age and sex characteristics (median,
2.5) [1]. We did not assess the potential effect of associated
distal radioulnar joint instability, but a recent study showed
a lack of association between instability of the distal
radioulnar joint and DASH score after fracture [24]. We
also did not investigate with the DASH questionnaire
whether symptomatic degenerative arthritis developed
between the I-year radiographic examination and the
2-year followup. However, it is unlikely this would have
occurred in a substantial number of patients to be a major
issue.

Our study also has several strengths. It was prospec-
tively conducted at the only facility that manages this type
of fracture in the target population. During 15 months, the
majority of patients in the population who were treated for
acute distal radius fracture with closed reduction and cast
or external or percutaneous fixation participated in the
study. To our knowledge, no other prospective study has
presented 2-year followup results based on radiographic
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examination of the injured and uninjured wrists after the
fracture had healed and used an established patient-repor-
ted disability measure.

Our findings are partly in agreement with those reported by
MacDermid et al. [21] in their study of 129 patients evaluated
with the PRWE score at 2, 3, 6, and 12 months after distal
radius fractures. They suggested the high level of disability at
2 to 3 months after the fracture coincided with the reparative
phase of bone and soft tissue healing, and during a rehabili-
tative phase, a slower improvement in pain and disability
occurs; the majority of their patients had recovered at
6 months after the fractures. In our study, patients whose
fractures healed with positive ulnar variances and substantial
dorsal tilts showed slower improvement in disability, and at
2 years, their mean DASH scores had not decreased to
the same levels as the patients with no fracture malunions.
MacDermid et al. [21] reported a minority of their patients
experienced prolonged disability at 1 year, although they did
not report any specific determinants of worse outcome.

Several studies [12, 17, 22] have suggested a strong
relationship between anatomic restoration and function after
fracture, whereas others [7, 25] have reported the precision of
fracture reduction and the degree to which it is maintained
have no predictive value. Some authors [3, 9, 28] have
reported satisfactory function regardless of radiographic
deformity, especially among the elderly. We recently
reported a relationship between a more pronounced fracture
malunion and greater age-adjusted patient-reported disabil-
ity 1 year after a distal radius fracture [6]. In that analysis, we
found this relationship persisted up to 2 years after the
fracture. Ulnar variance and dorsal tilt affected the patient-
reported disability up to 2 years after the fracture, whereas
radial inclination did not. A positive ulnar variance is thought
to alter loading of the wrist [23] and has been shown to affect
subjective outcome, grip strength, and ROM after distal
radius fractures [5, 27]. Dorsal tilt may alter the force dis-
tribution in the radiocarpal joint, increasing the load through
the ulna, and may result in midcarpal instability [26]. Frac-
tures that heal with dorsal tilt have been related to weaker
grip strength, persistent pain, and increased difficulties with
everyday activities and work [12, 17, 22]. Patients with
malunion, however, involving only positive ulnar variance
with no or minor dorsal tilt or only substantial dorsal tilt with
neutral or negative ulnar variances, did not have worse
DASH scores than patients with no malunions. This finding
suggests the combination of a substantial dorsal tilt and
positive ulnar variance appears to cause the persistent dis-
ability, although the exact reason is unknown. A possible
explanation may be that substantial dorsal tilt accentuates the
incongruity of the distal radioulnar joint caused by the radial
shortening.

The finding of a relationship between a distal radius
fracture malunion and persistent patient-reported disability
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up to 2 years after the fracture supports the use of treatment
methods that minimize the risk of a malunion. Patients with
persistent disability at 1 year after fracture showing a
malunion with positive ulnar variances and substantial
dorsal tilts may be considered for corrective osteotomies.
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