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Introduction

Patients with orthopaedic trauma experience substantial
psychological and physical morbidities. In fact, 6.5–51% of such
patients have been estimated to experience psychological symp-
toms following musculoskeletal trauma.2,8,9,21–23,29,30 However,
the prevalence of psychological symptoms following injuries
depends on the diagnostic criteria, assessment tools, the definition
of trauma used and on the timing of assessments.2,30

Distal radius fracture is the most common fracture of the upper
extremity, and is a public health concern amongst the elderly, who
often experience fragility fractures.7 Distal radius fracture can
cause considerable disability with respect to daily activities, and,
furthermore, the level of disability has been shown to be correlated
with depression in those recovering on conservative treatment,27

although it is not a life-threatening injury like hip fracture. Several
studies have demonstrated that psychological response is not

necessarily correlated with severity of the injury,11,10,21 though a
few studies have reported the opposite.3,12

Recently, open reduction and internal fixation using the volar
locking plating system has become an increasingly popular option
for the treatment of unstable distal radius fractures,7 because this
method provides sufficiently stable fixation to maintain good
reduction and allow early motion.6,26 Rozental et al.28 showed
better functional outcomes with less disability as early as 6 weeks
after open reduction and internal fixation with volar plating (VP) as
compared with closed reduction and percutaneous fixation. We
hypothesised that VP, which allows an early use of the wrist and
early return to daily activities, may better address depressive
symptoms in patients with a distal radius fracture than conserva-
tive treatment during recovery from injury. No previous study has
been performed to compare depressive symptoms in patients with
a distal radius fracture according to treatment method or regarding
their temporal pattern. The purpose of this study was to assess
depressive symptoms in patients with a distal radius fracture, and
to determine whether early use of the wrist after VP reduces
depressive symptoms as compared with cast immobilisation (CI)
during the early recovery period.
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A B S T R A C T

Introduction: Patients with orthopaedic trauma experience substantial psychological and physical

morbidities. The purpose of this study was to assess depressive symptoms in patients with a distal radius

fracture, and to determine whether early use of the wrist after volar plating reduces depressive

symptoms as compared with cast immobilisation during the early recovery period.

Materials and methods: Twenty-six patients with a distal radius fracture, who underwent volar plating

and were allowed immediate use of the wrist, and 24 patients treated by cast immobilisation for 6 weeks

were prospectively compared with respect to depressive symptoms at week 0, and at 2, 6, 12 and 24

weeks after injury, using the Center for Epidemiologic Studies Depression Scale (CES-D). Physical

morbidity was assessed using the Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaire and

a pain Numerical Rating Scale (NRS). Multivariate analysis was performed to identify factors that

independently predicted CES-D scores at each time point.

Results: No differences in the CES-D scores were found between the volar plating and the cast

immobilisation groups, although volar plating group had marginally better CES-D scores at 24 weeks.

Multivariate analysis indicated that CES-D scores at each time were independently associated with pain

NRS scores at 0 and 24 weeks, and DASH scores at 6 weeks.

Conclusion: Early use of the wrist after volar plating was not found to reduce depressive symptoms as

compared with cast immobilisation in the early treatment period following a distal radius fracture. Pain

was found to be an important predictor of depression, suggesting that caution is needed to address pain

during the early rehabilitation period.
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Materials and methods

Study population

We obtained Ethics Committee/Human Studies Committee
approval for this study. From July 2008 through June 2009, 168
patients presented with a distal radius fracture at the authors’
hospital, which is an urban tertiary referral hospital for trauma. All
were initially managed by closed reduction and a cast, and those
with inadequately reduced fractures or those who experienced
reduction loss during follow-up evaluations underwent surgery.
The operative criteria were as follows: (1) radial shortening of
>5 mm, (2) dorsal angulation of >108 or volar angulation of >208
in wrist lateral radiographs, (3) radial inclination of <108 in wrist
postero-anterior view and (4) an articular step-off of >2 mm.
During the study period, 60 patients underwent surgery by open
reduction and internal fixation with VP or with closed pinning and
CI, and 108 were treated by CI. No patient was treated by external
fixation during the study period. Because the authors’ hospital is a
tertiary referral hospital for hand trauma, more patients were
treated surgically than would be expected generally for patients
with a distal radius fracture.

We designed a prospective case–control study, in which we
compared patients treated by open reduction and internal fixation
with VP and patients treated by CI for 6 weeks. We excluded
patients with multiple trauma, neurovascular injuries, a combined
distal radio-ulnar joint instability, associated carpal instability,
those with a known psychiatric illness, those who regularly used
narcotics or hypnotics, those who could not read or answer the
questionnaires and those with litigation issues. In addition, we
excluded the following from the VP cohort; those with an
associated styloid fracture fragment requiring fixation or addi-
tional CI, and those that had to undergo surgery late after trauma
due to loss of reduction at 2 weeks or more after initial closed
reduction and cast application. Furthermore, we excluded those
with an undisplaced fracture or a stable fracture that could be
treated by CI for 3 or 4 weeks from the CI cohort, because we
wanted all patients in the CI cohort to have a 6-week period of CI.
We also excluded those who declined to undergo recommended
surgery from the CI cohort, as this might have been a manifestation
of underlying anxiety or excessive fear of surgery, which could
have affected subsequent assessments of depressive symptoms.
The remaining patients were approached regarding enrolment in
this study at the time of surgery or cast application, and 30 patients
per treatment who agreed to participate were consecutively
enrolled. However, four patients in the VP group and six in the CI
group failed to complete all follow-up evaluations and were
excluded. Accordingly, the analysis was performed on 26 patients
in the VP group and 24 patients in the CI group. There were 6 men
and 20 women in the VP group, and 3 men and 21 women in the CI
group. Average patient age was 53 years (range, 25–74 years) in the
VP group and 58 years (range, 28–80 years) in the CI group.
Demographic data and AO fracture classifications14 are presented
in Table 1.

Surgery/CI

Patients in the VP group underwent open reduction and internal
fixation. All operations were performed by one hand surgeon under
regional anaesthesia. Bone grafting was not performed. Postoper-
atively, wrists were immobilised using a short-arm volar plaster
splint, and patients were encouraged to perform active shoulder,
elbow and finger motion exercises. At 1 week postoperatively, all
wrists were placed in a removable wrist brace. Physiotherapy and
occupational therapy were started at 2 weeks postoperatively.
Patients were encouraged to perform active wrist range-of-motion

exercises as often as possible. Braces were used for around 6 weeks,
as required.

Patients in the CI group underwent closed reduction and CI.
When acceptable alignment had been achieved, a sugar-tong splint
was applied to the affected forearm. Both active and passive finger
motion were encouraged early during the post-trauma period.
Three or four weeks after sugar-tong splint placement, patients
were transitioned to a short-arm cast. At 6 weeks after initial cast
application, wrists were placed in a removable wrist brace and
physiotherapy and occupational therapy were started. Patients
were educated to discard braces gradually over the following 2
weeks, and were encouraged to perform active and passive wrist
range-of-motion exercises.

Outcome evaluations

Patients were routinely followed up at 1, 2, 6, 12 and 24 weeks
after surgery or cast application. Primary study outcome ques-
tionnaires were obtained at baseline (week 0), and at 2, 6, 12 and
24 weeks. Clinical examinations were performed by the first
author. Wrist ranges of motion were evaluated by recording
flexion, extension, radio-ulnar deviation and prono-supination
using a standard goniometer. Grip power was measured using a
Jamar dynamometer (Asimow Engineering, Los Angeles, CA, USA)
with the elbow flexed at 908 and the forearm in neutral rotation.
Results were recorded in kilogrammes.15

Outcome questionnaires were administered by an independent
examiner, who was a research assistant at the Department of
Orthopedic Surgery and was not directly involved in the care of our
patients. It took on average 15 min to administer the questionnaires.
They included the Center for Epidemiologic Studies Depression Scale
(CES-D) for the assessment of depressive symptoms, the Disabilities
of the Arm, Shoulder, and Hand (DASH) questionnaire and a pain
Numerical Rating Scale (NRS). CES-D is composed of 20 items rated
on a scale of 0–3. Thus, possible total scores range from 0 to 60, and
the average score for the general population is 9.1 � 8.6.4 The CES-D
is used for the screening of symptoms related to depression or
psychological distress, and is regarded as a valuable tool for identifying
those at risk of depression.20,24 A score of 16 is widely used as a
predictive cut-off when estimating the prevalence of major depressive
disorder.4 The DASH questionnaire was used to quantify general
disabilities related to the upper extremity.16 This questionnaire
contains 30 items: 21 concern difficulties with specific tasks, five
evaluate symptoms and the other four address social functions, work,
sleep and confidence. DASH scores range from 0 and 100, where higher
scores indicate greater upper-extremity disability. The average DASH
score for the general population has been reported to be
10.10 � 14.68.17 Pain intensity was measured using a 11-point pain
NRS, which is a reliable and valid measure of pain intensity from 0 (no
pain) to 10 (worst imaginable pain).18,32

Table 1
Demographic data.

Volar plating

(N = 26)

Cast immobilization

(N = 24)

p value

Age (years) 53 � 13 (25–74) 58 � 13 (28–80) 0.17

Gender

Female 20 (77%) 21 (88%) 0.47

Male 6 (23%) 3 (22%)

Dominant hand fracture 11 (42%) 11 (46%) 1

AO classification

A2 3 (12%) 11 (46%) 0.03

A3 7 (27%) 5 (21%)

C1 7 (27%) 6 (25%)

C2 9 (35%) 2 (8%)
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Statistical analysis

The primary outcome variable used to determine statistical
power was CED-S score. The study was designed to determine a 9-
point mean difference in CED-S score between the two study
groups, given a standard deviation of 9 points in the general
population (for an effect size of 1.0). Power analysis indicated that
a sample size of 23 patients per group was required for a statistical
power of 90% to detect this effect size between the groups
(alpha = 0.05, beta = 0.10) using the Student’s t-test. Thirty patients
per group were initially enrolled and 26 patients in the VP group
and 24 patients in the CI group were finally analysed.

Group results were compared using the Pearson chi square or
Fisher’s exact test for categorical variables, and the Student’s t-test
for continuous variables. Changes of scores between week 0 and 24
were assessed using the paired t-test. P values of <0.05 were
considered significant.

Univariate analysis was conducted to determine associations
between independent variables (patient age, sex, dominant hand
involvement, DASH scores and pain NRS scores) and the dependent
variable (CES-D) at each time point. Independent variables found
to have significant (p < 0.05) or near-significant (p < 0.1) associa-
tions were entered into a multivariate regression model.

Results

Outcome scores (CES-D, DASH, pain NRS)

No differences in the CES-D scores were found between the VP
and the CI groups, although VP group had marginally better CES-D
scores at 24 weeks (p = 0.08). CES-D scores improved significantly
between week 0 and week 24 in both groups (p < 0.01 respectively).

Immediately after injury (0 week), 19 (73%) of the 26 in the VP
group and 19 (79%) of the 24 in the CI group had CES-D scores �16,
which is considered the cut-off value for estimating the prevalence
of major depression disorder. At 2 weeks, 11 (42%) in the VP group
and 13 (54%) in the CI group had scores �16. The average CES-D
scores in the patients are presented in Table 2.

The VP group had significantly better DASH scores (p = 0.01)
and pain NRS scores (p < 0.01) than the CI group at 24 weeks after
injury, and significantly better pain NRS scores (p = 0.01) and
marginally better DASH scores (p = 0.10) than the CI group at 12
weeks. No significant differences were found between the two
groups at earlier time points (Table 2).

Predictors of depressive symptoms

Univariate analysis was conducted to identify associations
between independent variables (patient age, sex, dominant hand
involvement, DASH scores and pain NRS) and CES-D at each time
point (Table 3).

Univariate analysis demonstrated a significant association
between CES-D and DASH scores at week 0 (r = 0.27, p = 0.05),
week 6 (r = 0.72, p < 0.01), week 12 (r = 0.65, p < 0.01) and at
week 24 (r = 0.682, p < 0.01). Furthermore, a significant associa-
tion was found between CES-D and pain NRS scores at week 0
(r = 0.47, p < 0.01), week 2 (r = 0.44, p = 0.04), week 6 (r = 0.58,
p < 0.01), week 12 (r = 0.68, p < 0.01) and at week 24 (r = 0.734,
p < 0.01) (Table 3). Multivariate regression analysis indicated
that CES-D scores at each time point were independently
associated with pain NRS scores at week 0 (p < 0.01), with DASH
scores at week 6 (p < 0.01), and with pain NRS scores at week 24
(p = 0.01) (Table 4). A model including DASH and pain NRS was
found to account for 20% of CES-D variability at week 0 (R2 = 0.20,
F = 6.5, p = 0.01). Furthermore, at week 24 after injury, this model
explained 58% of CES-D variability (R2 = 0.58, F = 21.6, p < 0.01)
(Table 4).

Table 2
Comparison of outcome scores.

Outcome scores Volar plating Cast immobilization p value

CES-D scores

Week 0 18.4 � 6.3 20.9 � 7.0 0.17

Week 2 17.1 � 8.9 19.4 � 7.8 0.40

Week 6 13.1 � 8.8 15.5 � 10.5 0.46

Week 12 11.7 � 6.4 14.8 � 10.7 0.34

Week 24 7.4 � 4.2 10.7 � 8.1 0.08

DASH

Week 0 65.8 � 17.3 73.2 � 19.2 0.11

Week 2 61.7 � 16.8 63.2 � 20.3 0.83

Week 6 37.9 � 23.0 50.7 � 24.4 0.23

Week 12 21.3 � 11.7 38.8 � 23.9 0.10

Week 24 13.9 � 8.8 25.9 � 14.0 0.01

Pain NRS

Week 0 4.1 � 1.3 4.7 � 1.5 0.15

Week 2 3.0 � 1.4 3.1 � 1.6 0.80

Week 6 1.9 � 1.2 2.5 � 1.7 0.10

Week 12 1.4 � 1.2 2.3 � 1.9 0.01

Week 24 0.8 � 0.8 1.6 � 1.4 <0.01

Table 3
Univariate analysis of predictors of CES-D score at each measurement.

Variables Week 0 Week 2 Week 6 Week 12 Week 24

Significance (p)

Age 0.48 0.83 0.21 0.25 0.31

Gender 0.14 0.51 0.54 0.78 0.68

Dominant hand 0.62 0.49 0.16 0.21 0.13

DASH

0 week 0.32

2 week 0.22

6 week <0.01
12 week <0.01
24 week <0.01

Pain NRS

0 week <0.01
2 week 0.04
6 week <0.01
12 week <0.01
24 week <0.01

Boldface, significant or nearly significant (included in multivariate model).

Table 4
Multivariate analysis of predictors of CES-D score at each measurement time.

Predictors b p value

CES-D baseline (R2 = 20%)

DASH baseline 0.25 0.52

Pain NRS baseline 0.5 <0.01

CES-D 2 weeks (R2 = 29%)

DASH 2 weeks �0.16 0.925

Pain NRS 2 weeks 0.46 0.1

CES-D 6 weeks (R2 = 51%)

DASH 6 weeks 0.64 <0.01
Pain NRS 6 weeks 0.23 0.14

CES-D 12 weeks (R2 = 55%)

DASH 12 weeks 0.34 0.16

Pain NRS 12 weeks 0.43 0.07

CES-D 24 weeks (R2 = 58%)

DASH 24 weeks 0.29 0.59

Pain NRS 24 weeks 0.51 0.01

Boldface: significant.
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Radiographic and functional results

All fractures healed uneventfully. At final radiographic exami-
nation at 24 weeks, patients in the VP group had a mean volar tilt of
8.18 (standard deviation (SD), 1.58), a radial inclination of 19.28 (SD,
2.28) and a radial length of 9.5 mm (SD, 1.3 mm), and correspond-
ing values in the CI group were 5.38 (SD, 3.48), 14.38 (SD, 5.68) and
6.3 mm (SD, 3.2 mm) respectively. No significant inter-group
difference was found in terms of volar tilt (p = 0.73), but radial
inclination and radial lengths were significantly greater in the VP
group (p < 0.01 respectively).

Mean flexion–extension arc of the wrist was 96.18 (SD, 21.28) in
the VP group at 6 weeks after injury, which was significantly
greater than the 46.58 (SD, 18.38) of the CI group (p < 0.01). This
value improved to 105.38 (SD, 23.58) at 12 weeks in the VP group,
and this was also significantly greater than that of the CI group
(89.58; SD, 25.48) at 12 weeks (p = 0.03). At 24 weeks, flexion–
extension arc in the VP group averaged 112.28 (SD, 22.38) and that
in the CI averaged 110.38 (SD, 27. 7), which was not significantly
different (p = 0.79).

No major complication occurred in either group. Minor
complications included one case of a pressure sore caused by
the cast, which healed after dressing, in the CI group, one case of
late development of carpal tunnel syndrome in the VP group,
which resolved after a corticosteroid injection and five cases of
adhesive capsulitis of the shoulder (two in the VP group and three
in the CI group).

Discussion

In the present study, we assessed depressive symptoms in
patients with a distal radius fracture, and asked whether presumed
early use of the wrist and early return to daily activities after VP
ameliorates depressive symptoms as compared with CI during the
early recovery period after injury. This study demonstrates that
there are no differences in the CES-D scores between the VP and the
CI groups, although VP group had marginally better CES-D scores at
24 weeks.

Initially, we expected that patients in the VP group would have
better CES-D scores early in the postoperative period, because
they were allowed early wrist motion exercise, whereas patients
in the CI group experienced the discomfort of wearing a heavy
cast. However, the expected benefits of early use of the wrist were
not evident in the current study. As pain was found to be an
important predictor of depressive symptoms during the early
recovery period, we believe that caution is needed to give patients
sufficient pain control medications and not to overly emphasise
early use of the wrist in the early postoperative period since this
may increase pain.

In the present study, 38 (76%) of the study subjects at the time
of injury and 24 (48%) at 2 weeks post-injury had CES-D scores of
�16 (the cut-off value for major depression disorder).4 Although
many studies have reported that psychological symptoms are
common after musculoskeletal trauma, with rates ranging from
6.5% to 51%,2,8,9,21–23,29,30 little information is available on the
prevalence of depression in patients with a distal radius fracture.
Our results indicate that although distal radius fracture is a
relatively less severe injury than an open low-extremity
fracture,2 a considerable percentage of patients with a distal
radius fracture experience depressive symptoms, and that levels
of depressive symptoms continue at a higher than average level
until 12 weeks post-injury, which supports the finding that
psychological response is not necessarily correlated with the
severity of injury.11,10,21

This study found strong association between depressive
symptoms and disability and pain scores. Correlations between

psychological morbidity and physical complaints have been
reported by several authors.1,25,27,33 Ring et al. reported that
DASH scores are correlated with depression in several upper-
extremity conditions, including distal radius fracture. However,
they examined only non-operatively treated patients at 6 weeks
after injury.27 Zatzick et al.33 also reported that patients with post-
traumatic stress disorder demonstrated significant adverse out-
comes according to Short Form (36) (SF-36) results, and Opsteegh
et al. found that pain intensity predicts symptoms of acute post-
traumatic stress disorder in patients with acute hand injuries.25

The present study also showed that pain and disability accounted
more for the variability of CES-D scores with the passage of time. It
seems that pain and disability become more important predictors
of depression when chronic conditions are established, as it is well-
known that psychological symptoms correlate well with chronic
pain and disability conditions.1,13

The strength of the present study is that it reports depressive
symptoms in patients with a distal radius fracture at different times
after injury and for different treatment methods, and shows
correlations between depressive symptoms and physical disability
and pain. However, the present study also has several limitations.
First, it was not a randomised controlled study because the
indications of treatments differed. In particular, the VP group had
more unstable fractures, which can result in poorer outcomes.
However, VP group members had better outcomes than members of
the CI group, suggesting that a randomised study would also have
results similar to ours. Furthermore, with the exception of fracture
patterns, demographic variables were not significantly different in
the groups. Second, we lacked data on the preoperative psychologi-
cal statuses of our patients, and, thus, we could not determine to
what extent psychological morbidities were attributed to injury and
treatment. However, CES-D scores at week 0 were similar in the two
groups, which made it possible to evaluate the effect of the two
treatments on depressive symptoms after injury. Third, our
assessment of depressive symptoms was limited to CES-D, and a
more comprehensive assessment including coping, the cognitive
process, self efficacy, illness behaviour, anxiety and other aspects of
psychological morbidity would have been more informative.19,31

Fourth, we did not examine several important predictors of
depressive symptoms after trauma, such as, social support,
education level, socioeconomic status and aesthetic results.5,25

Fifth, we did not apply an equal physiotherapy protocol to both
groups, thus the VP group started physiotherapy earlier than the CI
group, which may have a positive effect on the patient and therefore
may reduce depressive symptoms, although the differences were
not significant. Further studies may be needed to evaluate the effect
of physiotherapy on patients’ psychological recovery after trauma.
Finally, the study lacks a long-term follow up of depressive
symptoms and of its effect on clinical outcomes. However, our
focus was to determine whether an early return to daily activities
after VP improves psychological aspects during the critically
important first 6 months, because VP is known to be particularly
effective in terms of achieving early functional recovery.

Conclusions

Early use of the wrist after VP was not found to reduce
depressive symptoms as compared with CI in the early treatment
period following a distal radius fracture. Pain was found to be an
important predictor of depression, suggesting that caution is
needed to address pain during the early rehabilitation period.
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