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ABSTRACT

Objective: This meta-analysis study aims to determine the efficacy and safety of surgical and conservative treatments for distal radius
fractures (DRFs) in adults.

Methods: Reports of randomized controlled trials were retrieved from the Web of Science, Pubmed, Google Scholar, EMBASE, Cochrane
Library, Medline, Ovid, and BIOSIS for studies that met the eligibility criteria. The search was limited to human subjects and had no
language limits. The search strategy was check by two independent reviewers. If there was any dispute, a third reviewer was consulted.
Primary outcomes were: (1) the active wrist range of motion including flexion, extension, pronation, supination, radial, and ulnar devi-
ation; (2) the Disabilities of the Arm, Shoulder, and Hand (DASH) score; and (3) radiological outcomes including radial inclination and
ulnar variance. Secondary outcomes were the number of complications including non-infectious and infectious. Quality assessment was
performed using the Cochrane Risk of Bias Tool provided by the Cochrane Review Manager 5.3.

Results: A total of 10 randomized controlled trials were included. The meta-analysis detected no statistically significant difference in
pooled data for complications not included infection (MD 0.64, CI: 0.33 to 1.23, Z=1.34, p=0.18). Surgical treatment achieved a better range
of motion (MD 3.76, CI: 1.58 to 5.95, Z=3.37, p=0.0007), DASH score (MD -6.57, CI: -9.08 to -4.06, Z=5.12, p<0.00001), and radiographic
outcomes (MD 3.75, CI: 2.75 to 4.74, Z=7.37, p<0.00001) compared with conservative treatment. In contrast, the conservative treatment
achieved less infection rate compared with surgical treatment (MD 4.09, CI: 1.18 to 14.21, Z=2.21, p=0.03).

Conclusion: Findings of this study reveal that when compared with conservative treatment, surgical treatment can ensure better clinical and
radiological results for the treatment of DRFs in adults. Although similar complication rates can be encountered with both treatment modal-

ities, it should be taken into account that the rate of infection may be higher in surgical treatment.

Level of Evidence: Level I, Therapeutic Study

Introduction

Distal radius fractures (DRFs) are one of the most
frequent fractures among the elderly and pediatric
population. The absolute number of pediatric DRFs
decreased from 2002 to 2017, whereas the incidence
of hospitalization among DRF patients increased, in-
dicating a trend towards operative treatment (1). The
age-adjusted incidence ranges from 73 to 767 per
100000 in men and women in large population-based
studies (2). DRFs are more common in osteoporosis
patients (2). At the age of 60 years, the risk of a DRF
is approximately 2% for men and 15% for women in
their residual lifetime (3).

There are two main options for the treatment of
DRFs, conservative treatment and surgical treat-
ment. Elderly patients whose bone substance cannot
sustain an operation tend to be treated with conser-
vative treatment, which includes closed reduction
and plaster immobilization. In addition, conser-
vative treatment is suitable for nondisplaced frac-
tures. However, young patients demand better joint

function while recovery, and they have good bone
substance. Hence, operational treatment is a better
choice for them. In particular, when encountered
with comminuted fractures, the bone fragments may
be too small, making it impossible to use conserva-
tive treatment to fix the fragments or joint cartilage,
which will lead to the malalignment of bone frag-
ments after the patient is healed. The exact indica-
tions of conservative and surgical treatment methods
are as follows: dorsal angulation >20° at presenta-
tion, dorsal comminution, intra-articular fractures,
associated ulnar fracture, and age over 60 years. If 3
of these 5 predictors exist, the fracture is considered
to be potentially unstable, and therefore, surgical
treatment is advisable (4).

With improvements in the surgical techniques over
the years, surgical treatment such as Kirschner-wire
stabilization, external fixation, open reduction, and
internal fixation with volar locked plating (ORIF)
are developing rapidly. There is a trend of using
surgical treatment rather than conservative treat-
ment to heal DRFs (5-11). But there is no clear to
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answer the question of whether, in treatment of DRFs, the benefits
of anatomical reconstruction of the wrist joint by surgical treat-
ment, coupled with swift attainment functional stability, outweigh
the disadvantage of greater risk of complications and higher costs
(7,11, 12).

Thus, as the optimal treatment for DRFs remains unknown, we per-
form a meta-analysis of randomized controlled trials (RCTs) to estab-
lish the optimal management of DRF.

Materials and Methods

Literature search strategy

Reports of RCTs were retrieved from Web of Science, Pubmed,
Google Scholar, EMBASE, Cochrane Library, and BIOSIS. Studies
from the earliest records available to those dated December 11,
2019 were retrieved. The following search terms were used: “distal
radius fracture” “distal radius fractures”, “fractures of distal radius”

“fractures of radius” “Colles fractures” “surgical treatment” “surgi-

cal option” “Kirschner-wire stabilization” “K-wire stabilization” “ex-

» o« » @

open reduction” “internal fixation

» o«

» o«

ternal fixation volar locked
plating” “nonsurgical treatment

tive treatment” “conservative option

» o«

conserva-
” “plaster
casting” “plaster immobilization or casting”. The search was limited
to human subjects and had no language limits. The combination
of the following terms was used: “(distal radius fracture or distal
radius fractures or fractures of distal radius or fractures of radius

nonsurgical option
” “closed reduction

»

or Colles fractures) and (surgical treatment or surgical option) and
(Kirschner-wire stabilization or K-wire stabilization or external fix-
ation or open reduction or internal fixation or volar locked plat-
ing or nonsurgical treatment or nonsurgical option or conservative
treatment or conservative option or closed reduction or plaster cast-
ing or plaster immobilization or casting)”. The search strategy was
check by two independent reviewers. If there was any dispute, a
third reviewer was consulted.

Inclusion and Exclusion

Inclusion criteria

Studies were included if they met the following criteria: [1] studies
comparing the outcomes of surgical and conservative treatments of
DRF patients; [2] were RCTs; [3] patients suffering from fractures of
radius; [4] no others therapies were adopted for the patients before
surgical or conservative treatment; and [5] outcome measures includ-
ed the active ranges of motion of the wrist or DASH scores or radio-
logical outcomes or complications or infections.

Exclusion criteria

Studies were excluded if: [1] they were protocols, abstracts, letters, or
meeting proceedings, [2] were studies for pediatric, and [3] they did
not specify the type of surgical treatment and nonsurgical treatment.

Data extraction
The following data were extracted from studies that met the inclu-

HIGHLIGHTS

+  Different from other meta-analysis studies, our results imply a benefit
for patients with a distal radial fracture to be treated with surgical treat-
ment.

The clinical functions and radiological parameters were better for surgical
treatment compared with conservative treatment.

The complication rates were similar. But the infection rate is higher in surgical
treatment.

sion criteria [1] first author’s name, methods of treatment, age, year
of publication, number of patients; [2] clinical outcomes: flexion,
extension, pronation, supination, radial deviation, ulnar deviation,
and DASH score; and [3] radiological outcomes: radial inclination,
ulnar variance, [4] number of complications, and [5] number of in-
fections.

Quality assessment

Quality assessment was performed for the studies that were included
by two independent reviewers using the Cochrane Risk of Bias Tool
provided by the Cochrane Review Manager 5.3. If there were any
inconsistencies, a third reviewer was consulted.

Outcome measures

The primary outcome measures were the active ranges of mo-
tion of the wrist of conservative and surgical groups, including
flexion, extension, pronation, supination, radial deviation, ulnar
deviation, DASH scores, and radiological outcomes (including ra-
dial inclination and ulnar variance). Secondary outcomes were
the number of complications, including infectious and non-infec-
tious.

Statistical analysis

Two authors entered the data into the Review Manager (RevMan)
software (version 5.3; Cochrane Collaboration, London, UK) inde-
pendently. The weighted mean difference was used for summary
data for continuous outcomes, with 95% confidence interval (CI).
Relative risk (RR) was used for dichotomous outcomes, with a
95% confidence interval (CI). Cochran Q and the I* statistics were
used to assess the heterogeneity of the studies. For Cochran Q,
if p<0.10, it was considered that there was significant heteroge-
neity between the statistics (13). The percentage of the observed
between-study variability due to heterogeneity was indicated by
I? statistic, which was based on the following ranges: 0-25%, no
heterogeneity; 25-50%, moderate heterogeneity; 50-75%, large het-
erogeneity; and 75-100%, extreme heterogeneity'. Hence, the ex-
istence of heterogeneity between studies was indicated, if either
p<0.1 or I* >50%. Hence, if there was heterogeneity between stud-
ies, we used the random-effects model, else, a fixed-effects model
was used, and the possible source of heterogeneity was explored.
Two-sided tests were used for all analyses; the significance level
was p<0.05.

Results

The details of search and exclusion criteria are displayed in the flow
diagram (Figure 1).

Included studies

Ten RCTs with a total of 784 patients were included (7, 14-23). All
studies had a full publication (Table 1). In total, 4 articles compared
percutaneous pin fixation with closed reduction with cast immobili-
zation (14-17, 20), 5 articles compared open reduction and internal
fixation with a volar locking plate with closed reduction with cast
immobilization (7, 19, 21, 22), and 1 article compared external fixa-
tion using a Medium-C-Hoffman fixator with closed reduction with
cast immobilization (18).

Quality assessment

Quality assessment of the 10 included studies indicated that there
was little bias in random sequence generation, but the high bias ex-
isted in performance bias. This is because the blinding of participants
and personnel in the surgical treatment and conservative treatment is
impossible (Figure 2 and 3).
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Effect of the Intervention
The primary outcome

The mean range of movement

A total of 231 patients in the surgical treatment group and 236 pa-
tients in the conservative treatment group were available to compare
the mean range of movement. Statistical heterogeneity was found
between surgical treatment and conservative treatment in the mean
range of movement, (*=93%, Chi*=447.36, p<0.00001), and a ran-
dom-effects model was used. Surgical treatment achieved a better
range of movement compared with conservative treatment (MD 3.76,
CI: 1.58 to 5.95, Z=3.37, p=0.0007) (Figure 4).

12 of additional records
identified through identified through other
database searching sources
[ I
v

216 of records after
duplicates removed

866 of records

662 of records screened
627 of records excluded:
(1) Not randomized
controlled trials (n=138)

(2) Not compare surgical
treatment and conservative
v treatment (n=385)

(3) Non-human studied

662 of records —— | (n=92)

screened (4) Review article (n=12)
25 of full-text articles
excluded:
(1) Retrospective

v studies (n=7)
(2) Lack essential data
35 of full-

(n=8)

(3) Not include
—} outcomes of interest
(n=9)

(4) Not adult (n=1)

text articles
assessed for
eligibility

v

10 of studies
included in
qualitative
synthesis
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10 of studies
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quantitative
synthesis (meta-
analysis)

Figure 1. The graph shows a flow diagram of the detailed search and exclusion
criteria
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DASH score

A total of 242 patients in the surgical treatment group and 260 patients
in the conservative treatment group were available to compare the
DASH score. No statistical heterogeneity was found between surgical
treatment and conservative treatment in the DASH score, (PP=41%,
Chi*=6.77, p=0.15), and a fixed-effects model was used. Surgical treat-
ment achieved better DASH scores as compared to conservative treat-
ment (MD -6.57, CI: -9.08 to -4.06, Z=5.12, p<0.00001) (Figure 5).

Radial inclination

A total of 299 patients in the surgical treatment group and 309 patients in
the conservative treatment group were available to compare the radial in-
clination. Statistical heterogeneity was found between surgical treatment
and conservative treatment in the radial inclination, (P=65%, Chi*=16.95,
p=0.009), and a random-effects model was used. The surgical treatment
achieved better radial inclination as compared to conservative treatment
(MD 3.75, CI: 2.75 to 4.74, Z=7.37, p<0.00001) (Figure 6).

Ulnar deviation

A total of 246 patients in the surgical treatment group and 251 pa-
tients in the conservative treatment group were available to compare
the ulnar deviation. Statistical heterogeneity was found between
surgical treatment and conservative treatment in ulnar deviation,
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Figure 2. The graph shows the risk of bias graph

Figure 3. The graph shows the risk of bias summary
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(I’=93%, Chi*=67.51, p<0.00001) (Figure 7), and a random-effects
model was used. We found that the data of the Martinez-Mendez
2018 study were vastly different from other studies’ data. In figure 7,
we can see that Martinez-Mendez 2018 study’s data are contrary to
those of other studies. Therefore, we excluded the Martinez-Mendez
2018 study’s data. Surgical treatment achieved better ulnar deviation
compared to conservative treatment (MD -1.00, CIL: -1.59 to -0.41,
7=3.33, p=0.0009) (Figure 8).

The Secondary Outcome

Complications did not include infections

A total of 353 patients in the surgical treatment group and 367 patients
in the conservative treatment group were available to compare the com-
plications like pain, angulated malunion, Sudeck’s atrophy, stiff joint,
displacement, radial neuritis, median nerve compression, ulnar nerve
compression, rupture of extensor pollicis longus, breakage of plates, ex-

Surgical treatment Conservative treatment Mean Difference Mean Difference
Study or Subgroup Mean SD__Total Mean SD Total Weight IV, Random, 95% CI IV. Random. 95% CI
1.1.1flexion
Arora 2011 55 1 36 57 10 37 29% -2.00[-6.83, 2.83] _
Azzopardi, T 2005 87 12 27 82 15 27 25% 5.00[-2.25,12.29) ]
Martinez-Mendez 2018 54 13 50 60 16 47 27% -6.00[-11.82 -0.18] e —
Saving 2019 63 13 56 51 14 63 29% 1200([7.15,16.89 e
Sharma 2014 719 535 32 60.22 79 32 31%  11.68[8.37,14.99 =
Wong 2010 73 8.2 30 72 10 30 29% 1.00 [-3.63, 5.63 I
Subtotal (95% CI) 231 236 17.1% 3.73[-2.42,9.89] ——enaiS-——
Heterogeneity: Tau®=52.21; Chi*= 48.21, df = 5 (P < 0.00001); I*= 90%
Test for averall effect: Z=1.19 P =0.23)
1.1.2 extension
Arora 2011 59 10 36 61 7 37 30% -2.00[-5.97, 1.97] — 1
Azzopardi, T 2005 94 1 27 95 ] 27 28% -1.00 [-6.36, 4.36] N E—
Martinez-Mendez 2018 57 " 50 54 13 47 2.9% 3.00[-1.81, 7.81) -1
Saving 2019 55 1 56 56 12 63 3.0% -1.00[-5.13, 3.13] I
Sharma 2014 80.76  5.58 32 62.39 5.4 32 3.2% 18.37[15.68, 21.06) —
Wong 2010 72 7 30 7 8 30 31% 1.00 [-2.80, 4.80) N
Subtotal (95% Cl) 231 236 18.1%  3.14[4.83,11.12] ——eaui———
Heterogeneity: Tau®= 94.70; Chi*= 122.46, df = 5 (P < 0.00001); ¥ = 96%
Test for averall effect: Z=0.77 (P = 0.44)
1.1.3 pronation
Arora 2011 84 7 36 85 8 37 31% -1.00 [-4.45, 2.45] .
Azzopardi, T 2005 100 2 27 97 6 27 3.3% 3.00[0.61, 5.39) I
Martinez-Mendez 2018 84 10 50 7 19 47 27%  13.00[6.90,19.10) - =
Saving 2019 85 9 56 83 10 63 31% 2.00 [-1.41, 5.41) T
Sharma 2014 30.71 2.86 32 28.39 2.96 32 33% 2.32[0.89, 3.79 -
Wong 2010 77 4 30 75 7 30 32% 2.00 [-0.88, 4.88) T
Subtotal (95% CI) 231 236 18.7% 2.70 [0.63, 4.76] -
Heterogeneity: Tau®*=4.12; Chi*= 15.73, df= 5 (P = 0.008); F=68%
Test for averall effect: Z = 2.56 (P = 0.01)
1.1.4 supination
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Figure 4. The graph shows a forest plot of mean difference with a confidence interval for the active ranges of motion of the wrist
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tensor tenosynovitis, and flexor tendon rupture. However, this did not in-
fection. Statistical heterogeneity was found between surgical treatment
and conservative treatment in the complications, (P=60%, Chi’*=19.99,
p=0.01), and a random-effects model was used. No significant difference
was observed between surgical treatment and conservative treatment
in complications. (MD 0.64, CI: 0.33 to 1.23, Z=1.34, p=0.18) (Figure 9).

The infection

A total of 349 patients in the surgical treatment group and 359 pa-
tients in the conservative treatment group were available to compare
the infection. No statistical heterogeneity was found between sur-
gical treatment and conservative treatment in the infection, (*=0%,
Chi*=0.19, p=1.00), and a fixed-effects model was used. The conserva-
tive treatment achieved less infection compared to surgical treatment

(MD 4.09, CI: 1.18 to 14.21, Z=2.21, p=0.03) (Figure 10). In terms of
reducing infections, conservative treatment was superior to surgical
treatment. In our meta-analysis, the infection included pin site in-
fection, pin tract infection, and superficial wound infections. Most
infections were superficial and responded to treatment by cleansing
and antibiotics. One patient required the removal of K-wires after
two weeks because of infection in the pin tracks in Azzopardi’s study.

Discussion

In this study, the clinical functions and radiological parameters were
better for surgical treatment compared with conservative treatment.
The complications that did not include infection rates were similar.
However, the infection rate is higher in surgical treatment.

Surgical treatment

Conservative treatment

Mean Difference
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Study or Subgroup Mean SD _ Total Mean SD Total Weight IV, Fixed. 95% CI IV, Fixed, 95% CI
Arora 2011 57 111 36 8 9.3 37 285%  -2.30[-7.00,2.40] —

Bartl, C 2014 14 161 68 19 23 81 17.4% -500[11.01,1.01) I
Martinez-Mendez 2018 16 14 50 23 2 47 12.3% -12.00 [19.15,-4.85)

Saving 2019 156 17 56 231 198 B3 14.4% -7.50[-14.11,-0.89] e

Sharma 2014 496 942 32 1404 102 32 27.3% -9.08[13.89,-4.27) —

Total (95% Cl) 242 260 100.0%  -6.57 [-9.08,-4.06] &

Heterogeneity: Chi*= 6.77, df = 4 (P = 0.15); 17= 41% 20 o 5 s

Test for averall effect: Z=5.12 (P < 0.00001)

Figure 5. The graph shows a forest plot of mean difference with a confidence interval for DASH scores
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Figure 6. The graph shows a forest plot of mean difference with a confidence interval for radial inclination
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Figure 7. The graph shows a forest plot of mean difference with a confidence interval for ulnar deviation with random-effects including Martinez-Mendez 2018 study
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Figure 8. The graph shows a forest plot of mean difference with a confidence interval for ulnar deviation with random-effects excluding Martinez-Mendez 2018 study
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Figure 9. The graph shows a forest plot of relative risk with a confidence interval for complications
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Figure 10. The graph shows a forest plot of relative risk with a confidence interval for infections

Although there are 6 meta-analysis studies comparing surgical and
nonsurgical treatments for DRFs, we find that there are new RCTs
that they did not incorporate into their meta-analysis (24-27). Yu et
al.’s meta-analysis found no significant difference between surgical
and nonsurgical treatments in the wrist range of motion and radio-
graphic parameters (27). In contrast, satisfactory radiographic out-
comes were achieved with surgical treatment in Chen’s meta-anal-
ysis. Hence, Chen’s findings** are different from theirs. Mellstrand
Navarro et al. and Mulders et al. do not have the same endpoint as
this meta-analysis (28, 29). Therefore, in order to establish whether
surgical or conservative treatment is ideal for DRFs, we performed
this meta-analysis.

For DRFs, closed reduction and cast immobilization treatment can
be carried out nationwide without admission to the hospital at a low
cost. Conservative treatment, such as an external support cast is a
generally accepted treatment for extra-articular radial fracture, but
the bone alignment may not be maintained. Surgical treatments like
Kirschner-wire stabilization, external fixation, open reduction, and
internal fixation with volar locked plating are common procedures
that can be performed by orthopedic surgeons (30). In the study by
Wang et al., they found that a volar locking plate could provide better
results compared with external fixation (31). The use of volar lock-
ing plate appears to be associated with better DASH scores, ulnar
variance, radial inclination, ulnar variance, ROM, and radiographic
parameters. Although the meta-analysis of Yu et al. found no signif-
icant difference between surgical and nonsurgical treatments in the
wrist range of motion and radiographic parameters, our findings are
different from theirs (27). In our meta-analysis, we found that radio-
logical results of surgical treatment are better than those of conserva-
tive treatment. Further, surgical treatment gained better functional
outcomes in DASH score and radiographic parameters compared

to conservative treatment. Surgical treatment allows patients to do
gentle mobilization exercise without casting, and therefore, it is good
for patients and may avoid later complications (32). The dislocated
anatomical structure results in worse functional outcomes and DASH
score of the conservative treatment group. Although patients who re-
ceived conservative treatment slowly adapted to the new anatomical
situations, the differences between surgical treatment and conserva-
tive treatment diminished during the long-term follow-up.

In our meta-analysis, we included adults. In children, a potential con-
cern is the risk of physical injury, if pins must cross the growth plate
to achieve stable fixation in pinning fractures of the distal radius (33).
In the course of Miller’s investigation, they tried to establish an entry
site proximal to the distal radial physis (20). In 2 children, this was
not successful, and pins were fixed across the growth plate. However,
there was no evidence of growth arrest at follow-up, and the fractures
healed uneventfully (20). Although percutaneous K-wires have been
widely used in children for the treatment of DRFs, their use in elderly
population remains uncertain. Therefore, we did not include RCTs
related to children.

Many studies support the opinion that K-wires do not gain sufficient
purchase in elderly patients to maintain the anatomical reduction in
osteopenic bone and to improve clinical functions (34). It has been
suggested in many studies that there is a high correlation between the
functional outcome and anatomical results in high-functioning and
active young patients. Malunion of DRFs can result in unsatisfactory
functional outcome and posttraumatic wrist arthrosis with a painful
and deformed wrist. However, there are only few studies that support
the goal of anatomical restoration of the articular surface and the ra-
dial length to achieve a satisfactory clinical functional outcome in an
elderly population (35). However, volar locking plate fixation content
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surgical treatment has become the standard treatment. As clinical ex-
perience shows that elderly patients’ level of physical activity and
perception of age have undergone a dramatic transformation in re-
cent years, the treatment has to be oriented on the functional expec-
tation of the individual patient. Egol et al. retrospectively compared
the outcomes for elderly patients whose displaced DRFs were treated
operatively with external fixation or plate fixation with those who
underwent a conservative treatment (36). Open reduction and inter-
nal fixation with volar locked plating were associated with better ra-
diographic results compared with plaster immobilization. There was
a minor loss of reduction in the volar locking plate fixation group,
and there were no malunions. Radial inclination, ulnar variance,
and palmar tilt were significantly better in the volar locking plate
fixation group compared to plaster immobilization group (36). The
biomechanics of the volar locking plate fixation allows the oblique
orientation of the distal screws to prevent collapse and displacement
opposite the plate, provision of a buttress effect, and maintenance of
anterior cortical continuity to prevent radius collapse.

We found that DASH scores were significantly better among patients
who underwent surgical treatment. Chen et al.’s meta-analysis, which
included retrospective studies, suggested that wrist function was bet-
ter in the operative group, but the differences did not reach statisti-
cal significance (24). Hence, in our meta-analysis, surgical treatment
seems to afford better functional outcomes and DASH scores.

Many surgeons doubt whether conservative treatment can even be
recommended for complex intra-articular fractures. Most included
studies permitted repeat reduction and continuation of conservative
treatment when the position of the fragments was radiologically un-
favorable, but this choice was rarely made. Many DRFs treated by
conservative treatment show no relevant displacement and achieve
good functional and life quality results. In our meta-analysis, al-
though surgical treatment achieved better wrist joint mobility in
general, no significant difference was observed between surgical
treatment and conservative treatment in the extension, flexion, su-
pination, radial deviation, and ulnar deviation in subgroup analysis.
In addition, surgical treatment achieves better pronation, and conser-
vative treatment achieves less infection. Although surgical treatment
gained better radiological outcomes and DASH scores, currently, we
cannot replace conservative treatment.

Most of the studies that we included followed up to 12 months; only
1 study followed up to 24 months. We look forward to seeing more
RCTs follow up to 24 months for comparison of clinical functions of
surgical treatment and conservative treatment in DRFs. As patients
slowly adapt to the new anatomical situations in conservative treat-
ment, the differences between surgical treatment and conservative
treatment diminish in the long-term follow-up. As we only searched
for published papers, we might have missed some unpublished pa-
pers.

In conclusion, the clinical functions and radiological parameters
were better for surgical treatment compared with conservative treat-
ment. Complications, other than infection rates, were similar. How-
ever, the infection rate was found to be higher in surgical treatment.
Our results imply that surgical treatment is more efficient for DRF
patients.
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