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Purpose It remains unclear whether time-to-surgery for distal radius fractures affects clinical,
functional, or radiographic outcomes or health care costs/use. This systematic review
investigated the outcomes of early versus delayed surgery for closed, isolated distal radius
fractures in adult patients.

Methods A comprehensive search of MEDLINE, Embase, and CINAHL databases was
completed for all original case series, observational studies, and randomized controlled trials
reporting clinical outcomes of both early and delayed surgically-treated distal radius fractures
from database inception to July 01, 2022. A consistent threshold of two weeks was used to
define early versus delayed treatment arms.

Results Nine studies, including 16 intervention arms and 1,189 patients (858 early, 331
delayed), were included. Mean age was 58 years (range, 33—76). At more than one year, the
frequency-weighted mean Disabilities of the Arm, Shoulder, and Hand score was 4 in the
early group (n = 208; range, 1—17) and 21 in the delayed group (n = 181; range, 4—27).
Range of motion, grip strength, and radiographic outcomes were comparable. The pooled
mean complication rate (7% vs 5%) and revision rate (3.6% vs 1%) were very low in both
groups.

Conclusions A delay in time-to-surgery greater than two weeks for distal radius fractures may
be associated with inferior patient-reported outcomes. Early surgery was associated with
improved long-term Disabilities of the Arm, Shoulder, and Hand scores. On the basis of the
available evidence, range of motion, grip strength, and radiographic outcomes are similar. The
complication and revision rates were very low in both groups and comparable. (J Hand Surg
Am. 2023;48(5):435—443. Copyright © 2023 by the American Society for Surgery of the
Hand. All rights reserved.)
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ISTAL RADIUS FRACTURES (DRFs) are among
D the most common fractures of the upper

extremity." Morbidity associated with DRFs
can be considerable, with potential for prolonged
rehabilitation and poor functional outcomes.' ~ In
addition, management of DRFs contributes substan-
tially to healthcare costs.’’

In otherwise healthy populations, delays to surgery
can result in adverse outcomes, such as extended
pain, psychosocial stress, lost productivity, and
wages. At our institution, the goal for ideal treatment
of DRFs is to perform surgery within two weeks of
injury to facilitate anatomic reduction before hard
callus formation (peak at approximately 14 days),*’
reduce prolonged immobilization, and allow early
functional rehabilitation.®” Despite the lack of clear
evidence, the consensus has been that fractures of the
distal radius selected for surgery should ideally be
treated within two weeks of injury.'” These guide-
lines further suggest that surgical intervention should
be performed within 72 hours of the decision to
operate for fractures assessed on a delayed basis.'”

Although there is no defined acceptable upper limit
for delay in DRF surgery, there are several antici-
pated adverse effects, such as the development of
stiffness, joint contractures, nerve compression, and
cast-related complications.®”'" Patients may also
experience unnecessary discomfort from multiple
reduction attempts by traction and manipulation
alone.'””'* Additionally, total time to fracture heal-
ing will be delayed because surgery may disrupt
vascularity and established callus.'” Finally, correct-
ing larger deformities after partial healing is more
technically demanding, but acceptable results have
been reported in the literature despite these issues.”

This review aimed to assess the effect of time-to-
surgery for DRFs on patient-reported, clinical, and
radiographic outcomes. We hypothesize that patients
with a delay to surgery greater than two weeks will
have inferior long-term patient-reported and clinical
outcomes. We anticipate that this effect will become
less clinically relevant over time, with equivalent
results obtained after one year. We also expect that
patients with a delay in surgery will have increased
complications and revisions.

MATERIALS AND METHODS
Search strategy

A comprehensive search of MEDLINE, EMBASE,
and CINAHL was performed from database incep-
tion to July 01, 2022. MeSH and EMTREE headings
and subheadings were used in various combinations

and supplemented with free text keywords for
“radius fractures” and “time delay” to maximize
search sensitivity.

Study screening

This review was conducted in accordance with the
Cochrane Handbook for Systematic Reviews of In-
terventions and the Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA)
statement. Articles were screened by two reviewers
through an independent screening and extraction
process. Any article with discordance between re-
viewers was included to ensure no relevant articles
were omitted, and any disagreements were resolved
by a third reviewer. A methodologic quality assess-
ment was performed for each study using the Meth-
odological Index for Nonrandomized Studies scale or
the Detsky quality Assessment Scale.'®'’ The
Methodological Index for Nonrandomized Studies
scale is a validated tool for assessing the methodo-
logical quality of nonrandomized surgical studies.
The Detsky'® scale is validated to assess the meth-
odologic quality of randomized orthopedic studies.

Assessment of study eligibility

All original case series, observational studies, and
randomized control trials (RCTs) were included to
compare any outcome of early versus delayed surgery
for DRFs. Studies involving pediatric patients, open
fractures, polytrauma, and animal and cadaveric
models were excluded.

Definitions

Given that there is no established standard time-to-
surgery for DRFs, early and delayed surgeries are
variably defined in the literature. For our analysis, we
used a consistent threshold of 2 weeks to identify
intervention arms for comparison. This was on the
basis of the time to hard callus formation, which
peaks at approximately 14 days,”’ and in accordance
with the British Society for Surgery of the Hand
recommendations.' Intervention arms defined as
early and delayed surgery not consistent with this
threshold (ie, early surgery defined as less than three
weeks or delayed surgery defined as more than one
week) were excluded.

Early outcomes were defined at three months, and
late outcomes at one year or greater. Major compli-
cations were defined as those for which revision
surgery was offered or performed and complications
outside the radius linked to the concomitant proced-
ure. These included pain and infection at the donor
graft site, such as with an iliac crest bone graft.
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2,060 total records identified
through database searches:

* 980 MEDLINE

* 350 EMBASE

* 730 CINAHL

1800 records after duplicates removed

| 1770 records excluded
»| upon title & abstract
i screening
30 records after title & abstract
screening

21 records excluded
upon full text screening
* Non-original

study (n=4)

* Does not study distal
radius fractures (i.e:
radial shaft, radial
head (n=5)

* Non-comparative
(n=9)

« Does not compare
acute surgery to
delayed surgery
(n=1)

* Open fractures
(n=2)

\4

9 records after full text screening

FIGURE 1: Preferred Reporting Items for Systematic Review and
Meta-Analysis flow chart.

Patient-reported outcome measures included the
Disabilities of the Arm, Shoulder, and Hand (DASH),
the QuickDASH, or the Patient-Rated Wrist Evalua-
tion. Generally, there is a high correlation between
QuickDASH and DASH; therefore, results were
pooled as an overall DASH score.'® The reported
minimal clinically important difference of the DASH
score for nontraumatic conditions is 10, and the
QuickDASH is 15. Of note, the minimal clinically
important difference may vary in its sensitivity to
change, and variable estimates of the minimal clini-
cally important difference may exist for traumatic
DRFs. However, these have not been well defined in
the literature.'” *!

Statistical analysis

Categorical data are presented as a count and/or
percentage, whereas continuous data are presented as
a mean. Outcome measures were pooled, and
frequency-weighted means were calculated where
applicable. Statistical significance was established
using a nonparametric chi-square test. A P value of
<.05 was defined as statistically significant.

RESULTS

A total of 2,060 unique studies were identified
through MEDLINE, EMBASE, and CINAHL.
Following title and abstract screening, 30 records
were identified. A total of 9 studies, with 16 separate
early or delayed groups (“treatment arms”), were
included after full-text review (Fig. 1).”> " There
was substantial agreement regarding article inclusion
between the two independent reviewers, as indicated
by a kK > 0.60 during title and abstract screening and
full-text review.

The final list of included articles consisted of one
RCT, three prospective cohort studies, and five
retrospective cohort studies (Tables 1, 2). Of note, the
one RCT consisted of patients who were randomized
to undergo either immediate surgery with volar
plating or initial nonoperative treatment with closed
reduction. Outcomes of delayed surgery were
analyzed in participants who showed early loss of
alignment with closed reduction.

There were a total of 1,189 patients, with 858
receiving early surgical fixation and 331 receiving
delayed treatment. In the included treatment arms,
although early surgery was defined using a threshold
of two weeks, time-to-surgery ranged from less than
one day to less than two weeks. Similarly, delayed
surgery ranged from greater than two weeks to
greater than six weeks. The average patient age was
58 years (range, 33—76); 58% of patients were
women (Tables 1, 2). There was no notable differ-
ence in the distribution of hand dominance (Table 2
in Appendix A, available online on the Journal’s
website at www.jhandsurg.org).

Among the 8 observational studies, the mean
Methodological Index for Nonrandomized Studies
score was 19 out of a maximum of 24 (range,
14—20). For the RCT, the Detsky score was 18 out of
a maximum of 21 (Tables 1, 2 in Appendix B,
available online on the Journal’s website at www.
jhandsurg.org).

All studies used the volar approach, except one
study that did not specify the approach and another
that used a dorsal approach in a small number of
patients,”” with 7% in the early group and 1% in the
delayed group.”” Notably, the early group in this
study was excluded from our analysis because it did
not meet the two-week threshold (early surgery was
defined as less than four weeks).

Patient-reported outcomes

Patient-reported outcomes were reported with the
DASH score in three studies,”>>**’ the QuickDASH

J Hand Surg Am. « Vol. 48, May 2023
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TABLE 1. Characteristics of Included Studies

Sample Size Mean Age Mean
Study Location Study Design Sex(M/F) (Early/Delayed) (Range), y Follow-Up, y

Bae et al”® South Korea  Prospective cohort 12/60 72 (48/24) 56 (52—62) NR

Lee et al* US Retrospective 88/83 171 (54/117) 46 (NR) NR
cohort

MacFarlane et al”* UK Retrospective NR 187 (173/14) 57 (16—93) 25
cohort

Sirni6 et al* Finland Randomized NR 54 (38/16) 63 (50—82) 25
controlled trial

Weil et al’® Israel Prospective cohort 50/65 115 (40/75) 53 (NR) 2

Yamashita et al*’ Japan Prospective cohort 0/106 106 (76/30) 67 (51-79) 34

Howard et al’® UK Retrospective 62/318 380 (346/34) 62 (18—86) 3.9
cohort

Ashdown et al*’ UK Retrospective 66/92 158 (81/77) 57 (27—81) 2.75
cohort

Lee et al”’ Us Retrospective 30/45 75 (50/25) 49 (18—87) 324
cohort

NR, not reported.
*Value is stated in days.

in two studies,””° and with the Patient-Rated Wrist
Evaluation in two studies (Table 2).24’28 Data pre-
sented in the individual studies lacked sufficient de-
tails regarding measures of spread and variance. As
such, pooled analysis was not performed; instead,
frequency-weighted means were calculated.

Six intervention arms reported an early DASH
and/or QuickDASH score at three months (n = 232);
five were in the early group (n = 208), and one was in
the delayed group (n = 24).>***°~%" The frequency-
weighted mean DASH score was 12 (range, 5—20) in
the early group and 23 (not reported [NR]) in the
delayed treatment arm (Figs. 2, 3).

Eight intervention arms reported a late DASH and/
or QuickDASH score for over one year (n = 389);
five were in the early group (n = 208), and three were
in the delayed group (n = 181).”>***°%" The
frequency-weighted mean DASH score was 4 (range,
1—17) in the early group and 21 (range, 4—27) in the
delayed group.

Range of motion

Six intervention arms reported range of motion out-
comes at three-months and over one-year time points
(n = 232); five in the early group (n = 208) and one
in the delayed group (n = 24).”**>?” Data presented
in the individual studies lacked sufficient details
regarding measures of spread or variance. As such,
pooled analysis was not performed, and frequency-
weighted means were calculated.

At three months, the pooled mean flexion-
extension arc was 118° (range, 87—141°) in the
early group and 82° in the delayed treatment arm. For
more than one year, the pooled mean flexion-
extension arc was 124° (range, 102—141°) in the
early group and 109° (NR) in the delayed treatment
arm (Table 3). Overall, there was a 15° higher range
in the flexion-extension arc after one year in the early
surgery group.

At three months, the pooled mean total rotation arc
was 169° (range, 155—180°) in the early group and
180° (NR) in the delayed treatment arm. For more
than one year, the pooled mean total rotation arc was
175° (range, 169—180°) in the early group and 180°
(NR) in the delayed treatment arm (Table 3).

Grip strength

Grip strength was reported in six intervention arms
(n = 232); five were in the early group (n = 208), and
one was in the delayed group (n = 24).”*>**’ Four
treatment arms presented results as a percentage of the
contralateral side. Two treatment arms presented grip
strength as an absolute value (in kilograms); both these
studies were in the early treatment group, and there-
fore, excluded from the analysis.”> As mentioned
above, pooled analysis could not be performed, and
frequency-weighted means were calculated.

At three months, the pooled mean grip strength was
74% (range, 65% to 81%) in the early group (n = 154)
and 58% (range, 40% to 71%) in the delayed treatment
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TABLE 2. Characteristics of Included Treatment Arms

Short-Term Clinical

Time to Early Outcome DASH

Long-Term
Clinical Outcome

Study Surgery, wks Scores (3 mos) Scores (>1 y) Complication Rate Revision Rate

Bae et al”’ <2 19 3.3% 0/48 NR

Bae et al”’ 2—6 23 4.3" 0/24 1/54

Lee et al*” >4 Not Reported 22¢ 4/117 0/117

MacFarlane et al** <2 Not Reported NR.T Unclear Unclear

12.2°

MacFarlane et al** >2 Not Reported NR7 Unclear Unclear
26°

Sirni6 et al* <1 10 7Qys) 3/38 1/38

Sirnio et al* 1-2 20 17 2 ys)' Unclear Unclear

Weil et al*® >3 Not Reported 27.1* 3/75 1/75

Yamashita et al’’ <I* 49 111y 2/76 1/76

Yamashita et al’’ 1-2 13.7 47 (1 y) 4/30 1/30

Howard et al’® <2 Not Reported Not Reported' Unclear 15/346
5.5°

Howard et al*® >2 Not Reported Not Reported Unclear 1/34
8.8

Ashdown et al*’ <2 Not Reported Not ReportedT Unclear Unclear

Not Reported®
Ashdown et al*’ >2 Not Reported Not Reported’f Unclear Unclear
Not Reported”
Lee et al*’ <2 Not Reported Not Reported' 5/50 Unclear
Lee et al’” >2 Not Reported Not Reported” 3/25 Unclear

DASH, Disabilities of the Arm, Shoulder, and Hand; N/A, not applicable.

*Day.

TDASH.

$QuickDASH.

§Patient-Related Wrist Evaluation.

arm (n = 24). For over one year, the pooled mean grip
strength was 88% in the early group (n = 48) and 84%
in the delayed treatment arm (n = 24).

Radiographic outcomes

Radiographic outcomes were reported in 10 treatment
arms (n = 464); 6 were in the early group (n =
258),>%>2"% and 4 were in the delayed group (n =
206).”2*2%%" As mentioned above, pooled analysis
could not be performed, and frequency-weighted
means were calculated. The pooled mean radial
inclination was 23.4° versus 22.1°, volar angulation
was 7.6° versus 5.3°, and ulnar variance was 0.6 mm
versus 0.2 mm in the early and delayed groups,
respectively (Table 4).

Complications

Complications were reported in seven treatment arms.
There were 14 complications (7%) in the early group

(n = 194) and 9 complications (5%) in the delayed
group (n = 182).The revision rate in the early group
was 3.6% (4 intervention arms, 18 of 490), and 1% in
the delayed group (2 intervention arms, 2 of 191).
Revisions included reintervention for prominent
hardware, repair of tendon rupture, carpal tunnel
release, and bone grafting for postreduction bone
voids. Of note, in one study, two patients in the
delayed surgery group declined revision.”®

The reported complications for each group are
summarized in Table 5.

DISCUSSION

Our findings demonstrate improved DASH scores in
the short-term (three months) and long-term (greater
than one year) in the early surgery group compared
with the delayed group using a two-week threshold.
The difference in frequency-weighted mean DASH
score between early and delayed groups was 11 at 3
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DASH Outcomes at > 1 year

Average
DASH (early) =4

Bae et al. (2017A)

Sirnio et al. (2019A)

Sirnio et al. (2017B)

Yamashita et al. (2015A)

Yamashita et al. (2015B)

Bae et al. (2017B)

Lee et al. (2019)

Weil et al. (2014)

0 4 5 10

Early surgery (<2 weeks)

Delayed surgery (>2 weeks)

Average
DASH (delayed) = 21

15 20 25 30
DASH Score

FIGURE 2: Disabilities of the Arm, Shoulder, and Hand scores at more than one year. Size of the data point represents the sample size.

35
30

25 .

20

Bae et al. (2017B)

15

DASH score

10

3 months

Time of Follow-up

Weil et al. (2014B)

Lee et al. (2019B)

Bae et al. (2017B)

>1 year

Early surgery
(< 2 weeks)

. Delayed surgery
(>

2 weeks)

FIGURE 3: Comparison of DASH scores for early and delayed surgery at three months and greater than one year. Size of the data point

represents the sample size.

months and 17 at >1 year. The results favored the
early group at both time points and the magnitude of
the difference is probably clinically relevant, partic-
ularly at greater than one year (Figs. 2, 3). Ashdown
et al”’ showed that although the patient-reported
outcomes did not present a statistically significant
functional limitation between groups, there was a
clear relationship between stiffness of the small joints
of the fingers and surgery beyond two weeks.

Whether a true difference exists between early and
delayed surgery regarding wrist motion and grip
strength remains unclear. The flexion-extension arc at
more than one year was 15° higher in the early sur-
gery group compared with the delayed group; how-
ever, limitations in conducting statistical analysis
precludes any definitive conclusion on the basis of
currently available evidence. This may represent a
clinically relevant difference and warrants further
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TABLE 3. Frequency-Weighted Mean
Postoperative Range of Motion

Early Delayed
Study 3 Mos 1Y 3 Mos 1Y
Flexion-extension 118 124 82 109
arc (°)
Forearm rotation 169 175 180 180
arc (°)
Grip strength 74 88 58 84

(% of baseline)

TABLE 4. Frequency-Weighted Mean
Postoperative Radiographic Outcomes

Study Early Delayed
Radial inclination (°) 234 22.1
Volar angulation (°) 7.6 5.3
Ulnar variance (mm) 0.6 0.2

investigation. As for the rotational range of motion,
an absolute difference of 5° at one year likely does
not represent a clinically relevant difference. On the
basis of the available data, outcomes for grip strength
and radiographic parameters did not represent a
clinically relevant difference.

The complication and reoperation rates in this re-
view were very low and comparable. Characterizing
the complications associated with early and delayed
surgery would have added value in informing clinical
practice; however, due to rarity of complications in
this review, we are unable to draw any conclusions.

Hooper et al’' demonstrated that performing sur-
gery within seven days of the fracture event had
lower surgeon-perceived difficulty and led to better
surgeon-perceived reduction quality following fixa-
tion, regardless of the technique used. This article
supports early intervention given that better surgeon-
perceived quality of reduction may affect the decision
to initiate earlier wrist and forearm range of motion.
This could positively affect long-term mobility.

The authors recognize several limitations of this
study. First, the definition of early versus delayed
surgery varied considerably between studies. We
attempted to standardize this by identifying treatment
arms within our predefined threshold of two weeks.
Another limitation was the major difference in sam-
ple size at the three-month follow-up for clinical
parameters (functional outcome scores, range of
motion, and grip strength), which limited early
outcome assessment (208 early vs 24 delayed

patients). However, sample sizes from more than one
year were more comparable (208 early vs 181
delayed patients).

Several outcome scores were reported in the
included studies, including the DASH, QuickDASH,
and Patient-Rated Wrist Evaluation systems. This
review treated the DASH and the QuickDASH as
comparable metrics, which may have introduced
some imprecision. However, a study by Gummesson
et al’” found that cross-sectional and test-retest reli-
ability of the DASH and QuickDASH scores were
similar, including good precision in upper extremity
disorders. Similarly, a study by Niekel et al’” sug-
gested a high correlation between the two-scoring
metrics, with slightly higher scores expected for the
QuickDASH. Tsang et al’* found that QuickDASH
scored higher than DASH scores by 3.8 and 1.2
points at baseline and one-year follow-up, respec-
tively. Of note, on the basis of the findings of Tsang
et al,” the QuickDASH appears to approximate the
DASH score more closely at a one-year follow-up,
and the results of our study showed a larger difference
in DASH scores at more than one-year follow-up. As
such, the magnitude of difference demonstrated in this
review would not be attributable to this alone and are
still representative of the overall relative patient-
reported outcomes. Further limitations include poten-
tial discrepancies in how these metrics were measured
and reported. Specifically, some studies reported very
low DASH scores compared with the population
normative values for this scale, which may reflect
measurement error or methodologic flaws. In addition,
grip strength was examined as an outcome. However,
individual studies did not report grip strength on the
basis of hand dominance. This precluded a statistical
correction to account for stronger grip strength in the
dominant hand.

Finally, the current study did not attempt to
explain factors related to surgical delay. The authors
recognize that early surgery may not always be
feasible within a two-week timeframe due to several
contributing factors, such as diagnostic uncertainty,
surgeon expertise, failure of initial treatment, and
preoperative optimization. Institutional factors also
play an important role, particularly as they pertain to
costs and availability of operating room time in a
resource-limited system.

Delay in time-to-surgery greater than two weeks
for DRFs may be associated with inferior functional
outcomes. Early surgery was associated with
improved short- and long-term DASH scores. On the
basis of the available evidence, range of motion, grip
strength, and radiographic outcomes were similar.
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TABLE 5. Summary of Minor and Major Complications in the Early Versus Delayed Surgery Groups

Treatment Group Minor Complications Major Complications

Early - Flexor tenosynovitis (n = 1) - Carpal tunnel syndrome; requiring release (n = 1)
- Posttraumatic radiocarpal arthritis (n = 1) - Rupture of the extensor pollicis longus tendon;
- Superficial infection (n = 1) requiring reconstruction (n = 1)
- Numbness at the palmar branch of the median - Backing out of proximal cortical screw; requiring

nerve area (n = 1) revision (n = 1)

- Complex regional pain syndrome (n = 2) - Loss of fixation/malunion (n = 3)

Delayed - Superficial infection (n = 3) - Prominent hardware due to joint subsidence;

requiring revision (n = 1)

- Tendon irritation due to a radially prominent plate;
offered hardware removal (n = 1)

- Sensory neuropathy; offered neurolysis (n = 1)

- Postreduction bone void; requiring iliac bone
grafting (n = 4)

Deep infection (n = 1)
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