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Abstract

Distal radius fractures are one of the most common upper extremity fractures across all age
groups. Although the American Academy of Orthopaedic Surgery (AAOS) Clinical Practice
Guidelines have defined recommendations for the treatment of distal radius fractures, the optimal
time to surgery was not included. There remains relatively little guidance or consensus regarding
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the optimal timing of surgical intervention for distal radius fractures and the impact of time to
surgery on outcomes. As such, the purpose of this investigation is to systematically review clinical
and radiographic outcomes associated with time to surgical management of distal radius fractures.

Keywords

Time to surgery; Distal radius < Fracture/dislocation < Diagnosis; Treatment < Research & health
outcomes; Patient Reported Outcome Measures; Patient outcome; Clinical Outcome; Functional
Outcome

Introduction

Distal radius fractures are common and represent approximately 8-18% of adult fractures
treated in emergency departments across the U.S.1 They are the second most common
fracture in elderly patients and the most frequent upper extremity fracture in women over
50 years of age.? The incidence of both distal radius fractures and surgical fixation of distal
radius fractures is on the rise.2 The American Academy of Orthopaedic Surgery (AAOS)
Clinical Practice Guidelines have defined recommendations for the treatment of distal
radius fractures, including when surgical fixation is recommended*; notably, the optimal
time to surgery was not included. The British Society for Surgery of the Hand (BSSH)

and the National Institute for Health and Care Excellence (NICE) guidelines for distal
radius fractures recommend surgical intervention within 72 hours of injury for intra-articular
fractures and within one week for extra-articular fractures.>—%

The timing of surgery and its influence on outcomes has been studied in other common
orthopaedic injuries, such as for hip fractures, flexor tendon injuries, and pediatric

type 111 supracondylar humerus fractures.”~9 Delays may impact not only rates of

systemic complications like pneumonia and deep vein thromboses, but also fracture-related
complications. For example, previous studies on hip fractures have demonstrated decreased
mortality and postoperative complication rates when surgery is performed within 24-48
hours of the injury.1 In addition, repair of Zone Il flexor tendon lacerations within 7-10
days is preferable due to the risk of contracture formation, tendon retraction and adhesions,
and degenerative changes at the tendon ends that make primary repair more difficult at

later stages of follow up.1 Furthermore, other studies on the treatment of traumatic injuries
have demonstrated that early surgery leads to shorter hospital stays and faster recovery and,
thus, there may be economic implications for early definitive treatment of traumatic injuries,
including earlier return to work.12-14

For fracture care in particular, callus formation and soft tissue contractures begin around
days five to eleven.1> While surgeons anecdotally prefer to operate on most fractures soon
after the injury because callus formation makes fractures more difficult to reduce, it is not
always possible due to patient medical comorbidities, access to care, limited surgeon or
operating room availability, or patient preference.16 For distal radius fractures in particular,
loss of reduction after attempted non-operative treatment is not uncommon!’-18 and may
lead to delays in surgical treatment for longer than 3 weeks. Souza et al. found that 30%

of patients in a retrospective cohort study who initially presented with nondisplaced or
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minimally displaced fractures showed displacement that exceeded AAQOS acceptable criteria
at week 6.17 Despite this, there remains relatively little guidance or consensus regarding the
optimal timing of surgical intervention for distal radius fractures and the impact of time to
surgery on outcomes. As such, the purpose of this investigation is to systematically review
clinical and radiographic outcomes associated with time to surgical management of distal
radius fractures.

Search Strategy

We performed a systematic review following the 2020 Preferred Reporting Items

for Systematic Reviews and Meta-analysis (PRISMA) guidelines.1® Separate and
comprehensive literature searches of PubMed, Web of Science, and Embase databases were
performed. Two authors (K.R.J. and N.M.T.) independently searched and evaluated titles
and abstracts for relevance on April 22"d, 2022. They were not blinded to the journals,
organizations, or author information. All articles were uploaded to EndNote (Version 20,
Web of Science, Clarivate Analytics, Philadelphia) and duplicates were removed. Article
screening was completed through Rayyan software (Rayyan.qcri.org, Qatar Computing
Research Institute, Qatar). Rayyan is a web and mobile application designed to facilitate
article screening and promote collaboration between authors for inclusion decisions for
systematic reviews. On June 22nd, 2022, the literature search was repeated to capture any
new and relevant articles published in the literature. Disagreement between the coauthors
was resolved through discussion and consensus. If consensus was unable to be reached,

a third author (L.M.S) was consulted to resolve discrepancies. Any study that potentially
met the inclusion criteria was retrieved and reviewed. The inclusion criteria were as
follows: (1) Retrospective studies, observational studies, and randomized controlled trials
(RCTs); (2) displaced distal radius fractures that were treated surgically; (3) outcomes
consisting of patient reported outcomes measures (PROMs), radiologic findings, and/or
clinical findings (e.g., stiffness); and (4) studies that compared outcomes noted above based
upon surgical timing (e.g., surgery within and after 1 week). The exclusion criteria were as
follows: (1) animal subjects and (2) case reports, technical reports, systematic reviews and
biomechanical studies.

Quality Assessment

The Methodological index for non-randomized studies (MINORS) Criteria was used

to assess the quality of each paper. The first eight criteria were used for the two
non-comparative studies and all twelve criteria were used to assess the 13 comparative
studies. The MINORs criteria include items such as a clearly stated aim and a prospective
calculation of study size, and are scored 0 if not reported, 1 when reported but inadequate,
and 2 when reported and accurate. The global ideal score is 16 for non-comparative studies
and 24 for comparative studies. MINORS assessment was conducted independently by two
authors (K.R.J and C.V.L.). Disagreement between the coauthors was resolved through
discussion and consensus. If consensus was unable to be reached, a third author (L.M.S) was
consulted to resolve discrepancies.

Curr Orthop Pract. Author manuscript; available in PMC 2024 September 01.
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Data Extraction and Outcome Measures

Results

Two authors completed data extraction (K.R.J and C.V.L.). To ensure consistency in
classification, the two authors extracted all variables independently and compared results.
The following variables were collected and reported descriptively: author list, publication
year, journal, sample size, timing of surgical intervention and how this was defined (e.g.
early and delayed groups), reasons for delay if noted, patient characteristics (e.g., age, sex),
study inclusion and exclusion criteria, follow up duration, outcomes, confounding factors
adjusted for, whether the study conducted power analyses and a priori power analysis,

repair technique, and level of evidence. As there is no established time to surgery for distal
radius fractures, we collected and evaluated time to surgery as defined and detailed by each
study (e.g. early/delayed, more or less than two weeks). The primary outcome measures
were scores on patient reported outcomes measures (PROMS), such as Disabilities of Arm,
Shoulder, and Hand (DASH) scores, as well as radiographic outcomes, such as radial height,
radial inclination, volar tilt, and intra-articular step off. Any other study outcomes, including
clinical outcomes such as stiffness, complication rates, were also recorded.

The literature search yielded 656 unique articles pertaining to operative distal radius
fractures. A total of 633 citations were subsequently excluded after screening titles and
abstracts and applying the exclusion criteria, leaving 22 citations. These full-text articles
were retrieved and reviewed independently by two authors (K.R.J. and N.M.T). Seven of
these articles were subsequently excluded due to a lack of definition of time to surgery or
delay, articles written in languages other than English, examination of different fracture
patterns and an article investigating time to debridement rather than time to fixation.
This left a total of 15 studies that met the inclusion criteria (eight retrospective reviews,
six retrospective cohort studies, one secondary RCT analysis, and one RCT). The trials
ranged in size from 24 to 881 participants and were conducted in five countries. Figure I.
demonstrates a flow chart of the search strategy.

Quality Assessment

The average MINORS score among the thirteen comparative studies was 17/24 (71% of the
maximum) and 8.5/16 (53% of the maximum) for the two non-comparative studies. The
results of the quality assessment are illustrated in Table I. Common limitations included lack
of unbiased assessment/blinding (Criteria 5), significant loss to follow up (Criteria 7), lack
of prospective calculation of study size (Criteria 8), and lack of adequate statistical analysis
(Criteria 12). Some limitations are inherent to the retrospective nature of the studies.

Participant Demographics

Our review included 3,061 participants (31.7% male from 15 trials). Participants had a mean
age of 58 years. Baseline characteristics are outlined in Table I1.

Time to Surgery and Definition of Delay

Time to surgery evaluated and the definition of delay varied by publication, with 13%
of studies defining delay within one week of injury, 47% after one week, 27% after

Curr Orthop Pract. Author manuscript; available in PMC 2024 September 01.
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two weeks, and 13% after three weeks or longer (up to 25 days after injury). Only five
(33%) of the included studies provided reasons for delay that included: administrative
and capacity related reasons such as operating room availability,24:28.30.34 delayed patient
presentation,2430 and injury severity.26.28.34

Trial Outcome Measures

Ten (67%) trials found no significant difference in time to surgery as defined by delayed
and non-delayed groups. In addition, 80% of trials lacked an a priori power analysis for
statistical analysis. Three trials conducted post hoc power analysis, leaving nine trials (60%)
that were not powered.

Twelve (80%) utilized clinical outcome significance (e.g., complication rates, reoperation
rates, range of motion), ten (67%) trials utilized patient reported outcomes measures,

and four trials (27%) reported on radiographic significance. Nine trials (60%) used

a combination of PROMs, radiographic, and/or clinical outcomes to assess significant
differences between early and delayed surgical groups.

Among the five trials that found significant differences in time to surgery, four trials found
significant differences at a surgical delay of greater than one week?23:28:33-34 ‘and one

trial found significant differences in patients with a surgical delay of greater than two
weeks20. One study reported radiographic significance?8, three studies reported significant
differences among PROMs23:28:33 and all five studies reported differences in clinical
outcomes20:23.28,33-34 (Taple 111). The significant differences in PROMs were found at

a surgical delay of seven days or more and two different PROM tools were utilized,
DASH?28:33 and The Michigan Hand Outcomes Questionnaire.23 Clinical outcomes included
increased finger and thumb stiffness (>2 weeks delay),2° decreased functional outcomes in
flexion and ulnar deviation at a delay of greater than one week,28 and more than triple the
odds of experiencing chronic pain with a one-week delay to surgery.3* One study found

that surgeons reported greater procedural difficulty with a delay greater than one week.23
Another study found that patients who had surgery within seven days of injury had better
short-term PROMSs and clinical outcomes, with the delayed group showing significantly
worse DASH scores, grip strength, and wrist motion at twelve weeks, but at 48 weeks there
were no significant differences between groups.33 Of the four studies that conducted a priori
power analyses, three found no significant differences between groups and one trial reported
superior outcomes in patients with early surgery (within one week) with respect to DASH
scores, range of motion, grip strength, radiographic results, and complications at 2 years.28

Discussion

This systematic review analyzes the literature for differences in patient outcomes due to
time to surgery for distal radius fractures. A majority of studies did not find significant
differences between groups defined as delayed and non-delayed. However, there was
heterogeneity in which time to surgery threshold was used to define delay and the outcomes
measured, as well as a lack of appropriate power calculations in a majority of studies. This
review indicates there is conflicting data regarding the effect of time to surgery for distal
radius fractures on patient outcomes. Understanding the impact of the timing of surgical

Curr Orthop Pract. Author manuscript; available in PMC 2024 September 01.
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management of distal radius fractures can have profound implications on clinical practice
guidelines and on optimizing outcomes after surgical management for distal radius fractures.

Time to surgery and the definition of a delay to surgery for distal radius fractures varied
greatly. Delays to surgical management and its impact on patient outcomes are well

defined in other orthopaedic injuries. For instance, the definition of delay in the surgical
management of hip fractures is established as greater than 24 to 48 hours after injury. Delays
to surgical fixation of hip fractures consistently results in increased length of hospital stay,
complications, and morbidity and mortality.1438 The lack of a clear definition of surgical
delay for distal radius fractures limits the ability to understand and implement findings from
studies and establish clinical practice guidelines. As investigation continues, defining the
time interval of surgical delay for distal radius fractures will be vital to interpreting the
impact of such delays on outcomes and implementing study findings to optimize patient
outcomes.

A majority of studies used objective measures such as complication rates, range of motion,
or reoperation rates as a primary endpoint. However, there are crucial aspects of the patient
experience that are not accounted for using objective outcome measures alone, as these
measures do not capture subjective patient experiences. For instance, patients achieving
acceptable range of motion or patients not requiring revision operations may still be

unable to carry out activities of daily living or return to work. Furthermore, it is well
established that radiographic findings do not necessarily correlate with functional outcomes
for distal radius fracture injuries.37-3 Ultimately, the inclusion of both subjective and
objective measures when evaluating the impact of time to surgery will provide improved
patient-centered care and insight into success as defined by the patient.

From a health policy perspective, it is important to understand and mitigate delays in care,
particularly if they are related to inequities in access and outcomes. Hooper et al. found
that among patients with distal radius fractures who received early operative treatment, there
were significantly greater numbers of patients who were employed full-time.23 This reflects
similar trends shown in other orthopaedic injuries that have found that patients of lower
socioeconomic status are less likely to receive surgery and more likely to experience delays
to surgery.® While delays to surgical management could be a result of patient preferences
for initial non-operative treatment, there is a possibility that such delays may be a result

of disparities in access to care or poor health literacy. Notably, only five studies included

in this systematic review reported reasons for the delay to surgery, which highlights the
need for future studies analyze patient and system level characteristics that may contribute
to delays in surgical management of DRFs. Understanding the reasons for delay is a first
step to quantifying disparities in hand and upper extremity surgery and to implementing
evidence-based interventions to mitigate such variations in care.

It is important to acknowledge the limitations associated with the findings of this study.

An inherent limitation to systematic reviews is the reliance on subjective screening. To
minimize this, we used strict inclusion and exclusion criteria, followed PRISMA guidelines,
and had multiple reviewers for each article. Our results are also limited by the design

and quality of the studies included for analysis, which were primarily retrospective and

Curr Orthop Pract. Author manuscript; available in PMC 2024 September 01.
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lacked appropriate power analyses. However, to account for this, we assessed the quality
of each paper using the MINORS criteria. Lastly, the studies in this review also included
heterogeneous definitions of time to surgery and delay in treatment and further, utilized
different outcome measures, which impeded our ability to conduct a meta-analysis.

Conclusion

Funding

The importance of surgical timing has been established for multiple musculoskeletal
injuries; however, there is lack of consensus regarding the optimal timing of surgical
intervention for the treatment of distal radius fractures. This review found great
heterogeneity not only in the definition of surgical delays, but also in how surgical outcomes

were measured. Notably, a majority of studies were retrospective and underpowered. Further

research is needed to examine the association of time to surgical management for DRFs and
subsequent adverse outcomes. These studies should be larger, prospective, and appropriately
powered on patient-centered outcomes.
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Identification of studies via databases and registers ]

Records identified from databases
(n=2,238):
PubMed (n = 644)
Web of Science (n = 950)
Embase (n = 644)

l

Duplicate records removed (n =
1,583)

Records screened

Records excluded (n = 633)

(n =655)
!

Reports assessed for eligibility
(n=22)

Reports excluded (n = 7):
No definition of delay (n = 3)
Non-English article (n = 2)
Different fracture pattern (n = 1)
Time to debridement (n = 1)

Studies included in review
(n=15)

Figurel.

Flowchart utilizing PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) criteria for inclusion and exclusion of studies. Adapted From: Page MJ,
McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi:
10.1136/bmj.n71. For more information, visit: http://www.prisma-statement.org/

Curr Orthop Pract. Author manuscript; available in PMC 2024 September 01.



http://www.prisma-statement.org/

Page 11

Julian et al.

sisAjeue [eonsiyels ajenbapy (z1)sdnoub jo asusjeainba auljaseg (TT1)sdnolb Aresodwsiuo) (0T) dnotb j03uo0d ajenbape uy (6)azis Apnis ayl

10 UOITRINIIeD 8AI0ads0ld (8) %G Ueyl ssa] dn mojjo) 03 sso (2) Apmis sy Jo wie ay) 03 sreridosdde poriad dn-mojjo4 (9)1utodpus Apnis syl Jo Juswissasse paseiqun () “Apnis ayl Jo wie ays o3 areridoidde
siutodpu3 (f7)erep J0 U0I8]109 aA1393ds0Id (£) siusired aA1INIaSU0I Jo uoisnjoul (Z) wie parels Ales|d v (T) “(srenbape pue payiodal) g Jo (srenbapeul 1ng paliodal) T ‘(pauiodal Jou) O Se Palods ale sway|

Author Manuscript

"SIPNIS SAITRJedWOD-UOU OM] BB 313y | "SaIPNIS SAITeJedW0d-UoU 10§ 9T pue saIpnls aAnesedwod 1oy 2 Si 2109s [eap! [eqolB GeSHONIN

*

q

a]qeatjdde 1ou ase sadeds yuelq mc._.w

0S «8 0 0 2 0 T ¢ T ¢ MBIA3J LIBYd aA1103ds0.119Y 1102 1gPIEM
v € 0 T T 2 0 0 ¢ 0 ¢ ¢ T ¢ ManeIpeyoannadsonsy €10z rellIBIUO
98 «6 0 02 0 ¢ ¢ T ¢ MBIARI BA19R0S0RY GT0C  gz®UBHEBLBIN
85 v 0 T ¢ ¢ 0 0 ¢ 0 T ¢ T ¢ MolAelMeydaAnoadsonsy 0202 12301
€9 ST 0 T ¢ ¢ 0 0 ¢ 0 T ¢ ¢ ¢ Woyod payorew sanosdsonsy 102 zello
19 9T 0 T ¢ T 0 T ¢ 0 T T 1 ¢ H0Y00 8A10ds039Y GTI0Z  geBHUSBLIBA
19 9T ¢ 0 ¢ ¢ T 0 ¢ 0 ¢ ¢ T ¢ M3IABI BA10BAS0N18Y 8102 620UMIS
19 9T T Z 2z ¢ T 0 2 0 z T T Z Momeideyannoedsonsy — Tz0z  gcladooH
19 9T 0 ¢ ¢ T 0 T T 0 T T T ¢ 10yoo aAn0adsoney 020C zzfusH
172 LT 0 ¢ ¢ ¢ T 0 ¢ T T ¢ T ¢ Woyodpayojew sAnoadsonsy 0z0Z 52991
GL 81 ¢ ¢ ¢ ¢ T T ¢ 0 ¢ T 1T ¢ sisAjeue 1 DY Arepuodss 0202 gUO0A
€8 02 ¢ ¢ ¢ ¢ T 70 T 1 ¢ 10y 8Anoadsold 610C g0UMIS
€8 02 ¢ ¢ ¢ T 1T oz o11 e M31A31 aA0RdsONeY 610C oeusaseL
€8 02 ¢ ¢ ¢ T 11 ¢ o011 ¢ 1009 aAnvadsonay 1202 pePremoH
€8 0¢ ¢ ¢ ¢ ¢ 1 1T ¢ 1T ¢ ¢ 1 ¢ 110402 8Ad8ds0N8Y T20C  ozUMOPYsY
wnwixewo P@OL gr IT O 6 8 L 9 § v € ¢ 7T ubsa@ Apnis TeoA  Joyny s

qeB!PIID SHONIN

‘I 819eL

Author Manuscript

Author Manuscript

Author Manuscript

eSO SHONIIA Buisn saipnis papnjou] Jo Juswissassy Aufend

available in PMC 2024 September 01.

Curr Orthop Pract. Author manuscript



Page 12

Julian et al.

Apnis ays U1 pariodal 10U SeM ey} uolewIouI Jussaldas saoeds yuelq ay L

%b'ZT 6'89 orT 0202 »eUOOA
%0 (08-15) G7'29 (%82) o€ 90T GT0Z  gcBHUSBLUBA
%EY (58-22) €5 (%s€) or STl 102 zel!on
%6€ (88-T2) v'8Y 26 1102 1ePIBA
%cL (¥9-91) v (%z¢) og 26 6102 ogUddIeL
%ET (¢6-91) L85 188 810¢ 620UMIS

(z8-09) €9 (%¢g9) 2v 08 6102 g0UMIS

%GZ 5129 g6 0202 1z 301IEIN
(€6-9T) €25 18T GT0Z  gzdUBlEdOBIN

%0v (28-8T1) 55'6 (%ee) 52 GL 0202 2991
%91 (28-LT) €9 (%6) ve 08¢ 1202 vZPAeMOH
%CT 7'89 (%25) 96 8T 1202 gzlodooH
%S¢ (eL-Lv) €9 (%62) L ve 0202 zzfusH
%€E9 (e8-T2) G'es (%9v) zv ¢l €102 izl IClLe)
%y (98-92) 18 (%61) LL 85T 1202 0zUMOpYSY
aeIN % (BPBuel) ‘sreah ‘abe uea |\  (9) U ‘paAeppse pauljppsese)  slualled Jo BquinN  TesA Joyiny

Sa1pnIs papnjaul ul spuaied Jo sansusidesey) siydelbowsq

‘I e1qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Curr Orthop Pract. Author manuscript; available in PMC 2024 September 01.



Page 13

Julian et al.

syjuow g1 X | oM T < 0202 gUOOA

Stpuowr g X X " YoM T < GT0Z  geBMUSeWeA

1l Sf98M € < 710C zeltoM

I HBM T < 4 1ePJEM

1 sAep ¢ 6102 ogUsaiel

Al ABBM T < 810¢ 620UMIS

syjuow g X X X _ Noam T < 6102 gZ0UMIS

I HBM T < 020C 1z 301N

] SY9IM Z < GT0Z  9zPUBlELIBN

1 SHPIM € < 0202 62991

I S EEIIWAS 1202 vZPTeMoH

3Wo9Ino [eaiuljd do-1sod areipawiwl ‘NOHd SH9aM 9 X X m YoM T < 1202 cz18dooH

m shep L 0202 zzfUsH

1 SHedM g < €10¢ lIPIuD

Stpuoul 9g X Al oM Z < T0Z  opUMopUsy
80ued1}1Ub IS BWO02INO aoueoljIubiS

8oueoljIuBs Te dn mojo) 018w L 8oUROIUBIS [eolul|D pelJodey 1usited olyde Jboipey 20UBPINT Jo PO Aepq jo uoniuyea  JesA Joyiny

Sa1pnIS papn|oul JO 32urIIHIUBIS BWOIINO [e3lul]d pue ‘(SINOYd) Sednseaw sawodno pauodal Jusied ‘olydesbolpey

‘Il a1qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Curr Orthop Pract. Author manuscript; available in PMC 2024 September 01.



	Abstract
	Introduction
	Methods
	Search Strategy
	Quality Assessment
	Data Extraction and Outcome Measures

	Results
	Quality Assessment
	Participant Demographics
	Time to Surgery and Definition of Delay
	Trial Outcome Measures

	Discussion
	Conclusion
	References
	Figure1
	Table I.
	Table II.
	Table III.



