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Abstract

Background Distal radius fractures (DRFs) are one of
the most common major fractures. Despite their fre-
quency, the tradeoffs in different outcomes after casting
or surgery for closed extraarticular DRFs in older adults
are unknown.

Questions/purposes (1) For adults older than 60 years
with closed extraarticular DRFs, what are the tradeoffs in
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outcomes for choosing casting versus surgery? (2) In what
settings would surgery be preferred over casting?

Method This is a secondary analysis of data from the
Wrist and Radius Injury Surgical Trial (WRIST), a
randomized, multicenter clinical trial that enrolled pa-
tients from April 10, 2012 to December 31, 2016. For
WRIST, researchers recruited patients older than 60
years who sustained closed extraarticular distal radius
fractures from 24 sites in the United States, Canada, and
Singapore. We conducted a secondary analysis using
data from WRIST, which had longitudinal data from a
robust collection of covariates for patients who un-
derwent surgery and casting. Among the 296 patients
recruited in the WRIST study, 59% (174) of patients
(mean age 71 *= 9 years) with complete sociodemo-
graphic data and 12-month follow-up for each primary
outcome were included in the main analysis. More pa-
tients underwent surgery than casting (72% [126 of 174]
versus 28% [48 of 174]). Most sociodemographic vari-
ables were similar between the surgery and casting
groups, except for age and volar tilt. The surgical cohort
was composed of patients randomized to external fixa-
tion, closed reduction percutaneous pinning, or volar
locking plate internal fixation. The casting cohort con-
sisted of patients who elected to be treated with closed
reduction and casting. A tree-based reinforcement sta-
tistical learning method was used to determine the best
treatment, either surgery or casting, to maximize func-
tional and esthetic outcomes while minimizing pain.
Tree-based reinforcement learning is a statistical learn-
ing method to build an unsupervised decision tree within
a causal inference framework that will identify useful
variables and their cutoff values to tailor treatment
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assignment accordingly to achieve the best health out-
come desired. The primary outcome was minimization of
pain  (12-month  Michigan @ Hand  Outcomes
Questionnaire pain subdomain score), maximization of
grip strength, total ROM (supination and wrist arc of
motion), and esthetics (12-month Michigan Hand
Outcomes Questionnaire esthetics subdomain score).
Results Casting was the best treatment to reduce pain and
maximize esthetics, whereas surgery maximized grip
strength and ROM. When the patient favored gaining ROM
over pain reduction (more than 80:20), surgery was the
preferred treatment. When the patient prioritized the im-
portance of grip strength over pain reduction (more than
70:30), surgery was also the preferred treatment.
Conclusion There are tradeoffs in outcomes after treating
patients older than 60 years with closed extraarticular distal
radius fractures with casting or surgery. When patients are
attempting to balance minimizing pain and improving
functional outcomes, unless they desire maximal func-
tional recovery, casting may be the better treatment.
Surgery may be beneficial if patients want to regain as
much grip strength and ROM as possible, even with the
possibility of having residual pain. These findings can be
referenced for more concrete preoperative counseling and
patient expectation management before treatment
selection.

Level of Evidence Level 11, therapeutic study.

Introduction

Distal radius fractures (DRFs) are the most common type of
fractures encountered in the emergency room, with more
than 640,000 fractures yearly [9] and an incidence of 16 to
32 fractures per 10,000 person-years [5, 16, 20]. Treatment
options for DRFs vary from casting to surgical fixation
with external fixators, closed reduction percutaneous pin-
ning, and volar locking plates. Randomized controlled
trials of adults with DRFs suggest better long-term func-
tional outcomes in patients who underwent surgical fixa-
tion than in patients who were treated nonoperatively [21].
However, various studies in older patients who sustained
closed extraarticular DRFs indicate that casting and sur-
gery have no clinically meaningful difference in long-term
functional or patient-reported outcomes [2, 11, 31].

The contrasting evidence and lack of consensus guide-
lines for treating closed extraarticular DRF's in older adults
produce substantial variations in surgical and nonsurgical
treatment selection [6], and the tradeoffs in outcomes be-
tween treatment type for DRFs in older patients are un-
known [1]. To further elucidate the best treatment for
balancing different outcomes after closed extraarticular
DRFs in older adults, the goal of this study was to establish
personalized treatment assignment rules to assist surgeons

{
[}

(=), Wolters Kluwer

and patients in making the best decision that magnifies the
most desired outcome type. To accomplish this, we used a
statistical learning method called tree-based reinforcement
learning based on the principles of machine learning [14]
and causal inference [15]. The most beneficial aspect of
tree-based reinforcement learning is its ability to discern
patient subgroups or individuals who may most benefit
from a treatment or sequence of treatments to improve an
outcome [26]. Statistical and machine learning technolo-
gies such as tree-based reinforcement learning can be used
to create more personalized treatment algorithms to deliver
precision medicine to patients [22]. Leveraging data from
the Wrist and Radius Injury Surgical Trial (WRIST) [8], we
applied tree-based reinforcement learning to develop
clinical decision rules in order to minimize pain, and
maximize grip strength, esthetics, and ROM.

We therefore asked: (1) For adults older than 60
years with closed extraarticular DRFs, what are the
tradeoffs in outcomes for choosing casting versus sur-
gery? (2) In what settings would surgery be preferred
over casting?

Patients and Methods
Study Design and Setting

This decision analytical model was a secondary retro-
spective analysis of the randomized clinical trial, WRIST
[8]. Participants were enrolled from 24 study sites in the
United States, Canada, and Singapore from April 10,2012
to December 31, 2016 and underwent external fixation,
closed reduction percutaneous pinning, volar locking plate
internal fixation, or casting. WRIST included patients older
than 60 years who sustained isolated displaced closed
extraarticular DRFs with the following radiographic cri-
teria: dorsal angulation > 10°, radial inclination < 15°, or
radial shortening > 3 mm. Among the eligible patients, 187
were treated operatively and were randomized either to
external fixation, closed reduction percutaneous pinning,
or volar locking plate internal fixation. The remaining 117
patients who declined surgery were managed non-
operatively with casting [8]. Patients with bilateral frac-
tures, open fractures, previous DRF in the same wrist, or
additional severe trauma were excluded.

Participants

Among the patients randomized to the surgical arm, 17%
(31 of 187) patients were lost to follow-up, and 45% (53 of
117) were lost to follow-up in the casting arm. Baseline
demographic variables between the included patients and
those lost to follow-up were not different aside from the
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modified 5-item frailty index (Supplementary Table 1;
http://links.Iww.com/CORR/A596). This is an expected
finding because some patients developed terminal illnesses
and died during the study; these individuals were part of the
patients lost to follow-up (Fig. 1). For this secondary
analysis, among a total of 296 patients recruited in WRIST,
174 patients (mean age 71 * 9 years; 88% [153 patients]
were women) with complete demographic characteristics
and 12-month follow-up were included in the main analysis
(Fig. 1). A greater proportion of the study cohort underwent
surgery than casting (72% [126 of 174] versus 28% [48 of
174]). Other than age and volar tilt, there were no differ-
ences in baseline clinical characteristics between patients
who underwent casting and those who underwent surgery
(Table 1). We assumed that the data were missing com-
pletely at random (MCAR), enabling generalization of the
complete case cohort to the original study cohort [23].
Then, missing data were imputed using random forest
methods to perform a sensitivity analysis of the primary
results. Detailed protocols of the study design, enrollment,
and main results of the WRIST study have been described
previously [7].

2190 total patients screened

Outcomes

We included four primary outcomes in the analysis: pain,
esthetics, grip strength, and ROM. Pain was measured
using the Michigan Hand Outcomes Questionnaire pain
subdomain scale. To isolate pain secondary to distal radius
fractures from that of other chronic etiologies, the differ-
ence in Michigan Hand Outcomes Questionnaire pain
subdomain scores between the injured and uninjured hand
was taken as the standardized pain score. The pain score
ranged from 0 to 100, with higher numbers corresponding
to more severe pain. Esthetics were measured using the
Michigan Hand Outcomes Questionnaire esthetics sub-
domain score ranging from 0 to 100, with larger values
indicating less deformity. Similarly, the standardized dif-
ference in esthetics scores between the injured and un-
injured hand was implemented. Grip strength was defined
as the ratio between the injured and uninjured hand to in-
dicate the degree of strength recovery. The difference in
wrist arc of motion and supination between the injured and
uninjured hands was totaled to create a composite ROM
variable, with larger values indicating greater mobility.

463 patients declined participation
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304 patients initially

1 Excluded 1423 patients who did not meet inclusion criteria

enrolled

187 patients who underwent|
surgery randomized

58 patients randomized to closed

117 patients declined surgery

65 patients randomized to VLPS | | 64 patients randomized to external fixation‘

reduction percutaneous pinning ‘ and initially recruited for casting

1 !

47 completed 12-month follow-up 64 completed 12-month follow-up
11 lost to follow-up 53 lost to follow-up
3 death 2 death
4 withdrew consent 6 terminal illness
4 no response 17 withdrew consent
28 no response

56 completed 12-month follow-up
9 lost to follow-up
1death
3 terminal illness
5 no response

53 completed 12-month follow-up
11 lost to follow-up
1terminal illness
4 withdrew consent
6 no response

‘ 156 surgical patients with ‘

‘ Excluded 8 patients found to be ineligible “_
12-month follow-up

Excluded 30 patients without complete demographic data | —’( Excluded 8 patients without complete demographic data

126 surgical patients included for
complete case analysis

48 casted patients included for
complete case analysis
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174 patients with 12- ‘ 160° patients with 12-

month MHQ pain and month grip strength and
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for sensitivity analysis

Fig. 1 This CONSORT diagram represents the current secondary analysis based on the WRIST trial; ®of the 174 patients with 12-
month follow-up, 14 did not have 12-month grip strength or ROM data; P304 total patients initially enrolled subtracted by 8 patients
later found ineligible.
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Table 1. Descriptive statistics of patient cohorts

Factor Overall (n = 174) Casting (n = 48) Surgery (n = 126) p value
Age in years 71£9 76 £ 11 69 £ 8 < 0.001
Women 88 (153) 92 (44) 87 (109) 0.31
Number of comorbidities 4+2 4+3 3+2 0.20
Smoker 44 (77) 46 (22) 44 (55) 0.80
mFI-5 score 1£1 1x1 1*1 0.25
Dominant hand injury 45 (78) 42 (20) 46 (58) 0.61
Radial height, mm 9+3 9+3 8+3 0.24
Radial inclination, ° 16 =5 17 £5 16 =5 0.35
Patients with dorsal tilt 84 (146) 77 (37) 87 (109) 0.17
Volar tilt, ° 1314 9+ 13 15+ 14 0.02
Ulnar variance, mm 3x3 2*x3 3*x3 042
Ulnar styloid fracture 48 (83) 50 (24) 47 (59) 0.71

Data presented as mean = SD or % (n); mFI-5 = modified 5-item frailty index.

Primary and Secondary Study Outcomes

Our primary goal was to identify the tradeoffs in different
outcomes between surgery and casting after closed extra-
articular distal radius fracture in patients older than 60
years. To accomplish this, we first employed tree-based
reinforcement learning statistical learning method to the
WRIST data to find the treatment that maximized each of
the four primary outcomes (minimized pain, maximized
esthetics, maximized ROM, maximized grip strength).
Our secondary goal was to identify the degree of
tradeoff between pain reduction and maximizing a func-
tional outcome when surgery is preferred over casting,
simulating a patient who desires to decrease pain while
maximizing another outcome. To accomplish this, we built
another model using tree-based reinforcement learning that
minimized pain while concurrently maximizing another
primary outcome (such as, trying to mitigate pain while
maximizing ROM). Each outcome measure was given a
weight, a, to simulate the degree of importance that out-
come has to the patient before deciding on casting or

surgery:

Combined outcome = o measure A + (1 —a) measure B

With this, o ranged from 0 to 1 in increments of 0.1. For
example, if a patient placed 50% importance in outcome A
and 50% importance in outcome B, o would be 0.5 to place
equal weight on outcome A and B.

Tree-based Reinforcement Learning
Tree-based reinforcement learning is a semiparametric

statistical learning method that can be applied to either data
collected from clinical trials or observational data to
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estimate personalized treatment decision rules based on
patient-level variables and other potential tailoring vari-
ables. Tailoring variables are any patient-specific variables
related to a patient’s disease process or injury that help
delineate whether one treatment is better than an alternative
for a specific patient population or individual. Tao et al.
[26] proposed a tree-based reinforcement learning method
to directly estimate the best treatment decision rules, that is,
how to assign treatments using patients’ individual values
for the variables the algorithm identifies. The tree-based
reinforcement learning model creates an unsupervised de-
cision tree to map a patient’s covariates to recommended
therapies. Several unique advantages of tree-based re-
inforcement learning exist over traditional regression
modeling. First, the primary objective of tree-based re-
inforcement learning is to identify tailoring variables and
their associated inflection point values at which the out-
come of interest is improved with a given treatment for a
specific patient population. This is inherently different
from a classic regression analysis, which strives to fit a
mathematical relationship between a dependent variable
and one or more independent variables. Second, tree-based
reinforcement learning combines semiparametric re-
gression with flexible tree-based learning, which permits
fewer model assumptions than the classic regression
modeling. Lastly, tree-based reinforcement learning
includes a purity measure that uses propensity scores (an
augmented inverse propensity weighted [AIPW] estimator)
to correct for biases and estimates the counterfactual mean
outcome, which is the unobserved outcome if the patient
had received the unselected treatment [26]. This feature
facilitates a more robust strategy to address biases. Prior
studies have used tree-based reinforcement learning to
determine the best treatments for various medical and
surgical problems [12, 17, 25].
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We estimated the propensity score using the
SuperLearner package in R (Supplementary Fig. 1;
http://links.lww.com/CORR/A597), an algorithm that
combines the predictions of multiple machine learning
models such as random forest and lasso generalized
linear models to calculate an ensemble prediction model
that has a better performance than any individual model
[28]. To estimate the propensity score of treatment
allocation, we fitted a logistics regression model
adjusted for the covariates described previously
(Table 1).

Ethical Approval

We obtained approval for this study from the institutional
review board at the University of Michigan Medical
School, Ann Arbor, MI, USA (approval number
HUMO00028291). This study followed the Transparent
Reporting of Multivariable Prediction Model for
Individual Prognosis or Diagnosis guidelines. This trial
was  registered at  ClinicalTrials.gov ~ (number
NCT01589692).

Statistical Analysis

We applied the tree-based reinforcement learning
method to the WRIST data to conduct a complete case
analysis. The improvement of four individual outcomes
and three combined outcomes was the objective of the
tree-based reinforcement learning model. The treatment
option broadly compared casting and surgery. Because
no specific surgical treatment guidelines exist for
extraarticular fractures in older patients [1] and to
maximize sample size, we included all three types of
procedures in the surgical group. In addition, some
studies suggest there are no differences in long-term
functional or patient-reported outcomes after closed re-
duction percutaneous pinning or volar locking plates in
patients with extraarticular fractures [8, 10]. Clinically
relevant demographic and baseline clinical characteris-
tics of the study population that were collected as part of
the WRIST study were considered explanatory variables
in the model: age, gender, smoking history, number of
comorbidities, modified 5-item frailty index score [30],
dominant hand injury, post-reduction radial height, ra-
dial inclination, volar tilt, ulnar variance, and presence
of an ulnar styloid fracture. Then, for each outcome, a
linear regression for the conditional mean outcome was
established, including the explanatory variables and
their interaction terms with the treatment option. To
construct the decision tree, we specified the minimal
node size to be 15 (10% of the study population size),

and a minimum purity improvement of 2% was needed
for a new split. All analyses were performed using R
version 3.6.2 and R Studio version 1.3.959 (R
Foundation for Statistical Computing). A two-sided
t-test was used for continuous variables, and a chi-square
test was used for categorical variables. An a priori sig-
nificance level was set at p < 0.05.

Results

What Are the Tradeoffs in Outcomes between Surgery
versus Casting?

After controlling for potentially confounding variables
such as age, sex, number of comorbidities, and 5-item
modified frailty index score, we found that casting resulted
in the placement of greater value on pain and esthetics after
DREF treatments (Table 2; Model 1 when a = 1 and 0,
respectively), but surgery was preferred when attempting
to maximize grip strength and ROM (Table 2; Models 2
and 3 when o = 0). This output was consistent irrespective
of any covariates.

In What Settings Would Surgery be Preferred
over Casting?

When improving pain in conjunction with any of the
remaining three primary outcomes, the suggested
treatment varied with the weight of importance placed
on each outcome. For example, when improving pain
and ROM, the best estimated treatment changed from
casting to surgery when the patient placed more than
80% emphasis on improving ROM (Table 2, Model 2).
Similarly, when improving pain and grip strength, the
best estimated treatment shifted from casting to surgery
when the patient placed more than 70% emphasis on
improving grip strength (Table 2, Model 3). Casting was
the preferred treatment when attempting to mini-
mize pain and restore esthetics (Table 2, Model 1).
Comparing the mean observed outcomes in our patient
cohort with the mean counterfactual outcomes that
would have occurred after following the treatment rec-
ommended by the model consistently demonstrated
higher standardized mean outcomes (outcome of 1 be-
ing the best, 0 being the worst) after following the
treatment recommended by the model (Supplementary
Table 2; http://links.Iww.com/CORR/A598).

A sensitivity analysis with imputed data of patients with
missing data provided similar estimated results to our main
analysis. When improving pain and grip strength simulta-
neously with 80% to 90% emphasis on increasing grip
strength, tailoring variables were identified by the tree-
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Table 2. Estimated decision rules for various optimization goals

Model 1: outcome = aePain+
(1- «)e MHQ esthetic

Model 2: outcome = aePain?
(1- a)eCombined ROM

Model 3: outcome = aePain®+
(1- a)eGrip strength

« Optimal treatment o Optimal treatment « Optimal treatment
0 Casting 0 Surgery 0 Surgery
0.1 Casting 0.1 Surgery 0.1 Surgery
0.2 Casting 0.2 Casting 0.2 Surgery
0.3 Casting 0.3 Casting 0.3 Casting
04 Casting 04 Casting 04 Casting
0.5 Casting 0.5 Casting 0.5 Casting
0.6 Casting 0.6 Casting 0.6 Casting
0.7 Casting 0.7 Casting 0.7 Casting
0.8 Casting 0.8 Casting 0.8 Casting
0.9 Casting 0.9 Casting 0.9 Casting
1 Casting 1 Casting 1 Casting

a: Degree of importance given to each outcome where a = 1 signifies most important and a = 0 signifies not important.
@From the MHQ Pain Subdomain Score; MHQ = Michigan Hand Outcomes Questionnaire.

based reinforcement learning model, suggesting that pa-
tients with radial inclination larger than 9° and ulnar vari-
ance larger than 2.1 mm should undergo surgery (Table 3).

Discussion

To date, there is no consensus whether extraarticular distal
radius fractures in older patients should be treated opera-
tively or nonoperatively. Some studies suggest volar
locking plate fixation yields better long-term functional
outcomes than casting [21, 24], while others suggest that
there are no clinically meaningful differences in activities
of daily living or overall quality of life [4, 11, 31]. This lack
of consensus and conflicting evidence produces substantial
variations in practice patterns [6] and creates ambiguity in
preoperative counseling. In this secondary decision anal-
ysis of a randomized controlled trial studying closed
extraarticular DRFs in older patients, we aimed to assess
the tradeoffs in outcome types when older patients undergo
casting versus operative management for closed extra-
articular distal radius fractures using a statistical learning
method, tree-based reinforcement learning. We found that
surgical fixation was the preferred treatment for improving
ROM or grip strength. However, for maximal reduction of
pain and increase in esthetic outcome, casting was the
preferred treatment. When attempting to improve both pain
and functional outcomes, the most favorable treatment
hinged on which outcome was more favored by the patient.
Unless the patient heavily preferred maximizing functional
outcomes over pain, casting remained the preferred treat-
ment in the model. (Fig. 2) These findings may provide a
framework for counseling older patients with closed
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extraarticular distal radius fractures and improve shared
decision-making.

Limitations

The results of this study must be interpreted in the context
of several limitations. The findings of this study cannot be
generalized to all distal radius fracture types, especially
intraarticular fractures, or patients younger than 60 years of
age because it only included older patients with closed
extraarticular distal radius fractures. The variation in the
number of patients enrolled from different centers may
contribute to selection bias. In addition, the main analysis
only included patients for whom complete data were
available, which resulted in less modeling data and may
have introduced selection bias from missing data.
However, an exploration of missing data confirmed that
they were missing randomly; therefore, selection bias was
likely minimized. Although the modeling was based on a
multicenter, randomized clinical trial, other tailoring vari-
ables may influence outcomes that were not collected in
WRIST. Tree-based reinforcement learning usually iden-
tifies the best treatment options for different patients based
on tailoring variables. Our model did not identify such
variables and suggested that one treatment is superior to
another for maximizing an outcome type. This may be at-
tributable to the relative homogeneity of the patient pop-
ulation in WRIST because of its strict inclusion and
exclusion criteria. The AIPW estimator requires either the
propensity model or the outcome model to be correctly
specified, and if both are misspecified it may provide in-
correct estimates. We used the AIPW estimator because of
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Table 3. Sensitivity analysis of estimated decision rules for various optimization goals with imputed data

Model 1: outcome = aePain?+
(1- o) MHQ esthetic

Model 2: outcome = aePain?+
(1- a)eCombined ROM

Model 3: outcome = aePain®+
(1- a)eGrip strength

« Optimal treatment a Optimal treatment « Optimal treatment
0 Surgery if ulnar variance > 2.8 mm, 0 Surgery 0 Surgery
otherwise casting
0.1 Casting 0.1 Surgery 0.1 Surgery if ulnar variance > 2.1 mm and
radial inclination > 9°, otherwise

casting

0.2 Casting 0.2 Surgery 0.2 Same as above

0.3 Casting 0.3 Casting 0.3 Casting

04 Casting 04 Casting 0.4 Casting

0.5 Casting 0.5 Casting 0.5 Casting

0.6 Casting 0.6 Casting 0.6 Casting

0.7 Casting 0.7 Casting 0.7 Casting

0.8 Casting 0.8 Casting 0.8 Casting

0.9 Casting 0.9 Casting 0.9 Casting

1 Casting 1 Casting 1 Casting

@From the MHQ pain subdomain score; MHQ = Michigan Hand Outcomes Questionnaire.

its increased efficiency and reduced variability, but our
model may be limited because we only partially understood
the treatment assignment mechanism from the trial design.
This analysis benefited from high-quality randomized
clinical trial data in addition to the robustness of a tree-
based reinforcement learning model to determine treatment
regimens that improve different outcomes for closed
extraarticular DRFs in older adults.

What Are the Tradeoffs in Outcomes between Surgery
versus Casting?

Our model selected casting to minimize pain and maxi-
mize esthetics while favoring surgery to most improve
grip strength and ROM. Persistent pain after DRFs is
common and has been an active area of research [13, 18,
19]. It has been speculated that pain outcomes after the
treatment of extraarticular DRFs are less influenced by
fracture displacement than in patients with intraarticular
fractures [13]. The correlation between restored articular
congruity and improved outcomes has been the principal
reason for operative fixation of intraarticular fractures
[27]. Because all included patients sustained extra-
articular fractures, the tree-based reinforcement learning
model in our study may have selected casting to mini-
mize postoperative pain. This finding is consistent with
the results of a previous study that found less pain after
casting than after surgical fixation [3]. Another possible
explanation for better pain control after casting than after
surgery pertains to catastrophic thinking. Psychological
factors such as catastrophic thinking have been

implicated as individual predictors of pain after ortho-
paedic trauma [29]. Future decision analysis studies
should incorporate validated psychological assessment
tools, such as the Pain Catastrophizing Scale, to control
for baseline psychological factors. By contrast, the
model’s prediction of casting to maximize the esthetic
outcome was an unexpected finding. This may be be-
cause older patients with this type of DRF still express
overall satisfaction with their appearance, even when
there is an objective deformity by measurement [4].
Surgical treatment maximizing functional outcomes is a
validation of such conclusions from previous studies
[21, 24]. An important consideration is that these find-
ings were true in patients older than 60 years who sus-
tained closed extraarticular distal radius fractures,
regardless of postreduction radiological parameters, age,
or other demographic factors. When a patient strongly
prefers to improve one specific outcome, our findings
may guide providers on how best to counsel patients.

In What Settings Would Surgery be Preferred
over Casting?

When patients placed more than 70% importance on im-
proving grip strength or 80% importance on improving ROM,
our model chose surgery as the preferred treatment. This
analysis was conducted to quantify how much tradeoff be-
tween improving pain and a functional outcome must occur
for the model to select surgery. Recently, higher-quality ran-
domized controlled trials have compared nonoperative treat-
ment with surgical fixation in older patients with DRFs.
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Fig. 2 Flowchart algorithm summarizing the main findings of the study.

However, even with robust study designs, the evidence of
these studies is conflicting. Two randomized controlled trials
investigated the treatment of older patients with volar locking
plates with those who were treated with closed reduction and
immobilization with casting [4, 24]. One randomized con-
trolled trial found improved grip strength in the volar locking
plate group compared with the casting group, but outcomes
such as ROM, pain, DASH score, and Patient-Rated Wrist
Evaluation score were not different between the two groups 1
year after the intervention [4]. In contrast, another randomized
controlled trial observed that the volar locking plate group had
better DASH, Patient-Rated Wrist Evaluation scores, wrist
flexion, ulnar deviation, and grip strength than the casting
group [24]. But to our knowledge, no study has investigated
the tradeoffs in outcomes when treating older patients with
closed extraarticular distal radius fractures with nonoperative
or operative management. Furthermore, this study quantifies
the approximate extent of the tradeoffs between pain and
functional outcomes necessary for surgery to be preferred over
casting. These quantifications are helpful when counseling
patients preoperatively: If full recovery is represented as
100%, but this must be divided between pain and function,
how much importance would you, he patient, place on pain
and function? Depending on this answer, the surgeon may
more readily recommend one treatment over the other. It was
surprising to find such a significant role of pain in the overall
conclusions of the model. It is unclear whether this emphasis
on pain outcomes is unique to this patient population or
fracture type. Future studies should investigate the effects of
age and fracture type on outcome tradeoffs after distal radius
fracture management.

Conclusion
In patients older than 60 years with closed extraarticular

fractures, there are tradeoffs in outcomes when choosing be-
tween casting and surgery. Active older patients who desire

{J:J?@Wolters Kluwer

maximal functional recovery may benefit the most from
surgery, whereas more sedentary patients may be treated with
casting. When reducing pain is the primary aim, casting ap-
pears to be the favored treatment regardless of radiological
parameters or patient characteristics in this cohort. Future
studies should investigate how different fracture patterns and
patient characteristics, especially preoperative psychosocial
health, affect the tradeoffs in outcomes after nonoperative and
operative management of distal radius fractures.
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