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Abstract

Background: Distal radius fractures (DRF) in the elderly are treated with volar locking plates
(VLP), external fixation (ex-fix), percutaneous pinning (CRPP), or casting. This study performs an
economic analysis of these treatments in elderly patients with closed DRFs.

Methods: This is a secondary analysis of the Wrist and Radius Injury Surgical Trial (WRIST), a
randomized multicenter international clinical trial with a parallel nonoperative casted group of
patients over the age of 60 with surgically indicated, extra-articular closed DRFs. SF-36-converted
utilities and total costs from Medicare were used to calculate quality-adjusted life years (QALY's)
and incremental cost-effectiveness ratio (ICER).

Results: Casted patients were self-selected and older (p<0.001) than the randomized surgical
cohorts, but otherwise similar in comorbidities and sociodemographic characteristics. QALY's for
CRPP were highest at 9.17 and ex-fix lowest at 8.81. Total cost expended were $16,354 for VLP,
$16,012 for ex-fix, $11,329 for CRPP, and $6,837 for casting. The ICER for VLP and ex-fix were
dominated by CRPP and casting. The ICER for CRPP compared to casting was $28,717 and VLP
compared to ex-fix was $2,117. One-way sensitivity analysis demonstrated robustness of the
results. Probabilistic sensitivity analysis revealed a 10%, 5%, 53%, and 32% chance of VLP, ex-
fix, CRPP, and casting being cost-effective at the willingness-to-pay threshold of $100,000/QALY.
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Conclusions: Casting is the most cost-effective treatment modality in the elderly with closed
extra-articular DRFs and should be considered before operative intervention. In unstable closed
fractures, CRPP, which is the most cost-effective surgical intervention, may be considered before
VLP or ex-fix.

INTRODUCTION

Distal radius fracture (DRF) is the most common acute fracture encountered in the
emergency room with 640,000 cases reported yearly in the United States.! DRF is a
prevalent injury across all age groups, with heightened incidence among children between 5
and 14 years old, males less than 50, and females greater than 40.2 Treatment options for
DRFs vary from closed reduction and casting to surgical fixation with volar locking plates
(VLP), external fixators (ex-fix), and percutaneous pinning (CRPP). Each intervention has
its strengths and weaknesses. For example, CRPP is less invasive and cheaper, but may not
reliably maintain reductions for comminuted fractures.3~" VLP is the most expensive and
invasive treatment, but provides a stable construct even for comminuted fractures and earlier
functional recovery.’~13 Despite numerous treatments, there are limited DRF management
guidelines leading to variations in practice pattern. Such variations and uncertainty in
practice behavior cause higher cost yet lower quality of care.14.15

Cost-effectiveness studies based on previous randomized controlled trials in Europe
compared two different surgical interventions such as VLP and CRPP.10:12 Other cost-
effectiveness studies performed in the United States relied on these model parameters on
literature review.11:16 There are noticeable differences in conclusions among these studies:
although those applying randomized controlled trials concluded that VVLP is not cost-
effective compared to CRPP10:12 others showed that VVLP is a cost-effective treatment
compared to casting!? or that it is difficult to distinguish VLP or CRPP as the more cost-
effective intervention.1® Given these conflicting results of cost-effectiveness in managing an
extremely prevalent injury, more studies based on robust evidence are needed to clarify the
best treatment strategies for different patient populations.

We aim to perform a cost-effectiveness study among casting, VLP, CRPP, and ex-fix in the
elderly patient with extra-articular distal radius fracture leveraging data from the largest
randomized clinical trial, WRIST. WRIST is a 24 center, over 100 investigator trial funded
by the National Institutes of Health over 8 years to compare for the first time 4 existing
treatments for DRFs focused on the growing elderly population. To our knowledge, this is
the only cost-effectiveness study in the elderly comparing all four DRF treatments using
evidence from an international multi-center randomized clinical trial and United States’
costs. We evaluated the most germane factors associated with cost-effectiveness to aid in the
decision-making process of treating DRFs in the elderly.

METHODS

Study Population and Data Source

Data from the Wrist and Radius Injury Surgical Trial (WRIST) were leveraged to conduct
this cost-effectiveness analysis. WRIST is a multi-center randomized clinical trial of
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treatment for closed, displaced, surgically-indicated extra-articular DRFs in patients above
60 years of age. All fractures in enrolled patients met a set of pre-defined radiographic
criteria. Patients with significant medical comorbidities that prevented surgical intervention
were excluded from the study. The surgical arm (VLP, CRPP, ex-fix) were randomized
whereas the non-surgical arm consisted of patients who declined surgery. WRIST
participants were recruited from 24 sites in the United States (20 sites), Canada (3 sites), and
Singapore (1 site) from April 10, 2012 to December 31, 2016. Patients with open fractures,
bilateral fractures, prior DRF on the studied wrist, stable fractures amenable to conservative
management, and other severe trauma were excluded from the trial. Detailed study design
and protocols of the trial and the full consort diagram has been illustrated previously.1” The
research protocol was approved by the institutional review board at the coordinating center
and at all participating sites (University of Michigan Medical School IRBMED
HUM28291). Written consent was obtained from all study participants.

Model Design

We performed a model-based economic analysis from a societal perspective and healthcare
sector perspective as recommended by the Second Panel on Cost Effectiveness in Health and
Medicine.1® A decision-tree was constructed based on procedure type, complications, and
stages of recovery with a life-time horizon. The Medical Outcomes Study 36-Item Short-
Form Health Survey (SF-36) results for patients who underwent each treatment type in the
WRIST trial were converted to derive health utilities. This analysis adhered to the
Consolidated Health Economic Evaluation Reporting Standards (CHEERS) guidelines.

The base case scenario was a 71.1-year-old adult (based on the average participant of
WRIST) who underwent VLP surgery for closed, displaced, extra-articular DRF. Patients
first incur costs of the initial procedure, rehabilitation, and recovery which varied by
procedure type. (Table 1) The postoperative time off work and complication rates were
determined from the average reported rates in the literature. Only complications that might
be treated with re-operation or re-admission to the hospital were included in the model
because it was assumed minor complications that are temporary and resolve spontaneously
do not incur much cost or affect health utilities. The complications included in the model
are: carpal tunnel release, ulnar nerve release, arthritis leading to wrist fusion, tendon
adhesion or rupture, early reduction loss requiring VLP conversion, symptomatic malunion
requiring revision, post-operative admission, and re-admission for infection. Average
treatment-specific complication rates reported in the literature are shown in Table 1.19-42

Health States

Health utility for each DRF treatment type was derived from SF-36 surveys at different
recovery time points in the WRIST trial. SF-36 surveys were administered to trial
participants at enrollment before surgery and 2 weeks, 6 weeks, 3 months, 6 months, and 12
months postoperatively. SF-36 scores were converted to utilities according to published
methods.*3 The utility at 12 months were assumed to remain stable for the remainder of life.
Utilities at different postoperative times were weighed according to the length of time spent
with the utility value to calculate an aggregate quality-adjusted life year (QALY). Among
the complications, only revision surgery to VLP for failure of reduction, wrist fusion from

Plast Reconstr Surg. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Yoon et al.

Costs

Page 5

arthritis, and symptomatic malunion requiring revision surgery were considered long-term
complications that may adversely affect long-term quality of life. The utility decrement for
VLP revision surgery was assumed to be equal to the difference between 12-month utility of
the original intervention (e.g. casting, CRPP, ex-fix) and the 12-month utility after VLP.
Because there are no published utility values for complications resulting from DRF
treatment, we assumed a base case utility decrement of —0.063 (O for slight limitation in
moderate activities and —0.063 for role limitation) based on the SF-36 to utility conversion
regression.#3 Prior studies have made similar assumptions in utility decrements while
studying musculoskeletal conditions.*4 Life expectancy and remaining years of life were
derived from the United States CDC life tables.*> Depending on the patient’s age at time of
injury, the remaining years of life were varied accordingly. Age at time of injury was varied
from 58 and 97, slightly larger than the age range of participants in WRIST, to better
simulate patients at extremes of ages.

The model included the following direct costs: physician fees, anesthesia fees, facility fees,
hand therapy costs, imaging costs, and additional costs incurred by complications. Indirect
costs included the patient’s wages lost from recovery. Costs were determined using
Medicare reimbursement rates from the Healthcare Cost and Utilization Project.® Physician
and facility fees were derived from 2019 National Physician Fee Schedule using CPT codes.
CPT code 25606 for CRPP, 20690 for ex-fix, and 25607 were used for VLP. For
symptomatic malunions requiring revision surgery with VLP, an aggregate of CPT code
25400 (osteotomy), 25607 (VLP), and 20902 (bone graft) were used. Anesthesia costs for
the initial procedure and surgical complications were calculated using 2019 Medicare
reimbursement and anesthesia conversion factors. Hand therapy costs were estimated by
Michigan Medicine hand therapists using the CPT codes listed in Table 1.

Patient’s wages lost from recovery time after the procedures were accounted for as indirect
costs for sensitivity analysis. The base case scenario in our study was a 71-year-old retired
patient; therefore, wages were not considered in the reference case. Lengths of time off work
for recovery after each procedure were derived from the WRIST study. (Table 1) The base
case scenario estimated 11.9 days, 28.4 days, 11.7 days, and 6.9 days off work for VLP, ex-
fix, CRPP, and casting respectively. We assumed that there is equal prevalence of distal
radius fractures regardless of employment type; therefore, the 2018 national mean salary
from the Bureau of Labor and Statistics were used as the base case salary.*” Even though
many patients will return to one-handed duty for 6 weeks after DRF surgery, we did not
discount the salary because it was assumed that all patients will return to full-duty after
recovery until retirement in all treatments. Both cost and health outcomes were discounted
by 3%. The Second Panel on Cost-Effectiveness Analysis recommends performing cost-
effectiveness studies from both a societal and healthcare sector perspective.1® But because
the base case scenario was a 71-year-old patient who is past the average U.S. retirement age,
the two perspectives yielded the same result.

Plast Reconstr Surg. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Yoon et al.

Page 6

Statistical Analysis

RESULTS

The primary outcome of this study was the incremental cost-effectiveness ratio (ICER)
between the four DRF treatments. ICER represents the economic value of an intervention
compared to an alternative and is calculated from dividing the difference in total expended
cost between two interventions by the difference in total health benefit gained between two
interventions. The primary analysis was first conducted using the base case model
parameters denoted in Table 1. We then performed sensitivity analyses by varying key model
parameters to determine the factors that are most influential. All direct costs were varied by
15% from the Medicare amount. Utilities were varied between the low and high bounds of
the 95% confidence interval of those in the WRIST study. Remaining model parameters
including age at time of injury, life expectancy, complication rates, wages, time off work,
retirement age, and discount rate were varied as listed in Table 1. One-way and two-way
sensitivity analyses were conducted with the variables that most affected the ICER. A
probabilistic sensitivity analysis using Monte Carlo Simulation was conducted to quantify
the level of uncertainty in the results from overall uncertainty from the model inputs.#8 This
method randomly samples all variables in the model from their respective distribution many
times to demonstrate how robust the conclusions of the cost-effectiveness analysis are to the
combined uncertainty in all parameters. 95% credible intervals were calculated for cost and
QALY outcomes using the Monte Carlo simulation results. Uncertainty in cost-effectiveness
is described in terms of cost-effectiveness acceptability curves. We used a willingness-to-pay
threshold of $100,000/QALY as a definition of cost-effectiveness.49-50 Statistical package R
version 3.6.0 (R Foundation for Statistical Computing) and Excel Office 365 (Microsoft
Inc.) were used for modelling and analysis.

A total of 296 patients in the WRIST trial were included for analysis. There were 75, 60, 51,
and 110 as treated patients who underwent VLP, ex-fix, CRPP, and casting respectively.
Most demographic characteristics including race, number of comorbidities (diabetes,
hypertension, congestive heart failure, chronic obstructive pulmonary disease, osteoarthritis),
smoking status, education level, income level, dominant hand injuries, and proportion of
retirees were not different among the four treatment groups. (see Table, Supplemental
Digital Content 1, which illustrates descriptive statistics of demographic variables of
patients, INSERT HYPER LINK) On average, patients who were casted were older (age in
years [SD], 75.7 [9.6]) than those who underwent surgery. (age in years [SD], VLP 67.4
[6.4]; ex-fix 69.7 [8.1]; CRPP 68.2 [6.6]; p<0.001) Also, casted patients had a shorter time
off work (days [SD], 6.9 [3.1]) than VLP (days [SD], 11.9 [4.7]), ex-fix (days [SD], 28.4
[10.7]), CRPP (days [SD], 11.7 [4.3]). (see Table, Supplemental Digital Content 1, p=0.04,
INSERT HYPER LINK)

The 12-month utility scores were highest for CRPP patients, but the scores were not
significantly different among the four treatment groups (utility [95%CI], VLP 0.70
[0.66,0.74], ex-fix 0.69 [0.65,0.73], CRPP 0.72 [0.67,0.77], cast 0.71 [0.68,0.74]).
Corresponding lifetime quality-adjusted life years (QALY) were highest in the CRPP group
(absolute number [95%Cl], 9.17 [2.66-12.98]) and lowest in the ex-fix group (absolute
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number [95%Cl], 8.80 [2.55-12.48]), but they were not significantly different. (Table 2)
VLP and ex-fix were dominated by CRPP and casting, because VLP and ex-fix were both
more expensive and yielded fewer QALY than CRPP or casting. CRPP was cost-effective
compared to casting with an ICER of $28,717.

Sensitivity Analysis

Because CRPP and casting were found to be dominant over the other two interventions for
most extremes of model parameters (see Table, Supplemental Digital Content 2, which
demonstrates one-way sensitivity analyses varying all model parameters, INSERT HYPER
LINK), we focused our sensitivity analysis to those interventions. We conducted one-way
sensitivity analyses on all model parameters to assess the uncertainties in the cost-
effectiveness estimates. (see Table, Supplemental Digital Content 2, INSERT HYPER
LINK) 12-month utility after casting, 12-month utility after CRPP, and age at time of injury
were the most significant model parameters that influenced the cost-effectiveness of these
two therapies based on one-way sensitivity analyses. (Figure 1) Because CRPP is more
expensive than casting, when the CRPP 12-month utility is less than 0.71 or casting 12-
month utility is greater than 0.71, CRPP is no longer cost-effective compared to casting. If
the age at time of injury is under 83, the ICER of CRPP compared to casting stayed under
the willingness-to-pay threshold of $100,000/QALY. However, when patients were older
than 83, the ICER rose above $100,000/QALY.

Two-way sensitivity analysis varying age at time of injury and the difference in utility
between CRPP and casting were conducted. (Figure 2) When the utility after CRPP is
greater than 0.04 compared to casting, CRPP is cost-effective compared to casting at all
ages. If the patient is below the age of 83, even a 0.01 utility gain of CRPP over casting
makes CRPP a cost-effective intervention. (Figure 3) Probabilistic sensitivity analysis
revealed at a willingness-to-pay threshold of $100,000/QALY, there is a 10%, 5%, 53%, and
32% chance of VLP, ex-fix, CRPP, and casting being cost-effective respectively.

DISCUSSION

This study suggests that treatment type does not significantly affect utilities after extra-
articular distal radius fracture management in the elderly. Because of that, the more
expensive treatments such as VLP and ex-fix were dominated by less expensive modalities
such as CRPP and casting. The robustness of this finding was confirmed with one-way
sensitivity analyses of all model parameters. CRPP was the only surgical intervention that
was cost-effective when compared to casting. Sensitivity analyses between CRPP and
casting revealed that CRPP continued to be a cost-effective modality for older patients until
the age of 83. CRPP had a higher chance of being cost-effective than casting in a given
patient, but these results were sensitive to the variability in post-surgical utility scores. Our
findings highlight that CRPP and casting are both cost-effective treatment for the elderly
patient with closed extra-articular DRF.

Our study findings agree with previous cost-effectiveness studies performed in Europe based
on randomized clinical trials10-12 that CRPP was a more cost-effective intervention for DRF
treatment in adults. However, possibly because our study population was in elderly adults,
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our findings differed with these analyses in that CRPP not only was cheaper, but also
resulted in more QALY gains long-term making it a cost-saving intervention compared to
VLP. Our findings partly agreed with the study by Rajan et al. who found that from a
healthcare perspective CRPP dominated VLP and ex-fix. But their societal perspective
analysis found that VVLP was more cost-effective than CRPP.18 This is likely because the
model started with a 50-year-old working adult, while most of our participants were retired
elderly. This study did not include non-operative casting as a treatment arm.

DRF treatment is reported to be inconsistent according to surgeon preference, experience,
and practice setting.>! This may be attributable to the lack of clear treatment guidelines for
distal radius fractures. For instance, 21 of 29 recommendations from the American Academy
of Orthopaedic Surgeons (AAOS) guideline for distal radius fracture treatment are based on
inconclusive or limited evidence.52 The guideline specifies that it is unable to recommend
for or against operative treatment for patients over the age of 55. Lack of evidence-guided
treatment protocol can perpetuate clinical inconsistencies that negatively burden quality of
care and healthcare expenditure.1415 Given the prevalence of distal radius fractures and lack
of consensus guidelines, more high-quality studies must be performed to elucidate the
optimal treatment for distal radius fracture in different patient populations.

There are reports of VLP resulting in earlier functional recovery in adults compared to other
DRF treatments.>7:13 The WRIST trial only included elderly patients with nearly two-thirds
of the study population already retired. In the younger or middle-aged patients who are more
active and are part of the workforce that incur substantial monetary loss from being off work
may have different utilities and indirect costs after VLP compared to other treatments that
may change cost-effectiveness; therefore, it is important to emphasize that our study findings
pertain only to the elderly population. In addition, our study conclusions only apply to extra-
articular distal radius fractures based on the WRIST trial inclusion criteria. For comminuted
intra-articular fractures that cannot hold reduction with CRPP, VLP may have better
outcomes3”, and thus be cost-effective. Furthermore, intra-articular fractures managed
conservatively are reported to have appreciable rates of symptomatic malunion that require
revision surgery®3:>4 which may increase the cost-effectiveness of VLP compared to
conservative treatment or CRPP in those fracture patterns. Evidence for true symptomatic
malunion rate in extra-articular distal radius fracture requiring revision surgery after both
non-operative and operative managements were scarce in the literature.*2

A potential limitation of this study is that it is not known whether SF-36 accurately captures
all specific aspects of postoperative quality of life. But traditional methods of eliciting
utilities such as the time trade-off survey and standard gamble tend to yield overinflated
utilities in non-life-threatening injuries.® Previous studies have demonstrated that global
health outcome measures such as the SF-36 or Euroqol-5D (EQ-5D) accurately reflect the
decreased quality of life from upper extremity afflictions and subsequently normalize to
general population norms with recovery.%6:57 Other more specific patient-reported upper
extremity measures have not been validated to be converted to utilities. Future research
should investigate in new methodologies that elicit general health utilities from upper
extremity patient-reported outcomes. Another potential limitation is that the casting group
was on average older than the operative group, but all four intervention groups did not differ
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in other baseline characteristics including medical comorbidities. There are other
demographic characteristics not assessed in this study, such as psychosocial differences, that
may have influenced SF-36 scores and potentially have introduced a selection bias.
However, we calculated the baseline SF-36 mental component summary (MCS) of the
surgical and non-surgical cohorts and found that they were not significantly different
(average[SD], 49.7 [13.7] vs. 49.4 [13.8] respectively, p=0.88). Although there are no clear
guidelines for distal radius fracture surgical indications®2, the trial mitigated this by only
including patients meeting a pre-defined standard radiographic criteria. The degree of
missingness of 12-month SF-36 scores may be another source of selection bias. We excluded
non-operative minor complications because we assumed they did not incur much cost and
did not affect long-term quality of life. As in all cohort-based models, the results of this
study may not be applicable to patients whose characteristics are outside of the ranges in the
sensitivity analysis.

To our knowledge, this is the only U.S. cost-effectiveness study of DRF treatments based on
a real-world sample of multi-center randomized clinical trial. In addition, this analysis
investigates both operative and non-operative treatments in the elderly to better represent all
treatment options available; given the current DRF treatment guidelines do not favor surgical
or non-surgical interventions for patients over the age of 55.52 Lastly, the diverse regional
and practice settings of participating WRIST institutions increase the generalizability of this
study that may be applicable to future treatment guidelines.

CONCLUSIONS

Closed-reduction percutaneous pinning and casting are the most cost-effective interventions
for closed extra-articular distal radius fractures in the elderly. When the reduction is stable
after closed reduction and casting, it should be considered as a treatment option based on
cost-effectiveness. When the reduction is not stable without surgical intervention based on
fracture pattern, closed-reduction percutaneous pinning should be considered first as a
potential treatment. Open reduction internal fixation should be reserved for complex fracture
patterns not amenable to closed reduction percutaneous pinning in the elderly.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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One-Way Sensitivity Analysis Tornado Diagram of CRPP vs. Casting
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Figure 1:
Tornado diagram illustrating one-way sensitivity analyses of ICER between closed reduction

percutaneous pinning (CRPP) and casting. The 12-month utilities and age at time of injury
were the most important factors that affect cost-effectiveness.
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Two-Way Sensitivity Analysis between Age at Time of Injury and A
Utility of CRPP vs. Casting
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Figure2:
Two-way sensitivity analysis between age at time of injury and difference in utility between

closed reduction percutaneous pinning (CRPP) and casting. If the patient is below the age of
83, even a 0.01 utility gain of CRPP over casting makes CRPP a cost-effective intervention.
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P
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igure 3:

Probabilistic sensitivity analysis with 10,000 iterations by treatment type. At a willingness-
to-pay threshold of $100,000/QALLY, there is a 10%, 5%, 53%, and 32% chance of volar

locking plate (VLP), external fixation (ex-fix), closed reduction percutaneous pinning

(CRPP), and casting being cost-effective respectively.
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