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Abstract

Introduction

One out of every 5 elderly patients will suffer a distal radius fracture and these injuries are

often related to poor bone health. Several surgical subspecialties have demonstrated that

pre-injury activity level can impact patient outcomes. To determine the importance of physi-

cal activity, we examined the relationship between pre-injury activity and patient-reported

and functional outcomes among fracture patients.

Methods

This is a retrospective analysis of prospectively collected data from participants enrolled in

the Wrist and Radius Injury Surgical Trial (WRIST) from April 10, 2012 to December 31,

2016. This study included 304 adults, 60 years or older with isolated unstable distal radius

fractures; 187 were randomized to one of three surgical treatments and 117 opted for cast-

ing. Participants opting for surgery were randomized to receive volar locking plate, percuta-

neous pinning, or external fixation. Participants who chose not to have surgery were treated

with casting. All participants were stratified prior to analysis into highly and less-active

groups based on pre-injury Rapid Assessment of Physical Activity Scores.

Results

280 patients had 12-month assessments of outcomes. Highly active participants scored 8

and 5 points greater on the Michigan Hand Questionnaire at 6 weeks and 3 months respec-

tively, p<0.05. Highly active participants demonstrated greater grip strength at the 3-month

(p = 0.017) and 6-month (p = 0.007) time-points. Highly active participants treated with volar
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locking plate scored 10+ points greater on the Michigan Hand Questionnaire compared to

the less-active group at the 6-week (p = 0.032), 3-month (p = 0.009) and 12-month (0.004)

time points, with an effect size larger than 0.50, suggesting pre-injury level of activity had a

significant clinical impact.

Conclusions

Higher levels of pre-injury activity are predictive of patient-reported and functional outcomes

following distal radius fracture. Because of the greater PROs, the early mobility and lower

risk of hardware infection reported in the literature, volar plating is preferable to other treat-

ments for highly active patients who request and meet indications for surgery.

Trial registration

clinicaltrials.gov identifier: NCT01589692.

Introduction

Distal radius fractures (DRF) are among the most commonly encountered fractures and affect

approximately 18% of older adults. [1–7] Elderly women are at greatest risk of fragility frac-

tures with the decrease in estrogen levels and higher rate of osteoporosis. [7–9] Treatment

after DRF includes consideration of a patient’s lifestyle, co-morbidities, fracture stability, sur-

geon training and procedural expertise, and hospital setting and resources. [10] Much of the

DRF literature focuses on fracture pattern, age and invasiveness of surgery to determine who

should receive which treatment. Casting is reserved for low-demand, less-active patients or

those patients who do not wish to undergo surgery. Surgical reduction and fixation, typically

with a volar locking plate system (VLPS) is utilized in high-demand, active patients. [1,3–5]

Wrist fractures in older individuals with osteoporosis have multiple deleterious effects

including increased mortality, reduced mobility, decline in physical function, and higher

healthcare costs. [9–12] Aerobic and weight-bearing exercise are the most widely accepted,

cost-effective means of improving bone health in older patients and are essential to fracture

prevention and recovery. [8,13–14] Because sustained physical activity increases bone mineral

density and attenuates bone loss, the National Osteoporosis Foundation recommends that

women participate in weight-bearing exercise to prevent osteoporosis and fragility fractures.

[8–11] Several studies have demonstrated a direct relationship between pre-injury level of

physical activity and improved postoperative outcomes in cardiac, breast, hernia, gastrointesti-

nal and orthopedic surgery. [15–22] Medicare recognizes the importance of exercise in pre-

venting and treating several chronic conditions including diabetes and peripheral vascular

disease. [23–24] Furthermore, Medicare Part C offers specific exercise benefits including “Sil-

verSneakers” and “Silver and Fit” which partners with thousands of fitness centers across the

country to offer supervised exercise, strength and training programs for older individuals. [25]

Related to advances in medicine and the success of programs like SilverSneakers, surgeons

are encountering older patients who are increasingly active and independent. For indicated

fracture types, this growing group of active patients may wish to undergo surgical treatment

despite their age because this could minimize the period of immobilization and lead to earlier

return to activity. This study examines patient-reported and functional outcomes in highly

and less-active older participants following DRF. We assessed the relationship between pre-
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injury level of physical activity and post-DRF treatment outcomes after casting, VLPS, closed

reduction and percutaneous pinning (CRPP), and external fixator placement. We hypothe-

sized that highly active participants will have better patient-reported and functional outcomes.

Methods

Study cohort

We performed a retrospective analysis of prospectively collected data from the Wrist and

Radius Injury Surgical Trial (WRIST). Participants were DRF patients enrolled at 24 sites in

the US, Canada, and Singapore. Inclusion criteria included age 60 years or older with an unsta-

ble fracture where surgery was the recommended treatment (dorsal angulation >10˚, radial

inclination <15˚, or radial shortening >3mm). Surgical participants were randomized to

receive internal fixation with VLPS, closed reduction and external fixation, or CRPP. Partici-

pants who did not want surgery were treated with casting and followed as an observation

group. Exclusion criteria included nursing home residents or residents of other institutional

settings, dementia, open or bilateral fractures, previous DRF to same wrist, and comorbid con-

ditions prohibiting surgery.

Because previous studies in the literature have demonstrated similar functional outcomes

following surgical and non-surgical treatment of DRF, we stratified participants based on the

Rapid Assessment of Physical Activity (RAPA) at the time of enrollment. RAPA is a 9-item

questionnaire developed for use among patients > 50 years old, based on recommendations

from the Centers for Disease Control and Prevention regarding the appropriate amount of

exercise necessary to decrease falls in this group. Responses are scored and patients are catego-

rized as 1 = sedentary, 2 = underactive and 3 = active. Using this validated questionnaire, we

derived two groups for our study: patients who scored 1 or 2 were categorized as “less-active”

and those that scored 3 were categorized as “highly active.” [13,26]

Participant assessments took place at 2 weeks, 6 weeks, 3, 6, and 12 months following final

fracture reduction or surgery. Patient-reported outcomes included the Short-Form 36 (SF-36)

and MHQ summary scores. SF-36 and MHQ were chosen as they are validated assessments of

overall health and hand-specific disability respectively. [2,27,28] Functional outcomes

included assessment of grip strength, wrist and forearm arc of motion at 6 weeks, 3, 6, and 12

months among the two groups. MHQ assessments were performed at the 6-week, 3-, 6- and

12-month time-points, whereas SF-36 was performed at the time of enrollment, 3-, 6-, and

12-months. The WRIST protocol was approved by institutional review boards at all sites. Writ-

ten informed consent was obtained from all WRIST participants. A Data Safety and Monitor-

ing Board appointed by the National Institute of Arthritis and Musculoskeletal and Skin

Diseases oversaw the study.

Statistical methods

The primary outcome was the MHQ summary score between highly- and less-active partici-

pants. Secondary outcomes included SF-36 score, grip strength, wrist and forearm arc of

motion. To determine the appropriateness of comparing casted and surgical patients, we per-

formed a statistical analysis of the demographic characteristics of the respective groups.

Descriptive statistics were computed for the entire study cohort and for each activity level

group separately, including mean and standard deviation for continuous variables, and fre-

quency and percentage for categorical variables. Unadjusted between-group comparisons

were conducted using two-sample t-tests or Fisher’s exact tests to evaluate the group mean dif-

ference of each demographic variable. Mean outcome scores over time stratified by treatment
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were plotted for highly and less-active participants to visually examine recovery trends in each

treatment group and physical activity combination.

Two sample t-tests and multivariate linear models adjusting for demographic variables

were performed to provide adjusted comparisons between activity groups on the outcomes of

interest at each time-point. To confirm the difference at each time-point was clinically signifi-

cant, we calculated an effect size that was derived using the estimated adjusted mean difference

of each patient-reported or functional outcome measure between highly and less-active partic-

ipants and standard deviation of the outcome measure among the entire group. [27] Effect

sizes are classified as small (0.20), medium (0.50), large (0.80) and very large (1.20). [29–31]

Because each participant had longitudinal data collected, we examined the association between

activity level and MHQ summary score, grip strength, wrist and forearm arc of motion among

participants who underwent casting, VLPS, CRPP, and external fixation treatments separately

using Generalized Estimating Equations (GEE) with unstructured correlation structure to

account for correlated repeated outcomes that are not normally distributed. GEE down-weighs

redundant information among highly correlated outcomes from one individual so that they

have a cluster effect toward the association between activity level and health outcomes. Time is

coded as a categorical variable with reference cell coding (reference group: 6 weeks). The GEE

model for each health outcome is specified as:

EðOutcomeijÞ ¼ b0 þ b1Iðpatient i is highly activeÞ þ b2ðIpatient i is highly activeÞ � Iðtimeij ¼

3 monthsÞ þ b3Iðpatient i is highly activeÞ � Iðtimeij ¼

6 monthsÞ þ b4Iðpatient is highly activeÞ � Iðtimeij ¼ 12 monthsÞ þ demographicsi;

where i indicates the patient and j indicates time points including 6 weeks, 3 months, 6 months

and 12 months. We calculated the adjusted mean differences in patient health care outcomes

and corresponding effect sizes at different time points between the highly and less-active par-

ticipants based on surgical treatment. The Wald test was utilized to derive the p-values for

group differences at each time point.

Results

A total of 280 participants had at least one observation for outcomes of interest during the

12-month study period. Two participants had missing RAPA scores and were excluded from

the analysis. Comparison between the randomized surgical groups and non-randomized cast-

ing group revealed age (68 vs. 76 years, p<0.001) and race (p = 0.008) as the only significant

demographic differences. (Table 1). There were no significant differences in sex, level of educa-

tion, co-morbidities, smoking, employment status, or income (Table 1). Because there were

minor demographic differences between the casted and non-casted group, we felt it was appro-

priate to compare all participants based on pre-injury activity level.

After stratification of patients based on RAPA score, 110 participants were classified as highly

active and 170 were classified as less active (Table 2). A greater proportion of participants in the

less-active group (42%) received casting compared with the highly active group (26%), p<0.05

(Table 2). On average, highly active participants were younger than less active participants, (68 vs.

73 years, p<0.001). 67% of highly active participants had some college or professional education

(p = 0.03) and 40% of them earned $60,000 or more (p<0.01). Less active participants had a

higher rate of hypertension (p = 0.03) and chronic obstructive pulmonary disease (p = 0.03). Both

activity level groups were similar in terms of race, diabetes, smoking and employment status.

Highly active participants demonstrated (p<0.05) greater MHQ summary scores at all

time-points. This trend remained significant at the 6-week and 3-month time points with
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Table 1. Comparison of demographic characteristics among the surgical group (VLPS, ExFix, Pinning) and the casting group.

Surgical Group (n = 180) Casting Group (n = 100) P-value

Average Age at Enrollment (mean (SD) 68.48 (7.29) 75.68 (9.81) <0.001

Sex Count (%)

Male (1) 22 (12.2) 14 (14.0)

Female (2) 158 (87.8) 86 (86.0) 0.811

Race count (%) 0.008

American Indian/Alaskan Native 1 (0.6) 0 (0.0)

Asian 6 (3.3) 15 (15.0)

Pacific Islander/ Hawaii Native 0 (0.0) 1 (1.0)

Black 11 (6.1) 5 (5.0)

White 159 (88.3) 77 (77.0)

2+ or other 1 (0.6) 2 (2.0)

Missing (NA) 2 (1.1) 0 (0.0)

Highest Level of Education count (%) 0.228

<HS graduate 19 (10.6) 19 (19.0)

HS diploma/GED 39 (21.7) 24 (24.0)

Vocational/Technical School 13 (7.2) 2 (2.0)

Some college/Associate 44 (24.4) 25 (25.0)

College Graduate 27 (15.0) 13 (13.0)

Professional 33 (18.3) 16 (16.0)

Missing (NA) 5 (2.8) 1 (1.0)

Comorbidities count (%)

Hypertension 0.171

No 89 (49.4) 39 (39.0)

Yes 90 (50.0) 61 (61.0)

Missing (NA) 1 (0.6) 0 (0.0)

Diabetes 0.749

No 155 (86.1) 86 (86.0)

Yes 24 (13.3) 14 (14.0)

Missing (NA) 1 (0.6) 0 (0.0)

COPD 0.647

No 163 (90.6) 89 (89.0)

Yes 16 (8.9) 11 (11.0)

Missing (NA) 1 (0.6) 0 (0.0)

Smoking count (%) 0.546

Never 95 (52.8) 52 (52.0)

Current smoker 18 (10.0) 8 (8.0)

Former smoker <10 years 9 (5.0) 2 (2.0)

Former smoker >10 years 57 (31.7) 38 (38.0)

Missing (NA) 1 (0.6) 0 (0.0)

Employment Status count (%) 0.270

Full-time 36 (20.0) 9 (9.0)

Part-time 22 (12.2) 12 (12.0)

Retired 109 (60.6) 72 (72.0)

Disability 5 (2.8) 2 (2.0)

Full-time student 0 (0.0) 0 (0.0)

Part-time student 0 (0.0) 0 (0.0)

Unemployed 6 (3.3) 4 (4.0)

(Continued)
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highly active patients scoring on average 8 (p<0.01) and 5 (p<0.05) points greater at the

respective time points, after controlling for demographic variables including surgery treatment

type, age at enrollment, sex, race, highest level of education, co-morbidities, smoking, employ-

ment status, and income (Table 3). The effect size of differences between the two groups was

0.40 and 0.30 at the 6-week and 3-month time-points suggesting these differences represents a

small effect.

Highly active patients reported greater mean SF-36 physical scores at all examined time-

points, p<0.01. After controlling for all other demographic variables, highly active participants

on average scored 4, 6, 7, and 7 points greater on the SF-36 physical domain compared to the

less active participants at enrollment and 3, 6, and 12 months respectively, p<0.001 (Table 3).

A similar trend was noted in effect size; at baseline, 3-,6-, and 12-month time-points where the

effect size was 0.30, 0.60, 0.50 and 0.50 at each time point respectively, suggesting these dis-

cernible differences have medium clinical significance and implications.

Highly active participants demonstrated significantly greater grip strength at the 3-month

(p = 0.017) and 6-month (p = 0.007) time points when compared to less-active participants.

The effect size of these differences was 0.30 and 0.40 at 3 months and 6 months respectively,

demonstrating that the observed differences are of small clinical magnitude. Examination of

wrist and forearm arc of motion revealed no significant functional outcome difference

between the two activity groups.

The overall trend in recovery stratified by treatment group demonstrates that the rate of

recovery is similar for both less and highly active groups; there were no significant differences

in the recovery trend among VLPS highly and less active patients in wrist and forearm arc of

rotation, or grip strength. (Fig 1). Whereas the absolute mean of the MHQ summary scores for

highly active participants were greater at all time-points, the rate of MHQ score increase over

time was similar among the highly and less active groups that underwent CRPP. Although the

change is similar, greater patient-reported outcomes earlier in the recovery process among

highly active patients over age 60, especially those who undergo VLPS is an important consid-

eration during consultation with these patients to help them make a decision for or against

surgery.

Table 4 compares patient-reported and functional outcomes between the highly and less-

active participants in each treatment group over time. Highly active participants who under-

went VLPS demonstrated a 10 to 14-point improvement on the MHQ questionnaire over less-

active patients with medium effect size at 6 weeks (p = 0.032) and 3 (p = 0.009), and 12 months

(p = 0.004) respectively. Highly active participants in the CRPP group scored 24, 13, 9, and 12

points greater on the MHQ assessment at 6 weeks and 3, 6, and 12 months respectively,

p<0.001 (Table 4). With the exception of the 6-month time point, the effect size of these differ-

ences in MHQ scores between the groups were medium to large. Additionally, highly active

participants who underwent CRPP demonstrated a 9 to 11 points greater SF-36 physical ques-

tionnaire score at all time points (p< 0.01) with large effect size (Table 4). Among participants

Table 1. (Continued)

Surgical Group (n = 180) Casting Group (n = 100) P-value

Missing (NA) 2 (1.1) 1 (1.0)

Income count (%) 0.114

<$10K 9 (5.0) 9 (9.0)

$10K-$59999 94 (52.2) 61 (61.0)

>$60K 58 (32.2) 20 (20.0)

Missing (NA) 19 (10.6) 10 (10.0)

https://doi.org/10.1371/journal.pone.0232684.t001
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Table 2. Demographic characteristics of highly and less-active patients.

Overall (n = 280) Less Active (n = 170, 61%) Highly Active (n = 110, 39%) P-value

Treatment count (% of all patients in group) 0.072

VLPS 63 (22.5) 34 (20.0) 29 (26.4) 0.272

Ex-Fix 62 (22.1) 35 (20.6) 27 (24.5) 0.528

Pinning 55 (19.6) 30 (17.6) 25 (22.7) 0.373

Casting 100 (35.7) 71 (41.8) 29 (26.4) 0.012

Average Age at Enrollment mean (SD) 71.05 (8.95) 72.9 (9.08) 68.2 (8.01) <0.001

Sex count (%) 0.220

Male (1) 36 (12.9) 18 (10.6) 18 (16.4)

Female (2) 244 (87.1) 152 (89.4) 92 (83.6)

Race count (%) 0.138

American Indian/Alaskan Native 1 (0.4) 0 (0.0) 1 (0.9)

Asian 21 (7.5) 17 (10.0) 4 (3.6)

Pacific Islander/ Hawaii Native 1 (0.4) 1 (0.6) 0 (0.0)

Black 16 (5.7) 9 (5.3) 7 (6.4)

White 236 (84.3) 138 (81.2) 98 (89.1)

2+ or other 3 (1.1) 3 (1.8) 0 (0.0)

Missing (NA) 2 (0.7) 2 (1.2) 0 (0.0)

Highest Level of Education count (%) 0.027

<HS graduate 38 (13.6) 30 (17.6) 8 (7.3)

HS diploma/GED 63 (22.5) 43 (25.3) 20 (18.2)

Vocational/Technical School 15 (5.4) 9 (5.3) 6 (5.5)

Some college/Associate 69 (24.6) 39 (22.9) 30 (27.3)

College Graduate 40 (14.3) 23 (13.5) 17 (15.5)

Professional 49 (17.5) 22 (12.9) 27 (24.5)

Missing (NA) 6 (2.1) 4 (2.4) 2 (1.8)

Comorbidities count (%)

Hypertension 0.026

No 128 (45.7) 68 (40.0) 60 (54.5)

Yes 151 (53.9) 101 (59.4) 50 (45.5)

Missing (NA) 1 (0.4) 1 (0.6) 0 (0.0)

Diabetes 0.214

No 241 (86.1) 142 (83.5) 99 (90.0)

Yes 38 (13.6) 27 (15.9) 11 (10.0)

Missing (NA) 1 (0.4) 1 (0.6) 0 (0.0)

COPD 0.033

No 252 (90.0) 147 (86.5) 105 (95.5)

Yes 27 (9.6) 22 (12.9) 5 (4.5)

Missing (NA) 1 (0.4) 1 (0.6) 0 (0.0)

Smoking count (%) 0.701

Never 147 (52.5) 85 (50.0) 62 (56.4)

Current smoker 26 (9.3) 18 (10.6) 8 (7.3)

Former smoker <10 years 11 (3.9) 7 (4.1) 4 (3.6)

Former smoker >10 years 95 (33.9) 59 (34.7) 36 (32.7)

Missing (NA) 1 (0.4) 1 (0.6) 0 (0.0)

Employment Status count (%) 0.094

Full-time 45 (16.1) 20 (11.8) 25 (22.7)

Part-time 34 (12.1) 20 (11.8) 14 (12.7)

(Continued)
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treated with casting there were no significant differences in MHQ scores between the groups;

however, highly active participants demonstrated a greater grip strength at all time points with

small to medium effect sizes (Table 4).

Discussion

By 2030, the US Census projects that persons over 65 years of age will outnumber children for

the first time in US history. [32] DRFs are the second most common fracture in the elderly and

an estimated 18% of the growing older population stand to suffer this fracture. [9,12] Exercise

increases bone mineral density and functional adaptation in response to loading. [8] Wrist

fractures are often the gateway to subsequent fragility fractures including hip and vertebral

fractures and much attention has been given to the prevention and treatment of these frac-

tures. [12] Most of the previous DRF literature examines the impact of age, treatment, and

therapy on outcomes. [1–7, 27] Ikpeze et al, reported that women who suffered a DRF experi-

enced a 50% functional decline compared to uninjured women. [9] Hakestad et al, compared

postmenopausal women with low bone mineral density who suffered DRFs to uninjured

healthy age-matched controls and found DRF patients with low bone mineral density had

poor quality of life, decreased dynamic balance and physical capacity compared to controls.

[12] Because there is an increasing number of older patients at risk of suffering a DRF, it is

prudent that we devote attention to prevention and treatment strategies to facilitate quick and

safe return to baseline function and high quality of life.

“Prehabilitation” or “training for surgery” has been widely adopted in other surgical sub-

specialties. [15–20] Within the DRF literature, little is known about how level of pre-injury

activity influences functional outcomes. [1,4–5,9,20,33,27] In addition to age, co-morbidities,

occupation, and fracture pattern/geometry, activity level is an important consideration in the

DRF treatment algorithm. The current study demonstrates that increased pre-injury activity

level has a positive impact on patient-reported and functional outcomes. Highly active partici-

pants had greater grip strength at all times points with a medium effect size. Additionally,

highly active patients in the VLPS treatment group had greater MHQ summary scores at the

6-week time-point; among CRPP participants, greater MHQ scores were demonstrated at all

time-points with a corresponding high effect size. Among VLPS patients, there were no signifi-

cant functional outcomes between highly and less active patients. Active CRPP participants

had significantly greater MHQ summary scores at the 6-week time point. Although highly

active participants treated with CRPP had greater patient-reported and functional outcomes,

Table 2. (Continued)

Overall (n = 280) Less Active (n = 170, 61%) Highly Active (n = 110, 39%) P-value

Retired 181 (64.6) 120 (70.6) 61 (55.5)

Disability 7 (2.5) 4 (2.4) 3 (2.7)

Full-time student 0 (0.0) 0 (0.0) 0 (0.0)

Part-time student 0 (0.0) 0 (0.0) 0 (0.0)

Unemployed 10 (3.6) 5 (2.9) 5 (4.5)

Missing (NA) 3 (1.1) 1 (0.6) 2 (1.8)

Income 0.001

<$10K 18 (6.4) 14 (8.2) 4 (3.6)

$10K-$59999 155 (55.4) 103 (60.6) 52 (47.3)

>$60K 78 (27.9) 34 (20.0) 44 (40.0)

Missing (NA) 29 (10.4) 19 (11.2) 10 (9.1)

https://doi.org/10.1371/journal.pone.0232684.t002
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the pin care requirements, infection, and pin migration in the literature may outweigh these

benefits. [27] Because of the aforementioned factors, the majority of operative distal radius

fractures are treated with volar plating. However, at their last meeting, the American Academy

of Orthopedic Surgery was unable to recommend for or against one method of fixation above

another. [34] Thus, surgeons and patients must weigh the importance of early active range of

motion, need for pin care, risk of hardware infection, as well as patient-reported outcomes in

their ultimate decision for fixation of distal radius fractures.

There are some limitations to the current study. RAPA was determined by a self-reported

questionnaire and may suffer from patient recall bias; however, the validity of patient-reported

physical activity has been well-established and used routinely in research. [13–26,27] Bone

Table 3. Patient-reported and functional outcome comparisons between highly and less-active participants.

Health Outcomes Highly Active (n = 112,38.1%)

Mean (SD)

Less Active (n = 182,61.9%)

Mean (SD)

Adjusted Difference

(P-value)

Adjusted Difference

Effect Size

Adjusted Change from 6

Week (P-value)

MHQ summary

score

6 weeks 51 (20.68) 42 (18.30) 7.80 (0.003) 0.40

3 months 71 (19.29) 65 (19.66) 5.20 (0.051) 0.26 -2.19 (0.379)

6 months 79 (19.58) 75 (18.68) 1.19 (0.650) 0.06 -7.94 (0.005)

12 months 86 (16.40) 80 (18.13) 2.75 (0.324) 0.16 -5.81 (0.082)

SF-36 Physical

Baseline 37 (9.92) 33 (10.13) 2.93 (0.019) 0.28

3 months 48 (8.36) 42 (9.69) 5.50 (<0.001) 0.57 2.86 (0.047)

6 months 50 (8.81) 43 (11.07) 5.68 (<0.001) 0.52 2.79 (0.079)

12 months 50 (9.57) 43 (11.38) 5.31 (<0.001) 0.47 3.48 (0.032)

SF-36 Mental

Baseline 51 (13.15) 49 (14.09) 1.05 (0.561) 0.08

3 months 55 (9.25) 54 (11.01) 0.05 (0.975) 0.01 -1.16 (0.524)

6 months 54 (9.21) 55 (9.45) -1.37 (0.328) -0.15 -3.29 (0.100)

12 months 55 (8.40) 54 (10.43) 0.52 (0.733) 0.05 -0.50 (0.814)

Wrist Arc of Motion

(degrees)

6 weeks 56 (27.89) 60 (29.36) -5.26 (0.241) -0.18

3 months 90 (24.31) 88 (27.11) 0.20 (0.959) 0.01 2.68 (0.594)

6 months 108 (22.82) 102 (25.47) 4.23 (0.284) 0.17 2.51 (0.674)

12 months 115 (20.41) 106 (26.53) 6.35 (0.111) 0.26 9.74 (0.148)

Forearm Arc of

Motion

6 weeks 129 (36.88) 125 (44.24) 2.73 (0.656) 0.07

3 months 152 (23.25) 152 (27.11) 0.65 (0.861) 0.03 -3.85 (0.501)

6 months 161 (18.23) 160 (25.40) 0.80 (0.830) 0.04 -3.82 (0.622)

12 months 166 (20.41) 167 (18.28) -1.81 (0.544) -0.10 10.95 (0.148)

Grip strength

6 weeks 6 (5.12) 4 (4.60) 0.79 (0.289) 0.16

3 months 11 (6.93) 8 (5.31) 2.00 (0.017) 0.32 0.74 (0.302)

6 months 16 (7.40) 11 (6.22) 2.67 (0.007) 0.38 0.54 (0.602)

12 months 18 (7.47) 15 (7.02) 1.46 (0.163) 0.20 0.08 (0.949)

Controlled demographics: treatment, age at enrollment, sex, race, highest level of education, co-morbidities (hypertension, diabetes, chronic obstructive pulmonary

disease), smoking, employment status, and income. Effect sizes: small (0.20–0.50), medium (0.51–0.80), large (> 0.80).

https://doi.org/10.1371/journal.pone.0232684.t003
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mineral density and radiographic appearance of fracture sites were not specifically measured

and would be of benefit to substantiate the mentioned benefits of weight bearing, high inten-

sity exercises on healing and bone health. A greater proportion of less-active participants

opted for casting and this is a potential confounder of the patient-reported and functional out-

come differences; however, comparison of the casted and non-casted groups revealed no sig-

nificant differences in medical co-morbidities.

Conclusions

With later retirement, increased need for independence and demands for high quality treat-

ment, surgeons must carefully determine which intervention an older DRF patient may war-

rant. Based on this study, higher levels of pre-injury activity are predictive of better patient-

reported and functional outcomes. Because there is an increased risk of falls and fractures with

more activity, supervised physical activity among the elderly is recommended. As surgeon pro-

ficiency grows with VLPS, we believe this method of fixation should be considered for DRF in

highly active patients regardless of age given the improved patient-reported outcomes. Because

casting produced comparable patient-reported outcomes among highly and less-active partici-

pants, we believe this is a suitable treatment for less active patients. We suggest surgeons

Fig 1.

https://doi.org/10.1371/journal.pone.0232684.g001
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continue to specifically incorporate activity level during pre-surgical evaluation and use activ-

ity level as a tool to guide patient treatment and predict outcomes.
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