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Abstract

Objective—To determine if high-activity older adults are adversely affected by distal radius
malunion.

Design—Cross-sectional study.
Setting—Hand clinics at a tertiary institution.

Participants—96 patients =60 years old at time of fracture evaluated at least 1 year following
distal radius fracture.

Intervention—Physical Activity Scale of the Elderly (PASE) scores stratified participants into
high- and low-activity groups. Malunions were defined radiographically by change of >20° of
lateral tilt, 215° radial inclination, =4 mm of ulnar variance, or =4 mm intra-articular gap or step-
off, compared to the uninjured wrist.

Main Outcome Measure—Patient-rated disability of the upper-extremity was measured by the
QuickDASH and Visual Analog Scales (VAS) for pain/function. Strength and motion
measurements objectively quantified wrist function.

Results—High-activity participants with a distal radius malunion were compared to high-activity
participants with well-aligned fractures. There was no significant difference in QuickDASH
scores, VAS function, strength, and wrist motion despite statistically, but not clinically relevant,
increases in VAS pain scores (difference 0.5, p=0.04) between the groups. Neither PASE score
(B=10.001, 95%CI: —0.002 to 0.004) nor malunion ($=0.133, 95%CI: —0.26 to 0.52) predicted
QuickDASH scores in regression modeling after accounting for age, sex, and treatment. Operative
management failed to improve outcomes and resulted in decreased grip strength (p=0.05) and
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more frequent complications (26% vs 7%, p=0.01) when compared to nonoperatively
management.

Conclusion—Even among highly active older adults, distal radius malunion does not impact
functional outcomes. Judicious use of operative management is warranted provided heightened
complication rates.
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Introduction

Approximately 250,000 distal radius fractures (DRF) occur annually among adults =65
years old in the United States,! making it the second most common fracture among
Medicare participants.2-3 With this incidence projected to increase as the population ages, it
is critical to determine optimal treatment for patients =60 years old.* Currently, it is unclear
if malunion negatively impacts outcomes following DRF in older adults.>6:7:8.9.10.11 prjgr
studies on this topic have categorized older adults by chronologic age without considering
patient activity level. This has prompted investigators to suggest that patient activity level
may be a better predictor of the impact of distal radius malunion.46.7

The purpose of this study was to determine if activity level in patients =65 years old affected
upper-extremity disability after distal radius malunion. Our secondary aim was to determine
if patient demographics or treatment type (operative, nonoperative) could predict patient-
rated disability. We hypothesized that, in contrast to sedentary individuals, highly active
older adults with distal radius malunions would demonstrate worse functional outcome than
those with well-aligned fractures.

Patients and Methods

This cross-sectional study was approved by our institutional review board. Billing records of
5 fellowship-trained hand surgeons were queried to identify patients treated for a DRF (ICD
9: 813.40-.42, 813.44) between January 2004 and December 2012, irrespective of treatment
method. For study inclusion patients were required to be both >60 years old at time of injury
and =65 years old at time of this study We included patients with a unilateral DRF and
minimum follow-up of one year. We attempted to contact 423 patients by telephone before
reaching our target sample size determined through an a priori sample size analysis. Each
patient was verbally screened for exclusion criteria: bilateral DRF, history of other upper-
extremity musculoskeletal surgery or injury, and history of other diagnosis or neurologic
impairment that could affect upper-extremity function or cognition. Among those contacted
by telephone, 108 patients met the study criteria and volunteered to a study-related office
visit; 73 declined an in-office evaluation (Figure 1).

All 108 participants completed a one-time, standardized in-person evaluation by a member
of the research team (JGS or GNN). We collected data to characterize participants
(demographics, Short Form-12, treatment method, fracture type at initial presentation) and
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their activity level (Physical Activity Scale of the Elderly [PASE]).1213 The validated PASE
questionnaire quantifies the amount and level of activity in patients =65 years old. Scores
range from 0 to =400 (higher score indicate higher activity level). Participants were also
asked, “What activities can you no longer perform because of the injury to your wrist?” to
determine if their DRF caused a decrease in activity level. Our primary outcome was
patient-rated upper extremity disability (QuickDASH, VAS-pain & function on scales of 0—
10).14.15.16 After completing patient-rated outcome questionnaires, participants underwent a
physical examination of bilateral wrists: palpation for tenderness, standardized goniometric
measurements of wrist motion and forearm rotation. Maximum grip strength was measured
with a dynamometer across five grip width settings. Pinch strength was measured by mean
thumb-index pinch from three consecutive attempts. Neither strength measurement was
adjusted for limb dominance. Finally, standardized posteroanterior and lateral radiographic
images of both wrists were obtained.1® Radiographic imaging was performed last to
minimize measurement bias imparted by the examiners based on their knowledge of fracture
status (malunion or well-aligned).

Two fellowship-trained hand surgeons (RPC and DAO) reviewed all radiographs. Fractures
were considered malunions if the injured wrist differed by =20° of dorsal tilt, =215° radial
inclination, =4 mm of ulnar variance, or =4 mm intra-articular gap or step-off (measured by
PA and lateral radial width) when compared to participants’ uninjured wrist.1” These
parameters were chosen for consistency with AAOS guidelines for treatment of DRF based
on dorsal tilt, radius shortening,18 and loss of radial inclination after modification to account
for change from the contralateral side.19 Intra-articular gap and step-off was increased from
2 mm since these intra-articular changes are more subtle after fracture healing. Participants
with radiographs meeting one or more of the above criteria were categorized as having a
malunion. Inter-rater reliability measured by Cohen’s Kappa statistic was k=.73 indicating a
high-level of agreement between reviewers in classifying malunions. The original
radiographic measurements were considered discordant if a patient was diagnosed with a
malunion by only one reviewer or if radiographic measurements differed between reviewers
by =3 mm or =4°. These measurements were re-analyzed by each reviewer independently;
any remaining disagreement was resolved in conference based on consensus. Final length
measurements were calibrated for magnification using a standardized radiographic marker.
The reviewers were blinded to all patient data except surgical management due to
radiographic evidence of operative fixation.

Electronic records (EMR) were reviewed to determine the incidence of complications.
Complications included complex regional pain syndrome, skin damage resulting from
immobilization, or any condition prompting recommendation for secondary surgical
intervention (eg. carpal tunnel syndrome, tendonitis due to hardware).

Of the 108 participants that returned for an office-visit, 6 were excluded due to upper
extremity injury or disease missed during telephone screening. Six patients were <60 years
old at time of fracture and were excluded from the analysis. The remaining 96 participants
contributed data for analysis (Table 1). Mean time since fracture was 42 months (range 13-
100). Forty-eight fractures (50%) were classified as malunions.

J Orthop Trauma. Author manuscript; available in PMC 2016 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nelson et al. Page 4

Statistical Analysis

Following data collection, participants were categorized into two groups according to
radiographic outcome (malunited or well-aligned) using the calibrated radiographic
measurements (mean of two reviewers). For univariate contrasts, participants were divided
into high- (PASE=150) and low-activity groups (PASE<150) based on the mean PASE
score.

To determine if high and low-activity patients were differentially affected by radius
malunion we first compared patient-rated (QuickDASH, VAS pain, VAS function) and
objective outcome measures (grip/pinch strength, wrist ROM as difference from uninjured
wrist) in high-activity participants with malunions against the outcomes of high-activity
participants with well-aligned DRF. Similar analysis was completed on the subgroup of low-
activity participants (malunion versus well-aligned).

Fractures displaced at initial presentation (n=67) were selected for analysis to determine if
objective or subjective patient outcomes differed according to treatment type (nonoperative
vs operative). All comparisons were conducted using the two-tailed independent t-test for
normal data and the Mann-Whitney U test for non-parametric data.

We constructed a linear regression model to determine predictors of upper-extremity
disability (QuickDASH). The QuickDASH scores were right-skewed; natural log (In
QuickDASH) was used to normalize the data. We entered variables in two blocks. Our first
block force entered our two primary independent variables, PASE score (continuous) and
presence of malunion (yes/no). The second block used forward entry to include age, sex,
management type (operative/nonoperative) and additional variables approaching significant
(p<0.10) associations with the natural logarithm (In) of QuickDASH (potential variables:
SF-12 MCS, SF-12 PCS scores, difference in bilateral grip strength, pinch strength, prono-
supination, flexion-extension, and radio-ulnar deviation.)

Due to our cross-sectional design, we performed additional analysis assessing for potential
sampling bias and bias due to reverse-causality (resulting in patient misclassification). No
participant in our population undergoing surgical management had previously failed
conservative therapy. To evaluate if this was due to sampling bias, we conducted a separate
review of the EMR of all patients =65 years old who underwent surgery for DRF at our
institution between January of 2007 and June of 2012. From this data, we determined the
incidence of revision surgery after failed conservative treatment in the population from
which our study sample was drawn. Second, to investigate potential bias from DRF
malunions resulting in decreased activity levels and therefore leading to misclassification of
previously highly active patients into the low-activity group (reverse-causality), we re-
categorized participants providing a positive answer to the question “What activities can you
no longer perform because of the injury to your wrist?” Seven participants noted activities
they could no longer perform; two were already classified as high-activity and five were
classified as low-activity participants. The low-activity participants were re-categorized into
the high-activity group (given mean PASE score for regression analysis). We then
conducted a sensitivity analysis repeating our univariate analysis and regression analysis
using the re-categorized patients.
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Based on a conservative minimal clinically important difference (MCID) of 12 points on the
QuickDASH survey and a standard deviation of 12 points?°, a priori sample size estimation
(alpha = 0.05 and 80% power) using a Mann-Whitney U determined a need to recruit a
minimum of 18 participants per group. A target of 100 participants with a predicted
malunion rate of 40% was set to ensure enough participants with malunions for stratification
to high- and low-activity groups (i.e. 20 per group).

When comparing high-activity participants with or without malunion, there was no
difference in QuickDASH, VAS function, strength, or range of motion between participants
(Table 2). There was a statistically significant, but not clinically relevant, higher VAS pain
score (0.0 vs 0.5, p=0.04) in the malunion group.2122 After our sensitivity analysis, this
difference was no longer statistically significant (p=0.21) with no change in significance of
any other outcome measures.

There was no difference in patient-rated outcomes among low-activity participants with and
without malunion (Table 2). There was, however, a statistically significant decrease in the
prono-supination arc in participants with malunions, though the difference (10° loss vs 5°
loss) is not believed to be clinically relevant and could be due to variation in measuring.

Among study participants with fractures displaced initially (Table 3), patients that
underwent surgery were more likely to have decreased grip strength (p=0.05) than those
who were treated nonoperatively (Table 4). Complications were more frequent in the
surgical group (p=0.01) (Table 5).

For all participants with malunions, those that underwent surgery had decreased prono-
supination arc (decrease of 14° vs. 6°; p=0.01) and radial-ulnar deviation (decrease of 10°
vs. increase of 1°; p=0.02) compared to those who were treated nonoperatively. There were
no differences in QuickDASH, VAS scores, grip strength, or flexion-extension arc between
patients with malunions following operative versus nonoperative management.

Univariate correlation analysis with QuickDASH revealed that the difference in flexion-
extension arc, SF12 MCS, and SF12 PCS approached statistical significance (p<0.10). These
variables were included into the regression model with age, sex, treatment, malunion, and
PASE score. The overall model was significant (p=0.006) explaining 36% of the variance in
In QuickDASH scores. Neither malunion ($=0.133, 95%CI: —0.26 to 0.52) nor PASE score
(B=0.001, 95%CI: —0.002 to 0.004) significantly predicted the In QuickDASH scores. A
decrease both in SF-12 MCS (= -0.07, 95%CI: —0.09 to —0.05) and flexion-extension arc
in the injured hand (= -0.02, 95%CI: —0.03 to —0.005) significantly predicted more
disability (higher In QuickDASH scores). In the final model, age, sex, treatment method,
and SF-12 PCS were not significant predictors of the In QuickDASH scores. After
conducting a sensitivity analysis, both PASE score and presence of malunion remained non-
significant.

During the review assessing potential sampling bias, we identified 106 patients =65 years of
age who underwent surgery for distal radius fracture at our institution between January of
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2007 and June of 2012. Only one of the 106 patients (0.9%) underwent surgery for persistent
disability after initially failing nonoperative treatment for =6 weeks.

Discussion

It is debated whether malunion negatively impacts outcomes following DRF in older adults.
Young and Rayan evaluated the effect of nonoperative treatment in sedentary older adults
after distal radius fracture.® They reported satisfactory patient outcomes with nonoperative
treatment and that radiographic outcome was not associated with improvement in clinical
outcome. Our study confirms these results; in a low-activity population, there is no
association between radiographic malunion and functional outcomes. Young and Rayan,
however, did not evaluate older adult patients with higher activity levels and recommended
operative treatment in that population. Our data indicate that outcomes in high-activity older
patients do not differ after malunion compared to a well-aligned DRF.

Two randomized trials are relevant to our investigation. Arora et al. conducted a randomized
trial comparing nonoperative treatment to volar locking plate fixation in 73 patients =65
years old with displaced and unstable DRF’s.23 They demonstrated that although surgery
improved radiographic parameters and increased grip strength it did not improve range of
motion, pain, or patient-rated outcome at 1 year, and was associated with significantly more
complications. Roumen et al. evaluated DRF’s in patients =55 initially treated with closed
reduction and casting.10 The 43% of fractures that displaced at 2 weeks were randomized to
either continued nonoperative treatment or external fixation. There was no difference in
functional outcome between these groups. Our data support these results, however, unlike
Arora et al. we found decreased grip strength in operatively compared to nonoperatively
managed patients. Due to the non-randomized nature of our study, standard clinical care
would bias results in favor of nonoperative management, as less severe fractures are more
likely to be treated nonoperatively. For this reason, when assessing outcomes according to
treatment, we excluded non-displaced fractures to improve the comparability of the groups.

In our regression model, general health (SF-12) and wrist flexion-extension arc were the
only significant predictors of QuickDASH scores. A previous study of 733 manufacturing
and service workers also demonstrated correlation between QuickDASH and SF-12
scores.24 It may be that patients with better-perceived overall health have less bodily pain
and accomplish upper extremity tasks on the QuickDASH with greater ease. Second,
decreased flexion-extension arc in the injured wrist is likely to make certain activities of
daily living more difficult, thus increasing QuickDASH scores. Notably, neither a well-
aligned fracture nor surgery led to greater flexion-extension arcs.

Our use of the validated PASE scale in a DRF population was unique. It was possible that
our study cohort would prove more sedentary than the population at large, thus obscuring
the negative impact of malunion on our high-activity group. However, the mean PASE score
in our study population (146; 65-87 years old) was higher than the reported population
averages of the youngest age category established during PASE validation (144 men, 113
women; 65-69 years old).2> We still concede that our study may not include the rare older
adult patient who places extreme demands on their hands on a consistent basis.
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There are several limitations to this study. Inherent to our cross-sectional study design, we
can only determine that final outcomes (>1 year after DRF) were similar between patient
groups. We cannot comment on potential benefits of surgery during early recovery such as
shortened duration of immobilization or reduced pain from fracture stabilization. It is also
possible that despite similar fracture classification and injury mechanisms, those fractures
treated operatively may have been more severely angulated or displaced. Additionally, we
do not assume our results generalize to specific infrequent fracture patterns that are routinely
treated surgically (e.g., displaced volar shear fractures with carpal subluxation or the non-
comminuted intra-articular fracture with a single large stepoff) as we do not have sufficient
nonoperative experience to determine the natural history of such fractures in the older adult.
This limitation is one inherent to any non-randomized investigation. In reviewing our
surgeon’s recommendations for surgery, operative treatment was offered in part based on
AAOS guidelines for acceptable reduction but influenced by impressions of general health,
activity level, and the presences of other injuries. This use of overall clinical impression to
guide decision making may have optimized results for both groups but the overall similarity
in outcomes between patient groups (surgery versus nonoperative treatment and union
versus malunion) are consistent with results from the randomized trials of Arora and
Roumen.19:23 |n our series we were unable to identify any threshold for radiographic
parameters beyond which poor function was expected. However, that does not preclude the
possibility that such a threshold exists. Finally, the preponderance of our patients were
female so our data may not generalize to all male patients.

We believe that examining for sampling and misclassification bias strengthened our cross-
sectional investigation. When designing this study, our IRB limited the approved enrollment
to the number of participants determined to be sufficient for statistical analysis. Provided a
much larger available population of older adults treated for distal radius fracture, we needed
to confirm that our sampling was not misrepresentative. After identifying only a single
operation to correct for radius malunion by our surgeons over a 5-year period in patients =65
years old, we are confident that we did not miss a substantial number of patients who were
dissatisfied with a radius malunion. However, we cannot exclude the possibility that patients
may have sought care elsewhere. Despite this review, we are unable to completely rule out
sampling bias. Seventy-three patients declined office visits, and it is unknown if these
patients differed systematically from the study population. Only one of the 73, however,
declined participation due to dissatisfaction with care.

We also considered the possibility of reverse causality (i.e., poor wrist outcome resulting in
lower overall activity). This would present bias towards acceptance of the null hypothesis.
To address this, we asked patients which activities they were no longer able to perform.
Performing a sensitivity analysis based on assigning these patients with activities prohibited
by the radius fracture to the high-activity group, however, failed to affect our conclusions.
However, it is possible that patients did not remember activities they were able to perform
previously that were affected by their DRF at a mean of 3.5 years later. Despite this, even if
activity levels were decreased at the time of follow-up, our study population demonstrated
higher than average activity levels for their age, as discussed previously.
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Distal radius fractures in the older adult appear to impart minimal upper extremity
impairment and infrequently prevent return to activity despite frequent malunion. Our data
indicate no difference in outcomes following malunion versus well-aligned fractures in
highly active older patients. We counsel older patients that operative management often
permits earlier wrist motion and improved appearance. However, it is unlikely to change the
ultimate functional outcome and is associated with greater risk of complication. We inform
older adults that distal radius malunion is typically associated with visible deformity but
rarely requires corrective surgery in our practice.
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Billing Data: Patients >65 y/o from Jan.
2004 to Dec. 2012 with an ICD-9 code for
DRF
(813.40-.42, 813.44)

714 possible participants:
>1-year after DRF treated by one of
five fellowship-trained hand surgeons

423 Participants:

147 Excluded:

Unable to Contact

Attempted to contact by
telephone

108 Participants:

In-Office Evaluation

Figure 1.

95 Excluded:
Did not meet study
criteria

73 Excluded:
Declined In-Office Visit

26 = no reason provided
16 = no transportation
31 = not interested

Flow Diagram of Patient Enrollment and Participation
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Baseline data on displaced fracture characteristics according to treatment type”

Table 3

Operative (n=42)Jr

Nonoper ative (n=21)Jr

AO Type A 17/41 (41%)
AO Types BIC 24/41 (59%)
Fall From Standing 33/39 (85%)
High Energy Injury 6/39 (15%)
Dominant Extremity Affected 22 (52%)
Patient Age 72+5
Female 36 (86%)

8 (38%)
13 (62%)
16/19 (84%)
3/19 (16%)
11/20 (55%)
72+5
18 (86%)

*
No significant difference noted between groups on any factor

TNo missing data in cells without fractions
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Table 4

Outcomes of displaced fractures treated operatively vs nonoperatively”

Displaced Distal Radius Fractures

Operative (n=42) | Nonoperative (n=21) | p-value

MalunionT 19 (45%) 10 (48%) 1.00

Fracture to Dominant Wrist 22 (52%) 11 (55%) 1.00
Patient Rated Outcomes; ¥

QuickDASH 6.8 6.8 0.89

VAS Pain Score (0-10 cm) 0.2 0.2 0.67

VAS Function Score (0-10 cm) 1.2 0.4 0.67
Strength:

Injured - Non Injured Grip Strength (kg-force) -6.0 (13.1) 0.6 (11.5) 0.05

Injured - Non Injured Pinch Strength (kg-force) 0.1(2.4) -0.1(2.9) 0.83
Range of Motion:

Injured — Non Injured Prono-Supination -13(15) -6 (14) 0.11

Injured - Non Injured Flexion-Extension =14 (19) -9 (15) 0.31

Injured - Non Injured Radial-Ulnar Deviation -5(11) -1(8) 0.10

*
mean (sd)
TChi-squared tests

*Non-normal data (median values used)
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Table 5

Distribution of complications according to treatment group.

OPERATIVE (N=53) Number NONOPERATIVE (N=43) Number
Extensor rupture 2 Skin irritation requiring cast change 1
Flexor tendon adhesions requiring tenolysis 1 Ulnar wrist pain requiring Darrach 1
Carpal tunnel syndrome requiring release 4 Radius osteotomy 1
Tendonitis requiring hardware removal 2

Complex regional pain syndrome 3

Lost reduction requiring revision fixation 2

TOTAL 14 (26%) 3(7%)
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