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Abstract

Purpose—The introduction of volar plating has dramatically changed the operative treatment of
distal radius fractures (DRFs). However, the factors that influence the adoption of new techniques
remain unclear. Therefore, the purpose of this study is to determine the extent to which surgeon
age influences treatment patterns for DRFs. We hypothesize that younger surgeons perform ORIF
for DRFs among elderly individuals more frequently than older surgeons, who employ a wider
range of treatment modalities.

Methods—We identified 61,314 Medicare beneficiaries who suffered DRFs and the 12,823
surgeons who performed ORIF, external fixation, pinning or closed reduction on them during the
year of 2007. We examined the effect of surgeon age on DRF treatment pattern, controlling for
patient characteristics and other surgeon factors using multinomial logistic regression. We then
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stratified our analysis by ASSH membership to more closely examine the influence of surgeon
specialization on the association between surgeon age and DRF treatment.

Results—Surgeons aged 40 and younger were more likely to perform ORIF and less likely to
choose external fixation and percutaneous pinning to treat DRFs compared with older surgeons.
Surgeon specialization mitigated this relationship, and ASSH members were more likely to choose
ORIF compared with non-members. However, surgeon age remained a significant predictor of
treatment choice after controlling for other factors and surgeon specialization.

Discussion—Younger surgeons are more likely to perform ORIF for DRFs among Medicare
beneficiaries over 65 years old. Given the lack of evidence supporting any single treatment option
for DRF, understanding the factors that drive dissemination of operative techniques may provide
insight into treatment disparities within the Medicare population.
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Introduction

Despite the prevalence of distal radius fractures in the United States, the optimal treatment
for unstable fractures remains unclear. (1, 2) Previous research demonstrates that variation
in treatment is related to patient attributes, such as socioeconomic status, and surgeon
characteristics, such as specialization in hand surgery. (2-4) Nonetheless, technologic
advances in fracture fixation develop at a rapid pace, and it is challenging for surgeons to
discern the comparative effectiveness of any single treatment strategy. Understanding the
surgeon-related factors that drive variation in practice can provide insight into how new
techniques are disseminated into clinical practice and adopted by surgeons into their
treatment algorithm.

Physician age is correlated with practice patterns and treatment outcomes for a variety of
conditions. (6-13) For example, in a national study, younger physicians are more aggressive
in choosing operative treatment in treating orthopedic fractures compared with older
surgeons. (14) Younger surgeons may also be more likely to integrate technologic advances
into practice. For example, younger surgeons use laparoscopic techniques more frequently
compared with older surgeons, possibly due to differences in exposure to these techniques
during training. (15) The effect of age on treatment patterns and performance is not linear,
however, and lack of experience and surgeon youth is also correlated with poorer outcomes.
(16, 17) Although these age-related differences have been described among a variety of
fields, the effect of surgeon age on the management of orthopedic fractures has not been
described. For hand surgery, training pathways are variable, and many different types of
providers may perform hand surgery. For example, orthopedic, plastic, and general surgeons
may perform hand surgery procedures. The training and scope of practice for each of these
surgeons can vary widely, and are represented by different professional organizations. For
many upper extremity procedures, each patient and injury pattern is unique, and few
procedures have a dogmatic, “cook-book” approach.
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The purpose of this study is to examine the effect of surgeon age on treatment patterns
following distal radius fractures among a cohort of Medicare beneficiaries in 2007. We
hypothesize that younger surgeons more frequently perform ORIF for distal radius fractures,
whereas older surgeons more frequently utilize alternative strategies, such as percutaneous
pinning, external fixation, or closed reduction and immobilization.

Patient Sample

Using Medicare MedPAR, Carrier, and Outpatient files, we identified all beneficiaries
diagnosed in 2007 with fracture of the distal radius with or without an associated ulna
fracture who underwent open reduction and internal fixation (ORIF), external fixation,
percutaneous pinning, closed reduction and cast immobilization or splinting within two
weeks of diagnosis. Only patients who continuously enrolled in Medicare Part A and B were
included in the study cohort. Patients who were younger than 65, enrolled in a Health
Maintenance Organization (HMO) plan, or who had a diagnosis of bone cancer were
excluded from the study sample. Owing to potential differences in fracture severity, we
excluded all the patients whose most invasive fracture treatment was cast immobilization or
splinting without closed reduction. (Figure 1) We obtained approval from Institutional
Review Board in our University for conducting the study before access to Medicare data.

We obtained demographic information from the Medicare Denominator File including age,
race, gender, and socioeconomic status (SES). Nine-digit residence zip code was used to
construct SES according to 2000 US Census data on income, education and occupation
based on previously described methods. (18) We examined comorbid conditions using
International Classification of Diseases, Ninth Revision (ICD-9) codes in Elixhauser’s index
through the year of 2007 for each patient drawn from the MedPAR, Outpatient, and Carrier
files. (19) Elixhauser’s index is a list of thirty comorbidity conditions associated with
increased length of hospital stay, charges, and overall mortality, such as congestive heart
failure, chronic pulmonary disease, hypertension and diabetes. Finally, we examined
concomitant injuries occurring on the date of DRF diagnosis including other fractures,
neurologic condition (traumatic brain injury, subdural hematoma, and epidural hematoma),
solid organ injury (liver laceration/contusion, spleen laceration/contusion, bowel injury,
diaphragmatic rupture, and kidney laceration/contusion) and other injuries (pneumothorax,
hemothorax).

Surgeon Sample

We identified physicians managing each patient from the Medicare Outpatient and Carrier
files using Unique Physician Identification Numbers (UPIN). We designated the physician
linked with the most invasive treatment within 2 weeks of DRF diagnosis as the surgeon for
each patient. Surgeon age in 2007 was obtained by linking UPIN to the American Medical
Association Physician Masterfile, a national registry of physicians practicing in the United
States. (20) The age of surgeons was categorized as less than 40 years of age, 41 to 50 years,
51 to 60 years, and 60 years and older, based on prior work. (21)
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In order to examine the effect of surgeon specialization on the relationship between surgeon
age and DRF treatment, we examined surgeon membership in the American Society for
Surgery of the Hand (ASSH) by matching UPIN to active members of ASSH during 2007.
Only patients who were treated by a surgeon with UPIN entered the final study cohort.
(Figure 1) Finally, we included the number of DRF patients treated during the year of 2007
by each surgeon as a measure of surgeon volume. We categorized surgeon volume by
quintiles, and included this variable in our analysis based on previous studies demonstrating
the interaction between surgeon age and operative volume.(21)

Statistical analysis

Results

We used multinomial logistic regression in order to examine the effect of surgeon age on
DRF treatment, with DRF treatments (ORIF, external fixation, percutaneous pinning and
closed reduction) as the dependent variable and surgeon age as the primary predictor. In the
model, closed reduction was set as the reference level for the outcome and the age of 41-50
years old was used as the reference group for surgeon age. To control the effect of other
surgeon factors (ASSH membership and DRF patient volume) and patient characteristics
(patient age, gender, race, SES, comorbidity and concomitant injuries) that potentially can
influence DRF treatment pattern, we added all these covariates into our model for
adjustment.(4)

We then included surgeon ASSH membership into each model in order to examine the effect
of surgeon specialization on the relationship between surgeon age and DRF treatment. Based
on statistical significance of this interaction term, we further stratified our multinomial
logistic model by ASSH membership. We calculated odds ratios of ORIF performance
among different surgeon age groups (40 and younger, 51 to 60 and 61 and older vs. 41 to 50,
respectively) for ASSH members and non-members separately and then, compared the odds
ratios between ASSH members and non-members to present the modified effect of surgeon
age by ASSH membership.

DRF treatment

In this cohort, 61,314 DRF patients were treated by 12,823 surgeons. The characteristics of
the patient and surgeon sample are detailed in Table 1 and Table 2. Table 3 displays the
influence of surgeon attributes on DRF treatment patterns, adjusted for patient age, gender,
race, SES, comorbidity and concurrent injury. Adjusted rates DRF treatment by surgeon age
were calculated and displayed in Figure 2.

After adjusting all other surgeon and patient characteristics, surgeon age was significantly
correlated with surgical techniques used for distal radius fractures. Younger surgeons were
more likely to perform ORIF than older surgeons. (Table 3) Furthermore, the rates of ORIF
utilization linearly decreased with the rising of surgeon age. (Figure 2) As for other surgical
techniques, the youngest surgeon group (surgeons who were 40 or younger) performed
significantly less external fixation and percutaneous pinning compared to surgeons in any
older age groups. (Figure 2)
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Other surgeon factors such as ASSH membership and DRF patient volume during the year
also were correlated with fracture treatment. ASSH members were 2.73 times more likely to
perform ORIF compared to non-members, and surgeons with higher patient volume had
slightly higher ORIF rate than surgeons treated only 1 to 3 DRF patients during the year. As
for other surgical techniques, ASSH members performed significantly less external fixation
and percutaneous pinning than non-members, and the rate of percutaneous pinning
utilization decreased with increasing surgeon volume. (Table 3)

ASSH members vs. non-members

Figure 3 illustrates the relationship between surgeon age and DRF treatment, controlling for
patient characteristics and stratified by ASSH membership, and differences in DRF
treatment by surgeon age persist in both ASSH members and non-members. However,
ASSH membership significantly modified the relationship between surgeon age and DRF
treatment by substantially reducing the effect of surgeon age on ORIF performance. (Table
4) For example, among non-members, surgeons 40 and younger were 1.41 times (p<0.05)
more likely to perform ORIF compared to the reference group (surgeons aged 41 to 50
years), compared with 1.19 among ASSH members. (Table 4)

Finally, we performed a subgroup analysis of patients with 4 or more comorbid conditions in
order to further assess treatment patterns by surgeon age (Table 5). In this subgroup
analysis, the effect of surgeon age and ORIF persisted, and younger surgeons were more
likely to perform ORIF even among patients with numerous comorbid conditions.

Discussion

In this cohort of Medicare beneficiaries who suffered distal radius fractures, closed
reduction with casting remained the most common treatment. Younger surgeons were more
likely to perform ORIF for DRF, whereas older surgeons more frequently used percutaneous
pinning, external fixation, or closed reduction and casting. Surgeon specialization mitigated
the effect of surgeon age on treatment, and ASSH members were more likely to perform
ORIF. After adjusting for specialization, younger surgeons remained more likely to perform
ORIF compared with older surgeons, however, ASSH membership modified the age-related
differences, and the difference in ORIF utilization rates among surgeons with different age
were less pronounced among ASSH members.

Although our study does not address potential mechanisms of the relationship of surgeon
age on treatment patterns, several reasons may explain this effect. In recent years, the advent
of volar plates with locking screws has heightened popularity for internal fixation. (22-24)
Changing practice patterns may influence the techniques that surgical trainees are exposed
to, and recent graduates may have greater familiarity with internal fixation. (25) (14) In our
study, ASSH membership modified these age-related differences, and the difference in
ORIF utilization rates among surgeons with different age were weakened among ASSH
members. Specialized surgeons may have greater exposure to evidence regarding the
relative effectiveness of treatment strategies for DRFs. They may also have increased
exposure to new fixation techniques due to differences in marketing strategies by biomedical
companies toward subspecialty groups. Despite these theories, a deeper understanding of the
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mechanisms that underlie how surgeons adopt new techniques into practice must await
future studies.

This study has several notable limitations. First, this study is cross-sectional in nature, and
we cannot comment on the causality of the associations we observed. In addition, our
findings are drawn from administrative data, which is limited in its ability to capture fracture
severity. (1,2,4) However, we expect that fracture severity would remain evenly distributed
among surgeons of different ages, and would not likely alter the associations that we
observed. Furthermore, DRF patient volume of surgeons during the study period only
consisted of Medicare beneficiaries, which may underestimate practice volume. Finally,
Medicare claims designated only a single primary specialty, and it is difficult to ascertain
surgeons truly specialized in hand surgery from CMS data alone. However, we have
matched each surgeon with records indicating ASSH membership in order to identify those
surgeons who are specialized in hand surgery in order to better examine its effect on surgeon
age and treatment patterns.

Despite these limitations, this study has important implications for surgeons in practice.
First, given the popularity of internal fixation techniques, particularly volar plating, younger
surgeons may lack adequate exposure to other treatment strategies, and may be less inclined
to utilize these in practice. Although there are distinct advantages to internal fixation, there
are specific scenarios in which external fixation or percutaneous pinning is desirable, and
knowledge of alternative techniques is beneficial.(26) Therefore, ensuring broad exposure
during training is critical, and surgeons early in practice may benefit from continuing
medical education courses regarding fracture management. Additionally, it is important to
consider the ways in which individuals acquire new information and skills, which changes
with the aging process. For example, compared to younger surgeons, older individuals retain
information more efficiently with written material than video and computerized
presentations, and are more adept at self-paced and self-directed learning than proctored
learning. (27-30) Designing information to introduce new surgical techniques and concepts
should consider these phenomena in order to provide the most efficient strategy to education
surgeons. Finally, it is important to ensure that new evidence regarding the comparative
effectiveness of DRFs treatment is available to all surgeons who are choosing a treatment
plan for their patients.

Surgeon age is correlated with DRF treatment, and older surgeons are more likely to utilize
a broader array of treatment strategies. Future, population-based studies that examine DRF
outcomes by surgical option and the adoption of surgical techniques into practice by surgeon
attributes will provide insight into the reasons for the wide variation in care of these
common fractures.
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2007 Medicare continuous Part A and B plan enrollees (65 or older) with
DRF diagnosis and fracture treatment within 14 days of diagnosis
N=90,174

4,585 beneficiaries who were
——> enrolled in Medicare Part C in

2007

N=86,129
267 beneficiaries who had
bone cancer

N=85,862

17,268 patients whose most invasive
> treatment for DRF were casting or
splinting without reduction

N=68,594
7,820 patients who were not treated by
a surgeon (orthopedic, hand, plastic or
general surgeon) or the physician was
not identifiable

N=61,314

ORIF External Fixation Percutaneous Pinning Closed Reduction
N=12,618 N=2,084 N=4,709 (with casting)

N=41,903

Figure 1.
Cohort flowchart and DRF treatment in the study cohort
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Figure2.
Adjusted rate of DRF treatment on patients by surgeon age among a cohort of Medicare

beneficiaries in 2007. ¥

*: P value <0.001

¥: The rates are calculated controlling for surgeon ASSH membership, DRF volume and
patient age, gender, race, SES, comorbidity and concurrent injury.
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Non-ASSH members

61 and older

Adjusted rate of DRF treatment on patients by surgeon age among Medicare beneficiaries in

2007, stratified by ASSH membership. ¥
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Table 1
Characteristics of Medicare beneficiaries suffered distal radius fracturein 2007

Characteristics | Number of Individuals | Percent
Total 61,314 100%
Age
65-69 11,216 18.3%
70-74 11,596 18.9%
75-79 13,257 21.6%
80-84 12,825 20.9%
85 and older 12,420 20.3%
Sex
Male 8,729 14.2%
Female 52,585 85.8%
Race
White 58,893 96.1%
Black 1,205 2.0%
Other 1,165 1.9%
SES
Low 10,257 16.7%
Medium 16,723 27.3%
High 32,372 52.8%
Missing 1,962 3.2%
Comorbidity
0-1 17,407 28.4%
2-3 22,401 36.5%
>=4 21,506 35.1%
Concurrent Injury
None 42,937 70.0%
1 14,750 24.1%
>=2 3,627 5.9%
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Waljee et al.
Characteristics Number of Individuals | Percent
Total 12,823 100%
Surgeon Age
40 and younger 2,652 20.8%
41 to 50 4,338 34.0%
51 to 60 3,793 29.7%
61 and older 1,981 15.5%
ASSH Membership
No 11,629 90.9%
Yes 1,194 9.1%
DRF Patient Volume
1-3 patients 5,626 43.9%
4-5 patients 2,439 19.0%
6-8 patients 2,351 18.3%
9-12 patients 1,456 11.4%
13 and more patients 951 7.4%
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Adjusted odds ratios of DRF treatment by surgeon char acteristics. ¥
Adjusted Odds Ratios of Distal Radius Fracture Treatment
Internal Fixation | External Fixation | Percutaneous Pinning

Surgeon Age
410 50 1 1 1
40 and younger 1.36 (1.29, 1.43)" | 0.58 (0.51, 0.68)" 0.70 (0.64, 0.77)"
51 to 60 0.72 (0.68,0.76)° | 1.02(0.92,1.14) 0.97 (0.90, 1.04)
61 and older 1.00 (0.87, 1.16) 0.92 (0.83, 1.01)

0.62 (0.57, 0.67)"

ASSH Member ship

No

1

1

1

Yes

2.73 (2,59, 2.89)"

0.50 (0.41, 0.61)"

0.76 (0.68, 0.86)"

DRF Patient Volume

1-3 patients 1 1 1
4-5 patients 1.12 (1.03, 121)* 1.08 (0.93, 1.27) 0.98 (0.88, 1.08)
6-8 patients 1.12 (1.04,1.20)° | 0.99(0.86,1.14) 0.90 (0.81, 0.98)"

9-12 patients

1.04 (0.96, 1.11)

1.10 (0.95, 1.27)

0.73 (0.66, 0.81)"

13 and more patients

1.12 (1.05, 1.21)"

1.03 (0.89, 1.19)

0.79 (0.72, 0.88)"

*
P value < 0.05.

Page 14

Odds ratios were calculated controlling for surgeon self-reported specialty, patient age, gender, race, SES, comorbidity and concurrent injury.
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Comparison of adjusted oddsratios of ORIF by surgeon age between ASSH member s and

Waljee et al.
Table 4
non-members. ¥
Surgeon Age Adjusted Odds Ratios of internal fixation | P values
ASSH members | Non-ASSH members
41to50 1 1 -
40 and younger 1.19 (1.06,1.33) 1.41(1.33,1.50) <0.001
51to 60 0.76 (0.68, 0.87) 0.72 (0.67,0.76) 0.91
61 and older 0.86 (0.70,1.04) 0.58 (0.54,0.64) <0.001

Odds ratios were calculated from multinomial logistic regression model controlling for surgeon self-reported specialty, patient age, gender, race,
SES, comorbidity and concurrent injury.
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Table 5
Adjusted odds ratios of DRF treatment by surgeon age among patients with four or more

than four comorbid conditions. ¥

Adjusted Odds Ratios of Distal Radius Fracture Treatment
Internal Fixation | External Fixation | PercutaneousPinning
Surgeon Age
41 to 50 1 1 1
40and younger | 1 38(1.26,1.52)" | 0.68(0.55, 0.86)" 0.77 (0.66, 0.89)"
510 60 0.73 (0.66, 0.80)° | 099(0.83,1.19) 0.96 (0.85, 1.09)
61 and older 0.63 (055,0.72)" | 0.95(0.75,1.22) 0.99 (0.84, 1.16)

*
P value < 0.05.

Odds ratios were calculated controlling for surgeon self-reported specialty, patient age, gender, race, SES, comorbidity and concurrent injury.
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