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Travel Distance Does Not Affect Outcomes After
Arthroscopic Rotator Cuff Repair
Nabil Mehta, M.D., Ophelie Z. Lavoie-Gagne, B.S., Matthew R. Cohn, M.D.,
Joseph Michalski, M.P.H, M.S., Ashlyn Fitch, B.S., Adam B. Yanke, M.D. Ph.D.,
Brian J. Cole, M.D., M.B.A., Nikhil N. Verma, M.D., and Brian Forsythe, M.D.
Purpose: To determine the effect of travel distance on achieving the minimal clinically important difference (MCID) on
patient-reported outcome measures (PROMs) at least 1 year after arthroscopic rotator cuff repair (RCR).
Methods: Patients undergoing primary arthroscopic RCR with a minimum 1-year follow-up at a high-volume tertiary
referral center between May 2017 and June 2019 were retrospectively reviewed. Patients were divided into two groups:
driving distance of >50 miles from the institution (referral group) and <50 miles (local group). American Shoulder and
Elbow Score (ASES), Single Assessment Numeric Evaluation (SANE) score and Constant score at minimum 1-year follow-
up were assessed. Chi-square analysis was used to analyze achievement of MCID on any PROM. Subgroup analysis by tear
complexity (1 tendon vs. >2 tendons torn) was conducted. Logistic regression was performed to determine whether travel
distance and other variables of interest had an effect on achieving MCID. Results: Of 996 patients reviewed, 385 patients
(38.7%) had minimum 1-year follow-up. Of these, 62 (16%) traveled >50 miles to their orthopedic provider, and 212
(55%) had a complex tear. MCID for at least one PROM was reached by 305 (94%) patients in the local group and 56
(90%) patients in the referral group. There was no significant difference between groups in reaching MCID for any PROM.
Subgroup analysis by tear complexity revealed no significant difference in preoperative PROMs or achieving MCID
postoperatively between referral groups. There was no significant difference between groups when controlling for age,
sex, adjusted gross income (AGI), primary health insurance, tear chronicity, and tear complexity. Conclusions: When
controlling for age, sex, AGI, primary health insurance, tear chronicity, and tear complexity, distance to a high-volume
shoulder arthroscopy surgery center did not have an effect on achieving the MCID for any PROM at least 1 year after
arthroscopic RCR. Level of Evidence: Level III, retrospective cohort study.
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have been observed among higher-volume surgeons
performing total joint arthroplasty, hip arthroscopy,
and various spine surgeries.2-6 Similarly, lengths of stay,
operating room times, and reoperation rates were
found to be higher among shoulder surgeons who
performed less than 12 rotator cuff repairs per year.7

While patients may wish to establish care at COEs in
hopes of achieving better outcomes, a significant travel
distance may be required to access such centers. Pa-
tients who live far from their treating surgeon’s practice
may have difficulty accessing their provider if an
adverse event occurs or may be unable to undergo
rehabilitation within their provider’s system. Indeed, a
“reverse travel bias” has been described in the general
surgery literature, in which patients who travel greater
distances to their provider have higher risk of compli-
cations compared to patients treated locally.8 Recent
studies in the orthopedic literature have shown that
travel distance does not affect outcomes following total
joint arthroplasty or hip arthroscopy, although this ef-
fect remains unknown after arthroscopic rotator cuff
repair (RCR).9,10

Arthroscopic RCR is among the most common or-
thopedic procedures performed in the United States,
with an incidence of 23.5 per 100,000, and it is a
common procedure at tertiary referral centers.11 The
purpose of this investigation is to determine the effect
of increasing travel distances on achieving the minimal
clinically important difference (MCID) on patient-
reported outcome measures (PROMs) at least 1 year
following arthroscopic rotator cuff repair. We hypoth-
esized that a greater travel distance would not reduce
MCID achievement or PROMs following RCR.
Methods
This study was approved by the Institutional Review

Board, and no funding was received. Data were pro-
spectively gathered on all patients undergoing RCR for
the treatment of partial or full-thickness rotator cuff
tears from May 2017 to June 2019 by 4 fellowship-
trained surgeons (A.B.Y., B.J.C., N.N.V., and B.F.). In-
clusion criteria were patients who underwent primary
RCR after failure of conservative management (physical
therapy, activity modification, oral anti-inflammatories,
and cortisone injections) with a minimum 1-year
follow-up. Exclusion criteria were patients undergoing
revision rotator cuff repair, patients with isolated sub-
scapularis tears, unavailable patient-reported outcome
measures (PROMs) at a minimum of 1 year post-
operatively, unavailable geographic demographic in-
formation (postal code at the time of surgery), or
having a residence further than the bordering states of
the institution of study (Illinois, Indiana, and Michigan)
that would have likely required transportation outside
of ground transport.
Surgical Technique
RCR was performed by one of the four senior authors

(A.B.Y., B.J.C., N.N.V., and B.F.) via standard posterior,
anterior, and lateral portals using their preferred tech-
nique, as previously described.12-14 All surgeons were
fellowship-trained surgeons in sports medicine prac-
ticing at a high-volume orthopaedic surgery practice.
All perform a high volume of RCRs, and all are within
the top 1% of work relative value units by Medical
Group Management Association data.

Postoperative Rehabilitation
All patients underwent the standard postoperative

rehabilitation protocol practiced at the institution of
study. In brief, patients were discharged on the day of
the surgery and immobilized in a sling for 6 weeks.
After the first postoperative visit, typically 1 to 2 weeks
after surgery, passive range of motion exercises were
begun. Active range of motion was initiated at 6 weeks
postoperatively and strengthening exercises were
begun at 12 weeks postoperatively, and these were
continued until 5-6 months postoperatively.

Functional Outcome Evaluation
All patients in the study completed postoperative

shoulder specific PROMs, including the American
Shoulder and Elbow Surgeon’s score (ASES), the Single
Assessment Numerical Evaluation score (SANE), and
the Constant Murley score (CS) at a minimum of 1 year
or up to 2 years after surgery. To quantify the clinical
significance of outcome achievement on the ASES,
SANE, and CS scores, the principles of the MCID were
applied as defined for functional PROMs. Prior work
has proposed that the MCID be considered a minimum
target for outcome improvement.15 Patients that
reached or surpassed this previously established target
were considered to have attained the MCID either on
individual questionnaires or on any one questionnaire
(“any MCID”).

Assessment of Geographical Location
The institution where this study was conducted is

located in a large metropolitan area with an approxi-
mate 50-mile cutoff between urban and suburban
areas. Thus, patients within 50 miles of the institution
were considered to be able to have ample trans-
portation options for travel to postoperative follow-up
visits and have access to physical therapists that were
most familiar with the rehabilitation protocols used by
the operating surgeons. Google Maps application pro-
gramming interface was used to systematically fetch
travel distances between patient’s home postal codes
and the specific institution’s surgery center/clinical of-
fices locations. Patients with home residences less than
50 miles from the institution were labeled as the local
group, whereas those with home residence 50 miles or



Fig 1. Geospatial representation of the relative density of
patients included in this study relative to the high-volume
referral center where the study took place.

RCR AND TRAVEL DISTANCE e513
greater from the institution were labeled as the referral
group. Published statistics from the U.S. Internal Rev-
enue Service were used to determine the average
adjusted gross income (AGI) to determine whether in-
come was an effect modifier on the association between
geographic location and achieving the MCID. The tax
return information for the year 2017 was used for all
patients, as it was the most recently published data.

Statistical Analysis
The relative density of patients in relation to the

institution of study was summarized as a heatmap dis-
tribution. The geographical distribution of patients
attaining MCID for each PROM (ASES, CS, and SANE)
was summarized as geographical scatterplots, with
marker size corresponding to the number of patients
within each geographical area. Descriptive statistics for
all continuous variables are reported as means and
standard deviations, while categorical variables are
reported as frequency and percentages. Where appro-
priate, differences between local and referral groups
were assessed using independent t-tests or Mann-
Whitney U-test for continuous data and c2 tests of
independence for categorical data. Postoperative dif-
ferences in PROMs were assessed via paired-sample
t-tests. Subgroup analysis of tear complexity was per-
formed. Logistic regression of achieving any MCID was
conducted, incorporating sex, age, body mass index
(BMI), tear chronicity, tear complexity, AGI, primary
insurance, and travel distance into the model. Contin-
uous variables were recoded into categorical variables
to facilitate interpretable results that are more readily
translatable to clinical application. The Hosmer Leme-
show goodness-of-fit test was used to verify that the
model was not improperly specified. The Pearson
goodness-of-fit statistic was computed to quantify the
similarity of quantities for each grouping yielded by the
model. This statistic follows a c2 distribution. A low P
value, implying dissimilarities in the groupings, in-
dicates a poor fit.

Results
A total of 385 patients satisfied the inclusion criteria

and were included in the final analysis. The mean BMI
of the cohort was 31.08 � 7.12, and the mean age was
60.0 � 8.99 years. A majority of the cohort (59%) was
male. The mean driving distance from the surgical
center was 34.13 � 39.75 miles, with 83.9% of the
cohort having a driving distance of <50 miles at the
time of surgery. Figure 1 demonstrates a geospatial
representation of density of patients included in this
cohort in relation to the medical center where the
procedures were performed. The local group traveled
an average of 22.8 � 13.2 miles, and the referral group
traveled an average of 93.2 � 69.3 miles to their or-
thopedic provider. There were no statistically significant
differences between age, sex, BMI, symptom duration,
or tear complexity between the local and referral
groups (Table 1). A comparison of payor status
demonstrated a significantly higher proportion of
Medicare patients in the local group (P ¼ .011), while
there was no difference in private insurance or Work-
man’s Compensation. Comparative analysis of AGI
revealed that patients in the local group lived in
geographic areas with significantly higher incomes than
those in the referral group (65.6 � 49.2 vs 43.1 � 35.1
per US$1000, respectively; P < .001) (Table 1).

Comparison of Preoperative and Postoperative
Outcome Scores
The paired t-test of preoperative and postoperative

functional scores revealed significant improvement in
all outcomes scores over the 1-year period in all pa-
tients (48.7 � 20.4 preoperatively vs 83.8 � 18.5
postoperatively for ASES, 13.9 � 7.1 vs 24.6 � 8.3 for
Constant, 37.7 � 23 vs 77.5 � 23.9 for SANE; P < .001
for all). A comparison of preoperative and postoperative
scores between the local and referral groups showed no
statistically significant difference at either timepoint
(P > .05 for all).

Analysis of Achieving the MCID
The ASES, Constant, and SANE threshold scores for

achieving the MCID were 11.1, 4.6, and 16.9, respec-
tively. Table 2 summarizes the numbers of patients in
each group achieving the MCID. There was no statisti-
cally significant difference between the groups in the
proportion of patients achieving the MCID for any
outcome measure (P > .05 for all). A total of 305 pa-
tients (94.4%) in the local group and 56 patients
(90.3%) in the referral group achieved the MCID for at
least one PROM. The c2 analysis demonstrated that



Table 1. Patient Demographics

Local Group (n ¼ 323) Referral Group (n ¼ 62) P Values

Gender
Male 185 (57.3%) 42 (67.7%) .163
Female 138 (42.7%) 20 (32.3%) .163

Age (years)
<55 87 (26.9%) 16 (25.8%) .978
56-64 164 (50.8%) 26 (41.9%) .256
>65 72 (22.3%) 20 (32.3%) .128

BMI
<25 60 (18.6%) 7 (11.3%) .266
26-30 73 (22.6%) 19 (30.6%) .174
>30 174 (53.9%) 31 (50%) .861

Duration of symptoms
Acute (symptoms <3 months) 62 (19%) 6 (10%) .106
Chronic (symptoms �3 months) 261 (81%) 56 (90%) 106

Complexity of Tear
Simple (1 tendon torn) 141 (44%) 32 (52%) .31
Complex (�2 tendons torn) 182 (56%) 30 (48%) .31

Payor
Private 188 (58.2%) 33 (53.2%) .558
Medicare 60 (18.6%) 21 (33.9%) .011
Work Comp 75 (23.2%) 8 (12.9%) .101

Distance (miles)* 21.40 [11.8, 32.4] 66.42 [59.0, 105.1] <.001
AGI (per US $1,000) 65.6 � 49.2 43.1 � 35.1 <.001

AGI, adjusted gross income; BMI, body mass index.

Table 2. Preoperative and 1-Year Postoperative Functional
Scores by Distance Group

Local Group Referral Group P Values

Preoperative
ASES 46.1 � 20.7 49.1 � 20.4 .33
Constant 13.5 � 6.4 14 � 7.2 .572
SANE 35.5 � 23.5 38.1 � 22.9 .458

Postoperative
ASES 82.2 � 19.2 84.1 � 18.4 .491
ASES MCID 268 (86.7%) 47 (83.9%) .687
Constant 25.9 � 7 24.4 � 8.5 .159
Constant MCID 211 (82.4%) 36 (76.6%) .452
SANE 76.7 � 27.1 77.7 � 23.4 .801
SANE MCID 241 (79.0%) 45 (78.9%) 1
Any MCID 305 (94.4%) 56 (90.3%) .628

ASES, American Shoulder and Elbow Score; MCID, minimal clini-
cally important difference; SANE, Single Assessment Numeric
Evaluation.
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there was no statistically significant difference in rates
of achieving the MCID between the two groups (P ¼
.628). Figure 2 depicts representations of geographic
densities of patients who achieved MCID on the various
PROMs studied.

Analysis of Achieving the MCID by Tear Complexity
Subgroup analysis by tear complexity is outlined in

Table 3. Briefly, there was no statistically significant
difference in improvement from preoperative outcomes
scores between local and referral groups in those with
simple tears (1 tendon) or those with complex tears (�2
tendons) (P > .05 for all). Among patients with com-
plex tears, those in the referral group had significantly
higher Constant scores at 1-year postoperatively than
those in the local group (P ¼ .008). However, there was
no statistically significant difference between rates of
patients achieving the Constant score MCID within this
subgroup (P > .05). Similarly, there was no statistically
significant difference in other postoperative outcomes
scores within the tear complexity subgroups, nor was
there a difference in rates of achieving the MCID (P >
.05 for all) (Table 3).

Logistic Regression
Table 4 summarizes the results of the logistic regres-

sion. The Pearson goodness-of-fit statistic yielded a P
value of 1, indicating that the model had a good fit.
Briefly, there was no significant difference between
referral groups in achieving the MCID for any PROM
when controlling for age, sex, adjusted gross income,
primary health insurance, tear chronicity, and tear
complexity. Although not statistically significant, fe-
male gender, older age, BMI >30, AGI >$150,000,
worker’s compensation medical insurance, and travel
distance >50 miles were all negatively associated with
achievement of any MCID. On the other hand, non-
obese BMI, chronic, or complex rotator cuff tear, and
Medicare insurance all trended toward a mild positive
association with any MCID achievement (Table 4).
Discussion
The primary finding of this study is that patients who

underwent primary arthroscopic RCR that live in close



Fig 2. Geospatial representation of the relative density of patients achieving MCID for ASES Score (A), Constant Survey (B) and
SANE Score (C).
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proximity to the tertiary referral center where the
surgery took place had similar 1-year postoperative
outcomes and similar rates of achieving the MCID as
patients who travelled farther to undergo the proced-
ure. There was no statistically significant difference in
preoperative or postoperative PROMs between those
who traveled �50 miles to their orthopedic provider
and those who traveled less. These findings suggest that
travel distance does not significantly influence out-
comes after arthroscopic rotator cuff repair.
Regionalization of elective surgery has been consid-

ered by health policy stakeholders as a strategy to
maximize the quality and value of these procedures.16
Table 3. Preoperative and 1-Year Postoperative Functional Score

Local Group Referral Group P

Simple

Preoperative
ASES 47.5 � 19 42.5 � 19.7
Constant 14.9 � 8 13.4 � 6.5
SANE 36.8 � 21.5 34.7 � 23.5

Postoperative
ASES 84.7 � 16.1 78.6 � 20.9
ASES MCID 114 (85.7%) 23 (79.3%)
Constant 25.5 � 7.7 24.6 � 7.7
Constant MCID 94 (83.2%) 17 (70.8%)
SANE 79.5 � 22.9 80.2 � 24.3
SANE MCID 103 (78.6%) 24 (80.0%)
Any MCID 131 (92.9%) 28 (87.5%)
With the establishment of COEs, there has been a
recent focus in the literature regarding whether un-
dergoing orthopedic procedures at high-volume centers
affects outcomes. Laucis et al. used data from the Na-
tional Inpatient Sample to demonstrate a trend of pa-
tients seeking arthroplasty procedures in high-volume
hospitals from 2000 to 2012, and they showed that this
manifested in lower complication rates.17 In an
administrative study investigating over 2.5 million pri-
mary total hip or knee arthroplasty procedures, Dy
et al. found that complication risk was higher if patients
sought care at a local low-volume hospital versus a
high-volume alternative.16 This effect has been
s by Distance and Tear Complexity

Values Local Group Referral Group P Values

Complex

.226 50.2 � 21.2 49.9 � 21.4 .953

.317 13.4 � 6.5 13.5 � 6.4 .955

.654 39 � 23.9 36.5 � 23.9 .618

.147 83.6 � 19.9 86 � 16.7 .505

.63 154 (87.5%) 24 (88.9%) 1.00

.548 23.6 � 9 27.3 � 6.1 .008

.19 117 (81.8%) 19 (82.6%) 1.00

.877 76.3 � 23.8 72.9 � 29.8 .566
1.00 138 (79.3%) 21 (77.8%) 1.00
.63 174 (95.6%) 28 (93.3%) .63



Table 4. Logistic Regression Analysis of Variables for
Achieving Any MCID

OR 2.5% CI 97.5% CI P Values

Sex
Male Ref.
Female .99 .76 1.29 .964

Age (years)
<56 Ref.
56-64 1.00 .75 1.34 .998
>64 .96 .60 1.51 .862

BMI
<26 Ref.
26-30 1.02 .69 1.52 .907
>30 1.00 .72 1.40 .985

Chronicity
Acute (<3 months) Ref.
Chronic 1.00 .74 1.39 .985

Tear Type
Simple (<2 tendons) Ref.
Complex 1.03 .80 1.31 .838

Adjusted gross income
<$75,000 Ref.
$75,000-149,000 1.02 .76 1.35 .887
>$150,000 .99 .62 1.50 .958

Primary insurance
Private Ref.
Medicare 1.01 .65 1.57 .957
Worker’s compensation .94 .67 1.30 .723

Driving distance >49 miles .94 .66 1.33 .752
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demonstrated in the field of shoulder surgery as
well.18,19 Weinheimer et al. conducted a systematic
review and meta-analysis that showed increased com-
plications, length of stay, surgical time, and surgical cost
in shoulder arthroplasty and RCR when performed by a
low-volume shoulder surgeon, defined as <5 arthro-
plasties and/or <12 rotator cuff repairs annually.7 Using
a large national database, Ramkumar et al. found that
that length of stay and cost after total shoulder
arthroplasty was inversely correlated with hospital and
surgeon volume.20

A by-product of concentrating high-volume providers
in COEs is that patients may have to travel longer dis-
tances to receive care. A “travel distance bias” has been
described in the oncologic literature, which suggests
that patients traveling longer distances are healthier
and suffer fewer complications.21,22 However, the
opposite effect (“reverse travel distance bias”) has been
demonstrated in the general surgery literature, with
patients who travel longer distances suffering increased
complications.8 For patients who receive care away
from their immediate geographic area, established
medical providers may not be readily accessible upon
returning home, making it challenging to identify and
manage complications. Few studies have examined this
effect in the orthopedic literature. Using an institutional
database at a center of excellence for total joint
arthroplasty, Nwachukwu et al. demonstrated no sig-
nificant association between patient travel distance and
complication risk.10 Furthermore, Beck et al. showed
that travel distance of �50 miles from a specialty center
had no effect on postoperative outcomes or achieving
the MCID 2 years after undergoing hip arthroscopy for
femoroacteabular impingement syndrome.9

Given the established volume-outcomes relationship
in arthroscopic RCR and other similar procedures, the
existence of a reverse travel distance bias could nullify
the purported benefits of COEs. Although the current
study did not directly compare outcomes at COEs
versus other facilities, our results corroborate the lack of
a reverse travel distance bias for orthopedic procedures
found in prior studies, supporting the potential for
COEs to fulfill their intended purpose. Our results set
the stage for future studies to investigate the effective-
ness of COEs and the comparative outcomes of pro-
cedures performed in these facilities versus others.
Multiple tendon involvement has been associated

with less favorable outcomes after rotator cuff
repair.23-25 However, our subgroup analysis showed no
effect of tear complexity on achieving the MCID on any
PROM between referral groups at minimum 1 year
postoperatively. These results suggest that patients with
more complex tear patterns may achieve comparable
functional outcomes to those with simpler tears when
seeking care at a high-volume center despite traveling
farther for care. Furthermore, our data suggest that
patients with more severe pathology who seek out
higher-volume surgeons away from their immediate
geographic area may be more motivated or may have
better support during their recovery, setting them up
for an improved outcome.
Future studies should investigate the associated eco-

nomic impact of a greater travel distance, particularly
the costs incurred because of factors such as travel and
time off work. The local group had a significantly higher
AGI in our cohort, potentially due to the demographics
of the surrounding area to the study location. However,
it is possible that those travelling a farther distance may
be already at an economic disadvantage, which will be
exacerbated by the costs of traveling to a COE. The
present study lays the groundwork for this effect to be
studied on a larger scale across various geographic
areas.

Limitations
This study has a number of limitations to note. First,

this cohort consisted of patients who were operated on
by multiple providers from the same institution, which
might introduce minor variability in surgical technique
and postoperative rehabilitation protocols. However, all
surgeons who perform a high volume of RCR proced-
ures were part of the same institution and had similar
surgical techniques and postoperative rehabilitation
protocols. Second, our use of a 50-mile cutoff is not
based on a previously established distance but rather
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was chosen on the basis of the radius from our partic-
ular metropolitan area and its use in prior similar
studies.9 Third, this study was conducted in a large
metropolitan area and may not be generalizable to
other geographic locations. Finally, this study does not
compare outcomes of RCR at high-volume versus low-
volume centers, or at COEs versus other facilities.

Conclusion
When controlling for age, sex, AGI, primary health

insurance, tear chronicity, and tear complexity, dis-
tance to a high-volume shoulder arthroscopy surgery
center did not have an effect on achieving the MCID for
any PROM at least 1 year after arthroscopic rotator cuff
repair.
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