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Background: Patients are increasingly traveling greater distances to receive care at high-volume centers.
The effect of travel distance on patient-reported outcomes after hip resurfacing arthroplasty has not been
described.
Methods: Patients undergoing HRA by a single surgeon from January 2007 to April 2018 with minimum
2-year follow-up were reviewed retrospectively. Five hundred ninety-nine patients were identified and
divided into 2 cohorts: home-to-hospital distance >100 miles and �100 miles from our institution.
Preoperative and 2-year postoperative patient-reported outcome measures (PROMs) were assessed,
including the modified Harris Hip Score and Hip disability and Osteoarthritis Outcome Score. The
minimal clinically important difference (MCID) for each PROM was calculated using the distribution-
based method. Chi-square tests were used for univariate comparison. Poisson regressions controlling
for demographic variables were performed to determine the effect of travel distance on whether patients
achieved the MCID. Multivariate linear regressions were used to determine association between distance
and improvement in PROMs.
Results: A total of 599 patients met criteria for inclusion. There were 113 (18.9%) with a home-to-hospital
distance >100 miles and 486 (81.1%) with distance �100 miles. Age was the only demographic factor
different between these groups (mean: 1.1-year difference, P < .001). There were no significant differ-
ences in reaching the MCID on any PROM between these groups. Multivariate linear regressions revealed
no associations between travel distance and improvement in PROMs.
Conclusions: Travel distance to a high-volume center did not affect 2-year patient-reported outcomes or
rate of achieving the MCID in patients undergoing hip resurfacing arthroplasty.
© 2020 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Recently, healthcare reform in the United States has focused on
improving the quality of care while concurrently reducing overall
costs [1,2]. To achieve this goal, healthcare policy experts have
advocated for the development and increased utilization of centers
of excellence or care institutions that meet evidence-based quality
criteria, including high volume, physician training, and staff ratios
[3]. With respect to joint replacement surgery and in line with
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these developments in healthcare reform, patients are increasingly
electing to have their joint replacement performed at such high-
volume centers [4]. As a result, the number of joint replacements
performed at high-volume surgical centers, defined as greater than
400 arthroplasties annually, rose from 29% to 66% of total arthro-
plasties from 2000 to 2012 [4]. Moreover, several studies have
demonstrated that having a joint replacement at a high-volume
center improves overall outcomes and decreases healthcare costs
when compared with low-volume sites [2,5,6].

Certain patients who may not have a high-volume surgical
center nearby are faced with a decision about whether to travel the
greater distance to have their procedure performed at a high-
volume institution. Increased travel distance may be associated
with difficulty with follow-up or with attending rehabilitation
sociation of Hip and Knee Surgeons. This is an open access article under the CC BY-
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sessions. In addition, there may also be inherent differences be-
tween local and referral patients that may also have an impact on
their outcomes. Thus, recent studies have focused on the effect of
travel distance on postoperative surgical outcomes but have
demonstrated conflicting results. In patients undergoing surgical
resection for gastrointestinal cancer, those traveling a greater dis-
tance had a lower 90-day and 5-year mortality [7]. However, in a
separate study, patients living further from a tertiary care center
had an increased risk of postoperative complication after a general
surgery procedure compared with those closer by [8]. In the or-
thopaedic surgery literature, the results have been more consistent
as several studies have demonstrated that travel distance has no
effect on both short-term and long-term postoperative outcomes in
patients undergoing total joint arthroplasty and hip arthroscopy [9-
11]. No study, however, has examined the impact of travel distance
on outcomes after hip resurfacing arthroplasty (HRA).

HRA, an alternative to conventional total hip arthroplasty,
typically attracts a younger patient population looking to engage in
high-impact activities after surgery [12,13]. Advantages of HRA
compared with total hip arthroplasty include preservation of the
proximal femoral bone stock and lower rates of postoperative
dislocation, while disadvantages include the generation of metal
debris and the potential for early revision owing to the use of a
metal-on-metal implant [12,13]. While both have similar in-
dications, some studies suggest differences in the complication rate
and patient-reported outcomes between the 2 procedures
[12,14,15].

Thus, with the increasing utilization of high-volume joint
replacement centers for patients undergoing HRA, we sought to
determine the impact of increasing travel distance on 2-year
patient-reported outcomes after HRA. We hypothesize that there
is no statistically significant difference in postoperative outcomes
for patients traveling greater than 100 miles to our high-volume
orthopaedic specialist hospital than for patients traveling less
than 100 miles.

Material and methods

Patient population

The available medical records for patients who underwent HRA
by a single surgeon from January 2007 to April 2018 were retro-
spectively reviewed. Patients who underwent primary HRA during
the study period with minimum 2-year follow-up were included in
the study. Exclusion criteria included patients with missing de-
mographic information, patients without a documented home
address, and patients without preoperative patient-reported
outcome measures (PROMs). Approval from the institutional re-
view board was obtained. No funding was used for this study.

Surgical technique

All surgeries were performed by a single fellowship-trained
surgeon at a high-volume academic center using the Birmingham
Hip Resurfacing as the standard implant. A standard well-described
operative technique utilizing the posterolateral approach was used
in all cases [16-18]. Briefly, the surgery was performed with the
patient in the lateral position. A posterolateral incision was used.
The gluteus maximus tendon was released as needed to aid in
exposure and repaired at the end of the case. The plane between
the gluteus minimus and capsule was developed. The piriformis,
short external rotators, obturator externus, and quadratus femoris
were released, tagged, and eventually repaired at the end of the
case. A circumferential capsulotomy was used to expose and
mobilize the femoral head starting with an L-shaped posterior
capsulotomy. Acetabular exposure was facilitated by retracting the
femoral head under the gluteus minimus as well as placement of
additional retractors. The acetabulum was sequentially reamed,
followed by placement of a trial cup, followed by impaction of the
acetabular component. The femoral head was then prepared using
standard Birmingham Hip Resurfacing instrumentation. The
appropriate femoral component was then cemented in place. The
capsule was repaired, followed by repair of the piriformis, short
external rotators, and quadratus femoris. Postoperatively, both the
local and referral groups received the same initial rehabilitation
protocol and venous thromboembolism prophylaxis. Upon
discharge, patients whowere expecting a flight longer than 3 hours
were given one dose of enoxaparin.

Patient-reported outcome measures

The modified Harris Hip Score (mHHS) and Hip disability and
Osteoarthritis Outcome Score (HOOS) were used as the primary
outcomes for this study. All patients completed preoperative and
postoperative questionnaires at minimum 2-year follow-up. The
Harris Hip Score was initially designed as a 100-point instrument
with questions regarding function, pain deformity, and range of
motion [19]. The mHHS includes only the function and pain sec-
tions, which is then scaled to 100 points [20]. The HOOS was
developed as a hip-specific instrument using components of the
Western Ontario and McMaster Universities Osteoarthritis Index
and Knee injury and Osteoarthritis Outcome Score [20,21]. This
instrument has been validated in patients undergoing hip surgery
with high internal consistency [22,23].

To further characterize the clinical significance of changes as
measured on these PROMs, the minimal clinically important dif-
ference (MCID) was determined for each instrument. The
distribution-based method, as previously described in the litera-
ture, was used in this study [9,24,25]. Briefly, the threshold for
achieving the MCID for each instrument was determined by
calculating the change in outcome equal to 0.5 standard deviation
over a 2-year period. We considered any patient who met this
threshold at 2-year follow-up to have reached the MCID. The
minimum sample size required to detect the MCID between the
local and referral groups was calculated to be 56 (80% power, a ¼
0.05).

Measuring geographic distance

The home address of each patient was extracted to a database.
Using the geocoding function built into SAS®, version 9.4 (SAS
Institute Inc., Cary, NC), the corresponding geographic coordinates
were determined. The travel distance between the patient’s home
coordinates and the coordinates for our institution was then
calculated [26]. A threshold of 100 miles was selected, as this dis-
tance was previously used in a study from our institution [10]. A
parallel analysis using a threshold of 50 miles was also performed
to assess for any differences between these 2 distance thresholds
(Appendix 1).

Statistical analysis

All statistical analysis was performed using Stata®, version 13
(StataCorp, LLC, College Station, TX). The first set of statistical an-
alyses involved unadjusted comparisons between the referral and
local groups for preoperative characteristics, preoperative and
postoperative PROMs, and whether the patient achieved the MCID
in these PROMs at 2-year follow-up. Pearson’s chi-square tests
were used for categorical variables, and Student’s t-tests were used
for continuous variables. The second set of statistical analyses



Table 2
Preoperative and 2-y postoperative functional scores by distance group.

Patient groups P-valuea

Referral (>100 miles) Local (�100 miles)

Preoperative
mHHS Average: 60.1 ± 12.5 Average: 60.8 ± 12.3 .628
HOOS Average: 57.2 ± 13.6 Average: 57.5 ± 14.8 .383

Postoperative
mHHS Average: 94.6 ± 8.5 Average: 94.5 ± 9.0 .936
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involved Poisson regressions with robust error variance that
controlled for demographic variables found to be statistically
different in Table 1 [27]. This was used to determine the effect of
home-to-hospital distance on whether patients achieved the MCID
in either themHHS or HOOS. Finally, multivariate linear regressions
controlling for demographic variables found to be statistically
different in Table 1were used to assess for associations between the
home-to-hospital distance and improvement in PROMs at 2-year
follow-up.
HOOS Average: 97.7 ± 5.6 Average: 95.3 ± 10.1 .062

a Student's t-tests were used to compare these variables (significant at P < .05).
Results

A total of 599 patients who underwent primary hip resurfacing
arthroplasty were included in the study. There were 486 (81.1%)
patients in the local group with home-to-hospital distance less
than or equal to 100 miles. The referral group, with home-to-
hospital distance greater than 100 miles, had 113 (18.9%) patients.
The average home-to-hospital distance was 980.0 miles for the
referral group and 27.1 miles for the local group. Demographic in-
formation for these 2 groups is found in Table 1. Age was the only
demographic factor with a statistically significant difference be-
tween groups (mean: 1.1-year difference, P < .001).

There were no statistically significant differences in preopera-
tive and 2-year postoperative PROMs between the local and referral
groups (P > .05 for all, Table 2). The mean change in the mHHS was
34.5 for the referral group and 33.7 for the local group. The mean
change in the HOOS was 40.5 for the referral group and 37.8 for the
local group. Multivariate linear regressions revealed no associations
between home-to-hospital distance and improvement in PROMs
(Figs. 1 and 2).

There were no statistically significant differences between the
local and referral groups in the rate of achieving the MCID on either
PROM (P > .05, Table 3). The overall rate of achieving the MCID was
greater than 95% for all PROMs in both groups. The differences
remained nonsignificant after controlling for the difference in age
using Poisson regression. In our parallel analysis using 50 miles as
the threshold between the local and referral groups, there were
also no differences in preoperative and postoperative PROMs or
Table 1
Preoperative characteristics of the study population.

Total Patient groups P-valuea

Referral (>100
miles)

Local (�100
miles)

Number ¼ 113 Number ¼ 486

Age (y) Average: 55.6 ±
11.8

Average: 54.5 ±
10.7

<.001

<55 45 39.82% 219 45.06%
55-64 38 33.63% 210 43.21%
�65 30 26.55% 57 11.73%

Gender 0.381
Male 90 79.65% 404 83.13%
Female 23 20.35% 82 16.87%

BMI (kg/m2) Average: 26.1 ±
4.4

Average: 28.9 ±
16.8

.216

18-25 39 34.51% 156 32.10%
25-30 58 51.33% 222 45.68%
30-35 13 11.50% 74 15.23%
>35 3 2.65% 34 7.00%

Distance (miles) Average: 980.0
± 931.8

Average: 27.1 ±
19.6

<.001

BMI, body mass index.
Bolding indicates statistical significance.

a Chi-squared tests or Student's t-tests were used to compare these variables
(significant at P < .05).
rate of achieving theMCID after controlling for demographic factors
(Supplemental Tables 1-3 and Supplemental Figures 1 and 2).

Discusssion

Given the focus of healthcare reform on value-based care and
the increasing utilization of high-volume joint replacement cen-
ters, it has become crucial to evaluate the impact of travel distance
on clinical outcomes after surgical procedures at these sites. We
analyze 599 HRAs performed by a single surgeon at our high-
volume orthopaedic specialist hospital. In doing so, we determine
that travel distance has no effect on 2-year patient-reported
outcome scores, including the mHHS and HOOS, or the rate of
achieving the MCID.

Our results are consistent with those of previous studies in the
orthopaedic surgery literature that have thus far shown that travel
distance has no effect on clinical outcomes. In a single-institution
study of 38,887 total joint arthroplasties, Nwachukwu et al.
demonstrated that travel distance had no effect on the develop-
ment of short-term complications includingmedical complications,
readmission, and reoperation [10]. Similarly, in a study of 22,614
total knee arthroplasties performed at a separate tertiary referral
center, Maradit Kremers et al. stratified patients into 5 groups
based on travel distance [11]. They noted that patients traveling a
greater distance had different baseline demographics and clinical
characteristics compared with local patients, as the former tended
to be younger, male, have a lower body mass index, and more likely
to have had previous surgeries on the same knee [11]. However,
they determined that there were no differences in complication
rate and revision rate between groups at a mean follow-up of 7.6
years [11]. While these studies examined overall complications, a
recent study explored the impact of travel distance on patient-
reported outcome measures in the field of sports medicine. Beck
et al. stratified 647 patients undergoing hip arthroscopy into those
traveling greater than and less than 50 miles to their high-volume
surgical center [9]. In addition to noting that there were no differ-
ences in baseline demographics between the groups, they also
determined that both groups had similar 2-year patient-reported
outcome scores [9].

Our finding that there were no differences in patient-reported
outcomes at 2 years among patients that traveled greater than and
less than 100 miles for their HRA supports the rationale behind the
increasing utilization of high-volume joint replacement centers. In
general, the literature has demonstrated that high-volume joint
replacement centers provide better outcomes and reduce overall
costs compared with low-volume centers [2,5,6]. In an analysis of
more than 2million total joint arthroplasties from 1991 to 2006, Dy
et al. [5] determined that the complication ratewas lower inpatients
who had their procedure performed at a high-volume hospital,
defined as performing more than 200 joint arthroplasties per year.
Similarly, Courtney et al. [2] demonstrated that high-volume hos-
pitals performingmore than 100 arthroplasties a year had not only a



Figure 1. Distribution of preoperative and 2-y postoperative mHHS.
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lower complication score but also lower mean hospital-specific
charges and Medicare inpatient payments. In a separate study,
Jeschke et al. [6] showedusing a retrospectivedatabase that patients
undergoing total knee arthroplasty at a hospital with greater than
252 cases per year had a lower 2-year revision risk. Altogether, these
findings have led authors to conclude either that patients should be
referred to a high-volume joint replacement center or that low-
volume centers should adopt similar protocols and policies as
their counterparts [2,5,6].

With respect to hospital volume on outcomes after HRA, the
literature is mixed. In a series of 3076 HRAs performed at their
specialist hospital, Matharu et al. [28] demonstrated a lower rate of
postoperative femoral neck fracture than that reported by other
institutions. They attribute the improved performance to their high
volume of cases [16]. Despite this finding, in a retrospective study of
5098 HRAs, Sepp€anen et al. noted that status as a high-volume
Figure 2. Distribution of preoperativ
hospital (>100 arthroplasties per year) had no effect on overall
10-year revision rate [29]. However, it is unclear as to why the
number 100 arthroplasties per year was chosen as the threshold for
high-volume hospital status, and it is entirely plausible that an
alternative threshold would have shown significant differences
[29]. Nonetheless, although there is a need for additional studies
that compare the outcomes after HRA between high- and low-
volume centers, our results show that there is no difference in
outcomes in patients who travel from farther distances to our
specialist hospital compared with those who live closer even after
controlling for baseline demographics such as age. We thus argue
that distance traveled should not be a limitation to seeking care for
patients undergoing HRA.

Our study has several notable limitations. First, owing to the
nature of our institutional database, additional clinical data such as
infection rate, readmissions, or other complications were not
e and 2-y postoperative HOOS.



Table 3
Chi-square analysis of patients who achieved the MCID by distance group.

Patient groups P-valuea

Referral
(>100 miles)

Local (�100
miles)

Achieved MCID for mHHS 0.443
Yes 80 97.56% 383 95.75%
No 2 2.44% 17 4.25%

Achieved MCID for HOOS .457
Yes 68 98.55% 283 96.92%
No 1 1.45% 9 3.08%

a Chi-squared tests were used to compare these variables (significant at P < .05).
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available. Although a review of other complications associated with
increased travel distance is outside the scope of this article, this
information would have nonetheless been of interest. As the en-
tiretyof theHRAprocedureswereperformedbya single surgeonat a
single high-volume orthopaedic institution in a large metropolitan
area, our results may not be generalizable to the entirety of patients
undergoing HRA. This limitation may hold especially true at rural,
lower-volume centers. However, this study design has its strengths
in that it eliminates the variation between different surgeons and
maintains consistency among postoperative rehabilitation pro-
tocols, both of which lend additional validity to our conclusions.
Furthermore, the distance of one hundred miles was chosen based
on the specific characteristics of our hospital’s metropolitan area
and is thus not a validated distance.While Beck et al. chose 50miles
as the distance threshold in their study of hip arthroscopies, the
previous study examining travel distance on outcomes after total
joint arthroplasty by Nwachukwu et al. was performed at the same
institution as ours and also used a 100-mile radius [9,10].
Conclusions

We found that travel distance to a high-volume surgical center
did not affect 2-year patient-reported outcomes or rate of achieving
the MCID in patients undergoing HRA after controlling for age,
gender, and body mass index. This finding is consistent with those
of previous investigations on the impact of travel distance on
outcomes after hip arthroscopy and total joint arthroplasty [9,10].
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Table 1
Preoperative characteristics of the study population.

Total Patient groups P-valuea

Referral Local

Number ¼ 162 Number ¼ 437

Age (y) Average: 54.6 ±
11.8

Average: 54.7 ±
10.5

0.006

<55 71 43.83% 193 44.16%
55-64 56 34.57% 192 43.94%
�65 35 21.60% 52 11.90%

Gender .020
Male 124 76.54% 370 84.67%
Female 38 23.46% 67 15.33%

BMI (kg/m2) Average: 26.4 ±
4.8

Average: 29.1 ±
17.6

0.138

18-25 54 33.33% 141 32.27%
25-30 81 50.00% 199 45.54%
30-35 23 14.20% 64 14.65%
>35 4 2.47% 33 7.55%

Distance (miles) Average: 704.5 ±
883.2

Average: 22.4 ±
13.4

<0.001

BMI, body mass index.
Bolding indicates statistical significance.
Italic rows are the median group.

a Chi-squared tests or Student's t-tests were used to compare these variables
(significant at P < .05).

Table 2
Preoperative and 2-y postoperative functional scores by distance group.

Patient groups P-valuea

Referral Local

Preoperative
mHHS Average: 60.2 ± 12.0 Average: 60.8 ± 12.5 .653
HOOS Average: 58.2 ± 13.4 Average: 57.7 ± 15.0 .765

Postoperative
mHHS Average: 94.9 ± 8.4 Average: 94.5 ± 9.1 .662
HOOS Average: 97.4 ± 7.1 Average: 95.2 ± 10.0 .056

Underlined rows are the median group.
a Student's t-tests were used to compare these variables (significant at P < .05).

Table 3
Chi-square analysis of patients who achieved the MCID by distance group.

Patient groups P-valuea

Referral Local

Achieved MCID for mHHS 0.330
Yes 119 97.54% 344 95.56%
No 3 2.46% 16 4.44%

Achieved MCID for HOOS .261
Yes 90 98.90% 261 96.67%
No 1 1.10% 9 3.33%

a Chi-squared tests were used to compare these variables (significant at P < .05).
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Supplementary Figure 1. Distribution of preoperative and two-year postoperative mHHS.

Supplementary Figure 2. Distribution of preoperative and two-year postoperative HOOS.
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