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Background: The purpose of this analysis was to assess the public interest in total hip arthroplasty (THA)
based on approach by analyzing Google Trends online search volume trends between 2007 and 2021.
Methods: Data were obtained by querying the Google Trends online search tool for key terms and
phrases relating to anterior, posterior, lateral, and minimally invasive approaches to THA. Data from
January 2007 to December 2021 were utilized. Relative search volume (RSV) was generated for each THA
approach group based on historical search volume trends in the United States.
Results: Over the 15-year period, Google Trends Search Data demonstrated a statistically significant
increase (P < .001) in the RSV for all 4 major hip arthroplasty approaches. The growth in public interest
for anterior hip arthroplasty was significantly greater than the growth for posterior (P ¼ .02) and
minimally invasive hip arthroplasty (P ¼ .02). The difference in RSV growth between lateral and anterior
approaches was not significant (P ¼ .88). The average RSV for anterior hip arthroplasty was 59.0, which
was significantly greater than the average RSV of all other groups.
Conclusions: The anterior approach to hip arthroplasty has demonstrated a consistent and statistically
significant increase in RSV over the past 15 years that has outpaced the increases observed in the pos-
terior and minimally invasive approaches. Despite the increase in public awareness and interest for
anterior approach hip arthroplasty, it is yet to demonstrate any long-term clinical benefits over other
approaches.
© 2022 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

Since its inception, total hip arthroplasty (THA) has become one
of the most commonly performed surgeries in the United States
[1,2]. The procedure is known to improve functional outcomes and
reduce pain in those suffering from end-stage hip osteoarthritis [3].
With the advancement of THA, many operative options including
patient positioning, bearing materials, implant designs, and surgi-
cal approaches have been developed. Specifically, the procedure
has been completed through an anterior, anterolateral, lateral, or
posterior approach, with various modifications of these traditional
approaches also reported. [4] Additionally, some approaches have
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also been marketed as “minimally invasive” including the 2-
incision posterior approach, mini-anterior approach, and mini-
posterior approach. [5e8]

Despite abundant research in these areas, it remains unclear
which approach is clinically superior. In the United States, ortho-
pedic surgeons have long debated the optimal or preferred hip
arthroplasty approach. A recent meta-analysis comparing the
anterior to the posterior approach determined that current evi-
dence does not demonstrate clear superiority of the anterior or
posterior approach, and the approach should be chosen based on
surgeon expertise and patient preference. [9] However, advertising
and public media have suggested that the anterior approach and
minimally invasive approach lead to better outcomes and are
associated with “less pain” after surgery, “faster recovery,” quicker
healing, and fewer postoperative complications without offering
definitive evidence. [10e12] Such campaigns are likely to influence
public opinion despite lack of consistent evidence. For example, a
ip and Knee Surgeons. This is an open access article under the CC BY-NC-ND license
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Table 1
Total hip arthroplasty google trends search terms.

Google Trends search term

anterior hip replacement
anterior hip replacement surgery
anterior hip arthroplasty
direct anterior hip replacement
anterior total hip replacement
anterior hip surgery
posterior hip replacement
posterior hip arthroplasty
posterior approach hip replacement
posterior approach to hip
superpath
superpath hip replacement
minimally invasive hip
minimally invasive hip replacement
minimally invasive hip replacement surgery
lateral hip replacement
lateral hip arthroplasty
lateral approach hip replacement
lateral total hip
lateral total hip replacement
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study conducted by Daas et al. found that up to 68% of patients
enter orthopedic offices with a strong preference for the direct
anterior approach and cite the abovementioned reasons. [13]

With the availability of medical information online, patients are
increasingly searching for health-related information. [14] One
powerful tool for analyzing this patient interest is Google Trends,
which is a search engine tool that tracks search frequency and
relative interest of terms and phrases. In the field of orthopedic
surgery, previous studies have demonstrated that patients are
increasingly researching treatment and procedure types like
platelet-rich plasma and stem cell injections, elective spine surgery,
robotic hip and knee arthroplasty, and many others. [15,16,22e24]
Therefore, the purpose of this study is to examine trends in patient
interest for THA, specifically for the anterior, posterior, lateral, and
minimally invasive approaches. We hypothesize there will be
greater patient interest for the anterior approach of THA spanning
the past 15 years.

Material and Methods

Google Trends

Google Trends (Alphabet Inc., Mountain View, CA) is a free,
open-source online tool that tracks and tabulates online search
engine volumes over time and across geography [17]. For a search
term of interest, Google Trends presents the search metadata as a
relative search volume (RSV). RSV is the search volume of a term as
compared to the peak popularity of the same search term over a
given time period and within specified geographic bounds. During
the time period, the peak popularity of a search term is given a 100,
and all other time points will have an RSV less than 100 [18]. When
comparing multiple terms in the same Google Trends search, the
RSV for all terms will be in relation to the term with the peak
popularity (ie, the term popularities are compared to each other
rather than being analyzed independent of each other).

Search queries

The search queries conducted in this analysis were done in
accordance with previous Google Trends analyses in hip and knee
arthritis. [15] The most common search terms relating to posterior,
anterior, and lateral approach hip arthroplasty were searched
within Google Trends. Additionally, terms related to minimally
invasive hip arthroplasty were also searched. Because minimally
invasive hip arthroplasty is a broad term that represents a variety of
procedure types and approaches, multiple terms were considered
together under the umbrella of “minimally invasive.” [19e21]
Table 1 contains all the search terms used in this analysis for the 4
groups: posterior, anterior, lateral, and minimally invasive hip
arthroplasty. (Table 1)

Temporal trends

To analyze the temporal trends in the public interest for anterior,
posterior, lateral, and minimally invasive hip arthroplasty, the
abovementioned search terms were compiled into a database. The
database contained RSV data for each search term over a 15-year
time period from January 1, 2007, to December 31, 2021. Once
these datawere collected, best-fit linear, quadratic, and exponential
growth models were used to model the growth in public interest
that each of these hip arthroplasty types experienced. Each model
type’s strength was assessed by calculating standard measures of
accuracy including the mean absolute percentage error, mean ab-
solute deviation, and the mean squared deviation. These metrics all
assess the strength and accuracy of a model in representing the rate
of change observed. The slopes of the linear regression models
were compared with a 2-tailed t-test to determine if a linear model
was significantly different than the slope of another linear model.

An additional direct comparison was made between the 4
groups simultaneously by constructing a Google Trends searchwith
the following search terms: “anterior hip replacement,” “posterior
hip replacement,” “lateral hip replacement,” and “minimally inva-
sive hip replacement.” Google Trends permits up to 5 terms to be
concomitantly compared, and these search terms represented the
most representative term for each approach type. This comparison
allowed the RSV values for each search term to be normalized and
directly comparable between the 4 groups. This comparison
allowed the growth in search volume for a particular approach type
to be better contextualized in relation to the other types of ap-
proaches being studied.

Results

Anterior hip arthroplasty

Over the 15-year period between January 1, 2007, and December
31, 2021, Google Trends Search Data demonstrated a statistically
significant increase (P < .001) in the RSV for anterior hip arthro-
plasty with an R2 value of 0.58. The linear regression model was the
most representative model type and had the best measures of ac-
curacy. (Fig. 1) Additionally, the slope of increase in public interest
for anterior hip arthroplasty was significantly greater than the
slopes for posterior (P ¼ .02) and minimally invasive hip arthro-
plasty (P ¼ .02) over the same time period. However, the anterior
hip arthroplasty slope was not significantly greater than the lateral
hip arthroplasty slope (P ¼ .87). The percent change in relative
annual search volumes between 2007 and 2021 increased by
1692.5% for the anterior hip arthroplasty group.

Posterior hip arthroplasty

Between January 1, 2007, and December 31, 2021, the Google
Trends Search Data demonstrated a statistically significant increase
(P< .001) in the RSV of posterior hip arthroplasty with an R2 of 0.53.
These data were also best represented by the linear regression
model which had the best measures of accuracy of the 3 model
types. (Fig. 2) The posterior hip arthroplasty slope of increase was
significantly less than the slope of increase in anterior (P ¼ .02) and
lateral groups (P¼ .02). Therewas no significant difference between
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Figure 1. Linear trend model for anterior hip arthroplasty. MAD, mean absolute deviation; MAPE, mean absolute percentage error; MSD, the mean squared deviation. GT, Google
Trends.
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the posterior and minimally invasive groups (P ¼ .88). The percent
change in relative annual search volumes between 2007 and 2021
increased by 289.5% for the posterior hip arthroplasty group.
Lateral hip arthroplasty

Between January 1, 2007, and December 31, 2021, the Google
Trends Search Data demonstrated a statistically significant in-
crease (P < .001) in the RSV of lateral hip arthroplasty with an R2 of
0.58. These data were best represented by the linear regression
model which had the best measures of accuracy of the 3 model
types. (Fig. 3) The lateral hip arthroplasty slope of increase was
significantly greater than the slope of increase in posterior (P ¼
.02) and minimally invasive groups (P ¼ .01). However, there was
no significant difference between the lateral and anterior groups
(P ¼ .87). The percent change in relative annual search volumes
between 2007 and 2021 increased by 305.2% for the lateral hip
arthroplasty group.
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Figure 2. Linear trend model for posterio
Minimally invasive hip arthroplasty

Between January 1, 2007, and December 31, 2021, the Google
Trends Search Data demonstrated a statistically significant increase
(P < .001) in the RSV of minimally invasive hip arthroplasty with an
R2 of 0.55. Similarly, the linear regression model was also the best
representation of the increase in public interest (Fig. 4). The slope of
increase demonstrated by the linear regression models for poste-
rior and minimally invasive hip arthroplasty was not significantly
different (P ¼ .88). The percent change in relative annual search
volumes between 2007 and 2021 increased by 344.5% for the
minimally invasive hip arthroplasty group.
Anterior, posterior, lateral, and minimally invasive hip arthroplasty
compared

During the January 1, 2007, to December 31, 2021, time period,
anterior hip arthroplasty showed the greatest degree of public
y = 0.3437x + 6.4907
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Figure 3. Linear trend model for lateral hip arthroplasty. MI, minimally invasive.
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interest when directly compared to posterior, lateral, and mini-
mally invasive hip arthroplasty. (Fig. 5) The slope of the anterior hip
arthroplasty linear regression line was 0.52 compared to a slope of
0.01 for posterior, 0.10 for lateral, and 0.05 for minimally invasive
hip arthroplasty. Similarly, the anterior arthroplasty trend lines
showed a substantially better R2 value (0.69) than posterior (0.002)
and minimally invasive (0.04) ones.

Moreover, the average RSV over the time period for anterior hip
arthroplasty was 59.0 which was significantly greater than the
average RSV of posterior (average RSV ¼ 14.7; P < .001), lateral
(average RSV ¼ 4.3; P < .001), and minimally invasive (average
RSV ¼ 6.1; P < .001) hip arthroplasty groups. The average RSV of
posterior hip arthroplasty over this time period was also signifi-
cantly greater than the average RSV of minimally invasive hip
arthroplasty (P < .001) and lateral hip arthroplasty (P < .001).
Moreover, the minimally invasive hip arthroplasty group also had a
significantly greater RSV than the lateral group (P < .001).
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Discussion

Over the past 15 years, the public interest in hip arthroplasty
measured by Google Trends RSV has seen a significant increase. In
particular, the anterior approach has seen a substantial growth in
interest while the posterior hip arthroplasty search terminology
has reflected much lower growth in public interest. Moreover,
when the 4 hip arthroplasty approaches were compared with
relation to each other and their collective peak RSVs, the anterior
hip arthroplasty approach also demonstrated a significantly greater
degree of public interest over the study time period. This compar-
ison is particularly useful in the context of a growing number of
internet users and Google search queries observed during the time
frame of our analysis. The individual RSV growth for each hip
arthroplasty approach is likely influenced by the observed growth
in search queries; however, the direct comparison between
approach types provides a normalized comparison for public
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interest. Together, these findings confirm our initial hypothesis that
the anterior hip arthroplasty approach has garnered the most
public interest over the past 15 years.

Our investigation adds to the growing but limited body of
literature regarding public interest in medical procedures, and to
our knowledge, it represents the first analysis of data representing
information seeking trends regarding the different hip arthroplasty
approaches commonly offered to orthopedic patients. Our study
reports an increasing rate of Google searches relating to hip
arthroplasty with the anterior approach reflecting the most growth
in public interest and the largest current share of public interest.
This finding is consistent with literature reports documenting a
growing rate of utilization of hip arthroplasty procedures world-
wide and a growing interest and utilization of the anterior
approach. [25,26] However, no previous study has examined the
degree of public interest and interest search volume for hip
arthroplasty approaches. A study by Cohen et al. [16] analyzed the
growth in public interest for both hip and knee arthroplasties be-
tween 2009 and 2017. While they also found growing public in-
terest for hip arthroplasty, they failed to analyze the 4 primary hip
arthroplasty approaches and which were more popular.

Interestingly, the clinical outcomes associated with direct
anterior approach THA are likely not the primary driver of the
observed increase in RSV. Despite its growing popularity and uti-
lization, there is still uncertainty in the orthopedic community as to
whether the direct anterior approach is clinically superior to other
hip arthroplasty approaches. The arthroplasty literature has pre-
viously reported an increased complication rate, lack of clinical
superiority, and a steep learning curve as reasons why the direct
anterior approach should not necessarily be performed over other
common approaches [26e33]. Therefore, the rapid increase in pa-
tient interest for direct anterior hip arthroplasty procedures is
likely unrelated with the reported clinical outcomes associated
with this procedure.

Several previous studies have reported a large increase in mar-
keting at many levels of the health-care infrastructure as a primary
driving force for the rapid uptick in direct anterior hip arthroplasty
over the past 2 decades. [12,34,35] In fact, in an analysis by Mohan
et al., [35] the authors describe the substantial online marketing
campaigns distributed by hospitals, surgeons, and the orthopedic
industry for the direct anterior approach for total hip replacement.
The authors also call into question the quality of the distributed,
easily accessible information on the procedure. [35] Despite being
aware of the uncertain benefits of the direct anterior approach,
orthopedic surgeons elect to perform the procedure nonetheless
due to increased pressure from patients. Approximately 43% of
surgeons performing the direct anterior approach have reported
that over half of their patients request this approach. [26] More-
over, 76% of orthopedic surgeons have reported an increased mar-
ket share as a result of performing the direct anterior approach for
their THA patients. [26] Substantial pressure is being applied on
surgeons to continue performing this approach as patients
consume increasing amount of marketing advocating for this
procedure.

Surprisingly, the minimally invasive hip arthroplasty search
terminology, while showing significant growth in search popularity
over the past 15 years, did not reflect the same considerable in-
crease in search volume that the direct anterior approach demon-
strated. This was unexpected as there has been a documented rise
in popularity of this procedure type across all orthopedic surgery
services. [36e38] This finding may be explained by considering
what classifies as “minimally invasive” when referring to hip
arthroplasty. Lesser known and/or marketed procedures and more
nuanced naming are likely to impact the RSV generated by Google
Trends. This may explain the lesser slope observed with the mini-
mally invasive group than with the anterior approach group.

Limitations

The presented study has several limitations. First, Google Trends
is limited in its scope at assessing national and international search
volumes. Google Trends fails to capture demographics, detailed
geographic locations, specific search terms, and the absolute
number of searches performed on a specific search term. As a result,
any subsequent analyses will be limited and will lack some degree
of granularity in reporting specific details hidden within the data.
Additionally, the use of Google Trends search volume analysis does
not afford analyses of searches performed with other search en-
gines. Moreover, since 2007, there has been tremendous growth in
the access to the internet and the number of search engine queries
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performed each year. The findings in this analysis must be inter-
preted in the context of background growth in internet search
volume. Finally, the current analysis and its interpretation depend
on a close relationship between measured online search volumes
and actual patient interest in a subject. While it remains unclear
how closely these 2 factors correlate with one another, our study
and other similar studies purport that online search volumes is a
reliable proxy measurement for patient interest.

Conclusions

The direct anterior approach to THA has demonstrated a
consistent, significant increase in RSV over the past 15 years that
has significantly outpaced the increases observed in the posterior,
lateral, and minimally invasive approaches. Despite the increase in
public awareness and interest for anterior approach hip arthro-
plasty, uncertainty still exists as to its clinical benefit. Therefore,
increased amounts of patient-focused marketing campaigns con-
ducted by numerous stakeholders may be an important factor in
this significant rise in public interest.
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