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Patient Interest in Quadriceps Autograft Anterior
Cruciate Ligament Reconstruction Is Increasing Over
Other Autograft Options: A 12-Year Google Trends

Analysis

Joseph C. Brinkman, M.D., M. Lane Moore, B.S., Cara Lai, M.D., Sailesh V. Tummala, M.D.,

Jordan R. Pollock, B.S., Kade S. McQuivey, M.D., Jeffrey D. Hassebrock, M.D.,
Adam B. Thompson, B.S., and Anikar Chhabra, M.D.
Purpose: To use Google trends to explore differences in public interest among types of anterior cruciate ligament (ACL)
autografts, specifically quadriceps tendon, patellar tendon, and hamstring tendon autografts, between 2008 and 2019.
Methods: Data were obtained by querying Google Trends for key terms and phrases for online search data ranging from
January 2008 to December 2019. Relative search volumes were created based on searches related to ACL reconstruction
with comparative analysis generated for search terms related to quadriceps ACL, patellar tendon ACL, and hamstring ACL
autografts. Statistical analysis included linear regression analysis, comparison of quarterly search volume trends over time,
and comparison of cumulative annual search volumes for 2008 versus 2019. Results: Linear models for respective search
terms were statistically significant for the quadriceps (P < .001) and patellar (P ¼ .007) tendon autograft groups but not
the hamstring group (P ¼ .129). The quadriceps autograft group demonstrated a 12-year search volume trend change of
0.56, which was significantly greater than the hamstring (0.07; P < .001) and patellar tendon (0.168; P < .001) groups.
There was no significant difference in the trend change between hamstring and patellar tendon groups (P ¼ .20). Percent
change in cumulative relative annual search volumes between 2008 and 2019 was 112% for the quadriceps tendon group,
12.9% for the hamstring group, and 18.6% for the patellar tendon group. Conclusions: This study indicates a consis-
tently increasing public interest in quadriceps tendon autograft for ACL reconstruction. The quadriceps autograft group
demonstrated a significantly greater 12-year online search volume, greater linear correlation, and larger percent change
between 2008 and 2019 compared with patellar tendon or hamstring autograft groups. Clinical Relevance: Awareness
of patient perceptions has value in informing shared decision-making, aligning patient expectations, and guiding areas of
future research. Each of these has an impact on patient care. Being aware of patient interest and expectations is
particularly important in areas with controversial or emerging research.
nterior cruciate ligament (ACL) tears represent
A the highest proportion of knee injuries and are
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Arthroscopy, Sports Medicine, and Rehabilita
one of the most common pathologies seen in ortho-
paedic sports medicine.1,2 Among active patients, ACL
reconstruction with autologous tissue is widely
considered the treatment of choice for restoring stability
to the knee and affording return to sport.3,4 The
decision to pursue surgery is a shared decision-making
process that is patient dependent and considers several
factors, including functional demand and concomitant
pathology. For patients who do undergo surgery,
several options for reconstruction exist, including
quadriceps tendon autograft, patellar tendon
(boneepatellar tendonebone) autograft, and quadru-
pled hamstring autograft.1 Over the past decade,
quadriceps tendon autograft has increased in use, with
data demonstrating comparable functional and patient-
reported outcomes to other autograft options.5-8
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It is widely recognized that the Internet has enabled
patients to readily access information about treatment
choices and that patients are increasingly seeking this
information online.9 Although the choice of autograft is
largely surgeon dependent, the increased use of quad-
riceps tendon autograft may reflect growing public
awareness and subsequent requests for use of quadri-
ceps tendon in ACL reconstruction. One way to eval-
uate trends in public interest is through analyzing
aggregated Internet search data.10,11 Within orthopae-
dic surgery, trend analyses have been performed to
examine awareness of orthopaedic treatments and
procedures, particularly those with mixed clinical re-
sults or controversial options.12-14 One specific tool is
Google Trends, which displays temporal relationships
between search data generated within a specified time
frame.
The purpose of this study was to use Google trends to

explore differences in public interest among types of
ACL autografts, specifically quadriceps tendon, patellar
tendon, and hamstring tendon autografts, between
2008 and 2019. We hypothesized that, given the
emerging data regarding quadriceps autograft,
increasing interest in the quadriceps tendon autograft
would be seen over the study time period.
Methods

Google Trends
Google Trends is a free, open-source data collection

that reports online search volumes. These data are re-
ported as a relative search volume (RSV), which is the
search volume of a term compared with the peak
popularity of a certain term during a defined time
frame. After inputting a time frame of interest, the peak
popularity of a term is assigned a value of 100. In
addition, the Google Trends database reports an RSV
stratified by time and geographic location.

Search Queries
Relative search volumes were created based on

searches related to ACL reconstruction with compara-
tive analysis generated for search terms related to
quadriceps ACL, patellar tendon ACL, and hamstring
ACL autografts. Search combinations used included
“quad tendon ACL,” “quadriceps tendon ACL,” “ACL
Quadriceps,” and “ACL Quad” for quadriceps tendon
autograft; “patellar tendon ACL” and “patellar ACL” for
patellar tendon autograft; and “hamstrings ACL” and
“hamstring tendon ACL” for hamstring tendon
autograft.

Temporal Trends
Temporal trends in public interest for ACL recon-

struction with quadriceps tendon autograft, hamstring
tendon autograft, and patella tendon autograft were
entered into the Google Trends tool. Only data from the
US geographic region were utilized in this analysis. The
resulting data for interest volume per term were
compiled. The data were collected for a 12-year interval
between January 1, 2008, and December 31, 2019,
throughout the United States. The best-fit linear,
quadratic, and exponential growth models were used to
determine which model had the best fit. Best fit was
determined by standard measures of accuracy,
including mean absolute percentage error (MAPE),
mean absolute deviation (MAD), and the mean squared
deviation (MSD). To assess whether the public interest
in the different methods of ACL reconstruction
increased significantly over the 10-year time interval, a
regression analysis was utilized for each technique.

Seasonal Trends
Seasonal trends were examined for ACL reconstruc-

tion between January 1, 2008, and December 31, 2019,
by grouping the Google Trends data by month and
season (spring ¼ March through May, summer ¼ June
through August, fall ¼ September through November,
winter ¼ December through February).

Statistical Analysis
Statistical analysis included linear regression analysis

and comparison of cumulative annual search volumes
for 2008 versus 2019. Microsoft Excel (Microsoft Corp)
was used for statistical analysis.
Results

ACL Quadriceps Tendon Autograft
Between January 1, 2008, and December 31, 2019,

Google Trends data demonstrated a statistically signifi-
cant increase in RSV quadriceps tendon autograft for
ACL reconstruction, with an R2 value of 0.71 and P <
.001. These data represented a linear increase in search
volume, as a linear model was the most accurate line of
best fit. The linear model had the following measures of
accuracy: MAPE of 13.75, MAD of 4.25, and MSD of
25.23. The quadriceps autograft group demonstrated a
12-year search volume trend change of 0.56, which was
significantly greater than the hamstring (0.07; P < .001)
and patellar tendon (0.168; P < .001) groups. Percent
change in average annual RSV between 2008 and 2019
was 112% for the quadriceps tendon group (Fig 1).

ACL Hamstring Tendon Autograft
Between January 1, 2008, and December 31, 2019,

Google Trends data demonstrated no significant in-
crease in RSV of ACL hamstring tendon autograft
for ACL reconstruction, with an R2 value of 0.05 and
P ¼ .129. These data represented a linear increase in
search volume, as a linear model was the most accurate
line of best fit. The linear model had the following



Fig 1. Linear trend model for anterior cruciate ligament quadriceps tendon autograft between January 1, 2008, and December
31, 2019.
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measures of accuracy: MAPE of 6.94, MAD of 3.39, and
MSD of 18.81. There was no significant difference in
the trend change between hamstring and patellar
tendon groups (P ¼ .20). Percent change in cumulative
relative annual search volumes between 2008 and 2019
was 12.9% for the hamstring group (Fig 2).

ACL Patella Tendon Autograft
Between January 1, 2008, and December 31, 2019,

Google Trends data demonstrated a statistically signifi-
cant increase in patellar tendon ACL autograft RSV,
with an R2 value of 0.15 and P ¼ .007. These data
represented a linear increase in search volume, as a
linear model was the most accurate line of best fit. The
linear model had the following measures of accuracy:
MAPE of 10.15, MAD of 4.54, and MSD of 30.7. There
was no significant difference in the trend change be-
tween hamstring and patellar tendon groups (P ¼ .020).
Percent change in cumulative relative annual search
volumes between 2008 and 2019 was 18.6% for the
patellar tendon group (Fig 3).

Seasonal Interest
The most interest was generated for quadriceps

tendon ACL reconstruction and hamstring tendon ACL
reconstruction during the fall season, with the least
interest in the summer. The most interest for patella
tendon autograft ACL reconstruction was during the
spring season, with the least interest in the summer.
Overall, there was more interest in hamstring tendon
autograft in winter, spring, summer, and fall compared
with quadriceps tendon autograft ACL reconstruction
or patella tendon autograft ACL reconstruction (Fig 4).
Discussion
Our results demonstrated a significantly higher vol-

ume trend of searches related to quadriceps tendon
autograft rather than patellar or hamstring autografts in
ACL reconstruction. Additionally, averaged yearly RSV
between 2008 and 2019 for quadriceps autograft
increased 112% over the studied period, while less
change was noted in cumulative search volumes for the
hamstring (12.9%) and patellar tendon (18.6%)
groups.
The Internet has become an increasingly relied upon

resource for individuals’ information needs.15 In
health care, this has resulted in a significant increase
in information-seeking behavior by patients.9 Studies
of this phenomenon in orthopaedics have revealed
that patients are searching for information related to
certain treatments such as platelet-rich plasma and
stem cell injections at an increasing rate.12,13 Our
study adds to the limited body of literature on
information-seeking behavior related to ACL recon-
struction or different autograft options in orthopae-
dics. We report an increasing rate of searches related
to quadriceps tendon autografting in ACL recon-
struction, which reflects findings of previous reports
regarding increased online searches for new or



Fig 2. Linear trend model for anterior cruciate ligament hamstring tendon autograft between January 1, 2008, and December
31, 2019.
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emerging treatments in orthopaedics. However, trends
regarding hamstrings and patellar tendon autografting
over the studied 12 years were relatively static.
Together, our results suggest that individuals are most
Fig 3. Linear trend model for anterior cruciate ligament patella
31, 2019.
interested in learning about quadriceps tendon auto-
grafting in ACL reconstruction.
Increasing patient interest in quadriceps autograft ACL

reconstruction is not supported by current evidence.
tendon autograft between January 1, 2008, and December



Fig 4. Seasonal variation in public interest for anterior cruciate ligament replacement using different autograft types between
January 1, 2008, and December 31, 2019.
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Further study is needed to determine the long-term
outcomes, complications, and survivability of quadri-
ceps tendon autograft use in ACL reconstruction. The
reasons for increasing public interest in quadriceps
tendon autograft for ACL reconstruction is therefore
difficult to assess and likely multifactorial. One contrib-
uting factor is likely due to recent studies that have
demonstrated that patients are particularly interested in
researching emerging technologies online, which can
lead to unrealistic patient expectations.16 For example,
unrealistic patient expectations in orthopaedics have
been noted in total joint arthroplasty, as patients tend to
have an exaggerated understanding of the benefits
versus risks of robotic over conventional arthroplasty.17

As clinical outcomes do not support this notion, au-
thors suggest that powerful marketing campaigns are
responsible for this misinformation. Although studies
comparing differential marketing campaigns for ACL
autografts are lacking, many surgeon and hospital
websites explain the benefits of quadriceps tendon (QT)
over other autografts and why patients should consider
it as the ideal autograft option.18-20 Marketing efforts
such as these may contribute toward the findings re-
ported in this study. Additionally, formal reports have
touted the QT as the “autograft of the future.”21 This idea
likely further contributes to increased interest in QT
autograft on behalf of patients and families. Although
public websites and formal studies report the promise of
the QT autograft, further long-term studies are needed
to objectively justify and appropriately guide public in-
terest in the area.
Our results also allowed for analysis of seasonal
variation in public interest in the different autograft
options. Fall appeared as the season with most interest
regarding autograft ACL reconstruction. This coincides
with a separate study on public interest in platelet-rich
plasma therapy for hip and knee osteoarthritis, which
was shown to peak in October.12 It is difficult to inter-
pret this given the scope of the current study. However,
these results are consistent with epidemiologic studies
of soccer athletes that report a peak incidence of ACL
injuries during the beginning of the season (September-
October).22,23 Further, a higher interest in ACL recon-
struction during late fall may root from an interest to
seek surgery prior to health care deductible resetting at
the beginning of the new year or increased injury
during the football season.

Limitations
The presented study has several limitations. Google

Trends is limited in scope despite providing national
search volume data. It does not capture demographics,
detailed geographic location, specific search terms, or
absolute search volume numbers. As a result, subse-
quent analyses are inherently limited in granularity. It
is also possible that certain populations search more
frequently than others, and thus online search volumes
may represent a subset of the population. Additionally,
Google trends does not afford analyses of searches
performed using other online search engines. The
analysis and interpretation provided in this study
depend on a close relationship between online search
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volumes and actual patient or physician interest. It re-
mains unclear how closely these 2 factors correlate, but
our study and similar previous studies propose that they
are a reliable proxy to measure patient interest.

Conclusions
This study indicates a consistently increasing public

interest in quadriceps tendon autograft for ACL recon-
struction. The quadriceps autograft group demonstrated
a significantly greater 12-year online search volume,
greater linear correlation, and larger percent change
between 2008 and 2019 compared with patellar tendon
or hamstring autograft groups.
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