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Abstract

Background: Femoroacetabular impingement (FAI) is a well-known cause of hip pain in
adolescents and young adults. However, the incidence in the general population has not been
clearly defined.

Purpose: To (1) define the population-based incidence of diagnosis of FAI in patients with hip
pain, (2) report the trends in diagnosis of FAI over time, and (3) determine the changes in the rate
and type of surgical management over time.

Study Design: Cohort study; Level of evidence, 3.

Methods: A geographic database was used to identify patients who were 14 to 50 years old with
hip pain between the years 2000 and 2016. Chart and radiographic review was performed to
determine which patients had FAI. To be included, patients had to have a triad of clinical
symptoms, physical examination signs, and imaging findings consistent with FAI. Medical records
were reviewed to obtain demographic information, clinical history, physical examination findings,
imaging details, and treatment details. Statistical analysis determined the overall age- and sex-
adjusted annual incidence of FAI diagnosis and trends over time.

Results: There were 1893 patients evaluated with hip pain, and 716 (38%; 813 hips) had
diagnosed FAI. The mean + SD age was 27.2 = 8.4 years, and 67% were female. The incidence of
FAI diagnosis was 54.4 per 100,000 person-years. Female patients had a higher incidence than
male patients (73.2 vs 36.1 per 100,000 person-years; P< .01). Incidence of FAI diagnosis were
higher from 2010 to 2016 (72.6 per 100,000 person-years; £ < .01) as compared with 2005 to 2009
(45.3) and 2000 to 2004 (40.3). Hip arthroscopy, surgical hip dislocation, and periacetabular
osteotomy utilization increased from the 2000-2004 to 2010-2016 periods, respectively: 1 (1%) to
160 (20%; P=.04), 2 (1%) to 37 (5%; P=.01), and 1 (1%) to 22 (3%; P=.58).
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Conclusion: The overall incidence of FAI diagnosis was 54.4 per 100,000 person-years, and it
consistently increased between 2000 and 2016. Female patients had a higher incidence than male
patients. The utilization of joint preservation operations, including hip arthroscopy, surgical hip
dislocation, and anteverting periacetabular osteotomy, increased over time.
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Femoroacetabular impingement (FAI) is a symptomatic clinical syndrome caused by
atypical morphology of the acetabulum and/or femoral head-neck junction that leads to
abnormal contact between the surfaces.®10 It is a common cause of hip pain and is
associated with the development of early osteoarthritis.6-10.26:28 Djagnostic criteria for FAI
syndrome have been refined since they were first described in 1999.1° A triad of clinical
symptoms, examination findings, and radiographic findings consistent with FAI is needed to
reliably diagnose this condition.1120 Strict diagnostic criteria are necessary, as radiographic
findings consistent with structural impingement morphology are common in asymptomatic
patients.8.12.15

Frank et al® performed a systematic review and found the prevalence of cam and pincer
deformity to be 37% and 67% in asymptomatic patients, respectively. A recent study
reported the prevalence of radiographic findings consistent with FAI in patients with hip
pain to be 60.5%.30 However, there is a paucity of research evaluating the true incidence of
FAI utilizing a triad of clinical symptoms, examination findings, and radiographic findings
for diagnostic criteria in the general population. We are aware of only 1 study that has
attempted to answer this question. Roling et al?* reported an FAI incidence of 17% in 84
patients with groin pain who were seen by their general practitioner during a 1-year period.
However, those data were limited by a lack of radiographic parameters used for diagnosis
and a small cohort of patients presenting with groin pain.

There is a need in the literature to define the true incidence of FAI syndrome in a large
cohort and to determine changes in treatment over time. This would allow clinicians to have
a better understanding of the expected number of patients in their community with FAI. To
answer this question, we report the findings from a geographically defined cohort of 1893
young patients presenting to the physician with hip pain. The purposes of this study were to
(1) define the population-based incidence of FAI diagnosis in patients with hip pain, (2)
report the trends in diagnosis of FAI over time, and (3) determine the changes in the rate and
type of surgical management over time.

METHODS

Study Population and Design

A geographic population-based cohort study was performed with the Rochester
Epidemiology Project (REP) database in Olmsted County, Minnesota, which had a
population of 144,260 in 2010. Briefly, the REP is a medical record linkage system that
provides access to the complete medical records for all residents of Olmsted County,
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regardless of the medical facility in which the care was delivered.23.25 After institutional
review board approval was obtained (17-004959, 030-OMC-17), the REP was used to
identify all patients in a geographic area who presented to a physician with /nternational
Classification of Diseases, Ninth Revision or Tenth Revision, diagnostic codes of hip pain,
hip impingement, or hip joint disorders between January 2000 and December 2016. All
patients were between 14 and 50 years old. The database contained complete diagnostic and
procedural information from all applicable medical centers until December 1, 2019. Clinical
notes, radiographic images, and operative notes related to the injury were manually reviewed
in detail. Patients with a history of avascular necrosis, neuromuscular disorder, trochanteric
bursitis, hip fracture, pelvic fracture, previous hip surgery, and/or hip dislocation were
excluded. Patients with concomitant hip dysplasia were included.

All patients had anteroposterior and lateral (cross-table, frog-leg, or 45° Dunn view) hip
radiographs at their initial physician visit. All radiographs were reviewed by attending-or
senior resident-level orthopaedic surgeons (H.P.M., J.Z.). The initial 100 radiographic
reviews were evaluated by each of the 2 authors to ensure agreement on the measurements.
Parameters were standardized according to the parameters outlined by Clohisy et al.?
Noncompliant radiographs were not included. The radiographic findings considered
consistent with FAI are shown in Table 1.

FAI syndrome was ultimately diagnosed according to the 2016 Warwick Agreement based
on the presence of a triad of symptoms, clinical signs, and imaging findings.1 As stated in
the agreement, symptoms consistent with FAI are typically motion or position related,
resulting in hip or groin pain. Pain may also be felt in the buttock, back, or thigh. In
addition, mechanical symptoms such as clicking and locking may be present but are not
required.1! The most commonly known clinical sign is pain with hip flexion, adduction, and
internal rotation. Patients with FAI may also exhibit posterior impingement signs. The
clinical sign or examination maneuver should replicate the patient’s symptoms.1! Patients
not meeting the diagnostic criteria for FAl syndrome were excluded from the study.

Statistical Analysis

Age- and sex-specific rates of FAI were calculated using the incidence equation
recommended by the Centers for Disease Control and Prevention: number of new FAI
diagnoses during a specific period divided by the time that each person was observed,
totaled for all persons. Patients who were residents of Olmsted County at the time of hip
pain and who fulfilled the study criteria were included in the incidence calculations.
Incidence rates were age and sex adjusted to the 2010 population of the United States. The
95% Cls for the incidence rates were constructed with the assumption that the number of
incident cases per year followed a Poisson distribution. Incidence trends were examined by
use of Poisson regression models with smoothing splines for age and calendar year (Figures
1 and 2). The exact Cochran-Armitage trend test was performed to determine significance of
incidence over time by age and sex using the total FAI diagnoses each year as the control
variable. All analysis was performed using JMP 12.0.1 software (SAS Institute Inc).
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RESULTS

Of the 1893 patients presenting with hip pain, 1145 (60%) had positive FAI radiographic
findings. Of those, 716 patients (813 hips) also had clinical symptoms and physical
examination findings consistent with FAI (38%). We were able to definitively diagnose FAI
syndrome in these 716 patients. Of these patients, 69 females and 31 males had bilateral
FALI. Patients with FAI syndrome had a mean + SD age of 27.2 + 8.4 years, and 67% were
female (Table 2). The mean BMI was 28.6 + 4.9; 22% reported previous or current use of
tobacco products; and 7% had diabetes mellitus. On radiographic analysis, 139 hips (17%),
80 hips (10%), and 590 hips (73%) had cam, pincer, and mixed morphology, respectively. Of
the 716 patients with FAI, 440 underwent MRI, which indicated that 364 hips (83%) had a
definitive labral tear. Of the 813 hips identified, 333 (41%) were diagnosed with FAI at
initial patient presentation to the physician with hip pain.

Population-Based Incidence of Diagnosis FAI

The overall age-and sex-adjusted annual incidence of FAI diagnosis was 54.4 (95% ClI,
50.6-58.1) per 100,000 person-years. Female patients had a higher annual incidence of FAI
than male patients, at 73.2 per 100,000 (95% CI, 67.0-79.4) versus 36.1 per 100,000 (95%
Cl, 31.7-40.5; P< .01). Table 3 and Figure 1 illustrate the incidence of all FAI diagnoses by
age and sex for the years 2000 to 2016. Age-and sex-specific annual incidence in females
was very similar from age 18 to 35 years (112.8-117.1 per 100,000), whereas males had a
peak incidence of FAI diagnosis from age 19 to 25 years (62.0 per 100,000).

Trends in Diagnosis of FAI

Table 4 illustrates the age-and sex-specific annual incidence of FAI over a 17-year period
grouped into 5-year intervals (2000-2016). Incidence of FAI was significantly higher from
2010 to 2016 (72.6 per 100,000 person-years; 95% ClI, 65.979.2) when compared with 2000
to 2004 (40.3 per 100,000 person-years; 95% Cl, 34.2-46.3) and 2005 to 2009 (45.3 per
100,000 person-years; 95% CI, 38.9-51.7). In all time brackets, female patients had a
significantly higher incidence of FAI as compared with male patients (2000-2004, 50.6 vs
29.2; 2005-2009, 55.6 vs 32.3; 2010-2016, 93.9 vs 46.3; P<.001) (Figure 2). Total
incidence in male patients significantly increased over time (P < .002). Incidence of male
patients with FAI between the ages of 26 and 35 years significantly increased from 2000 to
2016 (10.5 to 77.4 per 100,000 person-years; A< .003). Incidence of FAI in male patients
between the ages of 35 and 45 years significantly decreased over time (77.9 to 46.9 per
100,000 person-years; P < .001). Total incidence of FAI in female patients increased over
time (P<.001). Incidence in female patients between 14 and 18 years significantly
increased from 2000 to 2016 (52.5 to 213.1 per 100,000 person-years; P< .001).

FAl Management Trends Over Time

In total, 220 (27%) hips went on to surgical management. Table 5 describes the trends in
management of FAI over time. For patients with FAI, nonoperative treatment with physical
therapy was common (81%). Overall, 274 hips had an intra-articular steroid injection, and
the rate significantly increased over time (36 to 168 hips, < .02). Hip arthroscopy was the
primary method of operative management, totaling 160 hips (26 bilateral hips) over the 16

Am J Sports Med. Author manuscript; available in PMC 2021 April 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Hale et al.

Page 5

years. The number of hip arthroscopy procedures significantly increased over time (P < .04).
Surgical hip dislocation (SHD) also significantly increased over time (P < .01), although the
majority of SHDs were performed in the early 2010s. The number of combined cases of hip
arthroscopy—periacetabular osteotomy (PAO) did not significantly increase over time. In all
cases, anteverting PAO was performed only for patients with acetabular retroversion and
limited internal rotation. The decision to perform SHD versus hip arthroscopy was primarily
surgeon dependent and unrelated to patient factors.

DISCUSSION

The radiographic findings associated with FAI are well-defined.> Multiple studies have
reported the prevalence of radiographic structural deformity in asymptomatic individuals.
812,15 One study reported the prevalence of radiographic parameters of structural deformity
in patients with hip pain.3? However, the clinical diagnosis of FAI syndrome requires the
presence of a triad of clinical symptoms, physical examination signs, and imaging findings.
11 We are aware of 1 study that reported the incidence of true FAI syndrome, although this
was in a small cohort and the radiographic parameters were not well-defined.24 To our
knowledge, the present study is the first to define the population-based incidence of FAI
diagnosis in a large cohort of patients with hip pain. We found that the overall annual
incidence of FAI diagnosis was 54.4 per 100,000 person-years. Female patients had a higher
incidence than male patients, and the rate of diagnosis and surgical management increased
over time.

The present study represents a large cohort of young patients (>1800) presenting to a
physician with hip pain. Strict diagnostic criteria were used to define the incidence of FAI
diagnosis, which had yet to be defined in a large cohort. Roling et al?* reported the incidence
of FAI in patients presenting to a general practitioner in the Netherlands during a 1-year
period. Of the 84 patients presenting with groin pain, 17% received a diagnosis of FAI via
the triad of clinical, physical examination, and radiographic findings. Unfortunately, the
radiographic diagnostic criteria were not defined, and not all patients had radiographs. The
authors estimated that an additional 30% had FAI based on symptoms for a total of 47%, but
no radiographs were performed. Additionally, their study included slightly older patients
(15-60 years). Our study had a similar percentage of patients (38%) presenting with hip pain
to receive a diagnosis of FAI. The prevalence of radiographic findings consistent with FAI
has been evaluated more often.8-12.15.30 A systematic review evaluated the prevalence of
cam-and pincer-type FAI on radiographs in asymptomatic patients. It revealed that 37% of
asymptomatic patients had cam-type findings and 67% had pincer-type findings.8 The
prevalence of radiographic findings consistent with FAI in a large cohort of patients
presenting with hip pain was recently found to be 60.5%.3 The percentage of patients with
FAI syndrome in the present study was less than that in the studies evaluating radiographs
only. This is an expected finding since it is known that many asymptomatic patients have
findings consistent with FAI on radiographs alone.8

Female patients consistently had a higher incidence of FAI during each period between 2000
and 2016. Roling et al?4 found the same to be true, but other studies have yielded varied
results. Multiple studies have reported radiographic findings consistent with FAI to be more
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common in asymptomatic males than asymptomatic females.2314.17 |n contrast, Clohisy et
al* noted an increased incidence in female patients when evaluating symptomatic patients
who ended up having surgery. These data suggest that symptomatic FAI is more commonly
found in females, as suggested in our study. Another interesting finding was that for patients
aged >35 years, the incidence of FAI decreased for both male and female patients. We
suspect that patients who are not symptomatic before 35 years of age are less likely to
become symptomatic later on. The incidence of FAI consistently increased over time in the
present study. This is an expected finding, as awareness and understanding of the pathology
have increased since first being described in 1999.1° We believe that, although it may be
multifactorial, the primary reason for the increased incidence over time is related to clinician
education on the diagnosis of FAI. Overall, 41% of patients with FAI had the condition
correctly diagnosed at initial physician presentation. As expected, this consistently increased
over time, and between 2010 and 2016, 52% of patients received the correct diagnosis.
Many of the patients were evaluated initially by a general practitioner before referral to a
specialist. Although increased clinician understanding is still needed, these data suggest that
the recognition of FAI syndrome is improving.

Nonoperative treatment was consistently utilized throughout this study, but hip arthroscopy
increased significantly during each 5-year period. This is expected, as hip arthroscopy
techniques and understanding have improved. The majority of patients engaged in physical
therapy in all periods, and consistently around one-third of patients received an intra-
articular steroid injection. It is widely accepted that nonoperative management should be the
first-line treatment of FAL.” This was the case in the present study. Some patients ultimately
had failure of nonoperative management and proceeded to operative management. The
consistent increase in hip arthroscopy in our study aligns with what has been shown in the
literature.”22 As noted by Zhang and Feeley,2? the utilization of hip arthroscopy has risen
meteorically. Montgomery et al'8 reported a 365% increase in hip arthroscopy utilization
since 2004. Furthermore, Bonazza et al® analyzed a database of >30,000 hip arthroscopy
surger and found that the number of procedures performed between 2008 and 2013 tripled.
The number of SHD procedures increased during each time frame. The majority of SHD
cases were performed in the early 2010s but relatively decreased thereafter as hip
arthroscopy was more commonly utilized. The increase was likely due to increased
understanding and diagnosis of FAI as initially described by Dr Ganz.® A small percentage
of patients underwent anteverting PAO in this study, but its utilization consistently also
increased over time. This is likely related to the increased understanding of acetabular
retroversion and the need for open correction in some cases.?! Combined hip arthroscopy
and PAO increased over time but not significantly. This finding was likely not significant,
owing to the low sample size.

The present study is the first to define the population-based incidence of FAI syndrome
diagnosis in a large cohort of patients, but there are limitations to consider. This was a
retrospective study, which has inherent limitations. Additionally, there was no control group.
Clinician understanding of FAI and appropriate documentation of diagnostic physical
examination signs in the early years of this study were limited in some cases. We maintained
strict diagnostic criteria. Because of this, it is possible that patients with FAI syndrome were
excluded owing to a lack of documented positive physical examination findings. This may
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have contributed to the increased diagnosis over time, as clinician understanding and
documentation of FAI syndrome have improved. Additionally, only 1 lateral radiographic
view was required for inclusion. As such, it is possible that a cam lesion may have been
underestimated in some circumstances. Finally, as with any geographic cohort, this study
was limited by the demographics of the studied area and may not be generalizable to all
geographic areas.

CONCLUSION

The overall incidence of FAI diagnosis was 54.4 per 100,000 person-years, and it
consistently increased between 2000 and 2016. Female patients had a higher incidence than
male patients. The utilization of joint preservation operations, including hip arthroscopy,
SHD, and anteverting PAQ, increased over time.
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Figure 1.
Age-specific incidence of femoroacetabular impingement diagnosis in males and females

from 2000 to 2016.
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Figure 2.
Trends in age-adjusted incidence of femoroacetabular impingement over time in males and

females.

Am J Sports Med. Author manuscript; available in PMC 2021 April 07.

— Male
- Female



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Hale et al.

TABLE 1

Femoroacetabular Impingement-Type Imaging Findings

Type

Radiographic Findings

Pincer

Cam

Mixed

Crossover sign25:16.27

and/or

Coxa profunda or protrusio acetabulil:51627.28
and/or

Lateral center-edge anglel6:27.28 >40°

and/or

Tonnis angle® <0°

Typical pistol grip deformity

and/or

Alpha angle!2 >55°

Cam- and pincer-type features
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