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ABSTRACT 
Background: Femoroacetabular impingement 

(FAI), particularly cam-type, is now well accepted 
as a risk factor for the development of hip 
osteoarthritis (OA). However, many hips with FAI 
morphology will never develop hip pain or OA, 
identifying that our current understanding of FAI 
disease progression remains limited. The purposes 
of this retrospective case-control study were to (1) 
report the patient and disease characteristics of 
patients with rapidly progressive FAI requiring hip 
arthroplasty by the age of 40 and (2) to identify 
patient and imaging factors associated with rapidly 
progressive FAI.

Methods: Cases were retrospectively identified 
from an arthroplasty registry as patients 40 years 
old or younger with underlying FAI deformity 
and end stage OA requiring primary total hip 
arthroplasty. Patients were excluded for known 
DDH, AVN, SCFE, inflammatory arthritis, and 
previous ipsilateral surgery. Controls were 
identified from a hip preservation database as 
patients with symptomatic FAI undergoing surgical 
intervention over the same time period, and were 
matched 2:1 by gender and age. Alpha angles were 
calculated on frog-leg lateral and anteroposterior 
(AP) radiographs with both inclusion and exclusion 
of any osteophytic prominences (representing 
minimum and maximal possible underlying FAI 
morphology). Patient characteristics, radiographic 
parameters, and baseline patient reported 
outcomes were compared between the two groups 
using student’s t-tests. 

Results: The rapidly progressive FAI cohort of 31 
patients had a mean age of 35.8 years at surgery 
and was 39% female and 61% male. Alpha angles 

were significantly larger compared to controls 
when osteophytes were included (Frog: 74.7±10.8 
vs. 57.2±12.7°, p<0.001; AP: 91.7±10.7 vs. 
61.2±19.4°, p<0.001), but not when osteophytes 
were excluded (Frog: 61.2±11.1 vs. 57.2±12.7°, 
p=0.15; AP: 64.9±17.1 vs. 61.3±19.4°, p=0.38). 
Except for UCLA activity score, all baseline 
outcome measures were significantly lower for 
rapidly progressive FAI cases (p<0.001 for all).

Conclusions: When compared to controls with 
symptomatic FAI, rapidly progressive cases did not 
demonstrate major differences in cam deformity 
magnitude. Thus severity of bony deformity may 
only be one aspect of a multifactorial etiology of 
hip OA progression in FAI.

Level of Evidence: III
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INTRODUCTION
Femoroacetabular impingement (FAI), particularly 

cam-type, is increasingly recognized as one of the two 
most common causes of hip osteoarthritis (OA), as well 
as pain in the pre-arthritic state secondary to labral and 
cartilage pathology. However, our understanding of the 
role of various factors in the pathophysiology of FAI 
remains limited with significant gaps in knowledge. 
Several studies have documented a high prevalence of 
FAI in asymptomatic patients,1,2 with a higher frequency 
of deformity in populations of athletes (66% with cam, 
51% pincer, 57% mixed) compared to purely asymptomatic 
individuals (22% cam, 55% pincer, 8% mixed).3 Thus 
many, and perhaps most hips with FAI morphology will 
never develop hip pain or OA. In a systematic review 
comparing these patient populations when symptomatic, 
Mascarenhas et al. found that athletes and non-athletes 
had a similar prevalence of cam deformity.3 However, 
cam deformities in symptomatic non-athletes were 
significantly larger compared to athletes (mean alpha 
angle 67 vs. 56°, respectively), suggesting deformity 
severity may play a role in symptom generation and 
disease progression. 

The association of the cam-type FAI deformity 
with the development of OA is supported by several 
population-based studies.4-10 In a prospective cohort 
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study of over 1,400 symptomatic hips without clear 
preexisting osteoarthritis, patients with moderate and 
severe cam deformity (AP alpha angle >60° and 83°, 
respectively) more commonly developed incident and 
end stage arthritis.4 However, while FAI appears to be 
a risk factor for OA, only 7% of patients (mean age 55.9 
years) developed OA during the 5 year study period, 
highlighting that our understanding of the determinants 
of FAI disease progression remains relatively limited.  
While some patients with radiographic evidence of early 
OA and coexistent FAI deformity rapidly progress to end-
stage OA at a young age, others with similar deformity 
have demonstrated lack of significant disease progression 
at 10 years of follow up.11,12 It remains unclear which 
patients with symptomatic FAI deformity are at greatest 
risk to develop OA that rapidly progresses, whether 
severity of bony deformity is the predominant driver 
of disease, and what other patient factors contribute to 
disease progression. 

The purpose of the current study was (1) to describe 
a cohort of patients 40 years of age and younger with 
end-stage OA attributed to underlying FAI and (2) to 
identify patient characteristics associated with rapidly 
progressive FAI, by comparing them to age matched 
controls with symptomatic FAI (without radiographic 
evidence of advanced OA). 

METHODS
We performed a retrospective case-control study 

approved by our institutional IRB (# 201704064). Cases 
were identified using our institution’s arthroplasty 
registry, which at the time of our search contained 
records for 8,318 hip arthroplasties in 6,642 patients at 
our institution (Figure 1). Amongst these cases, the senior 
author performed 413 primary total hip replacements 
in patients less than or equal to 40 years old with end-
stage OA during a 10-year period (August 2006 -July 
2016). Exclusion criteria were then applied in order to 
remove patients with underlying etiologies other than 
FAI leading to their OA (hip dysplasia with lateral 
center edge angle <20°, avascular necrosis, posttraumatic 
arthritis, slipped capital femoral epiphysis, Legg-Calve-
Perthes Disease, inflammatory arthritides, and previous 
ipsilateral surgeries). A total of 55 potential cases 
remained after exclusion and underwent radiographic 
review for evidence of FAI and to confirm no evidence 
of any exclusionary criteria/conditions. A total of 24 
additional hips were excluded because of radiographic 
evidence of previously listed conditions. This included 
three additional hips with acetabular protrusio (two 
female, one males; age 19-24 years) that were excluded 
due to the focus on the current study on cam-type FAI. An 
alpha angle of 50° was utilized a cutoff for cam-type FAI, 

after exclusion of any other associated causes. The final 
cohort included 31 cases that were identified as having 
both end-stage OA and FAI deformities, a cohort we will 
refer to as having “rapidly progressive FAI.” 

Controls were identified from an institutional hip 
preservation database. Patients were considered for 
inclusion if they had symptomatic cam-type FAI (cam 
or combined type) and had elected to undergo hip 
preservation surgery over the same 10-year period as 
the cases of primary THA. Hip preservation surgery 
was performed arthroscopically or with an open surgical 
hip dislocation and included femoral osteoplasty and/or 
acetabular rim trimming, chondroplasty, and labral repair 
or debridement as indicated on a case-by-case basis. The 
same aforementioned exclusion criteria were applied to 
this population, with the additional criterion that patients 
did not have radiographic evidence of osteoarthritis 
(Tonnis OA Grade >2). A total of 710 hips remained for 
potential inclusion, and controls were randomly selected in 
a 2:1 fashion by matching sex and age at time of surgery 
(±2 years). Body Mass Index (BMI) and alpha angle were 
not matched so that this variable could be compared 
between cases and controls to identify a potential role 
in pathophysiology of OA. A total of 62 controls were 
identified and similarly underwent radiographic review 
to confirm absence of the aforementioned exclusionary 
conditions.

One reader analyzed AP pelvis and frog lateral 
radiographs for all cases and controls. The intraobserver 
and interobserver reliability of radiographic analysis 
including the alpha angle has been previously 
demonstrated by our group13 with intraobserver/

Figure 1. Case Identification. Cases were identified from our arthro-
plasty registry over a 10-year period. THA = total hip arthroplasty, 
DDH =developmental dysplasia of the hip, AVN = avascular necrosis, 
OA = osteoarthritis, SCFE = slipped capital femoral epiphysis, LCPD 
= Legg–Calvé–Perthes disease, JRA = Juvenile rheumatoid arthritis, 
SLE= Systemic Lupus Erythematosus, FAI= Femoroacetabular 
impingement
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interobserver intraclass correlation coefficients (ICC) of 
0.76/0.21 for alpha angle measurements on frog leg lateral 
radiographs and 0.88/0.64 for lateral center edge angle 
measurements on AP radiographs.14 Cam FAI morphology 
severity was characterized utilizing the alpha angle. 
Alpha angles were measured on both frog-leg lateral and 
AP radiographs15 to assess the magnitude of both anterior 
and more lateral deformities. With the presence of 
osteophytes, osteoarthritis can influence the presence and 
appearance of FAI deformities by increasing the alpha 
angle in some cases. In order to account for this, alpha 
angles were calculated with both inclusion and exclusion 
of any osteophytes (reactive cam) (Figure 2). Thus the 
maximum alpha angle represents the maximal potential 
FAI severity (if no osteophytic component is actually 
present), while the minimum alpha angle represents 
the minimum potential FAI severity (if an osteophytic 
presence is accounting for the prominence). Of note, frog 
leg lateral radiographs were not available for two cases.  
As such, these patients and their matched controls were 
excluded from analysis of frog leg lateral alpha angles.

Co-existing pincer FAI morphology severity was 
characterized utilizing the lateral center edge angles 
(LCEA).15 While LCEA may also be affected by underlying 
OA, differentiation of potential osteophytes is less clear so 
no attempt at differentiation was performed. The presence 
of a crossover sign was not assessed given the difficulty in 
assessing this parameter in the presence of OA, as well as 
the limited associated with osteoarthritis and prevalence 
of this finding in normal hips.16

Patient characteristics and baseline patient reported 
outcomes were compared between the two groups, 
comparing preoperative UCLA,17 modified Harris Hip 
score,18 WOMAC pain, stiffness, and physical function 
scores.19 Two cases did not have documented preoperative 

clinical outcome measures, and were removed from 
average calculations along with their matched controls.  
Two-tailed T-tests used for statistical comparisons for 
radiographic and clinical scoring measures (p-value ≤ 0.05)

RESULTS
The rapidly progressive FAI cohort of 31 patients 

was 39% female and 61% male. The mean age of this 
group at time of surgery was 35.8 years (range 22-40; 
29% ages 20-25, 35.5% ages 25-30, 13% ages 30-35, 22.5% 
ages 35-40). The average male and female age at time 
of surgery was 36.3 and 34.2 years, respectively. The 
mean minimum alpha angle (with exclusion of possible 
osteophytes) on frog lateral radiographs was 61.2±11.1° 
and maximum alpha angle (with inclusion of possible 
osteophytes) was 74.7±10.8°. When comparing male 
and female cases, males had larger maximum values 
(minimum: 62.8°vs. 58.7°, p= 0.34; maximum: 78.3° vs. 68.9°, 
p =0.02). The mean minimum alpha angle (with exclusion 
of possible osteophytes) on AP radiographs was 64.9±17.1° 
and maximum alpha angle (with inclusion of possible 
osteophytes) was 91.7±10.7° (Table 1). The measured 
alpha angles on AP radiographs were significantly larger 
in males at both the minimum and maximum values 
(minimum: 70.6°, vs. 56.0°, p=0.02; maximum 96.1°, vs. 84.8°, 
p < 0.01). The presence of possible osteophytes resulted 
in at least a 5-degree increase in alpha angle on frog 
leg lateral and AP radiographs in 76% and 79% of cases, 
respectively. Overall, 72% of patients had a frog leg lateral 
alpha angle greater than 55° with osteophytes excluded, 
and 93% when included. 

Additionally, the mean LCEA in cases was 30.4±11.0°.  
26% (8/31) of patients had a lateral center edge angle 
greater than 40°. In hips with LCEA less than 40°, 74% had 
native alpha angles >55° on frog leg lateral radiographs. 

Figure 2: Alpha Angle Calculations. 
A. AP radiograph depicting alpha angle calculation including (alpha 
1= alpha maximum) and excluding the osteophyte (alpha 2 = alpha 
minimum). 
B. Frog leg lateral radiograph in a different patient similarly depicting 
alpha angle calculation including (alpha 1 = alpha maximum) and 
excluding (alpha 2 = alpha minimum) the osteophyte. 
*Alpha angle measurements excluding osteophytes were made using 
the sclerotic outline of the femoral neck.

Table 1. Alpha Angles, Cases vs. Controls
Cases: 

Minimum 
Alpha Angle

Cases: 
Maximum 

Alpha Angle
FAI 

Controls

Frog Leg Lateral Alpha 
Angle (deg) 61.2±11.1 74.7±10.8* 52.7±12.7

AP Alpha Angle (deg) 64.9±17.1 91.7±10.7* 61.3±19.4

Percentage with Mild 
Frog Cam Deformity 
(50-55 deg)

27.6 6.9 48.3

Percentage with 
Moderate Frog Cam 
Deformity (55-63 deg)

41.4 3.4 17.2

Percentage with 
Severe Frog Cam 
Deformity (63 deg)

31 89.7 34.5

Comparisons of alpha angles between cases and controls were 
significantly different when osteophytes were included in the 
measurements, but not when excluded (p-value ≤ 0.05).
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On radiographic analysis, alpha angles on frog leg 
lateral radiographs were significantly larger compared 
to controls when osteophytes were included (p<0.001) 
but not when excluded (p=0.15) (Table 1). Likewise, 
alpha angles on AP radiographs were significantly larger 
compared to controls when osteophytes were included 
(p<0.001) but not when excluded (p=0.38). In total, 84% 
and 29% of rapidly progressive FAI cases had a severe 
cam deformity (alpha angle greater than 63°) on frog 
leg lateral radiographs with osteophytes included and 
excluded, respectively.  In comparison, 34% of FAI controls 
had a severe cam deformity. Additionally, mean LCEAs 
were similar in rapidly progressive FAI cases and controls 
(30.4±11.0°vs. 27.8±6.2°, p=0.15), although 26% vs. 3% of 
patients had abnormal measures (greater than 40°) in 
rapidly progressive FAI and FAI controls, respectively.  

Patients with rapidly progressive FAI (OA cases) had 
a greater mean BMI compared to FAI controls (non-OA) 
(29.8 vs. 26.5, p=0.02). Overall, 39% (12/31) and 22% (7/31) 
of cases had a BMI greater than 30 and 35, respectively, 
compared to 21 and 5% from controls. Additionally, the 
clinical outcome measures for the rapidly progressive 
FAI cases demonstrated significantly greater symptoms 
compared to FAI controls for all but one measure. The 
UCLA values were similar (6.6±2.7, 7.0±2.6; p=0.43) 
between cases and controls. However, patients in rapidly 
progressive FAI cohort demonstrated lower Modified 
Harris Hip scores (50.5±14.3 vs. 63.7±14.2; p<0.001), 
WOMAC-pain scores (41.3±19.6 vs.66.5±19.8; p<0.001), 
WOMAC-stiffness scores (37.1+15.0 vs. 59.5+23.9, p<0.001), 
and WOMAC-physical function scores (46.0±18.3 vs. 
69.9±19.0, p<0.001).

DISCUSSION
This study reports the characteristics of a patient 

population with end-stage OA due to apparent underlying 
FAI in patients 40 years old and younger. This population 
had slightly more males (61%) than females, a distribution 
similar to that reported in the average population 
presenting with symptomatic impingement (57% male).20 
Surprisingly many hips with end-stage OA had relatively 
mild cam deformities (after exclusion of osteophytes). 
Additionally, in patients with native frog leg lateral alpha 
angles (without osteophytic inclusion) less than 55°, only 
25% (2/8) had an LCEA greater than 40°, highlighting 
that some patients progressed to end-stage arthritis 
without large magnitude cam or pincer deformities. 
Lastly, after exclusion of osteophytes, the alpha angles of 
cases and controls did not differ. This finding underscores 
the role of other potential factors, including obesity, in the 
pathophysiology of FAI progression.

Our study has several weaknesses including its 
retrospective assessment at a single time point. The 

retrospective nature of the study is inherent for the rare 
outcome and ability to acquire a meaningful cohort of 
patients with this condition. The retrospective nature 
of the study made more detailed assessment of range of 
motion, participation in athletics, and femoral version 
not possible. Cases and controls in the current study 
were assessed at a single age-matched time-point. This 
allows for assessment of the patient and radiographic 
characteristics of hips at a single time point in the 
disease process and thus allows comparison between a 
more aggressive and less aggressive FAI time course. 
Additionally, while FAI was attributed as the cause of OA 
after exclusion of other potential causes, the retrospective 
nature of the study limits any ability to precisely attribute 
FAI as the true cause of OA, rather than just a coexisting 
morphology. For cases, most importantly this means the 
presence and severity of FAI are assessed in the presence 
of end-stage OA. Through the radiographic analysis 
in the current study, the influence of osteophytes on 
measurements was minimized. Longitudinal population-
based studies that follow patients over time would be ideal 
for characterization of deformity prior to the development 
of OA, but are impractical in the current study focus given 
the resources required and rare outcome. Additionally, 
the assessment of patient characteristics at a single time 
point within a case-control study also has limitations. For 
example, BMI was assessed in cases in the presence of 
end-stage OA without the ability to define if BMI was 
potentially confounded by hip pain for several years 
prior to undergoing surgery. Thus we demonstrate the 
association of BMI with hip OA but fail to establish any 
causal relationship.

The present work also compares two points of the 
spectrum of FAI presentations, comparing similarly aged 
cases of severe OA requiring arthroplasty to symptomatic 
controls amenable to hip preservation surgery. The goal 
of this comparison was to potentially identify factors 
associated with rapid progression in order to better 
understand the pathophysiology of FAI in this subset of 
patients. It is currently not well understood what relative 
role FAI deformity severity and patient characteristics 
play in the development of OA. The current study 
demonstrates that radiographic deformity alone does 
not explain rapid progression. In fact, most FAI hips 
progressing to OA have fairly mild to moderate deformities 
(69% of cases when osteophytes were excluded). When 
excluding osteophytes from the alpha angle evaluation, 
there was no measurable difference between the size of 
cam deformities between cases and controls. Similarly, 
cases and controls had similar percentages of patients 
with severe cam deformity, defined by alpha angles 
greater than 63°. Additionally, no difference in the 
presence of pincer-type global overcoverage defined as 
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a LCEA greater than 40° was present between cases and 
controls.21 Although cases had significantly larger cam 
deformity with inclusion of osteophytes, it is possible that 
these deformities were not the original stimulus for the 
degenerative cascade, and were not responsible for the 
earlier stages of disease progression. The radiographic 
analysis utilized in the study helps to estimate the range 
of true underlying deformity in the setting OA through 
a best case and worst case approach (with exclusion or 
inclusion of possible osteophytes). Even when possible 
osteophytes are included, many hips with apparent 
mild FAI deformities have progressed to OA at a very 
young age. It is however important to consider the 
limitations of our limited radiographic analysis. As our 
understanding of key determinants of outcomes in hip 
preservation surgery has improved,22 there has been 
a better appreciation for the impact of detailed three-
dimensional anatomy including femoral and acetabular 
version on impingement.23 Three-dimensional low-dose 
CT is increasingly utilized for preoperative assessment 
and may someday be replaced by three-dimensional MRI 
reconstructions of bony anatomy.24,25 In the current study, 
given the retrospective nature, it was not feasible to have 
three-dimensional CT data in the current population, but 
factors including femoral version may indeed play an 
important role. 

Although FAI has been well established as a risk factor 
for the onset of osteoarthritis,4-10 our findings illustrate 
that the rate and risk of arthritic progression cannot be 
explained by the magnitude of cam deformity alone. Our 
results are supported by several studies documenting 
populations of patients with radiographic FAI deformity 
that fail to progress to end-stage arthritis.11,12 In a single 
center study of patients younger than 55 who had 
undergone unilateral THA, Wyles et al. retrospectively 
evaluated the radiographs of the contralateral hips of 
172 patients. Only hips with baseline Tonnis Grade 0 
scoring and at least 10 year of radiographic follow up were 
analyzed. In this population, 74 patients were identified 
to have FAI, compared to 48 with dysplasia and 40 with 
normal morphology. The authors found that hips with 
both normal morphology or FAI (without concomitant 
DDH) progressed similarly as evaluated with Tonnis 
grading.11 Although the authors did not quantify alpha 
angles or the magnitude of cam deformities, their work 
importantly demonstrates not all FAI deformities destine 
a hip for rapid onset of end stage OA. Similarly, Bardakos 
et al. analyzed 43 hips with “pistol -grip” deformities and 
Tonnis grade 1 or 2, comparing AP radiographs 10 years 
apart and demonstrated 65% of patients demonstrated 
progression of OA. OA Progression was associated with 
the presence of a posterior wall sign (39% vs. 7%, p=0.02) 
and lower medial proximal femoral angle (81° vs. 87°, 

p=0.004), but not alpha angle magnitude.12

Collectively, these findings support that cam deformi-
ties are a single component of a complex, multifactorial 
explanation for rapidly progressive FAI. The determi-
nates of disease progression likely involve several factors, 
including obesity, activity history,26 genetic/biologic 
predispositions,27 and other bony abnormalities such as 
femoral and acetabular version that contribute to FAI. In 
the current study, we demonstrate higher BMI and preva-
lence of obesity in cases, compared to controls. However, a 
higher BMI may be partially confounded by the develop-
ment of OA and the greater morbidity associated with this 
and its effects of general health.  In the current study, no 
difference in UCLA activity score was seen between case 
and controls at the time of surgical intervention. Future 
studies would be useful to characterize activity level at 
a younger age and involvement in competitive athletics.  
Overall, the current study emphasizes the strong effect 
these often overlooked factors may have on the patho-
physiology of FAI. This is additionally supported by the 
number of asymptomatic hips with FAI morphology that 
will never develop hip pain or OA.
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