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�� InstRuctIonal oVeRVIew

The history of femoroacetabular 
impingement

aims
Femoroacetabular impingement (FAI) describes abnormal bony contact of the proximal fe-
mur against the acetabulum. The term was first coined in 1999; however what is often over-
looked is that descriptions of the morphology have existed in the literature for centuries. The 
aim of this paper is to delineate its origins and provide further clarity on FAI to shape future 
research.

Methods
A non- systematic search on PubMed was performed using keywords such as “impingement” 
or “tilt deformity” to find early anatomical descriptions of FAI. Relevant references from 
these primary studies were then followed up.

Results
Although FAI has existed for almost 5,000 years, the anatomical study by Henle in 1855 was 
the first to describe it in the literature. The relevance of the deformity was not appreciated 
at the time but this triggered the development of further anatomical studies. Parallel to this, 
Poland performed the first surgical correction of FAI in 1898 and subsequently, descriptions 
of similar procedures followed. In 1965, Murray outlined radiological evidence of idiopathic 
cam- type deformities and highlighted its significance. This led to a renewed focus on FAI and 
eventually, Ganz et al released their seminal paper that has become the foundation of our 
current understanding of FAI. Since then, there has been an exponential rise in published lit-
erature but finding a consensus, especially in the diagnosis of FAI, has proven to be difficult.

conclusion
Current research on FAI heavily focuses on new data, but old evidence does exist and study-
ing it could be equally as important in clarifying the aetiology and classification of FAI.
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article summary
�� To elucidate the origins of femoroace-

tabular impingement (FAI) and uncover 
early literature on the topic.
�� To describe the most important published 

works on FAI and how these have altered 
with time.

Key messages
�� This is the first study, to our knowledge, 

to give a comprehensive review of historic 
literature regarding FAI.
�� We found that although evidence of FAI 

has existed in the literature for centuries, 
our understanding of it has been heavily 

influenced by Ganz’s review in the early 
2000.
�� When challenging old data on FAI, it is 

important to appreciate the historical 
context surrounding them.

strengths and limitations
�� We used a wide range of historical studies 

from the mid- 19th century onwards.
�� As many of the studies were not available 

on online databases and were only avail-
able as hard copy, we had to references 
search to find older papers.
�� Although our process was rigorous, it is 

possible that there is missing literature on 
the topic.
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Introduction
Femoroacetabular impingement (FAI) describes the 
abnormal intracapsular impact of the proximal femur 
against the acetabulum during ranges of motion due 
to morphological changes in one or both of these struc-
tures. This, over time, leads to the failure of the labrum, 
the labrochondral junction, and/or the adjacent cartilage 
and is thought to be a common cause of early osteoar-
thritis (OA) in a non- dysplastic hip.1

There are two distinct types of FAI: cam- type and 
pincer- type.2 Although the impingement can take place 
all around the articular circumference, the predominant 
localization is anterolateral.

Cam- type impingement is caused by a decreased 
femoral head- neck offset, often due to an osseous prom-
inence and can be further subdivided into idiopathic 
(primary) and secondary. Secondary cam- type impinge-
ment has been well studied and involves pathological 
processes that alter the femoral head- neck morphology 
such as Perthes’ disease3 and femoral neck fractures.4 
Unlike secondary impingement, the aetiology of idio-
pathic impingement is unclear although it is understood 
it involves extension of the femoral head epiphysis due to 
a growth abnormality of the cartilage or bone.5

Pincer- type impingement arises from increased acetab-
ular coverage with a normal contour of the femoral head 
and can be split into non- focal and focal.6 Non- focal over- 
coverage describes the deformity in which the acetabular 
fossa is deepened and includes protrusio acetabuli. Focal 
over- coverage, on the other hand, affects only a part of 
the acetabulum and can occur anteriorly or posteriorly.

The term 'femoroacetabular impingement' was 
coined by Myers et al7 in 1999 and research into this 
condition grew exponentially after the review by Ganz 
et al1 suggested FAI may be the underlying cause of idio-
pathic OA. The concept of hip impingement, however, 
is not a novel one and descriptions of the deformity 
surrounding it have existed in the literature for more than 
a century. In this review, we delve into the history of FAI 
to better understand its origins and explore how past 
research contributed to our current understanding of this 
morphological abnormality.
search strategy and criteria. A non- systematic search of 
PubMed was performed to find anatomical descriptions 
of FAI. Various keywords such as “impingement”, “tilt 
deformity”, “pistol grip”, and “slipped capital femoral 
epiphysis” were initially used to discover papers and re-
views, mainly from the late 20th century. Referenced pa-
pers from these primary studies were then duly followed 
up, including those not available on PubMed. Further 
keywords such as “cervical fossa”, “reaction area”, or “ac-
etabular protrusion” were also identified and used to find 
earlier papers from the 19th to early 20th centuries.
3,000 Bc to 19th century: gathering information from hu-
man cadavers. Due to the lack of investigations in the ear-
ly to mid-19th century, discoveries in human morphology, 
including that of the femoroacetabular joint, depended 

on anatomical studies on human cadavers. Crucially, 
some of these studies showed morphological variants 
in the acetabulum and/or proximal femur. At the time 
of discovery, the implications of these variants were not 
appreciated but now they serve as important historical 
evidence.

The first discovery of such a variant was in 1824 by 
a German pathologist, Adolph William Otto.8 On closer 
inspection of an anatomical specimen of a female pelvis 
in the Natural History Museum of Breslau (Poland), he 
noted a “very deep insertion of both femoral heads in 
the acetabula”; this was what we currently term as global 
pincer- type impingement, 'protrusio acetabuli'.

Abnormal version of the acetabulum, on the other 
hand, was first brought into context with OA of the hip 
joint by Preiser in 1907.9 Today this is understood as focal 
anterior over- coverage in a retroverted acetabulum.

Along with pincer- type impingement, early pathoana-
tomical studies discovered two major variations of the 
femoral neck anteriorly corresponded to the morpholog-
ical changes seen in cam- type impingement.10 The first 
was an extension of the articular surface of the femoral 
head upon the neck. Although Poirier11 is often credited 
for the discovery of this landmark, a subtle version was 
present in an illustration by Henle in 1855 (Figure 1).12 It 
is thought to correspond to the classical osseous bump of 
cam- type deformity.13

The other noted deformity was a depressed area below 
Poirier’s facet resulting from a ‘surface reaction’, known 
as the 'cervical fossa' discovered by Allen in 1882.14 This 
is thought to correspond to fibrocystic changes arising 
from repetitive bony contact between the femoral head- 
neck and acetabulum.15

Anatomical studies also had a significant role in delin-
eating the first incidents of FAI, which was present even 
before the 19th century. Rather remarkably, morpholog-
ical abnormalities that bore resemblance to Poirier’s facet 
were recently discovered in a 5,000- year- old skeleton.16 
This study also used computerized methods to recon-
struct and analyze the specimen’s hip revealing a cam- 
type deformity.

FAI is therefore not a new disease but simply a new 
method of conceptualizing a pre- existing condition 
despite suggestions that inclusive- type deformities are a 
product of our current lifestyle.17

early surgical procedures in the early 20th century. The link 
between these morphological changes and impingement, 
however, were deduced long after these descriptions.15 
The clinical sequelae of hip impingement was in fact first 
described in 1898 by a British surgeon, John Poland.18 In 
his extensive review, he mentions a case of traumatic ep-
iphyseal separation (now known as slipped capital femo-
ral epiphysis (SCFE))19 in a 12- year- old boy with reduced 
range of motion (ROM). It was theorized that the under-
lying cause was an impingement and he was treated by 
partial ostectomy of the femoral neck. This corrected the 
deformity, and he regained full movement of the hip.
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Fig. 1

Henle’s depiction of the femur. Surface markings on the anterosuperior 
surface of the femoral neck can be seen.

Fig. 2

Diagram illustrating the ‘bump’ causing the impingement. The dotted line 
outlines the border for bumpectomy.

This procedure was further elaborated by Mikulicz in 
1903, who noticed a loss of the concavity of the femoral 
neck in patients with SCFE and carried out a ‘bumpec-
tomy’ to relieve the impingement (Figure 2).20 Whitman 
conducted a similar operation in 1909 on a 15- year- old 
girl who presented with a limp and stiffness of the right 
hip due to a “sharp angular anterior border of the neck”.21 
Again, through removing the projection, the child made 
a remarkable recovery and had nearly full ROM. Several 
reports confirmed these were not isolated cases,22,23 
although postoperative outcomes were variable and in 
one case led to ‘almost complete ankylosis of the hip’.24 
On the whole, however, these procedures were successful 
and Herndon et al25 even showed evidence of long- term 
benefit.

Smith- Petersen26 in 1936 also recognized the potential 
of surgical intervention in patients with impingement but 
crucially extrapolated this theory to treat a lady with hip 
pain from protrusio acetabuli, a pincer- type deformity. 
Further, Smith- Petersen outlined his surgical approach, 
which involved accessing the femoral head anteriorly, 
allowing impingement to be assessed intraoperatively.
Rise of radiological findings in the 20th century. Non- focal 
pincer- type deformities, and more specifically protrusio 

acetabuli, were the first type of FAI to be noted radiolog-
ically in 1911.27 Over the next couple of decades, over 
50 radiological examples of protrusio acetabuli were 
described but as there were no common criteria, only 
straightforward cases could be diagnosed. To rectify this, 
Köhler described protrusion as the point the floor of the 
hip- socket touches or crosses the border of the ilioischi-
al line.28 In 1962, protrusio acetabuli was clarified as the 
point the femoral head overlaps this line to distinguish it 
from coxa profunda, which was defined as the point the 
acetabular floor was medial to the line but the femoral 
head was lateral to it.29

Radiological methods to assess coverage of the acetab-
ulum were also described as early as 1939 by Wiberg,30 
who constructed two lines passing through the centre 
of the femoral head: one travelling along the longitu-
dinal axis and the other passing tangentially through 
the superolateral edge of the acetabular roof. The angle 
between the two lines is known as the lateral centre- edge 
angle (CEA). The study, however, mainly focused on 
under- coverage of the acetabulum and the threshold of 
over- coverage (44°) was only determined in 1999.31

Radiological evidence of cam- type impingement was 
found indirectly while researching the underlying aeti-
ology of idiopathic OA. Elmslie32 in 1933 described in 
his review that “pre- existing deformity” often preceded 
characteristic radiological findings of OA.

In 1965, Murray noted OA was linked to “slight” 
anatomical variations.33 In particular, he found 39.5% 
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Fig. 3

a) In a normal acetabulum, the line outlining the edge of the anterior rim 
always lies medial to the line outlining the posterior rim and the line of the 
edge of the posterior wall descends laterally or through the centre of the 
femoral head. b) In a retroverted acetabulum, there is an overlap of the two 
lines (‘crossover sign’) and the line outlining the posterior rim descends 
medially (‘absent posterior wall’).

of patients with idiopathic OA had a “tilt deformity”, 
described as a “medial angulation of the femoral head 
to the femoral neck”. Using a combination of radiolog-
ical views, Stulberg et al34 in 1975 found further anoma-
lies in the contours of the femoral head and neck. There 
was evidence of flattening of the neck, displacement of 
the head so it was off- centre, ‘hooking’ at the head- neck 
junction, and a bump on the anterolateral surface of the 
neck. Together the deformity was labelled ‘pistol- grip’.

Claims that the deformities might be a consequence 
of OA instead of the cause were rebuked by Harris,35 who 
analyzed radiographs of patients with pistol grip defor-
mities before and after their osteoarthritic changes and 
noted 90% of patients had their deformity before. It is 
now widely recognized that these deformities not only 
lead to OA but are also indicators of cam- type deformities.

Another related radiological finding is the small oval 
radiolucent area located on the superior quadrant of the 
femoral neck known as the ‘herniation pit’. Pitt et al36 in 
1982 found these pits corresponded to the cervical fossae 
and more recent reports show these are more prevalent 
in patients with FAI.15

Spotting focal pincer- type impingement on a regular 
radiograph can be difficult; therefore, it was only discov-
ered in 1987 when Tönnis37 used a CT scan on a patient 
with hip pain and found evidence of acetabular retro-
version. Reynolds et al38 in 1999 then published a paper 
detailing two features visible on an anteroposterior radio-
graph that indicated acetabular retroversion: the cross-
over sign and an absent posterior wall (Figure 3).
a sudden rise in interest of femoroacetabular impinge-
ment during the turn of the 21st century. Almost a cen-
tury after Poland’s description, impingements caused by 
other secondary cam- type deformities were described. In 
1991, Ganz et al4 reported cases following femoral head 
fractures and in 1993, Snow et al3 described cases follow-
ing childhood Perthes’ disease.

Then in 1999 Myers et al7 used the term ‘femoroac-
etabular impingement’ for the first time in the litera-
ture. In their study, they outlined cases of impingement 
caused as a complication to periacetabular osteotomy. It 
is noteworthy that this study used surgical dislocation;7 
this gave an unrestricted view of the femoroacetabular 
joint, which was key to understanding primary cam- type 
deformities.

Parallel to these surgical discoveries, our under-
standing of the radiology behind FAI was being refined. 
Markers such as ‘pistol grip’ and ‘tilt’ deformities neglect 
many cases of FAI, especially those resulting from subclin-
ical slipped epiphysis.39 They are also qualitative and so 
the degree of deformity cannot be ascertained. This led 
to development of more precise and sensitive tools for 
diagnosing FAI: α angle and head- neck offset.

The α angle quantifies the loss of concavity at the 
femoral head- neck junction and was first described by 
Nötzli et al40 in 2002. Using oblique angle magnetic 
resonance images, they drew a best- fit circle around the 

femoral head and two straight lines from the centre of 
the head. One line passes through the centre of the neck, 
the other passes through the anterior point at which the 
distance from the centre of the head to the edge of the 
bone exceeds the radius of the head. The angle between 
these two lines is defined as the α angle and a cut- off 
value (42°) was used to diagnose cam- type deformity.41

The femoral head- neck junction may, however, not 
feature an obvious focal deformity and the α angle fails to 
account for this. Another radiological measure – the head- 
neck offset – is therefore necessary. This was described by 
Eijer et al42 in 2001 and is calculated by drawing three 
parallel lines. The first is drawn through the centre of the 
femoral neck. The second and third are drawn parallel to 



BONE & JOINT RESEARCH 

K. MATSUMOTO, R. GANZ, V. KHANDUJA576

the first line, with the former being drawn at a tangent to 
the concave neck and the latter being drawn at a tangent 
to the convex head. The offset is then measured as the 
distance between the second and third line. To stan-
dardize the measure across all hips, a ratio of the anterior 
to posterior head- neck offset is used with a cut- off value 
now generally accepted as < 0.17.43

Research surrounding FAI was rising but as a concept 
was not fully developed until the review by Ganz et al1 in 
2003. They organized seemingly disparate past findings 
while adding their own experience from surgical disloca-
tion to describe FAI in its entirety from its mechanism to 
its treatment.
Beyond 2003: deconstructing established theories. After 
2003, research into FAI rose exponentially and over 2,000 
studies have been published on it since 1999. Along with 
new discoveries, there has been greater scrutiny on previ-
ously accepted theories, especially radiological features.

Although the α angle is regarded as the most 
commonly used radiological marker to determine cam- 
type impingement,44 there are still controversial elements 
associated with it. The major point of discussion involves 
the threshold at which impingement should be diagnosed 
and this currently varies from 42° to 83°.44,45 Discrepan-
cies can be explained by differences in the methodology 
of calculating the threshold and the imaging methods 
used. Further, nearly all calculations rely on asymptom-
atic hips as reference;40,46 however, 25% of the asymp-
tomatic young male population has evidence of FAI.47 
Agricola et al48 in 2014 tried to obviate this problem by 
combining asymptomatic and early osteoarthritic popu-
lations. They noticed a bimodal distribution in the popu-
lations separately and when combined, demonstrating a 
split in the distribution of α angles with and without cam- 
deformity.48 They then took the threshold at which these 
two distributions could be best distinguished, which was 
determined as 60°. There are, however, further problems 
to the alpha- angle beyond the threshold including its 
specificity to impingement and variability between clini-
cians.45 As a result, the α angle is no longer used in isola-
tion to diagnose cam- type FAI.

Issues surrounding radiological diagnoses are not 
limited to cam- type deformities. Acetabular retroversion, 
for example, is notoriously difficult to diagnose on an 
anteroposterior radiograph and even on a well- positioned 
radiograph, the crossover sign is thought to overestimate 
acetabular retroversion.49 Since 2003, a more specific radio-
logical sign - ischial spine projection - has been identified as 
an improvement on the crossover sign.50 Further, the link 
between coxa profunda and pincer- type impingement has 
been questioned.51

In conclusion, although believed to be a novel concept, 
evidence of FAI has existed in the literature for at least a 
couple of centuries in a variety of different contexts. The 
seemingly disparate models were summarized succinctly 
by Ganz et al1 in 2003 and became the foundation of our 
current understanding of FAI. As more research has been 

published, however, the less clear FAI has become and 
there are now disagreements on how FAI should be diag-
nosed or even what FAI really is. In the midst of this, it is 
difficult to determine what the true gold standard recom-
mendations should be.

With such an exponential increase in published litera-
ture, confusion such as this is inevitable and it is following 
a similar pattern to previous pathologies such as shoulder 
impingement.45 Therefore, appreciating the origin of our 
knowledge, not just in terms of its diagnosis as we have 
outlined in this review but also in its treatment, becomes 
all the more important. In doing so, the direction of 
future research may perhaps become a little clearer.

twitter
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