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ABSTRACT
Osteoarthritis of the hip has long been separated into 

so-called secondary osteoarthritis (due to severe congenital or 
developmental deformities) or “primary osteoarthritis,” with the 
latter category presumed to be caused by an unidentified basic 
abnormality of articular cartilage. New information from Ganz 
and his colleagues now strongly supports the hypothesis that 
many cases of so-called “primary osteoarthritis” are mechani-
cal in origin, rather than biologic. In many of these cases the 
developmental abnormalities are more subtle and frequently 
overlooked. The newly defined mechanism of the etiology of 
the osteoarthritis in these cases is the previously unrecognized 
femoro-acetabular impingement (FAI). These cases have often 
been described in the past to be “primary.” 

Relatively minor abnormalities in the orientation and 
morphology of the hip have now been clearly identified to com-
promise the clearance for motion sufficiently to cause impinge-
ment. In such cases, osteoarthritis of these hips is initiated by 
chronic impingement. 

Two types of FAI have been identified namely Cam-FAI and 
Pincer FAI. Clearly, surgical correction of the impingement can 
effectively relieve symptoms. Moreover, increasing data suggest 
that the correction of impingement can retard the progression 
of osteoarthritic process.

INTRODUCTION
Murray initially suggested a relationship between a rather 

subtle deformity of the proximal femur as seen on AP radio-
graphs which he called the “tilt deformity” to the subsequent 
development of osteoarthritis of the hip. (1) The deformity he 
identified had the general characteristics of a mild degree of 
slipped capital femoral epiphysis (SCFE). 

Solomon and co-workers in South Africa (2-6) and Harris 
and co-workers (7-13) in the United States extended Murray’s 
suggestion, leading to their controversial hypothesis on the 

etiology of the osteoarthritis of the hip that most if not all cases 
of true osteoarthritis of the hip were mechanical in origin and 
were the result of developmental abnormalities.

For clarity about this theory of the etiology of osteoarthri-
tis of the hip, other conditions that lead to joint degeneration 
must be excluded, including inflammatory arthritis, calcium 
pyrophosphate disease, infection, DISH, gout, hemocroma-
tosis, osteonecrosis and fractures involving the joint. Unless 
these other cases are excluded from consideration, it is not 
possible to access accurately those cases that truly represent 
osteoarthritis:

This concept of the mechanical origins of the etiology of 
osteoarthritis of the hip, obviously incorporates those cases sec-
ondary to gross developmental abnormalities. These cases are 
the well-recognized “secondary osteoarthritis” cases. However 
the current focus of this concept addresses cases of osteoar-
thritis of the hip in which the deformity was considered to be 
mild, slight, or even in the eyes of some to be normal hips. In 
the past, such cases have been commonly considered to be “pri-
mary” i.e. without known etiology. (Figures 1A and B)
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Fig. 1B: Comparison of the mild 
deformity of the proximinal femur 
secondary to a mild, unrecognized 

slipped capital femoral epiphysis 
and the contour of the grip of a pis-
tol. Because of the similarity, these 
types of proximal femoral deformi-
ties are called “pistol grip deformi-
ties.” Reproduced with permission 

from the Hip Society.

Fig. 1A: AP radio-
graphs of a normal hip 
(upper left) and three 
forms of abnormali-
ties associated with 
mild slipped capital 
femoral epiphyses, 
called “flattening”, 
“the bump” and the 
“hook.” Reproduced 
with permission from 
Clinical Orthopedics 
and Related Research.
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Harris and co-workers and Solomon and co-workers pre-
sented longitudinal data on documented cases of mild develop-
mental hip disease which led, years later, to osteoarthritis of the 
hip. The leading conditions contributing to these subtle defor-
mities were developmental hip dysplasia, SCFE, Legg-Perthe’s 
disease, multiple epiphyseal dysplasia and spondyloepiphyseal 
dysplasia. (Figures 2A-C)

Then, retrospective analyses of patients presenting in adult 
life with osteoarthritis of the hip without any of the excluded 
conditions, specifically for whom prior radiographs were avail-
able for analysis after adulthood had been reached but before 
any radiographic signs of arthritis had begin to be visible, 
revealed that  79% of these cases had antecedent subtle but 
definite developmental configurational abnormalities. Among 
women, unrecognized and untreated developmental dysplasia 
predominated. Among men, abnormalities on the femoral side, 

representative of the deformities resulting from slipped capi-
tal femoral epiphysis or Legg-Perthe’s disease predominated. 
These observations challenged the traditional concept of a basic 
cartilaginous abnormality underlying primary osteolysis. While 
the data supporting this hypothesis appeared to be strong, two 
key factors were still missing. First, no mechanism was appar-
ent by which some of these subtle abnormalities produced 
osteoarthritis. Second, there was no “low risk” way to halt or 
delay the progression of the osteoarthritic process.

Two current developments have dramatically strengthened 
the hypothesis. The two key developments are 1) the identifica-
tion of the mechanism by which subtle developmental configu-
rational abnormalities lead to osteoarthritis (Figure 3A and B) 
and 2) evidence that correction of that mechanism can provide 
major symptomatic relief and, more importantly, possibly 
retard the progression of development of the osteoarthritis.

Ganz and co-workers (14-38), and subsequently others 
(39-71) described the mechanism to be “femero-acetabu-

Fig. 2A-C: A) 
Femoroacetabular 
impingement (FAI) 
is shown in a 34-
year-old man with 
an apparently nor-
mal AP radiograph.  
(B) The nonspheri-
cal femoral head 
leading to reduced 
offset at the neck 
and predisposition 
to Cam-FAI is vis-
ible on the lateral 
radiograph.  (C) The 
MRI scan confirmed 
the labral tear and 
chondral injury 
resulting from FAI. 
Reproduced with 
permission from 
Clinical Orthopedics 
and Related 
Research.
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Fig. 3A-B: Intraoperative photographs of acetabular cartilage damage during the 
treatment of young adult patients suffering from FAI.  (A) In Pincer FAI, the linear 
impact leads to significant labral damage, while in early phases the adjacent cartilage 
remains intact.  (B) In contrast, Cam FAI frequently reveals already early during 
the disease deep reaching flap-like cleavage lesion of cartilage from the subchondral 
bone.
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Fig. 4A-B: The proposed mechanisms of joint damage in FAI. (A) In Pincer FAI linear 
impact due to the acetabular overcoverage occurs anteriorly.  The persistent anterior 
abutment with chronic leverage of the head in the acetabulum sometimes results 
in chondral injury in the “contre-coup” region of the posterior-inferior acetabulum 
(red).  (B) In Cam FAI the prominent femoral head/neck junction is jammed into 
the acetabulum causing damage to the peripheral cartilage (red). Reproduced with 
permission from Clinical Orthopedics and Related Research.

lar impingement” (FAI). The two distinct types of FAI exist, 
namely, 1) the Pincer-FAI and 2) Cam-FAI (Figure 4A and B). 
The Pincer-type is more common in females and develops more 
slowly. The Cam-type is more common in males, particularly in 
athletic males. This concept of the FAI mechanism leading to 
osteoarthritis of the hip appears to counter the existing theory 
of so-called primary osteoarthritis.

In conclusion, there is an increasing body of evidence that, 
many if not most, hips which fail from osteoarthritis without 
severe developmental deformities of the joint (those so-called 
cases of “primary osteoarthritis”) do have subtle developmental 
configurational  abnormalities and that these abnormalities 
can lead to femoral acetabular impingement. It is this FAI that 
initiates major joint disruption in many such cases. Moreover, 
it is clear that surgical correction of the impinging deformities 
alleviates the symptoms in many cases and may retard the pro-
gression the pathologic process.

Fig. 4A

Fig. 4B



79

22.	 Lavigne M, Parvizi J, Beck M, Siebenrock KA, Ganz R, Leunig M. Anterior femoroacetabular impingement: part I. Techniques of joint preserving surgery. 
	 Clin. Orthop. January 2004(418):61-66.
23.	 Leunig M, Beck M, Dora C, Ganz R. [Femoroacetabular impingement: trigger for the development of coxarthrosis]. Unfallchirug. January 2005;108(1):9-10, 12-17.
24.	 Leunig M, Beck M, Kalhor M, Kim YJ, Werlen S, Ganz R. Fibrocystic changes at anterosuperior femoral neck: prevalence in hips with femoroacetabular impingement. 		
	 Radiology Jul 2005;236(1):237-246.
25.	 Leunig M, Beck M, Woo A, Dora C, Kerboull M, Ganz R. Acetabular rim degeneration: a constant finding in the aged hip. Clin Orthop. Aug2003(413):201-207.
26.	 Leunig M, Parvizi J, Ganz R. Nonarthroplasty surgical treatment of hip osteoarthritis. Instr Course Lect. 2006;55:159-166.
27.	 Leunig M, Podeszwa D, Beck M, Werlen S, Kalhor M, Leunig M, Ganz R. Abnormal extension of the femoral head epiphysis as a cause of cam impingement. Clin 		
	 Orthop. Jan 2004(418):54-60.
28.	 Leunig M, Podeszwa D, Beck M, Werlen S, Ganz R. Magnetic resonance arthrography of labral disorders in hips with dysplasia and impingement.
	 Clin Orthop. Jan 2004(418):74-80.
29.	 Siebenrock KA, Schoeninger R, Ganz R. Anterior femoro-acetabular impingement due to acetabular retroversion. Treatment with periacetabular osteotomy. J Bone Joint 		
	 Surg Am. Feb 2003;85-A(2):278-286.
30.	 Siebenrock KA, Wahab KH, Werlen S, Kalhor M, Leunig M, Ganz R. Abnormal extension of the femoral head epiphysis as a cause of cam impingement. Clin Orthop. 		
	 Jan 2004(418):54-60.
31.	 Strehl A, Ganz R. Anterior femoroacetabular impingement after healed femoral neck fractures. Unfallchirug. Apr 2005;108(4):263-273.
32.	 Ganz  R, Gill TJ, Gautier E, Ganz K, Krugel N, Berleman U.  Surgical dislocation of the adult hip: a technique with full access to the femoral head and acetabulum 		
	 without the risk of avascular necrosis. J Bone Joint Surg Br. Nov 2001; 83(8):1119-1124.
33.	 Ganz R, Gill TJ, Gaultier E, Ganz K, Krugel N, Berlemann U.  Surgical dislocation of the adult hip; a technique with full access to the femoral head and acetabulum 		
	 without the risk of avascular necrosis. J Bone Joint Surg Br. Nov. 2001;83(8): 1119-1124.
34.	 Gautier E, Ganz K, Krugel N, Gill T, Ganz R. Anatomy of the medial femoral circumflex artery and its surgical implications. J Bone Joint Surg Br. Jul 2000;82 (5):679-		
	 683.
35.	 Lavigne M, Kalhor M, Beck M, Ganz R, Leunig M. Distribution of vascular foramina around the femoral head and neck junction: relevance for conservative intracapsular 	
	 procedures of the hip. Orthop. Clin. North Am. Apr 2005;36(2);171-176, viii.
36.	 Leunig M, Beck M, Dora C, Ganz R. Femoroacetabular impingement: etiology and surgical concept. Oper Tech Orthop. 2005;15(3):247-255.
37.	 Leunig M, Beck M, Stauffer E, Hertel R, Ganz R. Free nerve endings in the ligamentum captis femoris. Acta Orthop Scand. Oct 2000;71(5)L452-454.
38.	 Nork SE, Schar M, Pfander G, et al. Anatomic considerations for the choice of surgical approach for hip resurfacing arthroplasty. Orthop Clin North Am. Apr 		
	 2005;36(2);163-170,viii.
39.	 Armfield DR, Towers JD, Robertson DD. Radiographic and MR imaging of the athletic hip. Clin Sports Med. Apr 2006;25(2):211-239, viii.
40.	 Beall DP, Sweet CF, Martin HD, et al. Imaging findings of femoroacetabular impingement syndrome. Skeletal Radiol. Nov 2005;23(6):1286-1292.
41.	 Beaule PE, Zaragoza P, Motamedi K, Copelan N, Dorey FJ. Three-dimensional computed tomography of the hip in the assessment of femoroacetabular impingement. J 		
	 Orthop Res. Nov 2005;23(6):1282-1292.
42.	 Bharam S. Labral tears, extra-articular injuries, and hip arthroscopy in the athlete.	Clin Sports Med. Apr 2006;25(2):279-292, ix.
43. 	Blankenberger DG, Tuite MJ. The painful hip: new concepts. Skeletal Radiol. Jun 2006;35(6):352-370.
44.	 Bredella MA, Stoller DW. MR Imaging of femoroacetabular impingement. Magn Reson Imaging Clin N Am. Nov 2005’13(4):653-664.
45.	 Clohisy JC, McClure JT. Treatment of anterior femoroacetabular impingement with combine hip arthroscopy and limited anterior decompression. Iowa Orthop. J. 		
	 2005;25:164-171.
46.	 Crawford JR, Villar RN. Current concepts in the management of femoroacetabular impingement. J Bone Joint Surg Br. Nov 2005;87(11)1459-1462.
47.	 Guanche CA, Bare AA. Arthroscopic treatment of femoroacetabular impingement. Arthroscopy. Jan 2006;22(1);95-106.
48.	 Jager M, Wild A, Westhoff B, Krauspe R. Femoroacetabular impingement caused by a femoral osseous head-neck bump deformity: clinical, radiological, and  
	 experimental results. J Orthop Sci. 2004;9(3):256-263.
49.	 Kassajarian A, Yoon LS, Belzile E, Connolly SA, Millis MB, Palmer WE. Triad of MR arthrographic findings in patients with cam-type femoroacetabular impingement. 		
	 Radiology. Aug 2005;236(2):588-592.
50.	 Kelly BT, Weiland DE, Schenker ML, Phillipon MJ. Arthroscopic labral repair in the hip: surgical technique and review of the literature. Arthroscopy. Dec. 			 
	 2005;21(12):1496-1504.
51.	 Mardones RM, Gonzalez C, Chen Q, Zobitz M, Kaufman KR, Trousdale RT. Surgical treatment of femoroacetabular impingement; evaluation of the effect of the size of 		
	 the resection. J Bone Joint Surg Am. Feb 2005;87(2):273-279.
52.	 Mardones RM, Gonzalez C, Chen Q, Zobitz M, Kaufman KR, Trousdale RT. Surgical treatment of femoroacetabular impingement; evaluation of the effect of the size of 		
	 the resection. Surgical Technique. J Bone Joint Surg Am. Mar 2006;88 Suppl. 1 Pt. 1:84-91.
53.	 Murphy S, Tannast M, Kim YJ, Buly R, Millis MB. Debridement of the adult hip for femoroacetabular impingement: indications and preliminary clinical results. Clin 		
	 Orthop Relat Res. Dec 2004(429):178-181.
54.	 Peters CL, Erickson JA. Treatment of femoro-acetabular impingement with surgical dislocation and debridement in young adults. J Bone Joint Surg Am.
	 Aug 2006;88(8):1735-1741.
55.	 Phillipon MJ, Schenker ML. Arthroscopy for the treatment of femoroacetabular impingement in the athlete. Clin Sports Med. Apr 2006;25(2):299-308, ix.
56.	 Phillipon MJ, Schenker ML. A new method for acetabular rim trimming and labral repair. Clin Sports Med. Apr 2006;(2):293-297, ix.
57.	 Sampson TG. Arthroscopic treatment of femoroacetabular impingement: a proposed technique with clinical experience. Instr. Course Lect. 2006;55:337-346.
58.	 Sozen YV, Ozkan K, Goksan SB, Ciftci F, Mutlu S, Uzer G. Arthroscopic diagnosis and treatment of an acetabular labrum bucket handle tear: a case report.
	 Arch Orthop Trauma Surg. Nov 2005;125(9):649-652.
59.	 Tanzer M, Noiseaux N. Osseous abnormalities and early osteoarthritis: the role of hip impingement. Clin Orthop Rel Res. Dec 2004(429):170-177.
60.	 Theumann N, Wettstein M. Clinical and radiological aspects of femoroacetabular impingement. Rev Med Suisse. Jul 12 2006;2(73):1741-1746.
61.	 Tschauner C, Fock C, Hofman S. Femoroacetabular impingement – an underestimated pathogenetic factor in coxarthrosis. Z Orthop Ihre Grenzgeb.Sep-Oct 2001;139(5):		
	 M88-91.
62.	 Wettstein M, Dienst M. Hip arthroscopy for femoroacetabular impingement. Orthopade. Jan 2006;35(1):85-93.
63.	 Wisnewski SJ, Grogg B. Femoroacetabular impingement: an overlooked cause of hip pain. Am J Phys Med Rehabil. Jun 2006;85(6):546-549.
64.	 Ganz K, Krugel N. Die Arteria circumflexia femoris lateralis. Topographischer Veraluf, Anastomosen. Berne: Dept. Orthop. Surgery, University of Berne; 1997.
65.	 Kalberer F, Sierra RJ, Maddan SS, Meyer D, Ganz R, Leunig M. Projection of the ischial spine into the pelvic cavity. A new sign for acetabular retroversion on plain 		
	 radiographs. 2006 (submitted for publication).
66.	 Meyer DC, Beck M, Ellis T, Ganz R, Leunig M. Comparison of six radiographic projections to assess femoral head/neck aspercity. Clin Orthop Relat Res. Apr 			
	 2006;445:181-185.
67.	 Leunig M, Casillas MM, Hamlet M, et al. Slipped capital femoral epiphysis: early mechanical damage to the acetabular cartilage by a prominent femoral metaphysis. Acta 		
	 Orthop. Scand. Aug 2000;71(4):370-375.
68.	 Leunig M, Fraitzl Cr, Ganz R. Early damage to the acetabular cartilage in slipped capital femoral epiphysis. Therapeutic consequences. Orthopade. Sept. 2002;31(9):894-		
	 899.
69.	 Eijer H, Podeszwa D, Ganz R, Leunig M. Evaluation and treatment of young adults with femoroacetabular impingement secondary to Perthes disease. Hip Internat. 		
	 2006.
70.	 Werlen S, Leunig M, Ganz R. Magnetic resonance arthrography of the hip in femoroacetabular impingement: technique and findings. Oper Tech Orthop. 2005;15(2):191-		
	 203.
71.	 Kim YT, Azuma H. The nerve endings of the acetabular labrum. Clin. Orthop. 1995; 320:176-181.


