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Developmental dysplasia of the hip (DDH) and femoroacetabular impingement are condi-
tions that occur in adolescents and young adults that cause hip pain. The morphology of
both conditions will be discussed as they relate to pathology. Radiographs taken in both
conditions many times are read as “normal.” On careful analysis, these conditions can be
easily seen on radiographs. Reinhold Ganz with the Bern Hip Group and Jeff Mast have
developed outstanding open technigues to correct both with a periacetabular osteotomy to
correct DDH and a safe surgical dislocation of the hip to alleviate femoroacetabular
impingement. Although not correcting the structural defects in DDH, arthroscopy may be
helpful in alleviating pain. An arthroscopic equivalent to the open surgical dislocation of the
hip will be presented. The early results are favorable,
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ular labrum to substitute for the bony rim. It resists subluxing

ip pain in vounger individuals has been associated with
& [} -
forces; however, eventually, the structural resistance fails

abnormal morphology of the hip joint itself. Develop-

mental dysplasia of the hip is a cause of instability, whereas
fernoroacetabular impingement slightly captures the joint
and may reduce motion because of pain typically in flexion
and internal rotation. Both conditions lead to early degener-
ative changes and arthritis of the hip.'* In developmental
dysplasia, there is a shallow socket assocated with fermnoral
neck anteverion. This has been studied extensively and sur-
gical remedies have been well described > In recent times,
thete has been more attention paid to the acetabular mor-
phology and its association with dysplasia and lfemoroac-
etabular impingement syndrome.”

Development Dysplasia

In developmental dysplasia of the hip (DDH). the deficient
hony coverage by the acetabulum over the femoral head leads
to increased forces that are concentrated anteriorly and su-
periorly. Typically, in dysplasia, there is an enlarged acetab-
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with a labral tear or separation from the acetabular rim. As a
result, the femoral head will sublux anterior and superiorly,
Occasionally, a bony [ragment may avulse with the labrum,
This also may be associated with a paralabral cyst or ganglion
and the labrum may contain myxoid degeneration.*™*

Recognizing dysplasia of the hip is most often quite obvi-
ous, When locking at an anterior to posterior radiograph, a
steeply sloped acetabulum is deficient in the coverage of the
femoral head. There are several methods Lo measure hip dys-
plasia.’

Radiograph Analysis

The lateral cener edge angle.” (CE angle of Wiberg) is mea-
sured on an anteroposterior view from the center of the fem-
oral head vertically and an angle measured from the lateral
rim. An angle less than 20° is consistent with dysplasia.
Greater than 25° is considered normal with an angle between
20° and 25° as borderline. The anterior center edge angle™ 1s
measured on a false profile view. Lequesne and de 5éze con:
cluded that less than 20° was consistenit with dysplasia. The
femoral head extrusion index” is the percentage of the lemo-
ral head outside of the acetabular roof. Greater than 23% was
consistent with hip dysplasia.

[he acetabular index of the weight-bearing surface” (ace-
tabular index) is the angle [ormed by the acetabular roof
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Figwre 1 Right hip: this 15 an example of the figure 8 created when
tracing the rims of a rerroverted acerabulum creating a Crossover

sign’,

“eyebrow or sorcil.” Normal values are from 4° o 10°
Greater than 10° is consistent with acetabular dysplasia. Con-
gruence’ berween the femnoral head in the acetabulum is also
measured. The acetabular and femoral head the subchondral
bane should be concentric in normal hips. If they are not
concentric, the incongruence is consistent with dysplasia.

Acerahular version” can also be measured on plane roent-
genograms. This is done on an anterapasterior radiograph in
which the cocoyx must be centered over the pubic symphysis
and should be not separated more than 2 cm. Deviations
fram this will not control inclination in the sagittal plane.
Lines are then traced from the anterolateral edge of the ace-
tabulum along the anterior and poster projections of the rim.
if the posterior line is traced more laterally than the anterior
wall, the acetabulum is anteverted.

if the anterior wall is traced more laterally than the poste-
rior wall, the acetabulum is retroverted. A figure-ol-8 sign
appears when the anterior wall crosses the poster wall on a
tracing (Fig. 1). This is consistent with an excess anterior
bony rim, which may cause impingement on the femoral
head neck junction, causing relative retroversion. If the shad-
ows traced are equal, the acetabular is believed to be in neu-
tral version.

Periacetabular Osteotomy

There are many different ways to treat hip dysplasia using
both femeral and acetabular osteotomies, Ganz and cowork-
ers® pioneered a periacetabular osteotomy for adolescents
and young adults with dysplastic hips and associated pain.'®
Most had a gradual onset of hip pain without radiographic
svidence of arthritis. They all had radiographic evidence of
dysplasia. They concluded the advantages over previous
techniques were that it was done through a single incision
and a large multidirectional correction could be accom-
plished. Additionally, the blood supply to the acetabulum
was preserved, the postet column of the hemnipelvis was left

intact, thus allowing early weight bearing, and the need lor
minimal fixation and the true pelvis was unaltered, allowing
for normal childbearing in women who had the operation.

Siehenbroch et al™ 3! reported on their first 73 patients
showing overall (72%) good to excellent results. They
showed that B7% of the hips continued to function well at 10
years, and the joint space was preserved in 82%. They found
those who had labral lesions had a significantly worse out-
COTE.

At the annual Bern hip symposium, Mammoth Lakes,
3003, it was reported that some individuals postoperatively
developed groin pain. When investigated, they found that
there were some with overcorrection of the acetabulum caus-
ing relative overcoverage OT TetrovVersion of the acetabulum. It
was from those patients, they concluded, thar the pain was
coming from [emoroacetabular impingemen They noticed
the same type of hip pain in patients without dysplasia. In-
vestigations into those patients led 1o the discovery of femo-
roacetabular impingement syndrome as we know today.
They treated it with a surgical hip dislocation and resection
osteoplasty at the femoral head neck junction and the acetab-
ular rim.

The treatment of hip dysplasia by arthroscopic means can-
not correct the bony architecture of the hip. However, in
individuals with hip pain associated with hip dysplasia, pal-
liation may be accomplished. Few articles have addressed

this.

Arthroscopic Treatment of DDH

Byrd and Jones'? looked at 48 patients with either hip dys-
plasia or borderline hip dysplasia from a population of 186
cases done consecutively. They measured dysplasia with the
CE angle of Wiberg. They defined dysplasia as a CE angle of
less than 20°. Borderlines were measured as those berween
20° and 25°. Their average follow-up was 27 months with a
range of 12 to 60 months. The age range was 14 10 64 years
old, The arthroscopic procedures performed were directed
by the pathology as lollows: label excision (32), chondro-
plasty (23}, debridement of the ligamentum teres (13}, mi-
crofracture (8), remaoval of loose bodies (8), debridement of
the pulvanar (3}, diagnostic arthroscopy (2), and thermal
capsulorrhaphy (1)

They used a modified Harris hip score in which range of
motion was not a factor, They showed significant improve-
ment with an average score preoperatively of 57 and a post-
operative score of 83. They concluded that there is no statis-
rical difference between the dysplastic group and the general
arthroscopic populaton.

We had studied a group of 28 patients treated arthroscopi-
cally for labral tears followed berween 3 and 96 months. ™
The exact etiology of those tears was nol studied. We found
the presence of arthritis on plane roenigenograms o rrelated
with peor Tesults (21% good to excellent.) In the absence of
arthritis on plane roelenogrammns, we found 71% had good
excellent results, At arthroseopy, if there were no chondro-
malacia af the femnoral head, the results were 92% good 10
excellent. Likewise, if there was no acetabular chondromala-




Figure 2 Left hip surgical dislocation of the head. (A) Note the in-
Ramed area of the neck adjacent to the articular cartilage, (B} after
resection osteoplasty, and (C) visualization of the acetabulum, the

rit. and labrm.

Figure 3 (A} Femoroacetabular impingemen factors are reduced joint space clearance and repetitive abutment against
the labrum and the articular cartilage of the acetabulum. {a) Maormal hip, (b) bony excrescence canses reduced head
neck offset. (©) acetabular over coverage of the femoral head, and (d) combined acetabular over coverage and reduced
had head neck 'S (B} Cam impingement. (2} In extension, the sphercal partion of the fernoral head does not abut the
rim of the acetabulum, (b In flexion, the acetabular articular cartilage is comnpressed by the aspherical portion of the
femoral neck and the labrom is abutted. 1* (C) Pincer impingement. (a) Normal extension and (b} in {lexion crushes a
emall band of the acetabular cartilage and the labrum. As the head is levered out of the acetabulum, a posterior
contra-coup lesion necurs.? {Reprinted with permission from Beecl et al'? and Lavigne ef al, 147
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Figure 8 a Left hip radiograph in young girl with cam type impinge-
ment. Out of round bump on the '|:|_.-||_] averloads the acetabular

rtilage as it is rotated nto the joint {arrow). (B} Right hip radio-
;H_.h in a young man with pir ncer type impingement. Shoriened

head neck ctIT-u_[ =buts the rim of the acetabulum (lower arrow),
.j_\--,_pq[uq“} |;__::|_|_j\':.|'| -.:_'_l:il;w_.[n,l;..,il,'l L of tl'“l'.' |dhrl||‘1 W I.'I'II il |]' ET1 |_|,'_||_.|_-._5.5 1=

ilar to a shear type fracture (upper arrow),

cia, we found 82% had good excellent results. A number of
those patients had DDH. In retrospect, most of those patients
suffered from either hip dysplasia or unrecognized femoro-

acetabular impingement as the etiology 1o their labral tears.

Femoroacetabular Impingement
Femoroacetabular impingement was relatively unknown by
US orthopedic surgeons until the last 3 to 4 years. The Bern
Hip Group headed by Reinhold Ganz had stud ied this entity
extensively and recently published on its url’rluﬂ'-f and It'r‘.ci-.-
ment using a surgical dislocation of the hip.'**% (Fig

They _I..-L'I.[-.-j it to be present in adolescents and young "u:l lr5
and postulated that it is a precursor to early ¢ :uelq.-u@-,mn is. It
is described as a mechanical conflict between the femoral
head neck junction and the acetabular opering and rim. As
the ourt of round femoral head is stuffed into rhe: acetabulurn,
mechanical forces may abrade the articular cartilage near the

ritn. As the cartilage breaks down, the labrum may separate
nd tear away from the rim (Fig. 3A).

Ity total hip replacement, we have known [or many years
that poor head neck offset of the femoral component with
small head sizes may cause impingement of the polyethylene
cup. Abnormal denting of the polyethylene would then lead
to early failure, ¢ third body wear, and failure of the entire
implang 2+

Similarly, the natural hip depends on appropriate head
neck offset to provide good joint clearance. With a reduced
1][’-’.,&(‘-"[:5[0" sphericity of ¢ the fermoral head, early contact or
incongruence with increased loading of the acetabular rim
will reduce joint clearance and cause femoroacetabular im-
pingement.

Types of Femoroacetabular Impingement
Two distinct types of femoroacetabular impingement were ob-
served during surgical dislocation of the hip.'* Carmn type ocours
from an out of round femoral head in which there is a bony
bump in the area of the anterclateral head neck junction. The
increase in radivs of the femoral head causes a mismatch be-
rween the femoral head and the acewabulum. As the head is
forced into the acetabulum, especially in flexion and rotation
inward, the compressive and sheer force overloads the artic ular

cartilage of the acetabulum. As a result, chondral changes occur
at the anterior and anterosuperior cartilaginous labral junction
of the acetabulum. The articular cartilage avulses from the labral
rim causing a cleft type defect seen on maghenc resonance mm-

aging. Along with the [abral tear, a subchondral bone av ulsion
may occur that may be seen at the anterior superior edge on a
plain radiograph (Fig. 3B}

Pincer-type femoroacetabular impingement occurs with
direct contact on the acetabular rim by the head neck ju
tion. It usually oceurs from over coverage by the actlui:u‘tut‘u.
such as seen in Coxa profunda or acetabular retroversion.
The recurrent abutment against the labrum causes labral de-
generation or assification. The ossification gives an appear-
ance of a deepened acetabulum. Continued abutment aganst
the ossified labrum levers the head out of the socket, causing

Figure § Room setup. Mote the surgeon stands anierior Lo the patient
and the ¢-arms brought under the patient
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A young professional bull rider with right-sided cam im-

Figure B
pingement. (A) Lateral Muoroscopic view shows the prominence at
{he head/neck junction at the physeal line (arrow). (B} Arthroscopic
vipw from the anterolateral portal shows a combmed element of
articular and labral Rbeillation (arrow) being debrided from the

rasierolateral poTial.

a4 chondral lesion in the posterior inlerior aspect t and the
L'|-x--'.u|*~“1--=_-:_1 spur in. this region (Fig. 3C). Lavigne and co-
workers'® believed that the pincer-type chondral lesions
were limited to small rim area and more Iwz*-_u_;n than the camn
rype. They found that the pincer [ype was SE€t more in mid-
dle-aged

aredl Lll_al of motion compared with the cam type seen in

wormen participating in athletic activities requinnga

voung athletic men (Fig. 4A anc B)

Surgical Dislocation for
Femoroacetabular Impingement

The Bern Hip Group developed d a joint preserving surgical

approach to remove the affending hone by reshaping the

fernoral head neck junction ot the acerabular ran, Todot his

safely, they studied the blood supply to the fermoral head and

found '.[L:':-:}- preserved the lateral to the epiphyse: 1] branch of
the medial femoral circumilex artery, other u_':nf-u';-.r arteries
can be killed without causing avascular necrosis.” The pro-
cedure &

11on Il.".IULL

s done with the patient in the lateral decubitus posi-
 a lateral approach to the hip. A trochanteric
(trochanteric flap) and an anterior Lll&ilal-i.'_JIIIT'T. ol
head and neck and a

L!-Z-.vli_'l.lll‘rl'l".'
'|1||~" |-'-«..II. |..| ﬁ'. '-I-\. '.i 4 :ll: I:I-ﬂ-

g mip al

yral tears may |1-u treated

good view into the acetabulum.
with partial Teseclion or repalt, ;-ml acetabular tim osteo-
phytes are removed. The head reck may be reshaped and
contoured using 0steolOMES. Postoperatively, patients are
kept on 2 crutches, nonweight hearing unti] the trochanteric
Osleotomy has healed.

The goal was to eliminate pain and the pa sthologic cause of
early degenerative joint disease. They studied 19 patients
with a mearn age of 36 vears old (21-52 follow-up for an
average of 4.7 years [4-5.2 years|). They found good results
in 14 of 113 and no asteonecrosis. They concluded that the
surgical dislocation with correction of fermoroacetabular in
pingement yielded good rest ilis in patients with early degen-
erative changes not h:{-:l:cr'lz'.._{ grade 1. [t was not beneficial Lo
those with advanced degenerative changes or exiensive artic
ular cartilage damage.'”

Reinhold Ganz was of the opinion that the arthroscope

or for labral tears

may be used for ¢ debridement - however,
access to the underlying causes of hip '|;t1]*.;=:-_Em:1'n-:.':-. WS
technically challenging if not impossible 1# 1y was for that
reason, as well as pur experience al accessing 'JillliuiL
areas of the hip to remove osteopliytes and treat labral
tears, that we were challenged to c¢reate an arth ITOSCaPIC
equivalent to the surgic: 1l hip dislocation procedure. It was
evident that most of the resection osteoplasty of the fem-
aral head neck junction was done midlaterally to anten-
orly and medially (T.G. Sampson and .M, Ghick, perscnal
It was

hat an experienced surgeon resected the approprnate

"

abservation/communication, 2003 lso evident

amount of bone on the hrst try (T.G. Sampson and J. Mast,
personal observation/communicarior, 2003). It was rare
(o remove more bone after checking head neck clearance
by flexing the -‘|1".-le ring the procedure. From that, it was
I}n_".;n?x.i. that a 360° view of the lemoral head neck )
tign was riot entil i'.:':.' ECESSATY. vost of the !.‘ILI"-.'“_;.' EXCTES-
cence in femorcacetabular impingement 15 anteriaor ex
tending lateral. mast of the acetabular lesions
and the exostoses «
the labral lesions associated with impingement and the

[ the acetabulum l.u_._um--J anteriorly

Likewise,

-curred anterior. In addition, most af

chondral defects of
with a few uf‘-:‘;i:i‘-.-ilh‘:;; pOsLe iﬂ"'._x‘.

Initially, the procedure was tried using 3 standard portals

th the hip in traction and the capsule lel tintact. We noticed

that the majority of the procedure o uul be done without any

rraction if the hip was placed in some tlexion to open up U he

capsule for better viewing. Because ol some |.':1::1-_'L:1=_1:..~, '-.'.'I_|'|
exposure, we setiled on an antetior capsulectomy for the best

Lk R
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POST 5T SURG CTR

LT HIPF ARTHROSCOPY

Technique of Arthroscopic Treatment

of the Femoroacetabular Impingement

The patient is placed in a lateral decubirus position and set up
identical to the “lateral approach.”-3? This may be done in

the supine position as well. A standard distractor is used, and
the peroneal post should be at least Y cm in diameter, The
peroneal post is placed eccentrically toward the operated hip
va reduce the chance of a pudental nerve palsy.™ The c-arm
fluoroscope is brought in under the table, providing a good
anterior 1o posterior your view (Fig. 3). Alter the leg is set up
i the traction device, the hip is fluoroscoped looking for the
maximal offset of the femoral head neck junction or lateral
hony excrescence. Typically, thisis best seen with the hip and
maximal external rotation, which rotates the anterior aspect
of the femoral head inw the held.

Three standard portals will be used: the posterolateral,
anterolateral. and anterior portals, With adequate distrac-
tion, the hip joint is decompressed with a large spinal needle.
allowing room air to break the suction seal, Using a cannu-

Figure 7 A voung professional bronco rider with left-sided cam im-
pingement. (A) Lateral fluoroscopic view shows the probe and
scope positioned for the capsulectomy with the hip is in maximal
external rotation. (B} An acetabular cartilage delamination {arrow)
defect viewed through the anterolatersl portal being debrided
through the anterior portal with a shaver. (C) Note the fbrillated
cartilage adjacent to healing cartilage (arrow)

lated system, the arthroscope is first mtroduced in the pos-
rerolateral portal with a 30° arthroscope. The anterolateral
portal is then created, and the hip is first viewed under air
followed by viewing under fluid

The hip joint is swept with the arthroscope in the usual
way, Typical findings in patients with femoroacetabular im-
pingement show fraying or tearing of the labrum anteriorly
and laterally. There may be articular cartilage damage from
grade 1 to 4 and occasionally extending [rom midlateral 1o
pOSLETIOT.

Labral lesions are debrided with a shaver or a radiothermal
device. and the articular cartilage is debnided or smoothed
(Fig. 6A and B). Occasionally, delamination defects are en-
countered and must be debrided back to stable cartilage (Fig,
74.C). The use of microfracture or picks has been done Lo
stimulate cartilage production.

The traction is let down completely, although the hip is
kept in extension with typical traction time from 12 to 30
minutes. The scope is then placed in the anterolateral porta
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Figure 8 Capsuleciomy, LA Exposure 15 obtained trom the anterior
medial 1o the anterior lateral fernoral neck. (B) Upper lelt shows the

chaver outside the left hip capsule with the scope in the antenot
portal and the shaver in the anterolateral poral. The upper right is
a Nuoroscopic view of the shaver and the hip is in maximal external
rotation. The bottorn left shows a probe al the clelt berween normal
head cartilage and the hyperemic honey bump (arrow). The bottom
right 15 a view into the medial peripheral space

on the capsule, checked [or position with the C-arm, and
with the trochar the muscle is separated from the capsule
The anterior portal is then created. ® All surgery is done out-
cide the joint while viewing the capsule. The potential space
between the muscle and capsule is developed by bringing the
shaver to the tip of the arthroscope and under direct vision,
the sweeping motion will separate thern.

An anterior capsulectory is then done with a series of
ipstriments, ingluding a cutting radiothermal device, Beaver

blade, and the motorized shavel During this process, the
foot is maintained in maximal extra rotation ta position nm-
portart retinacular vessels posterior anc] away from the cap-
sulectomy (Fig. 8).

Exposure of the entire hany bump or asteophyte 1s accom-
plished. Often, a cleft or demarcation at the osseous cartilag-
inous junction to the femoral head neck junction and the
base of the neck is seen, The capsule may be retracted with a
probe Lo view the external portion of the labrum

The resection osteoplasty is done with 2 4.0 unhooded
round burr. The area of resection 15 first outlined and then
comtoured between the outlines The scope and burr are
moved hetween portals o get a 3-dimensional view
Throughout the procedure, several radiographs are taken us-
ing the fluoroscope to ensure that adequate contourmg 1=
done and enough bone is resected (Figs. 9 and 10). Finally,
the leg is detached from the traction device and put through
arange of motion with direct viewing from the arthroscope o
document clearance at the head/neck junction and the ace-
rabular rim.

[ there is an acetabular nm osteophyle, this may be re-
sected 1 the same fashion behind the intact labrum. Occa-
sionally, the labrum musk he excised. To date, we have nof
detached the labrom to remove & rim osteophyte and then
lorie a labral repair.

Postoperatively, Lhe parients are placed on £ crutches for
protected weight-hearing and prevention of lalls. 1 hey are

Figure 8 Eesection osteoplasty {osieochondroplasty). The upper lelt

hows the bump is well pxposed viewing irom the anterolaleral

portal of this right hip. Note Lhe inflamed hony excrescence adjacent
1o the niormal anticular cartilage (arrow}. The upper right shows Lhe
4-mm unhooded burr 15 used 10 resected and reshape the head ne I
uncton coming in from the anterior portal. The bottem left shows
the progress of resection Lal cow] and the bottom right shows the
completed partial ostectomy. The exposure 15 similar to the open

procedute
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Figure 10 A left hip in a voung man with cam impingement showing
the upper fluorescopic views and boitom arthroscopic views from
the anterior parial. The left are preresection of the head/neck bump
and right are postresection {arrows),

allowed to shower the next day and come off crutches when
they [eel they can. There instructed to nNot engage in any
sporting activities or excessive activities 1 month. They may
hegin range of motion exercises such as the use of the station-
ary bicycle or swimming. At 1 month, the activity level is
increased and physical therapy is used if their range of mo-
tion is poor. By 3 months, all restrictions are removed.

Results

Since Movember 2002, 90 patients had undergone arthro-
scopic trearment for femorcacetabular impingement. Our
preliminary experience has been that nearly all patients had
elimination of their impingement sign (pain on internal rota-
tion and flexion of the hip} and were quite happy with their
results. One patient suffered a pathologic fracture, which was
nondisplaced and required closed pinning. There are no
other complications. The early results seem similar to those
reported in the open dislocation procedure and patients were
off their crutches within 2 to 4 weeks

Conclusion

Abnormal hip morphology causes pathologic condirions in
the joint. Both developmentzl dysplasia and femoroacetabu-
lar impingement are precursors Lo early arthritis. These con-
ditions can be treated both open an arthroscopically. A peri-
acetabular osteotomy is needed to correct the anatomy in
developmenial dysplasia; however, arthroscopic debride-
ment may relieve the symptoms caused by associated pathol-
I:lg}".
Reinhold Ganz and his Bern Hip Group and Jefl Mast have
made significant contributions 1o our understanding of femo-

roacetabular impingement. Their results have been favorable
and have shown that it may prevent the progression of arthri-
tis. An arthroscopic equivalent to the open surgical disloca-
tion has been presented. Our experience has been that this
can be done safely and effectively with favorable early results.

Acknowledgments

The author thanks James M. Glick for his ideas and conri-
butions and Jeffrey W. Mast for allowing me to observe his
techniques.

References
I. Ganz R, Parvizi [, Beck M, et al: Femoroacetabular impingement. A
cause for ostecarthritis of the hip. Clin Orthop 417:112-120, 2003
Garbuz D5, Masri BA, Haddad F. et al: Clinical and radiographic as-
sessment of the young adult with sympiomadic hip dysplasia. Chin
Orthop $18:18-22, 2004
3. Gillerr CA: Bernese periacetabular osteotomy lor hip dysplasia in young
aditlis. AQRM J 75:737-738, 2002
4. Gillingham BL, Sanchez AA, Wenger DR: Pelvic ostectomies for the
reatment of hip dysplasia in children and young sdulis. ] Am Acad
Orthop Surg 7:323-337, 1999
5. Hussell ]G, Mast W, Mayo KA, et al: A companison of differens surgical
approaches for the periaceiabular osteatomy Clin Orthop 363:64-72,
199G
. Yasunaga ¥, Takahashi ¥, Ochi M, et al Botarional acetabular osteod-
omy in patients fory-six years of age or older Comparison with
vounger patents. | Bone Joint Surg Am 83:266-271, 2003
7. Mast JW, Brunner RL, Zebrack |: Recognizing acetabular version in the
ractiographic presentation of hip dysplasia. Clin Ornhop 418:48-53,
1004
8, Fitzgerald RH Jr: Acerabular labrum tears. Diaghosis and treatment.
Clin Orihop 311:60-68, 1993
9. Ganz R, Klaue K. Vinh TS, et al: A new pertacetabular ostectomy for the
meaument of hip dysplasias. Technique and preliminary results. Clin
Ozthop 232:26-16, 1988
10, Ganz B Klaue K, Vinh TS, et al; A new periacetabular osteotony for the
mrearment of hip dysplasizs: Technique and preliminary resalis 1088
Clin Orthop 418:3-8, 2004
11. Siehenrock KA, Leunig M, Ganz R Periacetabular osteatotny: The
Bernese expetience. Instr Course Lear 50:230-245, 2001
12. Siebenrock KA, Scholl E, Lonenbach ki, et al: Bernese periacetabular
osteotomy. Clin Orthep 363:9-20, 1999
13, Byrd W, Jones K5: Hip arthroscopy m the presence of dysplasia. Ar-
thrascopy 19:1033-1060, 1003
14. Farjo LA, Glick )M, Sampson TG: Hip arthroscopy for acetabular labral
rears. Arthroscopy 15:132-137, 1999
15, Beck M, Leunig M, Parvizi ], et al: Anterior femorcacetabular impinge-
ment: Part 11 Midterm results of surgical reatment, Clin Orthop 418:
67-73, 2004
16, Eijer H. Myers SR, Ganz R: Anlenor femercacetabular impingement
afier [emoral neck [racrures. ] Orthop Trauma 15:473-481. 2001
17 Tro K. Minka MA 2nd, Leunig M, et al: Fernorcacetabular impingernent
and the cam-effect. A MRI-based guantitative anacomical study of the
fenoral head-neck offeet. ] Bone Joint Surg Br §3:171-176, 2001
15, Lavigne M, Parvizi ], Beck M, 2t al- Armerior femorcaceiabular impinge-
ment: part |. Techniques of joint preserving SUTEETY. Clin Crthop 418:
61-66, 2004
19, Leunig M, Beck M, Woo A, et al- Acetabular rim degeneration: & ¢on-
stant finding in the aged hip. Clin Orthop 413:20 1-207, 2003
20. LeunigM, Podeszwa D, Beck M, &1 al: Magnetic resonance arthrography
of labral disarders in hips with dysplasia and Impingerment. Cliny Or-
thop 418:74-80, 2004
21, Ager M], Wild A, Westhoff B, et al: Femoroacetabular impingement
cansed by a femorsl osseous head-neck bump deformity: Clinieal, ra-
diological, and experimental fesilis. | Orthop Sei 9:236-263, 2004

o




tiip morphology

43

s

24.

Muyvers SR, Fijer H. Ganz B Anteriol fernoroacetabular impingement
aller periacetabular ostectomy. Clin Urthop 36 310399 1990
sichenrock Ka, Wahab KH, Werlen 5, et al: Abhnormal extension of the
lernoral head epiphysts a5 a cause ol cam impingement Clin Crthap
+18:94-0641, 2004

Barrack EL. Schmalzried TR Impingement and nm wear associaied
with early pstealysis afier a total hip replacement: A case repart J Bone
Joint Surg Am 84:1218-1220. 2002

Bradford L, Kurtand R, Sankaran M. 1 al: Early failure due 10 osweclysis
sssoctared with contemporary highly cross-linked uliwa-high moelecular
weight polyethylene. A case report. | Bome Joint Surg Am B6:1031-
|{¥5h, 2004

Urquhart AG, T'Lima DD, Venn-Watson E, €1 al Folyecthylene wear
alter total hip arthroplagty: The effect of a modular femaral head with
an exrended llange reinforced neck. | Bone Joint Surg Am B 1641-
547, 1008

X

3.

a2

33

- widmer KH, Zutlluh B: Compliam positioning of total hip componemnts

lor optimal cange of motien. | Crnep Res 21.B15-B21, 2004

Gautier E. Ganz K, Krugel M, e al: Anatomy of the medial fermoral
circumflex artery and its surgical implications. | Bone Joint surg Br
R2:670-603, 1000

Glick [M: Hip arnhroscopy using the lateral approach. [nstr Course Lect
37:223%-231, 1988

Click IM: Hip arthroscopy. The lateral appraach. Clin Sports Med
FOT35-T47 . 20401

Glick JM, Sampsun TG, Gordon RB, et al: Hip arthroscapy by the laweral
approach. Arthroscopy 3412, 1987

Sampson TG, Farge LA Hip arthroseopy by the lateral approach: Tech-
nigue and selected cases, in Byrd IWT (ed): Operative Hip Arthres
copy. New York, NY, Thieme Medical Publishers, Inc, 1998, pp 103-
121

sampson TG: Complications of hip arthrascopy. Clin Spors Med 20
B31-835, 2001




