Evaluation of Bernese Periacetabular Osteotomy;
Prospective Studies Examining Projected-heardng Area,
Bone Density, Cartilage Thickness and Migration

PhD thesis

Inger Mechlenburg

Faculty of Health Sciences
University of Aarhus
Denmark
2007



Supervisors

Kjeld Sgballe, Professor, MD, DMSc
Department of Orthopaedics
Aarhus University Hospital, Denmark

Jens Randel Nyengaard, AssoBiatessor, MD, DMSc
Stereology and EM Laboratory
Aarhus University, Denmark

Sgren Kold, MDPhD
Department of Orthopaedics
Aarhus University Hospital, Denmark

Evaluation committee

Bjarne MglleMadsen, MDDMSc
SectorfoC h i | Orthopaédrs
Aarhus University Hospital, Denmark

Svein Anda, Adnct Rofessor in Radiology, MD, DMSc
Institute of image diagnostics
NTNU, Trondheim, Norway

Jyri Lepistd, Assistant Chiathopaedic Surgeon, MD, PhD
COXA Hospital for Joint Replacement
Tampere, Finland

Correspondence

Inger MechlenburghysioherapistMSc, PhD
Department of Orthpaelics

Aarhus University Hospital, Denmark
Phone +45 6537 1093

Fax +45 8949429

E-mail inger.mechlenburg@ki.au.dk



Contents

Supervisors and evaluation committeeéééeeeceéeceée
Li st of papersééééééeééeééeécécécéeeeéeceéeceédéececect
Prefaceééeéééeéeéeéeéecéceeéeéeéeéeéececeéeeéeée. b
Abstract éééeéeéécécéeéeeéeéeéeéeceéeéeeéeéeéebece. . .
1. Introductionéééeééeécécécéeéeéeécécécegeceeecte
2. Hip dysplasiaeéeéeéeééeéeéeéeéeceeéenéeéecée

2. 1. Pathogenesis of hip dysplasi%Béécéeéeé:

2. 2. Mor phol ogi cal changeséééeeeeereeeééc

2. 3. Osteoarthritis as a result of hip c
3. Periacetabul ar osteotomyééeéééecéééeceédleééececeé

3.1. Advantages of Bernese periacldtabul s

3.2 Il ndi cati ons for surgeryéééééécéleeececeeé:r

3. 3. Surgical techniqueéééééeééecééldeééééc

3.4. Potential complicatiéng é e e e e eecéeéeéeééééééeéee. lb
4. Aimsofstudigsé é e e ééeéeééeeééeceéeéeecéeéeecéeéeecééeld
5. Methodological consideratiéris ¢ ¢ é é é é 6 € € € ééééééééééééé lb

51. Materidlé é e ¢ éeéeéeéécéecéeéeéeéeéeéeé. lb.

5.2. Designofstudeé ¢ é 6 é 6 éecéééeééeéécééeéeeéeéeé l7

53Sampleséeééééééééééééééééééééééééé.17

5.4. Statistiésé é eeeééééééééééééééééééééé.17

558tereo|og|cmethedeé eeeéeeéeééééceeeceeeeeece 18

5.6. Computetbmographg é eeeéééééééééééééééé.l&

5.6.1. Measuring projected kedring surfaéeé é é € € é é € € é é € € .20

5.6.2. Estimation of bone densityoreGIé é é é e e eeeeéeéeéé. 21

5.7. Magnetic Resonance Ima@giégé é é é é é é e e e e éééééé .22

5.7.1. Estimating cartilage thickéesst é € € é é e ¢ é é e é é é e é . 25.

5.8. Radiostereometric anafysisé ¢ € € é 6 € € é 6 € é éééééé.27.

5.9. Measuring anglesonradiogeaghe e ¢ € € ¢ é é éééééeeeé .29

5.10.Precisiené e é e é e ééeééeéeéecéeeéeéeéeé. 3L

5.10.1The relation betweenCVand€CE é e ¢ é ¢ é €6 é e é e é é é . 32.
6.Resultsé e éeéééééeécécéeéeééeéeécéceéeéeéeéeéce .33

6.1. Area of the projected leaehring surface of the femoral lie@dé é € é . 33.

6.2. Bone density in different regions of the acetabduéné ¢ é ¢ € é é é 34

6.3. Thickness of the articular cartilage in the hig jéiit ¢ ¢ é € € € € € . 36.

6.4. Stability of the reoriented acetabular fragnéiegt € ¢ € € € é é é é é 36

6.5. Change in radiographicadglest ¢ é é e é é e e ééeéeééeéeé .37
7.Discussioghé é ¢ éeéeéeéecééeéeéeéeééeéeéeéeée. 38

7.1. Area of the projected ldaghring surface of the femoral licgdé € € € . 38

7.2. Bone density in different regions of the acetab@duéné € é é ¢ é é é 39

7.3. Thickness of the articular cartilage in the higjéit é é ¢ € é é € é . 41.

7.4. Stability of theeoriented acetabular fragnéegte € € € € é é e eeeée a2

7.4. A critical view of performing Bernese periacetabular oste@oéng é é .43
8.Conclusiohé é e éeééeeéeéeéecéeéeeeéeéeéecéceeéeé. 44.
9. Futureresearehe ¢ ¢ ¢ é e ééeééecéecééeééeéeéecéeeéeée 44
10.Referencése é € é 6 é 6 éééééeéeéécéécéceéeéeéeéeéceécé .45

s 7z £ £ £ £ £ £ 7z £ Z s 7z 7z £ 7z £ z £ 7z z

11.Papeisé é e éeééeéeéeéeecéeéeéeéeéceeéeéeéeéebss



List of papers

This thesis is bage®n the following four papershich will be referred to in the text by their Roman
numerals (V).

I. Mechlenbuy I, Nyengaard JR, Romer $9oballe K. Changes in ldaghring area after Ganz
periacetabular osteotomy evaluated by multislice CT scanning and stereology. Acta Orthop Scand. 2(
Apr;75(2):14%3.

II. Mechlenburg I, Nyengaard JR, Romer L, Soballerdépective bone density changes after
periacetabular osteotomy: a methodological study. Int Orthop. 2005 Oct;28.(5):281

lll. Mechlenburg I, Nyengaard JR, Gelineck J, Soballe K. Cartilage thickness in the hip joint measure
by MRI and stereologya methodological stud@steoarthritis Cartilage. 2007;Ap(4):36G 1

IV. Mechlenburg I, Kold S, Romer L, Soballe K. Safe fixation with two acetabular screws after Ganz
periacetabular osteoton\cta Orthop. 2007 Jun;78(3) 344

The | ast study was selected for the coatignet it i
53rd Congress, Oslo 2006.


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15965688&query_hl=1

Preface
This PhD thesis is based on studiesechwut during my employment as Reseassistant at the
Department of Orthopaedics, Aarhus University Hospital in the peric8@D04

| amdeeply indebted to a number of persons who have made this work possible. First of all, | have
been privileged to have the direction and igcedaf three excellent mentors Professor Kjeld Sgballe,
AssociatéProfessor Jens Randel Nyengaard and MD, PhD Bgl@nFrom the inception of this

project Kjeld Sgballe has provided eminently helpful advice on everything from the design of the
studies to the writing process. | am grateful for his faith in my abilities to carry out research and fol
giving me excelleworking conditions in terms of extensive freedom, much responsibility and
guidance whenever needed. Jens Randel Nyengaard has likewise made invaluable contributions to
development of ideas, methods and statistical analysis. He has provided @eotfieradvice and

critique and encouragement throughout the project. Also, Sgren Kold has contributed with insightful
and critical comments as well as key suggestions to the design and undertaking of one of the studies.

My great appreciation goes tatall the patients who generously volunteered to participate in my
studies. | am also very appreciativearmsulant Radiologist Lone Rgmer &ahsutant Radiologist

John Gelineck for their thorough and comprehensive work and help with interpetatiagraphs,

CT and MR images. | have deeply bendftedS cr et ary Karen Fousingds
in regard to booking and coordinating the various examinations. Secretaries Lone Glargaard og Til
Stenumgaard are thanked for their alwaggy help with various subjects and for answering my
inquiries so promptly.

| also wish to thank my fellow PhD students andtbanalysists the research group for fruitful
discussions at research meetings and journal clubs. | have sincerelyw@Rjogedith MD, PhD
student Maiken Stilling and | wish to thank her for her alvaalyshelp and friestip

Finally, | owe much to my family for always supporting me and encouraging me to achieve my goal
Birgitte Refslund, my close friend, has oftehme up for the night when | have stayed over in
Aarhus. But most of all, my deepest gratitude goes to my husband André Friis Mgller and our childrer
Sophus, Benedicte and Elisabeth for always supporting me in this research project and helping out s
periodically could work long hours.

For financially support | would like to thank:

Gigtforeningen, Aase og Ejnar Danielsens Fbtatje & M.B. Richters Fond, Direktgr Kurt
Bannelycke og hustru fru Grethe Bgnnelyckes Fond, Laege Sgren Segel og Johanne

Wiibroe Segels Forskningsfond, Kgbmand Sven Hansen og hustru Ina Hansens Fond, Konsul
Johannes FogHielsens og Fru Ella Foglielsens Legat, Arhus Universitetshospitals
Forskningsinitiativ, Danske Fysioterapeuterselubslegat dgfudielegat, Overlaggeul M.
Christiansens & hustrus fodjgustinus Fonden and HelgaReger Kornings Fond.



Abstract

The typical dysplastic hip joint is characterised by maldirection of the acetabulum and femoral necl
insufficient coverage of the femoral head focally and globally and erasietimbiéis acetabu(l).

An unknown number of persowsth hip dysplasia will suffer from pain in hip or groin, decreased hip
function anddevelopment of osteoarthritisaatyoung agelhe Bernese periacetabular osteotomy is
performed to prevent osteoarthritis in patients with hip dysplasia and has been cardediug at
University Hospital, Denmasknce 1996@vith more than 500 osteotomies perform@doughout the
yearsresearch and quality improvement of the treatmaesntaken place and this RhBssis part of

that process

The aims of tlsi PID thesiswereto evaluate outconaspectafter griacetabular osteotomy in terms

of 1) estimatingthe projected loadbearing surfdedore and after periacetabular osteotony, I
estimatingoone density changes in the acetabulum after periacetabular ostdptdewelong a
technique t@recisely and efficiendgtimate the thickness of the articular cartilage in the hip joint and
IV) examiningthe stability of the rerientated acetabuluafier periacetabular osteotomy.

In study | we applied a stereologic nmethbased on 3DBomputedomography@T) to estimate the
projected loadbearing surface in six normal hip joints and in six dysplastic hips. The dysplastic hig
were CT scanned before and after periacetabular osteotomy. We found that the average area of t

projected loadbearing surface of the femoral head preoperatively wesg@6i58.4) cd and

postoperatively 11 (918.3) crd. The area of the projected loadbearing surface was increased
significatly with a mean of 48 (3470%) postoperatively artituscomparable with the lod@aring

surface in the normal control groupouble measurements weesfgrmed and therrorvarianceof

themean was estimatexbel.6%. The effect of overprojectiom the projeted loadbearing surface

was minimal Consquently, the stereologic method proved to be precise and unbiased. The study
indicates that this method is applicable in monitoring the loadbearing area in the hip joint of patient:
undergoing periacetabular osteotomy.

In study Il a method based @ ard 3D desigibasedsampling principles was used to estibate

density in different regions of the acetahuBiaseline density was measured within the first seven
days following periacetabular osteotomy and compared with density two years postdpeudie e
measurements were performed on thegeentsand theerrorvariancevas estimated tme 0.05.Six

patients with hip dysplasia scheduled for periacetabular osteotomy were consecutively included in t
study.Bone densitincreased significantly in the anteroategiadrant of the acetabulasmwell ag

the poséromedial quadraibetween the two timgoints. In the anterolateral quadrant bone density
was unchanged following surgeagd the same was true fbe posteralteral quadrantWe suggest

that the observed increase in bone density medially represents a remodelling response to an altered |
distribution after periacetabular osteotomy. The described method is a precise tool to estimate bor
density changes in theetabulum.

Study lll. As periacetabular osteotomy is performed on dysplastic hips to prevent osteoarthritic
progression, changes in the thickness of the articular cartilage is a central variable to follow over tinr
26 dysplastic hips on 22 females &anthlesvere ragneticresonancanaged (MRI) goperatively.

The first 13patients were examined twice, with complete repositioning of the patientugnoh set

order to obtain an estimatetbé precision of the method used. To show the acetabular agrdifem
cartilages separately, an ankle traction device was used during MRI. This device pulled the leg dist
with a load of 10 kd-he mean thickness of the acetabular cartilage was 1.26 mm, SD. B¢ mm
mean thickness tfe femoral cartilage was 1@, SD0.06 The precisionatculated as therror
variancevas estimated for the thickness of the acetabular caoiia@e and femoral cartilage 0.02.



We suggest that the method can be advantageous for assessing the progression of osteoarthritis
dysplastic hips after periacetabular osteotomy.

In study IV, 32 dysplastic hips, 27 females am@/&s were included in thadyt Radiostereometric
examinations (RSA) were done at one week, four weeks, eight weeks and six months. Data a
presented as e+ SD. Six months postoperatively, the acetabular fragment had migrarad-0.7

0.8 medially, and Ordm + 0.5 proximally. Mean rotation in adduction was #.5.3. In other

directions, mean migration was belowrGr°. There was no statistidaference between migration
8 weeks and 24 weeks postopetgtiveranslation or rotation. Due to the limited migration, we find
our postoperative partial weitpigaring regime safe.

In conclusion, the studies in the present PhD thesis indicateethadj¢ctedoadbearing area of the

hip joint increases considerable in patients undergoing periacetabular osteotomy and a method
estimate this area was described. Bone density increases in the mediad tyu@adyaars
postoperative and a method e/eloped to precisely estimate bone density on CT images. Also a
method topreciselyestimate cartilage thickness was presented and we suggest that the method can
advantageous for assessing the progression of osteoarthritis in dysplastic hipsicatisiouperi
osteotomy. Due to the very limited migration of the acetabular fragment fixated with two screws, we
find our fixation sufficient and the postoperative partial waeghing regimen safe.



1. Introduction

A growing interest in hip dysplasia and periacetabular osteotomies to restor@mechdnics of
the hip joint iemerging2-6)

Dys is Geek fo abnormal and plassein is thee€k tem fo r Ot o oiteatfeodr mor
morphological changesthre anatomy of the hip joint aegactly whatip dyplasia isThe changes

can be more or less distiactd different imaging modalities are used to diagnose and evaluate the
severity of hip dysplasia; primarihgyxrecording, but to some degree also conmpetitsmography

(CT), magnetic resonance imaging (MRI), ultrasound (UL) and arthaoseacgsd

Untreded hip dysplasia caesult in a degenerative process in the joint and eventually secondary
osteoarthritis in an early g@¢ Total hip athroplasty is not aoptimaltreatment of these patients
because younger patients haveftegluenciesf asepic looseningf the hip replacement implaarid

thus need for revision surgésyo)

The Bernesegiacetabular osteotomy wasodhticed by the Swiss surgeon, ReinGaldz and he
published the first results in 138&r treatmerf seventy five hipd0) The Bernese osteotomy is a
joint preserving surgl treatment of hip dysplasiiat aims to normalise the gint anatomyThe
Bernese periacetabular osteotomy has been performed at the Orthopaedic Department at Aarht
University Hospital since 1996. As it is a fairly new treatimeotisaspects dhe outcome havaot
yetbeeninvestigate Aspects that alrealdgvebeen examineare postoperativelinicaloutcome in
terms of pain reductiqd 1;12)functional postperative outcom@ 2-14) quality of lifg(12) ability to
delivervaginally(15) radiological outene measurem relation to progressiori osteoarthritig16)
and assessment of radiologically measured @hglge21) Also different methods have been
developed to estimate the contact pressure in the dysplastic h@0jaiR3)and evaluation of
walking pattern befeand after surge(4;25)

The background for this thesis was the wiskvaluate outcome aspects related to acetabular
coveragehonedensityand migration Furthermore we set out toevelop a technique to estimate the
thickness of the articular cartilage in the hip joint.



2. Hip dysplasia

2.1Pathogenesisof hip dysplasha

Normally, at biti the femoral head sits deephe acetabuluméid by surface tension tife synovial
liquid. The growth and the hemispb&rmorphology of acetabulum de@endent on the presence of
a normally growing and correctly placed spherical fematdhbeaorks as a convex matri€éor
some reason the normal development is disturbear p@stnatally, pathologic relations may develop
between the femoral head and the acetab(Gjnleading to dislotan, subluxation and hip
dysplasia. Onlyip dysplasia is dealt with in this thesis.

Hip dysplasia isnultifactorial in origi influenced by genetiand intrauterine factorsuch as
mechanicalrump presentation and oligohydramnarg) hormonal facte (27) To ease the passage
through the birth canal, the hip joint is quite mobile perinatallgatady, the laxity of the ligaments
will subside and the femoral head will normally position itself deeply in the acétabithentheory

is that ifthe femoral head does not migséicientlyinto the acetabulyndysplasia majevelop
becauséhe matrice to stimulate acetabular growth is not correctly positioned.

Hip dysplasia is more common in females than in (@8JeBhis implies thathe factors influencing
the development ohé disease affect girls mtran boys. A possibleechanicdlactormay bethat
twice as many girls than boys are born in rump presentBtiBrump presentation results in
hyperfexion and adduction in the hip joint which may stretch the joint capsula.

Another mechanical argumesitused in relation to children fr@gfrican countriesvhere mothers
carry their babies on thadk. In this positign h e sdip joihtid fiexed ad abduetd pushinghe
femoral head deep into the acetabular cavitythe assumptias that thisculturalpractisemight
partly explain the low pregate of hip dysplasia in Africampared to NortiAmerica, Europe and
Japanin cultures in whictwvhere swaddling (hip adducted and extendedcissed, the prevalerafe
hip dysplasis alschigh(29)

The precise prevalence of hip dysplasia in adultkniewn but estimated to be 3#in Denmark
(30) but not all these persons will expexgeclinical synipms:pain and decreased function. In most
instanceship dyspasia is not diagnosed urgdulthood due to no or few clinical symptoms in
adolescence or dtelimited knowledgabout the diseasenong general practionélrke prevalence
of hip dysplasiarariesthroughout the literaturedepending on the ecaoff values applied when
measuring the GaRngle. Some researchers define dykastias a CEangle< 25 °(31-33)whereas
others us&CE-angle< 20°(30;34)Furthermore, ethnidifferences in prevalenegist such as high
prevalencen Japar§35;36)and low prevalence Africa(37) Hip dysplasies bilateral in 300% of the
case$30)

2.2. Morphological changes

The dysplastic hip joint has a cterpgmorphology characterisedalwide shallowacetabularcavity
with an exessivly oblique articulatingoof. The acetabular cavof the femoral heats globally
deficient(38;39)and the acetabular rim is hypertroplpeskibly due to excessive pull from the often
hypertrophic labrumAnteversion is normgB341) but occanally the acetabulum is retroverted
(42;43)

The femoral headis wsually perfectly roundetig joint as such is congrudmit the weightearing
area between the acetabular aoof head is reducédhe articularcartilage isignificantly thicker than
normal(44) Hip dysplasia is often associated witheiased anteversion of faeoral neck (39;45)



andwith valgus neckhaftanglethat results in a reduced abduateet arn{Buly 1991 However the
deformities vary from individual to individual and retroversion of the femoral neck has also been
reported in hip dyspla$i6)

Figure 1. CT image of rigllysplastic hip joint with
global insufficiencoverage of the femoral hesutd
increased anteversion of the femoral neck

It seems that tharticularcartilageand the fibrocartilaginous labruadapt tothe biomechanical
demandshey are exposed itothe dysplastic hipncreasedbad is countered by thicker cartilagel
highstrain on the labrum is opposed by hypertrophied rim and labrum

2.3. Osteoarthritis as a result of hip dysplasia

Patients with Ipi dyspasiaare prone to developingteoarthris of the Ip at a young adé;35) The
reasondor this are not fully understgoout an explanation could be thhé reduced contact area
between acetabulum and the fexhbead as well as a reduceldiedorlever arm increasiee load per
contactare in the hip join¢38) The increased load is a strain orathieular cartilagendbelieved to
result indegeneration of cartilage and eventually osteoafTh2i@z17;48)

A complementary theory suggésas a degenerated or damaged labmitiatescartilage degeneration
in dysplastic hip@;49;50)Labral lesions and acetabular rim fractures ares efstlé overload of the
acetabular rird9) and athroscopic studieshow thathe labrunoftenis afected in dysplastic hips
(2;51) supposedly because of the high strain placed on it due to reduceggmyAdsD, cartilage
degeneration and subchondral cysts generally arise in the anterolateral part of the @Z&)ulum
This theory is plausible and also offers a likely explanation why only some patientsysjitasiap d
develop osteoarthritis.

In the hip joint biomechanical factors seem to be important iomeesit of osteoarthis, such as;

joint incongruence due to developmental or congenital malfornfadipegcessive high log8&57)

and subluxationrSubluxation of the hip joint or untreated severe dysplasia will invariably lead to
osteoarthritig58) but the ra¢ and the extérof secondary osteoarthritisvelopment in mild to
moderate hip dysplasaunknown50) Aronson(59)argued that up to %0 of the patients withip
dysplasia would suffer framateoarthriti®y the end of the fifth decade.

The initial clinical symptoms of osteoarthritis are often vaguesually present is obaracteristic

painin the groin radiating to the anterior femur and thewhea bading the joint especially at the

end of range position¥he walking distands reluced and some experience locking, snapping,
weakness or instabiliby the hip joint(60) When osteoarthritis progressnost @tients develop a
loading triadpain when a movement is initiated, followed by temporary alleviation, succeeded by
worsening. The pain is often locai@ethe groin with pain radiatidgwn the femur and the greater

1C



trochanter and pos$y down to the knee. The overall hip functionhef patients operatexh at our
institution ismeasure with the Harris Hip Scor¢1)

The radiological symptoms of osteoarthritisvarewing of the joint spacmcreased sclerosis of the

head and acetabulum, cysts in the head or acetatsieophytes and latess of sphericity of the
femoral headln theses t u d i e s claskificatiori(68)ds used to determinghe gradeof
osteoarthritis. A more quantitative method to estimate osteoarthritis is measuring the minimal join
space widtk63)

Figure 2 Radiograph of osteoarthritis in right hip joint
with moderate loss of sphericity of the teatisevere
narrowing of the joint spacthe &ft hip is normal.

3. Periacetabular osteotomy

3.1.Advantages of Bernese periacetabular osteotomy

The purpose of periacetabular ostentds to increase acetabular covertlad femoral headnd

thereby distribute pressures better over the available cartilageAstefaage 145 years, when the
triradiate cartilage is closed, the Bernese periacetabular osteotomy provides effective torrection
residual dysplasiand the surgical intervention can alter the naturatyhist hip dysplasia and
improve higoint longevity64) The joint preserving procedure offers good pain reBgMmptomatic

hip dysplaai(11;12;65)complete or partial hegjiof cyst466) and is not associated witigher
mortalitythan total hip arthroplastyor is peiacetabular osteotomy an impedinienen eventual
latertotal hip arthroplas0;67)

The advantages of the Bernese osteotomy compared to other pelvic osteotomies are several. T
posterior column remains intacbnserving the stability of the pelvic .riRgnce the patientsre

allowed partial weightaring on the second postoperative Tag.osteotomised fragment is fixated
sufficiently with only two screws (study IMje shape dhe pelvis is minimally atged(68)andthe

majority of patients will be able to deliver a child vagibaj80)Because the sacropelvic ligaments

are not attached to the acetabular fragmeatreorientation potential is large in three dimensions
(69;70)and there is little doubt that Bernese osteotomyachieve more correction thather
techniquesisedm adult dysplastic patiestgh asriple inrominate

The triple innominate osteotomy of S{@édl)is performed by transecting the ischial tuberosity in
addition toperformingosteotomis of the pubic ramus and theuite Disruption of the posterior
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column leads to fragment instability, requiring no wheeghing postoperatiyg¢60) Furthermore, the
Triple osteotomy has been found to narrow the inlet and outlet pélvig3).

3.2 Indications for surgery

Despitecomplex and individuadorphological changes, diaging hip dysplasiagssentially done on

an anteroposterigfAP) pelvic radiograpl©n the basis of a standard supinep@Ric radiographhe
radiologisteasure the centredge angle of Wibegi®8)and the aetabular index angle of Ton(62)

(figue 3. In addition, joint space width isneasured and degenerative changes such as cysts
osteophytessclerosigind fragmentation of the amkateralacetabular edge atescribed45;49) If

the CEangle is <25°, anothanteroposterioradiograph is recorded, this time with the hip jaints

25° abductionThis enable$¢ radiologist to evaludate congruency ohe hip joint.

Earlier,the patientsalsohad CTimagingoreoperativg to obtan a threedimensional evaluatiohthe
individual morphological features aid in surgical planningVith theextensive experience of the
surgeon, this is no longer necesdauly the participants in studieand Il were peratedon when
preoperative CT scanning was standard proc€uurently approximately 15% of the patehiave
preoperative CT scan if there is uncertaibpbytthe degreef osteoarthritis anteriorly or posteriorly
in the joint.

Figure 3The CEangleand T°nni ¢
angle aremeasured on an AP
radiographn order to diagnose hip
dyspasia. Joint space width is
measured and degenerative changes
described.

CE anglBse

Tonnis’ angle \§
\

Inter-ischial-tuberosity line

. SR

If hip dysplasia is radiologicakyified, the patient must fulfil the following criteria to be a candidate
for Bernese periacetabular osteotomy:

Radiological diagnosed dysplasia (i.@angkEe < 25

Osteoarthritis theqgiermefTénibledlccordi ng t o
Pain from Ip

Minimum 110° flexion in the hgmnd good rotation

Closed growth zones in the pelvis

12



Table 1 Progressive degenerative chamgihe higoint (62)

Grade Radiographic findings in standing AP radiograph
0 No signs of osteoarthritis
1 Increased sclerosis of the head and acetabulum, thaveaseving of the joint
space, slight lipping at the joint margins
2 Small cysts in the head or acetabulum, increasing narrowing of the joint space,
moderate loss of sphericity of the head
3 Large cysts in the head or acetabulum, severe narrowing oriohlibéde joint

space, severe deformity of the head. Necrosis

3.3 Surgical technique

All periacetabular osteotm® n the patients included in this thesere performed by the same
surgeonwith a minimally invasive surgiagproacicalledthe transsartorial approackypotensive

epidural amesthesia wauseecause it reduces the loss of blood and resaltsetter view in the

operation field. The incisionsvanade from the anterior superior iliac spine desceraindistally.

Figure 4 Minimally invasiveanssartorial approackith
onlya6 cm incision starting from the anterior superior iliac
spine.

The fascia over the sartorius muscle weised and the lateral femoral cutaneous was/exposed
and wa noticeable in the operation field throughout suigtly this approacthetensor faciae latae
muscle and the abductor muscles are kept intact asattreus muscle $plit in fibredirection The
pubicbone wa osteotomised and under fluoroscopic control the ischial oste@todiies posterior
iliac osteotomyereperformed.

Figure 5 The pubic bone wapsteotomised
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For the latter, an oblique view was used to ensure that thescaitvearticular and to avoid
penetration of the posterior column of the acetab(M@jmAfter the iliac bone waosteotomised, the
acetabular fragmewes repositioned to optimise coverage of the femoral idaghogtioning is very
challenging and clearly the most demanding aspect of the prd@8iufée corection wa
performed by measuring the cemttigea ngl e and T°nni sd amegdurng wi t |
deviceperoperative, using the fluoroscofiee aimi®T° nni s d a nXp?amchderdréeedge e n O
angle of 35° if possiblmtraoperative fluascopy assisted evaluating the acetabular coverage and
fixation of the two cortical screws inserted in the iliac crest. Before closing the omsdatiocafi
anaesthesia wanfiltratedin the affected muscles andatheterwas placed in the wourtd allow

injection of local aesthesia directly into the wouddringthe first twelve hours postoperdive

Based on data from the first 120 patients operated with the minimal invassaettnaalsapproach,

the meanduration otthe operation is dmur and 10minutesaveragélood loss i200 (156350) m|

andthe percentage receivbigodtransfusionss 3.4%(74)

(c) L . el
Figure 6 The pubic, ichial and iliac osteotomy viewed from the inside of the pelvis and seen from the
outsideNote that the posterior column remains intact.

An additional intertrochanteric osteotomy to improve joint congrueocgasionally necessary but
suchpatients were not included in this project.

In spite of suspicion of labral tear, the capsule is not opened for inspection. The rationale is tha
peiacetabular osteotomy normalises the distribution of force in thengbreliaves the strain on the

rim and the labrum and hence allesidie symptoms. Furthermore, attempts at resuturing the labrum
may be unsuccessful. If a patient complains oppstioperativg, MRI with contrast is performed to

enable visualisation of the labrum and if a labral tear istfoeipetient is offered an arthroscopy of

the hip.

While in hospital (8 days) the patients are seen daily by a physiotherapist for active hip range of
motion exerciseJ he patients are mobilisethd@irs postoperatilye and on the firstday patients are
allowed 30 kgf weightbearing and given instructions in maintainiegvisightbearing limit with the

use of crutches. From the eighth postoperative thegbatients are allowed to fudightbeaimg

After discharge from hospitdhe patients are seen for control by the physiotherapibly aihe
surgeonControlx-ray examinati@are performed after 8 weeks,&)@10 years.
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Figure 7 Radiograph before asik monthsafter periacetabular osteotomy. Preoperatively, insufficient
coverage of the femoral head as well as an oblique acetabidasesruPostoperatively, the femoral
head is covered by the acetabulum and the acetabular roof is horizontal.

3.4. Potential complications

Periacetabular osteotomy is @étécally demanding proceduaed the comipcation rate is initially
high(10;69;75put drops mekedly with experien¢é6) With a steep learning cunitas clear that the
potential omplications are numerousrhe complications are not equally sewas@ divided into
majorand moderatthey are the following

e Major Intraarticular osteotomy, major nerve injdegp veithrombosisarterial thrombosis,
infection in jointmajor leemorrhageeflex sympathetic dystropfrg)

e Moderate: loss of fixatiopubic or iliac nomnion, excessive ktal or anterior correction
leadng to impingemenheterotopic ossificatiohsematomalateral femoral cutaneous nerve
dysaesthesi&38;73;76;77)

Dysaesthesias of the lateral femoral cutaneoushagpenfairly frequerty at our institutionand
they areéhardly considered a complication but rather an exgaesdéer the operatiorbecaise the
nerve is stretched duriagrgery The patients are informed preopeehtiabout the nerve numbness
on the lateral thiglandthat the dysaesthedianinishes in size disappeawith time(76)

Unfavourableutcome is assa@d with higher age of the patient, moderate to severe osteoarthritis at

surgery, a labral lesion, less anterior coverage correction, overcori@&iculaptimaangle of
ToNnnis(69)
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4. Aims of studies
The aims of this thesis were

Study I. Estimate the area of the projected Joeaking surface of the femoral hemel and
postoperativey computedomographyndstereology

Study II: Describe a method to estimate bone density in differeosrigerfthe acetabulum based on
computedomographyand 3D desighased sampling techniques.

Study Il : Develop a precisaethod for estimating the thickness of the articular cartilage in the hip
joint based on magnetic resonance imagit stereology.

Study IV: Assess the stability of the reoriented acetabular frggyatogerative byadiostereometric
analysisAnd examine thecorrelation between the amount cbrientation measured by change in
radiographic angles and the migration ch¢keéabular fragment

5. Methodological considerations

5.1. Material

The overall purpose wasewaluat@eriacetabular osteotopgrformed m patients wit hip dysplasia

and therefore, it v8aessential to include a homogeneously sample of patieotsfoatded by
competing diseases or syndromes. For that yeélasqgatients in the four studies were deduafter

fairly strict inclusion and exclusion criteria to ensure that the sample of@ayidretd hip dysplasia

The patients were scheduled for Bernese periacetabular osteotomy at Aarhus Universignéiospital
they were included consecutiaglgading to the inclusion criteria described earli)(p

Exclusion criteria were:
e Diseasethat predispose tup dysplasia (e.o wn 6 s s y n d-Mariglegth dSdager c o't
EhlersDa n| o s & cergral garesisnmeningomyelocele
e LeggCalvéPerthes disease
Need for a femoral intertrochanteric osteotomy
Previous surgery of the hip
Non-spherical femoral head
Subluxated femoralhe@d nt errupt exdSnmthent onds | i ne
Pregancy or potential pregnancy
Metal implants such pgcemake(study IlI)
e Age >20 years (studiéand II)

Nearly all patients receiving the written patient information agreed to participate in tHeadieiliss.

with hip dysplasia hawdten experienad yearsof contact to doctors and numerous radiographs
withoutthe correct diagnodieingmade. As a resuthey are gratefubrf getting aliagnose andn
explanation of their hip pain when they are referred to the Orthopaedic Departments. Also, some of
them fave children experiencing similar hip symptoms and all things considered, they are enthusias
aboutentering research projects about hip dyspladiasion of patients is thus rafficult; however,

the researchers have to have an awareness of hadexpi ng pati entsd weage
researchWe had ethical considerations related to asking the patients to participate stuitiie ST
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and Il) that involvedwo extra pelvic CT scans. On that account they edcaivextra radiation dose
of 8.4 mSv. The patients in studies lll and Bpart from the RSA and MRI examinati@iso
accepted DEXA scans, MRI with contrast and ultrasound of tHerdnipa research point of view
such a battery of examinations on the same patient popul&i@epsionalbut for the patients is
time consuming and associated eatina radiation. Naturally, Wwad grmission from the local ethic
committeeand wediscussed the ethical implicationd anded up deciding that the results of the
studies anthe potential improvementd the surgery justified asking the patients to participate.

5.2.Design of studies

All four studies were prospective clinical studigssgned aa paired desigrwhich means thea

variable ira group of patieais compared before and after an intervenBoily Il so far consists of
preoperative data onlgut it is designed witfuture follow up examinatiané pairel design is a
strong statisticaldesignbecauseomparingwithin the samegroup of patierstlowers thebiological

variationof the data Subsequently, fewer patients need tocheded in the study to reasiifficient

statisticapower

5.3.Sample size

Size of samplm studies| and Il was not based on a power calculatiostudy | we expected a
major increase in projected Hmeéring surface and assumed that we needealfenlypatients to
show this increasené test our method. Istudy Il, we did not estimate sample size bec#use
purpose ofhe studywas to develop a method.

MRI study (lll) : This study eventls will consist of two studies:methodological study (the one
included in this thesis) and a clinical study with the purpose of examining changes in the thickness
the articular cartilage over time. We expected the stereological method to be veangrease
assumed there wouhdt be much biological variation in the data. We exjmdy minor changes in

the catilage thickness over time. Estimatiosaohple size was madar assumptions being

alpha = 0.05 (twseided), power = 0.80, minimally relevant difference sdr0&d SD =0.08 mm.

Estimated required sample size was: n = 21 patients.

We included 2fatients.

RSA study(lV) : We expected only minor migration of the acetabular fradpuetite degree of and
the direction of migration wadfidult to predictandno similar studiesf pelvic osteotomies were
found in the literatureA conservative estimatd sample size was madsing the following
assumptions

alpha =0.05(two-sided) and poweaf the study= 0.8Q minimally relevant difference = énfhand
SD=1 mm The stimated required sample sizsn = 32patientsWe aimed to include Jatiets
but ended up with 32

5.4.Statistics

Statistical analyses were performed with BP8@c. Headquarter233 S. Walker Drive Chicago,
lllinois 60608JSA) software packade. relation to the statistics used, the variables measured in these
studies were continuous and measured on an intervaNsoabgity was assumed after testing data
for normal distribution. Hencgarametric statistical tests wased.The level of significance was
chosen to be 0.05
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CT study (1): The area of the projected loadbearing surface of the patiemtsdop®stoperatively

were compared by pairedest. The area of the projected loadbearing surface of the patients
postoperatively and the control persons were compasgdibgaired-test The correlation between
thecentre dge angle and the area of the projected
correlation coefficient. After double measurements the coefficient of error of th€Chpaas
estimated for the total area loé tprojected loablearing surfad@8;79)

CT study (Il): The 1 week postoperative measurements were compared witlateg@asgeperative
measurements using a paireebt. After double measuremettis coefficient of error of the mean
(CE)was estimated for bone density intkineezones of the acetabulum.

MRI study (lll): The mean thickness and standard deviationf@8E)e acetabular and femoral
cartilage estimated withe three described methods waesented. The coefficient of variation (CV)
and the coefficient of error of theean (CE) werpresented for all three methods

RSA gudy (IV): The difference betweenigratiorat8 weeks and 24 weeks postopefgtivas tested

by a paired ftest. The correlation between the amount @friemtation measured by change in
radiographic angles and the migration in all directions of the acetabular fragment was tested k
Pear sonds coef fThe precisidn wasfestimated froen I[dauhlei egaminations on seven
patientsand expressed as the standard deviation and 95% CI for SD in translations and in rotation.

5.5.Stereologic methods

Stereologic methods are used to obtain quantitative information about three dimensional structure
based on observations from section planes or proje€tB)nEhe methods are practical tools lwhse

on sound mathematical and statistical princiolesmjor advantage of stereology is that it casdu

to minimise the workload usisgmpling and still provide reliable quantitative information about the
whole structure of intere8ystematic uniformly random samphrgjuiesll and Ill ensured thathe
structures of interest veesampled with the same probability.

The design of studiésll and partly lll was based on measurements a@woneagittal CT and MR
imagesand therefore the images waod sanpled at random. The assumptions whsing the
stereologic principles in studlgdl and Il wereeither to use isotropimages oto deal with a
spherical structurBased on radiographs of all included patients, we assumed that the femoral heads
were spherical.

5.6.Computed tomography (CT)

CT enables thredimensional visualisation of the complex morphological changes in the dysplastic hip
joint and isoften used as a supplement+4ay recordingOtheradvantages with CT are good tissue
differentiationand no geometric distortianeaning Hat the form and geometric dimensiohs
structures in a CT imagemainunchanged (no tissue deformatidme disadvantagd CT is the
relatively high radiation do$eT imaging is associated with a negative biological effattind
estimated thatfty Daneseach year will d&f radiatioAnduced cancer that can beedd back to an
earlierCT scanln Denmark radiologic proceduremeassumed to induce 125 incidences of deadly
cancer a yedB0)

In CT imagingthe xraytube and detectopwsrotate around the patienthd xray tube transmits
radiation through the patient and the attenuation of the radiatgistsed by rows ofdetectorsBy
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comparingthe attenuation in thessue columns within section the absorption in eactoxelis
estimatedThe CT valuesidefined as the absorptiarspecific tissues in relation to water x , 1@

the valudas statedn Hounsfiéd-units (HU).Every voxel in a CT sectiosm given a CT value that
numericdy corresponds to the absorption that has ocglaretithis value is directly readable on the
screerby a mouselickon thedesired prel.

In studied and Il, a multisliceCT scannefMarconi Mx8000)as usedSpiral multislice 4 x 2.5 mm
CT sections, increment 1.6 mm were performed with a pitch of 0.875 (120 kV, 15agiAg,
matrix was 512 x 51figld of view 40& 400mm, standard algorithngcan data were transferred to a
Marconi Mx View workstatiomé reconstructed.he patients were positioned supine on the scanning
table with a 4 cm pillow between the knees and both legs in neutral rotation.

As with other imaging modaliti€ST images are subject wariousartefacts An artefact is any
structure or CT value that cannot directly be traced back to the scannedethjactefictstypically

show up adlack or whitetseaks on the imagéhe cortical screws fixatitige acetabular fragment

did result inartefacts buhot to a serious exteptobably because they were made of titaffigore

8). Motion artefadtoo, posel no problempossibly because scanning time was only approximately two
minutes

Figure 8 Sagittal CTimage of hip joint after Bernese
periacetabular osteotoriyne cortical screws fixagithe
acetabular fragment onhgsuléd in minor artefacts
probably because they weradm of titanium which is
known tocause feunetallicartefacts.

Partial volume effec@sover or underprojectioarisswhen tissueof different origis enterthe same
voxd. The absorption val@ssociatedith a voxel and later wighpixel is a mean value for the entir
voxel. The bigger the voxehe greateis the risk of obtainingunfortunate mixtueof tissue and
subsequent risk gkttingfalse CT values in the reconstructed CT if@3)elhe problem cannot be
avoidedaltogetherbut be minimised by the use of thinner sectionswendhose to scamith thin
sectionand thereby redutke potentialproblemof false CT values in study Il

To investigate whether the estimation of the-beadiry surface in study | waaffected by
overprojectionan object of measurable dimensswasscanned with scan parametdentical to
those applied to the patiene found an overestimation of approximately 3.8% on the projected
loadbearing surface duettte overprojection Wen the estimation was based on 2.5 mm CT images.
Howeverwe considered this error due to overprojection too small to be clinically relevant.
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