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ABSTRACT

Hip and groin problems are common, espe-
cially among athletes. The treatment of hip
and groin problems has undergone rapid
change during the latest 15 years, mainly
due to our understanding of femoro-ace-
tabular impingement (FAI). FAI consists of
skeletal changes of the hip, which lead to a
mismatch between the femoral head and
pelvic socket, leading to collision and im-
pingement. These changes are called cam
when placed on the femoral side and pin-
cer on the pelvic side. Technical advanc-
es have led to arthroscopic treatment as a
standard procedure for treating FAI The
results after this treatment have, however,
not been well investigated.

This thesis aims to investigate the results
after arthroscopic treatment for FAIL A
clinical register was created in order to
evaluate and follow this patient category
over time.

A long-term follow-up was made of pa-
tients who had undergone tenotomy in
the groin region. This study showed that
three out of four patients experienced
good results after surgery. The patients
with a poorer outcome had a significantly
higher prevalence of FAL

A database was created with the aim of
evaluating patients treated arthroscopical-
ly for FAIL In an assessment of the first 606
patients in the database, it was seen that,

when measured with modern and validat-
ed outcome measures, these patients re-
ported substantial clinical symptoms.

A one-year follow-up of 85 elite athletes
after arthroscopic treatment revealed
good results, including less pain, im-
proved function, quality of life and return
to sports. A two-year follow-up of 289
patients with FAI treated arthroscopical-
ly showed significant improvements in
terms of pain, function and quality of life.
A two-year follow-up of 75 patients with
FAI and concomitant mild to moderate os-
teoarthritis of the hip showed significant
improvements in terms of pain, function
and quality of life.

In a case report of two cases of total hip
dislocation after hip arthroscopy and pso-
as tenotomy referred to us, the importance
of dynamic and static stabilisers of the hip
was highlighted.

A study of different outcomes used to
evaluate patients with FAI reported on the
use of composite outcomes to better eval-
uate this patient category.

Keywords: hip joint, hip, hip arthroscopy,
femoro-acetabular impingement, register,

cam, outcome, PROM, osteoarthritis, athlete

ISBN: 978-91-628-9704-8



MIKAEL SANSONE




SAMMANFATTNING
PA SVENSKA

Hoft- och [jumskbesvar ar
vanliga 1 befolkningen, fram-
for allt hos idrottsaktiva.
Bebandling av hoft- och
llumskbesvar har senaste 15
dren genomgdtt en Ssnabb
forandring somframstberor
pa utveckling av behandling
av Femoroacetabulart impinge-
ment (FAI.

FAI bestdr av skeletala férandringar inuti
hoftleden, som leder till en ddlig pass-
form mellan hoftkula och hoftskal, vilket
skapar kollision och inklamning med
smdrta som foljd. Dessa forandringar
kallas cam da de sitter pa larbenshalsen
och pincer dd de sitter pa kanten av hofts-
kdlen. Tekniska framsteg har inneburit att
artroskopisk behandling av FAI har blivit
ett standardingrepp och dr numera den
vanligaste behandlingen vid FAI. Metod-
erna for att utvardera resultaten efter
denna behandling och sjdlva resultaten ar
dock annu inte tillrdcklingt utvarderade.

Denna avhandling syftar till att utvardera
resultat efter artroskopisk behandling av

patienter med FAI For att mojliggora det-
ta skapades ett kliniskt register.

En langtidsuppféljning som utvarderade
en tidigare klassisk metod med sen-
avskdrning i ljumsken som behandling
for jumsksmarta visade att tre av fyra pa-
tienter hade gott resultat av operationen.
De med sdamre resultat hade klart ¢kad
forekomst av hoftbesvar och tecken pa
FAI vid rontgenundersdkning.

En databas skapades med syfte att ut-
vardera patienter som behandlats med
artroskopi av hoftleden. I en utvdrdering
av de forsta 606 patienterna i databasen
sags att dessa hade avsevdrda besvar med
smadrta och funktionsnedsdttning, matta
med moderna och validerade utvarder-
ingsinstrument.

En ett-arsuppfoljning av 85 elitidrot-
tare visade goda resultat av artoskopisk
behandling av patienter med FAI med
minskad smadrta, hogre funktion, hogre
livskvalité samt hog frekvens av dtergdng
till idrott. En tva-arsuppféljning av en
grupp med 289 patienter med FAI samt
en tva-arsuppfoélining av 75 patienter
med FAI och samtidig lindrig eller madttlig
hoftartros visade for bada grupperna sig-
nifikanta forbdttringar avseende smarta,
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funktion och livskvalité efter artroskop-
isk behandling.

I en fallrapport av tva patienter opererade
pa andra orter i Sverige, beskrivs urled-
vridning av hoftleden som en ovanlig
komplikation till artroskopisk kirurgi. I
dessa fall hade samtidig avskarning av
psoassenan gjorts och dess roll som stabi-
lisator av hoften diskuteras.

Multipla utfallsmatt for att utvardera be-
handling av patienter med FAI beskrivs
och diskuteras som en moéijlighet att for-
bdttra forskningen kring detta tillstand.

Sammanfattningsvis kan artroskopisk be-
handling férbattra tillstandet for patienter
med FAI avseende smarta, funktion och
livskvalité. Det dr mojligt att med ringa
resurser skapa en databas med moderna
validerade utfallsmatt i syfte att utvardera
behandling av patienter med FAIL
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Hip disability and Osteoarthritis
Outcome Score

Hip Outcome Score
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International Hip Outcome Tool
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MRI
OA

NSAID
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QoL
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Matrix-induced Autologous
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Minimal Important Change
Magnetic Resonance Imaging
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Nonsteroidal Anti-Inflammatory
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of an acetabular lesion causing
an impinging effect. See also
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Quality of Life

Randomised Controlled TRIAL
Range of motion

Slipped Capital Femoral Epiphysis
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Smallest Detectable Change

Total Hip Arthroplasty

Visual Analogue Scale
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BRIEF
DEFINITIONS

Alpha angle

Cam
Contre-coup

Ehler-Danlos
syndrome

Dunn'’s view

Dysplasia of
the hip

Heterotopic
Ossification

Pincer

Pubalgia

Ileopsoas
Impingement
test

Item

Osteoarthritis
(0A)

Physis
Randomised
controlled trial

Range of move-
ment

Tonnis
classification

Validity

Visual analogue
scale

The angle between a line from the centre of the femoral head through the middle of the femoral neck
and a line through a point where the contour of the femoral head-neck junction exceeds the radius of
the femoral head. A radiographic measurement describing the extent of a cam lesion.

Deformity of the femoral neck which, when rotated, can abut against the acetabulum causing a cam effect.
A contre-coup injury occurs on the side opposite the area that was hit.

An inherited connective tissue disorder characterised by unstable, hypermobile joints, loose, “stretchy”
skin and fragile tissues

Radiographic view used for assessment of femoral head sphericity

A congenital or developmental deformation or misalignment of the hip joint, where the acetabulum
(socket) is too shallow or deformed, sometimes leading to abnormal wear on the cartilage and early OA.

Formation of bone at a non-physiological site. In the bip, this can occur postoperatively.
General or local acetabular over-coverage causing the acetabular rim to contact (or impact) the fem-
oral bead, metaphysis, or neck when the hip flexes or rotates.

Pain arising around the area of the pubic symphysis. This entity includes several possible causes of
pain like adductor tendon pain, pain from the rectus abdominis, Symphysitis or other.

The combination of the psoas major muscle and the iliacus muscle at their inferior ends

A clinical examination test to assess the occurrence of FAL The patient is placed supine and the hip is
flexed and internally rotated. The test is considered positive if it reproduces the patient's pain in the
groin and hip area.

A single question or statement in a PROM

A progressive disorder of the joints caused by gradual loss of cartilage and resulting in the develop-
ment of bony spurs and cysts at the margins of the joints, often causing pain and loss of function.

The growth plate or epiphyseal plate. The physis is located between the epiphysis and metaphysis in long bones
of growing individuals. Most of the growth in length occurs in the physis through enchondral ossification.

A type of scientific experiment, where the subjects being studied are randomly allocated to one of the
different treatments. The RCT is often considered the gold standard for a clinical trial.

The measured movement over a joint in degrees

Radiographic grading system for osteoarthritis of the hip

The degree to which a PROM instrument measures the construct(s) it is intended to measure

A measurement instrument for subjective phenomena that cannot be directly measured. Agreement
level with a statement is indicated by a mark on a continuous line between two end-points.
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01. INTRO-

DUCTION

1.1 HISTORICAL
PERSPECTIVE

The art form called arthros-
copy, meaning inspecting
human joints using op-
tical instruments, began
in the early 20th century.
The technique was based on
the use of other earlier endo-
scopes such as cystoscopes.
The first to describe the use
of an arthroscope to see in-
side a joint were Hans Chris-
tian Jacobeus, from Sweden,
(1910) and Severin Norden-
toft, from Denmark (1912).

Pioneers such as Watanabe and Burman
contributed to the development of the
arthroscope from an experimental tech-
nique to a not only a diagnostic tool,
but also one capable of treating a wide
range of injuries and disorders. Techni-
cal advances, such as the use of exter-
nal fibre-optics and miniature television
cameras in the 1970:ies, were the major
technological development that led to the
current widespread use of arthroscopy.

In 1932, Burman reported on arthroscopic
techniques applied to various joints in the
human body 23/ With regard to the hip,
he felt that “visualization of the hip joint
is limited to the intracapsular part of the
joint. It is manifestly impossible to insert a
needle between the head of the femur and
the acetabulum’”. With subsequent techni-
cal advances, the hip became accessible
for arthroscopic inspection.

Until the late 1990s, hip arthroscopy was
mainly used as a diagnostic tool and for
the removal of loose bodies. With the
emergence of the concept of femoro-ac-
etabular impingement (FAI) in the late
1990s, hip arthroscopy developed into a
widespread tool.
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Historically, there have been several re-
ports describing the phenomenon of FAI
or hip impingement. In 1936, Norwe-
gian-born Smith-Petersen described hip
impingement and also its treatment with
surgical acetabuloplasty [146]. Unfortu-
nately, not until Ganz et al. popularised
the concept of FAI in the late 1990s did
this knowledge lead to widespread gen-
eral acceptance in the medical society,
thereby enabling treatment strategies to
develop.

Ganz et al. developed an open surgical
dislocation approach to decompress and
treat the bony abnormality in order to re-
lieve symptoms /47]. This approach was
shown to be safe and to lead to a signif-
icant improvement in symptoms in the
treatment of FAI /1715,107].

After Ganz et al. popularised the concept
of FAI, a rapid development in the use
of hip arthroscopy took place and led to
the performance of the same procedures
as with the open technique but with less
surgical trauma.

In a systematic review by Matsuda et al,,
the open, mini-open and arthroscopic
approach were compared in terms of sur-
gical efficacy and complications /94/. The
authors concluded that the arthroscopic
method had surgical outcomes equal to
or better than the other methods, with a
lower rate of major complications, when
performed by experienced surgeons.

In Sweden, Professor Einar Eriksson was
a pioneer in developing the basics of hip
arthroscopy in the 1980s.

22

1.2 ANATOMY

1.2.1 Normal anatomy of the hip

The hip joint is a synovial, ball-and-socket
joint, between the acetabulum of the pel-
vicbone and the head of the femur. With a
deep socket and a strong ligamentous ap-
paratus, the anatomy of the hip suggests
that its function is mainly weight-bearing
and stability.

The combination of the large head of the
femur and the narrow neck enables a
wide range of motion in the directions of
flexion/extension, abduction/adduction
and internal/external rotation. In addi-
tion to the acetabular depth, orientation
and the shape of the femoral neck, other
structures limiting the range of motion

are muscles and ligaments.

Figure 1. Arthroscopic view of the hip joint with normal
cartilage.



The articular part of the acetabular fos-
sa consists of a broad C-shaped hyaline
cartilage, with its opening anterior-inferi-
orly. Along the rim of the acetabulum, a
fibro-cartilaginous collar, the acetabular
labrum, helps deepen the acetabulum
and thereby improve the stability of the
joint. In addition, the labrum also func-
tions as a shock absorber, distributing
pressure and playing a role in effective
fluid joint lubrication. Over the acetab-

\

Lunate (articular) surface
of acetabulum

Articular cartilage

Greater trochanter

Intertrochanteric line

Lesser trochanter

ular notch, inferiorly in the acetabulum,
the acetabular labrum passes over as the
transverse acetabular ligament, making
the notch a foramen. The non-articular
part of the acetabulum is the acetabular
fossa, where the ligamentum teres at-
taches (Figure 2). During childhood (0-15
years), the ligamentum teres plays an im-
portant role in the vascular supply of the
femoral head. Thereafter, the ligamentum
teres has more of a stabilising function.

Acetabular labrum

Transverse acetabular ligament

Teres ligament (cut)

Figure 2. Lateral view of the right hip showing the bony anatomy, the labrum and the teres ligament(cut). The joint
capsule has been removed and the femoral head is dislocated posteriorly to show the acetabulum and its anatomy.
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Three ligaments encapsulate and stabi-
lise the hip joint. Proximally, these liga-
ments attach all around the acetabulum.
Distally, on the femur, they attach ante-
riorly on the intertrochanteric line and
posteriorly along the femoral neck. The
ilio-femoral ligament is located anterior-
ly to the hip joint, the pubo-femoral liga-
ment is located anterior-inferiorly to the
hip joint and the ischio-femoral ligament
is located posteriorly to the hip joint (Fig-
ure 3 and 4).

The ileopsoas is a muscle which orig-
inates on the lower lumbar spine
and the inside of the pelvis and in-
serts on the lesser trochanter be-
low the hip. It functions as a hip
flexor and stabiliser of the hip. In
the distal part of the muscle-ten-
don complex, it becomes more ten-

dinous so that, at the level of the joint,
45% is tendinous /97. The tendon here lies
in a grove in the anterior part of the ace-
tabulum and movement in and out of this
grove can occur with flexion or external
rotation of the joint, causing a snapping
sound. This is often referred to as “inter-
nal snapping hip" and is usually asymp-
tomatic.

lliofemoral ligament

Greater trochanter

Intertrochanteric line

Pubofemoral ligament

Lesser trochanter

Figure 3. Anterior view of the right hip showing the bony anatomy and the ligaments of the hip joint.
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lliofemoral ligament

Greater trochanter

Intertrochanteric line

Annular ligament

Ischiofemoral ligament Lesser trochanter

Figure 4. Posterior view of the right hip showing the bony anatomy and the ligaments of the hip joint.
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1.2.2 ANATOMY AND
BIOMECHANICS OF
THE HIP JOINT WITH
REGARD TO FAI

In humans, the shape of the femoral
neck is sometimes aspherical /50j. This is
called cam lesion, as it produces a cam ef-
fect when the hip is moved in the outer
degree of its range of motion (ROM) and
impinges against the acetabulum (Figure
5). This impingement leads to shear forc-
es on the anterior chondrolabral junction,
leading to softening of the cartilage, fis-
suring, cartilage delamination and break-
down. Another source of impingement is
when the orientation of the acetabulum
has a version, which restricts the normal
motion of the femur, resulting in impinge-
ment, called pincer deformity. A globally
deep acetabulum, such as coxa profunda,
can also lead to a pincer impingement
(Figure 5).



Normal hip

Pincer

y

Figure 5. Horizontal view of the hip joint showing different types of femoroacetabular impingement.
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The exact cause of pain in patients with
FAI is not known. It is reasonable to
suppose that cartilage or chondrolabral
damage is an important element in pain
generation. Cartilage is not innervated,
while the labrum is. Shear forces affect-
ing the labrum, such as in cam-type im-
pingement, or crushing forces, such as in
pincer-type impingement, could generate
pain through the direct stimulus of these
free nerve endings. Another theory is that
synovitis, perhaps triggered by contin-
uous cartilage wear and breakdown due
to impingement, could lead to pain /11).
Moreover, bone is well innervated and a
cartilage defect with increased focal load-
ing of the subchondral bone, sometimes
with oedema formation, can generate
pain.

Other types of FAI have also been de-
scribed. In subspine impingement, the
anterior inferior iliac spine (AIIS) is patho-
logically prominent, causing impinge-
ment in flexion between the AIIS and the
femoral neck. Moreover, femoral retrover-
sion can contribute to the development
of FAI, as a more retroverted femoral neck
allows for less ROM in flexion /151].



Pincer

CAM

Figure 6. Cam and pincer deformities highlighted.
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1.3 AETIOLOGY OF FAI

Following the general recognition of the
importance of FAI, there has been inter-
est in why these deformities appear. Al-
though Pollard et al. showed in a sibling
study that there is a genetic component
to the aetiology of FAI, the shape of the
human skeleton is not predetermined by
birth /1205 Nutrition, hormones, trauma,
general health and mechanical factors
affect bone formation during the growth
process of youth /99].

The effect of pressure on bone growth can
be summarised in two laws.

30

Hueter-Volkmann's law proposes that
physeal growth is retarded by increased
pressure and accelerated by decreased
pressure. This leads to the physis aligning
itself perpendicularly to the force applied
and usually at a right angle to the longitu-
dinal axis of the bone.

Wolff's law proposes that the bone in a
healthy individual will adapt to the loads
under which it is placed. Under increased
pressure, the bone becomes stronger and
thicker through appositional growth,
while decreased pressure leads to weak-
ening of the bone.

Several theories have been proposed to
explain FAI morphology. Initially, a sub-
clinical slipped capital femoral epiphysis
(SCFE) was believed to cause FAI as the
form after SCFE constitutes a cam de-
formity. Lately, however, the focus has
been changed towards the importance of
loading the growing skeleton, especially
during the growth spurt in early adoles-
cence /3].

Studies have been performed, in which
young athletes were followed intermit-
tently with radiographs and compared
with a control group with less physical
activity /3141,154). They conclude that cam
morphology appears to a higher degree in
athletes during adolescence (12-14 years)
due to high-impact sports practice. This
could explain why groin and hip pain are
more commonly seen among athletes and
why a substantial percentage of patients
seeking care for long-standing groin and
hip pain are athletes.
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Figure 7. Pubertal growth spurt coincides with formation of cam deformity.
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One proposed mechanism is that exces-
sive loading affects the vascular supply
to the metaphysis of bones, inhibiting the
normal apoptosis of cartilage cells, which
in turn creates local hypertrophy of bone
as in morbus Osgood-Schlatter or in this
case cam deformity /99,83/.

Ischemia

Ischemia

Ischemia

Figure 8. A compromised blood supply on the metaphyseal side causes the continued widening of the physis, but growth
cessation and narrowing of the physis occurs if the blood supply is compromised on the epiphyseal side.

Moreover, there are indications suggesting
that the incidence of adolescent sports-re-
lated injuries is increasing /23514391). This
may be due to greater demands on young
people active in sports to perform and
compete at a high level before skeletal
maturity is reached. Knowledge of other
growth disturbances and chronic physeal
damage in the upper and lower extremi-
ties and the spine of adolescent elite ath-
letes is well established /15215388].

Experimental studies by Jonasson et al.
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have shown that, in a young porcine hip
as a model, repeated loading leads to mi-
croscopic injuries to the proximal femoral
physeal plate /6467 These injuries can
cause growth disturbances and may cause
the growth disturbances seen in adoles-
cent athletes.

The aetiology of pincer deformity, howev-
er, is more unclear. Local pincer formation,
such as os acetabuli, often seen in athletes,
may arise from either acute or chronic
traction or impaction injuries to the at-



tachment of the rectus femoris in the area
directly above the anterior labrum /317.

1.4 EPIDEMIOLOGY

FAI morphology is common, especially
in people with hip pain but also in as-
ymptomatic individuals. A Danish study
of 3,620 subjects revealed a prevalence
of cam deformity in 20% of men and 5%
of women /517. In a study using MRI on
younger asymptomatic subjects, 14% had
at least one hip with cam deformity/se].
A study based on computed tomograms
of 50 asymptomatic hips concluded that
52% of males and 33% of females had at
least one factor predisposing for FAI /69).

The prevalence of symptomatic FAI
in society is, however, unknown. In a
cross-sectional epidemiological study of
2,368 adolescents in Germany, Spahn et
al. found occasional hip pain in 3%, 2.9%
suffered from permanent hip pain during
physical activity and 0.5% reported per-
manent pain at rest /748/. Hip pain is more
common in older people, where the re-
ported prevalence is around 12-14% for
those over 60 years of age /26,28].

In athletes, the prevalence of FAI mor-
phology is even higher. In a study of
American elite football players, 72% of
men and 50% of women had femoral or
acetabular abnormalities associated with
FAI. Another study compared young
hockey players with young skiers. Sev-
enty-five per cent of the hockey players
and 42% of the skiers had an alpha angle
of > 55 degrees. The difference was main-

ly due to very high alpha angles among
hockey players aged 16-18, which was not
seen in the skiers. This implies that load
can be a factor in the genesis of FAI mor-
phology.

The highest prevalence of FAI deformity
is seen in subjects with hip pain /40/. Many
cross-sectional studies have shown an as-
sociation between cam lesions and hip
pain /128,112,85]. Siebenrock et al. examined
a group of hockey players in which 20%
had hip pain and a positive impingement
test [142]. They reported that the alpha an-
gle was larger in those with hip pain.

In a magnetic resonance imaging (MRI)
study, 170 subjects were followed for
more than four years /72]. It reported a
relative risk of 4.3 of developing hip pain
when a cam deformity was present. Lim-
ited internal rotation at the time of initial
examination increased the risk of devel-
oping pain.

In the original article describing the alpha
angle, Notzli et al. reported that the alpha
angle was 74 degrees in patients with
groin pain, reduced internal rotation and
positive clinical impingement tests, com-
pared with 42 degrees in a control group
[112].

In a multicentre study, Clohisy et al. re-
ported on 1076 consecutive patients
undergoing surgical treatment for FAIL
The pre-operative clinical scores (pain,
function, activity level and overall health)
indicated a major dysfunction related to
the hip /29;.
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1.5 GENDER
DIFFERENCES IN FAI

Female patients with FAI present with
significantly more disability, despite gen-
erally having less severe deformities and
fewer signs of intra-articular disease [106].
Moreover, female patients with symp-
tomatic FAI demonstrated milder fem-
oral head-neck offset deformities, with
only 34% (compared with 72% of males)
having a maximum alpha angle of > 60
degrees. In addition, internal rotation
in flexion was greater in females, with
only 12% (compared with 66% of males)
showing <10 degrees. These data indicate
that the diagnostic criteria for males and
females are different. Pincer deformity
and coxa profunda are more common in
women [106].

Regarding the outcomes after arthroscop-
ic treatment for FAI, no clear differences
in terms of patient-reported outcomes
have been reported /68].
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1.6 OSTEOARTHRITIS
DEVELOPMENT
CONNECTED TO FAI

The aetiology of osteoarthritis (OA) is
mainly unclear, although both systemic
factors and local biomechanical factors
are known to play a role /45].

In a study investigating patients under-
going total hip arthroplasty (THA) for OA,
it was found that cam-type morphology
occurred more frequently in younger pa-
tients with advanced arthritis requiring
hip arthroplasty /80;.

FAI leads to cartilage damage in the hip
joint [12716,15589,5156,49,75]. Chondral dam-
age is mainly located on the acetabular
side. Damage to the femoral head is usual-
ly only seen in the advanced stages of OA.
Many researchers have shown that the
pattern of chondral damage is dependent
on the type of impingement /16,48,127155].
Cam deformity is most often located
in the anterior part of the femoral neck.
When the cam deformity in cam-type FAI
or the femoral neck in pincer-type FAI
abuts against the anterior part of the ac-
etabulum, repetitive shear forces develop
and damage the anterior or lateral part
of the acetabular cartilage (Figure 9). Pa-
tients with symptomatic hips have a high
degree of cartilage and chondrolabral
damage /40]. In pincer-type impingement,
the impaction of the femoral neck can
cause a contre-coup injury to the poste-
rior cartilage of the acetabulum, due to
leverage of the femoral head.



Figure 9. Cartilage damage due to cam impingement. In this case a wave phenomenon of the cartilage is created due to
horizontal shear forces from the cam deformity.
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Cartilage damage is a risk factor for the
development of OA [22). In the knee,
Spahn et al. found that the occurrence
and extent of tibial cartilage damage was
the most important risk factor for OA pro-
gression [147]. In another study of young
athletes, Messner et al. found a high fre-
quency of OA in the same compartment
as initial cartilage damage at the long-
term follow-up /977.

Cam deformity is an important risk factor
for OA [134.161,538]. A longitudinal study of
1,003 subjects showed that cam-type FAI
and mild acetabular dysplasia are predic-
tive of subsequent OA and THA /i61].



Transitional zone

Labrum

ftening of the ca

Figure 10. Various and progressing stages of cam-related chondral damage of the acetabulum.
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An abnormal shape of the acetabulum
may also lead to OA, such as acetabular
undercoverage (dysplasia) or acetabular
overcoverage, known as pincer. Acetabu-
lar overcoverage can be global, as in coxa
profunda, or local, as in acetabular retro-
version /149].

In terms of pincer deformity, Agricola et
al. showed that acetabular dysplasia was
significantly associated with OA in a study
of 1,002 subjects with symptoms of early
OA. However, no increased risk of OA was
seen for pincer-type deformity /6. On the
other hand, pincer deformity like acetab-
ular retroversion is difficult to define on
plain radiographs /176]. Three-dimension-
al computed tomography (CT) better esti-
mates the acetabular morphology, but it is
difficult to use in routine health care due
to the high radiation dose.

A recent systematic review by Kowalczuk
et al. concludes that certain morpholog-
ical features of cam-type FAI, particular-
ly an elevated alpha angle, do appear to
predispose selected patients to the ra-
diographic progression of hip OA /7s]. In
comparison with pincer-type impinge-
ment, the association between cam-type
impingement and hip OA is better under-
stood /78].
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Figurell.ntraarticulararthroscopicview.
A wave sign is seen in the peripheral carti-
lage. This would be classified as a chondral
damage grade 1 A according to Konan et al.

Figurel2.ntraarticulararthroscopicview.
Delamination and crushing of the pe-
ripheral cartilage is senn. This would be
classified as a chondral damage grade 3 A
according to Konan et al.

Figurel3.ntraarticulararthroscopicview.
Delamination is seen of the peripheral
cartilage. This would be classified as a
chondral damage grade 3 A according to

Konan et al.



Figurel4.ntraarticulararthroscopicview.
Destruction and thinning of the peripberal
cartilage is seen. This would be classified
as a chondral damage grade 3 A accord-
ing to Konan et al, however, the cartilage
damage has the appearance of more of a
chronic degenerative condition such as OA.

Figurel5.ntraarticulararthroscopicview.
Large flaps of hyaline cartilage are seen
hanging down inside the labrum. This
would be classified as a chondral damage
grade 3 A according to Konan et al.

Figure 16. [ntraarticular arthroscopic
view. The patient is a 23 year old football
payer. A large delaminated hyaline carti-
lage flap is seen due to cam impingement.
This would be classified as a chondral
damage grade 4 B according to Konan et
al.

Figure 17. Intraarticular arthroscopic
view. Bare bone is seen at the periphery
of the joint and cartilage central to that
consists of a large delaminated flap in this
young patient. This would be classified as
a chondral damage grade 4 A according to
Konan et al.

Figure 18. Intraarticular arthroscopic
view. Thinning and fragmentation is seen
of the peripheral cartilage. This could be
seen as that the FAI cartilage damage has
progressed to osteoarthritis. This would be
classified as a chondral damage grade 4
A according to Konan et al. However, this
may represent a mix between cartilage
damage and OA, which is difficult to clas-
sify as there are no validated arthroscopic
classifications for OA.
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1.7 CLINICAL PICTURE

1.7.1 CLINICAL
INTRODUCTION

Femoro-acetabular Impingement (FAI)
of the hip can lead to cartilage damage
and symptoms of stiffness, pain and dis-
comfort around the hip and groin. This
is accentuated in patients with abnormal
use of the joint, such as sports including
repetitive flexion or large skeletal abnor-
malities. The prevalance of these abnor-
malities has been reported to be as high
as 17-35% and numerous studies have
shown a relationship between FAI-specif-
ic radiological parameters and the devel-
opment of OA of the hip /87110,74,69,50,51].

OA of the hip is a major cause of pain,
reduced function and reduced quality
of life in society [186,54). Moreover, it is a
cause of a massive economic burden on
society due to health-care costs and re-
duced work capacity /129,108]. Some stud-
ies estimate that hip OA can be secondary
to joint malformations in a large percent-
age of patients /16180].

According to Clohisy et al., 73% of the
patients experienced the pain as sharp,
73% as itchy and 25% as burning. In 46%
of the patients, the pain is constantly ex-
perienced, while in 42% of the patients
the pain is experienced as intermittent.
Sixty-five per cent of patients experience
a mechanical symptom, which is a “pop”
sensation in 65% and a “snap” in 46% [30).
Provocative activities are running 69%,
sitting 65%, walking 58% and standing in
44% of the patients. According to Kuhl-
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man et al., patients experience problems
getting up from a chair, sitting for a long
time, getting in and out of a car and lean-
ing forward /79).

1.7.2 THE CORE
ISSUE OF FAI

There are several problems when it comes
to FAIL First, there is evidence that FAI
leads to OA of the hip, especially in young
individuals. In a thesis from Lund Univer-
sity in 2013, it is stated that football play-
ers run a double risk and hockey players
a triple risk of developing hip OA /169). FAI
could be one important factor behind this
development.

Second and perhaps more importantly, FAI
leads to pain, stiffness, discomfort and re-
duced physical ability. This may be moder-
ate in some persons, but it leads to severe
symptoms, disability and reduced quality
of life for some individuals. For athletes,
FAI often leads to an inability to perform
sports activity and can end their sporting
career. In Study I, it was shown that, when
measured using valid patient-reported
outcome measures (PROMs), patients un-
dergoing hip arthroscopy, mainly for FAI,
report severe symptoms preoperatively,
including pain, reduced physical capacity
and poor quality of life.

Although FAIis common in patients active
in sports, people with a more sedentary
lifestyle can also suffer from symptoms
caused by FAIL Even in patients with low
physical demands, common FAI-related
symptoms such as pain when sitting can
be troublesome.



1.7.3 CLINICAL
EVALUATION

The position and innervation of the hip
joint makes the examination and inter-
pretation of the clinical findings difficult.
Referred pain is common and patients
report a variety of symptoms. The most
common symptoms of FAI are pain or
discomfort and restricted ROM. Com-
mon locations of pain are the groin, the
lateral aspect of the hip, posteriorly and
occasionally in the knee. Patients can ex-
perience symptoms in specific situations
such as sitting, flexion and internal rota-
tion like a karate kick or any end-of-range
hip motion. Moreover, unspecific pain
can be experienced during or after phys-
ical activity.

Sometimes, FAI is coupled with ex-
tra-articular pain, such as symphysitis,
adductor-related pain or trochanteritis.
Theoretically, a restriction of ROM may
place increased stress on surrounding
structures such as the pubic symphysis,
the lower back and stabilising muscles
around the pelvis. In a CT model, FAImor-
phology gave rise to increased rotational
forces in the pubic symphysis when the
hip was flexed. This could be a cause of
symphysitis seen in sports with repeti-
tive flexion such as football or ice-hock-
ey (171]. Through the same mechanism,
reduced hip ROM has been suggested as
an aetiological factor in the occurrence of
adductor strain in athletes /61). Feeley et
al. described the “sports hip triad” (con-
sisting of labral tear, adductor strain and
rectus strain) /44]. These connections are
discussed in Study V.
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Many tests are described for hip patholo-
gy, but two specific clinical tests are more
commonly used to diagnose FAI [i67].
They are based on the elicitation of pain/
discomfort that resembles the patient's
problems in the outer extent of hip ROM.
Different clinical pictures can be found,
depending on the patient’s hip pathology
[7].

The anterior impingement test

With the patient supine, the hip is
flexed to 90 degrees and internal
rotation is then added. Deficit in
internal rotation, as well as pain/
discomfort that resembles the
patient’s problems, is regard-
ed as positive, indicating an

impingement between the
anterior part of the femoral
neck against the anterior

part of the acetabulum. It

is always mandatory to com-
pare the ROM with that in the
contralateral hip. The examiner must
be careful not to use too much force,
as rotation of the pelvis can produce
a falsely high value. The normal internal
rotation of the hip in this position is 30
degrees, but cases with FAI values around
-5 to 10 degrees are common /i28]. The
sensitivity, specificity and positive pre-
dictive value of the anterior impingement
test have a wide range of 0.59-1, 0.1-1 and
0.53-1 respectively, depending on the
cited study /167].
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Figure 19. The anterior impingement test. The hip is
flexed to 90 degrees and internally rotated. The repro-
duction of patient symtoms means the test is positive.
The angle between the longitudinal body axis and the
final internal rotation can be registered as an indica-
tion of range of motion. In this manouver, care must be
taken to avoid pelvic rotation, which gives falsely high
internal rotation.



The FABER (Flexion-
Abduction-External
Rotation) test

With the patient supine, the ipsilater-
al foot is placed on the contralateral
knee in a "figure-of-four” position. The
distance between the knee and the ex-

amining table mirrors the ROM of the
hip in FABER. It is always mandatory to
compare with the contralateral hip.
A deficit in ROM coupled with
pain/discomfort that resem-
bles the patient’s problems is
regarded as a positive test,

indicating an impingement of
the lateral part of the femo-
ral neck against the lateral/
posterior part of the ace-
tabulum. The sensitivity,
specificity and positive pre-

dictive value of the FABER

test have a wide range of
0.41-0.97, 0.18-1 and 0.18-1
respectively, depending on
the cited study /1677.

D0t D Zorg

Figure 20. The FABER test is performed with the pa-
tient supine. The lateral malleolus of the examined hip
is placed superiorly to the patella of the contralateral
knee. The hip is the abducted with one hand, while the
pelvis is stabilised with the other hand. The reproduc-
tion of symtoms means the test is positive. The angle or
distance between the table and lower leg/knee can be
registered as an indication of range of motion.
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The “typical” FAI patient

The typical patient is predominantly
male, young and active in sports. In Swe-
den, sports like ice-hockey, especially
among goalkeepers, and football players
are more commonly associated with FAI
[131]. Symptom onset was gradual without
traumatic events and has often persisted
for months to years before the problem
has become troubling enough to seek aid.
The main symptoms are pain and stiff-
ness. Pain is most often located in the
groin, but lateral and posterior symptoms
can also be seen. The pain is worsened by
physical activity such as normal practice
and game play, and, when patients seek
help, they are often unable to participate
in their sport any more. Sometimes, pain
arises after physical activity, for example,
when they sit down for a minute in the
locker room, the hip joint freezes up and
they experience great pain and stiffness
when taking the first few steps.

Hip joint stiffness is also perceived as an
increasing problem, although they often
mention that they have “always” had stiff
hips.

Clinically, reduced ROM, especially in
internal rotation and the FABER test, is
found. A hip anterior impingement test
and the FABER test reproduce the pa-
tient's symptoms. Pain cannot be elicited
by palpation. However, concomitant sym-
physitis or adductor-related pain often
exists /136].

Another typical sign of FAI is the “sit-
ting sign’. Patients often complain of
pain and discomfort after a certain time
in a sitting position with the hip flexed.
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Usually, extending the hip by leaning
backwards eases symptoms. This finding
can be compared with the "movie sign” of-
ten reported in patients with patellofem-
oral pain syndrome.

If the patients cease their sporting activ-
ity, the symptoms may decrease or dis-
appear, but they will often return if they
resume their sports. However, many pa-
tients experience a progression of symp-
toms affecting their activities of daily
living as well. Some patients experience
pain at rest or during the night.

Even though this is a typical patient, FAI
can present itself in other ways. Referred
pain is common in the hip and groin area.
Other entities that are similarly difficult
to diagnose can co-exist with FAI, making
diagnostics difficult. Examples include
back pain, adductor-related pain, pubalgia
or abdominally related pain and trochan-
teric pain. Furthermore, the diagnostics
are even more challenging when there is
concomitant OA, whose symptoms may
be similar to those of FAL

Itisalsoimportant to stress that, although
FAI is common in athletes, non-athletes
can also suffer from symptoms due to FAIL
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Figure 21. Hockey goalie, standing with hip flexed and internally rotated. This is a critical position for a hip with FAI
morphology. Photograph from S. Yume.
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1.7.4 HIP INSTABILITY
AND THE ILEOPSOAS

Its bony anatomy, muscle envelope, load,
suction-seal effect of the labrum and
thick ligamentous apparatus make the
hip a highly stable joint. However, in re-
cent years, hip instability as a potential
problem has been discussed [139,145].

Unfortunately, very little is known about
hip instability and there is no established
way to either establish the diagnosis or
treat symptomatic hip instability.

The ileopsoas tendon has many potential
functions. It is a hip flexor, mostly at high-
er flexion angles, and also a hip adductor
(175]. In extension or near extension, it is
pressed against the anterior part of the
femoral head, a construction similar to
the biceps tendon in the shoulder, which
also plays a dynamic stabilising role /41/.

Multiple risk factors have been suggested
as predisposing to post-operative insta-
bility of the hip joint /135139,145] (see Table
1). It therefore appears reasonable to exer-
cise caution when altering these param-
eters, especially when one or more are
present in the actual case.
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Table 1. Potential risk factors for
post-operative joint instability

Dysplasia

Excessive acetabular rim trimming

Joint hyperlaxity (Ebler-Danlos syndrome)
Muscular deficiency

Excessive capsulotomy

Long distraction time, resulting in ligament
elongation

Ileopsoas tenotomy

Ligamentum teres resection

1.7.5 RADIOGRAPHIC
EVALUATION

Clinical findings should correlate to ra-
diological findings. Radiological findings
indicating FAI are based on a mismatch
between the femoral head and the ac-
etabulum, creating possibilities for im-
pingement.

Cam is defined by an alpha angle over
50-55 degrees [112,56,104,121]. However, it is
theoretically possible for FAI to exist even
in the presence of smaller alpha angles in
individuals where the hip is repeatedly
moved to the extreme of motion, such
as ballet or martial arts /2776]. As a result,
cam-type FAI cannot only be defined by
radiological measurements, which is a
challenge in FAI research.



Figure 22. The alpha angle quantifies the cam deformity. It is the angle between two lines drawn from the centre of the
femoral head. One line is drawn along the centre of the femoral neck and the other to the point where the bone breaks
through a best-fit circle around the femoral head.

Figure 23. Normal hip. Low alpha angle.
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Pincer is general or local acetabular
over-coverage of the acetabulum causing
the acetabular rim to contact (or impact
on) the femoral head, metaphysis, or
neck when the hip flexes. Several plain
radiographic findings are thought to in-
dicate pincer deformity. They include
the cross-over sign (focal acetabular ret-
roversion), coxa profunda, protrusion ac-
etabuli, lateral centre edge angle of > 39
degrees, posterior wall sign,

pit formation in the femo-

ral head or neck and ischial

spine sign. However, the

imaging of the orientation
of the acetabulum is complex

and dependent on the rotation of the pel-
vis during imaging. CT can provide ad-
ditional information on the acetabulum,
but it transmits high doses of radiation
to the patient and care must therefore be
taken. In a study by Zaltz et al. of patients
with symptomatic FAI, it was shown that
plain radiographs may overestimate the
presence of pincer findings, since the ac-
etabular anatomy is complex [176].

Crossover sign

Figure 24. An AP image of a right hip. AW is the anterior wall of the acetabulum and PW is the posterior wall. If the
anterior wall is overprojected over the posterior on a truly neutral AP pelvic radiograph, it is regarded as a positive
crossover sign, indicative of a retroverted acetabulum.
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CT makes use of computer-processed
combinations of many radiographic im-
ages taken from different angles to pro-
duce cross-sectional (tomographic) im-
ages (virtual slices) of specific areas of a
scanned object. Although associated with
greater exposure to radiation for the pa-
tient, three-dimensional (3D) information
about hip geometry can be obtained.

MRI can be usefulin cases of hip pain. MRI
has unique potential to detect soft-tissue
pathology as well as pathology not seen
on plain radiographs such as bone oede-
ma and cyst formation. Using MR, 3D in-
formation can be obtained but with low
image resolution compared with CT.

In terms of OA, current radiological tech-
niques have low specificity /1557370). In a
study by Keeney et al. comparing magnet-
ic resonance arthrography versus hip ar-
throscopy in the evaluation of intra-artic-
ular pathology, sensitivity with respect to
cartilage damage was found to be 47% and
it was concluded that a negative imaging
study does not exclude important intra-ar-
ticular pathology that can be identified
and treated arthroscopically /70/. Plain ra-
diographs are the gold standard for detect-
ing hip OA. MRI can add information, such
as oedema and cartilage status, but a neg-
ative radiograph or MRI cannot fully rule
out low-grade OA [138]. This fact is often
evident in hip arthroscopy. The dGEMRIC
(delayed gadolinium enhanced MRI of car-
tilage) technique is a new technique used
to estimate the GAG content of cartilage.
In a recent thesis from Lund University, it
was shown that dGEMRIC could be used to
predict OA f114). However, dGEMRIC is not
always readily available for clinical use.

When examining radiographs, clinicians
must always bear in mind that radiologi-
cal findings must be correlated to patient
history and clinical findings, as FAI de-
formities can exist in asymptomatic pa-
tients. This means that the diagnosis of
FAI is often complex and requires a thor-
ough clinical evaluation of each patient.

1.8 TREATMENT OF FAI

There are several arthroscopic approach-
es and treatment algorithms to the hip.
Many surgeons perform surgery with
the patient placed in the lateral position.
Traction is commonly obtained by axial
leg traction against a well-padded per-
ineal counterpost. Some surgeons use
distraction by external fixators placed in
both the pelvis and the femur.

The management of pincer lesions and
management of the labrum vary among
surgeons. A comprehensive definition of
pincer impingement is yet to be estab-
lished. In some publications, the cross-
over sign is equated with a pincer lesion.
Other publications argue that the defini-
tion of a pincer lesion is more complex, as
the rotation of the pelvis greatly affects
the cross-over sign [132,176].

Moreover, the management of labral dam-
age is the subject of debate. Randomised
studies have shown better functional
outcomes with labral repair than debride-
ment or resection of the labrum /13784].
There is no established practice when it
comes to treating cartilage damage. The
available options are to resect the delam-
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inated cartilage and microfracture or to
preserve the cartilage. Some publications
report on the use of autologous matrix-in-
duced chondrogenesis (AMIC) or ma-
trix-induced autologous chondrocyte im-
plantation (MACI) techniques for treating
cartilage damage. Recent studies of ace-
tabular cartilage flaps have shown high
viability for the chondrocytes, suggesting
their preservation in some patients /98J.

There is no clear evidence to indicate
when to suture the labrum or how many
anchors to use.

The management of the hip capsule is
also the subject of debate. Many hip ar-
throscopic surgical descriptions recom-
mend transverse sectioning of the cap-
sule or a T-incision including a transverse
incision. This particularly jeopardises the
integrity of the ileofemoral ligament, a
main stabiliser of the anterior part of the
hip capsular ligament complex [18,159,158].
There are reports emphasising the im-
portance of the capsule, warning of a risk
of iatrogenic instability /135124,93]. Lately,
some surgeons have advocated capsular
closure at the end of surgery /55/.

1.8.1 NON-SURGICAL
TREATMENT

Very few studies report on the outcome of
the non-surgical treatment of FAI and the
quality of evidence is low or very low /172].
Emara et al. reported on a cohort of pa-
tients with mild FAI, where conservative
treatment did not improve the range of
hip movement, but improvements were
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seen in function and symptoms, as long
as the patients modified their activities of
daily living to adapt to their hip morphol-
ogy [42]. The general recommendation for
the non-surgical treatment of FAI is activ-
ity modification, emphasising the avoid-
ance of impingement positions of the hip
like sitting and squatting, patient edu-
cation, non-steroidal anti-inflammatory
drugs (NSAIDs) and physiotherapy. De-
scriptions of recommended physiothera-
py focus on pelvic muscle strengthening
and core stability /772]. Patients presenting
with FAI may benefit from non-surgical
treatment, but further research is needed
to identify specific treatment regimens
and their effectiveness.

In terms of patients with FAI with con-
comitant OA, as reported in Study 1V,
there is no literature describing non-sur-
gical treatment or outcome. However,
there is a national Swedish registry, the
BOA (Bdttre Omhdandertagande av patien-
ter med Artros, Improved care of patients
with Osteoarthritis) study, including pa-
tients with general hip OA, reporting on
outcome after non-surgical interventions
such as physiotherapy and information
[126]. Before intervention, patients with
hip OA in the BOA registry report EQ-
5D values of 0.65 compared with 0.62 in
Study IV. After 12 months of intervention
in the BOA registry, roughly the same
number of patients report positive and
negative results on the EuroQol-5D (EQ-
5D), visual analogue scale (VAS), arthritis
self-efficacy scale (ASES) and desire to
have THA. The majority of patients report
unchanged outcomes regarding these
PROMs. This means that patients with
symptoms of OA have few effective treat-



ment options other than THA. In the case
of a patient who is “too young" for THA,
there are few effective treatment options.
Identifying the patients in whom OA is
minor and secondary to FAI and where
FAI is the main cause of symptoms, and
treating the FAI arthroscopically, could
lead to symptom relief in this patient cat-

egory.

1.8.2 SURGICAL
TREATMENT

There are currently numerous reviews,
systematic reviews and meta-analyses
summarising the results after hip arthros-
copy for FAI [10710,5736,11390]. These stud-
ies generally conclude that hip arthrosco-
py or the arthroscopic treatment of FAI
yield good results in the short to medium
term.

In a recent review of the outcomes of the
surgical treatment of FAI, MacFarlane et
al. state that the use of arthroscopy shows
promising results in a range of studies
[90]. However, only short-term outcome
data are available and a range of differ-
ent outcome measures have been used
in studies to date. This review, which was
published in 2014, includes studies of the
outcome after open surgical treatment,
arthroscopic treatment and combined
procedures. Some of the studies are pro-
spective, while most are retrospective,
limiting the reliability of the data. To date,
there are no comparative data comparing
surgical treatment with other treatment
modalities such as non-surgical interven-
tions.

A controlled study of FAI surgery by Es-
pinosa et al. compared FAI surgery with
resection of the torn labrum with FAI sur-
gery with re-attachment of the labrum to
the acetabular rim /43). Both groups im-
proved compared with pre-operatively.
The group with labral refixation showed a
greater improvement than the group with
labral resection, but the resection group
had a higher degree of OA. Moreover,
Schilders et al. reported that labral repair
produced superior results compared with
labral resection in a study of 151 patients
with FAI and labral tears who had been
treated arthroscopically /1377. These stud-
ies suggest that labral refixation is supe-
rior to labral resection. However, no stud-
ies randomising the two procedures have
been performed and these studies might
therefore be subject to bias.

In a systematic review by Ayeni et al. in-
cluding studies comparing labral repair
with labral debridement, five of six stud-
ies reporting statistically significant im-
provements from repair compared with
debridement /137. However, the authors
concluded that, given the lack of high
quality evidence and associated limita-
tions in study design, these results should
be interpreted with caution.

There is emerging evidence of the long-
term effectiveness of FAI surgery. Mef-
tah et al. reported on 50 consecutive
patients who underwent hip arthrosco-
py and labral debridement with a mean
follow-up of 8.4 years. Good to excellent
results were seen in 62% [95/. Byrd et al.
evaluated 50 patients 10 years after in-
dex hip arthroscopy. Significant improve-
ments were shown at group level, but the
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presence of arthritis at the time of the
index procedure was an indicator of poor
Prognosis [25].

There is a trend towards better results after
arthroscopic surgery as compared to open
surgery with better outcome scores and
fewer complications /113. In a systematic
review by De SA et al., no significant differ-
ences in outcomes for FAI treated with sur-
gical hip dislocation or arthroscopy were
reported. However, with regard to health-
care resource utilisation, hip arthroscopy
uses substantially fewer resources than
surgical hip dislocation /37].

In arecent study from Ilizaliturri et al. /62],
the “over-the-top” technique is described
and evaluated in a prospective series of
patients treated arthroscopically for FAL
This technique involves osteoplasty of
the acetabular rim without detaching the
labrum. Good results have been reported
using this technique. Redmond et al. did
not find any differences in outcome be-
tween arthroscopic acetabuloplasty and
labral refixation with or without detach-
ment /125]. No studies that compare labral
takedown or the "over-the-top” technique
can be found in the literature.



Figure 25 a. Pre-operative images of cam deformity.

Figure 25 b. Post-operative image after cam resection in (a).
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1.8.3 COMPLICATIONS

The type and rate of complications after
arthroscopic treatment have been investi-
gated in several series involving patients
undergoing  arthroscopic  treatment.
A meta-analysis by Kowalczuk et al. in-
cluded 66 studies with a total of 6,962 pa-
tients. The overall complication rate was
found to be 4.0%. Of the 287 complica-
tions identified in the literature, 20 were

deemed major, constituting a rate of 0.3%.

Another systematic review of more than
6,000 patients by Harris et al. reported an
overall complication rate of 8%, of which
0.58% were major and 7.5% minor.

Minor complications include heterotopic
ossification (HO), cartilage scuffing, superfi-
cial nerve neuropraxia of the hip or foot, ad-
hesions, labia minora blistering and scuff-
ing of the femoral head cartilage.

Major complications include femoral neck
fracture, deep vein thrombosis (DVT), sep-
tic arthritis, avascular necrosis (AVN) of the
femoral head, intra-abdominal fluid extrav-
asation and post-operative dislocation.

A systematic review by Yeung et al. exam-
ining the efficacy of NSAID drug prophy-
laxis for heterotopic ossification after hip
arthroscopy found a 13% incidence without
NSAID and 3% with NSAID /174]. NSAID is
therefore generally recommended as pro-
phylaxis against HO in hip arthroscopy.

In this thesis, we present a case report on
post-operative dislocation after hip ar-
throscopy. The report includes two cases of
post-operative dislocations. In both cases, a
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psoas tenotomy was performed in conjunc-
tion with hip arthroscopy. There have been
a few other previous reports of dislocations
after hip arthroscopy, but, in these cases,
dysplasia or laxity has been a contributo-
ry factor and no psoas tenotomy was per-
formed 19.96,93124].

Table 2. Complications after
hip arthroscopy according to a
review by Harris et al. (2013).

COMPLICATION % (OF TOTAL 6,334

HIP SURGERIES)

MAJOR

Deep infection 0.02%
AVN 0.2%
Femoral neck fracture 0.05%
Permanent nerve injury 0.02%
Extra-articular fluid ex- 0.02%

travasation

Hip dislocation 0.06%
Pulmonary embolism 0.02%
MINOR

Transient nerve injury 1%
DVT 0.1%
Heterotopic ossification 0.7%
Superficial infection 0.1%
Skin damage 0.2%
Iatrogenic chondral in- 5%
Jury

Hypothermia 0.1%
Broken instruments 0.1%
Vascular injury 0.03%
Reflex sympathetic dys- 0.04%
trophy



1.9 SURGICAL
TREATMENT OF
FAIIN THE SETTING
OF HIP OA

Surgical treatment, including both open
and arthroscopic, is not indicated for OA
per se. However, when there is a concom-
itant FAI, it is difficult to discern whether
it is the OA or the FAI that gives rise to
symptoms. In two recent review studies,
it is concluded that patients with con-
comitant OA had a post-operative clin-
ical outcome improvement in pain and
function in a short-term evaluation /119,71].
Increasingly poor outcomes were seen as
the severity of OA increased. However,
these studies report on the outcomes of
hip arthroscopy for OA and not specif-
ically FAI as in Study IV in this thesis.
The included studies report on a variety
of procedures for FAI, OA, labral tears,
cartilage damage and other conditions as-
sociated with OA. This leads to a validity
problem. Surgical treatment for FAI has
become a common treatment in modern
health care, whereas the arthroscopic
treatment of OA per se is still controver-
sial and even contra-indicated.

In a recent review study by Domb et al.
(2015), the authors asked how much ar-
thritis is too much for hip arthroscopy.
They found insufficient data to define any
cut-off, but poorer results, as measured
by PROMs, and higher conversion rates to
THA are seen with higher degrees of OA.
Post-operative scores using patient-report-
ed outcome instruments were lower in the
arthritic population at follow-up compared
with their non-arthritic counterparts.

Figure 26. 19-year old patient with osteoarthritis,
in this image radiograph shown as slight lateral joint
space narrowing, increased sclerosis and osteophyte
formation. Arthroscopy showed advanced cartilage de-
terioration and thinning as well as typical osteophyte
formation intra- and extraarticularly.

1.10 EVALUATION OF
TREATMENT OF FAI

1.10.1 DATABASE AND
REGISTRY RESEARCH

Today, patient-based treatment evalua-
tion (PROM) is the mainstay of surgical
outcome research. Over the last few de-
cades, clinical registries using PROMs
have emerged worldwide to enable the
aggregation of patient data and tracking
over time. They are a powerful tool for
examining the long-term outcomes and
complications, as well as evaluating dif-
ferent subgroups, improving diagnostics
and refining treatments. In Sweden, reg-
istries such as the Swedish total knee reg-
istry and total hip registry were the first
major joint registries. The quality and
usability of a registry is dependent on
the compliance and measured variables.
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The strengths include the large number
of possible participants, especially in na-
tional registries, outcomes relevant to the
specific disease and the opportunity to
follow variables over time. The weakness-
es include problems with compliance and
follow-up, cost, risk of bias due to lack of
randomisation and multiple confounding
variables [122].

1.10.2 FAI REGISTRIES

Since the arthroscopic treatment of

FAI was popularised, several registries
monitoring surgical outcome have been
established. They include both local, sin-
gle-unit or single-surgeon registries, and
national registries.

In this thesis, we present the creation of
and results from the Gothenburg hip ar-
throscopy registry. This is a local clinical
registry created for research and clinical
development.

The Danish hip arthroscopy registry is a
nationwide project including all centres
at which hip arthroscopy is performed.
It originated from the same group as the
Gothenburg hip arthroscopy registry and
therefore has the same outcome scores.

The Non-Arthroplasty Hip Registry
(NAHR) is a British nationwide registry
that currently includes around 30 sur-
geons organised by the British Hip Society.

The strengths of a national registry are the
large amount of collectible data, the oppor-
tunity to study geographical variation and
easier funding.
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The surgical outcome system (SOS) is an
industry project aiming to collect data
from hip arthroscopists worldwide to
build a global registry.

Moreover, many high-volume surgeons
and hip arthroscopists around the world
have created local registries documenting
the outcome of their patients.

1.10.3 FAIOUTCOME
SCORES

A wide array of outcomes have been
used historically to evaluate the out-
come of surgical treatment for FAI /1357].
A systematic review by Hetaimish et al.
on the consistency, or lack thereof, of
clinical and radiographic outcomes re-
ported across 29 studies addressing FAI
found that the most common clinical
outcomes reported were the Harris Hip
Score (HHS) (45%) and the Non-Arthritic
Hip Scale (NAHS) (28%), range of motion
(ROM) (34%), pain scores (24%) and pa-
tient satisfaction (using visual analogue
scales) (28%) [60j. Other primary clinical
outcomes cited in the literature to assess
post-operative outcomes include the use
of the anterior impingement test (flex-
ion, adduction, internal rotation), modi-
fied HHS (mHHS), Short Form 12 (SF-12),
Hip Outcome Score-Activities of Daily
Living (HOS-ADL) and/or Hip Outcome
Score-Sport-Specific (HOS-SS) /84].

Some of these scores have been devel-
oped for use in more senior patient co-
horts, mainly for use in arthroplasty
research, and their validity for use on a
young and very active population such as



athletes can therefore be questioned.

In recent years, new outcome measures
have been developed and validated for
use in younger, active patients; they in-
clude the International Hip Outcome
Tool (iHOT) and the Copenhagen Hip and
Groin Outcome Score (HAGOS). The Hip
Sports Activity Scale (HSAS) was adapted
after the Tegner activity scale and modi-
fied to measure physical activity in a pop-

Patient- reported out-
come measures currently

ulation with hip disorders.

In a recent review by Harris-Hayes et
al., the HAGOS and iHOT-33 were rec-
ommended for use in young and mid-
dle-aged, active patients suffering from
FAI 159].

Table 3 summarises the
currently most used PROMs for
FAI research

in use for patients under-
going hip arthroscopy

SCORE Num-
ber of
items

HHS [58] Likert scale, a single 10

(Harris Hip Score) total score is calcu-

lated.

mHHS [24] Likert scale, a single 8

(modified Harris Hip total score is calcu-

Score) lated.

HOOS [111] (Hip disabil- Likert scale, a total 40

ity and Osteoarthritis score is calculated

Outcome Score) for each of five

subscales.
HOS [92] Likert scale, a total 28
(Hip Outcome Score) score is calculated
for each of two
subscales.
HAGOS [165] Likert scale, a total 37
score is calculat-
ed for each of six
subscales.
[HOT33 [101] VAS scale, a single 33
total score is calcu-
lated.
IHOTI2 [53] VAS scale, a single 2

total score is calcu-
lated.

DOMAINS

4 (pain, function, range of
movement and absence of
deformity)

3 (pain, function and ADL)

5 (pain, symptoms, ADL, sport/
recreation function, hip-related
quality of life (QOL))

2 (ADL and sports)

6 (pain, symptoms, physical
function in daily living, physical
function in sport and recre-
ation, participation in physical
activities and hip-related QOL)

4 (symptoms and functional
limitation, sports and recre-
ational activities, job-related
concerns and social, emotional
and lifestyle concerns)

4 (symptoms and functional
limitation, sports and recre-
ational activities, job-related
concerns and social, emotional
and lifestyle concerns)

Developed for
patient group

Traumatic arthritis
after hip dislocation
and acetabular
fractures

From the HHS, for
young to middle-aged
patients undergoing
hip arthroscopy

Middle-aged and
older patients with
hip OA

Young and mid-
dle-aged patients
undergoing hip
arthroscopy

Young and
middle-aged adult
patients with hip
and/or groin pain

Young and mid-
dle-aged active
patients with hip
disorders

Adapted from the
iHOT33, for young
and middle-aged,
active patients with
hip disorders
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1.10.4 COMPOSITE
OUTCOMES

In the hunt for the perfect outcome
measurement, a composite of outcome
measures could be a way to reduce the
sample size needed for statistical pow-
er by examining more study end-points
[13381,82], especially when they are rare.
Montori et al. have clarified that the im-
portant considerations for a composite out-
come measurement include the following:
(1) the outcomes are of similar relevance to
patients; (2) the outcomes occur with sim-
ilar frequency; and (3) the relative risks are
similar across all components of the com-
posite. So, in order to develop a “composite
outcome” applicable to FAI first ascertain-
ing patient-important outcomes, evaluat-
ing which instruments are most commonly
used and assessing their validity to patients
with FAI is paramount. Several outcomes
have been reported following the surgical
management of FAIL They include clinical
outcomes, gait and biomechanics, imaging
and biomarkers. In Study VII, the compos-
ite outcome or end-points that may be ap-
plicable for FAI are discussed.

1.11 WHY IS THIS
THESIS NEEDED?

1. There is a large patient population
suffering from long-standing hip and/or
groin pain. Many of these patient symp-
toms may be caused by femoro-acetabu-
lar impingement (FAI).
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2. Until recently, no effective treatment
methods have been available. Hip arthros-
copy is a relatively new method for treat-
ing hip disorders. Internationally, there
has been a dramatic increase in the num-
ber of FAI-related publications in recent
years /14]. Several studies report improved
outcomes after the arthroscopic treat-
ment of FAI for patients with long-stand-
ing hip and/or groin pain. However, most
studies are retrospective or prospective
with small cohorts.

3. The outcome measures used for evalu-
ating patients with long-standing hip and/
or groin pain have been of limited validi-
ty, such as the Modified Harris Hip Score,
which is the most commonly used.

4. Analyses of common subgroups with
FAIL such as athletes and patients with
concomitant OA, are few in number and
often use older and non-valid outcome
measures.

5. Valid PROMs are thus lacking in most
literature, but they have been available
for the past few years and include the
iHOT12, HAGOS, HSAS and EQ-5D.

6. As long-standing hip and/or groin pain
due to FAI is seen among both women
and men, among young and older pa-
tients, among elite and recreational ath-
letes and with or without osteoarthrosis,
large populations of patients are needed
in order to be able to sub-group patients
into more homogeneous groups.
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02. AIMS

2.1 OVERALL AIMS

The overall aim of this thesis
was to evaluate, using val-
id methods, the results for
various groups of patients
with long-standing hip and/
or groin pain undergoing ar-
throscopic hip surgery.

2.2 SPECIFIC AIMS
Study I

To describe the development of a hip ar-
throscopy registry, its function and im-
pact. A secondary aim was to describe de-
mographic baseline data collected during
a 14-month period relating to the first 606
patients in the registry.

Study II

To evaluate the results, using PROMs,
two years after arthroscopic surgery for a
mixed group of patients with FAL

Study III

To evaluate the results 12 months after
arthroscopic surgery for FAI in a group of
top-level athletes using PROMs.

Study IV

To evaluate the results 12 months after
arthroscopic surgery for FAI in a group
of patients with concomitant OA using
PROMs.

Study V

To evaluate the long-term outcome for
patients undergoing tenotomy for pubal-
gia in terms of PROMs. A secondary aim
in this study was to examine whether
athletes with signs of FAI had different
outcomes using PROMs compared with
patients without signs of FAL

Study VI

To present two cases of post-operative
total hip dislocation after hip arthroscopy
and psoas tenotomy and report on poten-
tial causes and implications

Study VII

To present and examine a variety of end-
points currently used to examine FAI
patients and discuss the possibility to
combine these outcomes to evaluate FAI
patients.
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03. SUBJECTS

The patients included in
Studies I, 1I, III and IV were
included and evaluated in a
similar way through the da-
tabase described in Study I
Depending on the research
question,  patients  were
obtained through this hip
arthroscopy registry.

Study I

All patients undergoing arthroscopic
hip surgery from the start of the registry
(n=606) in November 2011 to January
2013 were included in Study I. Their mean
age was 36.6 years (standard deviation,
SD, 13.1).

Study II

Between November 2011 and Febru-
ary 2013, 289 patients (males=190, fe-
males=99, total hips=359) underwent
arthroscopic surgery for FAI and were
prospectively included in Study II. The
follow-up was performed two years
post-operatively. The mean age was 37
years (SD 13).

The inclusion criterion was arthroscopic
surgery for suspected FAIL The number
of eligible patients was 394, of which 22
were excluded due to prior hip surgery
and 83 did not complete the follow-up.

All hip arthroscopies were performed at
two centres by three surgeons. Indication
for surgery was an established diagnosis
of FAI and failed non-surgical treatment.
Contra-indications included advanced os-
teoarthritis (OA), with joint space below 2
mm, and severe dysplasia of the hip.

Study III

Between 2011 and 2012, a total of 85
top-level athletes (68 males, 17 females)
who underwent arthroscopic surgery
for FAI (total number of hips 115) were
followed prospectively for one year. All
athletes who met the inclusion criteria
during the study period were prospec-
tively included. The mean age of the
study participants was 25 years (SD 5).
The inclusion criteria were HSAS activity
level 7 or 8 (range, 0-8) prior to symptom
onset and age < 40 years. HSAS level 7
corresponds to alpine skiing, skating and
dancing at a national elite level or foot-
ball, ice-hockey, tennis, martial arts and
track and field sports at a sub-elite level,
while level 8 corresponds to sports such
as football, martial arts, tennis and track

63



and field at a national and international
top level. Patients who had undergone
hip surgery prior to the index operation
were excluded. All hip arthroscopies were
performed at two centres by three sur-
geons. Indications for surgery were an
established diagnosis of FAI and failed
non-surgical treatment.

Study IV

Pre-operative radiographs of all prima-
ry hip arthroscopies performed by three
surgeons due to FAI between November
2011 and December 2012 (n=569) at two
centres were assessed prospectively by
a single observer. The inclusion criteri-
on was signs of OA, defined as Ténnis
grade 1 or 2. The exclusion criteria were
re-operation (n=10), non-FAI cases (n=2)
and diabetes (n=1). A total of 80 hips in
75 patients (males n=59, females n=16)
were included and followed prospective-
ly with regard to PROMs for two years. In-
dications for surgery were a clinical and
radiological diagnosis of FAI and failed
non-surgical treatment consisting of
structured physiotherapy for a minimum
of three months, sometimes adding cor-
tisone injections. The mean age was 47
years (SD 10).

Study V

Between 1998 and 2010, 46 athletes
with chronic groin pain underwent te-
notomy of either the adductor longus
and/or rectus abdominis. Surgery was
performed either at the Orthopaedic De-
partment, Sahlgrenska University Hospi-
tal, or at a private clinic in Gothenburg,
Sweden. The indications for surgery were
long-standing groin pain and the inabili-
ty to participate in sport due to pain over
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the adductor origin and/or the pubic at-
tachment of the rectus abdominis. In all
these athletes, conservative treatment
including unspecified physiotherapy had
failed. Fourteen athletes were unable to
participate in the follow-up and were ex-
cluded. Three athletes had moved abroad
and 11 had other reasons for not wanting
to participate in the study. All the athletes
were male and, at the time of surgery,
they were all active medium- or high-lev-
el football players, except for two, who
were high-level ice-hockey players, and
one, who was a long-distance runner.
The athletes’ median age at follow-up was
30 years (range 21-56). The same PROMs
as in Studies I, 11, 1T and IV were used to
evaluate outcome.

Study VI

The two patients included in Study VI
were operated on at other institutions in
Sweden. We became aware of these cases
through referrals. Both patients were 26
years old at the time of surgery.

Study VII

No patients were included.
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04. METHODS

4.1 DEVELOPMENT
OF A REGISTRY FOR
HIP ARTHROSCOPY

During an expert group
meeting in 2011, five patient-
reported outcome measures
(PROMs) were identified
as being suitable for use in
a Scandinavian setting for
patients undergoing hip
arthroscopy. The PROMSs
were the international hip
outcome tool (iHOT-12), the
Copenhagen hip and groin
outcome score (HAGOS),
the EQ-5D quality-of-life
scale, the hip sports activity
scale (HSAS) and a visual
analogue scale (VAS) for
global hip function (see
appendix) [52,164,123,105,103].

The iHOT-12 and HAGOS scores were cho-
sen, as they are modern scores that were
developed specifically for this young
and active patient group. These scores
have also been shown to be reliable and
valid and to have good responsiveness
[164,52,162,66].

In all, the questionnaires contain 57
items, which was considered sufficient to
cover important aspects of patients with
hip and/or groin symptoms qualifying for
hip arthroscopy.

An effort was made to organise a large
multi-centre, cross-border Scandinavian
registry. However, concerns related to
technical difficulties paved the way for
the decision that separate registries were
of benefit but with uniform outcome
measures, as stated above.

At that time, only the EQ-5D had been
translated, culturally adapted and validat-
ed into Swedish. In order to identify and
use valid outcome measures, the iHOT-12,
HAGOS and HSAS scores were therefore
translated, culturally adapted and validat-
ed into Swedish 116266].

A web-based online protocol that offers
online surveys and analyses was creat-
ed in order to collect all patient-related
information. Patients scheduled for hip
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arthroscopy were asked to complete the
web-based protocol on the clinical visit,
or online at any time before the actual
surgery. The clinic was equipped with
tablet computers for easy access. All data
extraction was readily accessible in the
form of output files for different data op-
tions.

Follow-ups took place at four months, one
year and two years after the hip arthros-
copy, using the web-based online proto-
col. Five-year follow-ups are planned for
future research.

All data related to the clinical examina-
tion, pre-operative findings, diagnosis
and range of motion measurements
were recorded using a specific protocol
(see appendix). This protocol followed
the patient notes to the operating room.
The protocol was completed with all the
necessary peri-operative data, such as the
procedure performed, clinical findings,
operation time measured from skin inci-
sion to skin closure, traction time, com-
plications and post-operative diagnosis.
Moreover, a description of cartilage status
was made according to the classification
by Konan et al. (see appendix) [77].
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4.2 PATIENT REPORT-
ED OUTCOME MEA-
SURES (PROMYS)

The following PROMs were used in Stud-
ies I, IT, III, IV and V. The scores were pre-
sented to patients as a web-based online
protocol.

iHOT-12

The international Hip Outcome Tool 12
(iHOT-12), first published in 2012 /52/, is a
shorter version of the iHOT-33 /1007 that
was developed by the Multicentre Ar-
throscopy of the Hip Outcomes Research
Network (MAHORN group) to evaluate
young and active patients with hip dis-
orders. Patients answer each item by
marking a VAS between two anchor state-
ments. Each item gives a score between
O (worst) and 100 (best), whereafter a
total score is calculated as a mean from
all 12 items. The iHOT-33 was developed
for research and may therefore have been
better suited, but the size of the complete
web-based protocol might then influence
patient compliance. The iHOT-12 has been
shown to be valid, reliable and responsive
and to have characteristics that are very
similar to the originally validated 33-item
questionnaire /52]. The iHOT-12 has been
translated and adapted to Swedish by
Jénasson et al. /66].

For the iHOT-12 score, the smallest de-
tectable changes have been found to be
3.6 points at group level and 17 at individ-
ual level f65162]. Moreover, minimally im-
portant changes (MIC) have been shown
to be 9 for the iHOT-12 /66,163].



(For a full version of the score, see appen-
dix.)

HAGOS

The HAGOS, first published in 2011 by
Thorborg et al, was developed to eval-
uate hip and/or groin pain in young or
middle-aged patients. The HAGOS com-
prises 37 items in six subscales; symp-
toms (7 items), pain (10 items), function
of daily living (5 items), function in sports
and recreation (8 items), participation in
physical activities (2 items) and hip- and/
or groin-related quality of life. Each item
is answered on a five-level Likert scale,
which produces a score from O (best) to 4
(worst). The total score for each subscale
is calculated and transformed to a score
ranging from O (worst) to 100 (best). There
is no aggregate score for all six subscales,
as these are independent scores. The HA-
GOS has been translated and adapted to
Swedish by Thomeé et al. /163].

For the HAGOS scores, the smallest de-
tectable changes (SDC) have been found
to be 1.6-3.2 points at group level and 8-16
at individual level, depending on sub-
score [65,162]. Moreover, minimally import-
ant changes (MIC) have been shown to be
9 to 17 points (depending on subscore) for
the HAGOS subscores /66,163].

(For a full version of the score, see appen-
dix.)

HSAS

The HSAS is a validated adaptation of the
Tegner activity level scale /1577 that has
been reworked to better match an active
patient population with regard to hip

function. It is created to measure sports
activity level. The HSAS comprises only
one item where patients have a scale of
nine levels where O represents no com-
petitive or recreational sports and level 8
represents sports at national and interna-
tional elite level. The different sports are
weighted so that some sports, such as golf
and swimming, albeit at elite internation-
al level, qualify as level 6, whereas foot-
ball and athletics at international level
qualify as level 8.

Although not yet published, the HSAS has
been translated, culturally adapted and
validated into Swedish, using the same
procedure as with the iHOT-12 and HA-
GOS scores [66,163].

We are not aware of the SDC and MIC for
the HSAS and we are therefore unable
to comment on the clinical relevance of
these scores.

(For a full version of the score, see appen-
dix.)

EQ-5D

The EQ-5D is a standardised, generic
PROM for use as a measurement of gen-
eral health outcome (Eurogol 1990). It is
applicable to a wide range of treatments
and conditions and delivers a simple pro-
file and index value for health status. It
measures five constructs (mobility, self-
care, usual activities, pain/discomfort
and anxiety/depression) on five levels
(no problems, slight problems, moderate
problems, severe problems and extreme
problems). The score ranges from -0.594
to 1, with 1 representing full health and
values of less than 1 considered worse
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than death. The patient also records his or
her self-rated health on a 20 cm vertical VAS
marked from O to 100, with O equalling the
worst imaginable health and 100 the best
imaginable health. The results from the five
items and the VAS are reported separately.

The EQ-5D was chosen to be part of the FAI
registry, as it is a commonly used and vali-
dated quality-of-life score.

For the EQ-5D, the SDC and MIC have been
reported to be 0.04 and 0.07-0.12 respec-
tively 173170]. For the EQ-VAS, the MIC has
been reported as 4.2-14.8 points /32].

(For a full version of the score, see appen-
dix.)

VAS FOR OVERALL HIP
FUNCTION

This item is a question on how the patients
rate their hip function on a scale from 0-100,
where 100 is the best possible function. This
question is not validated but was chosen due
to its simplicity.

The VAS for overall hip function has not been
validated.

(For a full version of the score, see appendix.)

SATISFACTION

This item is a question about whether
the patient would undergo the operation
again under the same circumstances. The
“satisfaction” item has not been validated.

(For a full version of the score, see appen-
dix.)
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4.3 CLINICAL
EVALUATION

Defining FAI in Studies I, II, III
and IV

FAI is a medical condition that is difficult
to define, as there are no clinical tests that
confirm the condition with 100% sensi-
tivity and specificity. FAI is based on the
theoretical grounds that a bony incongru-
ence in the hip joint leads to a non-phys-
iological abutment between the femur
and the acetabulum, leading to damage to
either cartilage or labrum. The clinical di-
agnosis of FAI is based on patient history,
clinical signs and radiographic evaluation
(see Sections 1.7.3 and 1.7.5 for details). In
addition, there must be no other plausi-
ble diagnosis for the patient in question.
If these parameters point towards the FAI
syndrome in a patient, a clinical diagnosis
is made.

Generally, a diagnosis of FAI is based
on the following diagnostic criteria.

= Positive impingement and FABER sign,
especially if they reproduce the patient's
symptoms.

= Reduced ROM of the hip, especially
in internal rotation in conjunction with
the anterior impingement test or in the
FABER position.

= Radiological signs of FAI, either cam or
pincer. Cam deformity is defined as an al-
pha angle of > 50 degrees on a modified
Dunn’s view on plain radiographs. Pincer
deformity is defined by the cross-over



sign and with other signs of excessive
acetabular version or global acetabular
overcoverage.

« A correlation between the reduced ROM,
findings of the impingement tests and the
radiographic signs.

= A patient history matching FAI (see Sec-
tion 1.7.3)

= Absence of signs of other hip conditions
indicating other primary pathology

Study V

All the athletes were examined in the su-
pine position by the same examiner with
regard to hip impingement tests /16). Deep
pain from the groin/hip area elicited in
the extreme range of motion in internal
rotation with the hip flexed at 90 degrees
and with no adduction was regarded as a
positive test.

This pain was differentiated from other
extra-articular pain sources by means of a
thorough standardised hip examination.

4.4 RADIOLOGICAL
EVALUATION

Study IV

All radiographs were reviewed and clas-
sified according to Ténnis /168 by an in-
dependent radiologist, expert in muscu-
lo-skeletal radiology. Moreover, the joint
space was measured at three locations
pre-operatively and at the one-year fol-
low-up on an anteroposterior (AP) pelvic

radiograph (lateral sourcil, middle sourcil
and above the level of the fovea) /118). If a
THA had been performed, this was regis-
tered.

Study V

At follow-up, a standard pelvic radiograph
with an AP view and a modified Dunn's
view was performed on all the athletes.
In seven athletes, radiographs were ob-
tained on only the affected side, while 25
athletes were examined bilaterally. The
alpha angle was measured using Osirix
software (Pixmeo, Geneva, Switzerland)
on the modified Dunn's view as the angle
between a line drawn through the femoral
neck and the point at which the femoral
head loses its sphericity. An alpha angle
of more than 50 degrees was considered
to indicate a cam lesion /2].
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4.5 SURGICAL
TECHNIQUE

The surgical technique utilised is de-
scribed in brief in Studies I, II, IIT and IV.

The patient is fully sedated or in spinal
analgesia if there are contra-indications
for general anaesthesia.

The patient is placed supine in a hip ar-
throscopy-specific traction table with a
well-padded perineal post.

Figure 27. Setup of hip arthroscopy in the operating theatre. Legs are attached to traction devices. C-arm in place for
fluoroscopy.
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Our preferred technique is to use two por-
tals, an antero-lateral portal and a mid-an-
terior portal. Additional portals can be
added when needed.

Surgery starts with the visualisation of
the central compartment. To achieve this,
traction is applied and the needle is first
inserted in the peripheral compartment.
This facilitates partial distraction of the
central compartment. The needle is then
redirected to the central compartment,
under fluoroscopic control, aiming be-
tween the femoral head and the labrum,
which can often be visualised. Removing
the gauge with the needle in the central
compartment will achieve the correct
distraction of the hip in order to view the
central compartment (Figure 28).

GE-OEC Fluorostar

Figure 28. Fluoroscopic image of the arthroscope
entering the distracted joint. Hip with pistol-grip
deformity.

All accessible parts of the central com-
partment are then carefully visualised,
including the acetabular and femoral
cartilage, the labrum, the chondro-labral
junction, the cotyloid fossa, the ligamen-
tum teres and the transverse ligament. In
addition, for diagnostic reasons, surgical
procedures can be performed in the cen-
tral compartment, i.e. free body removal,
soft tissue removal, cartilage debride-
ment and microfracture. An accessory
portal can be established under visual
control using a needle and guide wire. A
hook for probing the surfaces, a grasping
forceps or a shaver can be introduced
through the additional portal. The central
compartment is viewed using air as the
medium. If work is done centrally, water
is added and outflow is secured through
an additional portal.

Some hips are difficult to distract. Repeat-
ed attempts can achieve distraction and
it is important first to distract the oppo-
site leg to prevent the pelvis from tilting.
However, the technique used in this the-
sis does not rely on distraction in order to
perform pincer resection or labral work.
This is done with the hip non-distracted,
which is beneficial to the patient, as dis-
traction is related to an increased risk of
complications /160,46,115].

After the completion of diagnostics and
central compartment work, the needle
is re-inserted in the peripheral compart-
ment through the anterolateral portal
under fluoroscopic control. The point in
the capsule where the needle enters the
peripheral compartment is carefully se-
lected in order to obtain ligament-sparing
access. The arthroscope is then inserted
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into the peripheral compartment over a
guide wire. The needle is then re-insert-
ed through the mid-anterior portal under
visual control. Again, the entry point in
the capsule is carefully selected, as its
location determines the starting point of
the capsulotomy. A soft-tissue shaver is
introduced over a guide wire and a small
incision is made in the capsule, 1-2 cm be-
low the labrum. The instruments are then
switched using guide wires so that the
scope is now positioned in the mid-ante-
rior portal and the shaver in the anterolat-
eral portal. A capsulotomy is then made
connecting the two entry points in the
capsule using the shaver. The goal is to
achieve a longitudinal cleavage placed in
the direction of the fibres of the capsular
ligaments. The capsulotomy is extended
caudally/laterally to the zona orbicularis.
This creates a 2-3 cm cleavage in the cap-
sule through which most of the femoral
neck can be accessed. The accessible area
of the femoral neck can be further in-
creased by rotating the leg.

We place the capsulotomy in the “rotator
interval of the hip”, which lies between
the ileofemoral and the pubofemoral lig-
aments. The reason is that we believe that
the ligaments of the hip capsule, mainly
the ileofemoral, pubofemoral and the is-
chiofemoral ligaments, perform import-
ant functions, the functions and impact
of which are still largely unknown. In-
creased interest has recently been shown
in the concept of hip instability and the
importance of the capsule. Transverse
cuts in the capsule could therefore jeop-
ardise its function. Many surgeons recom-
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mend repairing the capsule at the end of
the procedure. We believe that, by mini-
mising the damage to the ligaments and
capsule, the risk of an iatrogenic increase
in laxity of the hip can be reduced /135,93].

A diagnostic evaluation of the peripher-
al compartment is then made, including
the labrum, the synovium, the lateral and
medial synovial folds and the perilabral
sulcus. If psoas pathology is suspected, a
small incision can be made in the capsule
directly underneath the psoas through
which the tendon or tendons can be ac-
cessed.

Figure 29. Arthroscopic image of the external hip
compartment. Transversely the labrum is seen, with the
capsule above. Below the labrum is the femoral head.
The joint is not distracted.

In the case of pincer impingement, the ac-
etabular edge can be accessed for burring
with the burr in the mid-anterior portal.
Acetabuloplasty can usually be achieved
using an “over-the-top” technique with
the labrum in situ as long as the chon-
drolabral junction is intact. In the case
of large pincer deformities, such as coxa
profunda, the labrum can be detached



initially with a banana knife or else it de-
taches itself during resection. Following
the resection of a localised pincer, the
labrum is checked for stability with a
probing hook. If the labrum is unstable, it
can be re-attached to the edge of the ac-
etabulum using anchors. The sutures are
placed between the acetabular edge and
around or through the labrum. A cannu-
la is introduced through the mid-anterior
portal to facilitate anchor placement and
knot tying. If the labrum is perceived to

be stable, no sutures are needed.

Figure 30. Suture of the labrum with 3 sutures.
Photo: F Ayeni

Any femoral deformity can then be ad-
dressed. Since the exact area of impinge-
ment can be difficult to establish, we aim
to resect any deformity that could lead to
impingement. We aim at achieving a low
alpha angle without over-resection. In or-

der to achieve this, our resection usually
spans from far posterior, usually behind
the lateral retinacular vessels, to far me-
dial, close to the medial retinacular fold.
The resection is performed under repeat-
ed fluoroscopic control. The extent of the
resection in the proximal/caudal direc-
tion is therefore determined by the flu-
oroscopic image. We also believe in cor-
recting eventual pistol-grip deformities,
which necessitates resection far posteri-
or. This puts the lateral retinacular ves-
sels at risk of damage. We have developed
a technique to resect the bone directly
in front of, behind and proximal to the
lateral retinacular fold. An intra-surgical
dynamic assessment of impingement can

also be made to assess the result.

Figure 31 a. Pre-operative images of large cam defor-
mity

Figure 31 b. Post-operative image after large cam re-
section in (a)
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Figure 32 a. Pincer seen by a crossover sign
preoperatively.

Figure 32 b. postoperative image after resection of
pincer deformity in figure 32 a above. Note that as this
is only a left hip AP radiograph, some of the disappear-
ance of the crossover sign could be due to different
pelvic rotation.
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Post-operatively, patients were allowed
free ROM and full weight-bearing during
the early rehabilitation phase. Crutch-
es were recommended for outdoor and
longer ambulation for one month. Phys-
iotherapy was started directly post-oper-
atively, with a protocol of rehabilitation
exercises for ROM, strength, endurance,
balance and co-ordination. The intensity
of the protocol was gradually increased,
as tolerated by the patient, and carefully
monitored by the physiotherapist. Pa-
tients were prescribed non-steroidal an-
ti-inflammatory (NSAID) medication for
one month post-operatively in order to
minimise the risk of heterotopic ossifica-
tion. Antibiotic prophylaxis was not rou-
tinely used.

We advocate “a-la-carte” arthroscopic hip
surgery, i.e. individualised patient care.
This calls for high diagnostic accuracy.
The identification of the cause of pain is
demanding and calls for a careful evalu-
ation of patient history, clinical findings,
radiology and intra-surgical findings
[144,166]. Although it is not possible to en-
sure the diagnosis of FAI, by performing
a thorough and meticulous diagnostic
process, a probable diagnosis can be es-
tablished in all patients.
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05. STATISTICAL
METHODS

Study I

Statistical analysis was performed using
the Statistical Package for the Social Sci-
ences (SPSS) (version 20, 2010 SPSS Inc.,
Chicago, Illinois, USA). Descriptive statis-
tics were used for patient demographics
and scores. Descriptive data are reported
as the mean, median, SD and range. The
data were not found to be normally dis-
tributed and non-parametric statistical
testing was therefore employed. The Wil-
coxon signed rank test was used to com-
pare the current HSAS level with the level
perceived before symptom onset. The
level of significance was set at p < 0.05.

Study II

Statistical analysis was performed us-
ing the Statistical Package for the Social
Sciences (SPSS) (version 20, 2010 SPSS
Inc., Chicago, Illinois, USA). Descriptive
statistics were used for patient demo-
graphics. Descriptive data were reported
as the mean, median, SD and range. The
Wilcoxon signed rank test was used to
compare all PROM values used pre-oper-
atively with those obtained at follow-up.
The data were not normally distributed
and non-parametric statistical testing was
therefore employed. We chose two sub-
scores, the HAGOS-Quality of Life (QoL)

subscore and the iHOT-12, to correlate to
age, cartilage status and symptom dura-
tion.

Age and symptom duration were correlat-
ed to the iHOT-12 and HAGOS-QoL using
Spearman’s rank correlation test. Carti-
lage status was correlated to the iHOT-12
and HAGOS-QoL using analysis of vari-
ance (ANOVA). The level of significance
was set at p < 0.05.

Study III

Statistical analysis was performed using
the Statistical Package for the Social Sci-
ences (SPSS, version 20; IBM Corp). De-
scriptive statistics were used for patient
demographics. Descriptive data were
reported as the mean, median, SD and
range. The Wilcoxon signed rank test was
used to compare all PROM values used
pre-operatively with those obtained at
follow-up. The data were not normally
distributed and non-parametric statistical
testing was therefore employed. The level
of significance was set at p < 0.05.
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Study IV

The sample size calculations with an
a-value of 0.05, 75 subjects, 10 points as
a clinically relevant difference on the
iHOT12 score (based on data from a previ-
ous study) and a standard deviation (SD)
of difference in the response of matched
pairs of 21 points give a power of > 90%
[66]. Statistical analysis was performed us-
ing the Statistical Package for the Social
Sciences (SPSS) (version 20, 2010 SPSS
Inc., Chicago, Illinois, USA). Descriptive
statistics were used for patient demo-
graphics. The data were not normally
distributed and non-parametric statis-
tical testing was therefore employed.
Wilcoxon's signed rank test was used to
evaluate differences between PROM val-
ues used pre-operatively with those ob-
tained at follow-up. Differences between
patients with a progression of Tonnis
grade and those without a progression
were evaluated with the Mann-Whitney
U-test. Differences between patients with
1-2 mm of any joint space and those with
three mm or more were evaluated with
the Mann-Whitney U-test. Differences in
terms of medial, central and lateral joint
space from pre-operative to post-opera-
tive radiographs were evaluated with the
Mann-Whitney U-test. The level of statis-
tical significance was set at p < 0.05.

Study V

Statistical analysis was performed using
the Statistical Package for the Social Sci-
ences (SPSS) (version 20, 2010 SPSS Inc.,
Chicago, Tllinois, USA). Descriptive statis-
tics were used for patient demographics,
subjective scores and objective results.
Descriptive data are reported as the mean,
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median, SD and range. The data were not
considered to be normally distributed
and non-parametric statistical testing was
therefore employed. The Mann-Whitney
U- test was used for continuous variables
to compare different groups. For dichoto-
mous variables, the chi-square test (Fish-
er's exact test) was used for comparisons
between groups. The level of significance
was set at p < 0.05.

Study VI

No statistical methods were applied.

Study VII

No statistical methods were applied.

ETHICS

Ethical approval for the studies was grant-
ed by the regional ethical review board in
Gothenburg, Sweden (registration num-
bers 071-12 and 472-10).



81



MIKAEL SANSONE




06. SUMMARY
OF PAPERS

Study I

A SWEDISH HIP ARTHROSCOPY REGISTRY:
DEMOGRAPHICS AND DEVELOPMENT

INTRODUCTION

Hip arthroscopy is a rapidly expanding
field in orthopaedics. Indications and sur-
gical procedures are increasing. Although
several studies report favourable clinical
outcomes, further scientific evidence is
needed for every aspect of this area. Ac-
cordingly, a registry for hip arthroscopy
was developed. The purpose of this study
is to describe the development of the reg-
istry and present its baseline data.

METHODS

A Scandinavian expert group agreed to
use a set of functional outcome scores
for the evaluation of hip arthroscopy pa-
tients. They were the international Hip
Outcome Tool-12 (iHOT-12), hip and groin
outcome score, EQ-5D, hip specific activi-
ty level scale (HSAS) and visual analogue
scale (VAS) for overall hip function. These
scores have been validated and culturally
adapted to Swedish. A database was creat-
ed for web-based, self-administered ques-
tionnaires and all patients completed the
PROMs mentioned above. Peri-operative
data were also collected. Cartilage injury

was recorded and assessed according to
the classification of Konan et al. /77].

RESULTS

The process leading to the registry is re-
ported. Baseline data from the first 606
patients collected during a 14-month pe-
riod are presented. The preferred surgical
technique is presented. The mean opera-
tion time was 69 (SD 14) minutes. In 333
procedures, mixed cam and pincer pa-
thology were addressed, compared with
223 procedures with the treatment of iso-
lated cam pathology. Outpatient surgery
was performed in all patients.

The pre-operative compliance with the
web-based questionnaire was 88%.

The most common type of chondral dam-
age was type 2a, constituting a cleavage
tear at the chondrolabral junction (35.8%),
and type 3a damage, representing type
2 damage with additional delamination
of the cartilage (22.2%). In the 324 hips
where the acetabular cartilage was classi-
fied, a total of 23.8% of the hips had bare
bone in the acetabulum, corresponding to
type 4 damage.
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Table 4. Distribution by type Table 5. Patient demographics
of acetabular cartilage damage

of Konan et al. (see appendix)

Total number of patients 606

Operated side R/L/BILATERAL (%) 38/31/30

CARTILAGE DAMAGE NUMBER
CLASSIFICATION Male/female (%) 67/33
(KONAN ET AL.) .
Symptom duration
(1] 1(0.3%)
Median/range 2/01-25
la 31(9.6%)
Mean (SD) (years, 3944
1b 4(1.2%) Gl E5
Percentage day surgery (%, 100
1c 3(0.9%) ge day surgery (%)
Age - mean (SD) (years, 36.6 (13.1
2a 116 (35.8%) & PR 150
Operation time - mean (SD) 69.2 (14.2)
2b N/A (3) ;
(minutes)
2 N/A® Traction time - mean (SD) (minutes) 99(82)
0,
tH e Joint could not be distracted (%) 81
3b 17 (5.2%)
3c 3(0.9%)
4a 42 (13%) Table 6. Pre-operative mean
b 22(6.8%) result for the various PROMs
4c 13 (4%)
1 29 009 OUTCOME SCORE PRE-OPERATIVE
Tota 4(100%) VALUE MEAN (SD)
iHOT-12 39(18)
N/A: Not applicable
EQ-5D 0.54 (0.30)
EQ-VAS 65 (20)
HAGOS - pain 54.(19)
HAGOS - symptoms 50 (24)
HAGOS - daily activity 57(24)
HAGOS - sports 37(22)
HAGOS - physical activity 26 (26)
HAGOS - quality of life 30 (18)
VAS - overall bip function 48 (21)
HSAS
Pre-operatively vs before 31(24)vs5.7(20)
symtom debut
(mean (SD))
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CONCLUSION

It is possible to create a local registry for
evaluating hip arthroscopy with limited
resources. Patients undergoing hip ar-
throscopy report significant problems
with pain, reduced function, reduced ac-
tivity level and quality of life.

Study II

OUTCOME AFTER HIP ARTHROSCOPY
FOR FEMORO-ACETABULAR IMPINGE-
MENT IN 289 PATIENTS WITH MINIMUM
TWO-YEAR FOLLOW-UP

INTRODUCTION

Femoro-acetabular impingement (FAI)
is a common cause of hip pain and dys-
function. Arthroscopic treatment is an es-
tablished treatment method for patients
with symptoms of FAL

Several case series have reported good
results for the arthroscopic treatment of
FAI; however, older PROMs, often not val-
id for this patient category, have frequent-
ly been used.

The purpose of the present study was
to report outcome in a large cohort two
years after the arthroscopic treatment of
FAI using validated outcome measures
adapted for this specific patient category.

METHODS

Two hundred and eighty-nine patients
(males=190, females=99, total hips=359)
who underwent arthroscopic surgery for
FAI were included prospectively and fol-
lowed prospectively for two years.

The inclusion criterion was arthroscopic
surgery for suspected FAIL. The number
of eligible patients was 394, of which 22
were excluded due to prior hip surgery
and 83 did not complete the follow-up.

The indication for surgery was an estab-
lished diagnosis of FAI and failed non-sur-
gical treatment. Contra-indications in-
cluded advanced osteoarthritis (OA),
with joint space below 2 mm, and severe
dysplasia. The diagnosis of FAI was made
from patient history, physical examina-
tion and radiological findings consis-
tent with FAI of cam type, pincer type
or mixed. Per-operative data were regis-
tered at the time of surgery. A description
of cartilage status was made according
to the classification by Konan et al. The
number of re-operations, including to-
tal hip arthroplasty (THA), was assessed
from patient journals and documented.

All the athletes completed self-admin-
istered web-based patient-reported out-
comes (PROMs), including the Interna-
tional Hip Outcome Tool (iHOT-12), the
Copenhagen Hip and Groin Outcome
Score (HAGOS, six subscales), the Hip
Sports Activity Scale (HSAS), a VAS for
overall hip function and a standardised
instrument (EQ-5D, two subscales) for
use as a measurement of health out-
come. Furthermore, the patients reported
whether or not they were satisfied with
the surgery.

RESULTS

The mean age was 37 years (SD 13). The av-
erage time to follow-up was 25 months (SD
2). The average time of symptom duration
prior to surgery was 3.8 years (SD 4.2).
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Of the included procedures, 149 were iso-
lated cam resections, 201 were cam and
pincer combined procedures and nine
were isolated pincer resections. The la-
brum was re-attached in 26 hips and a mi-
crofracture was performed in 19 hips.

A comparison of pre-operative scores
compared with those obtained at the
two-year follow-up revealed statistically
and clinically significant improvements
(p<0.05) for all measured outcomes;
iHOT-12 (43 vs 66), VAS for global hip
function (50 vs 71), HSAS (2.9 vs 3.6),
EQ5D index (0.58 vs 0.75), EQ VAS (67 vs
75) and HAGOS different subscales (56 vs
76, 51 vs 69, 60 vs 78, 40 vs 65, 29 vs 57,
33 vs 58. Patient satisfaction with surgery
was 82%.

Seventeen re-operations (5%) were per-
formed. At follow-up, fourteen patients
(4%) had received a THA.

There were reports of chondral damage
in 202 of 359 hips (56%). The most com-
mon type of cartilage damage was type 2
(34%), followed by type 3a (20%). Twen-
ty-four (12%) hips had bare bone in the
acetabulum.

Symptom duration correlated signifi-
cantly and negatively with the iHOT-12
and HAGOS-QoL, (r = -0.189 and -0.209,
p=0.012 and 0.004 respectively).
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Table 7. Patient demographics
and per-operative data

Total number of patients 289
Total number of hips 359
Operated side R/L/bilateral (%) 42/32/26
Male/female (%) 66/34

Symptom duration

Median/range/IQR (months) 24/2-252/12-60

Percentage day surgery (%) 100
Age - mean (SD) 37(13)
Operation time - mean (SD) 73 (17)
(minutes)

Traction time - mean (SD) 10 (7)
(minutes)

Joint could not be distracted (%) 10%



Table 8. Mean and standard deviation (SD) for the outcome scores
for the entire group (n=85) pre-operatively and at the 12-month

follow-up

OUTCOME

iHOT-12
Mean (SD)

EQ-5D
Mean (SD)

EQ-VAS
Mean (SD)

HAGOS - pain
Mean (SD)

HAGOS - symptoms
Mean (SD)

HAGOS - daily activity
Mean (SD)

HAGOS - sports
Mean (SD)

HAGOS - physical activity
Mean (SD)

HAGOS - quality of life
Mean (SD)

VAS - overall bip function
Mean (SD)

HSAS
Mean (SD)

Satisfied with surgery
n (%)

£ 2
PRE 24 CHANGE P-VALUE

(A)

OPERATIVE MONTHS

43(17) 66 (27) 23 <0.05
0.58 (28) 0.75 (26) 0.17 <0.05
67(20) 75(20) 0.08 <0.05
56 (18) 76 (21) 20 <0.05
51(19) 69 (22) 18 <0.05
60 (22) 78 (22) 18 <0.05
40 (20) 65(29) 25 <0.05
29 (26) 57(34) 28 <0.05
33(18) 58(29) 25 <0.05
50 (20) 71 (23) 21 <0.05
29(22) 3621) 0.7 <0.05
NA 82% NA NA
CONCLUSION

Two years after surgery, arthroscopic treat-
ment for FAT resulted in statistically signif-
icant and clinically relevant improvements
in all outcomes for pain, symptoms, func-
tion, physical activity level and quality of
life in the majority of patients.
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Study III

GOOD RESULTS AFTER HIP ARTHROS-
COPY FOR FEMORO-ACETABULAR IM-
PINGEMENT IN TOP-LEVEL ATHLETES

INTRODUCTION

Femoro-acetabular impingement (FAI)
is a common cause of hip pain and dys-
function among athletes. Although ar-
throscopic surgery is an established
treatment option for FAI, there are few
studies reporting detailed outcome using
validated outcome measures specifically
designed for young and active athletes.
The purpose of this study was to report
outcome one year after the arthroscopic
treatment of FAI in top-level athletes us-
ing validated outcome measures adapted
for a young and active population.

METHODS

Eighty-five top-level athletes (males=68,
females=17) with a mean age of 25 years
(SD 5) underwent arthroscopic surgery
for FAIL. All athletes who reported Hip
Sports Activity Scale (HSAS) levels 7 or 8
(0-8) and were under the age of 40 prior
to symptom onset were included.

Indications for surgery were an estab-
lished diagnosis of FAI and failed non-sur-
gical treatment. Per-operative data were
registered at the time of surgery. A de-
scription of cartilage status was made
according to the classification by Konan
etal.

All the athletes completed self-adminis-
tered web-based health-related patient-re-
ported outcomes (PROMs), including the
iHOT-12, the HAGOS (six subscales), the
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HSAS, a VAS for overall hip function and
the EQ-5D (two subscales) for use as a
measurement of health outcome. More-
over, the athletes reported whether or not
they were satisfied with the surgery. All
the scores have previously been validat-
ed and culturally adapted to Swedish. The
questionnaires were completed pre-oper-
atively and 12 months post-operatively.

RESULTS

Of the included procedures, 54 were iso-
lated cam resections and 49 were com-
bined cam and pincer procedures. The av-
erage time to follow-up was 12.3 months
(SD 0.6). The reported average time of
symptom duration prior to surgery was
2.8 years (SD 3.4). The most common
sporting activity was football, followed by
ice-hockey.

A comparison of pre-operative scores
compared with those obtained at the
12-month follow-up revealed statisti-
cally significant and clinically relevant
improvements (p<0.0001) for all mea-
sured outcomes; iIHOT-12 (42 vs 73), VAS
for global hip function (52 vs 77), HSAS
(4.3 vs 5.7), EQ-5D index (0.60 vs 0.83),
EQ-VAS (68 vs 82), HAGOS different sub-
scales (60 vs 83, 50 vs 73, 66 vs 86, 39 vs
75, 27 vs 70, 34 vs 67) (Table 10). Figure
X shows the change in the iHOT-12 from
pre-operatively to post-operatively at in-
dividual level. Patient satisfaction with
surgery was 93%.

The mean HSAS level improved from 4.3
(SD 2.5) pre-operatively to 5.7 (SD 2.2) at
the 12-month follow-up. At follow-up, 62
athletes (73%) had returned to competi-
tive sports (HSAS levels 5-8) and 44 (52%)



to their previous HSAS level of activity
(HSAS level 7 or 8). Twenty-three ath-
letes (27%) did not return to competitive

sports (HSAS level 4). Significantly lower

levels of return to sports were seen with

longer symptom duration (p<0.05).

There were reports of chondral damage in

71 of 115 hips (62%).

Table 9. Patient demographics

and per-operative data

DEMOGRAPHICS TOTAL

Total number of patients

Total number of hips

Operated side R/L/bilateral (%)
Male/female (%)

Symptom duration
Median/range/IQR (months)

Percentage day surgery (%)
Age - mean (SD)

Operation time - mean (SD)
(minutes)

Traction time - mean (SD)
(minutes)

Joint could not be distracted (%)

85
115
33/30/37%

82%/18%

24/238/32.5

100%

25(5)

74 (15)

9(8)
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Table 10. Mean and standard deviation (SD) for the outcome scores
for the entire group (n=85) pre-operatively and at the 12-month
follow-up

PRE-OPERATIVE 12 MONTHS CHANGE p-VALUE

OUTCOME
(A)

iHOT-12

42(1 73 (24 31 10001
Mean (SD) 18 (24) <0.000
EQ-5D
60 (0.27, 183 (0.1 .23 0001
iy 060 (0.27) 0.83(0.19) o <0.000
EQ-VAS
68 (19 2 (15 14 10001
Mean (5D) 8(19) 82(15) <0.000
HAGOS - pain
60 (1 3 (17, 23 0001
Mean (SD) 018) 83(17) <0.000
HAGOS - symptoms
50 (20, 73 (19 23 0.0001
Mean (SD) 0) ) :
[— L
GOS - daily activity 66 (22) 86 (17) 20 <0.0001
Mean (SD)
HAGOS - sports
Mean (SD) 39 (21) 75 (23) 36 <0.0001
HAGOS - ical activi
GOS - physical activity 27(28) 70 (30) 13 <0.0001
Mean (SD)
HAGOS - quality of li
GOS - quality of life 34 (21) 67 (26) 33 <0.0001
Mean (SD)
VAS - overall bip function
5221 77 (21 25 0.0001
Mean (SD) @D @D :
HSAS
4325 5722 14 0.0001
Mean (SD) @5 @2 )
Satisfied with
atisfied with surgery NA 79 (93%) NA NA
n (%)
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Figure 33. Change per individual on the International Hip Outcome Tool-short version (iHOT-12) between preopera-

tive and 12-month follow-up.

CONCLUSION

Twelve months after surgery, arthroscop-
ic treatment for FAI in top-level athletes
resulted in statistically significant and
clinically relevant improvements at group
level in all outcome parameters for pain,
symptoms, function, physical activity
level, quality of life and general health.
One year after surgery, approximately
three out of four top-level athletes had re-
turned to sports.

Study IV

OUTCOME OF HIP ARTHROSCOPY IN PA-
TIENTS WITH MILD TO MODERATE OS-
TEOARTHRITIS - A PROSPECTIVE STUDY

INTRODUCTION

Osteoarthritis (OA) of the hip is a common

cause of hip pain. The arthroscopic man-
agement of patients with femoro-acetab-
ular impingement (FAI) has been reported
to yield good outcomes. Femoro-acetabu-
lar impingement (FAI) has been regarded
as a causal factor in the development of
hip osteoarthritis (OA). Only a few studies
have specifically evaluated patients with
FAI and OA. The purpose of this study
was to report on outcome following the
arthroscopic treatment of patients with
FAI in the presence of mild to moderate
OA.

METHODS

Seventy-five patients (80 hips, males,
n=59, females, n=16) undergoing ar-
throscopic surgery for FAI, all with
pre-operative radiological signs of mild to
moderate OA, were prospectively includ-
ed in this study.
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A two-year follow-up, using web-based
patient-reported outcome measures,
including the iHOT-12, HAGOS, EQ-5D,
HSAS for physical activity level, satisfac-
tion with surgery and a VAS for overall hip
function, was performed. A radiographic
evaluation using Ténnis grade, alpha an-
gle and measurements of joint space was
performed by an independent radiologist
one year post-operatively.

The inclusion criterion was FAI with con-
comitant signs of OA, defined as Ténnis
grade 1 or 2. The exclusion criteria were
re-operation (n=10), non-FAI cases (n=2)
and diabetes (n=1). All procedures were
performed in an out-patient setting.

Indications for surgery were a clinical and
radiological diagnosis of FAI and failed
non-surgical treatment. Per-operative
data were registered at the time of sur-
gery. The number of re-operations and

post-operative THA were recorded.

RESULTS

The patients’ mean age was 47 years (SD 10).
The first follow-up was made at an average of
12.8 months (SD 1.7), including radiographs,
where all 71 available patients responded
(four had undergone THA). The second fol-
low-up was made at an average of 26 months
(SD 5), where 68 patients responded (97%)
and, at this time point, a total of five patients
had undergone THA. The mean symptom du-
ration prior to surgery was 5.8 years (SD 5.7).

Of the included procedures, 28 were isolated
cam resections and 57 were combined cam
and pincer resections. The labrum was su-
tured in six hips and a microfracture was per-
formed in four hips.
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A comparison of pre-operative scores
compared with those obtained at the
24-month follow-up revealed improve-
ments (p<0.0001) for all measured out-
comes; the iHOT-12 (42 vs 65), VAS for
global hip function (48 vs 68), HSAS (2.5
vs 3), EQ5D index (0.62 vs 0.76), EQ VAS
(69 vs 75) and different HAGOS subscales
(54 vs 72,47 vs 67,56 vs 75,40 vs 61, 33 vs
56, 31 vs 55) (Table 13). Patient satisfaction
with surgery was 82%.

Ten re-operations (13%), of which one
was a fascia lata release, were performed
during follow-up. The mean alpha angle
pre-operatively was 74 degrees (SD 12), as
compared with 46 (SD 9) degrees post-op-
eratively (p<0.05).

At follow-up, the PROMs did not differ sig-
nificantly in patients with any joint space
of 1-2 mm compared with those with any
joint space of 3+ mm.

At follow-up, when comparing medial,
central and lateral joint space, only the
lateral space decreased to a statistically
significant degree (p<0.05) from a mean
of 3.6 mm (SD 1.2, median 4, range 1-6)
to 3.2 mm (SD 1.3, median 4, range 0-6).
There were no significant differences in
PROM results in terms of Ténnis grade
progression vs no progression (n=10, 13%
vs n=75, 87%).



Table 11. Patient demographics
and per-operative data

Total number of patients 75
Total number of hips 80
Operated side R/L/bilateral (%) 40/53/7
Male/female (%) 77/23
Symptom duration 48/6-
Median/range/IQR (months) 252/78
Percentage day surgery (%) 100
Age - mean (SD) (vears) 47 (10)

Operation time - mean (SD) (minutes) 77 (18)

Traction time - mean (SD) (minutes) 11(8)
Joint could not be distracted (%) 13

Table 12. Radiographic
evaluation

MEASUREMENT

Alpha angle (degrees) (SD ‘ ;;69 )
12)

CE angle (SD) degrees 32(7) NA
Ténnis grade 1 (no) 48 41
Ténnis grade 2 (no) 31 34
Toénnis grade 3 (no) 0 1
Tonnis progression grade 1 to 2 NA 7
Ténnis progression grade 2 to 3 NA 2
Ténnis progression grade 1 to 3 NA 1
Any joint space of I (mm) 3 10
Any joint space of 2 (mm) 17 14
Any joint space of 3+ (mm) 57 52
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Table 13. Mean and standard deviation (SD) for the outcome scores
for the entire group pre-operatively and at the 12/24-month

follow-up

PRE-
OPERATIVE
(N=75)

12

OUTCOME

(N=71)

;vlfeg: -(ISZD) 42(18) 61(25)
Zf;i’?w) 062(25) 77(15)
Z‘ZZA(?D ) 69 (15) 76 (17)
ﬁ‘:z,oé]})p"i" 54 (19) 72(18)
Z‘:Zoéws ymptoms 47(19) 66(17)
ﬁ::zzl)(.;-) )daily activity 55 7519
Z‘:ﬁ?&fporm 40 (21) 58(26)
ZI:;IO(.;-) )physical activity 5] 52030
Z,:io(;»q et ortie 31(16) 54(25)
A‘:;:;}- Zglll)e)rall hip function A 6722)
ﬁiff (sD) 25(22) 31(18)
fla(l;s)fied with surgery A 85.%)
Undergone THA NA 4(5%)
CONCLUSION

Arthroscopic treatment for FAI in pa-
tients with concomitant mild to moder-
ate OA resulted in statistically significant
and clinically relevant improvements in
all outcomes for pain, symptoms, func-
tion, physical activity level and quality of
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MONTHS

CHANGE
(A)

24
MONTHS
(N=68)

CHANGE  P-VALUE
(A)

19 65(27) 23 <0.0001
013 0.76 (23) 0.14 <0.0001
7 75(20) 6 <0.001
18 72(22) 18 <0.0001

19 67(23) 20 <0.0001
19 75(23) 19 <0.0001
18 61(30) 21 <0.0001
19 56 (33) 23 <0.0001
23 55(28) 24 <0.0001
19 68 (25) 20 <0.0001
0.6 3(16) 0.5 <0.005
NA 82% NA NA
NA 5(7%) NA NA

life. Five of 75 (7%) patients had under-
gone or were planned for a THA at the
two-year follow-up. A longer follow-up is
needed for this cohort due to the nature
of OA.



Study V

CAN HIP IMPINGEMENT BE MISTAKEN
FOR TENDON PAIN IN THE GROIN? A
LONG-TERM FOLLOW-UP OF TENOTO-
MY FOR GROIN PAIN IN ATHLETES

INTRODUCTION

Chronic tendon pain in the adductor lon-
gus and rectus abdominis, with pain and
impaired function, is common among
athletes. Tenotomy on one or both of
these tendons has commonly been per-
formed and has been considered to be a
valid treatment option. In recent years,
the focus has turned towards femoro-ac-
etabular impingement (FAI) as a common
cause of groin pain in athletes. The pur-
pose of this study was to evaluate the
long-term outcome in athletes who un-
derwent tenotomy due to long-standing
groin pain. A secondary purpose was to
evaluate the frequency of femoro-acetab-
ular impingement (FAI) and its impact on
the long-term outcome.

METHODS

Between 1998 and 2010, 46 high-level
male athletes with chronic groin pain un-
derwent tenotomy of either the adductor
longus and/or rectus abdominis following
the failure of conservative treatment. The
indications for surgery were long-stand-
ing groin pain and the inability to partic-
ipate in sport because of pain over the
adductor origin and/or the pubic attach-
ment of the rectus abdominis.

The median age at follow-up was 30 years
(range 21-56) and the median time from
surgery to follow-up was six years (range
1-25).

Thirty-two of the 46 patients were avail-
able for follow-up. All the athletes were
examined with regard to the hip impinge-
ment tests. At follow-up, a standard pelvic
radiograph with an AP view and a mod-
ified Dunn's view was performed on all
the athletes in order to measure the alpha
angle.

All the athletes completed self-admin-
istered web-based patient-reported out-
comes (PROMs), including the iHOTI2,
the HAGOS, the HSAS, a VAS for overall
hip function, the EQ5D, patient satisfac-
tion and return to pre-injury sport.

RESULTS

Of 32 athletes, 24 were satisfied with the
functional outcome. Twenty-three ath-
letes were able to return to their pre-inju-
Iy sport.

Of the 24 athletes who were satisfied with
the functional result, eight had positive
impingement tests (33%) and 22 athletes
were able to return to their pre-injury
sports activity.

Of the eight athletes who were not sat-
isfied with the functional outcome, five
had positive impingement tests and only
one returned to his/her pre-injury sports
activity level. Three had undergone hip
arthroscopy with resection of a cam le-
sion.

In the entire group, 15 athletes had posi-
tive impingement tests. Fourteen of them
had an alpha angle of more than 50 de-
grees (93%). The group with positive im-
pingement tests obtained significantly
lower results in five of the 11 measured
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scores (p=0.019 - 0.04). The non-satisfied
group had a positive impingement test
significantly more frequently compared
with the satisfied group (p=0.008).

The mean alpha angle for the entire group
was 63.3 degrees (SD 11.9). There were no
significant differences in the alpha angle
between the satisfied and the non-satis-
fied groups.



Table 14 - Mean and standard deviation (SD) for the outcome
scores for the entire group (n=32) relating to athletes with a nega-
tive hip impingement test at follow-up (n=27) and athletes with a
positive hip impingement test at follow-up (n=15)

Frequency (n) and per cent (%) are shown for athletes who were satisfied with surgery

and athletes who returned to sport after surgery.

TOTAL NEGATIVE HIP POSITIVE HIP

OUTCOME (,]\}: ;,)) IMPINGEMENT IMPINGEMENT P-VALUE
>4 TEST (N=17) TEST (N=15)

iHOT12
Mean (SD) 81(20.7) 84.9 (15.9) 772 (25.1) ns
EQ-5D
Mean (SD) 86 (15.1) 86.9 (10.5) 85.6 (19.8) ns
EQ-VAS
Mean (SD) 83 (15.0) 85(12) 81(18) ns
HAGOS - pain
Mean (SD) 86 (15.9) 91.9 (10.5) 79.5(18.7) 0.03
HAGOS - symptoms
Mean (SD) 80 (17.9) 86.1(12.2) 72.3(20.8) 0.04
HAGOS - daily activity
Mean (SD) 88(15.2) 93.2(9.8) 83(18.5) 0.06
HAGOS - sports
Mean (SD) 78 (22.5) 85.1(17.6) 69.7 (25.3) 0.04
pCOSpbysicalactyly 67(31.2) 766 (31.1) 56.7(28.7) 003
Mean (SD)
HAGOS - quality of life
Mean (SD) 73(24.8) 83.1(20.0) 62.3(25.6) 0.02
VAS - overall bip function
Mean (SD) 82 (15.0) 84.2(10.5) 80 (19.1) ns
HSAS
Mean (SD) 4.6(2.3) 4.8(27) 4.5(19) ns
Satisfied with surgery 24 (75%) 16*(94%) 8 (53%) NA
n(%)
Not satisfied with surgery 8(25%) 0* (0%) 8*(100%) NA
n (%)
ﬁe(f,:)'" tosports 23 (72%) 15(88%) 8(53%) ns

* Significant difference between satisfied and non-satisfied groups, p=0.01
NA: Not applicable

CONCLUSION jury sport. The athletes that did not return to
Tenotomy for pubalgia yielded a satisfacto- their pre-injury sport had a higher frequency

ry long-term outcome, with three out of four of positive hip impingement tests.

athletes being able to return to their pre-in- EE————————
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Study VI

TOTAL DISLOCATION OF THE HIP
JOINT AFTER ARTHROSCOPY AND
ILEOPSOAS TENOTOMY

INTRODUCTION

The hip is a highly stable joint. Non-trau-
matic dislocation of the hip is extremely
uncommon. In this article, we report on
two cases of non-traumatic hip disloca-
tions following hip arthroscopy. In both
patients, capsulotomy and ileopsoas te-
notomy had been performed. These cases
raise questions about the importance of
the natural stabilisers of the hip.

CASE REPORT

This article reports on two similar cases,
both operated on at institutions other
than ours.

Both patients were 26 years old, one male
and one female. They suffered from uni-
lateral hip pain, which was diagnosed as
cam impingement. There was no record
of hyperlaxity of the joint and the CE an-
gle was 38 and 37 degrees.

In both patients, cam resection and ile-
opsoas tenotomy (at the level of the hip
joint) were performed. No acetabular rim
resection was performed in either case. A
large capsulotomy was reported in one of
the cases. No excessive traction time was
reported.

In both cases, approximately three
months post-operatively, the operated
hips dislocated. No excessive trauma was
involved in the dislocations. One patient
turned and ran and the other threw a
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javelin, both externally rotating the hip,
which appears to have precipitated the
dislocations.

In both cases, reduction under general an-
aesthesia was successful and no further
dislocations have been recorded.

CONCLUSION

Hip dislocation is a potential complica-
tion after hip arthroscopy and psoas te-
notomy. These two cases highlight the
importance of careful patient selection
and the fact that meticulous handling
of soft tissues is warranted, especially in
cases with predisposing factors for hip in-
stability.



Figure 34. Left hip dislocation 3 months postoperatively after hip arthroscopy and iliopsoas tenotomy.
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Study VII

FEMORO-ACETABULAR IMPINGEMENT
CLINICAL RESEARCH: IS A COMPOSITE
OUTCOME THE ANSWER?

INTRODUCTION

Femoro-acetabular impingement (FAI) is
increasingly recognised as an important
cause of hip pain in the young adult. How-
ever, the methods for evaluating the effi-
cacy of surgical intervention are often not
validated and are inconsistently reported.
Important clinical, gait, radiographic and
biomarker outcomes are discussed. This
article presents the rationale for consider-
ing a composite outcome for FAI patients
and examines a variety of important end-
points currently used to evaluate FAI
surgery, such as clinical outcomes, gait,
radiographic and biomarker outcomes.

OUTCOMES
CLINICAL OUTCOMES

The most common scores in FAI research,
such as the HHS, NAHS, ROM and pain
scores, have low validity. Newer PROMs,
such as the iHOT12/33, the HAGOS and
the HSAS, have recently been developed
to better describe the outcome after sur-
gery for FAL Even though valid PROMs
express patients’ sentiments on the out-
come of their treatment, they do not al-
ways mirror all patient categories but are
affected by factors such as patient ex-
pectations and do not include complica-
tions. Accordingly, a composite outcome
in which PROMs are a part may improve
research in this area.
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GAIT AND KINEMATIC OUTCOMES

Evaluating both pelvic and gait kine-
matics to assess post-operative efficacy
appears relevant, given the FAI osseous
morphology and its mechanical nature.
There are studies indicating that statisti-
cally significant kinematic improvements
can be achieved after FAI surgery, most
noticeably in terms of hip flexion. Con-
necting the outcomes of FAI surgery to
structural changes may help us to better
understand the mechanics of this treat-
ment.

RADIOGRAPHIC OUTCOMES

Diagnostic imaging plays a major role in
outcome assessment after corrective sur-
gery for FAL The alpha angle remains the
most validated imaging parameter for as-
sessing cam-type FAIL. However, more ra-
diographic parameters of FAI need to be
investigated and in greater detail.

Moreover, the connection between FAI,
cartilage deterioration and the devel-
opment of osteoarthritis makes car-
tilage-mapping techniques, such as
dGEMRIC, interesting for evaluating FAI
treatment.



BIOMARKERS

There is an interest in establishing a link
between mechanical hip impingement
and accelerated articular damage, with
increasing efforts focusing on defining
a characteristic serum and/or synovial
“molecular signature” for patients with
FAL Using biomarkers, we may be able to
quantify surgical efficacy and elucidate
the connection between FAI and the de-
velopment of FAIL

GENERAL

There are several important FAl-related
outcomes, each with its pros and cons.
The appeal of using composite outcomes
is that they capture more study end-
points, especially when they are rare,
and subsequently reduce the sample size
needed for a proposed level of statistical
power. However, several problems, such
as cost and the interpretation of the re-
sults, must be further investigated before
a composite outcome can be readily used
in FAI research.

CONCLUSION

A composite outcome of patient-related
and important end-points may be a use-
ful way to obtain comprehensive infor-
mation about the efficacy of FAI surgery.
Input from both patients and clinicians
will be most important to ensure that a
comprehensive and inclusive approach is
generated.
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07.STRENGTHS
AND LIMITATIONS

The weaknesses of Studies II, III, IV and
V include the non-randomised study de-
sign, lack of control group and the short
time to follow-up. On the other hand,
prospective register studies describe the
outcome without some types of selection
bias, which increases the external valid-
ity of the results. The prospective study
design does not answer the question of
whether arthroscopic treatment is better
than placebo, but it does tell us in a valid
manner whether or not the patients we
are treating improve with this treatment.
A well-designed and well-conducted RCT
minimises bias in answering the question
of whether a certain treatment is better
than placebo, but mainly in the setting
where the actual trial takes place. The
results of an RCT of this kind may not be
valid for another setting, with different
patient cohorts, surgical technique and
post-operative rehabilitation. To answer
the question of whether a certain treat-
ment is better than placebo, a well-de-
signed and well-conducted RCT is the
study design of choice. However, the re-
sults of a prospective study design may
be more interesting to a patient undergo-
ing a procedure at the actual institution
under the same circumstances as in the
study. So RCTs and prospective studies
complement one another and both are

needed in the scientific evaluation of sur-
gical procedures. Moreover, the quality of
studies must be assessed, such as with
the consort criteria for RCTs /33].

Three RCTs evaluating the arthroscopic
treatment of FAI are currently ongoing
[116,10234]. One difficulty these studies
have encountered is that other effective
or proven treatment options to randomise
against are lacking. Other than surgical
treatment, there have been very few oth-
er publications on alternative treatments.
In areview by Harris et al. in 2013, includ-
ing one trial that prospectively evaluated
patients with FAI after non-surgical treat-
ment, patients improved in terms of func-
tional outcome /42].

Study I

The strengths of Study I were the large
number of patients that were includ-
ed and the fact that the reporting of the
results was performed by the patients
(PROMs). Moreover, the PROMs were
carefully selected and must be regarded
as valid for this patient category. A first-
hand account of the process of building a
hip arthroscopy registry can be conveyed.
The strengths are the high compliance
rate (89%) and the high level of inclu-
sion in the registry, as most patients can
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be included. The major limitations are
that no comparisons are made with other
registries or patient categories. Moreover,
the cohort that was studied was heteroge-
neous, consisting of several different un-
derlying diagnoses, mainly FAI, but also
other conditions. Moreover, diagnostic
hip arthroscopies have been performed
where the diagnosis remains unclear.
There were also problems with the re-
porting of cartilage damage with a some-
what small number of recordings. Study I
was one of the first to use the then newly
developed iHOT-12 and HAGOS scores,
which have been found to be valid for this
patient category /66,163].

Study II

The main strengths of Study II are the
large number of included patients and
the use of modern validated outcome
measures, such as the iHOT-12, HAGOS,
EQ-5D, HSAS for physical activity level,
satisfaction with surgery and the VAS for
overall hip function, adapted for a young
and active population. Further strengths
are the multitude of outcome measures
covering many aspects. The non-ran-
domised study design and lack of control
group are limitations in Study II. On the
other hand, its prospective design, based
on aregistry, increases the external valid-
ity of the results. Further limitations are
the limited frequency of reporting chon-
dral damage and that the method for de-
termining whether a THA had been per-
formed was incomplete.

Study III

The main strength of Study III is the use
of a multitude of modern validated out-
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come measures adapted to and thus valid
in this young and active population. A fur-
ther strength is the relatively large num-
ber of top-level athletes included. The
limitations include the non-randomised
study design and the lack of a control
group. On the other hand, its prospective
design, based on the large registry cohort,
increases the external validity of the re-
sults. Further limitations are the short
time to follow-up and difficulty interpret-
ing return to sports.

Study IV

The main strength of Study IV is the use
of a multitude of modern validated out-
come measures. Another strength is the
prospective collection of a relatively large
number of patients with FAI and concom-
itant mild to moderate OA, as previous
similar studies often include a mixed co-
hort of which only a part had OA.

The limitations of this study are the
non-randomised study design and the
lack of a control group. However, its pro-
spective design, based on a large cohort,
increases the external validity of the re-
sults. The time to follow-up, even if ade-
quate for most studies, could be regarded
as short, as these patients all had OA. A
longer follow-up would therefore be of in-
terest in this cohort, as OA can progress
and affect the long-term results. More-
over, the number of patients included
may be too limited for sub-group analy-
ses. Lastly, inherent problems related to
radiology and the interpretation of OA
may affect the results, as the radiological
evaluation of OA has its limitations.



Study V

The main strength of Study V is the long
follow-up and the use of a multitude of
modern validated outcome measures
adapted for a young and active popula-
tion. The main limitations are the limited
number of athletes included, the retro-
spective design and the fact that patients
were lost to follow-up. Another limitation
is that FAI was only measured using the
clinical impingement tests and a radio-
graphic measurement of the alpha angle.
Equating a positive impingement test and
alpha angle to FAI has its limitations, as
FAI is a complex diagnosis.

Study VI

Study VI is a case report of two cases,
which limits the opportunity to draw gen-
eral conclusions. However, the reported
complication is very rare and the close
relationship between the hip dislocation
and the performed surgery warrants re-
flection.

Study VII

Study VII is an expert opinion, with its
inherent limitations in terms of design,
which describes various outcome mea-
sures for evaluating FAI and the use of
composite outcomes to evaluate this pa-
tient category.
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08. DISCUSSION

8.1 INTRODUCTION
AND EVALUATION OF
NEW METHODS

When a new surgical method
IS introduced, it is necessary
to evaluate as many aspects
of the procedure as possible.
These aspects include the
effectiveness of the new
method as perceived by both
clinicians and patients, com-
plications, learning curve
and health economics.

There are several ways to evaluate a surgi-
cal procedure and they all have their pros
and cons.

Well-designed and well-conducted RCTs
are regarded as strong evidence in show-
ing the effectiveness of an intervention,
as the randomisation minimises con-
founding factors. However, RCTs are
difficult, time consuming and costly to
perform. Moreover, RCTs show the effect
of a certain procedure under the specific
circumstances that exist when the trial is
performed. The RCT may not be as valid
if country, surgeon, technique or indica-
tions are changed. This is important for
the interpretation of the results of an
RCT for colleagues in other countries to
decide whether or not they should apply
a technique. Moreover, since a surgical
technique will probably evolve, the RCT
loses its validity over time. Ross et al.
recently investigated the willingness of
high-volume hip arthroscopists to par-
ticipate in RCTs for the treatment of FAI
[130]. Surgeons were generally willing to
participate, but they were reluctant to
offer surgical treatment to patients with
FAT without the correction of osseous de-
formity, particularly for cam-type patho-
morphology. This highlights the inherent
problems these issues have. After a peri-
od of development of a technique, it is ei-
ther discarded or found to be effective by
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surgeons and the medical community. At
this stage, it is important to perform RCTs
to produce evidence of the effectiveness
of the procedure. However, when sur-
geons believe they have an effective treat-
ment for a certain condition, they may be
reluctant to offer a placebo treatment or
no treatment for patients with consider-
able symptoms seeking treatment. The
reasons could be that the surgeon feels
it is unethical to offer a treatment option
that he or she does not actually believe in.
This “Catch 22" situation is an obstacle to
the scientific development of new surgi-
cal methods. On the other hand, it could
be considered unethical to establish a
new procedure without a well-designed,
well-conducted RCT or with a registry
study of large cohorts followed over time
with validated outcome measures.

Prospective observational studies, such
as register studies, have several advantag-
es. It is possible to collect a large amount
of data on the patients and follow them
longitudinally. This enables researchers
to analyse patient factors associated with
outcomes, subgroups and poor proce-
dures in order to change or exclude poor
prognostic factors at an early stage. The
positive or negative effects of changes in
treatment can be evaluated. Events with
a low prevalence can be studied more ef-
fectively, as RCTs may not be adequately
powered for this purpose. Selection bias
can be low if the registry has a high com-
pliance level and information or recall
bias is minimised as registry PROM data
are prospectively collected. Registry stud-
ies thus have high validity in terms of the
effectiveness of the outcome of a certain
procedure, especially for the patients in-
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cluded in the registry. Every change in cir-
cumstances in a registry could diminish
the validity for patients in other countries
or clinics.

Study I shows that it is possible to create
a hip arthroscopy registry with limited
resources, using modern, validated out-
come measures, and with high compli-
ance. It was possible to collect data on
606 patients in a relatively short time
frame, which has to be considered im-
portant for a procedure of relative infre-
quency. Studies II, IIT and IV show that
this registry enables the evaluation of
groups or subgroups of patients. The out-
come of these studies must be regarded
as valid and representative regarding the
outcome for Swedish patients treated ar-
throscopically for FAI with the surgical
technique used at this centre.

Registry studies can be seen as an im-
portant piece in the puzzle when it comes
to evaluating the effectiveness of a new
method. To complete this puzzle, many
pieces are needed. In the case of hip ar-
throscopy, RCTs, registry studies, biome-
chanical studies, qualitative studies and
studies of health economics are needed,
among others. When more pieces have
been identified, new methods can be
accepted, discarded or modified. A step-
wise introduction can eliminate failures
associated with new technology or tech-
niques. Performing RCTs on new, not fully
developed methods may underestimate
their potential. The design of observation-
al studies is not intended to determine
causation but longitudinally to evaluate
procedures and provide evidence-based
monitoring of these procedures.



"Registry studies can be
seen as an important
piece in the puzzle to
evaluate the effective-
ness of a new method.
To complete this puzzle,

many pieces are need-
ed.”

8.2 PROMS IN HIP
RESEARCH

The selection and use of valid and reliable
outcome measures is of the utmost impor-
tance when performing a clinical study. Early
orthopaedic research was based on either sur-
geon-based outcome or measurements of ra-
diographic, biomechanical studies or patients.
PROMs have been used more frequently in the
last few decades and are now the basis of many
studies. PROMs provide information on pain,
disability and function from the patient's per-
spective. PROMs can be chosen to mirror many
aspects of the outcomes of the intervention that
is going to be studied. PROMs that measure the
most important aspects of an intervention can
be chosen, or several PROMs can be combined.
For example, a score that evaluates activities
of daily life used to evaluate athletes undergo-
ing an intervention to regain function in sports
may show a good outcome, which is of course
important information. However, this may be of
little importance to the athlete who most of all
wants to regain function in his/her sport and, for
thisreason, return to sports or function in sports
must be measured to evaluate the intervention

more adequately. Quality of life (QoL) scores can
be used to measure several combined aspects
of outcome that the patients “summarise” to
produce a general outcome. In the case above,
if the athlete has a poor outcome, this may be
reflected in a QoL score, but perhaps not always.
So general scores may not cover all the aspects
of the outcome. In order to evaluate as many as-
pects of an outcome as possible, several PROMs
can be chosen, as in the studies in the present
thesis. This provides an opportunity to evaluate
the outcomes perceived as the most important
for the observed patient category. However,
there is a limit to the number of items that can
be presented to a patient, as too many or too dif-
ficult items can induce fatigue and reduce com-
pliance and the quality of the patients’ answers.

In order to achieve the benefits mentioned
above in terms of PROMs, it is important that
PROMs are designed in an appropriate, scientific
manner to achieve high validity and reliability.

Some of the PROMs in this thesis may be sub-
ject to ceiling effects. This phenomenon oc-
curs when a large proportion of subjects in a
study have maximum scores for the observed
variable. This makes discrimination among
subjects at the top end of the scale impossible.
The EQ-5D and HAGOS ADL may be subject
to ceiling effects, as the nature of FAI especial-
ly among athletes, is associated with physical
activity. If patients maintain a low physical
activity level and avoid sports, the symptoms
may be minor. These patients may obtain
high scores for ADL, but, on the other hand,
they may obtain low scores for sports-related
items. Another problem is high-level athletes
who have a high functional level but not high
enough to be able to participate at elite level,
for example, professionals. They may score
90 out of 100 and still be in need of surgery,
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as their functional level is not good enough to
perform their sport. A 10-point post-operative
increment in these patients may be a good
result to them but not significantly different.
These effects may be mirrored in the results
of Studies II, 1T and IV, where increments in
PROMs from pre- to post-operative are high-
er in sports-related PROMs and lower on the
EQ-5D. Having several PROMs to evaluate a
patient category is therefore beneficial. How-
ever, the EQ-5D has the benefit of allowing
comparisons between different studies and
patient categories, as this score has been so
commonly used in previous scientific work.

8.3 PROMS IN
ARTHROSCOPIC
SURGERY FOR
FEMORO-ACETABULAR
IMPINGEMENT

In early studies of hip arthroscopy, the mod-
ified Harris Hip Score (mHHS) was the most
commonly used score. The mHHS has, how-
ever, low validity for the patient characteris-
tics of hip arthroscopy. Over time, the need for
more valid PROMs has led to the development
of the NAHS, HOS, HAGOS and iHOT-33 and
iHOT-12. These new PROMs are specifically
designed for research on patients without hip
OA and for patients undergoing hip arthrosco-
py. However, no single PROM can be expected
to cover all the aspects of outcome after hip ar-
throscopy. The use of multiple PROMs covers
a wider array of aspects of the outcome after
hip arthroscopy. Looking ahead, we hope that
the optimal PROMs for this patient category
will be found, either existing or new PROMs. If
these can be identified, and more researchers
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use these PROMs, the results worldwide can
be evaluated and compared. This opens the
door to the use of worldwide registries and da-
tabases. This development has already begun,
in the Surgical Outcome System (SOS), for ex-
ample, which is a global, web-based registry.
There are, however, still problems that remain
unresolved. The evaluation of return to sports
is suboptimal, not only in hip research but
also in most fields of sports traumatology. In
this field, it may also be beneficial to combine
classic PROMs, such as the Tegner scale, with
others, such as measures of training or compe-
tition time or performance. These measures
may not even be patient reported, in order to
reduce patient-related bias.

One important question in PROM evaluation
is how important or valid a certain change in
a PROM is. We have compared these results
with the minimally important change and
smallest detectable change in the used scores,
where these were available. For the iHOT-12
and HAGOS scores, the smallest detectable
changes have been found to be 3.6 and 2.2
points respectively, in this group of patients.
Moreover, minimally important changes have
been shown to be 8.9 points for the iHOT-12
and 9 to 17 points for the HAGOS subscales.
The reported changes with regard to PROMs
in Studies I, Il and IV are often around 20-
40.Is this a valid or important change? These
increments in terms of PROMs in Studies IT, III
and IV exceed the MIC and SDC for the iHOT-
12 and the six HAGOS subscales and should
thus be considered valid and clinically rele-
vant. Despite this, it can be discussed whether
the end PROM level, 65 points in terms of the
iHOT-12 and 55-75 points in terms of HAGOS
subscales, is a good result, even if significant
improvements were reported. Unfortunately,
there are few data that describe the normal
values for this population.



"However, no single PROM
can be expected to cover all
the aspects of outcome after
hip arthroscopy.”

8.4 PROMS IN THIS
THESIS

The PROMs usedin Studies I, II, 11, IVand V
were selected during a pan-Scandinavian
expert meeting on hip arthroscopy. It was
agreed that there is a benefit in using the
same PROMSs to evaluate hip arthroscopy
to be able to compare results and perform
multi-centre, multi-national studies. The
included PROMs (HAGOS, iHOT-12, HSAS,
EQ-5D, EQ-VAS, VAS of overall function
and satisfaction) were selected to cover a
wide array of outcome, such as pain, func-
tion, QoL, ADL, sports participation and
level. The number of items was felt to be
adequate, but the iHOT-12 was chosen in-
stead of the iHOT-33 in order to avoid too
many items. Several of these PROMs are
new, such as the iHOT-12 and the HAGOS,
but they were designed specifically for
the patient category. Others, such as the
EQ-5D and EQ-VAS, mirror general QoL
and health. In the case in which all the
used PROMs show improvements after a
certain procedure, this is a strong indica-
tor of a positive outcome.

8.5 FAI

FAI is a theoretical and clinical concept
with strong emerging support in the form of

biomechanical, radiographic, pathological,
epidemiological and clinical research. How-
ever, it is still a condition that can be diffi-
cult to diagnose and treat. The connection
between FAI and cartilage damage or OA
is an important factor to consider. The fact
that FAI is common among asymptomatic
individuals, even athletes, can be confusing.
This phenomenon is, however, not uncom-
mon in general orthopaedics and may be
multifactorial. Factors such as the amount
of cartilage damage, neural transmission
and sensitivity, pain threshold, genetic fac-
tors, cartilage properties and strength and
alignment or other biomechanical issues
may have an effect. Many of these factors
are currently unknown or researchers are
unable to measure them. Many of the fac-
tors behind the development of OA are,
however, still unknown. Furthermore, the
way a hip with biomechanical FAI is used
or exposed may affect the development of
joint damage and/or symptoms. Athletes in
certain sports, such as ice-hockey (especial-
ly goal-keepers), football players or martial
arts fighters are more at risk than others
due to higher degrees of flexion patterns in
these sports /1317. Similarly, in some sports,
such as dancing, athletes can present with
FAI-like symptoms in the absence of radio-
graphic changes. This could be attributed
to the extreme ranges of movement into
which these hips are forced, eliciting FAI-
like cartilage damage even without skeletal
abnormalities /76,27). Future research should
focus on the activities that can induce
FAl-related joint damage and on identify-
ing preventive strategies in FAIL Prevention
could be applied both in the case of patients
with manifest FAI or to active adolescents in
order to prevent the formation of FAI-induc-
ing deformities such as cam /4141,140].
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Figure 35a. Pre-operative images of large cam deformity
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Figure 35b. Post-operative image after cam resection in (a)
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In Study II, the results following the ar-
throscopic treatment of FAI were evaluated
prospectively in a mixed cohort of patients
with a two-year follow-up. The most import-
ant finding in Study IT was that the outcome
after the arthroscopic treatment of FAI in
this cohort was favourable, with statistically
significant and clinically relevant improve-
ments in all outcome measures.

Most pre-operative values in Study II, such
as the iHOT-12, HAGOS sports and HAGOS
physical activity scores, were low, indicating
disabling degrees of symptoms and major
disabilities in the studied cohort pre-opera-
tively.

In Study II, a long symptom duration was
correlated to inferior outcome as measured
by the iHOT-12 and HAGOS QoL. No correla-
tion was seen between age, cartilage status
and outcome. These last findings can be
regarded as unexpected, as higher age is
connected to a higher degree of OA. Other
studies have shown a correlation between
OA and inferior results /39). However, this
could be explained by the different baseline
values of these groups. It could be that pa-
tients experience a similar benefit from the
treatment of FAI, regardless of their baseline
status, as measured by the PROMs. Patients
with lower pre-operative scores are less af-
fected by the ceiling effects.

In Studies 1II, IIT and IV, even though signif-
icant improvements were found in terms
of the iHOT-12, HAGOS and VAS for overall
hip function and the EQ-5D, only a modest
improvement was found for the HSAS com-
pared with the pre-operative levels. This
could be interpreted as patients maintaining
the same physical level or lifestyle despite
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PROM improvements. Patients may reduce
their activity level despite satisfaction with
the surgical results, which may constitute
a risk of bias. A reduction in activity level
could be due to social or other reasons, es-
pecially in a group with long symptom du-
ration, like that in Studies 1II, 1IT and IV. We
therefore claim that this is a major cause of
the moderate increment in activity level in
these studies, as compared with larger incre-
ments in hip-specific PROMs like the iHOT-
12 and HAGOS. The post-operative outcome
or activity level could perhaps be enhanced
if patients had a shorter delay to treatment.
Many patients may have a treatment delay
due to alack of knowledge of FATin the com-
munity or a lack of resources in the health-
care system.

To date, there are no RCTs showing that the
arthroscopic treatment of FAI produces su-
perior results compared with sham surgery
or other treatment modalities. There are a
few such ongoing studies, but unless other-
wise demonstrated, it can be argued that the
positive results seen in this thesis and other
similar prospective studies may have other
causes. A placebo effect of surgery is one; in-
formation and pre- and post-operative care
are other such reasons. Moreover, a long
rehabilitation post-operatively, the avoid-
ance of impingement positions and situa-
tions, ADL modifications and the time span
surgery entails could all improve patient
symptoms. However, in Studies II, 1T and
1V, symptom duration is long and pre-oper-
ative outcomes were very poor, factors that
question the possibility of the natural reso-
lution of these symptoms. Moreover, many
of these patients have already tried most
of the spectrum of non-surgical treatment
modalities pre-operatively, such as ADL and



activity modification, physiotherapy and the
avoidance of impingement situations. The
present thesis therefore suggests superior
results from the arthroscopic treatment of
FAI compared with non-surgical treatment.

8.6 EVALUATION OF
ATHLETES

Evaluating athletes has other inherent prob-
lems. They frequently only focus on athletic
performance, possibly overrating items re-
lating to athletic ability and underrating oth-
er items. For example, a significant post-op-
erative improvement may not be correctly
mirrored in the PROMs if full participation in
their sports is not possible.

In Study III, the results after the arthroscopic
treatment of FAI were evaluated prospec-
tively with a one-year follow-up in a cohort
of top-level athletes. The most important
finding in Study III was that the outcome
after the arthroscopic treatment of FAI in
top-level athletes was favourable, with sta-
tistically and clinically significant improve-
ments in all outcome measures.

Despite long-standing hip and/or groin pain,
one in two top-level athletes was able, within
one year after surgery, to return to the same
sport and the same level as before symp-
tom onset. These results must be regarded
as valid for athletes, especially football and
ice-hockey players, who constituted the
majority of patients, as these are common
sports in Sweden.

One important factor is how to evaluate re-
turn to sports after surgery. In Study III, the

HSAS, HAGOS sports and HAGOS physical
activity were used to evaluate post-opera-
tive improvements in sports performance.
At follow-up, 62 athletes (73%) had returned
to competitive sports (HSAS levels 5-8) and
44 (52%) to their previous HSAS level of
activity (HSAS level 7 or 8). Twenty-three
athletes (27%) did not return to competi-
tive sports (HSAS level<5). These results are
difficult to interpret, as they can be seen as
both positive and negative. It is positive that
a large number of athletes are able to return
when non-surgical treatment has failed and
no other treatment modalities are available.
In the literature, some studies report similar
percentages of return to sports and some
higher 21117109101, However, comparisons
between studies are difficult, as different
PROMSs have been used and the definition of
return to sports is lacking in some publica-
tions. Moreover, the symptom duration can
affect the possibility of patients returning
to sports. In Study III, the mean period of
symptom duration was 2.8 years (SD 3.4). Af-
ter several years of not being able to perform
at the top level in your sports, the possibility
of returning may be diminished for several
reasons. This is further supported by the
findings in Study III that return to sports was
significantly higher in patients with short
symptom duration (<12 months).

The definition of return to sports in sports
research is a commonly unresolved prob-
lem. This problem also exists in FAlresearch.
It is possible to conclude that a single PROM
is not sufficient adequately to measure re-
turn to sports. A score such as the Tegner
(for knee patients) or HSAS (for hip patients)
needs to be coupled to a measurement of
the amount and intensity of training or com-
petition the athlete is capable of participat-
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ing in. This is especially important in the a full score, but, when the same patients are

case of FAI, where symptoms may be under- forced to participate in every practice and
estimated, as they may be dose dependent. full games, the symptoms may be so severe
Some patients with FAI or chondral damage that low scores are now reported. This con-
to the hip may be able to complete practices stitutes a bias in these studies.

or even parts of games and therefore report

Figure 36. Zlatan Ibrahimovic. Photo: Tommy Holl
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8.7 FAI AND OSTEOAR-
THRITIS

The arthroscopic management of patients
with FAI has generally been reported to
produce a good outcome. Moreover, femo-
ro-acetabular impingement (FAI) has been
regarded as a causal factor in the develop-
ment of hip osteoarthritis (OA) /4916,75150,78].
Athletes have also been reported to have an
increased risk of developing hip OA. Only
a few studies have specifically evaluated
patients with FAI and OA. These studies re-
port generally positive results in terms of
PROMSs but higher conversion rates to total
hip arthroplasty (THA) in patients who have
a joint space of two mm or less, suggesting
inferior results in this patient category. The
results of the arthroscopic treatment of FAI
in patients with varying degrees of OA are
still largely unknown.

In Study IV, the results after the arthroscopic
treatment of FAI in the presence of mild to
moderate osteoarthritis are evaluated. These
patients showed significant improvements
in all outcome measures at the two-year fol-
low-up. It is important to point out that it is
not the OA that is treated in these patients
but FAL As explained in the introduction
to this thesis, the diagnosis of FAI is com-
plex. For example, in these patients, it is not
known whether their symptoms are due to
OA or to FAI, since these conditions have a
similar clinical picture. It is possible that sur-
gery in cases where the problem is predom-
inantly due to OA may aggravate the con-
dition. On the other hand, treating FAI may
have a positive effect, even in the presence of
mild to moderate OA, especially in patients
where the OA may be caused by FAL

In Study IV, 82% of the patients were sat-
isfied with the outcome of the surgery.
These are encouraging results, as few other
treatment modalities are available for this
patient category. These patients have al-
ready undergone non-surgical treatment. A
common interpretation of the Hippocratic
oath says that the practice of medicine is to
“sometimes cure, often relieve, but always
comfort”. Many conditions are not treatable,
even in modern medicine. Since its intro-
duction, THA has revolutionised the treat-
ment of OA. However, for younger patients,
concern about loosening and future compli-
cations often means that these patients lack
effective treatment. Hip arthroscopy is not a
treatment for hip OA. However, a subgroup
of patients may have symptoms from either
an underlying FAI with concomitant OA
or from symptomatic osteophytes leading
to FAL FAI may even be the cause of OA in
some patients. The use of surgical FAI cor-
rection, either open or arthroscopic, could
relieve symptoms in some patients. In sci-
ence, the long-term outcome is often mea-
sured and evaluated. Implant survival is of-
ten measured as a sign of success. However,
in some instances, such as the young patient
with OA, symptom relief to delay the need
for THA could be of benefit to many patients.
On the other hand, this treatment must be
safe. It is therefore important to measure
and monitor the effects of these treatments,
for example hip arthroscopy, in patients with
FAI with concomitant mild OA. A registry
such as the one described in this thesis is an
example of this.

Most pre-operative PROM values were low,
reflecting the fact that patients in the studied
cohort had major pre-operative symptoms
and disability. Coupled with long symptom
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duration in many patients, this could have
affected the result negatively. No statistical-
ly significant differences in outcomes were
shown when the group with 1-2 mm of joint
space width was compared with patients
with 3+ mm joint space width. However, the
group size (n=16) may be too limited to en-
able any definitive conclusions.

In the present study, lateral joint space was
reduced, when comparing pre-operative
and post-operative radiographs, from 3.6
to 3.2 mm (p<0.05). Given the finding of
a reduction in lateral joint space between
the pre-operative and post-operative time
points, it is important to understand wheth-
er the surgery itself contributed to this find-
ing, or if it is related to the natural history
of the disease or possible measurement er-
ror. Future studies comparing surgical with
non-surgical treatment are needed to answer
this question. Osteophytes can theoretically
be seen as the body's own attempt to fuse
the joint in order to reduce symptoms. With
increased joint motion, cartilage stress and
wear could increase. Likewise, patients with
fewer symptoms can perform at a higher
level of physical activity, which may increase
cartilage wear. On the other hand, cartilage
nutrition and structural properties benefit
from joint motion and loading. In Study 1V,
no statistically significant changes in PROMs
were found in the group with reduced lateral
joint space post-operatively.

In Study IV, five patients (7%) underwent
THA during follow-up, which is a low rate
compared with other similar studies. It is im-
portant to monitor the patients in this study
with a longer follow-up.
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8.8 EVALUATION OF
TENOTOMY FOR GROIN
PAIN IN ATHLETES

There are several reports on the association
between pubalgia or tendon pain around the
groin and intra-articular hip disorders. His-
torically, some of these patients were treated
with tenotomy for long-standing groin pain.
At that time, FAI was an unknown concept,
yet many of these patients improved. Study
V was performed to evaluate the long-term
outcome in athletes who underwent tenoto-
my due to long-standing groin pain but also
to evaluate the frequency of femoro-acetab-
ular impingement (FAI) and its impact on
the long-term outcome.

The most important finding in Study V was
that most patients improved; 75% of the ath-
letes were satisfied with the outcome of the
tenotomy and 69% were able to return to
their pre-injury sport. However, the athletes
that did not return to their pre-injury sport
had a higher frequency of a positive hip im-
pingement test and an inferior functional
outcome compared with the athletes that
did return to their pre-injury sport. More-
over, the patients with a positive hip im-
pingement test reported significantly more
pain and symptoms, more hip problems
during sports and physical activity, as well as
lower hip-related quality of life.

These results could suggest that patients
without FAI fared better after the surgical
treatment of the tendon pain than patients
with FAIL The possibility cannot be excluded
that patients with a poor outcome had more
symptoms related to FAI which affected the
outcome negatively.



However, the impact of FAI on extra-articu-
lar pain is not fully understood. FAI may be
asymptomatic in many cases, even in ath-
letes, and may therefore be an incidental
finding in some patients. This could be seen
in Study V, where 28 of 32 patients had radio-
graphic signs of a cam deformity.

On the basis of these findings, it is recom-
mended that a thorough examination is per-
formed, including the hip joint, in athletes
with long-standing tendon pain around the
groin. In the case of a positive impingement
test, FAI should be considered before tenot-
omy is chosen as treatment. When no signs
of FAI are present, the long-term results of
tenotomy can be expected to be positive.

8.9 HIP JOINT
INSTABILITY

Interest in instability of the hip, both mac-
ro- and micro-instability, is rapidly increas-
ing. However, very little knowledge and
evidence has yet been acquired /13920]. 1I-
eopsoas tenotomy has been described as
a treatment option for ileopsoas pain or
internal snapping of the hip /63 However,
ileopsoas pain is a diffuse condition, which
is difficult to diagnose. Internal snapping of
the hip is common and is often an incidental
finding. This makes the indications for ileop-
sooas tenotomy difficult. In some patients
with diffuse hip pain, possible micro-insta-
bility of the hip may be misinterpreted as
ileopsoas pain. As the ileopsoas is a stabiliser
of the hip, sectioning of the ileopsoas may be
detrimental to the stability of the hip, either
worsening the symptoms of instability or
even inciting episodes of hip dislocation.

In Study VI, the most important message
was that macro-instability of the hip in the
form of dislocation exists as a potential com-
plication of hip arthroscopy. This highlights
the importance of considering both the stat-
ic and dynamic stabilisers of the hip prior to
surgery.

8.10 GENERAL
DISCUSSION

After some years of experience with the
hip arthroscopy registry and analysing its
results, some reflections can be made. For
example, evaluating return to sports (using
the HSAS) needs to be improved. An alterna-
tive is to add a measurement of time spent
in training or competition and at what level.
We propose that the iHOT-12 and HAGOS
scores are good and valid for evaluating this
patient category. The EQ-5D has limited val-
ue due to ceiling effects, but it has the advan-
tage of making comparisons with other hip
studies possible. On the other hand, adding
more items may reduce compliance.

In future research, there is a need to take
gender differences into account. A study by
Joseph et al. showed no gender differences
in terms of outcome after arthroscopic treat-
ment for FAI /6s]. Despite the fact that the
data show that women have different pa-
thology, more pre-operative symptoms indi-
cate that it might not be scientifically correct
to evaluate both genders together. In Studies
I I1, TIT and IV, men and women are evaluated
as a group, but these studies contain 66-82%
male subjects, which may be a confounding
factor.
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In Study VII, a variety of end-points current-
ly used to evaluate patients with FAI are
discussed and the possibility of combining
these outcomes to evaluate patients with
FATis examined. This highlights the fact that
the optimal outcomes for evaluating treat-
ment for patients with FAI have not yet been
identified nor has consensus been reached.
There is also an opportunity to combine out-
comes in order optimally to evaluate these
patients. Composite outcomes may reduce
sample sizes and thereby reduce the cost
and the time needed for a certain study:.

The state of orthopaedic research at the
present time is such that there are extremely
few treatments that have solid high-level ev-
idence to support their use. In spite of exten-
sive research, this still applies, even after the
introduction of evidence-based medicine.
We must draw the conclusion that either
surgical treatment is of no benefit, or that the
scientific methods need to be improved. The
next stage in this process may be to improve
our outcome measures or use multiple out-
come measures to evaluate results. Further
use of prospective registry research can help
surgeons to individualise surgical treatment
to obtain the optimal result.
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It is concluded that most patients treated
arthroscopically for FAI in this thesis ex-
perience significant and clinically relevant
improvements in terms of pain, symptoms,
function, physical activity level and qual-
ity of life. These are good results, as other
treatment options are few or unproven. Hip
arthroscopy is the new frontier in orthopae-
dics and it is undergoing rapid development
both clinically and scientifically. Lessons
from this development can be used in oth-
er fields of orthopaedics. It is important that
scientific and clinical developments are in-
terconnected so that their development can
benefit other areas.
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09. CONCLUSIONS

It is possible to create a local registry for
evaluating hip arthrosocopy patients.

Prior to surgery, patients undergoing
arthroscopic surgery for FAI report con-
siderable pain, loss of function, reduced
activity level and reduced quality of life
pre-operatively as measured by multiple
PROMs.

Two years after surgery, in a mixed group
of 289 patients with FAI, arthroscopic
treatment resulted in statistically sig-
nificant and clinically relevant improve-
ments in all outcome parameters.

Twelve months after surgery, arthroscop-
ic treatment for top-level athletes with
FAI resulted in statistically significant
and clinically relevant improvements at
group level in all outcome parameters for
pain, symptoms, function, physical activ-
ity level, quality of life and general health.
One year after surgery, approximately
three in four top-level athletes had re-
turned to sports.

Arthroscopic treatment for patients with
FAI in the presence of mild to moderate
OA resulted in statistically significant
and clinically relevant improvements in
outcome measures related to pain, symp-
toms, function, physical activity level and
quality of life in the majority of patients.

Patients undergoing tenotomy for pub-

algia reported a satisfactory long-term
outcome in three in four cases. Non-sat-
isfied athletes had signs of FAI to a higher
degree. It is recommended that the hip
should be carefully evaluated for FAI be-
fore tenotomy is considered as treatment
for athletes with pubalgia.

Hip dislocation is a very rare, but it is a
possible complication after hip arthrosco-
py with concomitant psoas tenotomy.

A composite outcome of patient-related
and important end-points may be helpful
in obtaining comprehensive information
about the efficacy of surgery for patients
with FAL
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10. FUTURE
PERSPECTIVES

Today, there are numerous health-related
registries using PROM data to evaluate
patients. There are many advantages to
PROMs, as they make data in numerical
form easily available and collectible using
web-based online questionnaires. Howev-
er, it is important to be aware of the pit-
falls. Filling out PROM questionnaires and
describing your health with a number is
not always easy. Patients can misread the
question and put 90 where they mean 10
and some people tend to put a number
"in the middle", whereas others express
themselves with extreme numbers. The
extent of this problem is, however, un-
known. Even if a great deal of work has
been put into creating and validating the
PROM instruments, and they are regard-
ed as sound, there are many aspects of
human experience they do not capture.
For the clinician, a personal interview
with a patient gives additional informa-
tion and is an important complement to
the patient results related to the PROMs.
Qualitative studies would make it possible
to add new and important aspects for pa-
tients with FAI and could thus be an im-
portant complement to quantitative stud-
ies. Moreover, there are other parameters
that affect the outcome of surgery for pa-
tients with FAI, such as complications and
the development of osteoarthritis (OA).

During the work on this thesis, it has be-
come more and more clear that a com-
bination of outcomes could provide an
enhanced understanding of the subjects’
experience.

In terms of FAI research, at this time,
there is a need for multiple RCTs in order
to describe this treatment without sever-
al biases. There are a few such studies in
progress. However, RCTs are unable to an-
swer all the questions related to the treat-
ment of patients with FAI, as treatment
has and probably will continue to change
over time, patients and patient selection
will differ between countries, physicians
will learn more and technical aids will be
developed. The addition of observational
studies adds knowledge to this area, com-
plementing studies of other types.

With a growing body of research on pa-
tients with FAI, this area could be a good
example of how to evaluate a new treat-
ment modality scientifically. However,
FAI research needs to be of high quality,
with sound outcome measures and in-
cluding several types of study, including
RCTs, observational studies, qualitative
studies and basic science.
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iHOT 2

INTERNATIONAL
HIP OUTCOME TOOL

FORMULAR OM LIVSKVALITE HOS UNGA AKTIVA MANNISKOR MED HOFTPROBLEM

Instruktioner
e Nedan foljer 12 fragor om de besvér som du kan uppleva i din hoft, hur dessa besvir paverkar ditt liv och de

kanslor du kdnner som f61jd av dessa besvir.

e Pa varje fraga skall du flytta markéren till det lige pa skalan som du anser bist Gverensstimmer med dina
besvdr.

- Om du markerar lingst ut till vinster betyder det att du kénner dig patagligt begriansad.

PATAGLIGT ; INGA PROBLEM
BEGRANSAD : ALLS

- Om du markerar langst ut till héger betyder det att du inte har nagra problem alls.

PATAGLIGT INGA PROBLEM
BEGRANSAD ALLS

- Om markeringen placeras mitt pa skalan betyder det att du ar méattligt begréinsad, eller med andra ord, mitt
emellan 'patagligt begransad' och 'inga problem alls'. Det &r viktigt att du markerar &nda ut i kanten av skalan om
det ar ytterligheten som bast beskriver din situation.

e Vinligen lat dina svar beskriva den typiska situationen senaste manaden.

- TIPS Om du inte utfor en aktivitet, forestéll dig hur det skulle kénnas i din hoft om du var tvungen att utfora
aktiviteten.

Nir du stillt in markoren for en fraga i 6nskat lge, tryck pa "Klar med fragan" sa att det star "Klar!" i rutan bredvid.

F1. Totalt sett, hur mycket smérta har du i din hoft/jumske?

EXTREM * INGEN SMARTA

SMARTA ALLS

Klar med fragan |=0S
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Svensk version

(Swedish version)

Markera, genom att klicka i ett alternativ i varje nedanstaende grupp
viket pastaende som bést beskriver Ditt hélsotillstand i dag.

1. Rorlighet
Jag gar utan svarigheter
Jag kan g& men med viss svarighet

Jag ar sdngliggande

2. Hygien

Jag behdver ingen hjilp med min dagliga hygien, mat eller paklidning
Jag har vissa problem att tvitta eller kld mig sjdlv

Jag kan inte tvitta eller kI mig sjalv

3. Huvudsakliga aktiviteter (t ex arbete, studier,

hushallssysslor, familje- och fritidsaktiviteter)

Jag klarar av mina huvudsakliga aktiviteter

Jag har vissa problem med att klara av mina huvudsakliga aktiviteter
Jag klarar inte av mina huvudsakliga aktiviteter

4. Smiéirtor/besvir
Jag har varken smirtor eller besvér
Jag har mattliga smértor eller besvir

Jag har svara smirtor eller besvér

5. Oro/nedstimdhet

Jag r inte orolig eller nedstdmd

Jag ar orolig eller nedstamd i viss utstrackning
Jag ar i hogsta grad orolig eller nedstamd
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Frageformuliir om hoft- och/eller ljumskproblem

VAGLEDNING: Detta frageformulir innehaller frdgor om hur din hoft och/eller ljumske fiungerar.
Du skall ange hur din h6ft och/eller [jumske har fungerat under den senaste veckan.

Svaren skall hjélpa oss att kunna forstd hur du har det och hur bra du klarar dig i vardagen.
Du skall besvara fragorna genom att markera det alternativ som passar dig bast.

Om en fraga inte giller dig eller om du inte upplevt besviret under den senaste veckan, sa ange det
alternativ som passar bést in och som du kanner dig mest ndjd med.

Symptom

Ténk pa de symptom och besvir du har haft i din hoft och/eller jumske under den senaste
veckan nér du svarar pa fSljande fragor.

S1. Har du malande/obehag i hoften och/eller jumsken?
Aldrig Séllan Ibland Ofta Alltid
o o« o o o

S2. Har du hort klickande eller andra ljud fran hoften och/eller ljumsken?
Aldrig Sallan Ibland Ofta Hela tiden
C C C C C

S3. Har du problem med att fa benen langt ut &t sidan?
Inga Lite Miattliga Stora Mycket stora
o e o o o

S4. Har du problem med att ta steget fullt ut nir du gar?
Inga Lite Mattliga Stora Mycket stora
o r o o o

S5. Far du plétsliga stickande/pirrande fornimmelser i hoften och/eller ljumsken?

Aldrig Sallan Ibland Ofta Hela tiden
o o« o o o
Stelhet

Foljande fragor handlar om stelhet i héften och/eller [jumsken. Stelhet medfor besvér att komma
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HAGOS

Sméirtor

P1. Hur ofta har du ont i hoften och/eller [jumsken?
Aldrig Varje manad Varje vecka Varje dag Alltid
(o o (o (o (o

P2. Hur ofta har du ont pa andra stéllen &n i hoften och/eller ljumsken som du tycker hanger ihop
med dina hoft- och/eller ljumskproblem?

Aldrig Varje manad Varje vecka Varje dag Alltid
o (" o o o

Foljande frdgor handlar om hur mycket smirta i hoften och/eller [jumsken under den senaste
veckan. Ange graden av hoft- och/eller ljumsksméirta du har upplevt i foljande situationer.

P3. Stricka ut hoften helt och hallet
Ingen Latt Mattlig Svér Mycket svar
e e e e e

P4. Boja hoften helt och hallet
Ingen Latt Miattlig Svar Mycket svar
o o o o o

P5. Ga upp- eller nedfor trappor
Ingen Latt Mattlig Svar Mycket svar
o (" o o o

P6. Om natten nér du ligger ned (smértor som forstor din sémn)
Ingen Latt Mattlig Svar Mycket svar
o f" o o o

P7. Sitta eller ligga

Ingen Latt Mattlig Svér Mycket svar
e e e e e
P8. Staende
Ingen Latt Mattlig Svar Mycket svar
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HAGOS

Fysisk funktion, dagliga aktiviteter

Foljande fragor handlar om din fysiska funktion. Ange graden av besvér du har haft i féljande
situationer under den senaste veckan, pa grund av din hoft och/eller ljumske.

Al. Ga uppfor trappor
Inga Létta Mattliga Stora Mycket stora
o e o o o

A2. Boja dig ner, tex for att plocka upp nagot fran golvet
Inga Létta Miattliga Stora Mycket stora
o - o o o

A3. Kliva i/ur bil
Inga Létta Mittliga Stora Mycket stora
o r o o o

A4. Ligga isingen (vinda dig eller halla hoften 1 samma Eige under lang tid)
Inga Litta Mattliga Stora Mycket stora
o o o o o

AS5. Utfora tungt hushéllsarbete (tvitta golv, dammsuga, flytta tunga lddor eller liknande)
Inga Létta Mattliga Stora Mycket stora
o e o o o

Nasta |
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HAGOS

Funktion, sport och fritid

Foljande frdgor handlar om din fysiska forméga. Om en fraga inte géller dig eller om du inte upplevt

besviret under den senaste veckan, sa ange det alternativ som passar bést in och som du kénner
dig mest n6jd med.

Ange vilken grad av besvir du har haft i féljande aktiviteter under den senaste veckan,
pa grund av problem med din hoft och/eller ljumske.

SP1. Sitta pa huk

Inga Latta Mattliga Stora Mycket stora
e e e e e
SP2. Springa
Inga Létta Mattliga Stora Mycket stora
e e e e e

SP3. Vrida/snurra kroppen nir du star pa benet
Inga Latta Mattliga Stora Mycket stora
[ [ [ [ [

SP4. Ga pa ojamnt underlag
Inga Latta Mattliga Stora Mycket stora
e e e e e

SP5. Springa sa snabbt du kan
Inga Latta Mattliga Stora Mycket stora
e e e e e

SP6. Fora benet framat kraftigt och/eller till sidan, exempelvis som vid en spark, skridskosteg eller
liknande

Inga Litta Mattliga Stora Mycket stora
o t" o o o

SP7. Plotsliga, explosiva rérelser som involverar snabba fotrérelser, exempelvis accelerationer,
uppbromsningar, riktningsforindringar eller liknande
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HAGOS

Delta i fysisk aktivitet

Foljande fragor handlar om din fSrmaga att delta i fysiska aktiviteter. Med fysiska aktiviteter menas
idrottsaktiviteter, men Aven andra aktiviteter, dar man blir Iitt andfadd.

Ange i vilken grad din formaga att delta i onskade fysiska aktiviteter har varit paverkade

under senaste veckan, pa grund av dina problem med din héft och/eller ljumske.

PAI. Kan du delta i dina 6nskade fysiska aktiviteter sa lange du vill?
Alltid Ofta Ibland Séllan Aldrig
e e e e e

PA2. Kan du delta i dina 6nskade fysiska aktiviteter pa din normala prestationsniva?

Alltid Ofta Ibland Séllan Aldrig
o o o o o
Livskvalitet
Q1. Hur ofta blir du pAmind om dina problem med héften och/eller [jumsken?
Aldrig Varje manad Varje vecka Varje dag Alltid
o o o o o

Q2. Har du andrat ditt sétt att leva for att undga att pafresta hoften och/eller [jumsken?
Inget alls Négot Miattligt I stor utstrackning Totalt
o e o o o

Q3. Hur stora problem har du generellt med din h6ft och/eller ljumske?
Inga Létta Miattliga Stora Mycket stora
o e o o o

Q4. Paverkar dina problem med héften och/eller ljumsken ditt humér i en negativ riktning?
Aldrig Séllan Ibland Ofta Alltid
o o o o o

Q5. Kénner du dig begrdnsad pa grund av problem med din hoft och/eller ljumske?
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GOTEBORGS UNIVERSITET

Hoftenkat

Hur skulle du skatta din héftfinktion pa en skala 0 - 100?
0 = extremt dalig funktion och 100 = perfekt funktion.

| =

Skulle du géra om operationen om du var i samma situation igen?
C Ja

' Nej
' Ej opererad

Skicka |
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HSAS

Hip Sports Activity Scale - Swedish
Uppskatta din aktivitetsniva vid olika tidpunkter enligt skalan nedan. Fyll i den siffra som stimmer bést.

Uppskatta din nuvarande aktivitetsniva (oavsett om du &r opererad eller inte). | (0-8)
Uppskatta din aktivitetsniva som den var innan du fick symptom fran hoften. I (0-8)
Uppskatta din aktivitetsniva som den var i yngre tonaren (10-15 ars alder). I (0-8)

Nasta |

Tavlingsidrott (nationell och internationell elitniva)
8 Fotboll, Ishockey, Innebandy, Kampsport, Tennis, Friidrott,
Inomhusaktiviteter, Beachvolleyboll
Tavlingsidrott (nationell och internationell elitniva)
Alpin skidékning, Snowboard, Konstakning, Skridsko, Dans
7 Tévlingsidrott (ligre divisioner)
Fotboll, Ishockey, Innebandy, Kampsport, Tennis, Friidrott,
Inomhusaktiviteter, Beachvolleyboll
Tavlingsidrott (nationell och internationell elitniva)
6 Golf, Cykel, Mountainbike, Simning, Rodd, Langdskidakning, Ridning
Tavlingsidrott (ligre divisioner)
Alpin skidakning, Snowboard, Konstékning, Skridsko, Dans
Tévlingsidrott (Iigre divisioner)
Golf, Cykel, Mountainbike, Simning, Rodd, Langdskidakning, Ridning
3) Motions
otionsidrott
Ishockey, Innebandy, Kampsport, Fotboll, Friidrott, Beachvolleyboll
Motionsidrott
Tennis, Alpin skiddkning, Snowboard, Inomhusaktiviteter
Motionsidrott
Jympa/Aerobics, Jogging, Styrketréning av benen, Ridning

2 Motionsidrott
Cykel, Mountainbike, Langdskidakning, skridsko, Golf, Dans, Inlines
1 Motionsidrott

Simning, Promenader, Gang

0 Ingen motions- eller tévingsidrott
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Hoftregisterparametrar

Dagens datum

Personnummer HEEEEEsEEEN HEEEEE

Namn I:I Ho I:lVéi

Ev idrott

Symtomduration: |:|:| ar |:|:| mén

Re-operation:

Ja
Nej

Diagnos:

O cam [ Teres [ Intern snapping hip
U Pincer O Fri kropp U Extern snapping hip
0 Mixed U Labrumskada | Cystor acetabulum
L) Chondromatos U Artros (. Cystor caput/collum
a Psoastendinos a Annan orsak

Broskskada: [ Ingen broskskada

Lokal:

0 ACETABULUM

Orsak:
[] Impingement ] Trauma ] OA ] OCD ] latrogen Annat............

Konans broskklassifikation:

] 0 Normal [J1 Softening [J 2 Cleavage [J3 Delamination [J4 Exposed bone
or wave sign lesion
Oa Ob Qe¢ Oa Ob Oec Oa Ob Oc
a =< 1/3 av avstandet mellan labrum och fossan. b =>1/3 av avstandet mellan labrum och fossan

¢ =>2/3 av avstandet mellan labrum och fossan.



Lokal:

O CAPUT

Orsak:

[] Impingement ] Trauma

ICRS:

[ 0 Normal [ 1 Nearly
normal

Atgirder:

Resektion: Jcam

Labrum: [ Sutur

Psoas: [ Debridering

Teres: [ Resektion

Excision : U Fri kropp
0 Mikrofrakturering
O Synovektomi

O Trochanterbursektomi

] OA ] OCD 0 [atrogen 0 Annat............
2 Ab- [J3 Sverely [d4 Seveverely abnormal,
normal abnormal ned till ben
>50% djup
[J Pincer [ Mediala osteofyter

[] Debridering
[ Tenotomi
O Debridering
U Lat plica

[J Resektion

Dagkir: 02 g Nej

Avvikelse: ] Mycket blddning

Komplikationer: beskriv..................

Langd.....ovoveeeeen VKL e
] Leden gick ¢j att se ] Annat



Classification system for acetabular chondral lesions according to Konan et al. (Konan,

Rayan 2011).
Cartilage damage o
classification Description
0 Normal cartilage
1 Wave sign
> Cleavage tear between labrum and
articular cartilage
3 Delamination of articular cartilage
4 Exposed bone
in the acetabulum
A < one-third of the distance from the
acetabular rim to the cotyloid fossa
B One-third to two-thirds
of distance above
C > two-thirds of distance above
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