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INTRODUCTION

Anterior knee pain (AKP) is the cause of dissatisfaction with an artificial joint
in more than half of patients following total knee arthroplasty (TKA) (van Jon-
bergen et al. 2012). AKP is indistinctly specified as a construct, which makes
the estimation of its prevalence difficult. However, increasing numbers of knee
replacements performed each year due to an aging population (Robertsson
2013, Leonardi et al. 2014) make AKP, as one of the most prevalent compli-
cation of TKA, an important topic to study. The majority of research covering
AKP comes from high performing specialised centres in countries with racially
and ethnically diverse patient populations. Dissimilarities in institutional,
physician and patient characteristics may cause differences in TKA perfor-
mance between the sites of care. The prevalence of AKP following TKA has
not been studied in Estonia and this thesis aims to ascertain whether results
obtained in Estonia are comparable to the findings in other care settings
worldwide.

Degeneration of the articular cartilage of the patella may be one cause of
AKP (Picetti et al. 1990, Rodriguez-Merchan and Gomez-Cardero 2010). The
dilemma of resurfacing versus not resurfacing the patella has been the subject of
numerous studies. Although there is a trend towards less revisions (Pilling et al.
2012) and slightly better patient satisfaction (Schindler 2012) in cases of
resurfaced patella, many unanswered questions remain regarding the role of
patellar cartilage in the evolution of AKP. Research focusing on the correlation
of macroscopic cartilage defects and AKP has provided conflicting results (van
Jonbergen et al. 2012). Histological changes precede macroscopic degeneration
of the cartilage (Bentley and Hill 2007) and this is why visual inspection of the
cartilage may not be adequate. In this study an approach proposed by the Osteo-
arthritis Research Society International (OARSI), which combines the histo-
logic assessment of depth with visual inspection of the extent of the cartilage
impairment (Pritzker et al. 2006), was used to find out whether patellar cartilage
defects characterised this way correlate significantly with postoperative AKP
following knee replacement. Clarifying the role of cartilage defects in the
evolution of AKP should aid surgeons in the optimal handling of the patella
during knee replacement.

Examination of a patient with a painful knee includes taking radiographs in
anterior to posterior (AP), lateral and patellofemoral (PF) axial projections.
Patellar maltracking in knees with AKP may express several possible causes of
complaints. Resection of the joint surfaces during knee replacement and stress-
induced remodelling of the unresurfaced patella distort the landmarks currently
necessary for measuring PF congruence. Interpretation of the measures ex-
pressing patellar translation in absolute numbers (millimetres) instead of pro-
portions is also influenced by radiographic magnification and knee dimensions,
making it unhelpful to compare the results of different studies. The need has
emerged for a new reliable radiographic measurement tool, which would enable
practitioners to make judgements upon the patellofemoral congruence of a
replaced knee joint and quantify patellar displacement.



This thesis focuses on three aspects of AKP following TKA with unresur-
faced patella: the prevalence, correlation with patellar cartilage defects and
measurement of PF congruence.
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REVIEW OF THE LITERATURE

I. Definition of AKP and PFPS

Anterior knee pain (AKP) refers to pain in the front part of the knee. AKP is a
general term incorporating all possible pathologies that might cause the anterior
of the knee to hurt (Witvrouw et al. 2005).

Patellofemoral pain syndrome (PFPS) is a narrower term than AKP, em-
phasizing the patellofemoral (PF) joint as the source of pain. PFPS however
does not specify which structure of the patella or femur is impaired. The word
‘syndrome’ stands for the conglomeration of symptoms and signs in addition to
pain and instability (Witvrouw et al. 2005). PFPS manifests as activity related
AKP and grows worse with activities (e.g. descending the stairs) that put greater
strain on the PF joint. Sitting for a longer time may also elicit PFPS symptoms
(Petersen et al. 2013, Sanchis-Alfonso 2014).

In the orthopaedic literature AKP and PFPS are frequently used as syno-
nyms. In the current thesis the term AKP is used only when specifying the
location of pain in the front aspect of the knee; the term PFPS is reserved for
describing pain of PF origin.

2. Patellofemoral anatomy
2.1. General aspects

The PF joint forwards the forces generated by the quadriceps femoris muscle to
the shank through a lever system, where patella functions like a fulcrum.

There is a trilaminar arrangement of fibrous soft-tissue structures between
the skin and the anterior surface of the patella. The most superficial is a trans-
versely orientated fascia, next layer is an aponeurosis with obliquely orientated
fibers and the deepest of the three is rectus femoris tendon with its longitudinal
fibers. The spaces between these three fibrous layers comprise of three bursas: a
prepatellar subcutaneous bursa, a prepatellar subfascial bursa, and a prepatellar
subaponeurotic bursa. The bursas’ main idea is reducing friction (Dye et al.
2003).

The infrapatellar fat pad lies between the patellar ligament and anterior side
of the proximal tibia. It is richly innervated with sensory nerve endings and may
be the source of AKP (Kramers-de Quervain et al. 2005).

The convex posterior side of the patella and the concave femoral trochlea
constitute the PF articulation. The posterior surface of the knee cap has three
facets: medial facet is isolated from the lateral by median ridge, odd facet is
small and located on the medial edge (Scott 2012).

Wiberg (1941) has classified patellar shape into three: “1 — the median ridge
lies in the centre of patella and the medial and lateral facets are of the same size,
2 — the median ridge is situated slightly medial and the lateral facet is bigger
than the medial one, 3 — the median ridge is displaced far medially so the
medial facet is nearly absent”. Wiberg (1941) type 3 patellas have reduced
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constraint due to the small medial facet and are therefore more predisposed to
lateral subluxation (Wiberg 1941, Panni et al. 2011). Bony and cartilaginous
contours of the patella do not coincide. This is why it is easy to misinterpret
plain radiographs when estimating the PF congruence based on the lowest
points of trochlea and patella (Staubli et al. 1999).

The patellar articular surface has the widest contact area with the trochlea
when the knee is in 90 degrees of flexion: in this knee position also the PF
contact pressure is the highest. The area of the patellar articular cartilage in
contact with the trochlea is relatively small and changes constantly during knee
motion (Miiller and Wirz 2001). At full extension inferior part of the patella is
in contact with the trochlea. As the knee flexes, the contact point shifts in the
superior direction on the patella (Stichl 2005). The thicker cartilage in the
superior part of the patella helps to neutralise the higher PF contact forces in
deeper flexion (Luyckx et al. 2009). The PF joint has to cope with the highest
stresses in the human organism, amounting even to 20 times the body weight
(Schindler 2012).

The direction of PF forces varies during knee motion because of internal and
external rotation of the tibial tubercle relative to femur caused by the thigh
muscles crossing the knee joint (Miiller and Wirz 2001). Also alterations in
patellar height may create severe disturbances in force transmission through
knee flexion (Stiehl et al. 2001).

In a prosthetic knee the PF joint is stabilised by the geometry of the trochlear
groove and the posterior side of the patella, medial and lateral soft tissue
restraints, the quadriceps muscle and patellar tendon (Andrikoula et al. 2006,
Barink et al. 2006).

Abnormal PF forces may cause PF symptoms following knee replacement
(Iranpour et al. 2010). TKA’s with unresurfaced patella or anatomic shaped re-
surfacings retain close to normal PF contact pattern, wheras dome-shaped
patellas transfer the contact point on the patella more superior (Stiehl et al.
2001).

A lot of importance is attached to the design of the trochlear groove of the
femoral component in ensuring the optimal tracking pattern of patella and mini-
mising postoperative PF complaints. It should be emphasized, however, that
besides trochlear design, also alignment of the components, soft tissue balance,
scar tissue and surgical techniqe in general affect the PF function (Kulkarni et
al. 2000, Iranpour et al. 2010).

2.2. Blood supply of the patella

The patellar blood supply derives from the vessels originating from the popliteal
artery proximal to the femoral condyles: the superior genicular, medial superior
genicular, medial inferior genicular, lateral superior genicular, lateral inferior
genicular and the anterior tibial recurrent artery. These arteries form a vascular
anastomotic ring around patella. The medial and lateral genicular arteries give
off transverse branches anastomosing behind the patellar ligament (Scapinelli
1967).
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Intraosseus perfusion consists of two connected systems: the mid-patellar
vessels entering 10—12 vascular foramina on the anterior surface of patella and
the vessels of the inferior third of the patella arising from the transverse
branches behind the patellar ligament. The intrinsic vessels supply cancellous
bone up to the chondro-osseus junction (Gelfer et al. 2003, Naslund et al. 2007).

2.3. Innervation of the patella

The anterior part of the knee is innervated by the articular branches of the
femoral, the common peroneal and the saphenous nerve (Hirasawa et al. 2000,
Damarey et al. 2013). Nerves have been found to enter patella in supero-medial
and supero-lateral quadrants (Maralcan et al. 2005) and medially (Barton et al.
2007). Most of the intraosseous nerves are accompanied by vessels. Medial and
central patella are more densly innervated compared to the lateral part, there are
no large nerves adjacent to the subchondral plate (Barton et al. 2007). There are
three types of nerve endings in the knee: Ruffini’s corpuscles, free nerve
endings and Pacinian corpuscles. Free nerve endings are associated with pain
detection (Hirasawa et al. 2000). Most well-known neuropeptides involved in
the transmission of pain by peripheral nerves are substance P and calcitonin
gene related peptide (Hirasawa et al. 2000, Bohnsack et al. 2005). Nerve
endings accompany blood vessels and are far-spread in periarticular soft tissues
of the knee: the retinaculum, synovium, fat pad and the pes anserinus (Witonski
and Wagrowska-Danielewicz 1999, Bohnsack et al. 2005). In patients with
AKP the concentration of nociceptive nerve fibers increases in the fat pad and
medial retinaculum (Witonski and Wagrowska-Danielewicz 1999).

2.4. Architecture of the articular cartilage

Patellar cartilage is the thickest in the human body, amounting to 6,5mm (Scott
2012). Hyaline cartilage consists of extracellular matrix and chondrocytes. The
extracellular matrix is synthesized by the chondrocytes and constitutes 95% of
the cartilage volume being principally comprised of water, type 2 collagen and
proteoglycans.

The chondrocytes are organised into 4 zones. The superficial zone contains
high number of flattened chondrocytes and the collagen fibers aligned parallel
to the articular surface. The superficial layer protects deeper zones from share
forces. In the middle zone the chondrocytes are spherical and their density is
low, collagen is organised obliquely. In the deep zone the chondrocytes together
with the collagen fibers are both arrranged in columns and perpendicular to the
joint line. The role of the deep zone is resistance to compressive forces. The
calcified layer secures the cartilage to bone and is separated from the deep zone
by the tide mark. There are small numbers of hypertrophic chondrocytes in the
calcified layer (Alford 2005, Sophia Fox et al. 2009).

Normal articular cartilage is avascular, aneural and without lymphatics. In
osteoarthritis the erosion channels containing blood vessels together with nerves
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may run through the subchondral plate and invade the cartilage (Witonski and
Wagrowska-Danielewicz 1999, Suri et al. 2007). Angiogenesis is a prerequisite
for the innervation of the articular cartilage. The erosion channels may contain
vessels without nerves, but never nerves without vessels (Suri et al. 2007,
Sophia Fox et al. 2009).

3. Causes of AKP

The etiology of AKP is multifactorial and this is why determination of its im-
mediate cause may be difficult. Previous research describes an abundance of
possible causes, but the actual reason for the evolution of anterior knee
complaints may be a combination of several factors unique to each case
(Bourne 2011, Meftah et al. 2011).

3.1. Classification

The causes of AKP following TKA may be classified as follows:

Imbalance of soft tissues
4+ Dynamic valgus of the knee
4 Imbalance of vastus medialis and lateralis
4 Lateral patellar facet syndrome (tight lateral retinaculum)
Implant-specific
+ Design
4+ Malpositioning
+ Sizing
Patella-specific
+ Cartilage
+ Height
+ Fracture
4 Ischemia
4 Tumor
Synovial proliferation
4+ Synovial entrapment
4+ Patellar clunc syndrome
4+ Notch stenosis
Fat pad pathology
Neuropathic pain
Unknown cause
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3.2. Imbalance of soft tissues

Soft tissue imbalance and implant-specific problems both lead to PF mal-
tracking, which may cause pain through increasing focal bone stresses and
streching the retinacular structures. The genesis of pain in cases of PF instability
has been associated with hyperinnervation (nerve ingrowth) of the lateral retina-
culum as a result of chronic stretching and with stimulation of subchondral
nerves of the patella in response to constant overload of the articular surfaces
(Sanchis-Alfonso 2014). The relationship between PF maltracking and pain is
not so definite. There are studies stating that even mild patellar maltracking
causes pain (Lakstein et al. 2014) concurrently with data suggesting to explore
other causative mechanisms of complaints in the front part of the knee
(Maclntyre et al. 2006).

PF soft tissue balance may be altered also by dynamic valgus of the knee,
which is the sequelae of the weakness of hip abductors and external rotators,
causing adduction and internal rotation of the femur. Other abnormalities as-
sociated with this pathology are internal rotation and abduction of the tibia,
hyperpronation of the foot, contralateral pelvic drop and excessive hip ad-
duction and ipsilateral trunc inclination (Sanchis-Alfonso 2014).

In situations where the decreased activity of vastus medialis is not able to
equilibrate the force of vastus lateralis, patella is pulled excessively laterally,
causing unphysiological strain in the PF joint. Often such imbalance of the
quadriceps is present in arthritic knees already preoperatively and worsens after
the joint replacement (Petersen et al. 2014, Sanchis-Alfonso 2014).

Lateral patellar facet syndrome may be diagnosed if in addition to pain
experienced by the patient in the front part of the knee also palpation of the
lateral side of patella is painful and the lateral facet of the patella is in contact
with the prosthetic femoral trochlea on axial X-ray (Cercek et al. 2011, Zhang et
al. 2012, Nikolaus et al. 2014, Pagenstert et al. 2014). Other possible causes of
pain like infection, component malpositioning and metal allergy have to be
eliminated beforehand (Pagenstert et al. 2014). Relief of symptoms after
decompression of lateral PF joint by lateral patellar facetectomy and medial
patellar reefing refers to the role of tight lateral retinaculum in the evolution of
lateral patellar facet syndrome (Zhang et al. 2012, Pagenstert et al. 2014).
Although lateral patellar facetectomy seems to be the preferred method due to
retaining the lateral blood flow, there is also data about the positive effect of
lateral retinacular release in lowering the incidence of AKP following TKA
(Zha et al. 2014).

3.3. Implant-specific causes
3.3.1. Design

PF problems have been attributed to several design features of the femoral,
tibial and patellar components. Following the faultless knee replacement with
balanced soft tissues and correctly mounted implants, the design of the femoral
component is the most important determinant of optimal patellofemoral stress.
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More anatomical femoral component is advisable when not replacing the patella
(Ma et al. 2007).

Anterodistally facing corner along the trochlear floor of the posterior
stabilised femoral components may interfer with patellar tracking and in the
presence of suprapatellar synovial tissue be responsible for the patellar clunc
syndrome or synovial entrapment (Kulkarni et al. 2000, Pollock et al. 2002,
Dajani et al. 2010, Peralta-Molero et al. 2014).

The length of the trochlea has been shown to influence patellar kinematics.
Too short trochlea proximally hinders the patellar secure entering into the
trochlear groove at the start of extension. On the other hand, ending the distal
trochler groove too proximally will disturb patellar tracking in deep flexion.
Too flat lateral flange of the trochlea may fail to offer enough constraint for the
prevention of lateral displacement of the patella (Kulkarni et al. 2000).

Multiradius femoral components have a relatively anterior and changing
extension-flexion axis while in single radius femoral implants knee movement
occurs around one relatively posterior rotation centre. The more posterior
rotation axis of the femoral component ensures longer and more efficient
extensor mechanism’s moment arm. Longer moment arm exerts less pressure on
the PF joint and reduces AKP. Therefore single radius femoral components may
be preferred when trying to gain optimal PF kinematics (Mahoney et al. 2002).

It has also been shown by Mugnai et al. (2014) that more anatomic bearing
geometry of both femoral and tibial components can lower the prevalence of
AKP. However, a meta-analysis by Pavlou et al. (2011) comparing patella-
friendly and patella non-friendly TKA designs didn’t find any difference in the
incidence of AKP between groups.

3.3.2. Position

While performing the knee replacement surgery, it is vital to choose the correct
implant size and to place the components in correct rotation and medio-lateral
as well as AP position. Errors in implant sizing and positioning will lead to
either instability or overstuffing of the PF or tibiofemoral compartments. The
association between rotational malalignment of the components of the total
knee implant and chronic postoperative knee pain has been recorded con-
vincingly (Czurda et al. 2010, Vanbiervliet et al. 2011). PF lateral share-forces
can be minimised by rotating the femoral component laterally and in cases of
patellar resurfacing, placing the patellar component medially (D'Lima et al.
2003). Steinbruck et al. (2014) proved in a cadaver study that placement of the
femoral component in 6 degrees of external rotation relative to transepicondylar
axis will result in significantly reduced PF pressure compared to neutral or 3
degrees external rotation. Figgie et al. (1986) showed that AKP may be almost
eliminated, if the tibial component is inserted neutral or posterior to the center
of tibia, the joint line is not changed more than 8 mm and patellar height
remains between 10-30 mm. Somewhat surprisingly van de Groes et al. (2014)
reported less postoperative pain when the femoral component was placed in a
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more medial position. They speculated, that the reason might be the more lateral
orientation of the prosthetic trochlea compared to the native knee.

3.3.3. Size

Tibio-femoral instability created by too loose flexion gap compromises the PF
joint through reduced femoral roll-back in flexion. When the knee is unstable in
flexion, the posteriorly subluxed tibia icreases PF contact pressure. In a well
functioning knee femoral rollback improves the efficiency of the extensor
mechanism and therefore reduces PF strain (D'Lima et al. 2003, Petersen et al.
2014). The placement of the femoral component excessively anteriorly or
oversizing either the femoral or patellar component will result in redundantly
tight soft tissues and increase in contact pressure between the articulating
surfaces of the patella and femur, which is called overstuffing (Ghosh et al.
2009, Steinbruck et al. 2013, Petersen et al. 2014). The same is true about
tibiofemoral compartment, when too thick insert is implanted (Babazadeh et al.
2013). Several authors have shown that overstretching the knee compartment
during arthroplasty is a strong predictor of pain in that compartment
postsurgically (Ghosh et al. 2009, Babazadeh et al. 2013, Steinbruck et al.
2013). However, Pierson et al. (2007) do not support the belief that overstuffing
the PF joint has any adverse effects on the results of TKA.

3.4. Patella-specific causes
3.4.1. Cartilage

Without doubt, most of the patellas show some type of cartilage damage on
visual inspection at the time of surgery (Rodriguez-Merchan and Gomez-
Cardero 2010). Furthermore, radiographic studies have demosntrated remodel-
ling of patellar shape in a replaced knee with unresurfaced knee cap: these are
changes extending far beyond the articular cartilage (Shih et al. 2004). The link
between AKP and PF osteoarthritis has been well established in a native knee
(Thomas et al. 2010), but this relationship cannot be carried over to the artificial
joint due to the replaced articulating surfaces. In general terms, the medical
literature is dubious regarding the role of patellar cartilage defects in the
evolution of AKP in a replaced knee.

3.4.2. Height

Patellar height changes more than 10% in a substantial amount of patients fol-
lowing TKA (Jawhar et al. 2014). Mostly patella baja (abnormally low posi-
tioned patella) is held responsible for AKP (Jawhar et al. 2014), but also patella
alta (abnormally high positioned patella) may cause pain in the front part of the
knee (Luyckx et al. 2009). Patella baja evolves in 9.8% of knees after TKA
(Meneghini et al. 2006) and is the result of either joint line elevation (Bieger et
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al. 2014) or contracture of the patellar tendon (Petersen et al. 2014). Inferiorly
located patella increases PF contact stress and impinges on the tibial component
provoking AKP (Bieger et al. 2014). Patella alta follows extensor mechanism
elongation or placement of the joint line too distally (Luyckx et al. 2009).
Greater height of the patella disturbs its engagement into the trochlear groove,
predisposing thisway PF instability (Jawhar et al. 2014). Greater patellar height
increases PF contact forces in deep flexion and this is thought to be the bio-
mechanical explanation for AKP in patients with patella alta (Luyckx et al.
2009).

3.4.3. Fracture

Patellar fracture as a complication of TKA is relatively rare, occuring within the
first two years following surgery and mostly in resurfaced patellas. Patellar
fracture does not have to be accompanied by clinical symptoms (Melloni et al.
2008). Patella may fracture due to direct trauma, because of the disruption of its
blood supply after lateral retinacular release or certain exposures like quadriceps
turntown and following the sudden forceful contraction of quadriceps femoris
(Smith et al. 2004, Melloni et al. 2008).

3.4.4. Ischemia

Patellar blood supply in a replaced knee may be reduced by exposure (Hase-
gawa et al. 2009), lateral retinacular release (Strachan et al. 2009, Molyneux
and Brenkel 2012) and knee flexion (Naslund et al. 2007, Hasegawa et al.
2009). Exposure-related reduction of patellar blood flow is only temporary, as
the patella is being everted in the process of medial parapatellar exposure
(Hasegawa et al. 2009). Neither medial parapatellar or subvastus approach will
impair the patellar vascular status permanently (Gelfer et al. 2003, Kohl et al.
2011). However transient hypovascularisation of the patella has been noted in
approximately 10% of patients after knee replacement, resolving within 4-6
weeks postoperatively. These transient ischemic episodes correlate with AKP
(Gelfer et al. 2003). In a flexed position the patellar blood flow diminishes to an
average 65% and in a quarter of patients drops even to zero at flexion of 100
degrees and above (Kohl et al. 2011). The patellar perfusion of patients with
AKP is reduced in flexion to greater extent compared to symptomless indivi-
duals (Naslund et al. 2007). Kohl et al. (2011) report no correlation between
decreased patellar blood flow and AKP following TKA.

3.4.5. Tumor

Although tumors rarely cause AKP, they should still be considered in diffe-
rential diagnosis. The following tumors of patella are mentioned in the literature
as causes of AKP: aneurysmal bone cyst (Balke et al. 2010), osteoid osteoma
(Chillemi et al. 2013) and extraskeletal ossifying chondroma (Singh et al.
2009).
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3.5. Synovial proliferation
3.5.1. Synovial entrapment

Hypertrophic synovial tissue behind the quadriceps tendon at the superior pole
of the patella may cause crepitus and pain in the front part of the knee. These
patients can usually walk painfree, symptoms come up during active extension
of the knee from a 90 degrees flexed position while climbing the stairs or rising
from the chair. It is mostly related to posterior-stabilised knee implants (Dajani
et al. 2010).

3.5.2. Patellar clunc syndrome

Patellar clunc syndrome and synovial entrapment probably share the same etio-
logy (Pollock et al. 2002). Patellar clunc syndrome manifests as a painful and
audible clunc during knee extension at 3045 degrees when suprapatellar fib-
rous nodule entraps into the intercondylar notch of the femoral component
(Dajani et al. 2010, Peralta-Molero et al. 2014). It usually develops within one
year following TKA. High-flex mobile bearing knees demonstrate especially
high incidence of patellar clunc (Snir et al. 2014).

3.5.3. Notch stenosis

Notch stenosis evolves not earlier than three months following posterior-stabi-
lised knee replacement as a consequence of synovial tissue impingement in the
femoral notch between the stabilising box of the femoral component and
polyethylene post of the tibial insert. AKP, crepitation and progressive loss of
knee extension are the main symptoms (Bonutti et al. 2010).

3.5.4. Fat pad

Surgeons either remove the fat pad to enhance the exposure or leave it in place.
After resecting the fat pad the patellar tendon may shorten because of scarring
and lead to patella baja and AKP (Meneghini et al. 2007, Pinsornsak et al.
2014). The retained infrapatellar fat pad on the other hand may provoke AKP
through compression between the anterior side of the polyethylene insert and
inferior pole of patella (Bohnsack et al. 2005, Kramers-de Quervain et al. 2005).
Mobile and meniscal bearing designs seem to be more fat pad friendly with less
impingement (Kramers-de Quervain et al. 2005). Histochemic reactions in the
edematous fat pad may also be responsible for the chronic pain in the anterior
part of the knee (Bohnsack et al. 2009). A recent metaanalyses states that pa-
tients undergoing TKA because of osteoarthritis will have the same outcome
irrespecive of whether the fat pad is resected or not, but in rheumatoid patients
the fat pad resection will have deleterious effect on pain (van Beeck et al. 2013).
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3.6. Neuropathic pain

Neuropathic pain in the anterior part of the knee mainly occurs as a result of the
lesion of the infrapatellar branch of the saphenous nerve (ISN) during knee
arthroplasty (Kachar et al. 2008, Ackmann et al. 2014) with an incidence up to
70% (Ackmann et al. 2014). The formation of a painful ISN neuroma is much
more likely with the medial parapatellar approach and therefore straight midline
skin incision should be preferred (Kachar et al. 2008).

3.7. Unknown cause

In more than 10% of cases AKP of moderate intensity may occur without any
known cause (Meftah et al. 2012).

4, Burden of AKP and TKA

Prevalence is one way of measuring disease burden (Helmick et al. 2008,
Kestenbaum 2009), i.e. the proportion of people in the population at one point
in time who have the disease. Prevalence (%) is calculated:

number of people with the disease / number of people in the population x 100
(Kestenbaum 2009).

Prevalence takes into account persons with both existing and new disease (Hel-
mick et al. 2008).

AKP may comprise the outcome of TKA in more than half of patients (van
Jonbergen et al. 2012) and its burden to health service is expected to increase in
the future due to an ageing population (Leonardi et al. 2014) and the increase of
knee osteoarthritis with age (Lawrence et al. 2008). The percentage of people
older than 60 years of age are projected to increase in Europe from 20.3% in the
year 2000 to 28.8% in 2025, with the median age rising from 37.7 to 45.4 years
(Leonardi et al. 2014). The lifetime risk of symptomatic knee osteoarthritis is
44.7%, but risk is greater in obese patients and for people who have experienced
previous knee trauma (Murphy et al. 2008, Niu et al. 2009). The prevalence of
symptomatic knee osteoarthritis among adults ranges from 10-47% (Fernandez-
Lopez et al. 2008, Helmick et al. 2008, Lawrence et al. 2008, Sudo et al. 2008,
Quintana et al. 2008, Kim et al. 2010, Salve et al. 2010, Jiang et al. 2012). The
number of people affected by symptomatic knee osteoarthritis is projected to
increase by 40% over the next 25 years in the United States (Helmick et al.
2008). More cases of knee osteoarthritis can elicit an increase in the incidence
of knee replacements together with accompanying complications (Robertsson
2013). In the United States the demand for primary TKA is predicted to
increase by 673% by year 2030 compared to 2005 (Kurtz et al. 2007). TKA is a
fast growing intervention (Leskinen et al. 2012, Parvizi et al. 2014) that has
been documented by national joint replacement registries (Odgaard 2010, Wiig
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2010, Graves 2013, Powers-Freeling 2013, Robertsson 2013). In Denmark the
incidence of knee replacement per 100,000 inhabitants increased from 142 in
2008 to 163 in 2009 (Odgaard 2010). In Australia the amount of total knee
arthroplasties has increased by 69.1% since 2003 (Graves 2013) and the trend is
likely to continue (Robertsson 2013). Some authors report the fastest growth of
the incidence of knee arthroplasty among younger patients (Parvizi et al. 2014).

The lifetime risk of knee replacement is growing (Bohensky et al. 2014) and
is somewhat higher for women (10-12%) compared to men (7-10%) (Bohensky
et al. 2014, Weinstein et al. 2013). According to Weinstein et al. (2013) the
lifetime risk of revision TKA is 1.0% for men and 1.7% for women; appro-
ximately 50% of patients with the diagnosis of symptomatic knee osteoarthritis
will go through TKA and the risk of subsequent revision is around 15%; 4% of
the adult population has a replaced knee joint. The prevalence of having at least
one knee arthroplasty is highest around 80-85 years of age, at 6% for men and
8% for women (Robertsson 2013).

5. Predictors of AKP

Due to its multifactorial nature, the occurrence of AKP may depend on several
variables.

5.1. Treatment of the patella

It is not currently clear in what way the patellofemoral joint contributes to AKP.
Proponents of the knee cap as the main source of pain prescribe resurfacing of
the patella, but not all surgeons agree with this theory and will usually leave the
patella untouched (Deirmengian and Lonner 2013). There is also a third option,
i.e. selective resurfacing. The rationale for always resurfacing the patella is a
smaller incidence of AKP, reduced risk of reoperation due to patellar problems
and better overall patient satisfaction with the procedure (Mayman et al. 2003,
Patel and Raut 2011, Hwang et al. 2012, Schindler 2012). As research has not
shown convincingly that leaving the patella unreplaced will produce inferior
results, it might be decided not to resurface the patella. Circumventing patellar
replacement will moreover avoid some potentially serious complications, like
patellar fracture, rupture of the patellar tendon, overstuffing of the PF joint, PF
instability, osteolysis, component fracture and polyethylene wear (Mayman et
al. 2003, Meneghini 2008, Patel and Raut 2011, Hwang et al. 2012, Schindler
2012).

An unresurfaced patella may be treated in two different ways using either the
conventional method or patelloplasty. The conventional handling of unre-
surfaced patella means the resection of its osteophytes. Patelloplasty consists of
reshaping the patellar facets with a saw so the patella will better conform to the
contours of the femoral trochlea, denervation of the patellar rim by electro-
cautery is also included (Hwang et al. 2012, Zupan et al. 2014). The results of
studies comparing relief of knee pain following patelloplasty and patellar
osteophyte removal have yielded conflicting results. In a retrospective study of

21



89 patients by Zupan et al. (2014), patelloplasty significantly outperformed the
removal of osteophytes in regard to postoperative knee pain. The work of Sun
et al (2012), which analysed 152 patients retrospectively, did not however reach
a statistically significant result. Two retrospective studies (Hwang et al. 2012,
Li et al. 2012) and one prospective study (Liu et al. 2012) that assessed the
advantage of patelloplasty or patellar resurfacing in diminishing AKP following
TKA all reached a similar conclusion, i.e. there is no significant difference in
the success of either procedure in diminishing AKP.

The idea behind selective resurfacing is to perform the procedure in patients
who would benefit from replacing the patella whilst avoiding unnecessary
surgery and patella-related complications in individuals who would do well
with the native patella (Schindler 2012). Suggested patient-specific and surgery
related prerequisites for the retention of patella are: an age younger than 65; an
absence of preoperative AKP; no cristallarthropathy; well preserved patellar
thickness and shape; normal PF tracking; Outerbridge (1961) 1-3 patellar
cartilage defects not extending to the subchondral bone; correct alignment of
prosthesis components; balanced ligaments; avoiding the violation of the
extensor mechanism during exposure (Miiller and Wirz 2001, Rodriguez-
Merchan and Gomez-Cardero 2010, Schindler 2012). Anatomical design of the
trochlear groove and physiological tibiofemoral rotation are the two most
important implant specific characteristics vital for ensuring a painless PF joint
following TKA without resurfacing the patella (Miiller and Wirz 2001, Ma et al.
2007). Misra et al. (2003) showed in a prospective study of 129 cruciate
retaining press-fit condylar total knee implantations with a mean follow-up of
57 months, that by applying selective resurfacing equally good results in regard
to postoperative AKP may be achieved in patients with different severity of
patellar cartilage impairment. The patellar articular surface was retained in
Outerbridge (1961) grades 0, 1, 2, but replaced for grades 3 and 4. Both the 0-2
and 3-4 Outerbridge (1961) grade groups had a similar incidence of post-
operative AKP at around 4%, which is less than reported in most studies. AKP
thus evolves independently of whether the patella is resurfaced or not, and
patient selection is essential when selectively resurfacing the patella (Misra et
al. 2003). Using MRI Kumabhashi et al. (2013) compared preoperative patellar
cartilage thickness with thickness up to a year following TKA with unre-
surfaced patella, and found that the cartilage of the lateral facet was signifi-
cantly thinner post-surgery. The thickness of the cartilage of the patella as
evaluated during knee replacement surgery, might be one variable to consider
when deciding between resurfacing the patella or not (Kumahashi et al. 2013).

Leichtle et al. (2014) executed a biomechanical study comparing PF pressure
between native knees, replacement knees without patellar resurfacing and
arthroplasty knees with a replaced patella. Despite correct positioning of the
implants and avoidance of PF overstuffing, peak PF pressure increased vague in
a replaced knee without patellar resurfacing and 1.5-2.5 fold in knees with a
resurfaced patella. In the absence of serious cartilage defects, patellar re-
surfacing from a biomechanical point of view was not recommended.
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The results of studies examining AKP and patellar resurfacing are contro-
versial. Barrac et al. (2001) examined 118 patients with Miller-Galante II
(Zimmer, Warsaw, USA) posterior cruciate-retaining knee replacements into
patellar resurfacing and retaining groups. There was no significant difference in
postoperative  AKP between the patellar resurfacing and retaining groups
(Barrack et al. 2001), a conclusion also drawn in studies with 10 years of
follow-up (Beaupre et al. 2012, O'Brien et al. 2012). A prospective randomised
study by Smith et al. (2008) of 181 knees replaced with the Profix Total Knee
System (Smith & Nephew Richards Inc., Memphis, Tennessee) demonstrated
an increased incidence of AKP in patients with resurfaced patella. 30.1% of
knee replacement patients with resurfaced patella and 20.9% without patella
resurfacing had AKP. The study however reported only short term results (mean
of four years) and the outcome for AKP in the non-resurfaced patella group may
worsen with time. A study was performed by Patel et al. (2011) that included 65
patients who had both knees replaced in stages, but with resurfacing of the
patella only performed on one knee. Press-fit condylar prosthesis was used in all
cases. The mean follow-up was 4.5 years. Patients preferred the knee with
resurfaced patella and the incidence of AKP was also smaller. A retrospective
randomised study of 100 patients receiving an Anatomic Medullary Knee
(DePuy, Warsaw, IN) with 8-10 years follow-up demonstrated significantly less
AKP with walking and stair climbing in a group with resurfaced patella com-
pared to not replacing the knee cap (Mayman et al. 2003).

When residual AKP compromises daily quality of life surgeons are too often
incapable of resisting the temptation to provide the patient a relatively simple
and quick solution, i.e. secondary resurfacing of the patella. The revision rate of
primarily unresurfaced patella is between 0.4-7.5% (Miiller and Wirz 2001,
Mockford and Beverland 2005, Parvizi et al. 2012). In cases where primary
knee replacement with unreplaced patella has not eliminated AKP, the success
rate of secondary patellar resurfacing is also poor (Mockford and Beverland
2005). 14-50% of patients continue to have pain in the front part of the knee
even after secondary resurfacing (Miiller and Wirz 2001, Mockford and
Beverland 2005, Munoz-Mahamud et al. 2011, Correia et al. 2012, Daniilidis et
al. 2012, Parvizi et al. 2012, Petersen et al. 2014). The disappointing outcome of
secondary resurfacing suggests that not all AKP can be attributed to the
cartilage of patella (Petersen et al. 2014).

Systematic reviews and meta-analyses generally endorse the use of a patellar
implant (Swan et al. 2010, Leichtle et al. 2014), convincingly demonstrate an
increased reoperation rate associated with unresurfaced patella (Meneghini
2008, Calvisi et al. 2009, Fu et al. 2011, He et al. 2011, Li et al. 2011, Pavlou et
al. 2011, Pilling et al. 2012, Chen et al. 2013, Petersen et al. 2014), but do not
agree on the causes of postsurgical AKP. An early work (Calvisi et al. 2009)
favours resurfacing, but more recent studies (Fu et al. 2011, He et al. 2011, Li et
al. 2011, Pavlou et al. 2011, Pilling et al. 2012, Chen et al. 2013, Petersen et al.
2014) have been unable to confirm the advantage of either patellar resurfacing
or retention in reducing AKP. One viewpoint to the reoperation rate is that it
may be artificially increased due to the perception that only the articulation
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between patella and femoral trochlea is the cause of AKP. The same rates of
AKP in patella resurfaced and retaining groups, together with poor results of
secondary resurfacing, indicate that the etiology of AKP is multifactorial and
the overall balance of the knee is important in avoiding AKP (Pavlou et al.
2011).

National joint registries are a valuable source for observing how patellar
replacement differs between countries. In Sweden the use of a patellar button
has constantly decreased over the years and constituted only 2.6% of knee
replacements performed in 2012 (Robertsson 2013). A similar situation has
occurred in Norway, where the use of patellar resurfacing decreased from
35.8% in 1994 to 2.2% in 2009 (Wiig 2010). In Australia and Denmark how-
ever the proportion of patellar resurfacing grew from 41.5% in 2005 to 54% in
2012 (Graves 2013) and from 69% in 1997-2000 to 80% in 2009 respectively
(Odgaard 2010). In Great Britain 86 % of all knee replacements are cemented
total knees, of which 38% had the patella replaced. 3% of all knee replacements
in Great Britain are cementless total knees, of which only 7% of patella’s get
the button (Powers-Freeling 2013). 76% of the members of American Asso-
ciation of Hip and Knee Surgeons always resurface the patella, 16% implant the
patellar button in >90% of surgeries and 5% replace the patella in <10% of
cases (Johnson et al. 2012). In Estonia the patella is usually not resurfaced
during primary knee replacement.

5.2. Condition of the patellar cartilage

When the patella remains unresurfaced, AKP following TKA may always be
ascribed to the impairment of the cartilage of the patella (Seil and Pape 2011).
Two of the most exploited systems for macroscopic grading of cartilage lesions
are the Outerbridge (1961) classification and its modification by Beguin and
Locker (1983). The Outerbridge classification defines the cartilage lesion as:
“grade 1 — softening and swelling of the cartilage, grade 2 — fragmentation and
fissuring in an area 13 mm or less in diameter, grade 3 — fragmentation and
fissuring in an area more than 13 mm in diameter, grade 4 — erosion of cartilage
down to bone” (Outerbridge 1961). The Beguin and Locker classification also
distinguishes 4 grades: “grade 1 — softening and swelling, grade 2 — superficial
chondral fissuring, grade 3 — deep chondral fissuring, grade 4 — erosion with
exposed subchondral bone” (Beguin and Locker 1983). Compared to the Outer-
bridge (1961) classification, the Beguin and Locker (1983) system characterizes
only the depth of the lesion, eliminating its extent as a component. Han et al.
(2006) studied the visual assessment of cartilage defects and concluded it is
generally reliable. Three investigators assessed the depth and extent of the
cartilage lesion on 80 photographs of the patella, taken during knee replace-
ment. The assessments resulted in substantial intra-observer and moderate inter-
observer reliability.

Osteoarthritic defects of the patellofemoral joint can be prevalent among
older populations. Iriuchishima et al. (2013) studied 203 cadaveric PF joints of
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Japanese patients with a median age of 84 years. 76% of all subjects had
cartilage defects of grade 2 and over according to the Outerbridge (1961) scale.
The defects were almost always on the medial facet, with only 3% of lesions on
the lateral side. The incidence of PF cartilage defects was also higher in females
compared to males. Such a large proportion of PF cartilage impairment post
mortem may indirectly confirm the symptomless nature of the majority of these
lesions during a subject’s lifetime (Beard et al. 2007). Beard et al. (2007)
documented a series of 824 unicondylar knee replacements of patients with a
median age of 66 years and found full thickness cartilage loss (Outerbridge
grade 3 and 4) on the medial facet of the patella in 9% of cases and on the
lateral facet in 4% cases. A much lower incidence of cartilage defects found by
Beard et al. (2007) compared to Iriuchishima et al. (2013) may be attributed to
the younger age of patients and exclusion of Outerbridge (1961) 2 defects in the
former study. The distribution pattern of lesions between medial and lateral
facets was however similar in both studies.

On visual inspection at the time of surgery most patella show some type of
cartilage damage (Rodriguez-Merchan and Gomez-Cardero 2010). Radiologic
studies have also demonstrated that changes to patellar cartilage continue after
implantation of the prosthesis in cases where the patella is left unresurfaced.
Kumahashi et al. (2013) evaluated the cartilage thickness of twelve unre-
surfaced patellae preoperatively using MRI and again a year post-surgery in
patients who received a zirconia ceramic knee implant. The measurements
showed significantly thinner cartilage of the lateral facet of the patella post-
operatively, which was interpreted as a results of osteoarthritic changes. In
extreme cases the articular surface of the patellar may entirely lose its original
shape in the process of remodelling (Shih et al. 2004). Postoperative de-
gradation of the articular cartilage of the unresurfaced patella may be ascribed
to ongoing biological process, or more often to mechanical factors such as
incorrect rotation of the femoral component (Seil and Pape 2011).

The link between AKP and PF osteoarthritis has been well established in a
native knee (Thomas et al. 2010). The association between AKP and radio-
logical changes was investigated in a study of 151 knees of 107 patients under-
going total joint replacement owing to osteoarthritis. Preoperative Merchant
views were performed and PF symptoms evaluated. Joint space obliteration
correlated significantly with increased postoperative AKP, but joint space
narrowing did not (Chang et al. 2007). The accuracy of predicting cartilage
changes by evaluating radiographic joint space narrowing was however
questioned in a later study that used the same cohort of 151 knees to study the
use of preoperative Merchant views and registering of gross cartilage changes
during surgery (Chang et al. 2008). The small agreement between the raadio-
graphic joint space narrowing and the degree of cartilage degeneration, together
with the inferior diagnostic accuracy of the assessment of the severity of
cartilage defects by radiography alone, demonstrates the inadequacy of relying
only on radiographic findings when deciding upon the degree of cartilage
impairment (Chang et al. 2008).
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There are several studies of the relation between preoperative AKP and
degeneration of the PF joint. Han et al. (2005) investigated 87 knees in 58
patients undergoing TKA. PF pain was evaluated by an independent in-
vestigator before operation and cartilage defects of the patella were assessed
during surgery. The cartilage lesion’s size, location and depth according to
Outerbridge (1961) was registered. The depth and size of the patellar cartilage
defect had a significant, although weak, positive correlation with AKP pre-
operatively (Han et al. 2005). In a further study Han et al. (2007) investigated
the correlation of PF osteophytes and AKP in 77 knees of 60 patients. The
proportion of the margin of the patella rimmed by osteophytes was registered
and cartilage impairment was assessed by visual inspection at surgery. The
degree of osteophytes had a weak positive correlation with the status of the
cartilage of the patella and the relationship between osteophytes and pre-
operative AKP was missing.

The Oxford Group has performed several studies to ascertain the role of PF
cartilage defects in the evolution of anterior knee pain symptoms. One of their
works investigated 824 knees of 793 patients undergoing medial unicompart-
mental arthroplasty with an Oxford UKR implant (Biomet, Bridgend, United
Kingdom) and after an average follow-up period of two years later, produced a
somewhat paradoxical result with significantly less anterior knee pain reported
by patients with full thickness cartilage loss anywhere in the PF joint compared
to normal cartilage. It was concluded that PF cartilage loss does not compro-
mise the outcome of medial unicondylar replacement with the Oxford knee
(Beard et al. 2007). In another study of 91 patients (100 knees) receiving an
Oxford UKR medial unicompartmental knee implant (Biomet, Bridgend, United
Kingdom), the relationship between PF cartilage degeneration and postoperative
AKP was investigated. After two years the prevalence of AKP in patients with
cartilage defects on the medial facet did not differ from individuals with unim-
paired patella. Patients with lateral patellar defects however had more often
AKP than in cases with a normal knee-cap (Beard et al. 2007).

The relationship between AKP and PF osteoarthritis in a native knee or
following unicondylar replacement cannot be meaningfully compared to total
arthroplasty as the biomechanics and contact surfaces of the PF joint are
different. To date attempts to establish a link between the state of the patellar
cartilage at the time of TKA and postoperative AKP have produced ambiguous
results (van Jonbergen et al. 2012). One of the studies affirming patellar
cartilage degeneration as a cause of AKP following TKA recruited 100 knees of
84 patients receiving a Total Condylar Knee prosthesis (Johnson and Johnson,
New Brunswick, New Jersey, USA and Howmedica, Rutherford, New Jersey,
USA) without resurfacing (Picetti et al. 1990). Patellar cartilage degeneration
was recorded during surgery and patients were followed for a minimum of 2
years. A strong association between postoperative AKP and full thickness
patellar cartilage defects exceeding 25% of the surface area was reported. It was
proposed that all such patella be resurfaced (Picetti et al. 1990). The most
extensive work to date exploring the role of the cartilage defects of the patella
in the evolution of AKP following TKA has been carried out by Rodriguez-
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Merchan and Gomez-Cardero (2010). 500 patients undergoing TKA with a
NexGen PS (Zimmer, Warsaw, Indiana, USA) implant were recruited and
divided into two groups based on the condition of the patellar articular cartilage
at surgery: group A = individuals with Outerbridge (1961) grade 1-3 defects;
group B = individuals with grade 4 defects. Patients in both groups were
randomised either to have the patella resurfaced or not. After five years rates of
AKP brought about a 21% higher risk of patellar resurfacing in group B
compared to group A. Shih et al. (2004) performed a radiologic study where
they studied 235 knees of 187 patients for a minimum of 5 years after implan-
tation of the Porous Coated Anatomic (PCA; Howmedica, Rutherford, New
Jersey, USA) total knee prosthesis. Patients with more advanced loss of patellar
cartilage thickness on a Merchant axial view had a significantly higher inci-
dence of AKP. Anterior knee pain symptoms were attributed to the erosion of
patellar cartilage.

There are also a handful of studies refuting patellar cartilage changes as a
cause of AKP. At surgery Barrack et al. (1997) recorded patellar cartilage
defects of 118 knees in 86 patients that received a Miller-Galante II (Zimmer,
Warsaw, Indiana, USA) total knee implant and diagnosed AKP after a mean
follow-up time of 30 months. No association between patellar cartilage defects
as graded by Outerbridge (1961) and postoperative pain in the front part of the
knee was found (Barrack et al. 1997). Campbell et al. (2006) also found no
association between patellar cartilage and postoperative frontal knee pain with
the Miller-Galante Il (Zimmer, Warsaw, Indiana, USA) implant over a longer
follow-up period of 10 years. Wood et al. (2002) also studied the prevalence of
AKP in a prospective randomised way in 221 patients with the Miller-Galante 11
(Zimmer, Warsaw, Indiana, USA) implant and an average follow-up of 48
months. The absence of patellar resurfacing was the only significant predictor
of AKP, the impairment of patellar cartilage recorded at surgery as described by
Outerbridge was not. At 10 years follow-up Burnett et al. (2004) reported no
significant difference in the prevalence of AKP between resurfaced and retained
patella in their prospective randomised double-blind study of patients with the
cruciate retaining Anatomical Medullary Knee (DePuy, Warsaw, Indiana, USA)
implant.

Meta-analyses of patellar resurfacing (Pavlou et al. 2011) and poor results of
secondary patellar resurfacing produce evidence that AKP is likely to result
from other causes rather than the impairment of the cartilage of the patella.

5.3. Preoperative AKP

Most studies show no correlation between preoperative AKP and pain in the
front part of the knee following joint replacement (Barrack et al. 1997, Barrack
et al. 2001, Wood et al. 2002, Campbell et al. 2006). However also contrary
viewpoint exists. Picetti et al. (1990) reported 25 of the 27 patients with pre-
operative AKP having the same complaints also after TKA with unresurfaced
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patella. Burnett et al. (2004) discovered that patients without AKP preopereti-
vely will neither experience it in the postoperative period.

5.4. Obesity

The prevalence of obesity increases worldwide (Dewan et al. 2009). There is
evidence following TKA, that compared to individuals with normal weight, the
patients with higher than normal body mass will have more perioperative
complications and overall revisons, the midterm results are the same regardless
of body weight (Lizaur-Utrilla et al. 2014), and long term the incidence of
aseptic loosening is bigger in obese (Foran et al. 2004). Studies generally report
no significant relationship between obesity and the incidence of postoperative
AKP following knee replacement (Barrack et al. 2001, Singh et al. 2011,
Hwang et al. 2012). However, Dewan et al. (2009) showed in their study of 169
TKA patients with BMI exceeding 20, that at mean follow-up of 5.4 years only
morbidly obese patients with BMI over 40 will experience more postopeartive
AKP compared to patients with BMI 20-29. Wood et al. (2002) have come up
with an interesting finding about patients’ weight, not body mass index, as the
only preoperative variable influencing the incidence of postsurgical AKP. Also
taller height has been highlighted as a predictor of AKP following knee replace-
ment (Schindler 2012). The higher incidence of AKP in taller and heavier
patients may be attributed to bigger PF forces generated by increased leaver
arms and total joint loading (Wood et al. 2002, Schindler 2012).

5.5. Surgical approach

Medial parapatellar, medial subvastus and midvastus approaches are the most
utilised methods for gaining access to the knee joint in performing arthroplasty
(Liu et al. 2013). There is a trend towards less invasive approaches in order to
save as much as possible of the integrity of the extensor mechanism. Such
minimally invasive techniques include the mini-medial parapatellar, mini-
midvastus, mini-subvastus and “quadriceps-sparing” approaches (Lai et al.
2014). None of the beforementioned approaches, either standard or minimally
invasive, has proved superior long-term in regard to postoperative knee pain
(Nestor et al. 2010, Hu et al. 2013, Pongcharoen et al. 2013, Zhang et al. 2013,
Heekin and Fokin 2014, Jenkins et al. 2014, Lai et al. 2014). Compared to
standard approaches, minimally invasive surgery may result in less knee pain
within a couple of weeks after the operation (Liu et al. 2013), but at the same
time limited visualisation of the knee joint predisposes component mal-
positioning, which in turn may compromise implant longevity (Zhang et al.
2013, Lai et al. 2014). Lateral parapatellar approach with or without the
osteotomy of tuberositas tibiae is an option, besides medial approaches, when
operating on a valgus knee. The best approach for performing arthroplasty in
valgus knees is still debatable (Rossi et al. 2014). As seen in the study of Satish
et al. (2013), lateral approach may eliminate postsurgical AKP. They report 5
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year results of the knee replacement with different implants and unresurfaced
patella in 32 arthritic valgus knees, according to which none of the patients
complained of AKP. Hirschmann et al. (2010) prospectively compared medial
parapatellar and lateral approaches in 143 valgus knees of 133 patients using
cruciate retaining BalanSys® (Mathys Ltd, Bettlach, Switzerland) implant.
Patella was resurfaced in 6 knees. Patients were not randomised: the approach
was chosen according to surgeon’s preference in each case. At two years, the
patients who received their knee implant through the lateral approach, showed
significantly smaller VAS pain scores, although AKP was not individually
analysed. Several studies, however, have not succeeded to allege the superiority
of the lateral approach over medial ones in replacing valgus deformed knees
(Nikolopoulos et al. 2011, Sekiya et al. 2014).

As all approaches capacitate comparable long-term results, the surgeons
should use an approach with which they are most accustomed to (Heekin and
Fokin 2014).

5.6. Lateral release

Lateral release denotes severing of tight soft tissue structures on the outer side
of the patella and it serves the concept of improved patellar tracking together
with reduced PF pressure, which may led to less AKP. In a prospective study by
Zha et al. (2014) with the Gemini MK II (Link, Germany) mobile bearing
prosthesis with unresurfaced patella, 148 patients were randomised either to
receive the retinacular release or not. At 18 months follow-up the patients in a
lateral retinacular release group experienced significantly less AKP compared to
the other group. Peretz et al. (2012) showed in a cadaveric study, comparing
native knees with traditional standard implants and gender specific designs, that
most effective reduction of PF pressure after lateral release occurs in knees with
standard components.

5.7. Gender

Compared to men, women have a reduced medial-lateral to AP femoral
condylar aspect ratio. This difference is very small and its clinical significance
is dubious. Q-angle and the prominence of anterior femoral condyles are
patient’s height-related variables, not gender specific (Merchant et al. 2008,
Dargel et al. 2011, Johnson et al. 2011). Ignorance of the height of the anterior
femoral condyles may theoretically lead to PF overstuffing and anterior knee
symptoms, but it has not been confimed in clincal studies yet (Dargel et al.
2011, Johnson et al. 2011). Based on the anatomic pequliarity of the female
knee, gender specific implants have been elaborated, but unfortunately without
any effect on clinical outcome (Johnson et al. 2011, Xie et al. 2013). The
studies comparing the results of TKA using gender specific and uni-sex
implants show equal postoperative results (Johnson et al. 2011, Xie et al. 2013).
The results of TKA are similar in both genders (MacDonald et al. 2008,
Merchant et al. 2008). When interpreting the results of TKA in terms of gender,
the difference of pre- and post-operative scores requires particular conside-
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ration. Women usually start and also end in lower score levels, but the change
in the postoperative status compared to preoperative, is equal to men
(MacDonald et al. 2008). There is one study specifically looking for the effect
of gender on PF function after TKA. Sensi et al. (2011) recruited 50 male and
50 female patients undrgoing TKA and implanted them Nex Gen Legacy
Posterior Stabilized (Zimmer, Warsaw, Indiana, USA) prothesis with resurfaced
patella. The AKP was diagnosed using HSS patella score. At mean follow-up of
6 years, the prevalence of AKP was bigger in women compared to men, 12%
and 4% respectively. However the difference was statistically insignificant.

5.8. Bearing mobility

The rationale behind mobile bearings is to physiologically imitate the internal
rotation of the tibia relative to the femur during knee flexion, and the external
rotation while extending the knee (Wasielewski et al. 2008). Theoretically the
rotation between the tibial base plate and polyethylene insert allows self-
alignment of the prosthesis into an optimal position and may in this way
compensate for slight malpositioning of the components (Heinert et al. 2011). In
case of patellar resurfacing mobile bearing designs have been shown to result in
smaller PF contact stress compared to fixed tibial implants (Skwara et al. 2009).
Clinical studies however have revealed no advantage of bearing mobility in PF
or femorotibial kinematics compared to fixed bearings (Heinert et al. 2011).
Wasielewski et al. (2008) conducted an in vivo study of 527 knees with
different types of mobile bearing knee implants and determined the amount of
axial rotation. Average rotation in a native knee ranged from 16-23 degrees
during deep knee bending. Only 12% of the knees with mobile bearing implants
studied rotated more than 10 degrees, with the rotation in most of the knees only
around 3-5 degrees.

The postulated advantages of rotating tibial polyethylene inserts have not
manifested in the reduction of AKP either. Breugen et al. (2008) compared the
Nexgen Complete Knee Solution Legacy Posterior Stabilized Fixed and the
Nexgen Complete Knee Solution Legacy Posterior Stabilized Mobile (Zimmer,
Warsaw, Indiana, USA) implants. The patella was resurfaced in all patients. A
year after surgery the mobile bearing design was associated with significantly
less AKP than the fixed design (Breugem et al. 2008), but after an average of
7.9 years post-surgery this difference had become non-significant (Breugem et
al. 2014). A study of 50 patients undergoing bilateral knee replacement with a
PFC Sigma rotating platform implant (DePuy, Warsaw, Indiana, USA) in one
knee and a PFC Sigma fixed bearing prosthesis (DePuy, Warsaw, Indiana,
USA) in the other knee, with no patella resurfacing in any case, found after a
mean follow-up period of 40 months the prevalence of AKP in the mobile
bearing group was 14% and in the fixed platform 12% (Jawed et al. 2012).
Studies resulting in a non-significant difference in the prevalence of AKP have
also been conducted by comparing: a) Scorpio Single Axis mobile bearing
system knees (Stryker Howmedica Osteonics, Allendale, New Jersey, USA) to
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Duracon fixed bearing implant system knees (Stryker Howmedica Osteonics,
Allendale, New Jersey, USA) (Aggarwal and Agrawal 2013); b) Scorpio Total
Knee Arthroplasty (Stryker; Mahwah, New Jersey, USA) fixed bearing system
knees with Scorpio Plus (Stryker; Mahwah, New Jersey, USA) rotating
platform implant knees (Ball et al. 2011).

Meta-analyses have emphasised there is no additional benefit of mobile
bearing polyethylene inserts compared to fixed tibial component designs in
improving the clinical results of TKA (Oh et al. 2009, Smith et al. 2011).

5.9. Circumpatellar electrocautery

One means of reducing the prevalence of AKP following TKA is patellar
denervation in the form of rim cauterisation (Gupta et al. 2010, van Jonbergen
et al. 2010). The idea behind circumpatellar electrocauterisation is to interrupt
the pain pathways by destroying the substance-P nociceptive afferent fibers in
peripatellar tissues (van Jonbergen et al. 2011, Li et al. 2014). However, the
translation of patellar rim electrocauterisation into improved outcomes is
uncertain (Baliga et al. 2012). Van Jonbergen et al. (2011) have conducted two
consecutive studies in 300 patients undergoing TKA with NexGen LPS
posterior stabilised fixed bearing implant (Zimmer, Warsaw, Indiana, USA)
without patellar resurfacing. The patients were randomised into two groups,
with and without patellar denervation. Patient-reported outcomes were used for
diagnosing AKP. The first study estimated the results one year since surgery.
The overall prevalence of AKP was 26%, being significantly higher in the
patients who were not assigned to circumpatellar electocauterisation. In the
following study the same patient cochorts were analysed at mean follow-up of
3.7 years. The overall prevalence of AKP had increased somewhat to 32% (95%
CI 26 to 39) and the statistically significant difference between groups had been
lost. The authors concluded, that the benefit of reducing postsurgical AKP by
patellar rim denervation will not last (van Jonbergen et al. 2014). Similar results
were obtained in a study by Pulavarti et al. by randomising 126 patients
according to patellar denervation. NexGen cruciate retaining prothesis (Zimmer,
Warsaw, Indiana, USA) was implanted in all cases. The patellar denervation
group had significantly less AKP shortly after surgery at 3 months follow-up,
but at 12 and 24 months since knee replacement the prevalence of AKP was
identical in both groups (Pulavarti et al. 2014). Baliga et al. (2012) were also
unable to demonstrate the superiority of circumpatellar electrocauterisation over
not denervating the patella in terms of reducing AKP at one year follow-up in a
prospective randomised study recruiting 200 patients undergoing TKA with
Low Contact Stress (DePuy, Leeds,United Kingdom) or Kinemax (Zimmer,
Warsaw, Indiana, USA) implants.

Metaanalyses and systematic reviews provide conflicting results regarding
the efect of patellar electrocauterisation. As it reduces AKP short-term and no
harm is done with the procedure, van Jonbergen et al. (2014) and Li et.al (2014)
recommend for denervation of the patella during knee raplacement. Cheng et al.
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(2013) are not in favour of circumpatellar electrocauterisation, because the
technique does not result in improved outcome and its possible negative effects
are of concern. The effect of denervation on the patellar cartilage has been
investigated in 20 rabbits. The subjects were randomised into case and control
groups. The subjects in the case group underwent anteromedial arthrotomy of
the knee together with patellar denervation, in the control group only knee
arthrotomy was performed. At 12 weeks the rabbits were sacrificed and patellar
cartilage microscoped. There were statistically significant differences of
cartilage degeneration in the electrocauterisation group like loss of matrix and
clustering of chondrocytes. This study indicates that denervation of the patella
may result in cartilage damage (Namazi et al. 2014).

6. Diagnosis of AKP
6.1. Symptoms and signs

Patients suffering from AKP usually complain about pain behind the patella
when descending and ascending the stairs, sitting with the bent knees, squatting,
running and rising from a sitting position. At clinical examination patellar
mobility is tested, painful areas are located with palpation and patellofemoral
crepitus is evaluated. The best diagnostic test of provoking PF pain is resisted
knee extension (Smith et al. 2013).

6.2. Diagnostic scores

There is no widely acnowledged and validated instrument for diagnosing AKP
(Gupta et al. 2010). We are not aware of any discriminative outcome measure
for diagnosing AKP following TKA. It is widely used practice in orthopaedic
literature to diagnose AKP relying on few items reflecting PF pain within a
multi-item evaluative instrument (Pilling et al. 2012).

There are three scores initially conceived to be used in arthroplasty patients
and containing AKP specific items: the Bartlett score (Feller et al. 1996), the
HSS patella score (Baldini et al. 2006) and the Ranawat PAQ-knee score
(Mancuso et al. 2012). The Bartlett and the HSS patella scores record both
examiner performed and patient reported items, the Ranawat PAQ-knee score
relies purely on patient reported information. The abovementioned three scores
ask precisely, whether the patient experiences pain in the front part of the knee.

A group of tools enables the diagnosis of AKP indirectly by questionning the
patients about pain during activities overloading the PF joint (like squatting,
rising from the chair, climbing the stairs, etc.). Such questionnaires are the
Womac score (Bellamy et al. 1988), the KOOS score (Roos et al. 1998), the
Lysholm score (Lysholm and Gillquist 1982), the Hughston score (Flandry et al.
1991), the Kujala score (Kujala et al. 1993), the Oxford knee score (Dawson et
al. 1998), the Knee pain scale (Rejeski et al. 1995) and the ADLS score (Irrgang
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et al. 1998). Only the Oxford score from the last mentioned instruments has
been elaborated for use in knee arthroplasty patients.

The third type of instruments register only the existence and severity of pain
in the knee without further localising it. In this case an extra question should be
asked or clinical test performed for identifying whether the anterior part of the
knee hurts or not. The Knee Society score (Insall et al. 1989), the International
Knee Documentation Committee subjective knee form (Hefti et al. 1993), the
Fulkerson score (Fulkerson et al. 1990), the Hungerford score (Hungerford and
Kenna 1983), the Hospital of Special Surgery score (Ranawat and Shine 1973),
the Hofmann score (Hofmann et al. 1991), the Edinburgh score (Leigh Brown et
al. 1999), the ACL quality of life questionnaire (Mohtadi 1998), the British
Orthopaedic Association knee function assessment chart (Aichroth et al. 1978)
and the Bristol knee score (Mackinnon et al. 1988) fall into this category.

6.3. Imaging
6.3.1. The need for patellofemoral axial imaging

Radiography is usually the first imaging study available when examining
patients with PF complaints (Davies et al. 2000, Melloni et al. 2008). The
evolution of AKP in cases of patellar lateral translation have been attributed to
two theories (O'Donnell et al. 2005): i) that pain may arise from cartilage
damage caused by the increased contact pressure of the PF articulating surfaces
in the incongruent joint; ii) that the stretching of the contracted lateral
retinaculum may cause pain through irritation of the nerve endings in peri-
patellar soft tissues. Radiography is unlikely however to yield an instant
diagnosis about the source of pain, it rather provides a general overview of the
joint and indicates the need for further analysis (Grelsamer 2000). The patella
may be considered malaligned if positioned abnormally in any plane and
maltracked if falling out of the normal range at any point in the flexion-
extension cycle (Wilson 2007).

Although imaging can quantify malalignment (Grelsamer 2000), the
definition of what constitutes normal PF tracking still remains an elusive goal
(Katchburian et al. 2003). After analysing 40 knees of asymptomatic patients
during weight-bearing in MRI, Tennant et al. (2001) proposed that in normal PF
kinematics: a straight and fully relaxed knee patella is located at the proximal
margin of the trochlea and in half of the people is in a laterally displaced
position; as the knee flexes, the patella engages into the trochlea; at 10-30
degrees of flexion the patella is centred in the trochlea; with flexion beyond 30
degrees the patella medialises slightly.

Even in cases of perfect positioning of the components, TKA changes PF
kinematics considerably compared to a native knee (Barink et al. 2007). Barink
et al. (2007) compared the patellar kinematics of the knees of five cadavers in
three situations: without an implant; with an implanted Continuum Knee
System endoprothesis (Biomet/STRATEC, Warsaw, Indiana, USA) with
symmetrical femoral component; with a Continuum Knee System endoprothesis
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prototype with asymmetrical patellar groove. The femorral component with an
asymmetrical femoral groove had seven degrees of lateral orientation of the
anterior flange. In the scenario with endoprothesis in situ, the patella was
located more medially in a deeper flexion (between 65-90 degrees) and tilted
more laterally at lower flexion (between 10—45 degrees) compared to the native
knee. There were no statistically significant differences in patellar motion
between the symmetrical and asymmetrical femoral components. It was
concluded that despite the anatomic design claimed by the manufacturers of the
implants, the arthroplasty was not capable of reproducing physiological patellar
kinematics. Similar results were generated by Belvedere et al. (2007) in a study
of 6 cadavers, by using computer navigation to compare the PF kinematics of
native knees and knees replaced with a cruciate retaining Scorpio (Stryker,
Allendale, New Jersey, USA) implant including patellar resurfacing. The
replaced knees showed increased patellar tilt of 5-10 degrees and a more lateral
shift of the patella up to 12 mm in comparison to the native knees.

PF imaging may reveal patellar maltracking, signs of patellar avascular
necrosis (sclerosis, flattening, fragmentation, fracture) (Smith et al. 2004),
fracture of the patella or patellar component (Figgie et al. 1989), and dis-
sociation of the patellar component and patella baja or alta (Schindler 2012,
Petersen et al. 2014). PF axial incongruence may be a sign of malpositioning of
the femoral and tibial components in the axial or frontal plane, imbalance of
peripatellar soft tissues, incorrect placement of the patellar component and an
overstuffed anterior compartment (Jazrawi et al. 2000, Hatayama et al. 2011).
Patella alta may be the consequence of too distal a placement of the joint line
and rupture of the extensor mechanism. Contracture or scarring of the patellar
tendon and elevation of the joint line can cause patella baja (Hofmann et al.
2006, Dennis et al. 2011).

Conlflicting data exists regarding the effect of femoral component rotation on
patellofemoral alignment. According to some studies, external rotation of the
femoral component improves patellar tracking by lateralizing the trochlear
groove (Figgie et al. 1989, Abadie et al. 2009). Kessler et al. (2008) reached
diametrically different conclusions in a study where six knees of cadavers were
replaced with a fixed-bearing Scorpio CR (Stryker, Mahwah, New Jersey, USA)
prosthesis and patellar kinematics in cases of different positions of knee
implants were recorded. The external rotation of the femoral component
increased the tilt and lateral displacement of the patella, while internal rotation
did the opposite.

There are also studies that report no effect on the rotation of the femoral
component on PF kinematics. In their retrospective study of 62 knees of 52
patients following TKA with a Kirchner Performance Knee system (Kirschner
Medical Corporation, Timonium, MD, USA) and resurfaced patella, Kawano et
al. (2002) were unable to find any significant correlation between femoral
component rotation and patella tracking. The displacement was assessed using
skyline view with the knee in 60 degrees of flexion. As femoral component
rotation has the greatest effect on patellar tracking when the knee is nearly
extended, the imaging in 60 degrees of flexion might have been the reason for
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no significant relationship between femoral component rotation and patellar
position relative to trochlea (Kawano et al. 2002).

Besides axial rotation it is also important to watch for the correct positioning
of the implants in the coronal plane. Fukagawa et al. (2011) studied retro-
spectively 56 knees of 40 patients who had received a NexGen Legacy
posterior-stabilized prosthesis (Zimmer, Warsaw, Indiana, USA). After a mean
postoperative period of 5.3 years full-length weight-bearing AP radiographs of
the leg and PF axial view according to Laurin with the knee in 60 degrees of
flexion was performed. Femoro-tibial varus alignment was found to correlate
significantly with the medial displacement of the patella and patellar lateral tilt.

Surgical approach has also been considered as a variable influencing patellar
tracking, but the results of studies concerning this matter are conflicting. Ozkoc
et al. (2005) recruited 21 patients undergoing simultaneous bilateral knee
replacement with a Genesis Il (Smith& Nephew, Memphis, TN, USA) pros-
thesis. Surgery was performed using a midvastus approach in one knee and a
medial parapatellar approach in the other knee. Preoperative radiographs were
compared to postoperative radiographs after a mean period of 22 months
following surgery in both knee type groups. There were no changes of patellar
tracking in replacement knees inserted with the midvastus approach. Medial
parapatellar surgery tended to result however in lateral subluxation of the
patella. Pongcharoen et al. (2013) in a prospective randomised study however
found no radiographic difference in pre- and post-operative patellar tracking
when comparing the outcome of knee replacements of 60 patients with a
NexGenl LPS Hi-Flex (Zimmer, Inc, Warsaw, Indiana, USA) implant, per-
formed with either a limited medial parapatellar or mini-midvastus surgical
approach.

6.3.2. Radiographic views of the patellofemoral joint

Finding the relationship between PF congruence and AKP is dependent not only
on the way of describing the X-ray findings, but also on the circumstances in
which the image has been taken. The process of reliable PF imaging starts with
a team of skilled radiographers ensuring the depiction of the joint in a
standardized manner (Davies et al. 2000). The other variables affecting images
of the position of the patella relative to the trochlear groove in the axial plane
are the flexion angle of the knee, contraction of the quadriceps, varus-valgus
alignment of the knee, rotation of the tibia (Katchburian et al. 2003) and
whether the image was taken in a standing or lying position (Baldini et al.
2007). Most important abnormalities of patellar tracking occur at the beginning
of knee flexion, i.e. between 0-20 degrees, when only soft tissues stabilise the
patella (Katchburian et al. 2003).

Standard radiographic techniques produce only static images and are not
capable of revealing dynamic disturbances of PF tracking that occur during
knee motion (Katchburian et al. 2003). Currently two of the most frequently
used projections are the Merchant view (Merchant et al. 1974) and the Laurin
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technique (Laurin et al. 1979). The Merchant view (Figure 1), also known as the
Mountain view (Bradley and Ominsky 1981), is taken with the patient lying
supine and knees flexed at 45 degrees over the edge of the imaging table. The
X-ray beam passes through the femur at an angle of 30 degrees from proximal
to distal. The film cassette is placed distal to the knee and perpendicular to the
X-ray beam (Merchant et al. 1974).

Figure 1. Technique of the Merchant view

When visualising the PF joint with the Laurin technique the patient sits on the
imaging table with the knees flexed at 20 degrees and feet exactly at the edge of
the table. The X-ray beam is directed from distal to proximal and adjusted
parallel to the long axis of the tibia. The patient is holding the film cassette
above the knees at a 90 degree angle to the X-rays (Laurin et al. 1979).

It has been debated whether weight-bearing axial radiographs replicate the
PF joint loading in a better way than supine views (Tennant et al. 2001). Baldini
et al. (2007) introduced an axial weight-bearing Merchant view of the PF joint,
performing it axially in both a supine and standing position with 100 knees of
69 patients who had received a total knee implant. In the weight-bearing views
the patellar lateral subluxation and tilt were significantly reduced compared to
unloaded images. The weight-bearing views correlated with postsurgical AKP,
but the supine views did not. Powers et al. (2003) conducted an MRI study on
six patients suffering from AKP and found less lateral displacement of the
patella under weight-bearing only in knee flexion angles of 12 and 30 degrees.
In knee positions throughout the range of 0—45 degrees however, joint loading
did not influence patellar tracking compared to supine images.
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6.3.3. Measures of patellofemoral congruence

Patellar position relative to trochlea may be characterized in many ways: in the
form of angles, as displacement in millimeters or as ratios. Radiographic
measurement techniques in use today for evaluation of the PF congruence in a
replaced knee are methodologies elaborated originally for a native joint.

The sulcus angle (Figure 2) forms between the two lines from the deepest
point of the trochlear groove to the highest points of both femoral condyles
(Merchant et al. 1974).

Figure 2. The sulcus angle

The congruence angle (Figure 3) is the angle created by the line bisecting the
sulcus angle and the line from the lowest point of the trochlear groove to the
lowest point of the median ridge of the patella (Merchant et al. 1974).

Figure 3. The congruence angle
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The lateral patellar displacement (Figure 4) is the distance between two lines
drawn at right angle from the line connecting the anterior limits of the femoral
condyles: the first line touches the medial limit of patella and the other starts
from the most prominent part of the medial femoral condyle (Laurin et al.
1979).

Figure 4. The lateral patellar displacement

The patellar displacement (Figure 5) is the horizontal distance either between
the centres of the patella and trochlea (Heesterbeek et al. 2007) or between the
lowest point of the median ridge of the patella and the deepest point of the
trochlear groove (Chia et al. 2009, Urch et al. 2009).

=g

Figure 5. The patellar displacement
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The lateral PF angle (Figure 6) is created by the lateral facet of the patella and the
line connecting the apices of the anterior femoral condyles (Laurin et al. 1979).

Figure 6. The lateral PF angle

The lateral patellar tilt (Figure 7) is an angle formed between the horizonlat
plane (lower margin of the radiograph) and line connecting the two edges of the
patella. In the absence of well discernable patellar edges, the line parellel to the
anterior cortex of the patella may be used instead of the line between patellar
edges (Grelsamer et al. 1993). The hosrisontal plane may be referenced also
from the posterior condylar reference line or from the line joining anterior limits
of the femoral condyles (Katchburian et al. 2003, Heesterbeek et al. 2007).

Figure 7. The lateral patellar tilt
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AIMS OF THE STUDY

The general aims of this research were to estimate the prevalence of anterior
knee pain following total knee arthroplasty with unresurfaced patella among
patients operated on in East-Tallinn Central Hospital, to study the correlation
between the state of patellar cartilage at knee replacement with postsurgical
AKP and to propose a new radiographic method for measuring patellofemoral
congruence in the axial plane.

The specific objectives of this study were to:

1) Estimate the prevalence of anterior knee pain following total knee arthro-
plasty without patellar resurfacing with a patient-administered questionnaire
and physician-based clinical information.

2) Determine whether there is a significant correlation between the condition of
the cartilage of unresurfaced patella at the time of knee replacement (as
assessed by the OARSI score and Outerbridge classification) and post-
surgical anterior knee pain.

3) Develop a new method (the patellar shift index or PSI) for the measurement
of patellar medio-lateral alignment relative to the femoral groove on
radiographs.

4) Estimate the validity and reliability of PSI and to compare the reliability of
PSI to that of the lateral patellar tilt and the patellar displacement.
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MATERIALS AND METHODS

1. Estimation of the prevalence of AKP
by a patient-administered questionnaire

We carried out a retrospective analysis of 1778 consecutive primary TKA’s
without patellar replacement performed from January 1, 2000 — December 31,
2009 on 1431 patients in East-Tallinn Central Hospital. The primary outcome
included the prevalence of AKP. Subgroup analysis specified data concerning
the prevalence of AKP by age, by diagnosis and by implants. The secondary
outcome included the severity of PF symptoms assessed by the Kujala Score.
The knee was the unit of analysis. Implants were inserted using a medial para-
patellar approach, fixed to the bone with cement and the patella was not
replaced. By the time of the beginning of the study, 213 patients (250 knees)
were deceased, 16 knees were revised and contact information of 7 patients
(7 knees) was missing. 274 (18.2%) primary unrevised total knee arthroplasties
performed on men and 1231 (81.8%) on women were available for the study.
1505 sets of two self-report measures, the Anterior knee pain questionnaire
(AKPQ) and the Kujala score, were sent to 1200 patients by ordinary mail.
Patients with both knees replaced received two sets of measures: one for each
knee. The AKPQ (Table 1) developed for the current study is based on a reflec-
tive model measuring AKP as an indirect construct by observable items.

Table 1. The Anterior knee pain questionnaire (AKPQ)

1. When did the knee pain arise following arthroplasty?
a. the knee does not hurt (0)
b. the knee remained painful right after arthroplasty(1)
c. within 1-5 years following arthroplasty (2)
d. more than 5 years following arthroplasty (3)
2. Does the knee hurt when rising from the chair or coach?
a. never (0)
b. sometimes (1)
c. always (2)
3. Does the knee hurt when ascending or descending the stairs?
a. never (0)
b. sometimes (1)
c. always (2)
4. Is touching of the knee cap painful?
a. never (0)
b. sometimes (1)
c. always (2)
5. Does the knee hurt when squatting?
a. never (0)
b. sometimes (1)
c. always (2)
6. Do You feel pain mostly in the anterior part of the knee?
a. never (0)
b. sometimes (1)
c. always (2)
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The AKPQ consisted of the activities exerting the greatest strain on the PF joint.
On the basis of the responses to the AKPQ, the knees were grouped into three
pain related categories: 1) painfree, 2) AKP and 3) knee pain of some other
origin than PF joint. Knees marked with “0” to question 1 were considered as
painfree. The remaining group with responses “1”, “2” or “3” to question 1
consisted of painful knees and was further subdivided into two. AKP was
diagnosed if in addition to response “17, “2” or “3” to question 1 either “1” or
“2” was chosen to all of the remaining questions (2,3,4,5,6) of the AKPQ. The
rest of the knees with the responses “1”, “2” or “3” to question 1 denoted knee
pain of some origin other than PF joint.

The Kujala score (Table 2) evaluates subjective symptoms and functional

limitations in patellofemoral disorders (Kujala et al. 1993).

Table 2. The original version of the Kujala Score (Kujala et al. 1993)

Anterior knee pain (Sheet code: ) Name: Date:

Age Knee: L/R

Duration of symptoms: __ years months

For each question, circle the latest choice (letter) which corresponds to your knee symptoms.

1. Limp 8. Prolonged sitting with the knees flexed
a. None (5) a. No difficulty (10)

b. Slight or periodical (3)
c. Constant (0)

b. Pain after exercise (8)

c. Constant pain (6)

d. Pain forces to extend knees temporarily (4)
e. Unable (0)

2. Support
a. Full support without pain (5)
b. Painful (3)
c. Weight bearing impossible (0)

9. Pain
a. None (10)
b. Slight and occasional (8)
c. Interferes with sleep (6)
d. Occasionally severe (3)
e. Constant and severe (0)

3. Walking
a. Unlimited (5)
b. More than 2 km (3)
c. 1-2km (2)
d. Unable (0)

10. Swelling
a. None (10)
b. After severe exertion (8)
c. After daily activities (6)
d. Every evening (4)
e. Constant (0)

4. Stairs
a. No difficulty (10)
b. Slight pain when descending (8)
c. Pain both when descending and
ascending (5)
d. Unable (0)

11. Abnormal painful kneecap (patellar)
movements (subluxations)
a. None (10)
b. Occasionally in sports activities (6)
c. Occasionally in daily activities (4)
d. At least one documented dislocation (2)
e. More than two dislocations (0)

5. Squatting
a. No difficulty (5)
b. Repeated squatting painful (4)
c. Painful each time (3)
d. Possible with partial weight bearing (2)
e. Unable (0)

12. Atrophy of thigh
a. None (5)
b. Slight (3)
c. Severe (0)
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6. Running 13. Flexion deficiency

a. No difficulty (10) a. None (5)
b. Pain after more than 2 km (8) b. Slight (3)
c. Slight pain from start (6) c. Severe (0)

d. Severe pain (3)
e. Unable (0)

7. Jumping
a. No difficulty (10)
b. Slight difficulty (7)
c. Constant pain (2)
d. Unable (0)

With Urho M. Kujala’s consent, the questionnaire was adapted to the local
language. To ensure that the original and the translated questionnaire were
identical, forward and back translation method was used (Beaton et al. 2000).
The sum of the Kujala score ranges from 0 to 100, where the greater value
indicates a better PF function. Mean of the Kujala score was calculated for each
of the abovementioned three knee categories.

Figure 8 describes how the study sample was developed.

1778
primary knee
arthroplasties
250 deceased
16 revised

7 contacts missing

1505

sets of
questionnaires
sent out

e

944
sets of
questionnaires

returned
50 incorrectly
completed

894
sets of
questionnaires
analysed
Question 1
413 481
knees knees
painfree painful
Questions 2,3,4,5,6
300 181
knees knees
not AKP AKP

Figure 8. Algorithm of the study
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Descriptive statistics, including mean and standard deviation (SD) were used for
continuous variables. For categorical variables, percentages (%) and absolute
(n) frequencies were presented. 95% confidence intervals (95%CI) were
calculated to provide an estimate of population parameters. Chi-squared test, t-
test and ANOVA were used to test the statistical significance. Two-tailed P
values less than 0.05 were considered statistically significant.

8. Estimation of the prevalence of AKP by
physician-based information

We prospectively included 100 consecutive patients suffering from osteo-
arthritis and undergoing total knee replacement in the study. The patients were
operated on by one surgeon (Vahur Metsna) in East-Tallinn Central Hospital
between January 2011 and May 2012. The same surgeon who performed the
arthroplasties also reviewed the patients in the outpatient clinic 1 year after the
knee replacement. At follow-up we discriminated patients with AKP from
symptomless ones using the HSS patella score (Table 3) (Baldini et al. 2006).
This is a physician administered multi-item questionnaire rating subjective and
objective aspects of PF function on a scale from 0-100, with higher values
indicating a better result. 2 items of the HSS questionnaire are directly con-
cerning AKP: pain in the front part of the knee while rising from a low chair
and tenderness to palpation of the medial or lateral facets of the patella. We
diagnosed AKP if at least 1 of these 2 tests was painful.

All patients also underwent radiographic evaluation of the knee joint in AP
and lateral projections to exclude periprosthetic osteolysis as a potential source
of pain. We performed Merchant patellofemoral axial views to see whether
patellofemoral malalignment had any correlation with AKP. PSI was the
measure of patellofemoral congruence in our study.
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9. Assessment of the condition
of the cartilage of the patella

We performed the study on the same 100 patients, mentioned in the previous
section. We inserted all implants through a standard medial parapatellar
approach and cemented to bone. The patella was handled in a standardized way.
We left the patella unresurfaced and resected only its osteophytes together with
the Hoffa's fat pad. We didn't perform patellar rim electrocautery, but removed
the synovial tissue around the margins of the patella. All patients received the
PFC Sigma (DePuy, Warsaw, Indiana, USA) posterior stabilized mobile bearing
implant. We aimed to place the femoral component parallel to the epicondylar
axis and perpendicular to the Whiteside line. Following the eversion of patella
and before removal of the osteophytes the operating surgeon evaluated the
macroscopic impairment of the patellar cartilage according to the original
Outerbridge (1961) classification: “grade 1-softening and swelling of the
cartilage, grade 2-fragmentation and fissuring in an area 13 mm or less in dia-
meter, grade 3- fragmentation and fissuring in an area more than 13 mm in
diameter, grade 4-erosion of cartilage down to bone” (Outerbridge 1961). Intra-
operative grading of the cartilage defects of the patella was necessary for
location of the most damaged area in order to obtain the biopsy. An operation
theatre nurse, specially trained in intraoperative photography, took pictures of
the articular surface of the everted patella.

The operating surgeon took 1 biopsy of the patella from the macroscopically
most advanced area of chondromalacia, as assessed by the Outerbridge
classification (Outerbridge 1961), using a 10G bone biopsy kit (Figure 9). We
excluded osteophytes from sampling.

Figure 9. Obtaining the biopsy of the patella
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The procedure resulted in a cylinder of 1.5 mm in diameter and 10-15 mm in
length extending from the articular surface of the patella to the subchondral
bone. The tissue specimens were placed in a receptacle filled with 10% buffered
formalin. In the laboratory the histology technician applied the samples to
decalcifying solution for 30 min and then washed the samples in water for 15
min. We used conventional tissue processing and embedded the samples in
paraffin blocks. 4 micrometer thick serial sections were mounted on glass slides
and stained with haematoxylin and eosin.

We evaluated the condition of the cartilage of the patella using the OARSI
Osteoarthritis Cartilage Histopathology Assessment System (Pritzker et al.
2006), which incorporates 3 variables: the stage, the grade and the score.

The stage is the lesion's horizontal extent over the cartilage surface irrespec-
tive of the underlying grade. The operating surgeon measured the extent of the
loss of the surface integrity of the patellar cartilage on photographs taken
intraoperatively, distinguishing the normal cartilage from the impaired one
using the original Outerbridge classification (Outerbridge 1961). We analysed
the photographs using Adobe Photoshop CS5 Extended (Adobe Systems
Incorporated 345 Park Avenue, San Jose, CA 95110-2704 USA) software and
its lasso tool functionality. The lasso tool enables the selection of an irregular
portion of an image as well as the counting of the pixels of the marked area.
First, we delineated the imaginary perimeter of the articular surface of the
patella as it would look like after resecting the osteophytes. We excluded the
osteophytes outside the perimeter from the analysis and classified the osteo-
phytes inside the perimeter as Outerbridge (1961) grade 4 chondromalacia
(Figure 10).

Figure 10. Delineation of the perimeter of the articular surface of the patella
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Second, we marked the area of a normal cartilage (Figure 11). If present, we
added together the discontinuous areas of the undamaged cartilage. We
specified areas with grades worse than Outerbridge (1961) grade 1 as a lesion.

Figure 11. Marking of the normal cartilage of the patella

We recorded the amount of pixels of the 2 delineated areas and calculated the
percentage of the damaged articular surface area of the patella as follows:

100 — (pixels of normal cartilage / pixels of perimeter x 100).

We categorized the extent of the cartilage involvement into 5 OARSI stages:
stage 0 no involvement, stage 1 < 10%, stage 2 10-25%, stage 3 25-50%, stage
4> 50%.

6 grades depict the lesion's histologic progression into the depth of the
cartilage from intact cartilage morphology to subchondral bone remodelling. A
pathologist, blinded to the patient's clinical information and OARSI stage of the
articular cartilage, performed the microscopic examination under the standard
light microscope. The pathologist assigned the grade to all samples: a grade 1
specimen had to have intact cartilage surface, grade 2 (Figure 12) denoted
cartilage surface discontinuity, grade 3 vertical fissuring, grade 4 cartilage
erosions and grade 5 bone denudation. The biopsies were not informative
enough to differentiate between grades 5 and 6 therefore all biopsies with
denuded bone and reparative tissue were classified as grade 5. We did not apply
subgrading.
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Figure 12. OARSI grade 2

The OARSI score combines the grade with the stage of the cartilage lesion and
it is calculated by using a formula: score = grade x stage. The score ranges from
0 to 24, with the higher values indicating more advanced cartilage injury.

10. Determination of the correlation between the defects
of the cartilage of the patella and AKP

We used descriptive statistics including mean, SD and range for continuous
variables. We present the percentages and absolute frequencies for categorical
variables. We used the Student’s t-test to determine whether the OARSI score
of painless patients differed significantly from the OARSI score of patients
experiencing postsurgical AKP and for the comparison of PSI. We assessed the
relationship between Outerbridge (1961) grade 4 cartilage defects and AKP
using the Spearman correlation coefficient. We divided the patients into 2
groups based on the OARSI score and analyzed the difference of AKP
prevalence between these groups by calculating the prevalence ratio (PR)
together with 95% confidence intervals (CI) exerting the Poisson regression
with robust variance. We considered the differences statistically significant if p-
values were less than 0.05 and analyzed the data with Stata 9 software.

I 1. Development of the PSI

The study included 51 PF axial X-rays (Merchant view) of patients with PF pain
syndrome following TKA. Radiographs were obtained from our digital database
and analyzed. Only patients with unresurfaced patellac were included in the
study. The mediolateral position of the patella relative to the trochlea was
investigated. A new measure, the PSI, was developed.

The calculation of the PSI is described in Figure 13. Lines 1 and 2 are drawn
parallel to the medial and lateral trochlear shoulders. Line 3 joins the apices of
the anterior femoral condyles. The intersection of first three lines creates two
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distinct reference points at the level of the anterior femoral condyles,
determining the trochlear width. Line 4 is drawn from the most medial edge of
the patella to its most lateral border to determine the patellar width. The center
of the trochlea is calculated on Line 3 by bisecting the distance between the two
anterior reference points. Line 5 is drawn from the center of the trochlea at a
right angle to Line 3. The center of the patella is identified by bisecting Line 4.
Line 6 is drawn from the center of the patella at a right angle to Line 3. The
distance between Lines 5 and 6 is called the patellar shift. Trochlear width and
patellar shift are measured. The PSI is calculated by dividing the patellar shift
with the trochlear width (PSI = patellar shift / trochlear width). The index is
rounded up to two decimal points. Patellar shift can be either medial or lateral
with medial patellar shift marked with a “-” sign.

Figure 13. Measurement technique for the PSI

12. Estimation of the validity and reliability of the PSI and
comparison of the reliability of PSI to that of LPT and PD

The intra-rater and inter-rater reliability of the PSI were estimated by one
orthopedic surgeon, one radiologist and two medical students. The value of the
PSI was calculated twice at a two-week interval with each researcher working
independently of the others. Radiographs were printed on an A4-size sheet of
paper. Measurements were carried out by hand using the technique described
above with a pencil and a transparent ruler.

The reliability of the PSI was compared to the reliability of the LPT and the
PD. The LPT (Figure 14) is the angle between the transverse axis of the patella
and the anterior intercondylar line. The patellar transverse axis is defined as the
line between the medial and lateral patellar corners (Grelsamer et al. 1993).
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Figure 14. The lateral patellar tilt (LPT)

The PD (Figure 15 ) is the distance between the deepest point of the trochlear
groove and the lowest point of the articular ridge of the patella (Heesterbeek et
al. 2007).

~|

Figure 15. The patellar displacement (PD)

LPT and PD values were also calculated twice at a two-week interval by the
same researchers engaged in the measurement of the PSI.

PSI face validity was tested by 4 orthopedic surgeons not involved in the
calculation of radiographic PF congruence measures. Each surgeon was asked
to visually evaluate 5 images of the 51 radiographs of their own choice and rank
them in a descending order in terms of the magnitude of patellar displacement.
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Each surgeon created a unique set of 5 images out of 51. The mean PSI (2
measurements by all 4 investigators) of each selected image was compared to
the visual ranking of the respective radiograph. The image with greater
displacement on visual inspection was assumed to have a higher PSI value. The
intraclass correlation coefficient (ICC), a two-way mixed model on absolute
agreement, with 95% confidence intervals was used to analyze the intra-rater
reliability (Shrout and Fleiss 1979). ICC values can range from 0 to 1, with a
higher value indicating greater reliability.

Krippendorff's alpha (Ka) is a reliability coefficient developed to estimate
reliability regardless of the number of observers, levels of measurement, sample
sizes and the presence or absence of missing data (Hayes and Krippendorff
2007). Inter-rater reliability is usually regarded as being sufficient if alpha is
greater than 0.70. Confidence intervals of 95% were calculated.

The consistency of PD measurements was verified by calculating the
proportion of agreement indicating the number of measurements of the PD for
which observers agreed over the total amount of observations. An agreement
above 70% was considered acceptable (De Vet HCW 2011).

13. Ethics

We obtained approval for the study from the Tallinn Medical Research Ethics
Committee (nr. 2230-20.12.2010, nr. 2398-19.05.2011) and the East-Tallinn
Central Hospital Medical Review Board. All patients signed informed consent.
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RESULTS
14. Prevalence of AKP

14.1. Patient-reported outcome

Patients returned 944 sets (171 male and 773 female knees) of completed
measures (AKPQ, Kujala score) to investigators, thus resulting in a 62.7%
response rate. The response rate was fairly similar among men and women,
62.4% and 62.8% respectively. 50 sets of the returned and filled-in measures (6
male and 44 female knees) were defective and therefore excluded from the
study. 894 sets (165 male and 729 female) of properly completed questionnaires
were left for the final analysis, constituting 59.4% of all questionnaires sent out
initially.

Mean follow-up time from knee arthroplasty until completing the question-
naires was 69 (SD=33, range 19-137) months. The mean age was 72 years for
male respondents (SD=9, range 43—88) and 73 years for female (SD=8, range
42-92).

Less than half of the knees were painfree and one third had pain originating
from a source other than PF joint. Relying on the diagnostic criteria established
in the present study, the prevalence of AKP did not differ significantly between
genders, p=0.578 (Table 4).

Table 4. Pain related categories

Male knees Female knees Total

n % (95%CI) n %  (95%CI) n %  (95%CI)
Painfree 72 43.6(35.9-51.6) 341 46.8(43.1-50.5) 413 46.2(43.0-49.5)
AKP 36 21.8(15.8-28.9) 145 19.9(17.1-23.0) 181 20.2(17.7-23.0)
Painful, 57 34.6(27.3-42.3) 243 33.3(29.9-36.9) 300 33.6(30.5-36.6)
not AKP
Total 165 729 894

The highest prevalence of AKP was noted among men below 60 years of age.
Also women younger than 60 years experienced more AKP compared to the
other age groups of the same gender. Women aged 81 and over were least
affected by AKP (Table 5).

Table 5. Prevalence of AKP by age

Male knees Female knees
Age(y) n AKP % (95%CI) n AKP % (95%CI)
<60 18 7 38.9(17.3-64.3) 57 17 29.8 (18.4-43.4)
61-70 53 9 17.0 (8.1-29.8) 200 42 21.0 (15.6-27.3)
71-80 71 15 21.1(12.3-32.4) 348 67 19.3 (15.2-23.8)
> 81 23 5 21.7(7.4-43.7) 124 19 15.3 (9.5-22.9)
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There was a statistically significant (p=0.010) difference between the mean age
of patients with AKP (n=181) and the rest of the study group (n=713), 71.4 and
73.2 years respectively. 90.7% of knees involved in the study suffered from
osteoarthritis, 8.2% from rheumatoid arthritis and the remaining 1.1% were
impaired either by arthritis secondary to ankylosing spondylitis, psoriatic
arthritis or knee dysplasia. The osteoarthritis group showed higher prevalence of
AKP compared to rheumatoid knees, 20.5% (95%CI 17.7-23.4) and 15.1%
(95%CI 7.8-25.4) respectively. The difference was not statistically significant
(p=0.269). The prevalence of AKP was 40.0% (95%CI 12.2—73.8) in the third
group of patients. Due to the small number of knees involved and the hetero-
genicity of diagnoses, the results of the smallest group should be interpreted
with caution.

The two most frequently used implants were PFCZ-CS fixed bearing (J&J)
prosthesis in 70.6% of the cases and PFCZ-CS mobile bearing (J&J) prosthesis
in 23.0% of arthroplasties. The prevalence of AKP in the fixed bearing group
was 20.1% (95%CI 17.1-23.5) and in the mobile bearing group 21.4% (95%CI
16.0-27.6). We were unable to show any significant (p=0.703) difference in the
prevalence of AKP between mobile and fixed bearing implants.

AKP occurred early following the arthroplasty. In 49.2% (95%CI 41.7-56.7)
of the cases of AKP the knee remained painful right after the surgery, 38.1%
(95%CI 31.0-45.6) became symptomatic within 1-5 years following the knee
replacement and in only 12.7% (95%CI 8.2—18.5) of patients' knees AKP
emerged more than 5 years since the operation.

The mean of the Kujala score differed significantly (p<0.001) among pain
related knee categories. As expected, symptomless knees had the highest mean
of the Kujala score 74.6 (95%CI 72.5-76.7). The Kujala score of the knees with
pain of some other origin than the PF joint was 55.8 (95%CI 53.6-58.0) and
AKP lessened the outcome to 45.5 (95%CI 43.0-48.1).

14.2. Physician-based outcome

95 out of the 100 patients were available for follow-up 1 year after surgery. 2
patients died from reasons not related to TKA, 1 patient was revised due to
infection and 2 patients withdrew their consent. The mean age was 66 (45-79)
years for the 15 male patients and 69 (49-87) years for the 80 female patients.
Relying on the results of HSS patella score, 38 of the reviewed patients were
symptomless and 57 had pain in the front part of the knee. Of the 57 patients
with painful knees, 3 had AKP when rising from a low chair, 38 had pain at
palpation of the patella and in 16 cases the patients experienced pain in both
tests.
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15. Correlation of the condition of the cartilage
of the patella with AKP

The same 95 patients described in the previous section “Physician based out-
come” were used in the analysis.

We classified the extent of the damage of the surface area of the cartilage as
OARSI stage 3 in 7 patellas and stage 4 in 88 patellas.

Histologic assessment of the biopsies of the patella revealed the following
OARSI grades: grade 2 in 13 knees, 3 in 19 knees, 4 in 47 knees and grade 5 in
11 knees. Due to the shortfall of histologic processing of the biopsies we were
unable to determine the histologic grade of cartilage impairment of 5 patellas.

The mean OARSI score was 14 (620, SD=3.8). Due to the missing histo-
logic grades of 5 patients we managed to calculate scores of 90 patellas, of
which 36 were painless and 54 having AKP. The mean OARSI score of painless
patients was 13 (6-20) and of patients with AKP 15 (6-20). The difference was
statistically significant (p=0.04). Macroscopic Outerbridge grade 4 cartilage
defects did not correlate with postsurgical AKP (Spearman p=0.1, p=0.5).

We estimated AKP in 2 groups of patients according to the OARSI score:
the first group had scores 0—12 and the second group had scores 13—24 (Table
6).

Table 6. AKP and the OARSI score

OARSI 0-12 OARSI 1324

n n
No AKP 18 18
AKP 15 39
Total 33 57

The second group of patients had a 50% higher risk of AKP with borderline
significance (PR=1.5, CI 1.0-2.3).

The assessment of conventional radiographs excluded osteolysis and patellar
maltracking as a possible source of knee pain. The PF congruence in axial
radiographs measured by the PSI method was similar between the symptomless
patients and those experiencing painful knees.

16. Validity and reliability of PSI

The intra-rater reliability of the LPT, the PD and the PSI are presented in Table
7. Results were excellent for all three methods.
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The inter-rater reliability, characterized by Ko, was high for all three mea-
surements (Table 8).

Table 8. Ka coefficients.

Ka 95% CI

Lateral patellar tilt 0.89 0.84-0.92
Patellar displacement 0.97*  0.96-0.99
Patellar shift index 0.92 0.88-0.94

*Images with missing landmarks were excluded from analysis.

Indefinable landmarks did not allow for the measurement of PD in a substantial
number of radiographs. These images were excluded from the reliability
analysis of the displacement technique.

In the calculation of PD, 16 of 51 radiographs were noted to having missing
landmarks and all necessary landmarks were found in only 8 images by all
investigators. The proportion of agreement for measurements of PD remained as
low as ((16+8)/51) x 100=47.1%.

Table 9 summarizes the results of the face validity test.

Table 9. Visual ranking of the radiographs and corresponding mean values of the PSI

Surgeon 1 Surgeon 2 Surgeon 3 Surgeon 4

Visual  PSI Visual PSI Visual PSI Visual PSI
X-ray 29 1.20 X-ray29 1.20 X-ray 29 1.20 X-ray 29 1.20
X-ray 53 0.33 X-ray3  0.60 X-ray3  0.60 X-ray3  0.60
X-ray 83 0.32 X-ray 45 0.27 X-ray 67 0.23 X-ray 10 0.30
X-ray 50 0.30 X-ray 66 0.17 X-ray 82 0.24 X-ray 67 0.23
X-ray 49 0.09 X-ray 88 0.09 X-ray 8  0.04 X-ray8 0.04

In general, images displaying larger PF incongruity on visual inspection had
higher PSI values. Although there was a difference between the surgeon’s
estimation and the PSI value in one case, the results were quite similar and did
not diverge from the general pattern.
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DISCUSSION
17. Prevalence of AKP

We estimated the prevalence of AKP in patients following TKA using the
patient specific Anterior knee pain questionnaire (AKPQ) and the clinician
based Hospital for Special Surgery (HSS) patella score, resulting in prevalence
rates of 20% and 60% respectively. Our data reflect the trend in other studies,
i.e. that patient reported outcomes yield smaller prevalence of AKP (Burnett et
al. 2007, Epinette and Manley 2008) compared to works recording both patient
and clinician based data (Baldini et al. 2006, Campbell et al. 2006).

At the time of designing the study a literature review did not reveal any
patient specific outcome measures for diagnosing AKP following TKA. Ma-
nusco et al. (2012) however has published a patient-reported PAQ-knee scale,
which among other items contained specific questions about AKP. It is a widely
used practice in orthopaedic literature to diagnose AKP relying on a few items
that reflect PF pain within a multi-item evaluative instrument (Barrack et al.
2001, Zupan et al. 2014). We therefore had to compose our own questionnaire
for discerning AKP in patients. Although not an externally validated tool, we
believe our questionnaire was fit for purpose as the content was composed of
feasible activities for patients with a replaced knee to exert increased strain on
the patellofemoral joint in order to produce AKP.

For the assessment of the severity of PF symptoms we used the Kujala score
(Kujala et al. 1993). The perfect match of the results of the Kujala score with
pain related knee categories served as a validation tool of diagnostic criteria of
pain established in the current study. We admit, however, that as the Kujala
score was originally conceived to be used in young patients with high expec-
tations of physical activity, the item content is not perfect for application to
mostly low-demand sedentary patients after knee replacement.

The HSS patella score is a clinician based questionnaire for diagnosing AKP
in patients following TKA (Baldini et al. 2006). We choose HSS because it is
reliable tool, was conceived to be used on patients with a replaced knee, speci-
fically asks questions about the location of pain in the front part of the knee, and
detects both objective and subjective PF pain.

Patient satisfaction should be the ultimate goal of TKA. Quite often patient
and physician perceptions of a positive outcome of TKA do not coincide (Falez
2014). Excessive focus on what the physician thinks about the performance of
the implant may easily overlook patient dissatisfaction. In recent years therefore
the focus of research has shifted from surgical outcomes to patient opinion, with
an emphasis on patient quality of life and overall satisfaction than clinical
symptoms and signs (Mancuso et al. 2012, Falez 2014). Until uniform diag-
nostic criteria of AKP are agreed upon, the results of different studies will
remain difficult to compare. Further work should examine which diagnostic
tools of AKP are appropriate in clinical practice and whether patient-reported
outcomes, clinician-specific signs or the combination of clinical tests and
questionnaires are accurate enough.
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Probably the most important issue in the process of establishing a diagnosis
of AKP is the precise location of pain in the knee. Patients may face difficulties
in determining where the knee exactly hurts, when replying to the questions of
the self-report measures. Therefore methods comprising clinical tests, per-
formed by the examining physician, seem to be more eligible in diagnosing
AKP. Pain maps, which are photographic images or drawings of the contours of
the knee where the pain sites can be marked either by the patient or the exa-
miner, is a promising solution to the problem (Creamer et al. 1998, Elson et al.
2011).

In the current work we studied several variables that may predict the evo-
lution of AKP following knee replacement. Similar to published literature we
did not find patient gender correlating significantly with postsurgical AKP.
However subgroup analysis of the responses to AKPQ by gender and age
revealed the highest prevalence of AKP among men under 60 years of age. Also
among women below 60 there was higher than average proportion of patients
with AKP. The higher prevalence of AKP in the younger age group is probably
explained by greater strain on PF joint due to a physically more active way of
life. Sedentary lifestyle, on the other hand, prevents overloading the knee and
therefore results in fewer cases of AKP. None of the patients engaged in our
study had a gender-specific implant. In common to the current trend of TKA
(Dargel et al. 2011), instead of gender specifics we aimed at replicating the
native knee anatomy as closely as possible by adapting the prosthesis to
variations in knee anatomy irrespective of gender. The theoretical advantage of
mobile bearing tibial inserts in terms of self-alignment that compensates for
small rotational errors in component positioning (Heinert et al. 2011), did not
result in a lower prevalence of AKP in our study either.

According to Leichtle et al. (2014) the results of isolated studies should be
interpreted with caution as most are implant specific and results may differ
between dissimilar prosthetic designs. For example a study that evaluated 5
patella-friendly implants from a number of producers found substantial diffe-
rences of patellofemoral tracking in all of them (Ma et al. 2007). Interpretation
of our results take into consideration that the vast majority of implants studied
were PFC Sigma (DePuy, Warsaw, Indiana, USA) fixed and mobile bearing
designs. Another important methodological factor for the estimation of the pre-
valence of AKP in our retrospective survey using AKPQ was that the response
rate of 60% may have produced selection bias.

Our data support previous research stating that despite TKA has proved to be
an effective treatment option for end-stage arthritis unresponsive to medical
therapy (Waimann et al. 2014), it does not restore the function of the knee to
normal (Stiehl 2005) and a substantial amount of TKA recipients continue to
have residual knee symptoms leading to dissatisfaction with the procedure (Par-
vizi et al. 2014). Patients undergoing TKA should be therefore appraised of the
high probability of experiencing pain in the front part of the knee following the

surgery.
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18. Measurement of PF congruence

An incongruent PF joint may be the expression of an imbalance of the peri-
patellar soft tissue envelope or malposition of the components of the knee
prosthesis. The lack of a difference in PF alignment between asymptomatic and
symptomatic patients is seen not as an absence of correlation, but rather as an
insufficiency of the current measurement techniques (Wilson 2007). We believe
the confusion in this matter is generated by three main factors: i) that the
definition of a norm is difficult to establish due to the variety of patellar
tracking patterns among asymptomatic individuals (Katchburian et al. 2003,
Kong et al. 2014); ii) that the orthopaedic community has not been able to agree
upon a single technique as a standard for measurement of PF congruence. PF
axial views are being captured in different positions of knee flexion under
weight-bearing or non-weight-bearing conditions and the analysis of the images
is being conducted using a variety of indices (Wilson 2007); iii) that the
reliability and validity of currently available PF axial measuring techniques is
questionable (Wilson 2007, Heesterbeek et al. 2007).

In the search for possible causes of complaints in patients with AKP
following TKA, it is ineluctable to assess PF kinematics in the axial plane. As
AKP can also be caused by alteration of the height of the patella, the PF joint
should also be evaluated in the saggital plane. Similar to axial plane measure-
ments, none of the patellar height ratios has been accepted as a standard and
correlation of patellar height ratios with AKP is weak (Narkbunnam et al.
2013).

Heesterbeek et al. (2007) found lateral patellar tilt (LPT) and patellar
displacement (PD) more successful than other techniques when assessing PF
congruence in patients following TKA with unresurfaced patella. Tilting of the
patella is however not related to displacement (Chia et al. 2009). Figures 16a
and 16b present luxated patella with a smaller tilt angle than the subluxed knee
cap.

34 degrees

Figure 16a Figure 16b
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In this work we introduced a valid and reliable method for the measurement of
PF congruence following TKA with unresurfaced patella: the PSI. Compared to
previously described methods, the PSI has several advantages. Trochlear
contours of the femoral component are relatively flat, which makes pinpointing
the highest extremum of the femoral condyles and the lowest point of the
trochlear groove difficult. Additionally, the bony and cartilaginous geometry of
the patella does not match (Figure 17) and therefore it is misleading to judge the
conformity of the lowest points of the patella and the trochlea relying on bony
landmarks only (Staubli et al. 1999). With our PSI however all landmarks
necessary for the calculation of the index are always easily discernible.

Bone

Cartilage

Figure 17. Non-matching cartilaginous and osseus geometry of the patella on axial MRI

Unresurfaced patella also loses its original shape (Figure 18) in the process of
stress-induced remodelling or disruption of blood supply in 40-85% of TKA
cases (Smith et al. 1989, Shih et al. 2004, Smith et al. 2004, Melloni et al.
2008).

Figure 18. Remodelling of the laterally subluxed patella
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The high intra- and inter-reliability rate of the PD technique was only achieved
by excluding images that did not qualify due to indefinable landmarks. The low
proportion of agreement (47.1%) among investigators reflects the difficulty in
interpreting radiographic landmarks and should be considered a limitation of the
PD measurement technique. Katchburian et al. (2003) propose using posterior
instead of anterior condyles of the femur as more reproducible references, but
such an idea is not applicable to X-rays as posterior condyles are not visible on
PF axial radiographs. According to the PSI methodology, the centre of the
trochlear groove is found according to the landmarks arising from the inter-
section of lines drawn on the radiograph and the midpoint of the knee cap is
determined by bisecting the line connecting the two edges of the patella, thus
avoiding the indistinct contours of the replaced knee joint.

PSI relies on proportions rather than expressing displacement of the patella
in millimetres. Radiographic magnification may cause variability in linear
measurements of patellar displacement. Displacements of an equal number of
millimetres may also have a larger effect on knees with smaller dimensions. As
a ratio, PSI is independent of radiographic magnification and circumvents the
effect of knee size, allowing for the comparison of results between patients and
studies.

PSI has uses beyond simply analysing the radiograph of a replaced knee with
unresurfaced patella. Although the PSI method was created for describing the
position of the patella relative to trochlea in a replaced knee with an unresur-
faced patella, there is no reason why it cannot also be used in cases with a
resurfaced patella or in a native knee. The images obtained by X-ray, CT or
MRI may be analysed either on a computer or on print-outs using a ruler and
pencil.

PSI has proved to be a valid and reliable tool to serve the purpose of
characterizing the position of the patella relative to the trochlea.

19. Correlation of the state
of the patellar cartilage with AKP

The results of our study indicate that structural changes of the patellar cartilage
may contribute to the evolvement of AKP following TKA. Our study however
does not elucidate on the long-term relationship between structural changes of
the patellar cartilage and AKP. Information concerning time-dependent
prevalence of AKP is conflicting. Meftah et al. (2011) have documented an
almost 3-fold decrease of AKP 10 years following TKA, while van Jonbergen et
al. (2012) found in a meta-analysis that the relationship between AKP and time
of assessment is inconclusive. Studies show that the degradation of the cartilage
of the unresurfaced patella continues after TKA (Shih et al. 2004). One year
following joint replacement should be a good milestone to assess the relation-
ship of postsurgical AKP and the state of patellar cartilage recorded at surgery.
A year post-surgery the patient will have recovered from the surgical trauma
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and the state of the patellar cartilage is more like the situation encountered at
surgery than after a longer period.

The scientific literature provides convincing arguments both for and against
patellar resurfacing (Schindler 2012), often leaving the reader uncertain about
the optimal way of treating the patella during knee replacement. It is disputable
to relate the reduction of AKP following patellar replacement solely to the
substitution of the cartilage with plastic. The theoretical advantage of patellar
resurfacing in regard to reduction of postsurgical AKP lies not only in clearing
away the damaged patellar cartilage, but also in improved patellar tracking
because of better conformity of the patellar button and the trochlear groove.
Conversely the improved PF biomechanics in cases of replaced patella has been
questioned, because despite avoidance of overstuffing and correct positioning of
the implants the PF peak pressure may rise 2,5-fold (Leichtle et al. 2014). Re-
sults of secondary resurfacing (Parvizi et al. 2012) and the high prevalence of
post mortem cartilage defects of the patella, which were likely asymptomatic
during a subjects lifetime (Iriuchishima et al. 2013), means that factors besides
articular cartilage may influence the evolution of pain in the front part of the
knee following TKA.

So far attempts to relate intraoperative cartilage changes to postoperative
AKP have led to conflicting results (van Jonbergen et al. 2012), but the absence
of significant correlations may be owing to insufficient evaluation methods.
Previous studies (Picetti et al. 1990, Barrack et al. 1997, Barrack et al. 2001,
Wood et al. 2002, Burnett et al. 2004, Campbell et al. 2006, Rodriguez-
Merchan and Gomez-Cardero 2010) have used the original Outerbridge (1961)
classification and its modification by Beguin and Locker (1983) that enable
macroscopic assessment of cartilage defects. Macroscopic evaluation alone may
not provide enough information about cartilage impairment, as microscopic
changes at the cellular level may be quite advanced before any change
detectable by the human eye becomes visible (Agha and Webb 2006, Bentley
and Hill 2007). We decided therefore to grade the cartilage pathology using the
OARSI system, which combines the microscopic changes of the depth of the
cartilage and the macroscopic extent of arthritic changes over the joint surface
into an overall score (Pritzker et al. 2006). The OARSI system is considered a
valid way of evaluating cartilage impairment (Pearson et al. 2011, Pauli et al.
2012). The cartilage defect usually contains areas of different stages of cartilage
impairment. We took the biopsy from the most damaged location of the
cartilage as assessed macroscopically and in this way only the histological grade
of the most degenerated surface area was used for calculation of the OARSI
score (Pritzker et al. 20006).

The assessment of articular surface defects on photographs resembles the
situation encountered during surgery. The continuum of cartilage changes from
fissures to subchondral bone exposure are clearly visible on the photographs.
Only softening of the cartilage cannot be estimated because of the absence of
tactile feedback. Drawing of the virtual resection line of the patellar osteophytes
is also relatively simple for a surgeon experienced in knee replacement. Digital
images may offer additional benefits as they enable zooming in or out on the
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photograph and the usage of other functions of the image processing software.
Han et al. (2005) found photographic assessment of cartilage defects both valid
and reliable.

Our study is the first to utilise a combined approach of microscopic and
macroscopic cartilage assessment in patients following TKA with unresurfaced
patella. We demonstrated that patients with extensively impaired cartilage of the
patella, as expressed by the OARSI score, have a higher risk of AKP. The lower
limit of the confidence interval of the prevalence ratio of AKP was 1.0. We
would like to emphasize that such a borderline significance does not exclude the
probable effect of the impairment of the patellar cartilage on the development of
postsurgical AKP, because the actual effect lies within the range of the confi-
dence interval with unequal probability. The real value is more likely to be
around the estimated prevalence ratio of 1.5 rather than at either end of the
confidence interval (Hackshaw and Kirkwood 2011).

Unfortunately knowledge about the relationship between impairment of the
microarchitecture of the patellar cartilage and postsurgical AKP does not help in
decision making during surgery. The OARSI system is too complex and time
consuming to be applied in everyday clinical practice (Pauli et al. 2012). Higher
risk of AKP in patients with bigger OARSI scores and the absence of a
significant correlation between Outerbridge (1961) grade 4 defects and AKP in
our study show, that analysing the same data with different methodologies may
lead to dissimilar outcomes. The key-point is the creation of a valid and reliable
grading system of patellar cartilage impairment that would best correlate with
patients’ symptoms. Further research should focus on finding potential relation-
ships between microscopic and macroscopic changes of the patella cartilage.
Acebes et al. (2009) have already started the process by investigating the corre-
lation between macroscopic alteration of the cartilage as classified by the
Beguin-Locker (1983) and Mankin (1971) histopathology grading systems. The
authors pointed out a tendency to over-evaluate cartilage impairment in the
Beguin-Locker (1983) grades 3—4 owing to the difficulty in determining the
border between cartilage and subchondral bone, the correlation between
microscopic and macroscopic appearance of the cartilage was strong in case of
lower grades of cartilage impairment (Acebes et al. 2009). Identifying the
macroscopic expression of histologic changes should enable the elaboration of
cartilage-related criteria for selective resurfacing of the patella during knee
replacement that could result in a significant reduction of postsurgical AKP.

We believe our work has added a valuable piece of knowledge to support the
theory of patellar cartilage impairment as one of the causes of AKP following
TKA.
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1)

2)

3)

4)

CONCLUSIONS

Patients undergoing total knee arthroplasty (TKA) with unresurfaced patella
should be appraised of the high probability of experiencing pain in the front
part of the knee after surgery. We diagnosed a 20.2% prevalence of AKP in
a postal survey based solely on patient reported data and a 60% prevalence
of AKP by using physician specific information.

Neither a patients’ gender, the mobility of the tibial insert nor Outer-
bridge (1961) grade 4 cartilage defects of the patella diagnosed at knee
replacement predicted the incidence of postsurgical AKP following TKA
without patellar resurfacing.

The Osteoarthritis Research Society International (OARSI) score of the
patellar cartilage, which combines the microscopic severity and macroscopic
extent of the lesion, correlated positively with postoperative AKP following
TKA with unresurfaced patella. Patients with greater patellar cartilage im-
pairment, as expressed by higher OARSI scores, had a higher risk of AKP.
We introduced a new radiographic measure for patellofemoral congruence to
evaluate patellar alignment in the axial plane following TKA with unre-
surfaced patella — the patellar shift index (PSI). The necessary landmarks for
the calculation of PSI were always present and easily discernible. PSI is
independent of radiographic magnification or knee dimensions and is
applicable to different media, like digital images and printed radiographs.
PSI was found to be a valid and reliable diagnostic tool of patellofemoral
congruence. The radiographic landmarks of patellar displacement are fre-
quently difficult to interpret and therefore it is not a suitable measure for
patellar medio-lateral shift. Lateral patellar tilt is a reliable measure of
patellofemoral congruence, but does not allow for the quantification of
patellar displacement because the inclination of the patella does not correlate
with maltracking.
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SUMMARY IN ESTONIAN

Eesmine pdlvevalu endoproteesitud
polveliigesega patsientidel: levimus, seos pdlvekedra
kohre kahjustusega ja patellofemoraalse
kongruentsuse aspektid

Sissejuhatus
Levimus

Eesmine polvevalu (EPV) pohjustab rahulolematust rohkem kui poolel pdlve
endoproteesiga patsientidest (van Jonbergen et al. 2012). EPV on pdlve ees-
pinna valu sdltumata selle tekkepohjusest (Witvrouw et al. 2005). Patellofemo-
raalne valusiindroom (PFVS) on kitsam mdiste kui EPV. PFVS-iks loetakse
polvekedra ja trohlea vahelisest liigesest parinevaid kaebusi, samas tipsusta-
mata, millise konkreetse struktuuri kahjustus siimptomeid pdhjustab (Witvrouw
et al. 2005). PFVS tekib ennekdike koormusel ja d4geneb pdlveketra koormavate
tegevuste korral, nditeks trepist laskumisel. Kirjanduses kasutatakse EPV-d ja
PFVS-i sageli siinoniiiimidena.

Vananeva rahvastiku (Leonardi ef al. 2014) tottu suureneb artroosi esmas-
haigestumus (Lawrence et al. 2008). Degenereerunud polvekdhrega patsientide
hulga suurenemine tingib omakorda pdlveliigese endoproteesimise juhtude kas-
vu. See trend kajastub ka koigis proteesiregistrites. Eesti Haigekassa rahasta-
mispoliitikast tulenevalt on Eestis liigesevahetuse operatsioonide arv piisinud
viimastel aastatel samal tasemel. PSlveliigese endoproteesimise sagenemisega
kaasneb ka vdimalike komplikatsioonide, sealhulgas EPV juhtude arvu suure-
nemine.

Patsiendikiisimustikel baseeruvates uuringutes on EPV levimusméair viik-
sem (Burnett et al. 2007, Epinette, Manley 2008) kui nendes uuringutes, mis
arvestavad nii subjektiivseid kui ka objektiivseid haigustunnuseid (Baldini et al.
2006, Campbell et al. 2006). Eestis on pdlveliigeseid endoproteesitud ligi 20
aastat, kuid EPV levimust pdlveproteesiga patsientidel seni uuritud pole.

Kohrekahjustus

EPV etioloogia on mitmeteguriline. Igal konkreetsel juhul v4ib kaebuste vallan-
dajaks olla erinevate tegurite unikaalne kombinatsioon. Seetdttu on EPV tépse
pohjuse viljaselgitamine sageli keeruline (Bourne 2011, Meftah et al. 2011).
Pdlve eespinnale kiirguvat valu voib tekitada peripatellaarsete pehmete kudede
diisbalanss, proteesiga seotud tegurid, polvekedraspetsiifilised faktorid, siinoo-
via proliferatsioon, infrapatellaarse rasvpadjandi patoloogia v6i neuropaatia.
10% juhtudest voib EPV pdhjus jddda selgusetuks.

Uks vdimalik EPV pdhjus on pdlvekedra kdhrekahjustus (Picetti et al. 1990,
Rodriguez-Merchan, Gomez-Cardero 2010). Patellofemoraalsed kohredefektid
on levinud, enamasti asuvad need pdlvekedra mediaalsel fassetil (Iriuchishima
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et al. 2013) ja suurel osal patsientidest need kaebusi ei pohjusta (Beard et al.
2007). Samas jddb nende patsientide puhul, kellel pdlveliigese vahetamisel
polvekedra liigespinda pole asendatud, alati vdimalus operatsioonijérgset
EPV-d patella kdhrekahjustusega seostada (Seil, Pape 2011). Asendatud polve-
kedra liigespinnaga patsiendid on polveartroplastika tulemustega rohkem rahul
(Schindler 2012) ja neil esineb vihem revisjonldikusi (Pilling et al. 2012) kui
séilitatud patella liigespinnaga patsientidel.

Polvekedra kohre seisundi ja EPV seostes on veel palju lahendamata kiisi-
musi. Senistes uuringutes on saadud vastakaid tulemusi pdlve endoproteesimisel
tdheldatavate patella kohre silmaga ndhtavate muutuste ja operatsioonijirgse
EPV seose kohta (van Jonbergen et al. 2012). Makroskoopilisele kahjustusele
eelnevad muutused rakkude tasandil ja ainult makroskoopiliste kdhremuutuste
hindamine ei pruugi anda kohre seisundist terviklikku pilti (Bentley 2007).

Kaks enim kasutust leidnud kohrekahjustuse makroskoopilise hindamise
klassifikatsiooni on Outerbridge’i (Outerbridge 1961) ja Beguin-Lockeri
(Beguin, Locker 1983) klassifikatsioonid. K&hredefektide visuaalset hindamist
peetakse tldiselt usaldusvéirseks (Han et al. 2006). Kiesolevas viitekirjas
kasutasime polvekedra kohre seisundi médramiseks OARSI (Osteoarthritis
Research Society International) metoodikat (Pritzker et al. 2006), milles on
ithendatud kohrekahjustuse sligavuse mikroskoopiline analiiiis ja muutuste
leviku pindala hindamine. Pdlvekedra kdhrekahjustuse ja eesmise polvevalu
seoste parem tundmine voimaldab pdlveliigese endoproteesimisel argumen-
teeritult otsustada, kas pdlvekedra liigespind séilitada voi vahetada.

Patellofemoraalne kongruentsus

EPV-ga patsiendi kliiniline uurimine eeldab ka polveliigese rontgeniiilesvotteid
eest taha ja kiillgsuunas ning patellofemoraalset aksiaalset projektsiooni (Mel-
loni et al. 2008, Davies et al. 2000). Rontgenipildi alusel pole vdimalik kohe
valu pOhjust médrata: pigem annab see iildise iilevaate polvest ja suuna eda-
siseks uuringuks (Grelsamer 2000). Patellofemoraalse kongruentsuse hindamise
rontgenoloogilised meetodid on algselt vilja todtatud kasutamiseks loomulike
liigespindadega pdlvel. Polveliigese endoproteesimise kiigus resetseeritavate
liigespindade ja patella remodelleerumise tulemusel vajalikud rontgenoloo-
gilised orientiirid kaovad. Samuti mojutab seniste meetoditega saadud tulemusi
rontgenililesvotete suurendus ja pdlve modtmed. Seni puudub valiidne ja
reliaabne rontgenmetoodika, mis vdimaldaks hinnata endoproteesitud polve-
liigese patellofemoraalset kongruentsust ning vorrelda eri uuringute tulemusi.

Kiesolev viitekiri késitleb polveproteesimise jargset EPV levimust Eestis, EPV

ja polvekedra kohrekahjustuse seost ning patellofemoraalse kongruentsuse
aspekte.
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Uurimuse eesmargid

Uurimuse eesmirgiks oli hinnata operatsioonijargset eesmise pdlvevalu levi-

must Ida-Tallinna Keskhaigla patsientide seas, kellel oli paigaldatud polve-

protees, asendamata patella liigespinda. Samuti uurida polveliigese endoprotee-
simise ajal diagnoositud pdlvekedra kdhrekahjustuse seost operatsioonijargse

EPV-ga ja luua uus patellofemoraalse kongruentsuse hindamise rontgenmeetod.
Uurimuse tdpsemad iilesanded olid:

1) hinnata EPV levimust patsientidel, kellel on teostatud pdlveartroplastika
patella liigespinna asendamiseta, nii subjektiivse, patsiendi tdidetava kiisi-
mustiku abil kui ka objektiivse, arstidele moeldud kiisimustikuga;

2) hinnata seost operatsioonijiargse EPV ja patella kohre seisundi vahel, mis on
médratud OARSI skoori voi Outerbridge’i klassifikatsiooni alusel pdlve-
kedra liigespinna asendamiseta teostatud podlveartroplastika ajal;

3) todtada vélja uus rontgenmeetod, pdlvekedra nihkeindeks (PNI), millega on
voimalik hinnata aksiaaltasapinnas patella asetsust trohlea suhtes;

4) hinnata PNI valiidsust ja reliaabsust ning vorrelda neid patella lateraalse
kalde (PLK) ja patella nihkumise (PN) analoogsete néitajatega.

Uuritav materjal ja meetodid

Patsiendipohisesse, subjektiivsesse EPV levimusuuringusse kaasati retrospek-
tiivselt 1431 patsienti, kellel teostati ajavahemikus 01.01.2000-31.12.2009 Ida-
Tallinna Keskhaiglas 1778 jarjestikust pdlveartroplastikat patella liigespinda
asendamata. Patsientidelt koguti andmeid posti teel saadetud EPV kiisimusti-
kuga ja Kujala kiisimustikuga. Kiisimustikud saadeti1200 patsiendile, andmeid
koguti 1505 pdlve kohta. Molema pdlve endoproteesiga patsiendid said kaks
komplekti kiisimustikke, kummagi pdlve jaoks iihe. Patsiendid tagastasid 944
kiisimustike komplekti, seega oli kiisitluses osalemisméaér 62,7%. 50 komplekti
olid vigaselt tdidetud ja seetdttu jdi loplikuks andmeanaliiiisiks informatsioon
894 podlve kohta.

Arstide kogutud objektiivsete andmete alusel uurisime EPV levimust
prospektiivselt kaasatud 100 gonartroosi patsiendil, kellel teostati ajavahemikus
01.01.2011-31.05.2012 Ida-Tallinna Keskhaiglas 100 polveartroplastikat
patella liigespinda asendamata. Koiki patsiente opereeris sama kirurg (Vahur
Metsna). Uhe aasta mdddudes pdlveartroplastikast hindas kirurg EPV levimust
patsientide seas HSS (Hospital for Special Surgery) patella kiisimustikuga.
Operatsioonijargsed andmed koguti 95 patsiendilt.

Polvekedra kohre operatsiooniaegset seisundit hinnati samal 100 patsiendil,
kes olid kaasatud ka EPV arstipShisesse levimusuuringusse. Polveliigese endo-
proteesimisel resetseeriti patella osteofiiiidid, tehti digifoto patella kohrest ja
voeti patella silinderbiopsia kohre piirkonnast, mis oli visuaalsel vaatlusel
Outerbridge’i klassifikatsiooni jérgi koige rohkem kahjustunud. Digifoto alusel
madrasime Outerbridge’i klassifikatsioonist ldhtuvalt, kui suure osa protsen-
tuaalselt moodustab sdilinud kohrega ala pdlvekedra liigespinna kogupindalast.
Patella bioptaadid vérviti hematoksiiliin-eosiiniga ja kohrekahjustuse stigavust
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hinnati preparaate mikroskopeerides. Kohrekahjustuse siigavuse ja pindala
astmete korrutisena arvutati OARSI skoori. Aslimptoomsete ja EPV-ga patsin-
tide OARSI skoori statistilist erinevust hinnati Studenti t-testiga. EPV seost
Outerbridge 4 kohredefektidega hindasime Spearmani korrelatsioonikoefitsien-
diga. Jagasime patsiendid OARSI skoori alusel kahte riihma ja médrasime
levimuskordaja.

PNI viljatodtamisel kasutasime 51 patellofemoraalset aksiaalset Merchant’i
rontgeniilesvotet sdilitatud patella liigespinnaga endoproteesitud polveliigestest.
PNI arvutamine on kujutatud joonisel 13. Jooned 1 ja 2 tdmmatakse paral-
leelselt trohlea mediaalse ja lateraalse servaga. Joon 3 puudutab reiekondiiiilide
eesmisi tippe. Joonte 1,2 ja 3 loikumisel tekkivad kaks punkti reie eesmiste
kondiiiilide korgusel tdhistavad trohlea laiust. Trohlea keskpunkt méératakse
trohlea laiuse poolitamisel. Pdlvekedra mediaalse ja lateraalse serva vahele
tdmmatud joon 4 mérgib patella laiust. Polvekedra keskpunkt méaaratakse joone
4 poolitamisel. Joon 5 tdmmatakse trohlea keskpunktist ja joon 6 pdlvekedra
keskpunktist, mdlemad risti joonega 3. Joonte 5 ja 6 vaheline kaugus on pdlve-
kedra nihe. Moddetakse trohlea laius ja pdlvekedra nihe. PNI arvutatakse polve-
kedra nihke jagamisel trohlea laiusega. (PNI = patella nihe + trohlea laius).
Indeks iimardatakse kahe komakohani. Polvekedra nihe voib olla kas mediaalne
vO0i lateraalne, mediaalne nihe mérgitakse mérgiga “—”.

PNI, LPK ja PNi hindamise ja hindaja reliaablust méérasid kahenidalase
intervalliga rontgenipilte modtes liks ortopeed, iiks radioloog ja kaks meditsiini-
tudengit. PNI nédivvaliidsust hindasid neli uuringuga mitteseotud ortopeedi,
reastades patellofemoraalsed aksiaalsed rontgenipildid visuaalsel wvaatlusel
pOlvekedra nihke alusel. Seejdrel analiilisiti kas vaatlustulemuste pohjal
koostatud rontgenipiltide jarjestus {ihtib PNI-pohise jarjestusega.

Uuringuks andis loa Tallinna Meditsiiniuuringute Eetikakomitee (nr 2230-
20.12.2010, nr 2398-19.05.2011) ja Ida-Tallinna Keskhaigla uurimistodde
hindamise komisjon. Kodik uuringus osalenud patsiendid allkirjastasid teavitatud
ndusoleku vormi.

Uurimuse tulemused ja jareldused

Kéesolev viitekiri on esimene pdlveliigese endoproteesimise jargset EPV-d
késitlev uurimistdd Eestis. Selle kdigus méérati pdlvekedra liigespinna asenda-
miseta teostatud polveliigese endoproteesimise jirgse EPV levimuse, uurisime
EPV seost patella kdhre kahjustusega ja tootasime vélja uue rontgenmetoodika
patellofemoraalse kongruentsuse hindamiseks.

1) Enne pdlveliigese endoproteesimist on soovitav patsiente informeerida
operatsioonijargse EPV esinemise suurest tdendosusest. Siinses uuri-
muses diagnoositi patsientide esitatud andmete alusel EPV 20,2%
juhtudest, arstide tdidetava kiisimustiku kasutamisel oli EPV levimus
60%. Patsiendi sugu, polveproteesi sddrekomponendi mobiilsus ja
Outerbridge’i 4. staadiumi kdhredefektid ei mojuta pdlvekedra liiges-
pinna asendamiseta teostatud polveproteesimise jargset EPV levimust.
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2)

3)

4)

Polvekedra kohre kahjustuse siigavuse mikroskoopilist ja leviku makro-
skoopilist hindamist {thendav OARSI skoor seostub pdlvekedra liiges-
pinna asendamiseta teostatud pdlveproteesimise jirgse EPV-ga. Suu-
rema OARSI skooriga patsientidel on EPV risk suurem.

Tootasime vilja patellofemoraalse aksiaaltasapinnalise kongruentsuse
hindamise rontgenmeetodi — PNI, mille arvutamiseks on kdik orientiirid
alati hésti eristatavad. PNI ei sdltu rontgenoloogilisest suurendusest ega
polveproteesi modtudest ning on kasutatav nii digitaalsete kui ka
triikkitud rontgenipiltide korral.

PNI on valiidne ja reliaabne meetod. PLK on samuti reliaabne, kuid
selle alusel pole vdimalik pdlvekedra liikumist kvantitatiivselt iseloo-
mustada. PNi on puuduvate orientiiride tdttu sageli raske maéérata ja
seetottu ei sobi see meetod pdlvekedra medio-lateraalsuunalise liiku-
mise hindamiseks.
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