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TIIVISTELMA

Traumaattinen polvilumpion sijoiltaanmeno on tavallinen liikuntasuoritukseen
liittyvd nuoren alkuisen akuutti nivelsidevamma, joka aiheuttaa veripolven.
Sijoiltaanmeno vaurioittaa mediaalisen patellofemoraaliligamentin (MPFL), joka on
p&éasiallinen polvilumpion tukirakenne. Ensimmaisen sijoiltaanmenon jalkeen
monilla esiintyy toistuvia polvilumpion muljahteluja tai sijoiltaanmenoja, polven
kipua, liikunnallisen aktiivisuustason heikkenemista ja polvilumpion liukupinnan
nivelkulumaa. Polvilumpion ensimméisen sijoiltaanmenon paras hoitotapa on ollut
epaselvd, koska laadukkaita tutkimuksia on niukasti. Perinteisesti suurin osa
polvilumpion ensimméisista sijoiltaanmenoista on hoidettu ilman leikkausta.

Taman vaitoskirjan tarkoituksena oli selvittda polvilumpion ensimméisen
sijoiltaanmenon ilmaantuvuus, riskitekijé ja vertailla eri hoitomenetelmid. Liséksi
tutkimus selvitti MPFL-rekonstruktioleikkauksen pitk8aikaistulokset ja MPFL
vammakohdan kliinistd merkitystd. Tutkimus kohdistui vuosina 1994-2002
varusmiespalveluksensa suorittaneisiin nuoriin miehiin ja naisiin. Tutkimusaineisto
kasitti yli 130 000 nuoren, idltéan 17-30 vuotiaan aikuisen kohortin, jota kaytettiin
polvilumpion ensimmaisen sijoiltaanmenon saaneiden véestotason ilmaantuvuutta ja
riskitekijoitd koskevaan tutkimukseen. Toisena aineistona oli retrospektiivinen
kohortti varusmiehig, jotka oli leikattu toistuvan polvilumpion sijoiltaanmenon
vuoksi joko MPFL rekonstruktiolla ta  perinteisemmalla polvilumpion
stabilointitoimenpiteella.  Pdavastemuuttujina  polvilumpion instabiliteetti  ja
polvilumpion liukupinnan nivelkuluman kehittyminen. Vaitoskirjatutkimukseen
kuului  kaksi  prospektiivista polvilumpion ensimmaisen sijoiltaanmenon
sairastaneiden kohorttia Tahystystekniikalla  tehtavéa polvilumpion
sabilointileikkausta verrattiin  ilman leikkausta hoidettuihin  ja vastaavadti

satunnai stetussa asetelmassa avoleikkausta verrattiin ilman leikkausta hoidettuihin.
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Lisdksi analysoitiin kolmen eri MPFL vauriokohdan ennuste saranalastalla
hoidetuilla potilailla. P&itemuuttujina  tutkimuksissa oli vamman jalkeinen
polvilumpion stabiliteetti ja liikunta-aktiivisuustason séilyminen.
Vaitoskirjatutkimuksen perusteella polvilumpion ensimmaéinen sijoiltaanmeno on
alemmin arvioitua yleisempi polvivamma, jonka vuotuinen ilmaantuvuus on
77/100 000 nuoressa aikuisvéestossa. Potilaan pituus ja paino todettiin olevan
traumaattisen polvilumpion sijoiltaanmenon riskitekijoitd. Huono fyysinen
suorituskyky, ylipaino tai heikko lihaskunto e lisdnnyt sijoiltaanmenon riskia.
MPFL-rekonstruktioleikkauksella  saavutettiin - perinteista  leikkaustekniikkaa
vastaava polvilumpion stabiliteetti, mutta polvilumpionivelen kulumaa kehittyi
merkitsevasti vahemman. Prospektiivisessa tutkimuksessa el todettu merkitsevéa
hyotya akuuttivaiheen téhystysleikkauksesta konservatiiviseen hoitoon verrattuna.
Sen sijaan prospektiivinen satunnaistettu tutkimus polvilumpion ensimméisen
sijoiltaanmenon hoidosta avoleikkauksella tai ilman paljasti, ettd konservatiivisesti
hoidetut karsivét tilastollisesti merkitsevasti enemman polvilumpion instabiliteetista.
Leikatut elvét silti olleet oireettomampia muissa mittauksissa MPFL repedma
reisiluun kiinnityskohdasta aiheutti merkitsevan fyysisen suoritustason laskun ja
merkitsevasti instabiilimman polvilumpion kuin MPFL repedméa polvilumpion
kiinnityskohdassa tai ligamentin keskiosassa, kun hoito oli ollut konservatiivinen.
Véitoskirjatutkimuksen perusteella magneettikuvausloydosten tulkitseminen
auttaa oikean hoitomuodon valinnassa. Traumaattinen polvilumpion ensimméainen
sijoiltaanmeno, johon liittyy MPFL repeama reisiluun kiinnityskohdassa, nayttda
olevan hyodyllistd hoitaa alkuvaiheen leikkauksella. Lisdks jos traumaattiseen
sjoiltaanmenoon liittyy nivelpinnan rustomurtuma, tai jos polvilumpio on jo

alkuvaiheessa huomattavan instabiili, alkuvaiheen leikkaushoito on tarpeen, etenkin

korkean vaatimustason potilailla, kuten liikunnallisesti aktiivisilla.



merkittdvd ilmi6é polvilumpion dgjoiltaanmenon sairastaneilla  Aiemmissa
tutkimuksissa nivelkulumaa on esiintynyt runsaasti seka ilman leikkausta hoidetuilla
etta perinteisin leikkausmenetelmin hoidetuilla. Téméan tutkimuksen mukaan
anatomiseen korjaukseen pyrkivd MPFL rekonstruktio vahentéa nivelkuluman
kehittymistd Taman perusteella polvilumpion stabilointileikkaukseksi suositellaan
MPFL rekonstruktiota, etenkin polvilumpion traumaattisen sijoiltaanmenon jalkeen.
Polven anatomiset poikkeavuudet tulee huomioida leikkaushoitoa suunnitellessa,
joskin traumaattinen polvilumpion sijoiltaanmeno tapahtuu varsin usein ilman
perusteella annetaan  suositus  traumaattisen  polvilumpion  ensimmaisen

sijoiltaanmenon hoidon suunnittelemiseksi.



Content

. ABBREVIATIONS. ... ..ttt e e e 11
. ORIGINAL COMMUNICATIONS. ...ttt e e 13
e AB ST RA CT e e e e e 15
. INTRODUCTION ....coi ittt e e e e e e e s snraan e e e e e e e e e e 18
. REVIEW OF THE LITERATURE ...ttt 21
5.1 Patellar function inthe human Knee...........cocovoiiiiiiiiiiec e, 21
5.2 Clinical features of patellar dislocation............coceveeeeviiieiiiee e, 22
5.2.1 Terminology of patellar dislocation............ccccoeeviieiiiieniiienenee 23
5.2.2 Surgical terminology of patellar dislocation ...........c.cccceeeuvenee. 25
5.3 Primary traumatic patellar diSloCation ............ccoverieeeriieeiiiie e 26
5.3.1 Clinical featuresof primary traumatic patellar dislocation......... 27
5.3.2 Diagnosis of primary traumatic patellar dislocation................... 28
5.3.3 Traumatic patellar dislocation and osteochondral fractures........ 29
5.3.4 Treatment of primary traumatic patellar dislocation................... 32
5.4 Nontraumatic and secondary patellar dislocations..............ccceevveeennen. 32
5.5 Radiology of the traumatic patellar dislocation............ccccoecveevieeeennen. 34
5.5.1 Radiographs of the patellofemoral joint............ccccoeeeiieriiiennne 35
5.5.2 Magnetic resonance imaging of the patellofemoral joint............ 38
5.6 Epidemiology and risk factOrS.........ccoceereiierinier e 42
5.6.1 Therole of predisposing factorsin patellar instability................ 43
5.7 Factorsrelated to paellar stability ..........ccooeeeiiiiiieiiii e, 46
5.7.1 Anatomy of the medial soft-tissue stabilizers of the patella........ 46
5.7.1.1 Medial patellar stabilizers and the medial
ligament complex of theknee............cccovveeiiiiieecccnnen. a7
5.7.1.2 Injury to the soft-tissue stabilizers in primary
traumatic patellar dislocation............cccceeeiiiieeeciiiineneen, 49
5.7.2 Osseus landmarks of the medial knee............ccccoeeiiiiiiniiiennne. 50
5.7.3 The medial patellofemoral ligament .............ccccovveveiiiieene i, 51
5.7.3.1 The medial patellofemoral ligament is the
primary medial stabilizer of the patéella......................... 51

5.7.3.2 Functional anatomy of the medial patellofemoral



5.7.3.4 Injury to the medial patellofemoral ligament..................

5.7.3.5 Clinical significance of medial patellofemoral
[IgaMEN INJUIY ...

5.8 Nonoperative management of primary traumeatic patellar
AISIOCALION.......ccceteeeeee e e e e e e e e nanees

581

5.8.2

Initial nonoperative management of primary traumatic
patellar disloCation...........c.eeveiiiiiiie i

Results of nonoperative management of primary traumatic
patellar diSIOCaLION............eeiiiieiiie e

5.9 Surgical treatment of patellar dislocation .............ccoceeeviiieiiciiiieec e,

591

5.9.2

5.9.3

5.94

Initial surgical management of primary traumetic patellar
ISIOCALION ...

Traditional patellofemoral SUFrgery .......ccoovveevicieee i,
5.9.2.1 Therole of tibial tubercle transfer ...........ccccccceevceeiiiennns
5.9.2.2 Therole of traditional realignment surgery ....................
5.9.2.3 Therole of lateral retinacular release............ccccceeennennns
Modern approach to patellofemoral surgery........ccccoevcvveveeeinnee..
5.9.3.1 Early modifications for medial restraint repair ...............
5.9.3.2 Arthroscopic surgery for patellar dislocation..................
5.9.3.3 Trochleaplasty for patellar ingtability............ccceveeennee.
Medial patellofemoral ligament reconstruction ................ccue.....

5.9.4.1 Clinical significance of the medial
patellofemoral ligament and indications for
FECONSLIUCLION ... eieee ettt e

5.9.4.2 Overview of surgical techniques and clinical

5.9.4.3 Clinical aspects for medial patellofemoral
ligament reCoNStrUCtION..........ccccvvveeeiriiiee e

5.10The natural course of patellar instability - osteoarthritis.......................

5.10.1Prevention of patellofemoral osteoarthritis...........cccccceecvveeennnne.

6. AIMS OF THE STUDY ...ooiiiiiiii e
7. MATERIALS AND METHODS.........coiiiiiiiieiie e

7.1 Study populations and outcome Measurements.........cccccvvvveeeeervveeeeenne

711

7.1.2

Sample for determining the incidence and risk factors for
primary traumatic patellar dislocation (Datal)............ccueeeeneee.

7.1.1.1 OULCOME MEBSUIEMENTS . ..c.ueeeeeeeeeeeeeeeeeee e e e eeneeeaneee

Patients treated for recurrent patellar dislocation with medial
patellofemoral ligament reconstruction or distal realignment
SUFGErY (Daall) .oceeeeiieeee e

7.1.2.1 OULCOME MEBSUIEMIENTS . ..c.ueieeeeeeeeeeeeeeee e e eeeeeeeanneees



7.1.3 Prospective cohort of patients with primary traumatic
patellar disocation: treatment with and without acute
arthroscopic stabilization (Data 1) .......cccoeveeveiiieeiiiieeeeee, 95

7.1.3.1 OULCOME MEASUIEMENTS ... eeeee e e e e eeee e e eeeens 96

7.1.4 Prospective cohort of patients with primary traumatic
patellar dislocation: arandomized study of treatment with
and without initial surgical stabilization (DatalV)..........ccc....... 97

7.1.4.1 OULCOME MEASUIEMENTS ....eeeeeeee e e e e e e eeeeeeeeeeeens 98

7.1.5 Patients with primary traumatic patellar dislocation and
medial patellofemoral ligament injury: the outcome after

nonoperative treatment (Data V) .......cccoceeeveieiiieeeniie e 98
7.1.5.1 OutCOmME MEBSUIEMENTS .......eveeeiiiieee e ee e e e e eieeeas 99
7.2 MethodS Of @NalYSIS.....ccocueiiiiiieiiiie e 100
7.2.1 Statistical methods for calculating the incidence and risk
factors for primary traumatic patellar dislocation (Datal)......... 100
7.2.2 Statistical methods for the outcome variables for Datall, 111
ANV s 100
7.2.3 Statistical methods for the prospective, randomized study
(= 2= W AV SRR PRR 101
8. RESULTS ...ttt nnee e 103
8.1 Epidemiology and risk factors of primary traumatic patellar
ISIOCALION ... 103
8.2 Long-term outcome of medial patellofemoral ligament
reconstruction compared with distal realignment..............cccccoevieeeens 105

8.3 Arthroscopic surgery for primary traumatic patellar dislocation:
a comparison of treatment with and without initial medial
FELINACULAN FEPAIT ... eeeee et e ettt e e e e e e e e srae e e e 107

8.4 Treatment with or without initial stabilizing surgery for
primary traumatic patellar dislocation: a prospective
randomMIZEd STUAY ........oeviiiiiiie e e e 109

8.5 Femoral avulsion of the medial patellofemoral ligament
predicts subsequent instability after primary traumatic patellar

ISIOCALION ... 111

O. DISCUSSION......uiiiiieiiiieitieeiee st stee e ste et e et e sbeesseeesbessbeesneeesseeenneeas 114

9.1 Limitations Of the StUAY ...........eeveiiiiiiie e 122
9.2 Proposed treatment algorithm for primary traumatic patellar

ISIOCALION ... 123

10. SUMMARY AND CONCLUSIONS.......cccieiiieieenieeniee e 127

11. ACKNOWLEDGEMENTS ......ooiiiiiiesiie et 132

12. REFERENCES. ... 135



10



ACL

CT

ICRS

LRR

MCL

MPFL

MPML

MPTL

MRI

NHDR

OA

PF

ROM

TG

TT

TT-TG

VAS

VMO

ABBREVIATIONS

Anterior cruciate ligament

Computed tomography

International Cartilage Repair Society
Lateral retinacular release

Medial collateral ligament

Medial patellofemoral ligament
Medial patellomeniscal ligament
Medial patellotibial ligament
Magnetic resonance imaging
National Hospital Discharge Register
Osteoarthritis

Patellofemoral

Range of motion

Trochlear groove

Tibial tuberosity

Tibial tuberosity-trochlear groove (distance)

Visual analog scale

Vastus medialis obliquus

11



12



2. ORIGINAL

COMMUNICATIONS

| Sillanpaa P, Mattila VM, livonen T, Visuri T and Pihlgjamaki H (2008).
Incidence and risk factors of acute traumatic primary patellar dislocation.
Med Sci Sports Exerc 40: 606-11.

Il Sillanpda P, MattilaVM, Visuri T, Méenpaéa H and Pihlgjaméki H (2008).
Ligament reconstruction versus distal realignment for patellar dislocation.
Clin Orthop Relat Res 466:1475-84.

11 Sillanpéda PJ, M&enpda H, MattilaVM, Visuri T and Pihlajamaki H (2008).
Arthroscopic surgery for primary traumatic patellar dislocation: a prospective,
nonrandomized study comparing patients treated with and without acute
arthroscopic stabilization with a median 7-year follow-up.

Am J Sports Med 36: 2301-9.

IV Sillanpda PJ, MattilaVM, M&enpaéd H, Kiuru M,Visuri T and Pihlgjaméki H.
(2009). Treatment with and without initial surgical stabilization for primary
traumatic patellar dislocation: a prospective randomized study.

JBone Joint Surg Am 91: [Epub ahead of print]

V Sillanp&a PJ, Peltola E, Kiuru M, MattilaVM, Visuri T and Pihlajamaki H.
Femoral avulsion of the medial patellofemoral ligament predicts subsequent
instability in men: a nonoperative follow-up study of mean 7 years.

Am J Sports Med [Accepted]

Articles 1-V have been reprinted in this thesis with the permission from the
Lippincott Williams & Wilkins (1), Springer (11), SAGE Publications (I11, V) and
The Journal of Bone and Joint Surgery, American Volume (1V).

13



14



3. ABSTRACT

First-time (primary) traumatic patellar dislocations are considered to be a
consequence of active lifestyle and defined as acute ligamentous knee injury. After
first-time patellar dislocation various subsequent problems may occur such as
anterior knee pain, recurrent patellar instability, decreased level of sporting activity,
and development of patellofemoral osteoarthritis (OA). The management of a
primary traumatic patellar dislocation has been controversial with no evidence-
based consensus how a clinician should treat these injuries to achieve the best
possible result. Traditionally, most primary patellar disocations have been treated
nonoperatively. Recently, however, increasing interest has been focused on
investigating primary traumatic patellar dislocation and the possible benefits of
initial surgical management. This phenomenon has arisen since the medial
patellofemoral ligament (MPFL) has been recognized as the primary medial
stabilizer of the patellaand MPFL injury has been associated with traumatic patellar

dislocations.

The purpose of thisthesis was to investigate the incidence, risk factors and initial
management of primary traumatic patellar disdocation, the long-term results of
MPFL reconstruction and the clinical significance of the MPFL injury in primary
traumatic patellar dislocation. The study population consisted of Finnish military
conscripts who served during 1994-2002. Five data sets were used. The first data
was obtained from a large military health care database of over 130 000 young
adults 17-30 years of age. This information was combined with the Finnish National

Hospital Discharge Register in order to assess the incidence and risk factors for
15



primary traumatic patellar dislocation. The second data compared MPFL
reconstructions and distal realignment procedures performed in Central Military
Hospital in 1994-2000. The outcome variables in this study were long-term
recurrent instability and the presence of patellofemoral OA. The third and fourth
data consisted of two prospective cohorts comparing initial arthroscopic medial
repair and nonoperative treatment, and stabilizing surgery and nonoperative
treatment (randomly allocated), respectively. These patients were clinicaly
followed-up and the outcome variables were subsequent patellar instability and
clinica symptoms. The fifth data consisted of a cohort of conscripts with
nonoperatively treated primary patellar dislocation with MPFL injury. In this cohort,
the predictive value of the MPFL injury location was assessed when subsequent

instability was used as the primary outcome.

The follow-up review of these physicaly active young adults disclosed that
primary traumatic patellar dislocation is a common knee injury yielding an
incidence rate of 77/100 000 person-years in males. The risk factors for primary
traumatic patellar dislocation were height and weight, not poor physical
performance or muscle fitness. MPFL reconstruction compared to distal realignment
procedure achieved comparable patellar stability but significantly less
patellofemoral OA progression. The prospective study comparing initial
arthroscopic medial repair to nonoperative management failed to show any benefit
with initial arthroscopic stabilization. The prospective randomized study with or
without initial stabilizing surgery revealed that patients who underwent surgery had
more stable patellae at follow-up. To explore the clinical significance of the MPFL
injury location, the magnetic resonance imaging (MRI) evaluation of nonoperatively
treated patients proved that a femoral avulsion of the MPFL predicted subsequent
instability and lower return to preinjury level of activity when compared to other

MPFL injury locations (patellar and midsubstance).
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While previous studies have concluded that MPFL injury is frequently associated
with primary traumatic dislocations with variation in the location of the MPFL tear,
the studies in this thesis are the first to indicate a clinical aspect of using MRI
findings in guiding the treatment pathway. In primary traumatic patellar dislocation,
MR images should be evaluated because of the predictive value they carry. It may
be concluded that patients who have high demands of patellar stability are likely to
benefit from initial surgical repair or reconstruction. If we look at the long-term
consequences of patellar dislocation, there are specific circumstances where initia
stabilizing surgery should be considered; cases presenting substantial disruption of
the MPFL at its femoral attachment, an osteochondral fracture that requires surgery,
a laterally subluxated instable patella in patients with high demand of patellar

stability, and in patients not improving with appropriate rehabilitation.

This thesis also indicates that PF OA is a frequent sequel of patellar dislocation.
Based on the previous findings of PF OA presence after nonoperative management
and traditional distal realignment surgery, there is a role for anatomic MPFL
reconstruction that seems to reduce the risk of OA progression. Especially when
stabilizing surgery is considered after traumatic patellar dislocation, MPFL
reconstruction should be preferred. Based on the findings of this study and previous
literature, a treatment algorithm for primary traumatic patellar disocation is

proposed.
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4. INTRODUCTION

Acute patellar dislocation is a common knee injury among physically active young
adults (Visuri and Mé&enpda 2002; Stefancin and Parker 2007). A patellar dislocation
is the second most common cause of acute knee hemarthrosis (Harilainen et al.
1988) and the most common acute knee injury among Finnish military conscripts
(Visuri et al. 1993). A primary (first-time) traumatic patellar dislocation has been
characterized as a typical acute knee injury in young active persons (Atkin et al.
2000). Over the long-term, patellar dislocations can result in patellar instability with
recurrent dislocations, pain, decreased level of sporting activity, and patellofemoral
OA. Recurrence rates after primary dislocation are high, for up to 44-70% suffer
subsequent patellofemoral instability after nonoperative treatment (Méenpéé et al.
1997; Nikku et al. 2005). While primary traumatic patellar dislocation has been
described as one of the most common knee injuries (Harilainen et al. 1988; Visuri et
al. 1993), patellofemoral instability is among the most challenging problems that
gports medicine clinicians face in their daily practices.

Patellar instability is a multifactorial problem. Patellar dislocations have been
traditionally attributed to several predisposing factors, since patellar dislocation can
occur without substantial trauma in a dysplastic patellofemoral (PF) joint (Insall et
al. 1972; Blackburne and Peel 1977; Runow 1983; Malghem and Maldague 1989;
Dejour et al. 1994; Mé&enpdd and Lehto 1996). Recently, however, traumatic
primary patellar dislocation was reported not to be significantly associated with
dysplastic features in the PF joint (Atkin et a. 2000; Stefancin and Parker 2007).

This controversy can be interpreted to be suggestive of two different injuries, and

18



may originate from the fact that the definition of primary patellar dislocation has
remained imprecise in the literature despite the large number of studies published on
patellar dislocations. Dysplastic bony architecture of the PF joint may predispose to
patellar instability, while on the other hand, patellar instability may be influenced by
the injured soft-tissue constraints after traumatic patellar dislocation in a well-
aligned PF joint with normal structure (Colvin and West 2008). Epidemiology of
primary patellar dislocation has been poorly studied and initial management has
been controversial with no evidence-based consensus to guide decision making.

Acute primary traumatic patellar dislocation is accompanied by hemarthrosis of
the knee, caused by rupture of the medial restraints of the patella (Kirsch et al. 1993;
Virolainen et al. 1993; Spritzer et al. 1997). Several studies have concluded that the
MPFL is the most important medial restraint of the patella, providing 50-60% of the
soft tissue restraint against lateral tranglation (Conlan et al. 1993; Desio et al. 1998;
Hautamaa et al. 1998; Nomura et al. 2000; Dopirak et al. 2008). In a traumatic
primary patellar dislocation, the MPFL is injured (Avikainen et al. 1993; Sallay et
al. 1996; Nomura 1999; Ahmad et a. 2000; Sanders et al. 2001, Elias et al. 2002;
Nomura et al. 2002; Stefancin and Parker 2007; Dopirak et a. 2008). The
importance of the MPFL has been noted since the early 1990s and since then, a
number of reconstructive surgical procedures aiming to restore this ligament
function have been published (Lind et al. 2008). Asthe MPFL and its function have
been relatively recently established, orthopedic textbooks ill fail to recognize
MPFL injuries and, instead, focus mainly on correcting the dysplastic features of the
PF joint when discussing surgical treatment of patellar dislocation.

Most primary traumatic patellar dislocations have been traditionally treated
nonoperatively despite an obvious MPFL injury. The clinical importance of MPFL
injury itself has not been studied. Many case series with MPFL reconstructive

procedures have shown excellent short-term results (Avikainen et al. 1993; Drez et
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al. 2001; Ellera Gomes et al. 2004; Deie et al. 2005; Schottle et al. 2005; Steiner et
al. 2006; Lind et a. 2008), and a long-term follow-up study has recently been
published with promising results (Nomura et al. 2007). It has been suggested that
MPFL reconstruction might prevent PF OA progression (Nomura et al. 2007),
which would significantly affect the long-term prognosis of patellar dislocation. In
up to half of cases, primary dislocation results in PF OA within 10 years, when the
patients are in their late 20sto early 30s (M&enpéda and Lehto 1997).

Since we are facing two different clinical situations in which patellar dislocation
may occur, we may fairly conclude that their initial treatment should not be similar.
In order to minimize long-term morbidity and to find better solutions to treat these
patients, we need to investigate the nature and risk factors for primary traumatic
patellar dislocations and evaluate the outcomes of different operative and
nonoperative methods of treatment in primary patellar dislocations.

This thesis aimed to investigate the incidence and risk factors for primary
traumatic patellar dislocation. In addition, the long-term results of MPFL
reconstruction by adductor magnus tenodesis versus conventional distal realignment
procedure with special regard to patellofemoral OA development were investigated.
To explore clinical aspects of initial operative management, a prospective cohort
study was designed to compare long-term outcomes after arthroscopic medial
restraint repair with those after nonoperative treatment. A prospective, randomized
study was designed to investigate whether initial stabilizing surgery is better than
nonoperative treatment in primary traumatic patellar dislocations. The clinical
significance of the MPFL injury location was investigated in a nonoperative follow-

up study, in which the primary outcome was overall patellar instability.
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5. REVIEW OF THE

LITERATURE

5.1 Patellar function in the human knee

The extensor mechanism of the knee produces leg extension. Knee extension-
flexion movement is needed for normal gait. The quadriceps femoris muscle, in the
anterior aspect of the thigh, produces the extensor function. The patella produces a
gliding movement of the extensor mechanism over the knee joint (Figure 1).
Digtally, the patellar tendon attaches to the tibia. Without the patella, efficient
extensor mechanism of the knee cannot be achieved and normal gait is impossible.
The patellar articular surface facing against the anterior aspect of the femur forms
the PF joint. During the extension forces produced by the quadriceps femoris
muscle, the pressure is elevated in the patellafemoral articular surfaces (Heegaard et
al. 1994). The contact area of the PF joint varies with the angle of knee flexion
(Feller et al. 2007). The extensor mechanism must be aligned with axis of the lower
limb, and the patella has the critical role to control it within the knee arc of motion.
A malalignment of the extensor mechanism may be sometimes present producing
lateralization forces influencing the patella (Feller et a. 2007). Patellar tracking and
stability is controlled by soft tissue restraints of the PF joint in extension and early
flexion and by the femoral trochlear groove (TG) in deep flexion (Hughston 1968;

Andrikoula et al. 2006).
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Figure 1. Patellar stability relies on the limb alignment, the osseus architecture of
the patella and the trochlea, the integrity of the soft-tissue constraints, and the
interplay of the surrounding muscles.

5.2 Clinical features of patellar dislocation

Primary traumatic patellar dislocation can result in patellar instability and
patellofemoral pain when subsequent healing of the joint supporting structures has
been deficient. If the knee has anatomic abnormalities which predispose the patella
to dislocate, only minor trauma may be needed for the initial dislocation to occur,
whereas forceful knee trauma may cause traumatic dislocation and substantial
injuries to the supporting structures of the patella. Treatment of patellar dislocation

demands understanding of these features and of the management of related injuries.
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5.2.1 Terminology of patellar dislocation

Patellar dislocation has been defined as an interposition of the patella out of the
femoral TG to the lateral direction (Hughston 1968) (Figure 2). Sometimes the term
lateral patellar dislocation is used. European authors prefer to speak of luxation.
Usually areference to patellar dislocation means a lateral patellar dislocation. After
the patella has disocated outside the TG, the patella usually relocates spontaneously
into the TG. In some ingtances, the patella may remain dislocated and needs to be
repositioned. A medial patellar dislocation is a very rare condition, which is not

discussed in this thesis.

Figure 2. Patellar didocation on theright (R). A Laurin axial view.

There have been several, confusing terms over the past decades used in the literature
in relation to patellar dislocation (Grelsamer 2005). Authors and speakers should
clearly clarify the meanings that they attach to patellar terms. Acute patellar
dislocation is a term that has been used in the past literature without specifying
either the time of injury or whether only primary dislocations are discussed, or it has
been used in combination with secondary dislocations, which significantly affects
the interpretation of the study results. Acute patellar dislocation can be a first-time
injury or a secondary dislocation. The imprecise term "acute" should not be used

without an implication for its primary or secondary nature.
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When patellar dislocation occurs for the first time, the exact term is primary
patellar dislocation. When a dislocation has occurred once previously and occurs
again, it is diagnosed as secondary dislocation. Occasionally, the term secondary
dislocation is used as a synonym for recurrent or periodic patellar dislocation.
Periodic, recurrent patellar dislocation may occur once in a while, usually during
physical performance, whereas patellar subluxations are mostly daily sensations of
patellar instability. Both can affect the patient’s physical activity level and cause
knee pain. Recurrent patellar dislocation and subluxation are the most usual forms
of patellar instability.

Patellar subluxation is defined as a partial movement of the patella out of the TG,
which is usually a subjective feeling of patellar instability (Hughston 1968; Arendt
et a. 2002). A physician may find this by palpating a hypermobile patella, which is
easily pulled out of the TG to an excessive extent. An instable patella may also
subluxate during knee arc of motion (positive J sign (Fithian et al. 2004)), and may
be visible by lateralizing in early flexion when riding on the lateral femoral condyle
before becoming engaged by the deeper TG as flexion progresses. Subluxation may
be an annoying complaint, and it may cause pain. Terms like hypermobile patella,
patellar subluxation, and patellar laxity all describe subjective sensation of patellar
instability. The term subluxation can also refer to a radiographic sign (Merchant et
al. 1974). The term displacement is preferable to subluxation in radiographic setting
(Grelsamer 2005).

The term patellar ingtability is defined as a clinical sign that can refer to
subjective sensation of instability (subluxation) and/or patellar disocation
(Grelsamer 2005). Importantly, a patient may find daily or weekly subluxations
more disabling than periodic, recurrent dislocations. Studies of patellar dislocation
should always include a proper definition of the outcome variables, secondary

dislocation and/or patellar instability including subluxation.
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When patellar dislocation occurs in a situation where significant forces affect the
knee joint such as valgus or rotational stress, usually during sport activities or in
falling or collision accidents, primary dislocation is defined as traumatic dislocation
(Stefancin and Parker 2007). If primary patellar dislocation occurs without external
trauma energy, e.g. while squatting, the dislocation is defined as nontraumatic.
Nontraumatic dislocation is related to dysplastic features of the PF joint.

Habitual patellar dislocation can refer to situations when the patella slips
completely out of the TG in every knee flexion cycle. It is also strongly related to
congenital dysplastic features of the PF joint and not discussed in this study.
Permanent patellar dislocation is a rare situation in which the patella is permanently
dislocated and manual repositioning into the TG fails. This is usualy due to severe
congenital dysplastic features of the PF joint. Permanent patellar disocation is not
discussed in this study.

In this study, primary patellar dislocation refers to first-time patellar dislocation
with no previous sensations of abnormal patellar ingtability; traumatic and
nontraumatic patellar didocation describe the etiology of the injury; and patellar
instability includes both recurrent dislocations and sensations of subluxation. The
use of this terminology is encouraged when discussing anything related to patellar
dislocation. It is also important to understand that the term patellar instability
includes both subjective instability and an objective diagnosis of a patellar

dislocation.

5.2.2 Surgical terminology of patellar dislocation

Surgical procedures to control patellar tracking include both soft-tissue approaches
a the stabilizing structures of the patella and osteotomies to correct the extensor

mechanism alignment. The procedure is selected with the aim to meet the patient’s
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individual needs in terms of persona anatomy and demands. The following terms
are frequently used when discussing surgical techniques for patellar stabilization; a
proximal realignment procedure includes surgical approaches to the proximal
parapatellar stabilizing structures of the patella, e.g. medial reefing or MPFL
reconstruction (Grelsamer 2005). A distal realignment procedure includes surgical
procedures distal to the patella, e.g. transferring osteotomies of the patellar tendon
attachment, the tibial tuberosity (TT) (Grelsamer 2005). Anatomic surgical
stabilizing is defined as reconstruction of an anatomic structure, such as MPFL
recongtruction. Nonanatomic surgical techniques include distal realignment and
proximal realignment procedures that are not aimed at restoring normal anatomic

features of the PF joint.

5.3 Primary traumatic patellar dislocation

Two kinds of patellar dislocations can occur; the traumatic primary dislocation
associated with acute knee injury caused by an external force, and the nontraumatic
primary dislocation that occurs without any additional physical stress in normal
daily activities. The division into traumatic and nontraumeatic patellar dislocation has
been described lately in the literature (Atkin et al. 2000; Stefancin and Parker 2007).

A primary traumatic patellar dislocation occurs from external forces in a knee
trauma, usually forces toward valgus direction or rotational knee stress result in
patellar dislocation. A primary traumatic patellar dislocation causes an acute knee
hemarthrosis (Visuri and Méaenpda 2002; Stefancin and Parker 2007). As the
primary dislocation may involve injury to the medial restraints, whose function isto
prevent lateral displacement of the patella, a secondary dislocation may thus occur
without any substantial disruption of the supporting medial structures. Sometimes

only minor hemarthrosis or swelling of the knee is observed if the dislocation occurs
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as a result of very low-energy trauma in a PF joint that have some dysplastic

features predisposing to patellar instability (Stefancin and Parker 2007).

5.3.1 Clinical features of primary traumatic patellar

dislocation

Traumatic patellar dislocation usually occurs at an age of 20 to 30 years, typically to
an active young adult (Atkin et al. 2000). Traumatic patellar dislocation may occur
without any conventional predisposing factors, such as patella alta, trochlear
dysplasia, increased Q-angle, and be occasionally accompanied by other knee
injuries such as simultaneous anterior cruciate ligament (ACL) injury secondary to
valgus torque stress with rotational force (Stefancin and Parker 2007). It is obvious
that a difference in the etiology of the primary dislocation, whether traumatic or
nontraumatic, has a significant effect on the choice of treatment between repair of
an injured ligamentous restraint or correcting malalignment of the patella (Cofield
and Bryan 1977; Jensen and Roosen 1985; Cash and Hughston 1988; Harilainen and
Sandelin 1993; Mé&enpéda and Lehto 1997; Atkin et a. 2000; Stefancin and Parker
2007). Reports noting a redislocation rate of up to 44% and a recurrent instability
symptom rate greater than 50% after initial nonoperative management of primary
traumatic dislocations (Cofield and Bryan 1977; Maenpéa et al. 1997; Nikku et al.
2005) have increased studies on initial operative repair or reconstruction of the

medial patellar stabilizers.
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5.3.2 Diagnosis of primary traumatic patellar dislocation

In the event that there is suspicion of an acute patellar dislocation, physical
examination is the important and principal tool for making the diagnosis of primary
traumatic patellar disocation and for noting any concurrent knee or lower extremity
injury (Hinton and Sharma 2003; Stefancin and Parker 2007). An accurate patient
history is, however, equally important, since the mechanism of the injury and any
previous complaints should always be assessed and documented (Méaenpaa and
Lehto 1995). Palpation is valuable for detecting areas of medial retinacular
tenderness and a potential injury to the medial soft-tissue stabilizers. Palpable
defects in the medial soft-tissue restraints, and a grossly dislocatable patella are
prognogtic factors for poor nonoperative outcomes (Hinton and Sharma 2003).
Patellar apprehension and mobility are assessed by medial and lateral patellar

translation.

Aspiration of the knee joint can be both diagnostic and therapeutic, and should be
performed in patients with moderate to severe effusions. Acute patellar dislocation
is the second most common injury noted for acute knee hemarthrosis next to ACL
rupture (Harilainen et al. 1988). The volume of the hemarthrosis may represent the
severity of the injury to the medial patellar stabilizers and presence of an
osteochondral injury (Vainionpéé et al. 1990). It has been suggested that a larger
volume of effusion in the joint indicates a more traumatic dislocation and
subsequent damage as compared to milder or missing hemarthrosis in patients with
lower energy mechanism, one or several predisposing risk factors and a less
traumatic injury (Stefancin and Parker 2007). Additionally, the aspiration relieves
pain and improves the clinical examination and radiographic assessment (axial view
(Laurin et al. 1979) and weight-bearing views, which are difficult to obtain in

patients with acute hemarthrosis).
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Physical examination should include assessment of the lower extremity alignment
and of hypermobility of the contralateral knee (Stanitski 1995). Knee joint stability
should be tested to rule out any concomitant injury to other structures, probably
most frequently to the ACL or medial collateral ligament (MCL)(Vainionpéda et d.
1986). Also, hypermobility of other articular joints may represent ligamentous laxity
and be related to subsequent instability (Stanitski 1995). Osteochondral fractures
should be suspected in primary traumatic dislocations until proven otherwise by
imaging studies (Stefancin and Parker 2007). Studies of patients who did not
progress well after initial functional rehabilitation have demonstrated that intra-
articular loose bodies can represent a substantial factor for poor outcomes after
closed treatment (Hawkins et al. 1986; Nikku et al. 2005). It is important to
recognize, and potentially address, the underlying factors predisposing to patellar
disocations (e.g. patella alta, trochlear dysplasia, increased Q-angle), especialy in

the event of aredislocation (Arendt et al. 2002; Colvin and West 2008).

5.3.3 Traumatic patellar dislocation and osteochondral

fractures

Osteochondral fractures (Figure 3) and PF cartilage lesions have been commonly
associated with primary patellar dislocation (Stanitski 1995; Stanitski and Paletta
1998; Stefancin and Parker 2007). According to areview by Stefancin and Parker,
the relative occurrence of osteochondral fractures in primary patellar dislocation
was 24.3% among 1765 primary dislocations (Stefancin and Parker 2007). It is
obvious that initial cartilage lesions predispose to subsequent problems such as PF
pain and PF OA. Mé&enpéda and Lehto (M&enpaa and Lehto 1997) reported a mean
13-year follow-up of 85 patients with primary patellar dislocation. The long-term

occurrence of PF OA visible on plain radiographs ranged from 12% to 35%, but it
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must be noticed that mild or moderate PF cartilage loss is not visible on plain
radiographs. Osteochondral fractures are usually seen in Laurin (Laurin et al. 1979)
or Merchant (Merchant et al. 1974) view on plain radiographs or detected by MRI.
A secondary patellar disocation does not necessarily involve any substantial
damage to the articular cartilage surface, and osteochondral fractures are quite rarely
seen, because no significant pressure load is likely to be produced to cartilage tissue

if medial patellar restraints are loose.

The incidence of articular cartilage injuriesin primary traumatic dislocations has
been reported to be up to 71-95% (Virolainen et al. 1993; Stanitski and Paletta 1998;
Elias et al. 2002; Nomura et al. 2003; Stefancin and Parker 2007), based on
arthroscopy, open surgery or MRI studies. Over the long term, these articular
cartilage lesions can result in symptomatic patellofemoral OA and a decreased level
of sporting activity (Hawkins et al. 1986; Harilainen and Sandelin 1993; Méaenpda
and Lehto 1997; Atkin et al. 2000; Arendt et al. 2002; Visuri and Maenpaa 2002;
Hinton and Sharma 2003; Fithian et al. 2004; Nikku et al. 2005; Nomura et al. 2007;
Stefancin and Parker 2007). There are no studies published regarding the
management of osteochondral fractures related to primary traumatic patellar
dislocation. However, areasonably strong clinical consensus exists that large (10-20
mm or larger) fractures involving the articular surface of the patela require initial
fixation to avoid subsequent problems (Stefancin and Parker 2007; Colvin and West
2008). Smaller fragments may act as loose bodies and should probably be removed
(Colvin and West 2008). Biomechanically, a patellar attachment of the MPFL
involves osteochondral avulsion fractures of the medial patellar margo, which is
uncommonly described in the literature, but sometimes seen in primary traumatic

patellar dislocations (Vainionpaa et a. 1990).
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Figure 3. Medial osteochondral fracture (at patellar insertion of the MPFL). Plain

axial radiograph and axial MR image of the same patient.
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5.3.4 Treatment of primary traumatic patellar dislocation

Previous studies have shown a preference for initial nonoperative management of
primary patellar dislocations (Arendt et al. 2002; Buchner et al. 2005; Nikku et al.
2005; Christiansen et al. 2008), whereas patients with recurrent dislocations and
patellofemoral instability seem to benefit from reconstructive surgery (Koskinen et
al. 1998; Fithian et al. 2004; Colvin and West 2008). It is noteworthy, however, that
only two studies are prospective and randomized (Nikku et al. 2005; Christiansen et
al. 2008). Stefancin and Parker recommended initial nonoperative treatment for a
first-time traumatic patellar dislocation in their systematic review of 70 articles,
except in some specific circumstances such as presence of an osteochondral
fracture, substantial disruption on the medial patelar stabilizers, or a lateraly
subluxated patella with normal alignment of the contralateral knee (Stefancin and
Parker 2007). To a sports medicine clinician or an orthopedic surgeon, it is very
important to recognize whether the injury is primary or secondary. Since there are
some implications in favour of initial operative management (Stefancin and Parker
2007), careful radiographic and clinical assessment of the primary dislocation
cannot be over-emphasized. A patient experiencing a recurrent dislocation will
usually benefit from a short immobilization period and proper aftercare instructions,

and operative management might be considered at a later date (Mehta et a. 2007).

5.4 Nontraumatic and secondary patellar

dislocations

Nontraumatic patellar dislocation is associated with dysplastic features of the PF
joint (Mulford et al. 2007; Colvin and West 2008). Several factors predisposing to

patellar dislocations have been reported, including the most frequently described:
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patella ata, trochlear dysplasia, increased Q-angle with lateralized TT, and poor
performance of the vastus medialis obliquus (VMO) (Larsen and Lauridsen 1982;
Deour et a. 1994; Mé&enpéd and Lehto 1996; Sallay et al. 1996; Atkin et al. 2000;
Arendt et al. 2002; Buchner et al. 2005; Nikku et al. 2005; Andrikoula et al. 2006;
Stefancin and Parker 2007). A patient who has some of these dysplastic features
resulting in patellar malalignment usually sustains a primary dislocation or
experiences sensations of instability at a very young age. A subluxated patella with

trochlear hypoplasiais shown in Figure 4.

Figure 4. Axial view of the patella with lateral subluxation and trochlear dysplasia
(shallow trochlear groove).

Since most primary traumatic patellar dislocations have been usually treated
nonoperatively except for those with associated, displaced osteochondral fractures
of the patella (Figure 3) or the lateral femoral condyle, the subsequent instability
may produce nontraumatic secondary dislocations, even in a PF joint that may not
have any dysplastic features. Fithian et al. reported that if the patient has a
secondary dislocation after the primary incident, there is a 49% chance of recurrent
instability complaints (Fithian et a. 2004). Recurrence rates after initial

33



nonoperative management have been described ranging from 15% to 44% (Cofield
and Bryan 1977; Hawkins et al. 1986; Arnbjornsson et al. 1992; Maenpaa et al.

1997; Nikku et al. 2005).

The risk factors for secondary dislocations have been evaluated in the doctoral
thesis of Heikki M&enpdd, “The Dislocating Patella,” which summarizes five
articles describing acute patellar dislocations (Maenpaa 1997). The author reported
three prognostic factors for redislocation after closed treatment of primary patellar
dislocation; radiographically confirmed unstable patellar type (Wiberg I11/111-
Jagerhut) (Wiberg 1941), spontaneous reduction of the primary acute patellar
dislocation, and a mild hemarthrosis (M&enp&a and Lehto 1997; Maenpaa 1998). If
surgical stabilization is considered due to recurrent instability, it is very important to
assess whether the primary dislocation was a traumatic knee injury resulting in
ligamentous laxity of the medial restraints of the patella or a nontraumatic injury
with some underlying dysplastic characteristic of the PF joint (Mulford et al. 2007;
Colvin and West 2008). Understanding of these features is required for succesful

management of chronic patellar instability.

5.5 Radiology of the traumatic patellar dislocation

Standard radiographs and MRI are important for assessment of osseus abnormalities
such as patella alta, excessive TT-TG distance, and trochlear dysplasia, or soft-
tissue injuries, such as MPFL disruptions (Elias et a. 2002). This section reviews

the radiology of the PF joint related to primary traumatic patellar dislocation.



5.5.1 Radiographs of the patellofemoral joint

Radiographic assessment of the PF joint should include an anteroposterior knee
weight-bearing view, a Merchant (Merchant et a. 1974) or Laurin (Laurin et al.
1979) axial view (Figure 2) with comparison of the contraateral side in the same
image (Nayak and Bickerstaff 1995), and a 30° flexion lateral view. An axia view
of a primary traumatic patellar dislocation is important for detecting an
osteochondral fracture of the articular surfaces of the patella (Stefancin and Parker
2007; Colvin and West 2008). Axial radiographs are important since visualizing the
PF joint in the greatest possible degree of extension helps to diagnose trochlear
dysplasia and plan surgical procedures. Laurin (Laurin et al. 1979) axial view of the
PF joint, which is obtained with the knee in 30° flexion, is probably the most used
followed by Merchant (Merchant et al. 1974) axial view. Merchant axial view is
obtained with the knee in 45° flexion and the x-ray beam angled at 30° from the
horizontal position and directed towards the feet (Merchant et al. 1974). The upper
part of the TG is probably best explored using a Merchant view (Tecklenburg et al.
2006). To determine trochlear dysplasia, the sulcus angle is measured, which
describes the shalowness of the groove (Figure 4). Troclear dysplasia can be
visualized in Merchant or Laurin views as a shallow TG with over 146-150° sulcus
angle considered as abnormal, depending on the study (Brattstrom 1964; Dejour et
al. 1994).

Patella alta can be measured from a lateral view of the knee joint by using the
Blackburne-Peel (Blackburne and Pedl 1977), Insall-Salvati (Insall and Salvati
1971) or Caton-Dechamps (Caton et al. 1982) ratios. Insall-Salvati ratio, assessed by
comparing the length of the patellar tendon (LT) with the length of the patella (LP),
has gained wide success. A patella alta is diagnosed if the ratio of LT/LP exceeds
1.2, according to Schlenzka and Schwesinger (Schlenzka and Schwesinger 1990). A

disadvantage of the Insall-Salvati ratio is that the LP measure includes abnormal
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patellar shapes in which the distal part is elongated. The Blackburne-Peel index
takes into account only the articular surface of the patella, and might be considered a
more reliable method for assessing patella alta (Blackburne and Peel 1977). A
Blackburne-Peel index over 1.06 is considered abnormal (Blackburne and Peel

1977). The Blackburne-Peel index is used in the studies of this thesis.

There are some indications for a computed tomography (CT) scan, but if MRI is
performed, CT does not significantly improve the decision-making about treatment.
CT can be used to evaluate the PF alignment, as described by Dejour et al. (Dejour
et a. 1994). They have created a method in which the relationship of the TT with
the TG is determined by obtaining a superimposed CT scan at the section which best
represents the trochlea and the section which passes through the TT (Figure 5)
(Dejour et al. 1994). Two lines, one beginning at the bottom of the TG and another
at the centre of the TT, are then subtended perpendicular to the posterior femoral
condylar line. The TT-TG trandation can be measured in millimetres, taking into
account the radiographic magnification factor. TT-TG can also be defined as the
lateral offset of the TT (Arendt et a. 2002). The threshold for an abnormal value of
the TT-TG distance is 20 mm. A median for asymptomatic controls was 13 mm in

the study by Dejour et a. (Dejour et a. 1994).

CT might also be helpful in evaluating and determining the rotational
relationship between the TT and the femoral sulcus in varying degrees of knee
flexion (Hinton and Sharma 2003; Hing et al. 2006; Feller et al. 2007). Of the recent
technical developments, the 3-D CT is suitable for this scanning as well. A dynamic
MRI study has been described as helping to assess patellar tracking (McNally et al.

2000).
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Figure 5. Measurement of the tibial tubercle to trochlear groove distance. MRI scan
showing the distance between the lateralized tibial tubercle and the bottom of the

trochlear groove.

Recently also MRI has been described to be reliable for TT-TG assessment (Figure
5) (Schattle et al. 2006; Wittstein et al. 2006), even preferable due to the lack of

harmful radiation. In contrast to MRI, CT has only a limited use in detection of the
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location and extent of soft-tissue defects of the media patellar stabilizers and is

rarely needed for evaluating patellar instability (Schottle et a. 2006).

5.5.2 Magnetic resonance imaging of the patellofemoral

joint

With the technical advancements of MR imaging and the information obtainable
utilizing newer types of magnetic resonance sequencing, the use of MRI for patellar
dislocation is becoming a helpful tool for the surgeon in deciding between
nonoperative versus operative management (Sallay et al. 1996; Sanders et al. 2001;
Elias et al. 2002; Stefancin and Parker 2007). MRI is increasingly being used and
may be helpful in considering operative intervention (Kirsch et al. 1993; Lance et al.
1993; Quinn et al. 1993; Virolainen et a. 1993; Spritzer et a. 1997; Pope 2001;
Stefancin and Parker 2007; Colvin and West 2008). A variety of MRI findings have
been associated with primary patellar dislocation (Elias et al. 2002; Elias and White
2004; Stefancin and Parker 2007). Hemarthrosis can be diagnosed on MRI
(Lundberg et al. 1996). The lateral femoral condylar or medial patellar contusion
(bone bruise) may be seen in up to 80% to 100% of patients with patellar
dislocation, and is hence probably the most common MRI finding related to patellar
dislocation (Figure 6) (Kirsch et al. 1993; Virolainen et al. 1993; Spritzer et al.

1997; Elias et al. 2002).
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Figure 6. Axial MRI scan of primary traumatic patellar dislocation with lateral

femoral condylar and medial patellar contusions.

Today, MRI is preferred for evaluation of the chondral surfaces of the PF joint and
to examine the location and extent of injuriesto the medial patellar stabilizers and to
diagnose osteochondral fragments (Quinn et al. 1993; Pope 2001; Nomura et al.
2002; Elias and White 2004). Osteochondral fractures have been reported to be
overlooked in up to 40% of the initial radiographs based on both surgical and MRI
studies (Desio et al. 1998; Stanitski and Paletta 1998). Especially if an axial view of
the PF joint is not obtained, an osteochondral fracture might not be found.

Compared with an ACL injury, the femoral bone contusion associated with
patellar dislocation is seen more anteriorly, laterally and superiorly (Figure 6).
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Patellar subchondral bone contusions have been noted in 61% of patients (Elias et
al. 2002). These almost always occur on the medial and inferior aspects of the
patella. Because the mechanism by which these contusions are produced is
compression during subluxation of the medial aspect of the patella against the lateral
femoral condyle, the resulting injuries have been called ‘kissing contusions (Pope
2001). Partial MCL injury has been identified in 33% patients with primary
traumatic patellar dislocation in astudy by Virolainen et a. (Virolainen et al. 1993).

MPFL injuries associated with traumatic patellar disocation are usually easily
visble on MRI, and include attenuation, thickening, irregularity, partia
discontinuity, or complete avulsion of the MPFL (Elias et al. 2002). These injuries
may occur near the patellar insertion, at the femoral MPFL attachment (Elias et al.
2002), or in the midsubstance of the MPFL (Nomura 1999). In a study in which
MRI results were compared with operative findings, the sensitivity of MRI was 85%
and accuracy was 70% in detecting disruption of the MPFL (Sanders et al. 2001).
Since then, MRI technology has improved and even higher figures may be expected.
Eliaset al. (Eliaset a. 2002) have best described the injury patterns of acute patellar
dislocation on MR images. In their study, knee MRIs were obtained within 8 weeks
after patellar dislocation and the images were evaluated for medial retinacular and
MPFL disruption, VMO edema and/or elevation, and other derangements. A group
of 100 patients with no evidence of patellar dislocation served as controls. The
authors described very precisely how the MR images should be analyzed to assess
an MPFL injury; the medial ligamentous stabilizers are examined on transverse
images and divided into three regions. the medial retinaculum at the level of its
patellar insertion, the media retinaculum at its midsubstance, and the MPFL at its
femoral origin. However, this division was somewhat different than Nomura
(Nomura 1999) had surgically classified, but logical for the purpose of assessing the

whole ligament complex. In addition, Elias et al. (Elias et a. 2002) used the term
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medial retinaculum for the analysis of basically the midsubstance region of the
MPFL. They concluded that the MPFL was considered to have been visualized if
low-signal-intensity fibres were seen arising between the region of the adductor
tubercle and the medial epicondyle of the femur, running just inferior to the inferior
border of the VMO and passing forward and inferiorly toward the medial patella.
Furthermore, they determined a partial MPFL disruption to have occurred if some
MPFL fibres were identified but there was also presence of partial discontinuity,
marked irregularity of fibre contour, and/or intraligamentous or extensive
periligamentous edema. The MPFL fibres had to be completely discontinuous or
apparently absent, with extensive surrounding edema, to be determined as complete
disruption. Using similar criteria, the authors evaluated the midsubstance and
patellar insertion of the MPFL as normal or as partially or completely disrupted.
This classification of Elias et al. (Elias et al. 2002) was used in this thesis to
determine MPFL injuries.

MRI has been deemed to be a reliable method for determining the TT-TG
distance for assessing patellofemoral alignment (Figure 5) (Schottle et al. 2006;
Wittstein et al. 2006). In a comparative study between CT scans and MRI, Schottle
et a. showed that TT-TG can be assessed by MRI (Schdttle et al. 2006). Moreover,
further MRI analysis of more proximal cartilage landmarks of TG was possible and
superior to CT scan, which is capable of assessing only bony landmarks (Schéttle et
al. 2006). Using MRI for determination of TT-TG distance has been reported later
also by Wittstein et al. (Wittstein et al. 2006), who used a somewhat lower level of
the femoral section than did Schottle et al. (Schéttle et al. 2006). Schottle especially
focused on the proximal TG, considering it important in determination of the TT-TG
distance. MRI may prove to be more accurate than CT when analyzing the
cartilaginous proximal TG (Carrillon et a. 2000; Escala et al. 2006; Schottle et al.

2006).
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It may be concluded that MRI is useful in planning the treatment of primary
traumatic patellar dislocation and should be performed prior to surgery (Elias and
White 2004; Colvin and West 2008). In chronic patellar instability, patellar
alignment can also be assessed by MRI prior to surgery (Schdttle et al. 2006). The
decision-making on whether operative treatment is chosen over nonoperative
treatment should, however, be based on studies in which the MRI findings of
primary patellar dislocations are assessed and patients are followed to evaluate
whether the media restraint complex injury patterns have a prognostic value for
outcome with similar treatment. Regrettably, the clinical role of using MRI
information in treatment of patients with traumatic dislocations has not been
studied. The subject of MRI findings related to MPFL injuries and their clinical

correlations warrants further research.

5.6 Epidemiology and risk factors

Only two papers concerning the incidence rate of primary patellar dislocation in a
population-based setting among adults have been published (Atkin et al. 2000;
Fithian et al. 2004). However, both of these publications are from the same group in
San Diego, United States. The incidence of primary patellar dislocations in Fithian's
study was 5.8/100 000 with a peak incidence among ten to seventeen year-olds
being 29/100 000 (Fithian et al. 2004). In their study, approximately one third of the
patients had dislocation not related to sports or physical activity and the dislocations
had not been proven to be caused by a significant external trauma. An annual
incidence rate of 43/100 000 children under 16 years of age for primary patellar

dislocations was found in Helsinki region, Finland (Nietosvaara et al. 1994).

42



5.6.1 The role of predisposing factors in patellar instability

Stability of the PF joint is grounded on the architecture of the joint, including osseus
geometry, and the integrity of soft-tissue restraints. Some contributions to greater
patellar instability are found due to specific anatomic features of the PF joint
(Dejour et al. 1994; Mé&enpédd 1998). Several conventional predisposing factors have
been reported to be associated with patellar dislocation including: patella alta
(Figure 7), abnormal patella morphology, lateral patellar displacement, trochlear
dysplasia (Figure 4), increased Q-angle (lateralized TT) (Figure 5), limb
malalignment (genu valgum), VMO hypoplasia, ligament hyperlaxity, external tibial
torson, subtalar joint pronation and increased femoral anteversion (Larsen and
Lauridsen 1982; Harilainen and Sandelin 1993; Mé&enpaa and Lehto 1996; Sallay et
al. 1996; Mé&enpaa 1998; Atkin et al. 2000; Arendt et a. 2002; Buchner et al. 2005;
Nikku et al. 2005).

Of these dysplagtic features of the PF joint, three of the most frequent anatomic
factors have been identified to increase the risk for recurrent patellar instability:
excessive patella height (patella alta), trochlear dysplasia, and increased Q-angle /
(TT-TG) distance (Arendt et al. 2002; Colvin and West 2008). A fair suggestion is
that these features should always be taken into account when planning surgical
treatment for patellar instability (Colvin and West 2008). There are some treatment
algorithms published which have been based on expert consensus rather than on
published data of the anatomic corrections needed to be performed (Dejour et al.
1994; Mehta et al. 2007).

Patella alta is probably the most frequent (Atkin et al. 2000), and perhaps also
the most significant anatomic factor predisposing to patellar instability (Blackburne
and Peel 1977; Dejour et al. 1994; Arendt et al. 2002). In a normal knee, the patella
usually engages by 60° of flexion, resulting in osseus stability provided by the

lateral trochlear wall (Feller et al. 2007). In patella alta, even in a normal TG
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without hypoplasia, the high-riding patella does not get sufficient support from bony
engagement, and soft-tissue restraints are fully responsible for the stability of the
patella near extension (Dejour et al. 1994). Especially if the TT-TG exceeds 20 mm,
a high-riding patella will likely lateralize (Dejour et al. 1994; Wittstein et al. 2006;
Colvin and West 2008). In a knee trauma with valgus stress, patella alta challenges
the medial restraints excessively, and a lateral dislocation may occur. Obviously, an
excessively high patellar position combined with trochlear dysplasia produces an

even higher load to the medial restraintsin early flexion.

Figure 7. Patella alta.

The femoral trochlear anatomy has been recognized as being important for

patellofemoral stability. Trochlear anatomy includes not only the depth of the TG
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but also its length (Dejour et al. 1994; Escala et al. 2006; Schéttle et al. 2006). The
patella achieves increasing stability in flexion when it engages fully within the
trochlear walls (Colvin and West 2008). The depth of the groove thus plays a
significant role in patellar stability. Also the shape of the groove and the relationship
to patella has a stabilizing effect, or a lack of it, because in early flexion a high-
riding patella alta demands a lot more from the soft-tissue medial restraints before a
bony support in deeper flexion is guaranteed.

Anincreased Q-angle is one of the most frequently reported factors predisposing
to patellar didocation (Méenpda and Lehto 1996; Smith et al. 2008). A
malalignment of the extensor mechanism may be produced if the Q-angle exceeds
15-20°, while the normal values are between 8-12° in males and between 10-15° in
females (Arendt et al. 2002; Herrington and Nester 2004; Grelsamer et al. 2005;
Smith et al. 2008). Because a valid Q-angle measurement needs radiographs of the
entire lower limb alignment, it has been infrequently reported in scientific papers. If
assessed clinically during a physical examination of the patient, too much
uncontrolled bias is evident and the measurement is unreliable (Smith et al. 2008).
The TT-TG distance describes limb alignment, and has the same aspect as the Q
angle in measuring the angle between the lines of action of the patella and the
guadriceps tendon. As the TT-TG distance is measured in millimetres and the Q
angle in degrees, the measurements are not directly comparable.

Regarding nonanatomic risk factors for patellar disocation, the emphasis in
primary traumatic dislocations has recently shifted from the traditional dislocators,
i.e. inactive females with weak muscle strength, toward athletic populations which
also show high occurrence rates (Atkin et al. 2000; Fithian et al. 2004; Stefancin and
Parker 2007). Although it has been reported that patellar instability has a young
female preponderance (Cash and Hughston 1988; Méaenpda 1997; Buchner et al.

2005; Nikku et al. 2005), no study exists in which the nonanatomic risk factors have
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been adequately analyzed. Particularly, there seems to be a lack of prospective,
population-based studies investigating the demographic features associated with

primary patellar dislocation.

5.7 Factors related to patellar stability

The medial soft-tissue stabilizing structures prevent lateral displacement of the
patella before it engages in the femoral TG after 30° of flexion. The patella is most
likely to dislocate in near knee extension (Feller et al. 2007). If the patella dislocates
out of the femoral TG, the medial stabilizers are usually injured (Vainionpéa et al.
1990; Avikainen et al. 1993; Sallay et al. 1996; Nomura 1999; Stefancin and Parker
2007). The MPFL is the primary soft-tissue restraint against lateral patellar
displacement (Dopirak et al. 2008). This section summarizes the anatomic features

of the soft-tissue stabilizers of the patella.

5.7.1 Anatomy of the medial soft-tissue stabilizers of the

patella

The media patellar stabilizers are composed of the media retinaculum, the MPFL,
the medial patellotibial ligament (MPTL), the medial patellomeniscal ligament
(MPML), and the VMO (Hautamaa et al. 1998; Andrikoula et al. 2006; LaPrade et
al. 2007). These are important structures in preventing lateral displacement of the
patella and in controlling patellar tracking (Warren and Marshall 1979; Reider et al.
1981; Conlan et al. 1993; Hautamaa et al. 1998; Nomura et al. 2000; Nomura et al.
2005). The ligaments and the retinaculum prevent passively the patella from
lateralizing, and the VMO acts as an active restraint as the muscle contracts by

pulling the patella in medial, cranial and posterior direction (Andrikoula et al. 2006;
46



Colvin and West 2008). Thus, the VMO does not act as a restraint when the muscle
is relaxed. The ability of the VMO to prevent patellar lateralization is associated
with muscle srength, and some studies have concluded that VMO muscle
hypoplasia is associated with patellar instability (Nove-Josserand and Dejour 1995;
Andrikoula et al. 2006; Colvin and West 2008). The significance of the MPFL as
the main soft-tissue stabilizer of the patella has been recognized only quite recently,

in the past ten years.

5711 Medial patellar stabilizers and the medial ligament complex of the knee

The medial patellar stabilizers are closely related to other medial structures of the
knee. The whole medial ligament complex of the knee includes the large MCL and a
series of capsular thickenings and tendinous attachments (LaPrade et al. 2007).
There are some aspects in the medial ligament complex and the tendinous
attachments of the knee that should be acknowledged when discussing media
patellar stabilizers (Figure 8). In addition to the MPFL, the other tendinous medial
patellar restraints include the media retinaculum, the MPTL and the MPML, but
these play only a minor role in stabilizing the patella (Hautamaa et al. 1998). A
cadaveric study (Hautamaa et al. 1998) showed that in a patellar dislocation with
torn medial stabilizers of the patella, and with a repaired MPFL, the repair of other

medial stabilizers did not produce any significant further stabilizing effect.
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Figure 8. The medial patellofemoral ligament and the adductor magnus tendon are

shown. (Permission to reprint was granted by Professor E. Arendt, MI, USA.)
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While a better understanding of the functional anatomy, biomechanics, and healing
of the media patellar stabilizers has been obtained over the past ten years, some
anatomic details of the primary soft-tissue stabilizer, the MPFL, have only recently
been described qualitatively, and there has been controversy about some aspects of
its anatomic descriptions as being contradictory or incomplete (Desio et al. 1998;

Ahmad et al. 2000; Elias et a. 2002; Buchner et al. 2005).
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5.7.1.2 Injury to the soft-tissue stabilizersin primary traumatic patellar

didocation

Rupture of the medial retinaculum has been frequently discovered in connection
with a primary patellar dislocation (Nomura 1999; Elias et al. 2002; Stefancin and
Parker 2007). Until the importance of the MPFL as the main medial patellar
sabilizer was understood, the operative management of patellar dislocation was
mainly targeted to the repair of the medial retinaculum. The medial retinaculum is
an extracapsular layer, which is located deep in the subcutaneous tissue, under the
VMO of its proximal part and outside the medial joint capsule (LaPrade et al. 2007).
The medial retinaculum is strongly associated with the MPFL, within the medial
fascial layer 11 (Nomura et al. 2005; LaPrade et a. 2007). This three-layered
structure pattern of the medial side of the knee was introduced by Warren and
Marshall (Warren and Marshall 1979) who described the fibres of the MPFL
existing within the layer 1. According to their study, the medial retinaculum was
located in layer |1 and the MPFL was a thickening of the medial retinaculum. The
surgical implications related to the media retinaculum are described in Section

5.9.3.1 of this thesis.

The MPTL and MPML have been described to be injured in primary patellar
dislocation (Palmu et al. 2008). These structures do not have a significant restraint
function to prevent lateral displacement of the patella (Hautamaa et al. 1998). There
exists only one study in which the repair of some of these ligaments was addressed
(Palmu et al. 2008). Cadaveric studies have shown that these ligaments are part of
the medial complex of the knee (Andrikoula et al. 2006; LaPrade et al. 2007), but as
their stabilizing functions are found to be ineffective in preventing lateral

displacement of the patella, no further clinical studies have been published to date.
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5.7.2 0Osseus landmarks of the medial knee

Regarding the bony structure of the medial knee, the analyses of the femora from
cadaveric specimens have revealed that the medial epicondyle is the most anterior
and distal osseous prominence over the medial aspect of the medial femoral condyle
(Warren and Marshall 1979; Conlan et al. 1993; Feller et al. 1993; Tuxoe et al.
2002; Smirk and Morris 2003; Steensen et al. 2004; LaPrade et al. 2007). The
adductor tubercle is located at the distal edge of a thin ridge of bone, called the
medial supracondylar line, along the medial aspect of the distal part of the femur,
and slightly proximal and posterior to the medial epicondyle (LaPrade et al. 2007).
A third osseous prominence has been identified, the structure of which is slightly
distal and posterior to the adductor tubercle and close to a small depression which
corresponds to the location of the attachment of the medial gastrocnemius tendon
(LaPrade et al. 2007). The femoral attachment of the primary medial patellar
stabilizer, the MPFL, is located primarily between the attachments of the adductor
magnus tendon and the superficial MCL (Figure 8) (Nomura et al. 2005; LaPrade et
al. 2007). The superficial MCL is thus attached at the medial epicondyle of the
femur, whereas the MPFL is attached slightly posterior and proximal at the medial

epicondyle of the femur, towards the more proximal and posterior adductor tubercle.
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5.7.3 The medial patellofemoral ligament

5.7.3.1 Themedial patellofemoral ligament isthe primary medial stabilizer of the

patella

The MPFL (Figure 8) was first described by Kaplan in 1957 as a transverse
reinforcement between the base of the patella and the tendon of the medial head of
the gastrocnemius (Kaplan 1957). According to the anatomic cadaveric study by
Nomura (Nomura et al. 2005), and over the past decades, many authors have used
the term MPFL (Ellera Gomes 1992; Avikainen et al. 1993; Conlan et al. 1993;
Feller et al. 1993; Burks et al. 1998; Desio et al. 1998; Hautamaa et al. 1998;
Ahmad et al. 2000; Arendt et al. 2002; Davis and Fithian 2002; Amis et al. 2003;
Nomura et al. 2005). In the recent years, the importance of the MPFL in lateral
patellar dislocation has become widely accepted both biomechanically and clinically
(Hautamaa et al. 1998; Nomura et al. 2000; Sanders et al. 2001; Tuxoe et al. 2002;
Fithian et al. 2004; Nomura et al. 2005; Nomura et al. 2007; Stefancin and Parker

2007).

In the past years, ever since the MPFL was described as a distinct structure and
its major stabilizing effect was recognized, its location and function have been
increasingly studied (Hautamaa et al. 1998; Arendt et al. 2002; Fithian et al. 2004;
Feller et al. 2007; Dopirak et al. 2008). A large consensus has been reached with
regard to its anatomic structure and variations. It is widely accepted that its
attachment is along the superomedial border of the patella (Steensen et al. 2004;
Nomura et al. 2005; LaPrade et al. 2007), from which it then courses just distal-
anterior to the adductor tubercle to its femoral attachment (Warren and Marshall
1979; Reider et al. 1981; Avikainen et al. 1993; Conlan et al. 1993; Feller et al.

1993; Hautamaa et al. 1998; Tuxoe et al. 2002; Nomura et al. 2005; LaPrade et al.
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2007). However, the exact femoral attachment site has been controversial in the past
(Warren and Marshall 1979; Reider et al. 1981; Avikainen et a. 1993; Conlan et al.
1993; Feller et al. 1993; Hautamaa et al. 1998; Tuxoe et al. 2002; Amis et al. 2003;
Nomura et al. 2005). The proposed locations have included those a either the
medial epicondyle (Feller et al. 1993; Steensen et al. 2004), at the anterior aspect of
the medial epicondyle (Tuxoe et al. 2002), or just distal to the adductor tubercle
(Tuxoe et al. 2002; LaPrade et al. 2007). The most recent cadaveric studies suggest
that its femoral attachment is located closer to the adductor tubercle than to the
medial epicondyle (Tuxoe et al. 2002; LaPrade et al. 2007) and consensus seems to

have been reached in favour of thislocation.

According to studies with cadaveric specimens, the MPFL is a distinct extra-
articular structure and located anterior to the medial joint capsule (LaPrade et al.
2007). The distal border of the VMO attaches along the majority of the proximal
edge of the MPFL (Figure 8). Distally, the MPFL can be distinguished as a distinct
thickening within the fascial layer, which courses between the proximal-medial edge
of the patella and its femoral attachment (LaPrade et al. 2007). The MPFL has a
broad attachment to the superomedial aspect of the medial border of the patella. The
MPFL courses medially toward the femoral attachments of the adductor magnus
tendon and the superficial MCL and attaches between these two dructures. In a
recent cadaveric study (LaPrade et al. 2007), the MPFL attachment on the femur
was an average of 10.6 mm (range, 8.0 to 13.4 mm) proximal and 8.8 mm (range,
6.7 to 10.3 mm) posterior to the medial epicondyle and 1.9 mm (range, 1.3 to 3.2
mm) anterior and 3.8 mm (range, 2.1 to 6.3 mm) distal to the adductor tubercle. The
average length of the MPFL was 65 mm (range, 56.8 to 77.8 mm) between its
patellar and femoral attachment sites. In another recent study (Nomura et al. 2005),
the total length of the MPFL was 58.8 + 4.7 mm (range, 48 to 64 mm). The width

and thickness of the MPFL was 12.0 + 3.1 mm and 0.44 + 0.19 mm at the middle
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point. According to Nomuraet al. (Nomuraet al. 2005), the attachment length of the
MPFL to VMO was 20.3 + 6.1 mm (range, 10 to 32 mm) and 35 + 10% (range, 19
to 50%) of the total length of the MPFL. Andrikoula et al. reported that MPFL was

approximately 54.2 mm long (SD 6.08 mm) (Andrikoula et al. 2006).

It has been reported that the MPFL has both superficial and deep fibres
(Nomura et al. 2005; Dopirak et al. 2008). The superficial fibres of the MPFL
extend further into the posteromedial capsule. The undersurface or the deep fibres of
the MPFL are anchored to the bone just distal to the adductor tubercle (Nomura et
al. 2005). In their study, when only the deep fibres of the femoral attachment were
sectioned, it was found that the MPFL was continuous to the posteromedial capsule
although the lateral restraining function of the patella by the MPFL was decreased
(Nomura et al. 2005). In 50% of the knees of the 20 patients in Nomura's study,
some of the superficial fibres of the MPFL extended to the oblique fibres or parallel

fibres of the superficial MCL (Nomuraet a. 2005).

In conclusion, when the patella is in near-extension, proximal to the deepening
TG, the maor restraints to patellar displacement are produced by soft tissues,
especially the MPFL (Conlan et al. 1993; Desio et a. 1998; Hautamaa et al. 1998).
As the knee flexion progresses, the major restraints to patellar displacement are
produced by femoral trochlear geometry and in particular by the lateral wall of the
trochlea (Dejour et a. 1994; Farahmand et al. 1998; Arendt et al. 2002; Feller et al.

2007).

5.7.3.2 Functional anatomy of the medial patellofemoral ligament

The MPFL is the primary soft-tissue restraint against lateral patellar displacement
(Conlan et al. 1993; Desio et al. 1998; Hautamaa et al. 1998); however it is only

significant during early flexion, between 0 to 30° (Feller et al. 2007; Parker et al.
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2008). By 60°, the patella is contained within the TG in a normal PF joint (Feller et
al. 2007). In trochlear dysplasia, the TG is often not only flattened but also
shortened (Schottle et al. 2006). The shortened groove combined with a high-riding
patella (patella alta) will create alarger arc of motion before the patella is protected
by the confines of the lateral trochlear wall (Feller et a. 2007). In near-extension,
when the patella is proximal to the deepening TG, the maor restraints against
patellar displacement are produced by the soft tissues, especially the MPFL (Conlan
et a. 1993; Desio et al. 1998; Hautamaa et al. 1998). The patellais least stable in the
first 30° of knee flexion (Feller et a. 2007).

Nomuraet al. studied the functional anatomy of the MPFL (Nomuraet al. 2005).
From their evaluation of the changes in the tension of the MPFL in six fresh-frozen
cadaver knees with a 1-kg force applied to the quadriceps tendon, the MPFL was
found very taut a 0° of knee flexion, slightly relaxed within the range of 15°-30° of
knee flexion, and relatively taut in 45°-150° of knee flexion. If the 1-kg force was
not applied to the quadriceps tendon, the lateral mobility of the patella increased
dlightly at 0° of knee flexion, because the patella moved distally and the MPFL
became slightly relaxed.

The MPFL probably does not function isometrically (Feller et al. 2007; Parker et
al. 2008). The MPFL islongest in full extension with the quadriceps muscle tensed
(Arendt et al. 2002; Nomura et al. 2005; Parker et al. 2008). However, with the
muscle relaxed, the greatest length of the MPFL throughout the range of motion

(ROM) is debated (Feller et al. 2007; Parker et al. 2008).

5.7.3.3 Clinical aspects of the medial patellofemoral ligament

It has been experimentally shown that repair or reconstruction of the MPFL restores
the normal patellar tracking (Hautamaa et al. 1998; Nomura et al. 2000; Sandmeier

et al. 2000). Moreover, MPFL injury has been found by MRI or surgical exploration
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to occur at an extremely high rate after primary traumatic patellar dislocation
(Avikainen et al. 1993; Sallay et al. 1996; Spritzer et al. 1997; Ahmad et al. 2000;
Elias et al. 2002). Therefore, the importance of the MPFL in patellar dislocation has
been widely acknowledged (Colvin and West 2008). Although reports on surgical
intervention of the MPFL for acute or chronic patellar dislocation are still scarce
(Arendt et al. 2002; Davis and Fithian 2002; Amis et al. 2003; Stefancin and Parker
2007; Dopirak et a. 2008), an increasing trend is that knee surgeons focus on the
restoration of the MPFL to gstabilize the medial patellar restraints (Arendt et al.
2002; Davis and Fithian 2002; Amis et al. 2003), especialy if there are no existing
abnormalities such as excessive TT-TG distance, an increased Q-angle, or a shallow

TG (Colvin and West 2008).

The increasing interest in MPFL repair or reconstruction began in the late 1990s,
when the significance of the MPFL in lateral trandation of the patella was found
(Stefancin and Parker 2007; Dopirak et al. 2008). It has been reported that the
MPFL isidentifiable in all or nearly all knees (Feller et al. 1993; Tuxoe et a. 2002;
Smirk and Morris 2003). In most knees, the MPFL can be easily observed under the
medial retinaculum when the distal part of the VMO is reflected anteriorly (Figure
8). In knees with previous medial restraint injuries, exposing the MPFL might be
difficult on account of the scar tissue found in the soft tissues and in the vicinity of
the MPFL. The fibres of the MPFL near the patella usually blend with those of the

medial retinaculum (Nomuraet al. 2005).

In a cadaveric study, Warren and Marshall (Warren and Marshall 1979)
described that the fibres of the MPFL existing within the layer |1 were wispy in
some specimens while being quite heavy and well-developed in others. Many recent
studies have observed presence of an MPFL in al the dissected knees (Feller et al.

1993; Tuxoe et al. 2002; LaPrade et al. 2007) or in more than 90% of knees (Conlan
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et al. 1993). The thickness of the MPFL has been reported to be less than 1 mm on
the average, which is a very thin ligament structure compared with the other knee
ligaments. However, Amiset al. (Amis et al. 2003) reported that with a mean tensile
strength of 208 N the MPFL is surprisingly strong for such a thin appearance. They
also pointed out that the experimental knees were from cadavers with a mean age of
approximately 70 years. Arendt et al. reported a lower mean tensile strength of 140
N (Arendt 2007; Feller et al. 2007). Burks et al. noted a peak of 209 N at 25 mm of
displacement for failure of the MPFL during lateral patellar dislocation (Burks et al.
1998). Amis et al. described a mean 26 mm elongation of the MPFL before failure
(Amiset al. 2003). The elongation of the native MPFL before failure is significantly
higher than that of the native ACL (Arendt 2007). The semitendinosus and gracilis
tendons that have been used for MPFL reconstruction graft materials are very strong

and only mildly elongated (Noyes et al. 1984) if compared to native MPFL.

5.7.3.4  Injuryto the medial patellofemoral ligament

After the importance of the MPFL as the main media patellar stabilizer was
understood, the MRI for patellar dislocation has been increasingly targeted to
evaluate MPFL injuries. Both Tuxoe et a. (Tuxoe et a. 2002) and Nomura et a.
(Nomura et al. 2005) demonstrated that the deep fibres of the MPFL attached to the
femur just distal to the adductor tubercle. The superficial fibres of the MPFL extend
to the posteromedia capsule (Nomura et al. 2005). These anatomic features explain
the MPFL injury types as presented by the MRI or dissection studies (Nomura 1999;
Elias et a. 2002). Previously, in a primary traumatic patellar dislocation, only the
more superficial medial retinaculum disruption has been identified and the MPFL

disruption has been overlooked.
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In surgical and radiocraphic studies, it has been demonstrated that there are two or
three types of MPFL injuries involved in traumatic patellar dislocation (Nomura
1999; Elias et al. 2002). Based on surgical explorations, Nomura et al. described two
types of injuries, substantial and avulsion-tear type (Nomura 1999). Additionally,
patellar attachment injuries have been described (Elias et al. 2002) as well as MPFL
midsubstance injuries (Nomura 1999), although not much is known about their
incidence rates or clinical aspects. The femoral attachment of the MPFL has been
reported to be injured more frequently (Sallay et al. 1996; Elias et a. 2002). The
femoral attachment injury of the MPFL can be seen on MRI as an avulsion of the

deep fibres of the MPFL from the bone (Figure 9) (Elias et a. 2002).

Figure 9. The femoral attachment injury of the medial patellofemoral ligament.
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According to a cadaveric study (LaPrade et al. 2007), the femoral attachment of the
MPFL is superoposterior to the medial femoral epicondyle and just distal to the
adductor tubercle. Thusit isimportant to ensure that the MR images are sectioned at
this level for injury evaluation (Elias et al. 2002). MRI data may be useful when
initial repair or reconstruction of the MPFL is considered. Correspondingly, MPFL
injuries at the patellar attachment or the midsubstance region should be assessed on
MR images along the course of the ligament. Some pitfalls that are poorly described
in the literature should also be recognized; MPFL avulsion injury from its patellar
attachment may be combined with an avulsed osteochondral fragment within the
ligamentous insertion. Such fragment should be regarded as an MPFL injury as
well. Until the MPFL structure was properly understood, a medial retinacular tear
was widely described, and if reefed or duplicated with the aim to stabilize the

patella, the underlying location of additional MPFL injury was not addressed.

5.7.35 Clinical sgnificance of medial patellofemoral ligament injury

Although the MPFL and its significance for patellar stability have been
acknowledged, no studies regarding the prognosis and clinical importance of a
gpecific MPFL injury have been published. Furthermore, it is unknown whether
MPFL injuries, if treated by identical nonoperative methods, will heal and restore
the stabilizing function. In addition, no researchers have investigated how a knee
with an MPFL injury should be immobilized to prevent loosening of the injured
ligament. One study advocated MPFL reconstruction as an anatomic surgical
stabilizing procedure, with an outcome resulting in potentially less OA than

expected in a long-term follow-up. In their study, however, no controls were used
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(Nomura et a. 2007). Appropriate timing of the reconstruction or repair has not yet

been determined.

5.8 Nonoperative management of primary traumatic

patellar dislocation

5.8.1 Initial nonoperative management of primary

traumatic patellar dislocation

The initial evaluation of a primary traumatic patellar dislocation should include an
appropriate physical examination, patient history-taking, family history of patellar
dislocations, assessment of predisposing anatomic features, and diagnostic studies
(Colvin and West 2008). The aspects of clinical assessment of primary traumatic

patellar dislocation are reviewed in Section 5.3.2.

The proposed nonoperative treatment regimens for primary patellar dislocation
range from immediate mobilization to cast or splint immobilization in extension for
six weeks (Méaenpada and Lehto 1997; Hinton and Sharma 2003; Mehta et a. 2007).
In a consensus opinion, orthopedic experts have suggested that the initial
nonoperative management of a primary patellar dislocation should include an initial
immobilization period of 4-6 weeks followed by functional rehabilitation (M ehta et
al. 2007). They also suggested strengthening the entire quadriceps muscle group,
with quadriceps activity incorporated into functional patterns early in the
rehabilitation process, even though they had no research evidence to support their
views. On the other hand, early mobilization is generally considered beneficial to

help maintain articular cartilage health (Hinton and Sharma 2003).
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The method of immobilization has been studied by Maenpda and Lehto, who
compared treatments using a posterior splint, cylinder cast or patellar bandage/brace
(M&enpda and Lehto 1997). The cast and splint were worn for six weeks. The
posterior splint group had the lowest proportion of knee joint restriction, lowest
redislocation frequency per follow-up year, and fewest subjective complaints at final
follow-up. No sudies have described the efficacy of physical therapy in the
treatment of patellar ingtability. However, the aim of improving the VMO
performance seems to be important, since weak VMO function has been related to
patellar instability (Nove-Josserand and Dejour 1995). Immobilization in extension
may help the medial stabilizers to heal, but knee stiffness might be a secondary

problem. The length of immobilization time has not been studied.

5.8.2 Results of nonoperative management of primary

traumatic patellar dislocation

Prospective randomized studies investigating the initial management of primary
patellar dislocations have described similar outcomes for operative and nonoperative
management for patellar dislocation (Nikku et al. 2005; Christiansen et al. 2008;
Palmu et a. 2008). Therefore, nonoperative management has been favoured, since
no clear benefits from initial stabilizing surgery have been reported. However, only
three such studies have been published, of which one included only children and
adolescents (Palmu et al. 2008), and another included a considerable proportion of
skeletally immature patients as well (Nikku et al. 2005). In their study, Nikku et al.
did not evaluate MPFL injury (Nikku et al. 2005). Christiansen et al. (Christiansen
et al. 2008) conducted a prospective, randomized study in which a delayed MPFL

anchoring to the femoral attachment was compared to nonoperative treatment.
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Redislocation rates were similar in both groups, but the follow-up time was quite

short, only two years.

According to present research evidence, initial nonoperative management should
be mostly used for primary patellar dislocations, and a brief immobilization period
should be followed by a muscle strengthening programme (Méenpééa and Lehto
1997; Stefancin and Parker 2007; Colvin and West 2008). Some implications
toward initial operative management still exist, as in the case of an osteochondral
fracture requiring fixation and of substantial instability of the patella caused by torn
MPFL (unstable patella not following the TG alignment in the arc of motion of the
knee) (Stefancin and Parker 2007). If the nonoperative treatment fails, stabilizing
surgery is considered. The demand for patellar stability and preference for surgery
varies between patients. Patients with a high demand for patellar stability are usually
active young adults and an unstable patella may significantly affect their level of

activity or quality of life (Atkin et al. 2000; Stefancin and Parker 2007).

5.9 Surgical treatment of patellar dislocation

More than 100 operative procedures have been described for the treatment of acute
or chronic patellar dislocation (Hawkins et al. 1986; Cash and Hughston 1988;
Vainionpaé et al. 1990; Avikainen et al. 1993; M&enpda and Lehto 1995; Sallay et
al. 1996; Ahmad et al. 2000; Arendt et a. 2002; Hinton and Sharma 2003; Fithian et
al. 2004; Buchner et al. 2005; Nikku et al. 2005; Nomura et al. 2005; Nomura et al.
2007; Stefancin and Parker 2007). However, due to poor documentation, the
surgical treatment strategy for patellar dislocation has remained controversial and no
surgical method has gained preference due to a superior outcome. Moreover, there

have been no prospective randomized studies regarding specific techniques of
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operative management for primary traumatic dislocations (Arendt et a. 2002;

Stefancin and Parker 2007).

Stefancin and Parker concluded in their review of traumatic primary patellar
disocation that the relative indications for early surgical treatment included
concurrent osteochondral injury, palpable disruption of the MPFL-VMO-adductor
mechanism, MRI findings of a large, complete avulsion or midsubstance rupture of
the MPFL, patellar subluxation detectable on plain Merchant view (Merchant et al.
1974) as compared to the other knee, and patients who fail to improve after
nonoperative management (Stefancin and Parker 2007). However, the shortcomings
of their study are that the conclusions are not fully based on long-term studies.
Stefancin and Parker further concluded that it is obvious that large defects or
avulsions of the MPFL will not heal and that a good functional outcome after closed
treatment will not be regained, especially in individuals with high demands for
patellar stability and in those with evidence of one or more predisposing factors

(Stefancin and Parker 2007).

5.9.1 Initial surgical management of primary traumatic

patellar dislocation

According to the existing literature, the initial management of primary patellar
dislocation is mainly nonoperative. However, some exceptions should be
mentioned. A strong clinical consensus indicates that if patellar dislocation has
clinical, radiographic, CT, and/or MRI findings of osteochondral fractures, open
repair should be performed if the fragment is amenable to fixation (Mehta et 4.
2007; Stefancin and Parker 2007). If concomitant, large medial patellar stabilizer
defects and MPFL injury are detected on MRI or diagnosed during a surgical

procedure, a repair or reconstruction of the MPFL should be performed, especially
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in patients with a high demand for patellar stability (Stefancin and Parker 2007).
Arthroscopy should be performed if extensive chondral injury or osteochondral
fracture is suspected. All patients with traumatic primary patellar dislocation should
be suspected of having an osteochondral injury until proven otherwise by plain
radiographs or MRI (Stefancin and Parker 2007). Therefore, a careful examination

of the PF joint should be performed, for which MRI should be considered.

If we look at the studies investigating acute patellar dislocations, only few have
adequately assessed the primary nature of the incident. Correspondingly, the
traumatic or nontraumeatic etiology has been poorly documented in most of the
reports. Eight studies have assessed nonoperative treatment, the majority having
retrospective designs and only short-term follow-ups (Cofield and Bryan 1977;
Henry and Crosland 1979; Larsen and Lauridsen 1982; Jarvinen 1997; Méaenpéaa et
al. 1997; Méenpaa and Lehto 1997; Maenpada 1998; Atkin et al. 2000). Five studies
have compared nonoperative versus open operdive treatment for acute patellar
dislocations in adults (Hawkins et al. 1986; Cash and Hughston 1988; Buchner et al.
2005; Nikku et al. 2005; Christiansen et al. 2008). In all of those studies, the authors
recommended nonoperative treatment for primary traumatic patellar dislocations
except in cases where there was an osteochondral fragment present. Two of the
studies were prospective and randomized (Nikku et al. 2005; Christiansen et al.
2008), advocating nonoperative management. In the case of an osteochondral
fracture, arthroscopy was recommended for extraction of the fragment or open

fixation if the fracture size was amenable to this.

The well-designed, prospective randomized study by Nikku et al. (Nikku et al.
2005) compared operative versus nonoperative treatment in 125 patients with a 7-
year follow-up. The results were evaluated subjectively by the patient’s own overall

opinion (excellent, good, fair, and poor), the Lysholm score (Lysholm and Gillquist
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1982), and the Hughston visual analog scale (Flandry et al. 1991). The authors
concluded that operative and nonoperative treatment gave almost identical outcomes
after 2 years in terms of subjective score, recurrent instability, and function (Nikku
et a. 1997). Ther 7-year follow-up, which comprised the same population, had
similar clinical outcomes between the nonoperative and operative groups (Nikku et
al. 2005). The nonoperative treatment consisted of immobilization and functional
rehabilitation and was compared with individually adjusted proximal realignment
surgery (extensor mechanism realignment, repair of the MPFL, and/or lateral
release). In conclusion, Nikku recommended nonoperative management for first-
time patellar dislocations. The episodes of redislocation and recurrent subluxation
were grouped together, which was likely to contribute to the high recurrence rate
(64 to 70%) in their study. They also included skeletally immature patients and the
majority of the patients were female, both being factors which have been reported to
be associated with high recurrence rates of instability (Larsen and Lauridsen 1982;

Nietosvaara et a. 1994).

Christiansen et al. (Christiansen et al. 2008) authored a prospective, randomized
study in which a delayed MPFL anchoring to the femoral attachment was compared
to nonoperative treatment. Lower redislocation rates were not achieved by surgery,
but specific subjective patella scores improved after surgery. However, in their
delayed surgical procedure the primary site of the MPFL injury was not assessed,
instead, every patient underwent the same femoral anchoring irrespective of the

underlying MPFL injury locations.

With its main focus on chronic patellar ingtability, the patellar dislocation
surgery can be generally divided into five categories. proximal realignment of the
extensor mechanism (surgery at the medial parapatellar structures), distal

realignment of the extensor mechanism (surgery at the TT), a combined proximal
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and distal realignment procedure, release of the lateral retinaculum, and
trochleaplasty for TG dysplasia (Colvin and West 2008). Arthroscopic evaluation
can be performed during all procedures and lateral release, if necessary, can be
performed via arthroscopy. Most of the proximal realignment surgeries, including
medial restraint repair or reconstruction, are open procedures (Dopirak et al. 2008).
Also mini-invasive proximal realignment procedure (Nam and Karzel 2005) and
MPFL reconstruction have been recently described (Sillanpéé et al. 2009). Distal
realignment procedures that involve TT transfer are suitable only after the physis is

closed.

To date, no specific method of surgery exists that would ensure universal success
in the operative management of patellar instability. The procedure must be tailored
to meet individual needs in terms of personal anatomy and demands (Colvin and
West 2008). In the past ten years, consensus has been reached stating that proximal
realignment should include MPFL reconstruction and that a distal realignment
procedure should be performed only when indicated by a pathological Q-angle
(Mehta et al. 2007; Stefancin and Parker 2007; Colvin and West 2008). The
following section reviews the most important surgical techniques for patellar

stabilization.

5.9.2 Traditional patellofemoral surgery

5.9.21 Theroleof tibial tubercle transfer

Several distal realignment procedures have been described for the treatment of
patellar instability. TT transfer (Figure 10) has been a frequently used method for
correcting patellar malalignment, and several techniques are available (Trillat et al.

1964; Fulkerson et al. 1990; Fulkerson 2002; Palmer et al. 2004). Indications for TT
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transfer include patellar malalignment with an abnormal Q-angle (over 20°) (Smith
et al. 2008) or TT-TG distance of more than 15-20 mm (Schoéttle et al. 2005; Colvin
and West 2008). The direction of TT transfer is medially to control patellar tracking.
Sometimes, medialization is combined with anteriorization, which may be useful for
PF OA or PF pain (Fulkerson 2002). TT transfer should not be used in skeletally
immature patients; they are best managed with soft-tissue approach with proximal
realignment.

Hauser (Hauser 1938) described a transfer in which the tuberosity is
osteotomized medially and placed relatively posterior. This resulted in increased
pressure to the PF joint, and late OA progression has been described (Crosby and
Insall 1976; Juliusson and Markhede 1984). Hauser combined lateral retinacular
release (LRR) and medial duplication with TT transfer. Due to the OA risk, the
Hauser’s procedure is no longer recommended. This method has been modified
towards anteriomedialization transfer by several authors (Trillat et a. 1964; Boring
and O'Donoghue 1978; Rantanen and Paananen 1996; Fulkerson 2002).

Elmslie-Trillat (Trillat et al. 1964) procedure and its modifications have been
widely used with satisfactory results (Fulkerson et al. 1990). Shelbourne, Porter and
Rozzi (Shelbourne et al. 1994) modified this technique, in which the TT is
medialized 8 to 10 mm through a 6 cm distal anterolateral incision while patellar
tracking is monitored via arthroscopy. They started with LRR and performed
proximal realignment only if necessary. Fulkerson and Cox reported 66%
satisfactory results in a 7-year follow-up after modified Elmslie-Trillat operation
with anterior displacement of the TT (Fulkerson et al. 1990). Fulkerson also
described an obligue osteotomy of the tuberosity that transfers the tuberosity
medially and anteriorly (Fulkerson 2002). Usualy a dlightly oblique osteotomy is

preferred, because anterior displacement has been reported to relieve PF joint
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pressure (Ferguson et al. 1979) and to possibly improve OA symptoms (Fulkerson

2002).

Figure 10. Postoperative lateral radiograph of a patient requiring tibial tubercle
osteotomy and a medial patellofemoral ligament reconstruction.

There are reports suggesting that stress fractures and osteotomy fractures are
associated with TT transfers (Colvin and West 2008). An oblique osteotomy
technique may have less stress load and hence may protect from fractures (Cosgarea
et a. 1999). Dueto these risks, however, TT transfer should not be used at all unless
there is abnormal TT-TG distances present (Degour et al. 1994). Dejour et al.
measured TT-TG distances in patients with and without patellar instability, and

found a median TT-TG of 13 mm in healthy controls and a pathologic threshold of
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20 mm (Dejour et al. 1994). Therefore, TT transfer may be considered for correction
of patellar instability when the TT-TG distance is more than 15 mm (Schoéttle et al.
2005; Schottle et al. 2006) and preferably in excess of 20 mm (Dejour et al. 1994).
Regarding extensor mechanism alignment, patellar instability associated with a
high-riding patella may benefit from TT transfer, because in early flexion, before
the patella engages into the TG, a minor Q-angle increase may produce maltracking
in the beginning of the arc of motion. There isarisk of over-medialization of the TT
if patellar tracking is not observed during the procedure. The amount of
medialization of the TT should thus be determined intra-operatively, despite an
objective pre-operative measurement of the TT-TG distance (Lustig et al. 2006).
The need for TT transfer is based on physical examination and evaluation of
patellar maltracking, and should include assessment of the TT-TG distance or Q-
angle (Colvin and West 2008). Plain radiographs and CT and/or MR images should
be obtained and evaluated for surgical planning. TT transfer is usually needed if
medial restraint deficiency is accompanied by an excessive Q-angle or TT-TG
distance (Colvin and West 2008). Moreover, TT transfer can be easily combined
with proximal realignment procedures (Figure 10). Visual inspection of the knee is
unreliable in determining the TT-TG distance or Q-angle (Shakespeare and Fick

2005; Smith et al. 2008).

5.9.22 Theroleof traditional realignment surgery

César Roux was one of the first surgeons to describe a realignment procedure, TT
transfer, for the patella in 1888 (Roux 1888; Roux 1979). Years later, Goldthwait
described a distal realignment procedure in which the lateral half of the patellar
tendon istransferred behind the medial half of the tendon, and the transferred lateral
half is attached to the medial tibia to prevent lateral dislocation (Goldthwait 1903).

This technique has come to be called the Roux-Goldthwait procedure in the United
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States and in the English language literature (Grelsamer 2005). Postoperative
treatment includes a cast or a commercial patellar orthosis for an immobilization
period. The outcome of the Roux-Goldthwait procedure has been quite well
documented, and good patellar stability has been achieved (Jalovaara et al. 1988).
Although use of the procedure has lost some of its success, it is still a method of
choice in adolescents, because there is contraindication to perform TT transfer due
to the open physis. In a study by Jalovaara et al. (Jalovaara et al. 1988), a better
outcome was found among patients after the Roux-Goldthwait procedure than after
the Krogius procedure (Krogius 1904). Krogius was a Finnish surgeon who
described a procedure in which he advanced the VMO and the medial retinaculum
together while loosening the lateral structures (Krogius 1904). A strip of the medial
retinaculum was elevated and the lateral retinaculum was divided. The elevated strip
was then transferred into the opening in the lateral retinaculum and the medial
incision was finally closed. This procedure was used in Finland during the past

decades, but has since been superseded by other proximal realignment techniques.

Proximal realignment techniques that involve the medial retinaculum and the

MPFL are reviewed in Sections 5.9.3 and 5.9.4.

5.9.2.3 Theroleof lateral retinacular release

Lateral retinacular release (LRR) has been described as an isolated procedure, in
which the lateral parapatellar retinaculum is incised. It has been indicated for
excessive lateral pressure syndrome, for PF OA, and to be used in combination with
a proximal realignment technique if a tight lateral retinaculum prevents
medialization of the patella. LRR has been described in connection with all of these
indications but the outcomes have not been described separately for each indication.

In older series, an overall good or excellent result in 85% of patients was reported
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(Merchant and Mercer 1974), and for patellar instability, a success rate of 67-68%
has been described (Henry et al. 1986; Arendt et al. 2002; Fithian et al. 2004).

In recent studies, LRR has been shown to be ineffective for the trestment of
patellar instability (Fulkerson 2002). On the contrary, it might worsen the symptoms
of patellar instability (Christoforakis et al. 2006). Marumoto et al. showed that LRR
should include a release of the retinaculum from the distal third of the vastus
lateralis muscle down to the TT level to include the lateral patellofemoral and
patellotibial ligaments (Marumoto et a. 1995). LRR can be performed as an open
procedure or via arthroscope. Nowadays, a majority of the LRR techniques are
performed arthroscopically. However, the procedure involves a risk of damage to
the superolateral geniculate artery and postoperative hemarthrosis is a common
complication.

LRR can be complicated by medial patellar instability. If patellar dislocation has
traumatic etiology and proximal realignment is performed, LRR should not be
performed unless excessive tightness of the lateral retinaculum is noted. When
correcting chronic PF instability, the lateral structures might exhibit excessive
tightness and L RR should be considered in combination with proximal and/or distal
realignment surgery. LRR alone does not improve stability, but may help in
centralizing the patella within the femoral TG.

To date, the role of LRR is somewhat unclear. Desio et al. (Desio et al. 1998)
suggested that LRR increases lateral patellar instability. Their biomechanical study
found that the lateral retinaculum contributes 10% of the lateral restraining force. It
has been hypothesized that LRR may cause additional instability in a hypermobile
PF joint. It is unknown whether LRR should be performed if overtightness of the
lateral structures is not found, but it seems not to have any stabilizing effect on the
patella and should not be performed in primary traumetic patellar dislocation

(Lattermann et al. 2007).
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5.9.3 Modern approach to patellofemoral surgery

Which procedure should be chosen for traumatic patellar dislocation to achieve
maximum benefit for the patient? The morbidity and some poor results associated
with the traditional surgical techiques have changed the patellofemoral surgery
towards modern techniques, particularly after the significance of the anatomy and
function of the medial restraints became understood (Arendt et al. 2002; Stefancin
and Parker 2007). Today's preference for initial nonoperative management is
grounded on the prospective randomized studies (Nikku et al. 2005; Christiansen et
al. 2008) and recommendation against initial medial repair for the treatment of first-
time patellar dislocations has been given. However, there is a recurrent ingtability
rate of up to 50-70% reported in some studies with initial nonoperative management

(Hawkins et al. 1986; Maenpaa et al. 1997, Fithian et a. 2004; Nikku et a. 2005).

5.9.31 Early modificationsfor medial restraint repair

Traditionally, medial restraint repair has been understood as a medial duplication or
medial reefing of the medial patellar retinaculum. Before the MPFL structure and
function were understood, the duplication methods ignored the presence of the
MPFL in that, for example, the sutures were placed without any respect to the
MPFL injury, though usually near the medial border of the patella. The medial
retinacular duplication was first introduced by Helfet (Helfet 1963), and duplication
has been widely used during the past decades. Reasonably good results have been
reported after medial duplication and the complication rates have been relatively
low (Vainionpda et al. 1986; Harilainen et al. 1988; Vainionpaa et al. 1990).
However, deterioriation on outcomes over the long-term have been reported

(Harilainen and Sandelin 1993).
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Overtightening of the medial retinaculum by medial duplication and LRR may cause
medial subluxation of the patella (Hughston and Deese 1988). This undesired
outcome is, however, potentially associated with every medial parapatellar repair
technique. Nowadays, we can assume that the results of this procedure may depend
on the duplication sutures ignoring the MPFL, which have sometimes tightened the
MPFL and sometimes perhaps not. This might also be the reason for the overall
good results achieved with the Helfet procedure, although some poor results with
recurrent instability have been noted. However, introduction of Helfet’'s procedure
marked a significant sep towards anatomic reconstruction of the medial patellar
stabilizers.

A reasonable success rate of 81% good and excellent results was reported (Baker
et a. 1972) for amedial reefing technique in which a strip of the medial retinaculum
was dissected while the proximal end was left intact. The strip was then sutured to
the medial femoral epicondyle area, near the adductor tubercle, close to the

anatomic MPFL attachment.

5.9.3.2 Arthroscopic surgery for patellar dislocation

After the medial restraint repair was developed and due to the evolution of
arthroscopy, arthroscopic treatment of patellar dislocation has been a subject of
continuing interest. Open procedures, which have been widely described in the
literature (Stefancin and Parker 2007), are associated with some formation of scar
tissue, nerve morbidity, and artery lesions that might be avoided with arthroscopic
techniques. Due to the relatively short history of arthroscopy and patellar
dislocation, arthroscopic surgery for acute primary patellar dislocation has been
poorly documented. The recently documented surgical techniques for arthroscopic

proximal realignment procedures described relatively small case series with no
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controls and short follow-ups (Small et al. 1993; Henry and Pflum 1995; Ahmad

and Lee 2001; Halbrecht 2001; Haspl et al. 2002).

Yamamoto (Yamamoto 1986) was the first to describe an arthroscopically-
assisted technique for the treatment of patellar dislocation. Transcutaneous passage
of sutures was used to repair medial restraint injury. Small et al. (Small et al. 1993)
and Henry and Pflum (Henry and Pflum 1995) modified the technique by passing
the sutures through needles after a small medial incision. Halbrecht (Halbrecht
2001) described all-arthroscopic medial reefing by percutaneous passage of the
suture through needle combined with knot tying inside the joint. All-arthroscopic
knots were also introduced by Ahmad and Lee (Ahmad and Lee 2001), Haspl et al.
(Haspl et al. 2002) and Fukushima et al. (Fukushima et al. 2004), who described a

method in which anchor sutures are placed near the patella.

Since Yamamoto (Yamamoto 1986) published his article on arthroscopic repair
of the medial retinaculum and capsule in acute patellar dislocations, there have been
some later arthroscopic case series with good or excellent overall results. Y amamoto
noted only one redidocation in 30 operated knees, and Small et a. (Small et al.
1993) reported good or excellent results in 92.5% (27 knees) of the patients. Haspl
et a. (Haspl et al. 2002) reported 100% good results and no redislocations in their
study of 17 knees with a follow-up of only 13 months. Halbrecht’s 20-month
follow-up of an arthroscopic medial plication showed 93% clinical improvement.
Henry and Pflum (Henry and Pflum 1995) described arthroscopically assisted

techniques of medial reefing, but no follow-up data has been published.

A major concern in arthroscopic techniques is that they always ignore the
primary patellar restraint, namely, the MPFL and its repair or reconstruction,
because the MPFL is an extracapsular structure in layer Il (Warren and Marshall
1979; LaPrade et a. 2007). All arthroscopic techniques are based on medial reefing,

which does not restore the normal anatomy or function of the MPFL. However,
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when performed due to recurrent patellar dislocation, arthroscopic techniques may

be suitable producing reasonable stability to medial soft-tissue restraints.

Another step from medial reefing towards more anatomic reconstruction is the
mini-open procedure. Nam and Kartzel (Nam and Karzel 2005) described a mini-
open medial reefing technique and, in a follow-up of 22 knees for a mean period of
4.4 years, showed an average follow-up Kujala score of 88 points. The procedure

was combined with arthroscopic LRR.

5.9.3.3 Trochleaplasty for patellar instability

Recurrent patellar instability with femoral trochlear dysplasia can be treated with
trochleaplasty, in which the hypoplastic lateral condyle is elevated by osteotomy
line (Utting et al. 2008). Another way to restore the TG is by deepening it by
removing bone beneath the cartilage (Dejour et al. 1994). Employing these
techniques, a shallow TG can be corrected or deepened. Trochleaplasty aims to
correct the osseous lateral wall and restore its ability to prevent lateral displacement
of the patella (Shih et al. 2004). The procedure is suitable for dysplastic PF joints,
and medial restraint reconstruction is usually necessary in most cases (Utting et al.
2008). However, trochleaplasty has not gained success over soft-tissue corrections
and distal TT osteotomies for patellar instability. In preventing subsequent
dislocations, the short-term results have been good, but postoperative arthrofibrosis
and progression of PF OA are the concerns about trochleaplasty (Verdonk et al.

2005; Donell et al. 2006; von Knoch et al. 2006; Utting et al. 2008).

5.9.4 Medial patellofemoral ligament reconstruction

The MPFL is injured in primary traumatic patellar dislocation (Vainionpéaa et al.

1990; Avikainen et al. 1993; Sallay et al. 1996). The MPFL is the primary medial
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restraint of the patella (Conlan et al. 1993; Desio et al. 1998; Hautamaa et al. 1998).
Laxity of the MPFL seems to be associated with chronic patellar instability
(Stefancin and Parker 2007). Not until the functional anatomy of the MPFL was
understood did orthopedic surgeons recognize this ligament. In the following

sections, the clinical and surgical aspects of the MPFL are reviewed.

5.9.4.1 Clinical significance of the medial patellofemoral ligament and

indications for reconstruction

There is no doubt that MPFL reconstruction is indicated when PF instability
produces symptomatic problems after MPFL disruption. Today, it is reasonable to
emphasize the importance of MPFL reconstruction over medial reefing or
duplication, even though there are no existing publications comparing these
techniques (Mulford et al. 2007). The potential advantages of MPFL reconstruction
are promising: anatomic correction of the medial structures has been hypothesized
to prevent PF OA progression (Nomura et a. 2007). However, no comparative
studies are available. It has not been studied whether the type or location of the
MPFL injury carries any prognostic value for subsequent instability. MPFL
reconstruction is the only surgical procedure that addresses the frequent MPFL

injury location in the femoral attachment.

5.9.4.2 Overview of surgical techniques and clinical results

Advancement in understanding the significance of MPFL injury and its frequent
occurrence has led to a substantial increase in research regarding specific surgical
techniques to reconstruct the MPFL. During the past ten years, severa
reconstructive techniques have been reported, but comparative studies with

traditional realignment techniques are still absent. This section reviews the literature
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for specific MPFL reconstruction techniques. The clinical results are summarized in

Table 1.

Table 1. Results of prior studies using medial patellofemoral ligament
reconstructive techniques for patellar dislocations.
Study and year Number of Controls  Follow-up Result Graft type Osteoarthrosis
cases time (score) evaluated at
(agerange’) (years) follow-up
(result)
Drezetal., 19 none 2.6 88 Hamstring not evaluated
2001 (5-51 years) (Kujala) tendon
Ellera-Gomes 30 none 3.3 (83% improved) Polyester not evaluated
et al., 1992 (unknown) ligament
Seensen et al., 14 none 31 (redidocations: Quadriceps not evaluated
2005 (unknown) none) tendon
Nomura et al., 24 none 11.9 94 Polyester tape 1 moderate,
2007" (7-24 years) (Kujala) 23 none-mild
Avikainen et 14 none 7 84 Adductor not evaluated
al., 1993 (15-27 years) (Lysholm) magnus tendon
Deieet al., 39 none 5 92 Semitendinosus not eval uated
2005 (unknown) (Kujala) tendon
Cossey and 19 none 2 95 Media not evaluated
Paterson, 2001 (unknown) (Lysholm) retinaculum
Schottleet al., 15 none 4 87 Semitendinosus not evaluated
2005 (unknown) (Kujala) tendon
Seneretal., 34 none 2-10 90 Adductor not evaluated
2006 (unknown) (Kujala) magnus tendon

"Age at the time of surgery; "the longest follow-up study of Nomura's several studies

Various oft tissues have been utilized as graft materials, which are inserted by

different techniques to prevent dislocation of the patella Grafts have been made

from the adductor magnus tendon (Avikainen et al. 1993; Steiner et al. 2006;

Sillanp&é et al. 2009), the quadriceps tendon (Steensen et al. 2005), semitendinosus
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tendon (Drez et a. 2001; Nomura and Inoue 2006), and artificial ligament material

(Nomura et al. 2000).

MPFL reconstruction can be combined with TT transfer or LRR, if needed. It is
not known if primary repair is preferable to primary reconstruction. In a study of
children and adolescents, primary repair did not produce better stability than

nonoperative management (Palmu et al. 2008).

In four studies, primary dislocation was initially treated by direct repair. Sallay et
al. used sutures for midsubstance MPFL tears and anchor fixation for femoral
avulsion type MPFL tears (Sdlay et a. 1996). There were no redislocations in their
report of 16 patients. Ahmad et al. reported 8 patients with MPFL tear near the
femoral attachment, all of whom underwent primary repair, resulting in patient
satisfaction of 97% in a mean follow-up of 3 years and no subsequent redislocations
(Ahmad et al. 2000). Two prospective, randomized studies using direct repair in
acute setting did not achieve any significant improvement in stability (Nikku et al.
2005; Christiansen et al. 2008). Therefore, indications for initial MPFL repair or

reconstruction have remained controversial.

For recurrent patellar dislocation, various surgical techniques have been
described to reconstruct the MPFL (Figure 11) (Lind et a. 2008). Avikainen et al.
described an adductor magnus tenodesis technique which was originally performed
in addition to acute MPFL repair (Avikainen et al. 1993). The distal part of the
adductor magnus tendon was cut approximately 8 cm proximal to its distal insertion
and the graft was then fixed with nonresorbable sutures near the medial border of
the patellar periosteum to reconstruct the MPFL. In the original study, Avikainen
(Avikainen et al. 1993) performed this surgery mainly on acute traumatic primary
dislocations and reinserted the MPFL into the periosteum of the medial femoral
epicondyle. Mid-term follow-up of mean 6.9 years was reported with 14 patients

and only one patient had a redislocation.
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Figure 11. Medial patellofemoral ligament reconstructive techniques for patellar
disocations. (Reprinted with the permission from the Informa Healthcare

Publications.)
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A. The normal MPFL, which inserts at
the proximal two-thirds of the medial
patella border and runs posteriorly to
the medial adductor tubercle to insert
in close relation to the proximal MCL
insertion and the adductor magnus
insertion.
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D. A technique with combined recon-
struction of MPFL and medial patel-
latibial ligament. Here semitendinosus
and gracilis tendons are folded and
sutured to the medial patella edge
and medial femoral condyle. A distal
limb of the tendon grafts is sutured to
the proximal medial tibial periosteum
to reconstruct the medial patellotibial
ligament.
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B. MPFL reconstruction with an auto-
graft or allograft tendon fixed in bone
canals in both patella and femoral
condyle.

E. MPFL reconstruction using the cen-
tral portion of the quadriceps tendon.
The tendon is released proximally and
the patella insertion left intact. The
tendon flap is passed subcutaneously
to the medial femoral condyle, where
fixation is performed by osteosutures.

C. MPFL reconstruction avoiding drill-
ing in the patella, using anchor fixa-
tion of the semitendinosus graft at the
medial aspect of the patella and inter-
ference screw in the medial femoral
condyle.

F. MPFL reconstruction with the semi-
tendinosus tendon. The tendon main-
tains its insertion at the pes anserinus
and the proximal end of the tendon is
transferred to the femoral insertion of
the medial collateral ligament (MCL).
The graft is then passed through an
incision in the MCL femoral insertion,
which subsequently acts as a pulley.
Finally, the graft is sutured to the
medial aspect of the patella.



Recently a mini-invasive method for MPFL recongtruction has been presented
(Sillanpaa et al. 2009), in which the adductor magnus tendon is transferred and
attached to the patella with suture anchors (Figure 12). By use of this 3 to 4 cm
single-incision technique, morbidity of soft tissue is minimized and hamstring
tendons extending below the knee are preserved as functional knee joint stabilizers.
Because drilling on the femoral epicondyle region is avoided, it is also suitable for

skeletally immature patients.

Figure 12. A mini-invasive medial patellofemoral ligament reconstruction technique

by adductor magnus tenodesis (Reprinted with the permission from Springer)

Ellera Gomes et al. (Ellera Gomes et al. 2004) used synthetic material, polyester
ligament, attached to the patella by passing the ligament through the patellar tunnel
and then fixing it to the medial epicondyle of the femur. Screw fixation was used on
the femoral side and the patellar tunnel was drilled through the patella from medial

to lateral. The lateral end of the artificial graft was fixed with sutures. This was the
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first described technique that was later modified into using a semitendinosus graft
via the osteoperiosteal tunnel for femoral fixation. The later technique has been

followed for a minimum of 5 years with good patient satisfaction (13 of 15 patients).

Drez et a. (Drez et al. 2001) used hamstring or iliotibial band grafts attached to
the superomedial aspect of the patella and the adductor tubercle, and the lower limb
of the graft was sutured into the tibial periosteum 15 mm distal to the tibiofemoral
joint line. This was a two-limbed reconstruction of both the MPFL and the MPTL.
A mean follow-up of lessthan three years was reported at the end of which 14 of 15

patients were satisfied with the result and only one had redislocation.

Dele at al. (Dele et al. 2005) described a technique for MPFL reconstruction
which included transfer of the semitendinosus tendon to the patella with use of the
posterior one-third of the MCL as a pulley. This reconstruction was combined with
VMO advancement or LRR in some patients. Ninety-one per cent of the patients

were satisfied after a mean 5-year follow-up.

Cossey and Paterson (Cossey and Paterson 2005) reported a study of 21 knees
with a mean two-year follow-up employing an MPFL reconstruction technique
using a strip of the medial retinaculum. Attachment was anatomic near the medial
epicondyle and at the middle and proximal thirds of the medial margin of the
patella. All patients reported good or excellent outcome with no subluxation or

dislocation.

Nomura and Inoue (Nomura and Inoue 2003) performed MPFL reconstruction
with use of a semitendinosus graft, which they passed through the patellar bone
tunnel reaching from the patellar medial margin to the middle anterior surface of the
patella. Femoral attachment was distal to the adductor tubercle or posterosuperior to
the medial epicondyle. After a mean 4-year follow-up, 10 of the 12 knees examined

were good or excellent, and no redislocations occurred.
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Nomura et al. (Nomura et al. 2000) have aso used artificia ligament (mesh-type
Leeds-Keio) and medial retinaculum strip coverage for MPFL reconstruction.
Attachment locations were similar to those described above. The mean follow-up
time of just over 5 years described 26 of the 27 knees having good or excellent

results, but one redislocation was recorded.

Schottle et al. (Schottle et al. 2005) published a study of 15 knees in which the
MPFL reconstruction was performed using an ipsilateral semitendinosus autograft.
The patellar attachment was superomedial, and tendon fixation to the bone tunnel
was done with an interference screw. Similarly, femoral attachment at the adductor
tubercle was achieved with an interferenece screw. TT-TG distance over 15 mm was
noticed in eight patients and these underwent TT medialization. A mean follow-up
of almost five years reported 13 of 15 patients had good or excellent results. TT
transfer was not associated with better outcome, but the comparison had limited
power for that analysis. Recently, the authors also described MPFL recongtruction
with double-bundle technique (Schottle et al. 2008). A semitendinosus graft is fixed
to the patella with two interference screws at the proximal medial margin and the
middle medial margin of the patella. The graft is then fixed to a fluoroscopically
assessed point between the adductor tubercle and the medial epicondyle, in which a
bone tunnel is drilled through the femur from medial to lateral. No follow-up results

of this technique have been published.

5.9.4.3 Clinical aspectsfor medial patellofemoral ligament reconstruction

The decision to perform surgery due to loss of the medial patella stabilizer needs
proper documentation of the laxity by physical examination and radiography
(Colvin and West 2008). At initial event, MRI is preferred especially to determine

the MPFL injury location and presence of intra-articular lesions. An examination
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under anesthesia and arthroscopy can be used to document passive restraint laxity
without VMO action.

A large number of surgical techniques for MPFL reconstruction have been
described (Dopirak et al. 2008; Lind et al. 2008; Parker et al. 2008). A major
concern related to MPFL reconstructive surgery is the lack of an objective tool
which would help tensioning the MPFL graft adequately. The methods to identify
anatomic attachment locations are reliable, but as the MPFL graft tensioning
depends on the skill of the surgeon, it till is the crucial phase of the procedure.
Some studies have shown that excessive tension in the graft could result in medial
patellar cartilage overload (Elias and Cosgarea 2006; Beck et a. 2007).

It is quite difficult to determine the proper tension on the graft, despite
intraoperative assessment with the patella placed in the TG a the ROM where the
graft length is longest. Parker et a. (Parker et a. 2008) measured the PF joint
pressures with isometric and nonisometric femoral fixation of the MPFL graft, and
discovered that the anatomic reconstruction restored patellar tracking better than the
isometric technique. According to Beck et al. (Beck et a. 2007), overtightening the
graft in anatomic MPFL reconstruction does not significantly improve patellar
tracking, and an overtightened graft may increase the pressure within the PF joint.

The MPFL grafts should have same stiffness of the native MPFL while being
stronger than the native MPFL (Bicos et a. 2007). Potentialy, if the graft used in
MPFL congruction is much giffer than the native MPFL, the pressure across the PF
joint can increase because the graft may not function optimally during the arc of
motion in which the length and tension of the native MPFL vary. The native MPFL
has a load failure of 208N (Amis et al. 2003) while a hamstring graft used to
reconstruct MPFL can load up to 1600N before failure (Noyes et al. 1984). Thereis
some evidence that the MPFL length change pattern depends principally on the

femoral attachment point. The least change was at a point more distal to the patella
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and more proximal to the femur (Steensen et al. 2004). This was aso the site that
had the greatest native MPFL length between the two points. In one cadaver study
(Smirk and Morris 2003), the femoral attachment site was the one most sensitive to
position change, especially superior and anterior. The ligament was “longest” at 60°
of flexion.

The graft length should allow the patellato enter the trochlea from a lateralized
position, as dictated by normal PF kinematics, and allow the slope of the lateral
trochlear wall and the lateral patellar facet to engage its trochlear position gradually
(Feller et al. 2007). Intra-operatively, the attachment sites should be adjusted to
minimize the length change with knee flexion. If lengthening occurs in flexion, the
femoral attachment site can be moved towards more distal. If lengthening occurs in
extension, the femoral attachment site can be moved towards more proximal.

The type of graft fixation of the MPFL includes several techniques. Mountney
et a. performed a biomechanical study comparing different fixation techniques,
suture repair, suture anchor repair, and femoral attachment with either blind-tunnel
or through-tunnel fixation (Mountney et al. 2005). Through-tunnel fixation, at the

lateral femoral condyle, was equal strenght to the native MPFL.

The postoperative protocol usualy includes a short immobilization period,
somewhat similar to the one following initial nonoperative management of
traumatic primary patellar dislocation (Mehta et al. 2007). It depends on the graft
fixation technique, and theoretically, patients with bone-tendon fixation using an
interference screw might be immediately mobilized with reasonable physical stress.
Anchor fixation and sutures usually need some time for scar tissue formation.
Unfortunately, the postoperative methods have been poorly described in many
studies and the immobilization protocol remains procedure-dependent (Lind et al.

2008).
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5.10 The natural course of patellar instability -
osteoarthritis

Patellar instability has been associated with the risk for PF OA (Figure 13)
progression (Méaenpaa 1997). We may hypothesize that articular cartilage lesions
may also occur in secondary dislocations, but osteochondral lesions are not likely to
occur if chronic instability produces subluxation rather than recurrent forceful
dislocation (Cash and Hughston 1988). It seems that the nature of recurrent episodes
of instability may cause PF cartilage to break down if the recurrent dislocation is
traumatic and hemarthrosis is present. If chronic instability produces daily
subluxations in knees with a shallow femoral TG, the forces needed to dislocate the
patella are minor and no articular damage is instantly produced at the instability

event, but over time, PF cartilage loss is frequently found.

Ahlbéck (Ahlback 1968) and Iwano (Iwano et a. 1990) classifications for PF
OA have been used, but MRI evaluation of PF cartilage loss has not been utilized in
any publications. Méaenpaa and Lehto (M&enpaa and Lehto 1997) reported a mean
13-year follow-up of 85 patients with primary patellar dislocation. The occurrence
of PF OA visible on plain radiographs ranged from 12% to 35%, depending on
whether there were redislocations or not and whether the injury management was
nonoperative or surgical. However, mild or moderate PF cartilage loss is not visible
on plain radiographs. PF OA has been associated with osteochondral fractures
(Figure 3) related to primary patellar dislocations (Stanitski 1995; Stanitski and
Paletta 1998; Stefancin and Parker 2007). The PF OA progression after primary
traumatic patellar dislocation has not been studied regarding primary lesions and
long-term articular cartilage defects. MRI is significantly better than plain
radiographs in determination of cartilage lesions and PF OA, but no long-term

studies using MRI examinations on PF cartilage exist.



Figure 13. Patellofemoral osteoarthritis.

5.10.1 Prevention of patellofemoral osteoarthritis

Anatomic patellar tracking after patellar dislocation should prevent PF OA
development. Surgical corrections are aimed at MPFL reconstruction and TT
transfer, if needed for alignment correction (Arendt et al. 2002; Colvin and West
2008). The role of trochleaplasty in OA progression is unknown. Nomura et al.
(Nomura et a. 2007) published a 12-year long-term follow-up of MPFL
reconstruction and reported that 21 of 24 knees did not have PF OA. The result was
superior to other follow-ups of patellar dislocations with regard to PF OA
(Chrisman et al. 1979; Ma&enpada and Lehto 1997). However, no comparative studies
of different surgical techniques have been published that would report PF OA
findings. Moreover, OA characteristics analysis by MRI has not been used for
patelar dislocations, which would be likely to improve the analysis significantly.
OA progression in the PF joint after patellar dislocation is frequent, but might be
reduced by performing anatomic MPFL reconstruction rather than nonanatomic

surgical procedures (Nomura et al. 2007).
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6. AIMS OF THE STUDY

The principal aim of this study was to investigate the incidence and risk factors of
primary traumatic patellar dislocation and the nature and clinical aspects of MPFL
injury. The outcomes after different forms of treatment for primary and recurrent
patellar dislocation were investigated. During the past ten years, extensive research
has been conducted concerning the anatomic and functional aspects of the MPFL.
Since the clinical aspects of the MPFL injuries have been poorly understood, this
study consisted of the following detailed aims:

(I To assess the incidence and risk factors of acute primary traumatic patellar
dislocations in young adults.

(I1) To compare the long-term results of MPFL reconstruction and traditional
realignment surgery in patients with recurrent patelar dislocation with special focus
on comparison of radiographic signs of OA in the PF joint between the methods of

surgical treatment.

(111) To compare the long-term results in patients with primary traumatic patellar
dislocation following initial management with and without acute arthroscopic
stabilization.

(IV) To compare treatment with and without initial surgical stabilization for
primary traumatic patellar dislocation in a prospective randomized setting.

(V) To evaluate whether MPFL injury location predicts a different prognosis
following nonoperative treatment in patients with primary traumatic patellar

dislocation.
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/. MATERIALS AND METHODS

The data of this thesis was based on a large sample of Finnish young adults who
were serving their military period during 1994-2002. For epidemiological
assessment of primary traumatic patellar dislocation, this study used a large military
service database comprising over 130 000 conscripts. The data from the military
training database was combined with data drawn from the National Hospital
Discharge Register (NHDR) identifying individuals hospitalized in the Central
Military Hospital. The clinical data sets (Il to V) consisted of over 180 patients, who
were followed-up and reviewed, with two prospective series and both surgical and

nonoperative retrospective series of patients (Table 2).
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Table 2. Materials and methods of studiesin thisthess.

Study and Number of Primary Follow- Number Study type Primary
year cases study aim up time of outcome
(agerange) (years) controls measures
(type)
Sudy I, 130 708 Incidence 96200 128,436  Prospective Incidence,
1998-2002 (17-30) of PTPD’ (person (non- cohort risk factors
years) dislocators) for PTPD’
Sudy I, 47 Results of 10.0 29 Retrospective Recurrent
1994-2000 (19-24) M PFL (distal cohort instability,
reconstruction realignment) PF OA
Suay 111, 76 Initial 7.5 46  Prospective Recurrent
1996-1999 (219-22) arthroscopic (nonoperative) cohort instability,
medial repair for regain of
PTPD preinjury
activity level
Sudy 1V, 44 Initial stabilizing 7.0 22 Prospective, Recurrent
1997-2000 (18-22) surgery for (nonoperative)  randomized instability,
PTPD’ cohort regain of
preinjury
activity level
Study V, 53 The prognosis of 7.0 Three Retrospective Recurrent
1997-2002 (19-23) MPFL injury groups cohort instability,
location (femoral, regain of
midsubstance, preinjury
patellar) activity level

" Primary traumatic patellar dislocation
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7.1 Study populations and outcome measurements

7.1.1 Sample for determining the incidence and risk
factors for primary traumatic patellar dislocation

(Data I)

The first data included all Finnish conscripts who started their service between
January 1, 1998 and December 31, 2002. The sample consisted of 130 708 young
adults including 1994 (1.5%) women. The length of the service period was 6, 9, or
12 months, and a new batch of conscripts entered twice a year, in January and July.
Military service is compulsory to al Finnish men deemed fit for service at the
entrance medical examination, and 80% of them serve their service period to the
full. Women have been able to enter the military service on a voluntary basis since
1994. During the military service period all conscripts were required to use the
services of the military hospitals. Using the personal ten-digit identification number
assigned to all Finnish residents, the conscripts’ primary diagnosis, medical records,
and background data were linked to the NHDR, the reliability of which has been
reported to be good (Mattila et al. 2008).

The dates of entry and transfer or discharge of every conscript were registered,
allowing us to calculate the total time at risk. During the 5-year study period,
Finnish conscripts aged 17 to 30 years (median, 20 years) served a total of 96 200
person-years. The primary outcome variable in the first data was patellar
dislocation, obtained from the NHDR. The original medical records of all patients
hospitalized with the main diagnosis of S83.0 were then re-evaluated and decided by

reviewing the hospital documents whether dislocation was primary traumatic or not.
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7.111 Outcome measur ements

The incidence rate for traumatic primary patellar dislocations was calculated by
dividing the number of knees with a first-time traumatic patellar dislocation by the
total exposure time. For the risk factor analysis, the population was analyzed as two
groups; the subject group consisting of 72 patients with a total of 73 primary
traumatic dislocations, and the control group consisting of 128 436 male conscripts
without patellar dislocation (206 male conscripts whose secondary or nontraumatic
dislocations occurring during the military service were excluded from the risk factor
analysis) (Figure 14). The female recruits, 1994 of the total sample of 130 708
(1.5%) were excluded from the analysis due to the small size of the group.

The corresponding 95% confidence intervals (Cls) were calculated, and the
incidence rate was presented per 100 000 persons per year. The computer-stored risk
factor data by age and gender, with height and weight of every conscript, were
analyzed including the aerobic and physical fitness levels assessed during the first
weeks of military service. Aerobic fitness was based on the Cooper 12-min run test
(Cooper 1968), and a physical fitness score on five measures was obtained for
muscle strength (five standardized Finnish Defence Forces muscle strength tests:
standing long jump distance, number of sit-ups, push-ups, pull-ups, and back

extensions), each with atest score of 0 to 3 points.
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Figure 14. Primary traumatic patellar dislocations among 128 714 Finnish male
conscripts and selection of study participantsfor risk factor analysis.

128,714 male
conscripts
I ]

278 male conscripts 128,436 male
with patellar conscripts without
dislocation patellar dislocation

72 male conscripts 206 male conscripts Control group
with with secondary or
traumatic primary non-traumatic
patellar dislocation patellar dislocation

Subject group

7.1.2 Patients treated for recurrent patellar dislocation with
medial patellofemoral ligament reconstruction or

distal realignment surgery (Data II)

All patients operated on for recurrent patellar dislocation at the Central Military
Hospital, Helsinki, between 1994 and 2000 were identified using a computer search.
After reviewing the records regarding the surgical procedures, a total of 47
consecutive conscripts diagnosed with recurrent patellar dislocation and who
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underwent an MPFL reconstruction or a distal realignment procedure were
identified. Excluded from the study were patients operated on for acute primary
patellar dislocation and patients whose data regarding previous dislocations were
missing before the surgery. Eighteen knees underwent MPFL reconstruction by
adductor magnus tenodesis (Avikainen et al. 1993) and 29 knees underwent distal

realignment by the Roux-Goldthwait procedure (Goldthwait 1903).

7.1.21 Outcome measurements

The number of patients with subsequent instability (redislocation, and/or
subluxation) was the primary outcome in studies I1-V. In this study, the secondary
outcome included special focus on comparison of radiographic signs of OA in the
PF joint between the methods of surgical treatment. Clinical follow-up examinations
were performed at the Central Military Hospital, Helsinki during the years 2005-
2006. The patients were first interviewed with the aim to perform a reliable
assessment of the number of subsequent redislocations, subjective instability
(painful subluxation), and other problems related to the PF joint. The PF scoring
scale by Kujalaet al. (Kujalaet al. 1993) was used for assessment during the follow-
up visit. A 100-mm visual analog scale (VAS) (Flandry et al. 1991) (rated as 0 = no
pain to 100 = most severe pain) was used to assess the patient’s subjective pain in
the affected knee. Physical activity levels were assessed on the Tegner (Tegner and
Lysholm 1985) scale (0-10), with O denoting severe disability and 10 indicating a
national or international-level competing athlete. Information regarding subsequent
surgery or other major knee complaints, hospital admissions, and contralateral knee
complaints were collected during the follow-up visit. A physical examination was
performed and any restriction of the knee ROM, sign for retropatellar crepitation,
positive apprehension test and loss of quadriceps muscle circumference were

assessed.
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The radiographic analysis obtained on every patient included plain radiographs of
the PF joint with posteroanterior, lateral, and PF axial views (Laurin et al. 1979).
The parameter measured on the axial views included the sulcus angle as described
by Brattsrom (Brattstréom 1964) with a measurement over 150° representing
trochlear dysplasia. Patellar height was measured on the lateral views so that a
Blackburne-Peel (Blackburne and Peel 1977) ratio greater than 1.06 was considered
as patella alta. The severity of PF OA was assessed by plain radiographs and MRI.
PF OA severity was graded from O to V by using the classification of Ahlback
(Ahlback 1968): Grade O representing normal, Grade | joint narrowing, Grade Il

joint obliteration, and Grades |11 to V more severe destructive characteristics.

Control MRI was performed and the chondral lesions were classified by MRI
according to their depth using the numeric grading system developed by the
International Cartilage Repair Society (ICRS) and described by Brittberg and
Winalski (Brittberg and Winalski 2003). Grade | lesions were excluded because of
the difficulties in differentiating these lesions from normal (ICRS Grade 0) cartilage
on 1.0 T MRI (Friemert et al. 2004). The ICRS Grade |1 describes articular cartilage
defects extending down to less than 50% of the cartilage depth, Grade 111 extending
deeper than 50% of the cartilage depth, and Grade 1V are defects with full-thickness

articular cartilage loss.

7.1.3 Prospective cohort of patients with primary traumatic
patellar dislocation: treatment with and without acute

arthroscopic stabilization (Data 111)

Seventy-six patients admitted to the Central Military Hospital, Helsinki, for acute

traumatic primary patellar dislocation between 1996 and 1999 were treated either by
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arthroscopic media retinacular repair or nonoperatively. To be included in the
study, the patient’s diagnosis of primary traumatic patellar dislocation had to be
confirmed by arthroscopy (in patients treated with arthroscopic medial retinacular
repair) or by MRI (a media patellar restraint injury in patients treated
nonoperatively). The treatment pathway of this prospective cohort depended on the
availability of the orthopedic surgeon to perform the initial arthroscopic media

retinacular repair procedure (Figure 15).

Figure 15. Arthroscopic medial retinacular repair.
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7.1.31 Outcome measur ements

The number of patients with subsequent instability (redislocation, painful
subluxation) was the primary outcome in this study. Patients were also asked
whether they had regained their preinjury level of activity by follow-up. Clinical
follow-up examinations were performed at the Central Military Hospital, Helsinki
during the years 2005-2006, as described in Section 7.1.2.1. The radiographic

analysis was performed as described in Section 7.1.2.1.
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The third data described the initial medial patellar stabilizing complex injury in
terms of MRI findings of acute MPFL injuries and the follow-up MRI results a a
median of seven years after the dislocation, with special focus on PF articular
cartilage lesions. In the nonoperative group, MPFL injuries were further classified
into three regions. MPFL at the level of its patellar insertion, MPFL at its
midsubstance, and MPFL at its femoral origin, as assessed from transverse MR
images. The chondral lesions at follow-up were classified by MRI according to their

depth as described in Section 7.1.2.1.

7.1.4 Prospective cohort of patients with primary traumatic
patellar dislocation: a randomized study of treatment

with and without initial surgical stabilization (Data 1V)

Between 1997 and 2000, the 44 conscripts admitted to the Central Military Hospital,
Helsinki, with an acute primary traumatic patellar dislocation were randomized to
surgically stabilized and nonsurgically treated groups, if eligible. This study
included patients who had sustained an acute primary traumatic patellar dislocation.
Those meeting any of the following criteria were then excluded: previous traumatic
or nontraumatic dislocation of the patella, previous subluxation of the patella, pre-
existing ipsilateral or contralateral knee pathology, previous ligamentous injury or
fracture of the involved knee, patellar fracture, or large osteochondral lesion of the
involved knee needing surgery. The patients were randomly allocated using a sealed
envelope method into two treatment groups, one for initial patellar stabilization
surgery and the other for nonoperative treatment with a knee orthosis (as well as

arthroscopic removal of an osteochondral fragment if necessary).
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7.14.1 Outcome measur ements

The number of patients with subsequent instability (redislocation, painful
subluxation) was the primary outcome in this study. Patients were also asked
whether they had regained their preinjury level of activity by follow-up. Clinical
follow-up examinations were performed at the Central Military Hospital, Helsinki
during the years 2005-2006, as described in Section 7.1.2.1. The radiographic
analysis was performed as described in Section 7.1.2.1.

Initial and control MRIs were obtained, and the chondral lesions at follow-up

were classified by MRI according to their depth as described in Section 7.1.2.1.

7.1.5 Patients with primary traumatic patellar dislocation
and medial patellofemoral ligament injury: the

outcome after nonoperative treatment (Data V)

Between January 1, 1997 and December 31, 2002, a total of 163 consecutive
military conscripts were admitted to the Centrd Military Hospital, Helsinki, as
inpatients with acute traumatic patellar dislocation. The patients were identified
from the hospital discharge register using the appropriate diagnosis code S83.0 of
the 10" revision of the International Classification of Diseases (1996-2002: |CD-
10), and the original medical records of these patients were retrieved for re-
evaluation. The main inclusion criterion for the present study was primary traumatic
patellar dislocation confirmed by physical examination by an orthopedic surgeon
and by MR imaging (within 21 days from injury). All patients with a history of
previous patellar dislocation or subluxation were excluded. In addition, as the
purpose of this study was to investigate long-term, nonoperative healing of the
injured MPFL, any patient who had had patellofemoral surgery of any kind (open or

arthroscopic, proximal or distal realignment procedure) during the first 6 months
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after injury was excluded. Multi-ligamentous knee injuries and patients with other
previous traumas or mgjor complaints of the knee joint were excluded aswell. To be
included, aftercare was documented to have been supervised and successfully
completed. After careful review of the records, 53 of the 163 patients identified with
adidocated patella were classified as having sustained a first-time traumatic patellar
dislocation without any patellofemoral surgery performed during the first 6 months
after the incident.

The study hypothesis was that the MPFL injury location may predict different
prognosis, and that the healing capacity for stabilizing the patella after identical
nonoperative treatment may vary according to the MPFL injury location. In
addition, the possible chondral lesions initially occurring at the primary event, their
relation to the MPFL injury, and the outcome after nonoperative treatment were
evaluated. Using the initial MR images, MPFL injuries were classified into three
regions. MPFL at the level of its patellar insertion, MPFL at its midsubstance, and

MPFL at its femoral origin, as assessed from transverse MR images.

7.15.1 Outcome measurements

The number of patients with subsequent instability (redislocation, painful
subluxation) was the primary outcome in this study. Patients were also asked
whether they had regained their preinjury level of activity by follow-up. Clinical
follow-up examinations were performed at the Central Military Hospital, Helsinki
during the years 2006-2007, as described in Section 7.1.2.1. The radiographic
analysis was performed as described in Section 7.1.2.1. The chondral lesions at
follow-up were classified by MRI according to their depth as described in Section

7.1.2.1.
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7.2 Methods of analysis

7.2.1 Statistical methods for calculating the incidence and
risk factors for primary traumatic patellar dislocation

(Data I)

In the statistical analysis, the Kruskal-Wallis test was used to test differences in the
non-parametric ordinal data (age), and the independent samples t-test in the
continuous normally digtributed data (height, weight, BMI, muscle strength, run
test) between the groups (primary traumatic patellar dislocation yes/no). Differences
in the two-way tables were determined with the Pearson chi-square test.
Significance was set a P < 0.05. SPSS 12.0.1 for Windows software (SPSS Inc,

Chicago, Illinois) was used for statistical analysis.

7.2.2 Statistical methods for the outcome variables for

data ll, lll and V

The Kruskal-Wallis test was used to test differences in non-parametric ordinal data
and the independent samples t-test in the continuous normally distributed data
between the groups (Data Il and I11) or injury locations (Data V). Differences in the
two-way tables were determined with the Pearson chi-square test or Fisher’s exact
test when appropriate. As the chi-square test is not reliable if the expected values are
small (as was the case in data V; other than femoral MPFL injury locations), further
testing to localize a significant finding was performed using either a subset of the
original six cell table (femoral, midsubstance and patellar locations) or the two by

two table statistics (femoral location compared to any other location) with Fisher’'s
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exact test (Data V). Significance was set a P < .05. SPSS 14.0 for Windows

software (SPSS Inc, Chicago, Illinois) was used for statistical analysis.

7.2.3 Statistical methods for the prospective, randomized

study (Data IV)

The Kruskal-Wallis test was used to test differences in non-parametric ordinal data
between the groups and the independent samples t-test in the continuous normally
distributed data between the groups. Differences in the two-way tables were
determined with the Pearson chi-square test or Fisher’ s exact test when the expected
cell count was less than five. Significance was set a P < 0.05. SPSS 14.1 for

Windows software (SPSS, Chicago, Illinois) was used for the atistical analysis.

The sample size calculation was based on the assumption that the redislocation
rate would be 50% in the nonsurgically treated group and 10% in the surgically
stabilized group, which would require seventeen patients in each group for a power
of 80%, atype-l error ([alpha]) of 0.05, and an estimated effect size of 1.0. Using
the same assumption, (50% and 10%, correspondingly), assessing subjective
instability (subluxation) and end-point articular cartilage lesions would require
seventeen patients in each group to provide similar study power and type-l error
numbers as above. The sample size requirement of sixteen patients per study group
was calculated with use of a study power of 80%, atype-I error ([alpha]) of 0.05 and
an estimated effect size of 1.0 regarding the subjective end-point outcome measured
by the Kujala scoring system. This was based on an assumption that the mean
Kujala symptom score would be 70 for the nonoperatively treated and 85 for the

surgically stabilized group.
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8. RESULTS

8.1 Epidemiology and risk factors of primary

traumatic patellar dislocation

The number of acute traumatic primary patellar dislocations among male conscripts
was 73 and the calculated incidence was 77.4 (95% CI: 61.1 to 96.8) per 100 000
persons per year, while the corresponding figures in females were 2 and 104.6 (95%
Cl: 0 to 248.1) per 100 000 persons per year. Due to the small number of female
cases, they were excluded from the risk factor analysis. The median age of the male
patients was 20 years (range, 18 to 23 years) (Table 3), and the median duration of
the military service before onset of the primary patellar dislocation was 3 months
(range, 0 to 11 months). Twenty-two male patients (30%) suffered an acute
traumatic patellar dislocation during the first month of service. Forty-six cases
(63%) occurred in sports activities and 27 cases (37%) in military training. The most
common injury events were a same level fall in 21 cases (29%), near-fall with
valgus knee stress in 20 cases (27%), collision with other person in 16 cases (22%),
and other event (wrestling, climbing, weight lifting, combat training) in 16 cases
(22%) during military exercises or sporting activities. Knee flexion with tibial
valgus position was the leading mechanism of injury (93% of the cases), while a
direct impact to the knee from falling to the ground was the cause of patellar

didocation in 7% of the cases.
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Table 3. Risk factors for acute traumatic primary patellar dislocation among
Finnish male conscripts (mean and standard deviation).

Risk factor Acutetraumatic Healthy controls p-value

p_rimar)_/ patellar (n=128 436)

dislocation

(n=72)

mean (SD) mean (SD)

Age(y) 19.8(0.9) 20.0 (1.3 0.287
Height (cm) 180.5(7.3) 178.7 (6.6) 0.033*
Weight (kg) 77.2 (14.5) 73.3(127)  0.018*
Muscle strength (points) 16.4(3.6) 16.4 (3.6 0.913
Run test (m) 2500 (372) 2520 (355) 0.719
Body mass index 23.6 (3.9 229 (3.5 0.125

* considered significant with p-value < 0.05

In 28 male patients (38%) who underwent MRI scans, the specific findings included
visualized MPFL and medial retinacular ruptures in al 28 dislocated kneecaps
(100%). Concomitant injuries occurred in 32 (44%) patients, including
osteochondral fracture (present in 12/28 of the MRI cases), three meniscal ruptures
(4%), and an ACL rupture in one patient (1%). Ten patients were permanently
discharged from military service due to patellar dislocation (one with ruptured ACL)
and five patients were transferred to physically less demanding duties. Of the 72
patients, 57 (79%) were able to return to normal military service and training
activities within a median of 51 days (range, 15 to 120 days). One redislocation
occurred during the follow-up period. The patients with traumatic primary patellar
dislocations were taler (180.5cm vs. 178.7cm, p=0.03) and they weighed more
(77.2kg vs. 73.3kg, p=0.02) than the controls (Table 3). The occurrence of acute
traumatic primary patellar dislocation was not associated with body mass index

(p=0.13), result of the 12-min run test (p=0.72), or muscle strength (p=0.91).
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8.2 Long-term outcome of medial patellofemoral
ligament reconstruction compared with distal

realignment

A relatively low redislocation rate was found in both of the study groups. There was
one redislocation (1/15, 6.7%) in the MPFL reconstruction group treated with
adductor magnus tenodesis, and three redisocations (3/21, 14.3%) in the
comparison group treated by the Roux-Goldthwait distal realignment procedure
(p=0.52). Painful subluxations and PF reoperations due to patellar instability were
similarly infrequent in both groups. The reoperation rate for redislocations was 7%
(/15) in the MPFL reconstruction group and 14% (3/21) in the distal realignment
group (p=0.68) (Table 4). The subjective and functional outcomes were good in
both groups. The median Kujala score for subjective symptoms and functional
outcome in the MPFL reconstruction group was 88 points (range, 57-100) and in the
distal realignment group 86 points (range, 58-100) (p=0.68). The median Tegner
activity scoreswere 4 (range, 2-8) and 5 (range, 2-7) (p=0.84), respectively. Clinical
examination including assessment of ROM (values 141 [range 130-155] and 144
[135-155], respectively) did not reveal any significant differences between the

groups.

105



Table 4. Results of MPFL reconstruction compared with distal realignment.

Study Parameter MPFL reconstruction Distal realignment  Statistical Value

(median; range) (median; range) (p)

Redislocation, number (%) 1 (6.7%) 3 (14.3%) 0.52
Kujala score (maximum 100 points) 88.0 (57-100) 86.0 (58-100) 0.68
Excellent (95-100 points), number 4 5

Good (85-94 points), number 6 7

Fair (65-84 points), number 4 6

Poor (64 or less points), number 1 3

Visual Analog Scale (0-100 mm) 10 (0-50) 10 (0-60) 0.51
Tegner activity level (1-10) 4 (2-8) 5(2-7) 0.55
Control MRI 13 17

Painful subluxations 2 2

Chondral lesions on MRI 10/13 12/17 0.20
Full-thickness' articular cartilage loss 7/13 7117 0.11
Reoperated 2 3 0.93
Arthrosis on native radiographs* 0 5 0.04

Grade | or more severe

"Chondral lesion Grade Il or more severe; 'chondral lesion Grade IV (chondral
lesions classified according to their depth using the numeric grading system
developed by the International Cartilage Repair Society; *Grade | or more severe
according to Ahlbéck

Radiographic signs of PF OA were more frequent among patients treated with the
Roux-Goldthwait procedure. In this group, five patients had OA (at least Ahlback
Grade 1) in the PF joint compared with none in the MPFL reconstruction group,
indicating a statistically significant difference (p=0.04) (Table 4). OA (according to

Ahlback) was not seen in the PF joint on plain radiographs at the time of surgery.
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Likewise, the tibiofemoral joint was graded as normal in all of the cases. Regarding
the tibiofemoral joint, at follow-up, none of the patients in either group had chondral
lesions on MRI (Grade Il or more severe), and the plain radiographs were graded as
normal (Ahlback Grade 0) for all patients. Distributions of the chondral lesions
showed no statistically significant differences between the groups. In the distal
realignment group, it was noted that the patients with full-thickness articular
cartilage loss on MRI also had severe OA deformities on the plain radiographs. In
the MPFL reconstruction group, full-thickness articular cartilage lesions were also
detected, even in up to 50% of the patients, but none of them had developed major

articular cartilage loss typical of PF OA.

8.3 Arthroscopic surgery for primary traumatic
patellar dislocation: a comparison of treatment

with and without initial medial retinacular repair

During the follow-up period, five of the 26 patients (19%) in the arthroscopic
surgery group and eight of the 35 patients (23%) in the nonoperative group had
patellar redislocation, but the difference was statistically nonsignificant (p=0.84).
Painful patellar subluxation occurred in three patients who underwent arthroscopic
surgery and in eight nonoperatively treated patients (p=0.18). Patellar instability was
thus present in eight of the 26 patients (31%) in the arthroscopic surgery group and
in 16 of the 35 patients (46%) in the nonoperative group (p=0.34). The median
Kujala score was 87 points among patients after arthroscopic media retinacular
repair (range, 52-100) and 90 points after nonoperative treatment (range, 59-100)
(p=0.22), both indicating a good overall functional outcome. The median Tegner

activity scores were 5 (range, 3-7) and 5 (range, 3-10) (p=0.91), respectively.
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After arthroscopic medial retinacular repair, 81% (21/26) of the patients were able
to regain their preinjury activity level by follow-up compared with 57% (20/35) in
the nonoperative group (p=0.05). Three arthroscopic surgery patients and five
nonoperative patients underwent later operations due to patellar redislocation or

instability (p=0.81).

At the time of injury, hemarthrosis was present in all patients in both groups. In
44 of the 46 (96%) original nonoperative cases, MPFL rupture was detected by
MRI. The most common MFPL injury was avulsion of the femoral attachment,
which occurred in 25 patients (57%), followed by midsubstance MPFL tear in 10
patients (23%) and patellar avulsion in the remaining 9 patients (20%). Ten of the
19 MPFL tears classified as other than femoral avulsions had signs of partial
disruption also at the femoral attachment, seen as wavy and stretched ligament
fibres on the MRI scans. Two MPFL dructures were continuous but wavy and
stretched, and classified as partially ruptured. Since only 8 of the 30 patients (27%)
in the arthroscopic group underwent initial MRI, no conclusions on a specific

medial structure injury pattern could be made in this group.

At follow-up, altogether 29 patients representing both study groups underwent a
control MRI. All of these patients had superficial, at least grade Il chondral lesions
in the patellar articular cartilage detected by MRI, and over 50% of the lesions were
severe, Grade I11 to 1V lesions. Regarding presence of OA characteristics in the PF

joint, no gtatistically significant differences were found between the groups.
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8.4 Treatment with or without initial stabilizing
surgery for primary traumatic patellar dislocation:

a prospective randomized study

In the group treated with surgical stabilization, no redislocations were identified
within a median follow-up time of 7.0 years (range, 6 to 8 years). Six (29%) of the
twenty-one nonoperatively treated had had a redislocation within a median follow-
up of 7.0 years (range, 5 to 9 years) (p=0.02). Patellar subluxation was noted in 2
patients in the group treated with surgical stabilization and in 4 patients in the
nonoperatively treated group (p=0.67), but none of these patients underwent a later
operation during the follow-up period. Thus patellar instability (redislocation or
subluxation) of the patella was reported in 2 (2/17, 12%) patients in the group
treated with surgical stabilization and in 10 (10/21, 48%) patients in the
nonoperatively treated group (p=0.02). Three of the 6 patients with redislocation in

the nonoperatively treated group were operated on during the follow-up.

The median Kujala score was 91 points (range, 52 to 100), and in the group
treated with surgical stabilization and 90 points (range, 59 to 100) in the
nonoperatively treated group (p=0.82). The Tegner activity level score was 5 (range,
2 t0 9) in the group treated with surgical stabilization and 5 (range, 3 to 10) in the
nonoperatively treated group (p=0.65). Four patients in the group treated with
surgical stabilization and 6 patients in the nonoperatively treated group were unable
to return to their previous level of physical activity after the last follow-up. Of the
two kinds of surgical stabilizing procedures that were performed, the 13 patients
who underwent acute media repair were analyzed separately, and the following

scores were found: a median Kujala score of 92 points (range, 68 to 100) and a
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Tegner activity level of 6 (range, 3 to 9). No redislocations occurred in this

subgroup of 13 patients and none had painful subluxations.

An osteochondral fracture in the PF joint detected by MRI was observed in 7
(7122, 32%) patients in the nonoperatively treated group and in 6 in the group
treated with surgical stabilization (6/18, 33%) (p=0.92) with an overall occurrence
of 33% (13/40). The MPFL was found ruptured in all patients in the nonoperatively

treated group and in 17 patients in the group treated with surgical stabilization.

One patient in the nonoperatively treated group had a mild patella alta, and lateral
patellar displacement was seen in 4 patients (Table 5). MRI was performed at
follow-up on 29 of the 38 patients (76%) who were evaluated at long term. Of those
evaluated by MRI at long term, we found 11 patients (38%) with full-thickness
patellofemoral articular cartilage lesions visible on either side of the joint. When
comparing the development of osteoarthritic characteristics between patients with
and without redislocation, we found that severe patellar chondral lesions were more
frequent among the redislocators, but the differences were not datigicaly
significant. Three of the 6 (50%) redislocators had an initial osteochondral fracture
compared with 10 (31%) of the 32 patients without redislocation.

Table 5. Radiographic findings in the surgical stabilization and nonoperatively
treated groups.

Study Parameter Surgical Nonoperative Normal Value
Stabilization Treatment
Median (Range) Median (Range)

Sulcus angle* 143 (135-148) 141 (135-148) < 150 degrees
Lateral patellar 0.0(-6to+5) -0.5(-8t00) Horizontally or
angle* laterally
Lateral patellar 0.0 (-2to+8) +2.0 (-4t0 +5) >0mm
displacement*

Blackburne-Peel ratio 0.94 (0.88-1.00) 0.96(0.85-1.08) 0.54-1.06

*Measured on the follow-up radiographs; the initial measurements were highly
pathological because of acute knee effusion, etc.
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8.5 Femoral avulsion of the medial patellofemoral
ligament predicts subsequent instability after

primary traumatic patellar dislocation

Of the 53 patients, 35 patients (66%) had femoral MPFL avulsion, 11 (21%) had
midsubstance MPFL disruption, and 7 (13%) had patellar MPFL disruption. At
follow-up, of the 42 patients who were controlled, there were 25 MPFL disruptions
in the femoral, 11 in the midsubstance, and 6 in the patellar region. Patellar
instability (including redislocation and painful subluxation) was significantly
associated with femoral MPFL avulsion. Unstable patellae were reported by 13
patients (13/25 [52%]) in the femoral MPFL avulsion group, compared with 1 (1/11
[9%]) in the midsubstance group, and 1 in the patellar group (1/6 [17%]) (p=0.01).
There were 8 subsequent patellar redislocations that were documented at an
emergency visit to a physician (8/25) in the femoral group, compared with 1
redislocation (1/11) in the midsubstance group, and O in the patellar group (0/6)
(p=0.05) (Table 6). Six patients who reported subsequent PF stabilizing surgery due
to patellar redislocation (5 in the femoral and 1 in midsubstance group) were
considered as instable after initial nonoperative management in the final follow-up

results.

The overall subjective and functional outcomes were not related to MPFL injury
location. The median Kujala score for subjective symptoms and functional outcome
was 90 points in the femoral (range, 76-100), 91 in the patellar (range, 59-100), and
96 points in the midsubstance region (range, 68-100) (p=0.76). When we excluded
the 5 patients with femoral MPFL injury who underwent later stabilizing surgery,
the median Kujala score for the 20 remaining patients in the femoral group was 85

points (range, 76-100) compared to 94 points (range, 59-100) in patients with MPFL
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injury in the midsubstance or patellar region (p=0.59). The median follow-up
Tegner activity scores were 5 for femoral (range, 3-8), 6 for patellar (range, 4-7),
and 5 for midsubstance (range, 2-7) region MPFL injury, respectively (p=0.32).
Preinjury activity level had been best regained in the midsubstance region group
(9/11, 82%), followed by the patellar region group (4/6, 67%) and the femoral
region group (13/25, 52%). When the femoral region was compared to other groups,

asignificant correlation not to regain preinjury activity level was found (p=0.05).

Table 6. Results of the follow-up examinations regarding MPFL injury location.

Study Parameter Femur Patelat Midsubstancet P Value
(Range, (Range, (Range,
proportions) proportions) proportions)
Number of patients 35 7 11
Followed-up patients 25/35 (71%) 6/7 (86%) 11/11 (100%)
Redislocation 8/25 (32%) none 1/11 (9%) 0.05*
Overdl Ingabilityt 13/25 (52%) 1/6 (17%) 1/11 (9%) 0.01*
Kujala score (maximum 100 90(76-100) 91(59-100) 96(68-100) 0.76
points) 85(76-100)#
ubjective result:
Excellent 8/25 (32%) 2/6 (33%) 6/11 (55%) 0.32
(95-100 points), number
Good 10/25 (40%) 4/6 (66%) 3/11 (27%) 0.81
(85-94 points), number
Fair 6/25 (24%) none 2/11 (18%) 0.70
(65-84 points), number
Poor 1/25 (4%) none none
(64 or less points), number
Tegner activity level (1-10), 5(3-9) 6(4-7) 5(2-7) 0.32
at follow-up
Regain preinjury activity 13/25 (52%) 4/6 (67%) 9/11 (82%) 0.05*
level
Visual Analog Scale 10(0-70) 10(0-50) 10(0-20) 0.96
(0-100 mm)
Subsequent surgery 5/25 (20%) none 1/11(9%) 0.39

T Major injury location divided into three regions and assessed by two radiologists
in consensus, ¥ Overall instability including subjective symptoms of patellar
instability (multiple subluxations); # A subset of patients who did not undergo
subsequent stabilizing surgery, the median Kujala score for the remaining patients
in the femoral group; * Considered significant (P < .05) when femoral MPFL injury
was compared to patella and midsubstance injuries.
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Initial osteochondral fractures were seen in 28% (15/53) of cases, but they did not
predict subsequent instability (p=0.74). The occurrence of osteochondral fractures
was not related to MPFL injury location (p=0.97). Distributions of the initial
chondral lesions showed no statistically significant differences between the MPFL
injury locations. In radiographic measurements at the time of dislocation, 5 of 53
patients (9%) had an abnormal TG, 11 patients (21%) had patella alta, and 4 patients
(8%) had an increased TT-TG distance. However, the majority of values in each

MPFL injury group were normal.

At follow-up, full-thickness articular cartilage lesions as signs of PF OA
development were frequently found; in 45% of cases at the medial or lateral patellar
facets and in 31% of cases at the articular surface of the femoral TG. This finding
was unrelated to the MPFL injury location. Patellar instability was not significantly
more frequent in patients with initial osteochondral fracture when compared with

patients without osteochondral fracture.
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9. DISCUSSION

This thesis summarizes the incidence and risk factors of primary traumatic patellar
dislocation and the long-term results of MPFL reconstruction and, furthermore, the

clinical aspects of primary traumeatic patellar dislocation and MPFL injury.

Primary traumatic patellar dislocation is a common injury. The population-based
incidence of primary traumatic patellar dislocation is described in a sample of 130
708 young adults and the follow-up period was 96,200 person-years. Our findings
indicated that patellar dislocation represents a substantial cause of morbidity in a
population of young male adults. The incidence rate of 77 per 100 000 males per
year was relatively high. Previoudly, an incidence of 43 per 100 000 was found in a
Finnish pediatric population of 0 to 16 yearsold (Nietosvaara et al. 1994). However,
the rarity of primary dislocations during the first five or ten years of age may have
lowered their incidence rate. Another study has reported an incidence of primary
patellar dislocations to be 31 per 100 000 in 10 to 19-year-olds and 11 per 100,000
in 20 to 29-year-olds (Atkin et a. 2000). However, the older age group included
only 14 patients, and of all the patients, only 63% had medial restraint injury. A low
average annual risk for primary patellar dislocation of only 9 per 100 000 was found
in 18 to 29-year-olds (Fithian et al. 2004), athough the incidence presented was
based on patients seen at the follow-up visit. Only 49% of all their patients had an
MPFL rupture, as had been shown in their previous study (Elias et al. 2002),
indicating that they did not limit their sample to traumatic dislocations only. Also,
the authors did not mention whether all their patients had traumatic disruption of the

medial restraints.
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In the first study of this thesis, when MRI or open surgery was performed the MPFL
was always found ruptured (100%), indicating that a relatively high-energy trauma
had occurred, mostly during sports activities, to previously noninjured medial
restraints of the knee. The finding is in agreement with previous reports showing
that MPFL rupture is present in about 90-100% of acute patellar dislocations
(Avikainen et al. 1993; Sallay et a. 1996; Nomura 1999; Sanders et al. 2001).
Traumatic patellar dislocation occurred mostly on a distally fixed extremity, in
either flexed or rotated position with valgus stress, a situation typical of sport
activities or military training exercises, and resulting in acute knee hemarthrosis.
Most (79%) of the patients returned to physically demanding military service, which
is an indication of a somewhat better recovery rate than has been previously
reported (Atkin et al. 2000). The form of treatment, with or without surgery, was not
associated with the number of daysthe patients were released from duty, whichisin
line with the results of the prospective studies regarding the treatment modalities for
primary patellar dislocation (Nikku et al. 2005; Christiansen et al. 2008).

Height and weight were associated with an increased risk for primary patellar
dislocation; the patients were somewhat taller and weighed more than the controls.
It can be assumed that the energy impact on the knee during trauma may be greater
in heavier and taller persons, thus contributing to patellar dislocation. It was also
found that the dislocators were individuals with a normal body-mass index rather
than overweight. Aerobic performance and muscle strength did not differ between
the male patients with traumatic primary patellar dislocation and the controls, which
can be regarded as an interesting finding. Female gender has been found to be
associated with increased rates of patellar dislocation in some studies (Larsen and
Lauridsen 1982; Nikku et al. 2005). In the present study, femae subjects were

excluded because of their small proportion (1.5%) and the bias effect due to the
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voluntary nature of female recruitment into the military, which would be likely to
render any conclusion regarding incidence and risk factorsin females inaccurate.

In the long-term follow-up, MPFL reconstruction prevented PF OA progression,
as reported in the second study of this thesis. In the MPFL reconstruction group,
only one patellar redislocation occurred during the median follow-up period of 10.1
years. The patients who underwent distal realignment surgery (comparison group)
were treated by the Roux-Goldthwait procedure, which has been considered a
reliable method for recurrent patellar dislocation in the literature (Chrisman et al.
1979; Jalovaara et a. 1988; Marcacci et a. 1995; Koskinen et al. 1998). Good long-
term results were achieved in both groups with the redislocation rate being 11%
(4/36). No statistically significant differences were found between the groups with
the exception of PF OA seen on the plain radiographs in the distal realignment
group. Recurrent patellar subluxation or dislocation may predispose to the
development of PF OA (Arendt et al. 2002), although this was not confirmed by the
subjective scores. There is, however, some evidence that the severity of PF OA and

PF scoring do not correlate very well (Niskanen et al. 2001; Han et al. 2005).

Based on the findings of the second study, early signs of OA in the PF joint can
be seen on MRI at the age of 30 years in patients with patellar dislocation. Of the 35
patients, there were five patients (14%) with PF OA visible on plain radiographs as
well, all in the distal realignment group. Previously published data on patients with
PF OA changes after operatively treated patellar dislocation have shown proportions
between 4% and 70% (Hampson and Hill 1975; Crosby and Insall 1976; Iwano et al.
1990; Arnbjornsson et al. 1992; Maenpaa and Lehto 1997). However, these studies
included a wide range of patients with ages up to 50 to 60 years, suggesting PF OA
may have been caused by factors other than patellar dislocation. In this study,
although the median follow-up for the MPFL reconstruction group was 3 years

longer than for the distal realignment group, no PF OA was seen on plan
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radiographs following the MPFL reconstruction. It might be that the MPFL
reconstruction technique prevented further deterioration of articular cartilage lesions

and initiation of PF OA deformities.

In the third study of this thesis, the long-term outcomes after initial arthroscopic
medial retinacular repair were compared with those after nonoperative treatment for
primary traumatic patellar dislocation. We found that the redislocation rate after
arthroscopic medial retinacular repair was not significantly lower compared to
nonoperative treatment, which suggested that the initial arthroscopic medial
retinacular repair showed only limited efficacy for stabilizing the patella after acute
injury to the medial restraints. The only statistically significant improvement
achieved by arthroscopic medial retinacular repair was that these patients were able
to approach their preinjury physical activity level more closely than those treated
without a stabilization procedure. Previous studies with arthroscopic PF stabilizing
surgery have al, except one (Yamamoto 1986), included mainly patients with
chronic patellar instability (Small et al. 1993; Henry and Pflum 1995; Ahmad and
Lee 2001; Habrecht 2001; Haspl et al. 2002; Schottle et al. 2006); this study

included only primary traumatic patellar dislocations.

Previous studies have revealed a high incidence (90% to 100%) of MPFL injuries
in connection with acute patellar dislocations (Avikainen et al. 1993; Nomura 1999;
Ahmad et al. 2000; Garth et al. 2000; Sanders et al. 2001). It has been hypothesized
that the failure to identify and correct incompetence of the MPFL at the site of
disruption may contribute to recurrent instability (Hautamaa et al. 1998). The
potential benefit of the less traumatic arthroscopic surgery is that surgical
complications are rare, e.g. descending and/or inferior genicular artery lesions
(Andrikoula et al. 2006) and infrapatellar nerve (branch of the saphenous nerve)
injuries (Andrikoula et al. 2006), which are both potential risks of open surgery. In
this study, an injury to the medial restraints was seen in every patient. In the
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arthroscopic medial retinacular repair group, the medial restraint repair was aimed at
the injury site to correct the defect. Because the MPFL is an extracapsular structure
(Warren and Marshall 1979), there might not be enough visibility to assess the
MPFL injury site when viewed through the arthroscope from inside the joint in case
of afresh retinacular injury. If the medial retinacular tear and midsubstance rupture
of the MPFL are accompanied by MPFL avulsion off the femur, MPFL function
may be inadequately restored by arthroscopic surgery only. It is known that the site
of an MPFL injury varies significantly; the seen injury site may not be the only

defect (Nomura 1999; Elias et al. 2002).

Based on the results of this study with a 7-year median follow-up, initia
arthroscopic medial retinacular repair should be considered with caution as a
treatment option for acute traumatic primary patellar dislocation when compared
with nonoperative treatment. It seems likely that this procedure will not reduce the
incidence of redisocations as compared with patients without a stabilizing
procedure. The main explanation for the relatively unsatisfactory results of the
initial arthroscopic medial retinacular repair in this study may be that it is not
appropriate for all of the traumatic MPFL and medial retinacular injury patterns. An
MPFL rupture site at its femoral attachment cannot be repaired by the arthroscopic
medial repair technique used in this study. The significance of the stabilizing role of
the MPFL was unclear at the onset of this study in 1996, and therefore we focused
on confirming the diagnosis of patellar dislocation by medial restraint injury by
MRI rather than assessing the specific MPFL injury sites. Recently, a mini-open
medial reefing procedure (Nam and Karzel 2005) and a mini-invasive MPFL
reconstruction technique (Sillanpda et al. 2009) have been described, which may

have a superior role to the arthroscopic surgery for stabilizing patella.

The fourth study in this thesis was a prospective randomized controlled study
comparing the outcome after treatment with and without initial stabilizing surgery
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for primary traumatic patellar dislocations. The principal finding was that initial
stabilizing surgery significantly reduced patellar redislocations (six versus none).
Within a median follow-up of seven years, however, no significant improvementsin
clinical scores were achieved by performing the initial stabilizing surgery. As the
primary outcome of the study was subsequent patellar instability after primary
dislocation, the reoperated patients in the nonoperative group were included in the
follow-up evaluation even though some of them had to undergo subsequent surgery
during the follow-up period. Based on the results of this study, it may be concluded
that patients who have high demands of patellar stability are likely to benefit from
initial surgical repair or reconstruction, since the expected rate for subsequent
patellar instability after nonoperative management in previous follow-up studies has
been 20-70% (Hawkins et al. 1986; Maenpaa et a. 1997; Nikku et al. 2005;

Christiansen et al. 2008).

Two previous, well-designed, randomized and prospective studies of acute
primary dislocations in adults were found (Nikku et al. 2005; Christiansen et al.
2008), one of which comprised mostly females (65%) and included also skeletally
immature patients less than 18 years of age (Nikku et a. 2005). No significant
improvement after initial operative management was demonstrated in their study.
Nikku et al. did not perform MRI to find a possible traumatic injury to the medial
structures, and the inclusion of skeletally immature patients may have had a
confounding effect (Nikku et al. 2005). The authors discussed the study outcome
with caution, considering that younger age and female preponderance have been
associated with higher redislocation rates in some studies (Larsen and Lauridsen
1982; Nikku et al. 1997; Mé&enpaa 1998; Nikku et al. 2005). Another recent,
randomized, prospective study of acute primary dislocations in patients treated with
either delayed surgical reinsertion of the MPFL to its femoral attachment or by

nonoperative management was reported by Christiansen et al. (Christiansen et al.
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2008), who, similarly to Nikku et al. (Nikku et al. 2005), found no significant
improvement after operative management. However, since initial MRI was not
performed, they did not report whether femoral avulsion of the MPFL was noted in
cases undergoing delayed surgical reinsertion of the MPFL to the femoral
attachment. They discussed this limitation, and it is reasonable to hypothesize that
some of their patients had an MPFL injury located in another site than the femoral

attachment.

An interesting finding of the fourth study was that the radiographs did not reveal
any traditional predisposing factors (Dejour et a. 1994; Mé&enpda and Lehto 1996;
Atkin et a. 2000), such as femoral trochlear dysplasia and patella alta, among the
redislocators. Initial stabilizing surgery was associated with a lower redislocation
rate but no difference was seen in the subjective results. The median Tegner
physical activity level was also the same in both groups. On the basis of this study,
MPFL and medial retinacular injuries and hemarthrosis are definite signs of an acute
primary traumatic patellar dislocation. According to current clinical and research
evidence, it seems rational that if traumatic patellar dislocation has occurred and an
MPFL injury isidentified, the choice of procedure would be medial repair or MPFL
reconstruction rather than a distal realignment procedure (Mehta et al. 2007; Colvin

and West 2008).

With regard to the anatomic location of the MPFL injury, the principal finding of
the fifth study was that MPFL avulsion at the femoral attachment in primary
traumatic patellar dislocation predicted subsequent patellar instability. A
significantly lower proportion of patients with femoral avulsion type MPFL injury
regained their previous activity level compared to patients with MPFL disruption in
the midsubstance or patellar region. Although many studies have reported MPFL
injury to be closely related to primary patellar dislocation, this study is the first to
explore the clinical relevance of the anatomic location of MPFL injury after primary
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traumatic patellar dislocation. Thirteen of the 15 patients who had subsequent
patellar instability after the primary incident suffered MPFL rupture at its femoral
attachment, indicating a significant relationship between patellar instability and a
femoral avulsion type MPFL injury. Based on the evidence from the present study,
femoral avulsion of the MPFL is strongly associated with subsequent patellar
instability if stabilizing procedures are not performed. Ruptures at the MPFL
midsubstance or patellar insertion regions, or presence of primary disruption and
additional partial MPFL tear, were not related to subsequent instability. These
results indicate that a rupture of the MPFL at its midsubstance or at its patellar
attachment can be successfully treated nonoperatively with infrequent subsequent
symptoms of patellar ingtability. Furthermore, it may be assumed that a
nonoperatively treated femoral avulsion of the MPFL may result in some potential
lengthening or loosening of the MPFL ligament and in subsequent patellar
instability. Therefore, if initial surgery is considered, it should be targeted a
repairing the femoral MPFL avulsion, and reconstructive surgery should be aimed at
restoring the integrity of the anatomic femoral attachment of the MPFL in order to
ensure better stability. It must be kept in mind, that the increased Q-angle and other

major dysplastic features of the PF joint should be observed before surgery.

In the current study, nonoperative treatment included the use of a commercial
patellar orthosis, in which the ruptured MPFL is believed to heal with scar tissue
formation while the ROM is restricted to prevent distension of the injured medial
restraints. After a tota rupture of the MPFL, a natural healing process might be
likely to take place, but also potential lengthening of the ligament structure may
follow (Mehtaet al. 2007). It is not known whether knee flexion restriction prevents
the MPFL lengthening, but biomechanical studies have shown that the MPFL is
loose at full knee extension and tightens immediately as knee flexion progresses,

though it has been debated (Feller et al. 2007). Whether the MPFL healing with scar
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tissue formation results in increased length in recurrent instability after primary
patellar dislocation is also unknown. In the case of femoral avulsion of the MPFL,
on the other hand, the ligament may theoretically fail to heal altogether due to loss
of integrity of the ligamentous structure. Whether the knee should be immobilized in
nearly full extension to prevent further loosening of the MPFL femoral attachment
is unknown (Mé&enpaa and Lehto 1997; Mehta et al. 2007). There is certainly arole
for initial nonoperative management with patellar orthosis, but prospective studies
are needed in the future with respect to patient suitability for different treatment

modalities.

9.1 Limitations of the study

A limitation of the study was the small number of female patients. Some additional
limitations were included in the data settings of this study. The first data which
calculated the incidence and risk factors of primary traumatic patellar disocation
had no long-term follow-up data available. However, an opportunity to follow
patients intensively during their military service was available as well as to record
any possible hedth problems during the physically demanding military training
period. The limitation of the second data was the lack of a nonoperative control
group, which would have given more data of the potential benefits of MPFL
reconstruction. The third data was limited by the lack of initial MRI, which was not
performed on all of the arthroscopic medial retinacular repair group patients, since
the treatment pathway depended of the availability of immediate arthroscopic
medial repair surgery. Thus, it was impossible to determine whether patients in the
arthroscopic medial retinacular repair group who suffered instability at follow-up
had femoral avulsion of the MPFL. Despite this limitation, both groups consisted of
relatively active young adults, with similar ages and follow-up times. Again, a
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limitation was the small number of female patients, and hence our findings only
apply to men. Combining LRR with arthroscopic medial retinacular repair technique
made it difficult to assess whether such combination was responsible for the result.
The surgical procedures employed for this thesis may be considered a limitation,
and hence conclusions concerning techniques other than those presented here should
be drawn with caution. However, with modern MPFL reconstruction techniques,

equal or even superior results could theoretically be expected.

9.2 Proposed treatment algorithm for primary

traumatic patellar dislocation

The initial evaluation of a primary traumatic patellar dislocation should include
appropriate patient history-taking, family history of patellar dislocation and
hyperlaxity, physica examination, and diagnostic studies, especialy MRI in
primary traumatic patellar dislocation. A treatment agorithm for primary traumatic
patellar dislocation is proposed (Figure 15) on the basis of the current literature and

the results of this study.
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Figure 15. Treatment algorithm for primary traumatic patellar didocation.
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10. SUMMARY AND

CONCLUSIONS

The incidence, nature and clinical aspects of primary traumatic patellar dislocation
were studied in this thesis. The clinical significance of MPFL injury was studied. A
population-based incidence and nonanatomic risk factors for traumatic patellar
dislocations were assessed among over 130 000 male adults. As pointed out in the
first study, a primary traumatic patellar dislocation is a relatively common injury. It
is noteworthy that a higher incidence rate was found in this study than previously
reported from smaller selected populations. However, it became clear that some of
the terms used in the previous literature did not have precise definitions or

consistent use (e.g. acute dislocation, instability, and malalignment).

The MPFL is the primary soft-tissue restraint of the patella, and several
techniques with promising results exist today to reconstruct this ligament.
Restoration of the MPFL function seems to be clinically important and prevent OA
progression, as shown by the second study. The role of arthroscopic stabilization of
the patella remains unclear. If arthroscopic medial repair was performed in primary
traumatic patellar dislocation, no stabilizing effect was achieved when compared to
nonoperative treatment. The MPFL is an extra-articular structure that cannot be

reconstructed arthroscopically.

The literature lacks level | trials, which would improve physicians' ability to

select the best type of treatment. The prospective randomized study of this thesis
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was somewhat different than the two former studies published, and the only study
with only traumatic primary dislocations included. Primary patellar dislocation is
likely to occur in sports activities or strenuous physical stress and, therefore, a
typical primary traumatic patellar dislocation is infrequently associated with
traditional anatomic dysplastic features. The most important finding of the study
was that if traumatic primary dislocation has occurred, patients with high demands
for patellar stability are likely to benefit from initial stabilizing surgery. Although
initial stabilizing surgery contributed to a more stable patella than nonoperative

treatment, no difference in functional outcome scores was seen.

Injury to the MPFL has been under surveillance for the last ten years. The
functional anatomy of this primary patellar stabilizer has been quite well
established. The clinical significance, however, has not been studied. According to
the results of this study, a significant correlation to poor outcome was found if the
MPFL was avulsed from the femoral attachment. A proper approach to primary
patellar dislocation should include MR imaging, and the planning of treatment for
first-time traumatic patellar dislocations should be based on the location and type of

the MPFL injury.

With the synthesis of the results of the fifth study, it is reasonable to further
conclude that patients with primary traumatic patellar dislocations and femoral
avulsion of the MPFL will benefit from initial stabilizing surgery. The surgical
procedure should include MPFL reconstruction and anatomic aberrations should be
addressed. Based on the results of this study, a treatment algorithm is proposed. A
recommendation for nonoperative treatment for primary traumatic patellar
dislocations is advocated except in the following situations: (1) femoral avulsion of
the MPFL is detected on MRI; (2) osteochondral fracture are detected amenable for

fixation or in need of removal; (3) MPFL injury and lateral subluxation of the
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patella are found in a patient with high demands for patellar stability; and (4) if the
initial nonoperative management fails. Based on the studies of this thesis, initial
surgical management is not needed if there is a midsubstance MPFL injury or a
patellar attachment MPFL injury without a substantial osteochondral fragment. The
arthroscopic procedure used in this study is not recommended for primary traumatic

patellar dislocation.

In conclusion, traumatic primary patellar dislocation is not a negligible cause of
morbidity among physically active young adults. MPFL reconstruction is the
preferred stabilizing procedure for patellar instability, and seems to prevent OA
progression in the PF joint. A recommendation is given to consider initial MPFL
repair or reconstruction for primary traumatic patellar dislocation with femoral
MPFL avulsion or in patients with high demands for patellar stability. A proper
initial assessment of primary traumatic patellar dislocation including MR imaging

should be performed.
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ABSTRACT

SILLANPAA, P., V. M. MATTILA, T. IIVONEN, T. VISURI, and H. PIHLAJAMAKI. Incidence and Risk Factors of Acute
Traumatic Primary Patellar Dislocation. Med. Sci. Sports Exerc., Vol. 40, No. 4, pp. 606-611, 2008. Purpose: The purpose of this
study was to investigate incidence, nature, and risk factors of primary traumatic patellar dislocations. Methods: We identified acute
first-time traumatic patellar dislocations from a national hospital discharge register. Patients with previous patellar dislocations,
subluxations, or knee traumas were excluded. The sample consisted of 128,714 Finnish male conscripts (median age 20). Background
risk factor data were obtained from a Finnish conscript service database. The dislocators were observed during their service period for a
short-term outcome. Results: From the 128,714 male conscripts, 278 had patellar dislocations, and 72 were classified as having
sustained first-time traumatic patellar dislocations. The 128,436 nondislocators served as a control group. The incidence of acute
traumatic primary patellar dislocations among male conscripts was 77.4 (95% CI: 61.1-96.8) per 100,000 persons per year. The male
patients with traumatic primary patellar dislocations were taller (P = 0.03) and weighed more (P = 0.02) than the controls. Hemarthrosis
was present in all patients, and when MRI or open surgery was performed, medial retinacular disruption and medial patellofemoral
ligament (MPFL) injury were identified. Patients’ return to military service was unrelated to the choice of treatment. Conclusion:
Primary patellar dislocation is not a negligible cause of morbidity among young male adults. It can be concluded that hemarthrosis and
MPFL rupture are the definite signs of an acute traumatic primary patellar dislocation. Height and weight were significant risk factors,
whereas poor physical performance was not associated with primary patellar dislocation. Key Words: PATELLA, EPIDEMIOLOGY,

MEDIAL PATELLOFEMORAL LIGAMENT, MILITARY TRAINING, WOUNDS AND INJURIES

rimary dislocation of the patella is a common cause

of morbidity in physically active young adults

(37,38). Atkin and colleagues (3) characterized the
first-time patella dislocators as young active persons with
few conventional predisposing factors. Acute traumatic
patellar dislocation has been described as one of the most
common causes of acute traumatic hemarthrosis of the knee
(13,37). Moreover, recurrence rates after primary disloca-
tion can be relatively high, up to 40% (22). Despite the
substantial overall morbidity caused by patellar dislocations
among young, active persons, the incidence of primary
traumatic dislocations of the patella has been poorly
described. The limitations of the existing studies include
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an imprecise definition of the primary patellar dislocation,
meaning that acute, traumatic, first-time dislocations have
not been adequately distinguished from habitual or non-
traumatic dislocations (35).

One of the common findings related to acute, primary,
traumatic patellar dislocations is hemarthrosis of the knee,
caused by rupture of the medial restraints of the patella
(18,34,36). Dislocations without an acute knee hemarthrosis
may be associated with the pathology of the patellofemoral
joint, such as patella alta (5,16), increased femoral sulcus
angle (9,26), increased Q-angle, and ligament hyperlaxity
with loose medial restraints, which may cause malalignment
of the patella (23,30). Thus, patients with these proposed
predisposing factors usually have a history of previous
patellar subluxations or dislocations, and a dislocation may
occur even while doing normal daily activities and without
sustaining additional traumas, such as forceful internal
rotation and knee valgus stress. To investigate the accurate
incidence and risk factor figures of a first-time patellar
dislocation, this study focused only on traumatic primary
patellar dislocations.

In addition to the pathology of the patellofemoral joint,
only a few nonanatomic risk factors for patellar dislocations
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have been described, including female sex and overweight
(8,21). Although there is no consensus regarding female
preponderance (3,15), the female sex has been found to
predict a higher recurrence rate (28). To our knowledge, the
association between modifiable risk indicators, such as
muscle strength and physical fitness, and patellar dislocation,
has not been previously described. There is some evidence
that quadriceps muscular weakness is associated with patellar
dislocations (29), but no population-based data exist.

The importance of a patient’s first patellar dislocation
cannot be overemphasized. The sequelaec can be harmful
and have been well described in the literature (2,21). More
than 50% of patients have complaints after the first-time
dislocation of the patella (24), and some level of osteo-
arthrosis of the patellofemoral joint will likely develop with
long-term follow-up (25). Previous studies show a pref-
erence for nonoperative treatment of primary patellar
dislocations (1,6,28), whereas patients with habitual dis-
locations and patellofemoral symptoms seem to benefit
from reconstructive surgery (11,19). Stefancin and Parker
recommended initial nonoperative treatment of a first-time
traumatic patellar dislocation in their systematic review of
70 articles (35). The differentiation of acute primary patellar
dislocation from habitual dislocation is, therefore, important
because of the varying treatment recommendations in
response to these two clinical situations.

Only two papers concerning the incidence rate of primary
patellar dislocation in a population-based setting among
adults have been published (3,12). However, those pub-
lications, from the same group in San Diego, CA, included
nontraumatic dislocations, and approximately one third of
the patients had injuries not related to sports or physical
activity. The aim of the present study was to investigate the
incidence, nature, and risk factors of acute primary
traumatic patellar dislocations in young male adults.

MATERIALS AND METHODS

Between January 1, 1998 and December 31, 2002, all
Finnish conscripts admitted to a military hospital as
inpatients for the treatment of patellar dislocation were
analyzed to assess the epidemiological figures, as described
later. The total number of conscripts who started their
service during the study period 1998-2002 was 130,708,
including 1994 (1.5%) women. The length of the service
period was 6, 9, or 12 months, and a new batch of
conscripts entered twice a year, in January and July. The
dates of entry and transfer or discharge of every conscript in
our study were registered, and these data were used in this
study to calculate the total time at risk. During the 5-yr
study period, Finnish conscripts aged 17-30 yr (median =
20 yr) served a total of 96,200 person-years.

Military service is compulsory to all Finnish men deemed
fit for service at the entrance medical examination, and 80%
of them serve their service period to the full. Women have
been able to enter the military service on a voluntary basis

since 1994. All residents of Finland are assigned a 10-digit
number, which, after approval by the appropriate authority
and ethical committee, may be used in scientific research.
Using this identification number, we linked the conscripts’
primary diagnosis, medical records, and background data to
the Finnish National Hospital Discharge Register (NHDR).
In addition to diagnosis, the NHDR provides information
about the cause of injury, length of hospitalization, and age
and domicile of the patient. Established in 1967, the Finnish
NHDR is continually updated and monitored for quality by
the Department of Registers and Statistics of the National
Research and Development Center for Welfare and Health,
Helsinki, Finland.

During their military service period, all conscripts were
required to use the services of the military hospitals.
Admission or visit to a private hospital or clinic is forbidden
for conscripts, and, even if they were first attended to
(against regulations) in a civilian hospital, they were
promptly transferred to a military hospital. Therefore, any
interruption of daily military service is registered, and
injury data are recorded in the NHDR database.

This study focused on patellar dislocations meeting the
definition of an acute traumatic physical injury resulting in
a first-time patellar dislocation. To identify the patients,
first, the appropriate diagnosis code S83.0 of the 10th
(1996-1999: ICD-10) revision of the International Classi-
fication of Diseases (39) for acute traumatic patellar
dislocation was used (both primary and secondary disloca-
tions included). Patellar dislocation data were obtained from
the NHDR concerning all Finnish conscripts admitted alive
to military hospitals as inpatients for the treatment of
patellar dislocation between January 1, 1998 and December
31, 2002. The original medical records of all patients
hospitalized with the main diagnosis of S83.0 were then
obtained for reevaluation by the authors. Altogether, 287
conscripts with patellar dislocations were identified.

The inclusion criterion for the present study was an acute,
first-time traumatic patellar dislocation confirmed by MRI,
arthroscopy, or physical examination by an orthopedic
surgeon (palpable defect or tenderness of the medial patellar
stabilizers and dislocatable patella). The exclusion criteria
were a history of previous patellar dislocations in the same
knee, subluxations, or other previous traumas or major
complaints of the knee joint, and first-time patellar
dislocation without trauma. Thus, nontraumatic situations,
such as dislocation during normal gait or squatting, or dis-
location without forceful knee stress, were excluded. Trau-
matic dislocations occurred mainly during sports activities or
military exercises, and the patients were admitted, almost
immediately afterward, to hospital for acute knee pain.

After careful reconsideration of the medical records, 74
of the 287 conscripts identified with a dislocated knee were
classified as having sustained a first-time traumatic patellar
dislocation without a history of previous knee trauma or
knee joint complaint. One patient had sustained a bilateral
dislocation (two independent traumatic dislocations); thus, a
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total of 75 knees were involved. Only two females were
found; therefore, we excluded them from the analysis.

The population of 128,714 male conscripts was analyzed
as two groups: the subject group, consisting of 72 patients
with a total of 73 primary traumatic dislocations; and the
control group, consisting 128,436 male conscripts without
patellar dislocation (206 male conscripts with secondary or
nontraumatic dislocations occurring during military service
were excluded from the risk factor analysis) (Fig. 1). The
remaining 1994 (1.5%) females from a total of 130,708
conscripts were excluded from the analysis, because no
reliable generalization to a female population can be drawn
The incidence rate for traumatic primary patellar disloca-
tions was calculated by dividing the number of knees with a
first-time traumatic patellar dislocation by the total exposure
time. The corresponding 95% confidence intervals (CI)
were calculated, and the incidence rate was presented per
100,000 persons per year.

We followed the patients from the day of entrance until
completion of their military service. According to army
regulations, conscripts with health complaints preventing
them from attending normal military service (such as
patellar dislocation) were required to seek medical assis-
tance without delay, as provided by the Finnish Defence
Forces. The number of days exempted from duty was used
to describe the morbidity as well as the consequences of the
acute, traumatic, first-time patellar dislocations in this
study. In cases of severe impairment from trauma, the
service of the conscript could be postponed for 6-12
months, after consideration by physician. The IRB accept-
ing this study was the medical ethics committee of the
Finnish Defence Forces. Because the study was based on
register data, and no clinical patients were enrolled,
informed written consent was not required.

Information on conscripts’ background variables, such as
service data and physical fitness, has been collected, since

128,714 male

conscripts

K—Iﬁ
128,436 male
conscripts without
patellar dislocation

278 male conscripts
with patellar
dislocation

I 1
4 72 male conscripts ) 206 male conscripts
with with secondary or

Control group

traumatic primary non-traumatic patellar

\ patellar dislocation ) dislocation

)

Subject group

~ @@

FIGURE 1—Primary traumatic patellar dislocations among 128,714
Finnish male conscripts, and selection of study participants for risk
factor analysis.

1997, into a computer-stored database. The data include the
age, sex, height, and weight of every conscript, as measured
during the first days of military service. In addition, aerobic
and physical fitness are assessed during the first weeks
of the military service; aerobic fitness is based on the
Cooper 12-min run test and a physical fitness score with
five measures obtained for muscle strength. Muscle strength
was assessed using five standardized Finnish Defence
Forces muscle strength tests: standing long-jump distance,
and the number of sit-ups, push-ups, pull-ups, and back
extensions, each with a test score of 0-3 points. Standing
long jump using both feet was performed twice, and the
better result was recorded. Sit-ups were done with the
subject lying supine on the floor, with hands behind
the neck and directing the elbows straight forward. The
knees were flexed at an angle of 90°. The result of this test
was expressed as the number of sit-ups completed in 60 s.
The number of push-ups in 60 s were recorded, from the
lowest face-down position until arms were fully extended
while keeping the torso straight. The number of completed
pull-ups in 60 s was recorded. Back extensions were done,
with hands behind the neck while lying face down, and the
number of times the shoulder was raised 30 cm from the
floor during 60 s was calculated. Summing the scored items
yielded an overall muscle strength score, with a maximum of
15 points.

MRI was performed at the time of the primary traumatic
dislocation, both to ensure diagnosis and to define the
possible injuries of the medial restraints (disruptions of
medial retinaculum and the medial patellofemoral ligament
(MPFL)). MRI was not an inclusion criterion, and, thus,
MRI was not performed in all of the 73 dislocations. All
MR images were viewed by the same senior, musculo-
skeletally specialized radiologist, to minimize interobserver
error. An MRI 1.0-T scanner was used (Signa Horizon, GE
Medical Systems, Milwaukee). A knee coil with a field of
view (FOV) of 10-16 cm was used. Slice thickness was 3
mm, with a 0.5- or 1.0-mm intersection gap. Sagittal proton
density (PD) spin-echo (SE) sequence images with fat
suppression (repetition time (TR)/echo time (TE) = 3400
ms/17 ms, with two signals averaged and a 256 x 256 (516)
matrix) and sagittal T1-weighted spin-echo (SE) sequence
images (680/11, with two signals averaged and a 256 x 256
(512) matrix) were obtained. T2-weighted fast spin-echo
(FSE) sequences with fat suppression were obtained in the
axial images (2560/85, with two signals averaged and a 256
x 256 (512) matrix) and in the coronal images (4000-4600/
72-90, with two signals averaged and a 256 x 256 (512)
matrix).

The Kruskal-Wallis test was used to test differences in
the continuous skewed data (age), and the independent-
samples #-test was used for the continuous unskewed data
(height, weight, BMI, muscle strength, run test) between
groups (primary traumatic patellar dislocation: yes/no).
Differences in the two-way tables were determined with the
Pearson chi-square test. Significance was set at P < 0.05.
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SPSS 12.0.1 for Windows (SPSS Inc., Chicago, IL) was
used for the statistical analysis.

RESULTS

The number of acute traumatic primary patellar disloca-
tions among male conscripts was 73, and the calculated
incidence was 77.4 (95% CI: 61.1-96.8) per 100,000
persons per year; the corresponding figures in females were
2 and 104.6 (95% CI: 0 to 248.1) per 100,000 persons per
year. Because of the small amount of female cases, they
were excluded from the analysis. The median age of the
male patients was 20 yr (range, 18-23 yr) (Table 1).
Twenty-two male patients (30%) suffered acute traumatic
patellar dislocations during the first month of service. The
median service time before dislocation was 90 d (range,
4-313 d). Forty right patellac and 35 left patellac were
involved (including one male patient with two independent
dislocations in both knees).

Forty-six male cases (63%) occurred in sports activities,
and 27 male cases (37%) occurred in military training. The
most common injury events were a same level fall in 21
cases (29%), near-fall with valgus knee stress in 20 cases
(27%), collision with other person in 16 cases (22%), and
other event (wrestling, climbing, weight lifting, combat
training) in 16 cases (22%) during military exercises or
sporting activities. Knee flexion with tibial valgus position
was the leading mechanism of injury (93% of the cases),
and a direct impact to the knee from falling to the ground
was the cause of patellar dislocation in 7% of the cases. In
most cases, the diagnosis of acute traumatic patellar
dislocation was made on the day of the onset of the injury
(range, 0—15 d).

Hemarthrosis, either seen during arthroscopy or con-
firmed by puncture, was found in all of the patients with an
acute traumatic primary patellar dislocation (100%). Even
though hemarthrosis was not an inclusion criterion, it was
present in all of the 73 male conscripts’ dislocations. In 28
male patients (38%) who underwent MRI scans, the specific
findings included visualized MPFL and medial retinacular
ruptures in all 28 dislocated kneecaps (100%), and in three
patients who underwent open surgery, a rupture of MPFL
was found in all three cases. MRI was performed within a
median of 4 d (range, 1-28 d) from the injury. Concomitant

TABLE 1. Risk factors for acute traumatic primary patellar dislocations among Finnish
male conscripts (mean and standard deviation).

Acute Traumatic

Primary Patellar Healthy Controls

Dislocation (N = 72) (N = 128,436)
Risk Factor Mean (SD) Mean (SD) P Value
Age (yr) 19.8 (0.9) 20.0 (1.3) 0.287
Height (cm) 180.5 (7.3) 178.7 (6.6) 0.033*
Weight (kg) 77.2 (14.5) 73.3 (12.7) 0.018*
Muscle strength 16.4 (3.6) 16.4 (3.6) 0.913
(points)
Run test (m) 2500 (372) 2520 (355) 0.719
Body mass index 23.6 (3.9) 22.9 (3.5) 0.125

* Significant with P value < 0.05.

injuries included 32 (44%) patients with an osteochondral
fracture (present in 12/28 MRI cases), three meniscal
ruptures (4%), and an ACL rupture in one patient (1%).

The treatment of the traumatic primary patellar disloca-
tions in male adults at the military hospitals was non-
operative (without arthroscopy) in 27 cases (37%). It
included knee-immobilization orthosis and quadriceps-
setting exercises, which were started as soon as possible.
With the use of orthosis, the affected knee flexion was
allowed to progress 90° within 4 wk, after which all motion
restrictions were withdrawn. After regaining an adequate
quadriceps function, the patient was returned to his military
unit and exempted from strenuous military training.
Crutches were used if needed. Initial arthroscopy was
performed in the acute phase in 30 knees (41%) (less than
1 wk from the injury) because of osteochondral fractures or
meniscal ruptures. Sixteen knees (22%) underwent initial
patellar dislocation surgery, including open repair of the
medial retinaculum by duplication in 11, arthroscopic repair
by duplication in two, and MPFL reconstruction by
adductor magnus tenodesis in three (4).

Ten male patients were permanently discharged from
military service because of patellar dislocation (one with
ruptured ACL), and five patients were transferred to
physically less demanding duties; thus, 57 of 72 patients
(79%) were able to return to military service. Those
continuing regular military service returned to the normal
training activity within a median of 51 d (range, 15-120 d).
One redislocation occurred during the follow-up period.
The type of treatment (operative vs nonoperative) was not
associated with the number of days exempted from duty
(P = 0.26). The male patients with traumatic primary
patellar dislocations were taller (180.5 vs 178.7 cm; P =
0.03) and weighed more (77.2 vs 73.3 kg; P = 0.02) than
the controls (Table 1). The occurrence of acute trau-
matic primary patellar dislocation was not associated with
body mass index (P = 0.13), results in the 12-min run test
(P = 0.72), or muscle strength (P = 0.91).

DISCUSSION

In this study, the incidence of acute traumatic primary
patellar dislocations was described in a large sample of
130,708 young adults, and the follow-up period was 96,200
person-years. Our findings indicate that patellar dislocations
represent a substantial cause of morbidity among the young,
active, male population. The incidence rate of 77 per
100,000 males per year was relatively high. An incidence
of 43 per 100,000 was found by Nietosvaara et al. (27) in a
Finnish pediatric population 0-16 yr old. However, a rare
occurrence of primary dislocations during the first 5 or 10
yr of age may lower their incidence. Atkin and colleagues
(3) report incidences of primary patellar dislocation of
31 per 100,000 in 10- to 19-yr-olds and 11 per 100,000 in
20- to 29-yr-olds. However, their older age group included
only 14 patients, and of all the patients, only 63% had
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medial retinacular injury. Fithian et al. (12) found the
average annual risk for primary patellar dislocation to be
only 9 per 100,000 in 18- to 29-yr-olds, although the
incidence presented was based on patients seen at the
follow-up visit. Only 49% of all their patients had MPFL
ruptures (10). The limitations of those studies include a
relatively small number of patellar dislocations in those age
groups. Additionally, traumatic dislocations were not
emphasized in those two studies, which also failed to prove
whether all their patients had traumatic disruption of the
medial restraints. Consequently, presence of hemarthrosis
was not shown in all of their cases. The sample of the
present study closely conformed to the characterization of
Atkin and colleagues (3), who has described first-time
patella dislocators as active, young persons.

In this study, with a sole focus on acute, traumatic,
primary patellar dislocations, hemarthrosis was found in
every dislocated kneecap. When MRI or open surgery was
performed, the MPFL was always (100%) ruptured,
indicative of a relatively high-energy trauma to previously
noninjured medial restraints of the knee, occurring mostly
during sports activities. The clinical significance of this
ligament is well established, because it has been reported
that the MPFL is responsible for more than 50% of the
medial restraining force against lateral dislocation of the
patella (7,14). Furthermore, the previous reports show that
MPFL rupture is present in about 90-100% of acute
dislocations of the knee (4,31,33).

In the present study, traumatic patellar dislocation
occurred mostly on a distally fixed extremity, in either
flexed or rotated position with valgus stress—a situation
typical of military training or sport activities, and resulting
in knee hemarthrosis. Seventy-nine percent of the male
patients returned to their physically demanding military
service, which is an indication of a better recovery rate than
previously reported (3). Furthermore, they resumed normal
training within a median of 51 d after injury. Although our
aim was not to evaluate the treatment outcome for primary
traumatic patellar dislocations, it is noteworthy that if
measured by the number of days the patient was released
from active military duty, the rehabilitation time was only
slightly longer for the operated versus nonoperated male
patients. Thus, the type of treatment was not associated with
the days exempted from duty.

The strengths of this study include that the data of injury
hospitalizations were obtained from the Finnish National
Hospital Discharge Register, which is the oldest nationwide
discharge register in the world. It includes the entire
population of Finland, and its accuracy has been shown
to be excellent (17,32). To avoid overestimation of the
incidence of acute, traumatic, primary patellar dislocations,
all medical records were reviewed, and all cases with a
history of previous patellar dislocations were excluded.
Moreover, because the exposure times were precisely
known during conscription, the incidence figures could be
calculated with great accuracy.

A limitation of the present study was the lack of female
cases and a relatively short follow-up period. Although we
had the opportunity to observe patients intensively during
their military service, and to record any possible health
problems during their physically demanding training period,
no data were available for the postmilitary time. However,
the primary aim of this study was to describe the
population-based incidence of acute, traumatic, primary
patellar dislocation—not to delineate the outcome of the
treatment.

The type of treatment, with or without surgery, was not
associated with the number of days exempted from duty. It
must be remembered that the patients were not randomized
between the treatment groups; thus, it is possible that
patients with fewer symptoms and findings in their knees
had been treated conservatively. This finding is, nonethe-
less, in line with the previous literature (6,28,35). The
existing follow-up studies suggest that primary patellar
dislocations may be treated conservatively (28,35). In this
study, nonoperatively treated patients underwent a brief 2-
to 4-wk immobilization period and rehabilitation program
starting with isometric quadriceps exercises, allowing the
medial retinacular and MPFL ruptures to heal. The
importance of initial MPFL reconstruction in primary
dislocation of the patella has been unclear. According to
the 38% of male patients with MRI performed in this study,
no short-term benefits are produced by initial surgery when
the MPFL is ruptured.

The male patients were somewhat taller and weighed
more than the controls. It can be assumed that the energy
impact on the knee during trauma may be greater in heavier
and taller persons, thus contributing to patellar dislocation.
Aerobic performance and muscle strength did not differ
between the male patients with traumatic primary patellar
dislocation and the controls. Female gender has been found
to be associated with increased rates of patellar dislocations
in some studies (20,28). In the present study, female
subjects were excluded because their small proportion
(1.5%) and a bias effect attributable to the voluntary nature
of female recruitment into the military was likely to render
any conclusion regarding incidence and risk factors in
females inaccurate.

To sum up, with an incidence of 77 per 100,000 person-
years in male military conscripts, acute traumatic primary
patellar dislocations are not a negligible cause of morbidity
among physically active young male adults. No association
was found between conscripts’ poor aerobic fitness or
muscle strength and traumatic primary patellar dislocations.
Patients’ return to service was unrelated to the choice
of treatment, and 79% returned to normal training activity
within a median of 51 d after injury. Hemarthrosis was
found in all of the patients, and when MRI or open
surgery was performed, the MPFL was always ruptured. It
can be concluded that hemarthrosis and medial retinacular
and MPFL ruptures are the definite signs of an acute,
traumatic, primary patellar dislocation. Furthermore, our
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findings suggest that in this population, no short-term
benefits are produced by initial surgery when the MPFL is
ruptured.
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