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Treating Patella Instability in Skeletally Immature Patients
Patrick Vavken, M.D., M.Sc., Matthias D. Wimmer, M.D., Carlo Camathias, M.D.,
Julia Quidde, M.D., Victor Valderrabano, M.D., Ph.D., and Geert Pagenstert, M.D.
Purpose: The purpose of this study was to comprehensively and systematically review the current evidence for ortho-
paedic treatment of immature and adolescent patients with acute and chronic patellar instability. Methods: We searched
the online databases PubMed, CINAHL, EMBASE, Cochrane Central Register of Controlled Trials, and Cochrane Database
of Systematic Reviews for relevant publications on patellar instability. All dates and languages were included.
Results: Twenty articles reporting on a total of 456 knees in 425 patients (131 male patients, 294 female patients)
followed-up for 56.7 � 42.2 months on average were included in the analysis. Two studies focused specifically on
conservative versus surgical treatment in acute dislocations and reported no difference in outcomes after 7 and 14 years,
even in the face of slight trochlear dysplasia. For recurrent instability, we found consistent beneficial effects from surgical
stabilization on clinical scores, postoperative stability, and radiographic assessment. There is no evidence for growth
disturbance with surgical patellar stabilization in immature patients. Conclusions: The current best evidence does not
support the superiority of surgical intervention over conservative treatment in an acute patellar dislocation. However,
anatomic variations and their effect on healing should be considered and included in decision making. In recurrent
patellar instability in pediatric and adolescent patients with normal or restored knee anatomy, reconstruction of the medial
patellofemoral ligament (MPFL) is the most effective treatment option and can be done safely, together with extensor
realignment as needed. Level of Evidence: Level IV, systematic review of mixed-level studies.
atellofemoral problems are considered to be among
Pthe most frequent causes of knee pain in young
and adolescent patients. However, the use of termi-
nology such as “patellofemoral problem” or “anterior
knee pain” shows the elusiveness of the underlying
problems and the lack of clear-cut diagnostic criteria.
Although anterior patellofemoral pain can be caused by
a number of pathologic entities, such as patellar
hypercompression and chondromalacia, this study
focuses on patellar instability, both acute and recurrent,
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and the evidence concerning its management in pedi-
atric and adolescent patients.
The discussion of treatment options in patellar insta-

bility in skeletally immature patients is overshadowed by
concerns of damage to physes and subsequent growth
disturbances.1 Similar concerns have also materialized as
barriers to the development of other musculoskeletal
procedures in skeletally immature patients, (e.g., in the
management of anterior cruciate ligament injuries) but
have been found to be largely unsubstantiated.2

Treatment is chosen analogously to that in adult
patients. Acute dislocations are typically treated with
conservative treatment unless there is evidence of
osteochondral damage. The latter are treated surgically
as are recurrent dislocations.3-5 However, it is prudent
to assess the knee anatomy in acute dislocations and
differentiate between those with normal anatomic
features and those with underlying anatomic abnor-
malities, as suggested by DeJour et al.6 In the latter,
anatomic deficiencies should be considered equivalent
to osteochondral damage, and early surgical interven-
tion might be chosen to counter lateral forces that
might interfere with healing, particularly of the medial
patellofemoral ligament (MPFL).
This systematic review had 3 objectives: (1) to

comprehensively and systematically review the current
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Fig 1. Flow chart of this systematic review.
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evidence for orthopaedic treatment of immature and
adolescent patients with patellar instability, with
a special focus on acute versus recurrent instability in
the sense explained earlier, (2) to systematically assess
the current evidence for the different types of surgical
treatments that are clinically available, and (3) to
provide a summation of what is known to help identify
the open questions and the pieces of evidence needed
in the management of pediatric patellar instability.

Methods
We performed this study after the PRISMA (Preferred

Reporting Items for Systematic reviews and Meta-
Analyses)7,8 and QUOROM (Quality Of Reporting Of
Meta-analyses)9 statements, as described in a previous
article in Arthroscopy.2 Studies were included if they
reported on surgical or conservative treatments (or
both) of patellar instability in skeletally immature
individuals or adolescents, with at least 6 months of
follow-up. For the purpose of this study, immature
individuals were defined as either those with radiologic
proof of open physes or those at the appropriate Tanner
stage (stage 4 or lower). Age was not intended as
a primary inclusion criterion, but age 19 was considered
the cut-off threshold between adolescence and adult-
hood if neither physeal status nor Tanner stage was
reported. Recent anatomic studies have shown that
physeal union around the knee is completed at this age
in both sexes.10-12 This age refers to the age at surgery,
not at dislocation. For example, the Nomura et al.13

study on MPFL reconstruction in 22 patients with initial
trauma at a mean age of 14.8 years, but surgery at
a mean age of 22.5 years, was therefore excluded.
To be included, studies had to report on clinical

outcome (validated scores or recurrence of instability or
dislocation, or both), and complications14 or radio-
graphic analyses, or both. We included studies from all
levels of evidence in this review. Patellar instability in
association with syndromes (e.g., Turner syndrome)
was not included in this study.
We searched the online databases PubMed, CINAHL,

EMBASE, Cochrane Central Register of Controlled
Trials, and Cochrane Database of Systematic Reviews
for relevant publications. All dates and languages were
included. The last search was performed on October 1,
2012. The search algorithm was “((MPFL) OR (patel-
lofemoral ligament) OR (patella instability)) AND
((young) OR (child) OR (pediatric) OR (paediatric) OR
(immature) OR (adolescent)) AND (treatment OR
management OR conservative OR surgical) AND
(“humans” [MeSH] NOT “animals” [MeSH])” using
keywords and medical subject heading (MeSH) terms as
well. All searches were unlimited, i.e., publications in
all languages and at all dates were considered. All
online searches were done in duplicate. In addition to
the online searches, the bibliographies of the included
studies were reviewed manually to identify further
publications.
Titles and abstracts from all search results were

screened for eligibility. Studies were excluded if title or
abstract, or both, clearly refuted eligibility. Full texts
were reviewed for all studies matching the inclusion
criteria and all studies with unclear eligibility. All study
selections were made independently in duplicate and
cross-referenced. Disagreement was resolved by con-
sensus. Studies were grouped by acute versus recurrent
instability and then by type of treatment, i.e., conser-
vative or surgical. All surgical trials were grouped as
proximal realignment, distal realignment, combined
procedures, and osseous procedures. Data were extrac-
ted independently and in duplicate using standardized
data collection sheets. Duplicate data extractions were
compared for difference, and disagreement was resolved
by consensus.
Given the heterogeneity of the included studies,

a descriptive analysis was chosen instead of quantitative
data synthesis. Although reporting of clinical scores and
percentages of good and bad outcomes theoretically
offers a chance for quantitative data synthesis and
meta-analysis, we did not follow this path because of
the substantial clinical heterogeneity of the patient
populations, treatments, and study methodologies,
which render such mathematical analysis invalid. Thus,
only descriptive statistics were used.



Table 1. Characteristics of the Included Articles

Reference
Level of
Evidence

Acute or
Recurrent

Age
(y) Diagnosis Control Group Intervention Group

Palmu et al.,18

2008
II Acute 13 Children younger than 16

years with an evident or
suspected acute patellar

dislocation

Knee immobilizer 3 wk, then
patella-stabilizing orthosis 3

wk

LR and MPFL repair

Apostolovic
et al.,17 2011

III Acute 13.8 Patellar dislocation or
instability

Closed reduction,
immobilization, cold packs,

eventuallyaspirationofeffusion,
isometric quadriceps exercises

LR and MPFL and
medial capsular repair

Ma et al.,20 2012 II Recurrent 13.5 Patellar dislocation or
instability

LR and medial capsule reefing LR and MPFL suture
repair

Zhao et al.,21

2012
II Recurrent 14.95 Recurrent patellar dislocation

with an open epiphyseal plate
at both the distal femur and

proximal tibia

Medial retinaculum plication Vastus medialis plasty

Luhmann
et al.,35 2011

IV Recurrent 14.1 Recurrent patellar instability
(minimum 2 dislocation/
subluxation episodes)

e LR and medial reef and tendon
transfer

Aulisa et al.,32

2012
IV Recurrent 11.6 Recurrent dislocations (at least

2-3), Tanner stage <3, no
associated meniscal or
cartilaginous injuries

e Galeazzi ST tenodesis
and LR

Benoit et al., 30

2007
IV Recurrent 10.3 Habitual patellar dislocation

associated with patella alta
e Lateral release and medial

advancement of VMO plus
patellar tendon transfer

Camp et al.,23

2010
IV Recurrent 19 Recurrent lateral patellar

dislocation
e MPFL repair

Drez et al.,24

2001
IV Traumatic 16.8 First or recurrent dislocation e MPFL and MPTL

reconstruction
Grannatt et al.,33

2012
IV Recurrent 11.1 Documented patellar

subluxation or dislocation
refractory to at least 6 mo of

nonoperative treatment

e Galeazzi ST tenodesis
and LR

Ji et al.,22 2012 IV Recurrent 15 More than one traumatic
episode, disruption of the

normal position of the patella
within the femoral groove

e Medial patella retinaculum
plasty

Joo et al.,31 2007 IV Recurrent 6.1 No patient had a history of
trauma or previous operation
associated with dislocation

e Four-in-one (lateral release,
proximal patella realignment,
ST tenodesis, patellar tendon

transfer)

Kumahashi
et al., 201226

IV Recurrent 13.6 Recurrent or habitual
dislocation of the patella

e MPFL reconstruction

Letts et al.,34

1999
IV Recurrent 14.3 Recurrent dislocation of the

patella
e ST tenodesis and LR

Yercan et al.,27

2011
IV Recurrent 8.7 Habitual patellar dislocation e MPFL tenodesis to AM

Deie et al.,25

2003
IV Recurrent 8.5 Habitual and recurrent patellar

dislocation
e ST tenodesis through

MCL pulley
Nelitz et al.,28

2012
IV Recurrent 12.2 Recurrent dislocation or the

patella (at least 2 episodes)
e MPFL reconstruction

(intraosseous)
Ramaswamy

et al.,36 2009
V Habitual 17 Congenital dislocation e Bilateral rotational tibial

osteotomies and TTO
Kwon et al.,19

2012
V Acute 14 Dancing injury e Arthroscopic MPFL repair

Savarese et al.,29

2011
V Recurrent 10 Recurrent dislocation of

patella
e Patellar tendon transfer

AM, adductor magnus; CA, congruence angle; EUA, exam under anaesthesia; FWB, full weight bearing; LR, lateral release; MCL, medial
collateral ligament; MPFL, medial patellofemoral ligament; MPTL, medial patellotibial ligament; N/R, not reported; POD, post operative day; PTA,
patella tilt angle; PWB, partial weight bearing; ROM, range of motion; ST, semitendinosus; TTO, tibial tubercle osteotomy; TTWB, toe touch
weight bearing; VMO, vastus medialis obliquus.
NOTE. Numbers in parentheses signify SD or range.
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Graft Indication for Surgery Postoperative Treatment
Tanner
Stage

Physeal
Status Boys Girls

Treated Knees Follow-up
(mo)Total Control Intervention

e Necessitating activity
reduction, the ability to

dislocate in EUA

Knee immobilizer 3 wk, then
patella-stabilizing orthosis 3

wk

N/R Open
tubercle
apophysis

20 51 74 28 36 166

e Loose body �8 mm N/R N/R N/R 9 28 37 23 14 73.2

e Clinical and radiographic
parameters (PTA, CA, sulcus

angle)

PWB for 4 wk Flexion 30� at 1
wk, 60� at 2 wk, 90� at 3 wk

N/R Open
physes

25 36 61 29 32 50

e Not further specified Knee brace 6 wk N/R Open
physes

9 45 60 28 26 56.8

e Not further specified TTWB in immobilizer for 6 wk N/R N/R 5 22 27 e 27 61

ST tenodesis Not further specified Recurrent patellar dislocations
(at least 2-3 episodes), Tanner

stage <3, no associated
meniscus or cartilage injuries

�3 N/R 4 10 16 e 16 52.8

e Habitual patellar dislocation
leading to functional limitation

in activities of daily living

6 wk cast or splint N/R N/R 4 4 12 e 12 162

e Failed an appropriate
nonoperative and experienced
at least one recurrent lateral

patellar dislocation

6 wk PWB and immobilizer N/R N/R 15 14 29 e 29 48

Autologous
HS/FL

Recurrent instability or loose
body

3 wk PWB and brace N/R N/R 10 5 19 e 19 31.5

e Not further specified TTWB in immobilizer for 4-6
wk

N/R Open
physes

9 19 34 e 34 70

e Not further specified ROM at POD No. 3, FWB after
4 wk

N/R N/R 7 10 17 e 17 20.7

e Frequent dislocations,
considerable problems such as
anterior knee pain, recurrent
falls and extensor weakness
despite use of patellar braces

Long-leg cast in 20� flexion for
6 wk, then brace and ROM

exercises

N/R Open
physes

0 5 6 e 6 54.5

Autologous
ST

Recurrent or habitual
dislocationof thepatella, didnot

respond to conservative
treatment for longer than 3 mo

Knee brace at 30� for 3 mo,
PWB at 2 wk, FWB at 4 wk

N/R Open
physes

2 3 5 e 5 27.8

e Not further specified Cylinder cast for 3 wk,
fiberglass cast for 3 wk

N/R N/R 3 19 26 e 26 36

e Not further specified Limited to 30� flexion using an
above-knee splint for 2 wk

N/R N/R 0 4 4 e 4 17.7

e Not further specified N/R N/R N/R 2 2 4 e 4 88.8

Autologous
gracilis

Not further specified PWB for 2 wk, no brace N/R Open
physes

6 15 22 e 22 33.6

e Not further specified NWB for 4 wk N/R N/R 1 0 1 e 1 48

e Not further specified Immobilizer, ROM at 2 wk N/R N/R 0 1 1 e 1 8

e Failed conservative
treatment (11 mo)

Immobilizer and PWB for 4 wk
with 0�-90� for patellar tendon

N/R N/R 0 1 1 e 1 24

IMMATURE PATELLA INSTABILITY 1413



Table 2. Postoperative Clinical Scores

Reference

Intervention Group Control Group

Type of Treatment Kujala Lysholm Other Score Score Values Type of Treatment Kujala Lysholm Other Score Score Values

Apostolovic et al.,17

2011
Medial retinacular
and capsular repair
and lateral release

Cincinnati 362.9 (170-420) Conservative Cincinnati 332.14 (210-420)

Palmu et al.,18 2008 LR � medial repair 83 (18) Conservative 84 (13)
Ma et al.,20 2012 LR and MPFL repair 82.2 (3.4) LR and medial

capsule reefing
78.1 (3.6)

Zhao et al.,21 2012 Medial retinaculum
plication

76.6 (4.3) 70.7 (5.1) IKDC 62.5 (6.1) VMO plasty 82.9 (4.8) 79.4 (5.5) IKDC 71.8 (7.1)

Aulisa et al.,32 2012 Galeazzi ST
tenodesis and LR

Crosby Insall 62.5% excellent,
37.5% good

None

Benoit et al., 30

2007
Lateral release and

medial
advancement of

VMO plus P tendon
transfer

98 (95-100) None

Camp et al.,23 2010 MPFL repair 92.1 (57-105) 85.5 (42-100) None
Deie et al.,25 2003 ST tenodesis

through MCL pulley
96.3 (89-100) None

Drez et al.,24 2001 MPFL and MPTL
reconstruction

(57-100) Fulkerson 93 (80-100) None

Grannatt et al.,33

2012
Galeazzi ST

tenodesis and LR
79 IKDC 63 None

Ji et al.,22 2012 Medial patella
retinaculum plasty

93.4 (88-100) 92.3 (87-99) None

Joo et al.,31 2007 Four-in-one 95.3 (88-98) None
Kumahashi et al.,
201226

MPFL
reconstruction

None

Kwon et al.,19 2012 asc MPFL repair None
Letts et al.,34 1999 ST tenodesis and LR 68 (35-93) None
Luhmann et al.,35

2011
LR and medial reef
and tendon transfer

69.3 (38-100) IKDC 65.6 (31-100) None

Savarese et al.,29

2011
Patellar tendon

transfer
None

Nelitz et al.,28 2012 Gracilis MPFL
reconstruction

92.8 (74-100) Tegner 5.8 (3-9) None

Yercan et al.,27 2011 MPFL tenodesis to
AM

89.5 (2.1) None

AM, adductor magnus; asc, arthroscopic; IKDC, International Knee Documentation Committee; LR, lateral release; MCL, medial collateral ligament; MPFL, medial patellofemoral ligament;
MPTL, medial patellotibial ligament; ST, semitendinosus; VMO, vastus medialis obliquus.
NOTE. Numbers in parentheses signify SD or range.
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Table 3. Instability, Dislocations, and Complications

Reference

Intervention Group Control Group

Type of Treatment Instability Dislocations Complications
Type of

Treatment Instability Dislocations Complications

Apostolovic et al.,17 2011 Medial retinacular and
capsular repair and LR

2 (14%) 2 (9%) 2 redislocations Conservative 3 (13%) One (7%) One redislocation

Palmu et al.,18 2008 LR � medial repair 24 (67%) None Conservative 20 (71%) None
Ma et al.,20 2012 LR and MPFL repair 2 2 extension weakness

(transient), 2 anterior
knee pain

LR and medial
capsule reefing

9 3 extension weakness
(transient), one anterior

knee pain
Zhao et al.,21 2012 Medial retinaculum plication 14 5 None VMO plasty 5 2 None
Aulisa et al.,32 2012 Galeazzi ST tenodesis

and LR
e e Transient saphenous nerve

sensory deficit in 4 knees
None

Benoit et al., 30 2007 LR and medial advancement
of VMO plus P tendon transfer

0 1 One superficial infection, one
drop foot in plaster cast, one
revision b/o redislocation, 2
asymptomatic patellae inferae

None

Camp et al.,23 2010 MPFL repair e 8 (28%) 8 recurrent distortions (2 TTO
and MPFL; 3 MPFL, 3
consecutive treatments)

None

Deie et al.,25 2003 ST tenodesis through
MCL pulley

1 0 e None

Drez et al.,24 2001 MPFL and MPTL
reconstruction

1 0 One unrelated meniscus tear,
one subluxation (consecutive
treatment), 10 PF crepitus (7
mild, 3 moderate), 9 quadratus

atrophy (all <3 cm)

None

Grannatt et al.,33 2012 Galeazzi ST tenodesis
and LR

28 (82%) 12 instability revisions (1
MPFL, 2 Roux/Goldthwaite, 3

LR and MP, 5 TTO)

None

Ji et al.,22 2012 Medial patella retinaculum
plasty

0 0 8 quadratus atrophy (all <3
cm), 3 flexion losses <10�

None

Joo et al.,31 2007 Four-in-one 0 1 2 skin necroses None
Kumahashi et al., 201226 MPFL reconstruction 0 0 None None
Kwon et al.,19 2012 asc MPFL repair 0 0 None None
Letts et al.,34 1999 ST tenodesis and LR 1 1 One scar hypertrophy, one

neuroma of the infrapatellar
branch of the saphenous
nerve, one redislocation
(medial tightening), one

medial subluxation (medial
lengthening)

None

Luhmann et al.,35 2011 LR and medial reef and
tendon transfer

2 0 2 nondisplaced tibial fractures,
1 superficial infection, 10 PF

mechanical symptoms
(consecutive treatment)

None

Savarese et al.,29 2011 P tendon transfer 0 0 None None

(continued)
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Data were extracted independently and in duplicate for
all end points. Levels of evidence were assessed for all
included studies using the Journal of Bone and Joint
Surgery ranking system (http://jbjs.org/public/
instructionsauthors.aspx#LevelsofEvidence), which is
also used by Arthroscopy.
The risk of bias was assessed through categorization

by levels of evidence. We decided against the use of
a composite score of study quality because these scores
have been shown to be unreliable in some of the
included study types and because there are no scores
that allow a valid assessment across different study
designs.15 Studies with a particularly high risk of bias
are pointed out explicitly in the description of the
studies in the results section.2,16

Results
Our search produced 985 results in total; 95 publica-

tions were obtained and reviewed in total based on the
criteria described earlier. Four articles were identified
by bibliographic cross-reference. Four articles, 2 in
Chinese and 2 in French published before 1990, could
not be retrieved. Finally, 20 articles reporting on a total
of 456 knees in 425 patients (131 male patients, 294
female patients) followed-up for 56.7 � 42.2 months on
average, were included in the analysis (Fig 1). The
average age across all studies was 12.9 � 3.1 years.
Seven studies expressly mentioned open physes, and
one study gave Tanner stages. A median number of 18
(range, 1 to 74) patients were included per study.
Table 1 summarizes the characteristics of these studies.
For the included articles, the levels of evidence ranged

from II to V. There were 3 Level II studies, 1 Level III
study, and 16 Level IV and V studies. There is consid-
erable risk of bias in most of the included studies. Most
are longitudinal analyses of a single cohort without
controls and without randomization. This situation,
however, is representative of the studied field.16 Clin-
ical scores showed consistently satisfactory results after
surgical treatment (Table 2).
Recurrence rates for dislocations were fairly high,

ranging from 4% to 20% (Table 3). The highest rates
were seen in the oldest patients and with the oldest
arthroscopic techniques. All recurrences were treated
with revision surgery, the success of which was not
consistently reported. Similar rates were seen for
recurrent instability without frank dislocation.
Radiographic assessment of the patellar tilt angle, the

lateral patellofemoral angle, and the congruence angle
showed marked improvements in these values after
surgical treatment, supporting the clinical effects.
Interestingly, there were also changes in the sulcus
angle, i.e., the opening angle of the trochlea, even
without trochleaplasty. These changes could be attrib-
uted to measurement errors or normal growth, but the
question remains whether improved patellar tracking

http://jbjs.org/public/instructionsauthors.aspx#LevelsofEvidence
http://jbjs.org/public/instructionsauthors.aspx#LevelsofEvidence
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has a beneficial effect on the shape of the trochlea
(Table 4). No growth disturbances were seen in this
patient collective.
Three studies focused on acute dislocations.17-19 Two

studies presented data on a direct comparison of
conservative and surgical treatments of patellar insta-
bility after acute patellar dislocation in pediatric and
adolescent patients.17,18 Apostolovic et al.17 found no
difference in outcome between surgical and conserva-
tive treatment. However, they did not report on
a formal power analysis in the face of P ¼ .091 for
functional outcome. Assessment of patellofemoral
anatomy was not reported. Palmu et al.18 published
a study of 71 patients with patellar dislocation treated
with medial restraint repair or conservatively and fol-
lowed for 14 years. All patients had slight trochlear
dysplasia (>150� average sulcus angle) and some level
of patella alta (average Insall-Salvati ratio of 1.3), but
no data were reported on Q angles or the tibial
tuberosity-trochlear groove distance. However, at 7 and
14 years of follow-up, there was no difference in
outcome.
Two studies compared surgical treatments for recur-

rent patellar instability. Ma et al.20 assessed relative
effectiveness of MPFL repair and medial reefing. Zhao
et al.21 compared medial plication with a vastus medi-
alis obliquus (VMO) advancement plasty.
Three studies presented data on 4 groups of patients

with recurrent instability treated with proximal
realignment, such as a medial retinacular or VMO
plasty.20-22 Ji et al.22 found high clinical scores after
medial retinacular plication, but there was no control
group. Zhao et al.21 compared medial retinacular
plication with VMO plasty and found better stability
and clinical scores in the stronger repair with the VMO
plasty. Ma et al.20 compared medial capsular reefing
with MPFL repair and found better results with the
latter.
Camp et al.23 and Kwon et al.19 presented data on

open and arthroscopic MPFL repair (to the patella) and
found them to be feasible and effective techniques to
treat recurrent instability despite recurrence rates as
high as 28%. Five studies reported on classic MPFL
reconstruction with a hamstring graft. Drez et al.24 and
Deie et al.25 sutured autologous semitendinosus to the
patella, although Deie et al. left the distal insertion and
used the medial collateral ligament (MCL) as a dynamic
pulley. Kumahashi et al.,26 Yercan et al.,27 and Nelitz
et al.28 used intraosseous fixation of semitendinosis or
gracilis grafts with good clinical results and no reported
growth disturbances or fractures.
For the purpose of this study, we defined distal

realignment as all distally based procedures, such as
patellar tendon transfers, as well as the Galeazzi
procedure, a distally based semitendinosus tenodesis of
the patella. Savarese et al.29 reported on the patellar
tendon transfer, in which the tendon is partially
mobilized from the tibial tubercle but is left anchored to
the distal periosteum and is medialized and sutured to
the tibia. Benoit et al.30 and Joo et al.31 used the same
technique as part of their surgical procedure, which also
included proximal realignment. All 3 groups achieved
excellent clinical scores and adequate patellar stability.
Aulisa et al.32 and Grannatt et al.33 reported on the use
of the Galeazzi procedure and found good midterm
results but recurrent instability in up to 82% of patients.
Letts et al.34 performed a lateral release and semiten-
dinosus tenodesis supported with a plication of the
medial capsule and retinaculum, thus reducing the
recurrence rate substantially.
Luhmann et al.35 combined lateral releases with

medial reefing and a patellar tendon transfer. Benoit
et al.30 added a VMO advancement to this combination,
and Joo et al.,31 in what they called a “4-in-one”
procedure, combined lateral release, medial reefing,
a semitendinosus tenodesis, and a patellar tendon
transfer. All 3 groups produced clinical results similar to
those seen in individual proximal or distal procedures.
We could identify only one study on osseous proce-
dures. Ramaswamy et al.36 reported on one case of
bilateral rotational tibial osteotomies and tubercle
distalization.

Discussion
This study focused on treatment options for patellar

instability in pediatric and adolescent patients. Probably
the most important stabilizer of the patella is the MPFL,
providing more than 50% of medial restraint; in most
patellar dislocations, the MPFL undergoes some level of
injury. TheMPFL is supported in its function by anatomic
features such as the Q angle, the tibial tuberosity-
trochlear groove distance, and the shape of the trochlea.
Anatomic variants of these features will increase the
stress on the MPFL and predispose the patella to dislo-
cations and will also interfere with healing.
The current best evidence suggests conservative

treatment in first acute patellar dislocations to allow the
MPFL and other medial structures to heal. This
approach is both biologically plausible and has shown
success in other dislocated joints such as the shoulder.
An important factor that allows high healing rates with
such conservative treatment is that in adolescent
patients ligaments mostly tear off their insertion,
whereas in adults they tear at midsubstance. However,
just as in glenohumeral dislocations too, there is a high
rate of recurrence in patellofemoral dislocations too,
many of which will eventually require surgical stabili-
zation. Like others before us, we want to caution the
reader to assess and consider the anatomy of the
patient’s knee when choosing from the treatment
options outlined in this article. Abnormal extensor
alignment will cause abnormal patellar tracking and



Table 4. Radiographic Findings

Reference Imaging

Preoperative Postoperative

PTA LPFA Sulcus Angle
Congruence

Angle Patella Ht PTA LPFA Sulcus
Congruence

Angle Patella Ht

Aulisa et al.,32 2012 CT 4.6 (�4-10) 152 (145-168) 8 (0-14) 150 (145-168)
Benoit et al.,30 2007 XR 160 (153-169) Caton Deschamps:

1.54 (1.46-1.62)
145.7 (143-147) Deschamps: 104

(0.93-1.14)
Camp et al.,23 2010 XR Improved by

22 (3-44)
Deie et al.,25 2003 XR 5.2 (2.4) 153.2 (2.7) �6.2 (6.4) Insall Salvati:

1.4 (0.1)
Deie et al.,51 2007 XR �0.3 (8.3) 25.3 (18.7) Blackburne Peel:

0.93 (0.16)
10.1 (5.4) 5.5 (8.0) Blackburne Peel:

0.92 (0.12)
Ji et al.,22 2012 XR 12.2 (5-16) 6.8 (5-9)
Joo et al.,31 2007 XR 143.2 (142-156)
Kumahashi et al., 201226 XR 18 (6.5) 151.3 (15.1) 12.9 (14.7) Insall Salvati:

1.3 (0.2)
6.6 (5.0) 150.1 (16.4) �8 6 (5.0) Insall Salvati:

1.2 (0.2)
Palmu et al.,18 2008
(conservative treatment)

XR 153 (6) Insall Salvati:
1.3 (0.2)

Palmu et al.,18 2008
(surgical treatment)

XR 152 (8) Insall Salvati:
1.3 (0.2)

Ma et al.,20 2012
(medial capsule reefing)

CT 14.5 (2.7) 135.5 (3.9) 18.7 (2.6) Insall Salvati:
1.02 (0.2)

8.4 (2.1) 5.3 (3.7)

Ma et al.,20 2012
(MPFL repair)

CT 14.3 (3.1) 134.7 (4.7) 19.2 (2.8) Insall Salvati:
1.06 (0.2)

8.0 (1.9) 3.1(1.7)

Zhao et al.,21 2012
(medial plication)

CT 25.3 (15.7) �7.1 (16.9) �23.9 (17.4) 19.7 (8.9) �12.5 (10.3) �17.7 (8.9)

Zhao et al.,21 2012
(VMO plasty)

CT 26.5 (17.1) �0.5 (16.3) �26.2 (15.6) 13.6 (6.9) �7 4 (7.1) �12.4 (6.7)

CT, computed tomography; Ht, height; LPFA, lateral patellofemoral angle; MPFL, medial patellofemoral ligament; PTA, patella tilt angle; VMO, vastus medialis obliquus; XR, radiography.
NOTE. Numbers in parentheses signify SD or range.
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interfere with soft tissue healing after patellar disloca-
tion; early surgical intervention for extensor realign-
ment might be warranted.
Conservative treatment, allowing the torn MPFL to

heal, is the mainstay of patellar instability management,
and probably one of the most effective methods. We
included 2 studies assessing the effectiveness of
conservative treatment, and both studies showed that
there is no significant difference in clinical scores and
recurrence between conservative and surgical treat-
ments of patellar instability in children and adolescents.
Similar findings have been shown for acute and
recurrent patellar dislocations in adults. However,
recent studies in adult patients were able to present
some clinical benefit of surgical realignment, which
might be an effect of improved surgical techniques.
A subject that deserves more attention is a closer

assessment of the different options in conservative
treatment that would alleviate patellar instability,
especially in younger patients. Braces have been shown
to stabilize the patella successfully, at least temporarily,
but lead to stiffness in the long-term.4,37 Similar prob-
lems were seen with the use of braces in patients who
underwent anterior cruciate ligament reconstruction.38

Cast immobilization for 6 weeks results in a 3-fold
reduction of redislocation compared with patellar
braces but is associated with an even higher risk of joint
stiffness.4,37

VMO strengthening and proprioceptive training do
improve patellofemoral symptoms in principle, but the
details of such treatments are still controversial.39-41

Open-chain exercises are accepted to be less effective
than closed-chain strengthening, especially for the
VMO, but they do stress the cartilage and should
generally be avoided.42 What should not be overlooked
is the frequent gluteal and short external rotator
weakness in patients with chronic patellar instability.
The weak gluteal muscles lead to increased internal
rotation and adduction, thus increasing the Q angle and
patellar instability.3

Of note, the findings presented for conservative
treatment options have been established primarily in
adult patients; thus, the primary studies are not
included in our review. There is good reason to believe
that most of these principles are also valid for skeletally
immature patients, but this stipulation has not been
scientifically tested.
Proximal realignment is probably the most common

approach to patellar instability and is chosen when
conservative treatment fails or cannot succeed because
of anatomic malalignment. Proximal realignment typi-
cally consists of some combination of reduction of
lateral pull and improvement of medial patellar
restraint. A frequently and probably disproportionately
used procedure is the release of the lateral retinaculum,
which can be performed in an open procedure or
arthroscopically. However, cadaveric studies have
shown that lateral release increases patellar insta-
bility.43 In contrast to lateral patellar hypercompression,
isolated lateral release or lateral lengthening is not
sufficient to treat patellar instability.3,44,45 Also, over-
zealous lateral release that extends into the vastus lat-
eralis obliquus can lead to medial instability of the
patella.45 Given these shortcomings, lateral retinacular
decompression is usually only recommended in
chronically fixed lateral patella subluxation and has to
be combined with some form of medial restraining
procedure.
Some data exist for medial procedures in proximal

realignment in pediatric and adolescent patients. Surgical
options include the repair of the medial structures,
including the capsule and retinaculum; strengthening the
medial structures through plication, imbrication, or VMO
plasty; and reconstruction of the MPFL.
Ma et al.20 compared medial repair of the MPFL with

reefing of the medial capsule and found better subjec-
tive scores and postoperative stability in the repair
group. Zhao et al.21 compared medial capsule plication
with VMO plasty for medial support of the patella and,
consistent with the findings by Ma et al., found that
simple medial capsule plication affords less subjective
and objective improvement than does VMO plasty.
These findings show that re-establishing a strong
anatomic support on the medial side, e.g., through
MPFL repair, produces better clinical results. Zhao
et al.46 also directly compared medial plication with
MPFL reconstruction in adult patients and found better
clinical scores and less recurrent instability at 60
months in the reconstruction group.
A potential reason for the consistently better outcomes

after MPFL repair or reconstruction compared with
medial plication is that 50% to 80% of medial restraint
injuries occur at the femoral MPFL attachment.47,48 As
mentioned above, in juvenile and adolescent patients
these injuries are frequently avulsions, compared to the
midsubstance tears seen in adults. MPFL procedures
address these injuries, whereas medial plication does
not. However, there are potential problems with MPFL
reconstruction. A hamstring autograft or allograft is
much stiffer and stronger than the native MPFL (roughly
8 times at 1,600 N v 208 N).3 Thus, even minimal mal-
positioning might lead to significantly increased stress on
the patellofemoral joint and a heightened risk of patel-
lofemoral degeneration.49,50 Again, these data were ob-
tained in adult patients, but it is very plausible that they
are also valid for the more vulnerable pediatric muscu-
loskeletal apparatus.
To avoid iatrogenic hypercompression and ensuing

cartilage damage, 2 strategies have emerged. One is
dynamic reconstruction of the MPFL, in which the
MPFL is anchored to the adductor magnus, as described
by Yercan et al.,27 or the MCL is used as a pulley, as
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reported by Deie et al.25,51 Both methods have been
used in pediatric patients, but tethering of the MCL or
adductor insertion is a potential complication. The
second strategy is tensioning in 60� to 90� of flexion
rather than the conventional 30� position.3,52-55

One more point of interest for MPFL reconstruction in
pediatric patients is the risk to the growing skeleton.
Kepler et al.56 showed in an MRI study that the femoral
MPFL insertion is on average 5 mm distal to the
physis.56 Two recent radiographic studies put it at 6.4
and 6.5 mm distal to the physis.57,58 Thus, there is
enough room for secure and safe placement of a suture
anchor or tunnel in an anatomic location without
jeopardizing growth. In our collected population, no
patellar fractures occurred, but this has been reported as
a complication in MPFL reconstruction.52

We found data on 2 types of distal realignment
procedures. One is a distally based tenodesis that typi-
cally uses the semitendinosus. The obvious concern
with such a procedure is the nonanatomic restraint in
a medial-inferior direction, which is effective in
superolateral dislocations, but not in mid- or inferior
lateral instability. The recurrence rates of up to 82%
support this notion. However, it is a minimally invasive
procedure and can be considered if a temporizing
solution is sought.33

Alternatively, the patellar tendon can be transferred
to a more medial position.29 Because it should remain
attached more distally, distalization cannot be done
reliably.29-31 Interestingly, Ostermeier et al.59 have
shown that MPFL reconstruction is superior to tubercle
transfer in restoring patellar stability.
Three studies offer data on combined distal and

proximal realignment. What stands out from these
studies is that neither clinical scores nor recurrence
rates are substantially better than those in simple
proximal realignment. Given that the patient pop-
ulation in question is particularly vulnerable because of
ongoing growth and that even with the best treatments
recurrence rates are in double-digit percentages and
revision surgery is likely, a light touch with minimal
tissue disruption seems to be a prudent approach,
especially in light of the lack of added clinical benefits
from an extensive procedure.
We found only one study reporting on osseous

procedures for patellar instability. In general, tibial
osteotomies should be avoided in pediatric and
adolescent patients because of the implied risk to the
physes. Fortunately, Ostermeier et al.60 showed that
MPFL reconstruction is a superior patella stabilizer
compared with osteotomies and can be performed
safely in young patients.

Limitations
A general shortcoming of all systematic reviews is that

they depend on the quality of the included primary
studies. The level of evidence of the included studies
was limited but is not unrepresentative of studies in
orthopaedic clinical research.61,62 A particular problem
with this area of research is the often unclear termi-
nology and reporting of data. A number of studies
mixed adolescent and adult patients together. We also
found a few studies on patellar instability that did not
report patient age at all. None of these studies were
included in this review, but it is likely that they con-
tained at least some valuable data that could not be
extracted.47,48
Conclusions
The current best evidence does not support the

superiority of surgical intervention over conservative
treatment in acute patellar dislocation. However,
anatomic variations and their effect on healing should
be considered and included in decision making. In
recurrent patellar instability in pediatric and adolescent
patients with normal or restored knee anatomy,
reconstruction of the MPFL is the most effective treat-
ment option and can be done safely, together with
extensor realignment as needed.
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