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The Efficacy of Medial Patellofemoral Ligament
Reconstruction Combined with Tibial Tuberosity
Transfer in the Treatment of Patellofemoral Instability
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James Bassett, MBChB, MRCS1, Peter Thompson, MBChB, FRCS (TR&Orth)1, and
Andrew Sprowson, MBChB, PhD, FRCS (TR&Orth)1,2
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Department of Trauma and Orthopaedic, University Hospital Coventry and Warwickshire, Coventry; 2Warwick Medical School, The University of Warwick,
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A systematic review of the literature was undertaken to evaluate the efficacy of medial patellofemoral ligament (MPFL) reconstruction combined
with tibial tuberosity transfer (TTT) in the treatment of patellofemoral instability. Using PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines, a systematic search was carried out to identify and review the published literature pertinent to MFPL reconstruction
combined with TTT. Relevant studies were critically appraised with narrative data synthesis. Studies that met the eligibility criteria were suitable for
appraisal and consisted of case series and therapeutic series (levels IV & III). All studies had inherent variations in outcomes reporting and limited
follow-up. Combined treatment offers restoration of normal anatomy, thus adding clinical value to the currently recommended anatomic approach to
MPFL reconstruction. Nevertheless, the current body of evidence does not determine the threshold at which patellofemoral axis requires the need for
adjunctive distal realignment as opposed to MPFL reconstruction alone. This review highlighted numerous recurring limitations in the conduct and
presentation of the studies, which inadvertently mitigated the interpretation of their results. Future priority should be awarded to larger randomised
controlled trials utilising validated patient reported outcome measures.
Keywords: Patellofemoral instability, Patellar dislocation, Medial patellofemoral ligament reconstruction, Tibial tuberosity osteotomy

Introduction

sociated lesions such as trochlear dysplasia constitute major risk
factors for the development of premature focal osteoarthritis2).
Stability of the patellafemoral joint is maintained by a number
of structures and the medial patellofemoral ligament (MPFL)
acts as the primary stabiliser during the initial 20o to 30o of knee
flexion3). The MPFL has a reported rupture rate of 90%–100%
following lateral patellar dislocation1,3,4). A relatively high rate of
recurrent instability after dislocation is reported between 40%
and 60%3). Focusing surgical management on the reconstruction
of the MPFL is therefore an increasingly attractive option for
many surgeons. Cadaveric studies, which performed transection
of the MPFL, resulted in abnormal lateral tracking with markedly increased lateral translation and tilt as well as significantly
increased lateral patellar facet joint reaction forces5). The same
group in a different study reported the risk of over constraints
on the patellofemoral joint with even a small variation in the
anatomical reconstruction of the MPFL6). Similarly, Philippot et

Patellar instability is a painful and debilitating condition that
usually affects young active patients. Acute traumatic primary
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al.7) demonstrated that increased tension of MPFL reconstruction
results in abnormal and potentially detrimental patellofemoral
kinematics. This is supported in other studies which showed the
risk of increased medial patellar facet contact pressure following
MPFL reconstruction8). Other recent studies have demonstrated
that MPFL reconstruction may not be as forgiving as originally
predicted. Camp et al.9) reported a failure rate of 28% with recurrent lateral patellar dislocation after isolated MPFL reconstruction at a mean follow-up of 4 years. Other potential short-term
complications include reduced range of movement, due to graft
over-tension or shortening during flexion10). Such issues raise the
question of whether MPFL reconstruction alone is the correct
option for managing patellofemoral instability.
MPFL reconstruction has also been combined with tibial tuberosity medialisation (TTM) and tibial tuberosity distalisation
aiming to correct patellofemoral alignment and place the patella
in a more biomechanically advantageous position, thus restoring stability11,12). Tuberosity medialisation has been shown to
decrease lateral patellar facet joint pressure by 15% at 60o to 80o
of knee flexion, without overloading the medial facet articulation13). Nevertheless, a lack of consensus prevails on the threshold
and the exact indications for bony realignment in patellofemoral
instability11,14,15). Caplan et al.16) demonstrated a lack of difference
in tibial tuberosity trochlear groove (TT-TG) distance between
stable and unstable patellofemoral joints in a cohort of patients
with unilateral instability. In addition, the long-term impact on
soft tissue balancing and chondral surface wear associated with
such procedures remains highly underreported. A recent in vitro
study showed altered tibiofemoral kinematics following tibial tuberosity medialisation with an ensuing increase in tibial external
rotation, posterior translation and varus orientation17).
It is well recognised that patellofemoral instability is a multimodal condition associated with osteochondral abnormality
in the form of trochlear dysplasia, patellofemoral malalignment with: increased height, increased lateral offset and patellotrochlear mismatch, as well as disruption of medial soft tissue
restraints11,12,18). Therefore, patellar instability cannot be defined
as a single entity condition but rather as an abnormality resulting
from a constellation of conditions. The terms ‘objective patellar
instability’ and ‘episodic patellar dislocation’ have been coined18,19)
and this terminology not only reflects the broad spectrum nature
of the condition but also gives rise to a better understanding in
the variation of indications for the different surgical options.
Many questions remain unanswered: on whether a wide fan
shaped ligament replaced by a tighter tubular shaped graft is the
principal solution to patellar instability20,21); and whether a tighter

medial constraint following MPFL surgery is a desired side effect
to compensate for patellofemoral malalignment conditions21)? In
addition, there is a clear lack of consensus on the indications for
adding distal bony realignment procedure to MPFL reconstruction. Given the multifactorial properties of patellar instability, it
seems instinctive to consider the solution to be equally multifactorial. This systematic review explored the growing body of
research reporting outcomes of MPFL reconstruction in order
to appraise the evidence for combining tibial tuberosity transfer
(TTT) procedures. Our aim was to answer specific questions
on: 1) whether combined treatment confers better outcomes for
patellofemoral instability, and 2) whether there is an identifiable
subset of patients in whom combined treatment is indicated.

Methods
A systematic review of the literature was performed according
to the methods described in the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) statement, and
summarised on the flowchart in Fig. 122). Search database used
were: MEDLINE, EMBASE, CINAHL (Cumulative Index to
Nursing and Allied Health Literature), and the Cochrane CENTRAL (Central Register of Controlled Trials). Search dates intervals included were from their year of inception to June 2014. The
searches were limited to humans and English language. PubMed
was used as the primary source and search engine for MEDLINE
and MeSH were used, Table 1 summarises the search terms and
strategies utilised.
1. Eligibility Criteria
Studies included were original articles pertinent to our research
questions. The criteria for eligibility were as shown in the study
parameters below with studies using any of the outcomes included within the review:
1) Participants included were skeletally mature patients with
reported recurrent patellar dislocation or subluxation as well as
objective patellar instability, undergoing primary surgical treatment.
2) Interventions evaluated consisted of MPFL reconstruction
using autogenous tendon grafts of any type; in combination with
procedures aimed at restoring patellofemoral alignment which
pragmatically consisted of TTT including: elevation, medialisation, distalisation or a combination of these techniques.
3) Comparison intervention consisted of isolated soft tissue
procedure intervention as above aimed at reconstructing the
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Studies identified through
PubMed search (n=65)

Identification

Studies identified through the other sources
EMBASE, CINAHL, Cochrane CENTRAL (n=60)

Duplicate studies excluded (n=32)

Titles screened (n=93)

Screening

Eligibility

101

Abstracts assessed for
eligibility (n=42)

Full texts assessed for
eligibility (n=11)

Inclusion

Titles excluded (n=51)
Surgical technique description (n=10)
Review articles (n=10)
Paediatric cases (n=6)
Radiological studies (n=5)
Biomechanics studies (n=4)
Case reports (n=2)
Acute fracture treatment (n=2)
Articular cartilage procedures (n=2)
Other soft tissue procedures (n=2)
Outcome validation studies (n=2)
Service evaluation (n=2)
Epidemiological study (n=1)
Nonoperative vs. operative treatment (n=1)
Cadaveric study (n=1)
Animal study (n=1)
Abstracts excluded (n=31)
Combination of trochlear dysplasia and MPFL
treatment (n=5)
Tibial tuberosity transfer outcomes only (n=4)
Medial plication vs. MPFL reconstruction (n=3)
Conservative vs. operative treatment (n=3)
Combined tibial tuberosity osteotomy with
lateral release only (n=3)
Revision surgery (n=2)
Isolated MPFL reconstruction combined with
lateral release only (n=2)
Modified isolated MPFL reconstruction
techniques (n=3)
MPFL acute primary repair (n=1)
Combined tibial tuberosity osteotomy with
simple arthroscopic exam (n=1)
Distal soft tissue realignment with VMO
advancement (n=1)
Hypermobility syndrome (n=1)
Isolated MPFL reconstruction combined with
simple arthroscopic examination (n=1)
Patellofemoral osteoarthrosis treatment (n=1)
Full texts excluded (n=6)
Revision treatment for failed initial surgical
treatment of patellar instability; combination
treatment involved tibial tuberosity transfer with
lateral release and/or medial reefing (n=2)
Review of different treatments and management
algorithms (n=1)
Combination of tibial tubercle transfer and MPFL
direct repair with advancement of VMO (n=1)
No combination treatment, adductor tenodesis
compared to tibial tubercle transfer (n=1)
Distal realignment only compared to isolated
MPFL reconstruction in separate groups with no
combined treatment (n=1)

Final studies included (n=5)

Fig. 1. Flow diagram of the systematic literature search on combined medial patellofemoral ligament (MPFL) reconstruction and tibial tuberosity
transfer. CINAHL: Cumulative Index to Nursing and Allied Health Literature, CENTRAL: Central Register of Controlled Trials, VMO: vastus medialis obliquus. © Reproduced with permission of the PRISMA IPD Group, which encourages sharing and reuse for non-commercial purposes.
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Table 1. Database, Search Terms, and Search Strategy Used in the Systematic Review of Current Evidence
Systematic review
Database

PubMed, EMBASE, CINHAL, Cochrane CENTRAL

Search terms

Patella, patellar, instability, dislocation, subluxation, luxation, maltracking, hyperlaxity, MPFL, reconstruction, surgery,
procedure, tibial tuberosity, transfer, Fulkerson, Elmslie-Trillat, osteotomy, procedure

Search strategy

“patella” OR “patellar” OR “patellofemoral” AND “instability” OR “dislocation” OR “subluxation” OR “luxation” OR
“maltracking” OR “hyperlaxity” AND “MPFL” OR “medial patellofemoral ligament” AND “reconstruction” OR “surgery”
OR “procedure” AND “tibial tuberosity” OR “tubercle” AND “transfer” OR “medialisation” OR “distalisation” OR “levation”
AND “Fulkerson” OR “Elmslie-Trillat” AND “osteotomy” OR “procedure”

CINAHL: Cumulative Index to Nursing and Allied Health Literature, CENTRAL: Central Register of Controlled Trials, MPFL: medial patellofemoral
ligament.

MPFL.
4) Outcomes included in the review were recurrence of dislocation or subluxation and functional results of treatment as
surrogate marker of measurement of patellofemoral instability
symptoms.
5) Primary outcome measure was the incidence of patellar redislocation for studies which reported on treatments carried out
for recurrent patellar dislocations.
6) Secondary outcome measure evaluated was the Kujala score,
a validated score for patellofemoral symptoms and function. This
scoring system is self-administered and weighted, and comprises
13 elements ranging from 0 to 100, higher scores indicating better performance9,23). The elements related to patellar stability are
valid and reliable for the assessment of such patellofemoral conditions. Studies which fulfilled all the primary inclusion criteria
but utilised different outcome measures were included in the
review.
2. Exclusion Criteria
Studies excluded from this review were: case reports, technical reports, review articles and abstracts only or conference
proceedings publications. Studies looking at post-arthroplasty
patellofemoral instability, post-trochleoplasty instability, revision
surgery, feasibility studies, studies on cost effectiveness, cadaveric
studies, studies analysing the biomechanics of patellofemoral malalignment were excluded. Studies which included combination
of simple arthroscopic examination, arthroscopic chondroplasty,
and/or microfractures were not considered as relevant patellofemoral combinations procedures and were therefore excluded.
3. Review Process and Analyses
Articles which met the inclusion criteria were systematically
assessed for the relevance of their content (Fig. 1). Initially titles
were screened for primary inclusion and exclusion. All the abstracts obtained were further assessed for eligibility. The full texts

of articles which met the relevance and inclusion criteria were
obtained and reviewed, paying particular attention to relevance
to our research questions. Only studies with separate outcome
measures specific to combination of MPFL reconstruction with
TTT were included in the final review (Fig. 1). Access to full
text articles was obtained from Athens (Eduserv, Bath, UK),
Warwick university library, and Google Scholar. A rigorous systematic search was performed using the criteria outlined above.
References were transferred into EndNote (Thomson Reuters,
Philadelphia, PA, USA) and duplicates were discarded. Firstly
titles and abstracts were reviewed for relevance according to the
research question. The remaining studies were analysed in their
entirety. References of full texts were also reviewed to identify any
other potentially relevant studies. The acquisition of articles is
summarised in the flow diagram (Fig. 1). The final studies were
reviewed according to study design, analysis and interpretation as
well as validity of results. Eligible studies were critically appraised
with narrative data synthesis relevant to the study designs. All
relevant studies were critically appraised by two independent
reviewers (TB and CD). Where there was discrepancy, an agreement was reached by consensus. The critical appraisal followed
a systematic approach guided by the consolidated standards of
reporting trials for randomised studies24), and the validated methodological index for non-randomised studies25). A comprehensive critical appraisal checklist was created and used alongside the
final papers included in the review (Table 2).

Results
1. Results of Systematic Search
A total of 125 studies were generated and 93 titles initially
screened after removal of 32 duplicates. A further search expanded through the cited references did not yield additional eligible
studies. Following initial screening and application of the inclusion criteria 51 titles and 31 abstracts were excluded from the

+
Marked heterogeneity
of the cases. No clear
inclusion criteria. Sub
set had combined treat
ment at later stage
Single group. Inclusion
criteria for combined
treatment not clearly
outlined. Short followup period
Significant case mix
and inclusion of revi
sion cases

Group selection by ra
diological parameters
only. Lack of surgical
technique description

+

–

–

–

+

+

–

–

–

+

–

+

–

+

TS

2008

Watanabe et al.30)

+

+

–

NS

–

+

+

–

NS

–

–

NS

+

+

–

CS

2005

Cossey and Paterson29)

+

+

–

+

–

–

+

+

–

–

+

–

–

+

–

CS

2005

Schottle et al.28)

Study

+

CS: case series, TS: therapeutic study, +: criteria fulfilled, –: criteria not fulfilled, NS: criteria not clearly stated.

Marked heterogeneity.
Historic comparison
of groups. Follow-up
variation

+

+
+

Follow-up period appropriate for the aim of the study

All cases accounted for without significant loss to
follow-up

Further comments

–

–

Blind evaluation of endpoints (reasons for not blinding
observers clearly stated)

–
+

–
–

+

Results analyses adjusted to account for multiple outcomes

–

Clearly stated primary outcome measure

+

–

–

–

–

–

–

No historical comparison between control and study groups

–

NS

Adequate control group or standard treatment group
–

–

Study registered and/or protocol published

Data collection followed a pre-determined protocol

+

Pragmatic approach (used and accepted method of
treatment), rehabilitations, and indications

Outcome measures reflect the aim of the study

–

Baseline equivalence of study groups

+

–
+

Generalizable results

Comprehensive inclusion and exclusion of patients

–

–

Clearly stated aim

CS

CS

2004

1994

27)

Mikashima et al.

Year

Aglietti et al.

26)

Study Design

Variable

Table 2. Appraisal and Quality Assessment of Research Reporting Results of Combined Tibial Tuberosity Transfer and Medial Patellofemoral Ligament Reconstruction
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Table 3. Summary of Studies Included in the Final Analysis
Study

Year Case

Aglietti et al.26)

1994

27)

Mikashima et al.

Schottle et al.28)

2004

2005

69

40

15

Intervention

Average F/U
(range)

Subgroups

LR

20

8 yr (5–10)

MPFL recon

14

8 yr (2-14)

TTT+LR

16

6 yr (2.5–8)

TTT+LR+MPFL recon

19

4 yr (2-9)

TTT

20

TTT+MPFL recon

20

MPFL recon

7

MPFL recon+ TTT

8

Cossey and
Paterson29)

2005

21

MPFL recon+TTT+LR

NA

Watanabe et al.30)

2008

42

MPFL

29

TTT+MPFL recon

13

Outcomes (range)

Recurrent
dislocations

Normal tracking: 43%–69%
(–) apprehension sign: 68%–86%

NR

41.0 mo (28–52)

6/20 (+) apprehension, 3.0 m to full ROM,
Kujala 79.6 (56–100)
0/20 (+) apprehension, 2.1 m to full ROM,
Kujala 89.0 (63–100)

NR

47.0 mo (24–70)

13/15 good to excellent Kujala 85.7

23.0 mo (11–37)

Lysholm 95.6
Turba: good-excellent

4.3 yr (1.5–8.1) Lysholm 92.4

1
Nil
NR

F/U: follow-up, LR: lateral release, NR: not reported, MPFL: medial patellofemoral ligament, recon: reconstruction, TTT: tibial tuberosity transfer,
ROM: range of motion, NA: not available.

review (systematic review flowchart). Overall 11 studies met the
eligibility criteria and full text review was carried out. A further 6
articles were excluded due to absence of combination treatment
involving MPFL reconstruction and tibial tubercle transfer in all
patients or a distinct patients sub-group within these studies. The
following section examines the five articles included. The critical appraisal process for each study is outlined in Table 2. The
summarised results of these studies are presented in Table 3, and
Table 4 outlines the results specific to subgroups of combined
TTT and MPFL reconstruction. All the reviewed final studies
consisted of small retrospective series with inadequately defined
selection criteria introducing selection bias. These studies utilised
a vast plethora of surgical treatment techniques and the preoperative parameters defining patellofemoral instability were of great
variation. This has led to difficulties in comparing outcomes of
individual treatment options. Due to this marked heterogeneity
it was not possible to combine the results for meta-analysis of the
studies presented.
2. Narrative Data Synthesis
Aglietti et al.26) reported the results of four different treatment
approaches employed in the management of patellar instability
among 67 patients (69 knees). All cases had two or more episodes
of patellar dislocation and an analysis was carried out on pre and
postoperative clinical and radiological evaluation. A subgroup
of patients (19 knees) received a combination treatment which

consisted of TTT, lateral release and MPFL reconstruction. In all
cases treated with combined treatment, patellofemoral alignment
was restored, 68% and 32% reported excellent and good stability
outcomes respectively. There were similar overall clinical results
in MPFL reconstruction and combined TTT and MPFL reconstruction. The combined treatment group had a higher number
of pre-surgical dislocation, earlier onset dislocations and longer
intervals to treatment.
Mikashima et al.27) reported the results of a retrospective analysis of two randomly selected therapeutic groups. All patients presented with recurrent patellar dislocations and were subdivided
into four subgroups depending on patellar tilt and tibial tuberosity offset. The 1st group consisted of 20 knees treated with TTT
(Elmslie-Trillat procedure) alone. The 2nd group consisted of 20
knees treated with MPFL reconstruction combined with a similar
TTT procedure. There was no significant difference in muscle
strength assessment, while the combined group had a quicker regain of full range of motion, mean 3.0 vs. 2.1 months. The group
treated with TTT alone reported a mean postoperative Kujala
score of 79.6 (range, 56 to 100), compared to 89.0 (range, 63 to
100) in the group which received combined treatment.
Schottle et al.28) published a case series in which they reported
the results of 12 patients (15 knees). Patients selected in this study
had either two or more episodes of patellar dislocations or one
dislocation followed by persistent positive patellar apprehension sign. Within the cases selected a subset of eight knees had

Case series
Level IV

2005

2005

2008

Schottle et al.28)

Cossey and
Paterson29)

Watanabe et al.30)
13

21

8

20

19

Combined
MPFLTTT (n)

N=8, no distinct indications
N=5, second stage MPFL
reconstruction for persistent
instability

All cases

TTTG ≥15

Recurrent patellar dislocation
High sulcus angle
High external tibial rotation

NS

Indication

Medialisation (12 mm)

Medialisation

Medialisation

Elmslie-Trillat

Medialisation (10 mm)
Distalisation (9 mm)

Technique (TTT)

Protected FWB splint and
crutches: 6 w

FWB
Splint locked in extension
Free ROM: 6 w

PWB: 6 w
Passive ROM
Full active ROM: 6 w

NS

PWB and early ROM: 6 w

Postoperative rehabilitation

Lysholm 90 (71 preope
rative), VAS 81

Lysholm 95.6
Turba, good-excellent

Kujala 91.75
6 excellent
2 good
(–) apprehension

(–) apprehension
Kujala 89.0

68% excellent stability
32% good stability

Result

NS

Removal of
screw (n=1)

Nil

Nil

Pain and
swelling (n=3)

Complication

NS: not stated/no clear distinction in the combined treatment subgroups, PWB: partial weight bearing, ROM: range of motion, TTTG: tibial tuberosity trochlear groove distance (mm), FWB:
full weight bearing, VAS: visual analogue scale.

Therapeutic study
Level III

Case series
Level IV

Case series
Level IV

Mikashima et al.27) 2004

Study type

Case series
Level IV

Year

1994

Aglietti et al.26)

Study

Table 4. Results Specific to Subgroups of Combined Tibial Tuberosity Transfer (TTT) and Medial Patellofemoral Ligament (MPFL) Reconstruction
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a combination of MPFL reconstruction and TTT in the form of
medialisation indicated by a TT-TG distance of more than 15
mm. The subgroup of patients with combined TTT and MPFL
reconstruction reported a mean Kujala score of 91.75 (63.60,
preoperatively) and six knees had excellent and two good results
on subjective clinical evaluation. In this subgroup there was no
recurrent patellar instability and the postoperative apprehension
sign was negative in all cases.
Cossey and Paterson29) reported the results of patellar instability treatment in 19 patients (21 knees). All cases were treated
with a combination of lateral release, MPFL reconstruction using
medial retinaculum graft, and TTT. The postoperative outcomes
at the last follow-up showed good to excellent results in all cases
on Turba score, the mean Lysholm score was 95.6. They reported
that all cases had restoration of their functional status on Tegner
scores and no incidence of recurrent patellar instability.
Watanabe et al.30) reported the results comparing the clinical
outcomes of MPFL reconstruction with those of MPFL reconstruction combined with TTT. This study comprised a total of
40 patients (42 knees) treated with hamstring autograft MPFL
reconstruction with or without TTT in the form of medialisation.
Lysholm score improved from 72 to 90 in the combined MPFLTTT group. The postoperative subjective evaluation using a visual analogue score demonstrated a significantly higher score in
the MPFL only group. No incidence of recurrent dislocation was
reported in either group.
3. Critical Appraisal
All the studies included in the systematic review suffered from
combined and repeated methodological deficiencies (Table 2).
There was a lack of clear statement indicating the primary objective of the study and whether a comparison of the efficacy
of treatment methods was the primary endpoint. Exclusion of
patients who received treatment but did not have their outcomes
reported were not clearly outlined. These methodological limitations also included a lack of prospective calculation of sample
size, power and level of significance; and no evidence of study
registration or conduct according to a predefined and registered
study protocols. Due to the lack of intransigent evidence supporting one or more treatment options there was no scope for
adequate standard control comparison groups. In addition, there
was no evidence of blind assessment of objective study endpoints
with lack of statements justifying the absence of blinding. The
studies by Mikashima et al.27) and Schottle et al.28). used the Kujala score. Although this score is validated, and widely used with
satisfactory test-retest reliability, it remains a limited patient re-

ported outcome measure since the last two questions are clinical
examination findings23,31). Similarly, Paxton et al.31) showed that
the Lysholm score is a more sensitive scale, in particular for differentiating between patients with and without recurrent subluxations or dislocations. It also appears that on the whole the duration of follow-up in all the studies was dictated by the availability
of postoperative outcome data rather than a reflection of the
impact of treatment or according to a published study protocol.

Discussion
This systematic review of the literature highlights the paucity
of high quality controlled studies investigating combined MPFL
reconstruction with tibial tuberosity realignment for patellar instability. Such literature remains poor with heterogeneous cases
often including objective patellar instability alone alongside the
different entity of patellofemoral malalignment with one or more
anatomical abnormality. Patellofemoral instability is a condition
characterised by abnormal movements associated with recurrent
subluxation and/or dislocation of the patella10). The last two decades have witnessed a significant expansion in the understanding of the pathoanatomy of patellar instability, and this has translated into the development of numerous surgical techniques. The
performance of additional bony realignment procedure remains
controversial, with lack of evidence on the cut-off TT-TG value
indicating the need for TTT. Matthews and Schranz32) in a single
group case series reported good results following isolated MPFL
reconstruction in which patients with a TT-TG greater than or
equal to 15 mm were excluded. In contrast, Caton and Dejour33)
reported good to excellent long-term results following TTTs
alone, but suggested the need for combined soft tissue procedure
to improve outcomes. Wagner et al.34) demonstrated a significant
correlation between patellofemoral bony mal-alignment and
poor outcome following MPFL reconstruction for chronic patellar instability.
The five articles appraised in this systematic review of the
literature represent the best available current evidence on the
combined MPFL reconstruction with TTT in the treatment of
patellofemoral instability. Combined treatment may offer restoration of normal anatomy, thus potentially adds clinical value to
the anatomic approach to MPFL reconstruction. Nevertheless,
the current body of evidence does not determine the threshold at
which patellofemoral malalignment requires the need for adjunctive treatment as opposed to MPFL reconstruction alone.
A significant limitation in interpreting the current evidence
available is the variation in treatment combinations employed to
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treat chronic patellofemoral instability. This systematic review
addressed this issue by utilising strict inclusion and exclusion
criteria which focused only on combined MPFL and TTT procedures. Table 4 outlines the indications for combined MPFL
reconstruction and TTT utilised in the studies included in our
review. There was marked heterogeneity in the different articles,
which inadvertently mitigates the interpretation of their results.
Watanabe et al.30) included second stage MPFL reconstruction
(n=5 of 13) for persistent instability following initial tibial tuberosity medialisation. Treatment in the series by Aglietti et al.26)
and Cossey and Paterson29) comprised a combination, which also
included lateral retinacular release. The latter has been shown to
increase lateral patellar instability in selected patients35). Schottle
et al.28) selected patients with TT-TG ≥15 mm for the combined
treatment.
Collective observations bring into question the efficacy of tibial
tuberosity offset correction as an isolated treatment modality in
recurrent patellofemoral instability. Accepted normal value for
TT-TG had been reported in the range of 10–15 mm36). Monk
et al.37) had previously suggested a measurement of 14.5 mm as a
threshold for unstable patellofemoral alignment. In contrast, Dejour et al.11) used a cutoff point at 20 mm. In the latter series 20%
of asymptomatic knees exceeded this measurement. Equally, Caplan et al.16) demonstrated a lack of difference in TT-TG between
stable and unstable knees in the same cohort of patients with
recurrent unilateral patellar instability. The use of TT-TG measurement should therefore be viewed with a great deal of caution
as a sole indication for surgical correction of patellofemoral malalignment. The current biomechanical, radiological and clinical
studies available do not offer sufficient evidence to determine a
cut-off point at which patient selection should be decided.
Compounding the issue of patient selection is the paucity of
long-term data on the risk and management of failed patellofemoral stabilisation procedures. It is perhaps more plausible
to consider the research question of combined versus isolated
soft tissue reconstruction by considering the causes of failure of
prior surgical treatment. Fithian et al.12) cited a university thesis
work by Levigne38) in which 67% of patients had revision surgery for persistent patellar instability. The latter was linked to a
combination of factors, predominantly persistent patellar tilt and
persistent patella Alta in 69% and 45% of cases respectively38).
This work reported that TTM alone was the treatment in 60%
of revised cases compared to soft tissue procedure alone in 30%
of revised cases38). In contrast, Kohn et al.39) reported results of
surgical treatment for recurrent patellofemoral instability. In selected cases 45% occurred following medial plication and lateral
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release and 12% following medial plication and TTM. These authors found no difference in revision outcomes when comparing
MPFL reconstruction alone with combined MPFL reconstruction
and distal realignment39). Both series appeared to suggest that the
need for revision surgery for persistent patellofemoral instability
in their respective selected cases was independent of trochlear
morphology38,39). Although widely recognised as an important
factor, the role of femoral trochlear shape is beyond the scope of
the present review. The natural history of trochlear dysplasia and
its relationship to patellofemoral alignment remain contentious
topics. In a study looking at the risk of recurrence following distal
realignment among a paediatric patient population, remodelling
of previously shallow trochlea was identified postoperatively40). In
this study Benoit et al.40) analysed the results of skeletally immature patients with a mean age of 10.3 years at a mean follow-up of
13.5 years following distalisation of patellar tendon attachment.
Sulcus angles improved by up to a mean of 23.6o at final followup and were inversely related to age at the time of surgery40).
This systematic review highlighted the lack of clear defining
selection criteria and the degree of heterogeneity in patients with
patellofemoral instability selected for combined MPFL reconstruction TTT procedure. In addition to study design limitations
the outcomes of combined treatment reported were difficult to
interpret in light of the varying preoperative status of the cases.
There is therefore an emergent need for clearer definition of modalities of the condition and a more optimal clinical and radiological evaluation. Equally, there is a need for clearer definition of
intervention groups and selection criteria.

Conclusions
Results of combined treatment derived from the current available literature remain inconsistent with inadequate evidence to
support reduced recurrence of patellar instability. There is limited
evidence to suggest that MPFL reconstruction alone might be
more appropriate in post-traumatic patellar instability and cases
of mild to moderate patellofemoral malalignment. Surgeons
should remain prudent in patient selection and must rely on
multimodal evaluation of all factors contributing to patellofemoral instability. Consequently, the current body of evidence cannot
be used to provide clear recommendations and further research
is required to define both patient reported and objective clinical
and functional outcome measures. Utilising the latter, priority
should be given to randomised controlled trials. Only such robust
long-term results can truly support a management algorithm for
patellofemoral instability.
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