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Abstract
Purpose: Deepening trochleoplasty improves outcomes in patients with
trochlear dysplasia. The aim of this systematic review was to present the
outcomes after open thin‐flap, open thick‐flap and arthroscopic deepening
trochleoplasty.
Methods: A systematic review was conducted using the PRISMA guide-
lines. Literature was searched in the PubMed, EMBASE and Cochrane
databases on 16 December 2024. All studies from the inception of the
databases to the date of the search were included in the search. Studies
were included if they examined patients with patellar instability and trochlear
dysplasia treated with either open or arthroscopic deepening trochleoplasty
and reported pre‐ and post‐operative outcomes. Two independent re-
viewers screened titles and abstracts, reviewed the full text and performed
the quality assessment.
Results: A total of 32 studies, consisting of 1435 trochleoplasty cases in
1310 patients, were included. Of the included studies, 21 concerned open
thin‐flap trochleoplasty, 8 concerned open thick‐flap trochleoplasty and 3
concerned arthroscopic trochleoplasty. The most used patient‐reported
outcome measures were the Kujala score, International Knee Documenta-
tion Committee score, visual analogue scale pain score, Lysholm Knee
Score and Tegner Activity Scale; and the most reported radiological out-
come measures were trochlear sulcus angle, trochlear bump, trochlear
depth, tibial tubercle‐trochlear groove distance, Caton–Deschamps index
and patellar tilt. All three trochleoplasty techniques lead to improvements in
post‐operative outcome measures.
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Conclusion: Deepening trochleoplasty improves post‐operative outcome
using both open thin‐flap, open thick‐flap and arthroscopic deepening
technique. Comparison between the techniques is challenging due to low
methodological quality of studies. Further research is needed to document
treatment effect and improve patient outcome.

Level of Evidence: Level IV.
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INTRODUCTION

Patellar instability, a disabling condition particularly
affecting young individuals, is commonly associated
with anatomical risk factors such as trochlear dyspla-
sia, patella alta, excessive tibial tubercle‐trochlear
groove (TT‐TG) distance, and malrotation [16]. Patel-
lar instability is more prevalent in females than males,
potentially due to a higher prevalence of these risk
factors [23]. Trochlear dysplasia is considered the pri-
mary contributor, characterized by a shallow, flat or
convex femoral trochlear groove and ranges from
subtle to severe [1, 16].

Surgical treatments include medial patellofemoral
ligament (MPFL) reconstruction, tibial tubercle os-
teotomy, derotational osteotomy, and trochleoplasty.
Trochleoplasty corrects severe trochlear dysplasia by
reshaping the trochlear groove to improve patellar
tracking. The most common approach is the deepening
trochleoplasty, which removes subchondral bone to
create a deeper groove, using either a thin or thick
osteochondral flap [37].

The thick‐flap technique utilizes an osteochondral
shell with ≥5mm of subchondral bone, requiring os-
teotomization of the cartilage, with fixation using
screws or staples [13, 15]. In contrast, the thin‐flap
technique uses a more pliable 1–2mm shell, eliminat-
ing the need for cartilage osteotomization and allowing
fixation with Vicryl, suture anchors or compression
tacks [4]. The thin‐flap technique can be performed
arthroscopically through suprapatellar portals, involving
small incisions, cartilage release, bone removal and
flap re‐fixation with suture anchors [7].

The open traditional technique has shown good
results but requires extensive surgical exposure.
Arthroscopic trochleoplasty, aims to reduce surgical
trauma and promote faster recovery. While previous
reviews have compared thin‐ and thick‐flap techniques,
data on open versus arthroscopic approaches remain
limited. Given the widespread adoption of minimally
invasive techniques across surgical specialities,
it is important to assess whether arthroscopic tro-
chleoplasty achieves comparable outcomes.

The aim of this systematic review was to present the
outcomes after deepening trochleoplasty using the
open thin‐flap, the open thick‐flap and the arthroscopic
techniques.

MATERIALS AND METHODS

A systematic review was conducted following the Pre-
ferred Reporting Items for Systematic Reviews and
Meta‐Analyses (PRISMA) guidelines, using a PRISMA
checklist [39]. The protocol was prospectively regis-
tered in PROSPERO (CRD42024525870).

Literature search and study selection

A literature search was performed in the PubMed,
EMBASE and Cochrane databases on 16 December
2024, using Medical Subject Headings or Emtree terms
along with free‐text keywords. The search terms
included ‘trochleoplasty’ OR (‘trochlear dysplasia’ AND
‘orthopaedic surgery’). To minimize the number of
missed studies, no filters were applied to the search
strategy. All studies from the inception of the databases
to 16 December 2024, were included in the search, as
there was no restriction on the date of publication. Two
independent reviewers (S.H. and J.K.L.) screened titles
and abstracts screening, followed by a full‐text review
of eligible studies. Additionally, reference lists of
included studies were manually reviewed for further
relevant publications.

Studies were eligible for inclusion if they met the
following criteria: (1) studying patients with patellar
instability and trochlear dysplasia, (2) studying patients
who had undergone either open or arthroscopic
deepening trochleoplasty, (3) comparing pre‐ and post‐
operative outcomes and (4) studying either patient‐
reported outcome measures (PROMs), radiological
outcome measures and/or complications related to
surgery, including re‐dislocations and re‐operations.
Studies reporting on patients undergoing deepening
trochleoplasty with concomitant patellar stabilization
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procedures were included. Exclusion criteria were
studies not written in English, cohorts of <10 patients,
reviews of the literature, non‐clinical studies, bio-
mechanical, cadaver or animal studies, conference
abstracts, case reports, letters, studies where the
indication for trochleoplasty was another than patellar
instability (e.g., pain) and studies on patellar stabiliza-
tion procedures in general, without distinguishing the
outcomes of the different surgeries from each other
(e.g., a cohort where outcomes of isolated MPFL
reconstructions, tibial tubercle osteotomies and tro-
chleoplasties were evaluated in the same cohort).

Data collection

A standardized data extraction protocol was created in
Microsoft Excel before the literature search. One
reviewer (S.H.) extracted relevant data from each study,
including name of author, year of publication, study
design, study population (number of knees/number
of patients), duration of follow‐up, loss to follow‐up/
follow‐up rate, inclusion criteria/surgical indications, ex-
clusion criteria/contraindication, trochleoplasty tech-
nique, concomitant patellar stabilization procedures and
outcome measures, including all reported PROMs,
radiological outcome measures and complications,
including re‐dislocations and re‐operations.

Data analysis

The extracted data revealed significant variability in
reported outcomes and statistical descriptors, pre-
venting a meta‐analysis. Instead, tables summarizing
the most reported outcome measures were created. An
outcome measure was included in the summary tables
if both pre‐ and post‐operative measures were availa-
ble in at least four studies. To compare open and
arthroscopic deepening trochleoplasty, changes in
outcome measures were calculated by subtracting
preoperative values from post‐operative values. Fur-
thermore, re‐dislocation rates were determined by
dividing the number of re‐dislocations by the total
number of knees that underwent trochleoplasty in
studies reporting re‐dislocations.

Risk of bias assessment

Two reviewers (S.H. and J.K.L.) evaluated the risk of bias
using the Methodological Index for Non‐Randomized
Studies (MINORS) [42], a validated tool for assessing
the quality of non‐randomized studies. MINORS consists
of 8 items for non‐comparative studies and 12 items
for comparative studies evaluating study quality.
Each item is scored 0–2 points, the items were scored

0 if not reported, 1 when reported but inadequate and
2 when reported and adequate. The ideal score was
16 for non‐comparative studies and 24 for comparative
studies.

RESULTS

Study selection and characteristics

A total of 1524 studies were identified. After removing
duplicates, 950 studies underwent title and abstract
screening, and 60 studies were full‐text evaluated
(Figure 1). Ultimately, 32 studies [2, 3, 5, 6, 8–12, 14,
17, 18, 21, 24–26, 29–36, 38, 40, 41, 43, 45, 47–49]
comprising 1435 trochleoplasty cases in 1310 patients,
were included (Table 1). Of these studies, 21 con-
cerned open thin‐flap trochleoplasty [2, 3, 10, 17, 21,
24–26, 30–35, 38, 41, 43, 45, 47–49], 8 concerned
open thick‐flap trochleoplasty [6, 11, 12, 14, 18, 29, 36,
40] and 3 studies concerned arthroscopic tro-
chleoplasty [5, 8, 9]. No studies directly compared any
two of the three deepening trochleoplasty techniques.
One study was case–control comparing radiological
outcomes of open thin‐flap deepening trochleoplasty
with controls with no medical history related to the
patellofemoral joint [2]. The majority of the studies
included concomitant patellar stabilization proce-
dures, but only four studies did not. All studies were
at risk of bias according to the MINORS score
(Table 2). All non‐comparative studies scored below
16, and the comparative study scored under 24. The
primary sources of bias were a non‐blinded assess-
ment of the study end point and no prospective
calculation of study size.

Patient‐reported outcome measures

Of the 32 included studies, 27 reported both pre‐ and
post‐operative PROMs (Table 3). A total of 16 different
PROMs were used, but only five were reported in at
least four studies (Table 3). The most often used
PROMs were the Kujala score (26 studies) [3, 5, 6,
8–10, 12, 14, 17, 18, 21, 25, 26, 29, 31–34, 36, 38, 40,
41, 43, 45, 47, 49], the International Knee Documen-
tation Committee (IKDC) score (12 studies) [3, 6, 12,
14, 17, 31, 32, 36, 38, 45, 47, 49], the Visual Analogue
Scale (VAS) pain score (6 studies) [3, 30, 32, 33, 47,
49], Lysholm Knee Score (six studies) [5, 10, 17, 21,
45, 47] and the Tegner Activity Scale (7 studies) [3, 5,
8, 29, 30, 32, 33]. All studies found significant differ-
ences between pre‐ and post‐operative Kujala, IKDC,
VAS pain and Lysholm Knee scores. One study from
each trochleoplasty technique found significant differ-
ences between the pre‐ and post‐operative Tegner
Activity Scale [3, 8, 29].
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Radiological measures

Of the 32 included studies, 17 reported both pre‐
and post‐operative radiological outcome measures
(Table 4). A total of 28 different radiological outcome
measures were used, but only six were reported in at
least four studies (Table 4). The most often used radi-
ological measures were trochlear sulcus angle (seven
studies) [3, 12, 14, 24, 36, 43, 49], trochlear bump (four
studies) [18, 29, 48, 49], trochlear depth (seven stud-
ies) [9, 24, 34, 41, 43, 48, 49], TT‐TG distance (eight
studies) [3, 9, 14, 21, 25, 36, 41, 43], Caton–
Deschamps index (CDI) (nine studies) [3, 14, 25, 29,
34, 36, 40, 41, 43] and lateral patellar inclination angle
(nine studies) [2, 3, 9, 14, 24, 25, 36, 41, 43].

Trochlear morphology

With the exception of one study that did not calculate
statistical significance [24], all studies found signifi-
cant differences between pre‐ and post‐operative

trochlear morphology measures. Measures of troch-
lear sulcus angles and trochlear bump were only
reported in open trochleoplasty studies. Trochlear
depths were reported in open thin‐flap studies and in
one arthroscopic study.

TT‐TG distance

All open thin‐flap and open thick‐flap studies showed
significant differences between pre‐ and post‐operative
TT‐TG distances. The arthroscopic study found no
significant difference between pre‐ and post‐operative
TT‐TG distances.

Patellar height

CDI was only reported in open trochleoplasty studies.
Four open thin‐flap and one open thick‐flap reported
significant differences between pre‐ and post‐
operative CDI.

F IGURE 1 Preferred Reporting Items for Systematic Reviews and Meta‐Analyses (PRISMA) flow diagram.
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Patellar tilt

Except for one study that did not calculate statistical
significance [24], all studies found significant differ-
ences between pre‐ and post‐operative lateral patellar
inclination angle.

Complications following deepening
trochleoplasty

Table 5 provides an overview of complications, includ-
ing re‐dislocations and re‐operations, following dee-
pening trochleoplasty. Of the 32 included studies, 26
reported re‐dislocations [3, 5, 6, 8–12, 14, 17, 18, 25,
26, 29–36, 38, 40, 41, 45, 47–49] and 26 studies re-
ported re‐operations [3, 5, 6, 8–12, 14, 17, 18, 25, 26,
29–33, 35, 36, 38, 40, 41, 45, 47–49].

Re‐dislocation rates were 3.1% (28/903) for open
thin‐flap, 0.9% (3/323) for open thick‐flap and 0% (0/
66) for arthroscopic trochleoplasty. Notably, 16 of the
28 re‐dislocations in the open thin‐flap group were re-
ported in a single study. No statistical analysis was
conducted to compare re‐dislocation rates among the
three techniques.

The most common re‐operations reported following
open trochleoplasties were arthrolysis and manipulation
under anaesthesia to treat stiffness and arthrofibrosis,
along with hardware removal, primarily related to con-
comitant patellar stabilization procedures. In contrast, no
cases of arthrolysis were reported following arthroscopic
trochleoplasty. The only re‐operations in this group were
lateral release and tibial tubercle osteotomy, performed to
address post‐operative lateral hyper‐pressure syndrome
and subluxations, respectively.

DISCUSSION

All included studies, regardless of whether they ex-
amined open thin‐flap, open thick‐flap or arthroscopic
deepening trochleoplasty, concluded that deepening
trochleoplasty improved outcomes. However, compar-
ing techniques is challenging due to the low methodo-
logical quality of the studies and the wide variation in
outcome measures and statistical descriptors. Addi-
tionally, differences in surgical techniques and the
pathology of the included patient populations further
complicate direct comparisons between open and
arthroscopic techniques.

The open trochleoplasty group comprised 1369
knees, with 1082 additional procedures beyond MPFL
reconstruction. In contrast, the arthroscopic trochleoplasty
group comprised only 66 knees, all of which had MPFL
reconstruction as the only additional procedure. This dis-
parity suggests that the two groups may not be directly
comparable. Given the morphological differences amongT
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patients with trochlear dysplasia, individualized treatment
approaches may be necessary. Different grades of dys-
plasia may benefit from different surgical approaches,
though this remains an area for further investigation.

Patient‐reported outcome measures

All studies reporting Kujala, IKDC, VAS pain and Ly-
sholm Knee scores found significant improvements
after deepening trochleoplasty. Improvement in Kujala
and IKDC scores has also been observed in previous
systematic reviews of trochleoplasty [19, 20, 22, 28,
44]. Longo et al. reviewed clinical outcomes of various
trochleoplasty techniques (open thin‐flap, open thick‐
flap and Goutallier recession), and found significant
improvements in post‐operative Kujala scores across
all techniques [28]. Similarly, Eikani et al. compared
open thin‐flap and open thick‐flap trochleoplasty and
found no significant difference in Kujala score
improvement between the two techniques [20].

The Tegner Activity Scale was used in studies across
all three trochleoplasty techniques, with a comparable
range of change scores. Significant improvements in
Tegner Activity Scale were not consistently observed; four
studies found no significant difference between pre‐ and
post‐operative scores. This suggests that while some pa-
tients may experience an increase in activity level following
deepening trochleoplasty, others may return only to their
preoperative level of activity. A recent study by Tarchala
et al. reported that 40%–92% of patients were able to
return to sports following deepening trochleoplasty [44]. In
a review of trochleoplastyoutcomes, Hiemstra et al. noted
that return‐to‐sport reporting is limited, but available data
suggest that patients generally improve their activity levels
after trochleoplasty [27].

Radiological measurements

Direct comparison of radiological outcomes is difficult
due to inconsistencies in measurement techniques
across institutions. Standardized protocols for radi-
ological assessment are needed but are rarely
provided in the studies, limiting the ability to draw
definitive conclusions. Despite this, both open and
arthroscopic trochleoplasty improved radiological
measures.

Studies on open thin‐flap and open thick‐flap tro-
chleoplasty reported significantly smaller trochlear
bumps and improved trochlear sulcus angles post‐
operatively, while these measures were not reported in
the arthroscopic studies. A systematic review by Dwi
Damayanthi et al. comparing thin‐flap and thick‐flap
trochleoplasty found no significant differences in post‐
operative improvements of trochlear sulcus angle
between the two techniques [19].

TT‐TG distances significantly decreased after open
thin‐flap and open thick‐flap trochleoplasty, whereas no
improvement was observed following arthroscopic tro-
chleoplasty. Notably, the post‐operative median TT‐TG
distance in the arthroscopic group was similar to that of
the open technique groups. Blønd et al. found no sig-
nificant difference between pre‐ and post‐operative TT‐
TG distances [9], likely because their study included
patients with a lower median preoperative TT‐TG dis-
tance compared to the open technique groups, making
direct comparison difficult.

A wide variety of radiological outcome measures
were used across studies, with some becoming out-
dated as the field evolves. For instance, the lateral
trochlear inclination (LTI) angle is considered an
important parameter for assessing trochlear dysplasia.
However, the LTI angle was not included in this review
since only two of the 32 included studies reported both
pre‐ and post‐operative LTI angles [9].

Complications

Open thin‐flap, open thick‐flap and arthroscopic tro-
chleoplasty all showed low re‐dislocations rates with
25/835 (3.0%), 2/302 (0.7%) and 0/66 (0%), respec-
tively. However, the authors are aware of at least two
cases of re‐dislocations in patients who underwent
arthroscopic trochleoplasty and suspect that the re‐
dislocation rates reported in the included retrospective
cohort studies may underestimate the actual rate.

A systematic review and meta‐analysis by van
Sambeeck et al. evaluated complication rates after
trochleoplasty [46]. Their meta‐analysis of 20 studies
found re‐dislocation rates of 4% for thin‐flap tro-
chleoplasties and 2% for thick‐flap trochleoplasties,
though the difference was not statistically significant.

Arthrolysis and manipulation under anaesthesia to
treat stiffness and arthrofibrosis were common re‐
operations in the open trochleoplasty groups. Eikani
et al., also found that arthrofibrosis was the most fre-
quently reported complication in both thin‐flap and
thick‐flap trochleoplasty, occurring in 2.4% of thin‐flap
and 4.8% of thick‐flap cases [20]. Carstensen et al.
reported that 11 out of 62 patients who underwent open
thick‐flip trochleoplasty required manipulation under
anaesthesia within three months post‐operatively due
to arthrofibrosis [11]. In contrast, no cases of arthrolysis
or manipulation under anaesthesia were reported after
arthroscopic trochleoplasty.

Limitations

This review is limited by the methodological quality of
the included studies. A wide variation in reported out-
comes and statistical descriptors precluded meta‐
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analysis. Instead, change scores were calculated to
summarize differences in outcome measures, but
these remain difficult to compare, as some are based
on mean values and others on median values. Addi-
tionally, differences in the severity of trochlear dyspla-
sia and the extent of concomitant pathology further
complicate comparisons.

Furthermore, most PROMs used in the studies have
not been specifically validated for patellar instability pa-
tients. The Banff Patellofemoral Instability Instrument 2.0 is
validated for this patient group, but it was reported pre‐ and
post‐operatively in only two of the included studies [9, 30].
The overall low methodological quality of the studies
makes comparing deepening trochleoplasty techniques

challenging. High‐quality comparative studies are urgently
needed. In December 2024, a retrospective study com-
paring open and arthroscopic trochleoplasty was published
but was not included in this review due to missing pre-
operative values. The study found comparable outcomes
between the two techniques but emphasized the need for
prospective research with long‐term follow‐up.

CONCLUSION

Deepening trochleoplasty improves post‐operative
outcomes across open thin‐flap, open thick‐flap, and
arthroscopic deepening techniques. Comparison
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TABLE 4 Pre‐ and post‐operative radiological measures reported in four or more of the included studies.

Author (year)

Trochlear morphology

Trochlear sulcus angle (°) Trochlear bump (mm) Trochlear depth (mm)

Pre‐op Post‐op Δ p Pre‐op Post‐op Δ p Pre‐op Post‐op Δ p

Open thin‐flap trochleoplasty

Balcarek et al. (2019)

Banke et al. (2014) 154.0 ± 13.5 143.3 ± 9.4 −10.7 p < 0.01

Falkowski

et al. (2017)

Fucentese

et al. (2007)

172.1

(150–190)
133 (110–150) −39.1 0 (−5 to 4) 5.9 (1–11) +5.9

Fucentese

et al. (2011)

Neumann

et al. (2016)

4.7 (1.3–7.7)a 7.3

(4.1–11.5)a
+2.6 p < 0.01

Schöttle et al. (2005) 0.6 (−3 to 3) 7 (4–9) +6.4 p < 0.01

Tan et al. (2024) 152.9 ± 9.3 146.1 ± 7.8 −6.8 p < 0.01 3.0 ± 1.6 3.8 ± 1.6 +0.8 p = 0.04

von Knoch

et al. (2006)

3.9 (0–10) 0.4 (−3 to 6) −3.5 p < 0.01 −0.1 (−7 to 5) 5 (0–10) +5.1 p < 0.01

Wind et al. (2019) 149.9 ± 8.8 137.6 ± 5.7 −12.3 p < 0.01 8.1 ± 3.0 −1.6 ± 2.1 −9.7 p < 0.01 0.6 (−3.7

to 3.7)a
4.3

(2.2–8.7)a
+3.7 p < 0.01

Open thick‐flap trochleoplasty

Carstensen

et al. (2020)

146.3 ± 7.1 134.6 ± 9.5 −11.7 p < 0.01

Dejour et al. (2013) 153 ± 14.7 141 ± 10.2 −12 p < 0.01

Donell et al. (2006) 7.5 (6–11) 0.7 (−1 to 3) −6.8 p < 0.01

McNamara

et al. (2015)

6.55 ± 1.9 0.03 ± 1.2 −6.52 p < 0.01

Ntagiopoulos

et al. (2013)

152 ± 16.2 141 ± 8.9 −11 p < 0.01

Rouanet et al. (2015)

Arthroscopic trochleoplasty

Blønd et al. (2023) 1.73

(0.0–3.0)a
4.93

(0.99–7.55)a
+3.2 p < 0.01

Note: Depending on the available data, the values are expressed as mean ± SD/(range) or amedian (range).



between the techniques is challenging due to the low
methodological quality of studies. Populations vary in
severity of trochlear dysplasia and concomitant
pathology across patient cohorts. Both patient‐reported
and radiological outcomes lack validation and stan-
dardization, limiting their reliability. Further research is
essential to better document treatment effects and
optimize patient outcomes in the surgical management
of patellar instability.
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Tibial tubercle‐trochlear groove (TT‐TG) distance Patellar height Patellar tilt

TT‐TG distance (mm) CDI Lateral patellar inclination (°)

Pre‐op Post‐op Δ p Pre‐op Post‐op Δ p Pre‐op Post‐op Δ p

25.8 (8.1–43.0) 13.9 (8.1–22.1) −11.9 p < 0.01

16.2 ± 5.7 10.7 ± 5.3 −5.5 p < 0.01 1.09 ± 0.16 1.0 ± 0.17 −0.09 p < 0.01 24.2 ± 7.5 15.8 ± 5.3 −8.4 p < 0.01

14 (5–25) 10 (5–17) −4 p < 0.01

21.9 (5–35) 7.8 (1–20) −14.1

17 (11–30)a 13 (0–21)a −4 p < 0.01 1.0 (0.7–1.5)a 0.9

(0.7–1.3)a
−0.1 p < 0.01 32 (11–60)a 13 (−3 to 36)a −19 p < 0.01

1.2 (0.8–2.2)a 1.0

(0.8–1.3)a
−0.2 p < 0.01

20 (10–24) 9.9 (5–15) −10.1 p < 0.01 1.2 (0.9–1.5) 1.1

(0.8–1.3)
−0.1 NS 21.9 (5–35) 7.8 (1–20) −14.1 p < 0.01

22.5 ± 3.0 9.6 ± 2.7 −12.9 p < 0.01 1.2 ± 0.03 1.0 ± 0.1 −0.2 p < 0.01 41.3 ± 15.0 17.2 ± 12.8 −24.1 p < 0.01

16.6 ± 7.7 12.6 ± 4.2 −4 p < 0.01 1.03 ± 0.28 0.95 ± 0.22 −0.08 NS 31.4 ± 14.3 11.8 ± 8.0 −19.6 p < 0.01

1.10 ± 0.20 0.98 ± 0.18 −0.12 p < 0.01

19 ± 4.8 12 ± 5 −7 p = 0.01 1.12 ± 0.18 0.97 ± 0.15 −0.15 NS 37 ± 7.8 15 ± 8.7 −22 p < 0.01

1.16 (0.8–2) 1.12

(0.7–1.2)
−0.04 NS

14.3 (5.9–19.5)a 12.5 (8.2–20.6)a −1.8 NS 20.7

(16.0–36.4)a
14.7

(5.3–24.8)a
−6 p < 0.01

Abbreviations: CDI, Caton–Deschamps index; NS, not significant.
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