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Background: Proximal, distal, and combined proximal and distal procedures have been performed for patellofemoral instability in
the presence of patella alta. No consensus exists regarding the accepted surgical management for this condition.

Purpose: To pool the outcomes of surgical management for patellofemoral instability in the presence of patella alta and to
determine whether the outcomes differ for different surgical techniques.

Study Design: Systematic review; Level of evidence, 4.

Methods: This systematic review was conducted using the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines. All studies that reported surgical outcomes for patellofemoral instability in the presence of patella alta were
included. The random-effects model was used to analyze pooled estimates of preoperative and postoperative differences for
outcomes that were reported in >3 studies. If heterogeneity existed among the studies, further analysis was performed using
random-effects meta-regression analysis, which allowed for the identification of moderators.

Results: A total of 11 studies with 546 knees were included. The pooled relative risk (RR) of having no patellofemoral dislocation
and no patellofemoral apprehension or subjective instability postoperatively was 51.80 (95% Cl, 20.75-129.31) and 48.70 (95% Cl,
17.22-137.71), respectively. The pooled weighted mean improvement (WMI) for the Kujala and Lysholm scores postoperatively
was 31.98 (95% Cl, 28.66-35.30) and 35.93 (95% Cl, 30.12-41.74), respectively. The pooled WMI for patellar tilt angles postop-
eratively was 10.94 (95% Cl, 7.87-14.01). These outcomes were homogeneous across all studies. The pooled WMI for Insall-Salvati
ratio, Caton-Deschamps index, and tibial tubercle-trochlear groove distance postoperatively was 0.31 (95% CI, 0.17-0.45), 0.24
(95% Cl, 0.12-0.36), and 6.77 (95% ClI, 1.96-11.58), respectively. These outcomes were heterogeneous across the studies, with the
presence of distal procedures being a significant moderator. The presence of distal procedures had a significantly higher
unweighted RR of 38.07 (95% ClI, 2.37-613.09) for major complications compared with proximal procedures alone, although the
incidence of minor complications was comparable (unweighted RR, 1.25; 95% ClI, 0.35-4.48).

Conclusion: Surgical management for patellofemoral instability in the presence of patella alta consistently led to improvement in
clinical and functional outcomes, regardless of the type of procedure performed. Distal procedures were better able to correct the
patellar height and tibial tubercle-trochlear groove distance, although these procedures also posed a higher RR of subsequent
surgery compared with proximal procedures alone.
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Patellofemoral instability has been estimated to affect up to
49 people per 100,000.2% Patients with recurrent patello-
femoral instability often have >1 predisposing risk factors,
including limb alignment, osseous architecture of the
patella and trochlea, integrity of the soft tissue constraints,
and relationship of the surrounding musculature.2®
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Surgeries for patellofemoral instability have therefore been
described as ala carte, specially designed to target the risk
factors for each patient.>!

Controversy exists regarding the ideal surgery for
certain risk factors.” One of these risk factors is patella
alta.671418.21-23 pyatella alta, defined as a Caton-Deschamps
index >1.2, has been noted to be present in 24% of patients
with patellofemoral instability but only 3% of normal
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controls.'® Patella alta has also been shown to be a strong
predictor of recurrent patellofemoral instability.'®> Multiple
surgeries have been described for patella alta; however, there
is a lack of consensus regarding the accepted techniques for
the management of patellofemoral instability in the presence
of patella alta.®"141821-2333 A previous systematic review
concluded that tibial tubercle distalization is an effective tech-
nique to correct patellar height and prevent recurrent patel-
lar dislocations.'® However, the systematic review included
only studies in which tibial tubercle distalization was per-
formed to manage patella alta and recurrent patellofemoral
instability, despite there being many other studies that also
published the outcomes for patella alta and patellofemoral
instability after other proximal or distal procedures.®" %
18,21-23,33

The aims of the current systematic review and meta-
analysis were 2-fold. First, the study aimed to pool the out-
comes of patellofemoral instability in the presence of
patella alta after the various surgical techniques described.
Second, the study aimed to determine whether the out-
comes differed when different surgical techniques were
used, therefore allowing for a better understanding of the
accepted techniques in the management of patellofemoral
instability in the presence of patella alta.

METHODS
Systematic Review

The systematic review was performed using the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines. The search was conducted
using PubMed from inception through March 31, 2020. The
keywords used were “patell*” and “alta.”

All studies that reported the outcomes of surgeries per-
formed for patellofemoral instability in the presence of
patella alta were included. We excluded studies that did
not include patients with patella alta or patellofemoral
instability, studies in which the outcomes of patients with
patella alta or patellofemoral instability could not be iso-
lated, studies that did not report preoperative and postop-
erative outcomes, nonhuman studies, studies with sample
size <10, review articles, commentaries, non—English lan-
guage articles, and articles with no full text available.

The articles were selected in 2 stages (Figure 1). First,
the abstracts identified using the above searches were
downloaded, and the list was screened using the inclusion
and exclusion criteria. Second, the full texts of these short-
listed articles were downloaded and assessed for eligibility.
The reference lists of the publications were then hand-
searched for additional relevant studies. This process was
repeated twice independently.
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Quality of Studies Assessment

The studies included were examined for the study design.
The revised Methodological Index for Non-Randomized
Studies (MINORS) tool was used to determine the method-
ological quality of the studies.?* The items were scored 0 if
not reported, 1 if reported but inadequate, or 2 if reported
and adequate. The global ideal score is 24 for comparative
studies and 16 for case series.

Data Abstraction

Data from each study were retrieved individually. Details
noted included the sample size, age distribution, sex distri-
bution, and duration of follow-up. The surgical procedure
for each study was classified as proximal, distal, or both.

All clinical outcomes reported in >3 studies were
included. These included Kujala score, Lysholm score,
recurrence of patellofemoral instability, patellar tilt angles,
Caton-Deschamps index, Insall-Salvati ratio, and tibial
tubercle-trochlear groove (TT-TG) distance.

The complications reported in each paper were recorded
and classified as low grade or high grade according to the
Clavien-Dindo system.? Recurrence of patellofemoral disloca-
tion, persistent patellofemoral apprehension and subjective
instability, and inadequate correction of patella alta were not
included in the computation of the number of low-grade or
high-grade complications, because analyses were performed
separately for these outcomes. The presence or absence of
patellofemoral arthritis was also not included in the compu-
tation of the number of complications because these results
were not reported consistently across the studies.

Attempts were made to contact authors of articles when
certain details of the studies were not reported in the
articles.

Data Analysis

The random-effects model was used to analyze pooled esti-
mates of preoperative and postoperative differences for out-
comes that were reported in >3 studies.* Under this model,
it was assumed that there was a mean population effect size
about which the study-specific effect varied. Because the
random-effects model properly considers interstudy hetero-
geneity, such as differences in study design, it provides a
more conservative evaluation of the significance of the asso-
ciation than does one based on fixed effects.® The pooled
relative risk (RR) or weighted mean difference was then
reported with the 95% CI. Forest plots were generated.
Tests of heterogeneity were conducted while pooling the
differences. This was done using the @ statistic, which is
distributed as a chi-square variate under the assumption of
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Figure 1. PRISMA (Preferred Reporting ltems for Systematic Reviews and Meta-Analyses) flow diagram for the systematic review

and meta-analysis.

homogeneity of effect sizes. The extent of between-study
heterogeneity was assessed using the I2 statistic.'%!! If het-
erogeneity existed among the studies, further analysis was
performed using random-effects meta-regression analysis,
which allowed the effect of multiple continuous or categor-
ical characteristics to be investigated simultaneously. This
identified the moderators that might contribute to the het-
erogeneity of the effect sizes. Study identifiers were added
to the model to control for the effect of any variations in
study characteristics. The regression coefficient was calcu-
lated to indicate the percentage of variance explained by
the moderators, and significant moderators were reported
together with the 95% CI. The forest plots were stratified
according to the significant moderators.

Funnel plots of the sample sizes were plotted against the
SEs of each study. This was conducted together with the
Egger statistical test to evaluate the possibility of publica-
tion bias for the outcomes analyzed.??

For the analysis of the postoperative complications, pool-
ing of the incidence of complications was not performed
using the random-effects model because many studies were
excluded from the random-effects model, as no complica-
tions were reported in the studies. Instead, unweighted
RRs were calculated using the raw data of the number of
complications divided by the number of knees.

All statistical evaluations were made assuming a 2-sided
test at the 5% level of significance using Stata Version 12
(Stata Corp).

RESULTS

A total of 11 studies were included in the review 5714-18:21-23,33

They included a total of 546 knees from 361 female
patients and 156 male patients. The number of male and
female patients in the study by Marteau et al'* was not
included in the sample size calculation for the number of
male and female patients because the sex distribution was
not reported in the study. The mean age of the patients in
the 11 studies was 22.7 years and the mean duration of
follow-up was 27.6 months.

Proximal procedures were performed in 149 knees, distal
procedures were performed in 331 knees, and combined prox-
imal and distal procedures were performed in 66 knees.% "%
18,21-23,33 Proximal procedures performed included medial
patellofemoral ligament reconstruction, Insall proximal
realignment, and combined medial patellofemoral ligament
and medial patellotibial ligament reconstructions.”?3% Dis-
tal procedures performed included tibial tubercle distaliza-
tion with or without medialization and patellar tendon
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TABLE 1
Patient and Study Characteristics of Studies Included in the Review”

Lead Author (Year) LOE Knees,n Female/Male Patients,n  Age, y, mean (range) Procedure  Follow-up, mo, mean (range)
Enea® (2018) 3 26 21/5° 27.7 (NR) Distal 47.6 (NR)
Fabricant” (2014) 4 27 22/5 14.9 (NR) Proximal 3.0 (3.0-3.0)
Marteau™ (2011) 4 14 NR 23.5 (16.0-48.0) Combined 90.0 (24.0-204.0)
Mayer'® (2012) 4 27 16/9° 20.4 (14.0-30.0) Distal 115.2 (72.0-168.0)
Otsuki'” (2013) 4 12 8/2 20.2 (16.0-43.0) Combined 38.4 (13.2-66.0)
Otsukil® (2017) 4 28 21/7° 26.3 (14.0-46.0) Combined 46.0 (16.0-97.0)
Otsuki'® (2018) 4 12 10/2 44.0 (40.0-55.0) Combined 41.5 (24.0-72.0)
Roessler?! (2019) 3 64 38/26 28.8 (NR) Proximal 50.5 (NR)
Rood?? (2020) 4 263 194/69° 20.5 (12.0-49.0)° Distal 4.0 (3.0-120.0)°
Simmons?® (1992) 4 15 8/6 23.7 (17.0-31.0) Distal 54.0 (36.0-84.0)
Yang®? (2019) 4 58 23/25 22.6 (NR) Proximal 35.6 (12.0-24.0)

“LOE, level of evidence; NR, not reported.

®Reported as number of knees instead of number of patients.

‘Reported as median instead of mean.

TABLE 2

tenodesis.% 2223 Combined proximal and distal procedures
performed included tibial tubercle transfer combined with
medial patellofemoral ligament reconstruction, medial plica-
tion, lateral release, and/or trochleoplasty.'*1%1® Table 1
illustrates the details of the patient and study characteristics
of the studies included in the review.

Assessment of Study Quality

The studies included were examined for the study design.
The revised MINORS tool was used to determine the meth-
odological quality of the studies.?* The average MINORS
score for the case series was 11.3 out of 16, and the average
score for the case-control studies was 20 out of 24. Table 2
reflects the assessment of the quality of the studies.

Patellofemoral Dislocation

The presence or absence of recurrence of patellofemoral dis-
location was reported in 9 of the 11 studies.571417:21,23.33 A]
9 studies reported a decrease in the rate of patellofemoral
dislocation after surgical management for patellofemoral
instability with patella alta. The pooled RR of having no
patellofemoral dislocations postoperatively versus preopera-
tively was 51.80 (95% CI, 20.75-129.31) (Figure 2,
Table 3).6714-17:21.23.33 A tota] of 3 studies used proximal
procedures,”?%?3 3 studies used distal procedures,®>% and
3 studies used combined proximal and distal proce-
dures.**1%17 The 9 studies were homogeneous regardless
of the surgical techniques used (P = .995) (Figure 2, Table 3).
No publication bias was identified across the 9 studies (P =
.811) (Appendix and Table 3).

Patellofemoral Apprehension or Instability

The presence or absence of patellofemoral apprehension and
subjective instability in addition to patellofemoral dislocation
was reported in 7 studies.®7141517:21.33 A1) 7 studies consis-
tently reported an improvement in the rates of patellofemoral

MINORS Scores of Included Studies®

MINORS Score Item®

Lead Author (Year) 1

[\
w
IS
(9}
D
3
o]

9 10 11 12 Overall

Enea® (2018) 22120202 2 2 1 2 18
Fabricant’ (2014) 2 2 12212 0 — — — — 12
Marteau'(2011) 2 2120210 — — — — 10
Mayer'® (2012) 22120210 — — — — 10
Otsuki’’ (2013) 22120220 — — — — 11
Otsuki'®(2017) 22120222 2 2 2 2 21
Otsuki®(2018) 22120220 — — — — 11
Roessler?’ (2019) 2 2122220 2 2 2 2 21
Rood?? (2020) 22120120 — — — — 10
Simmons®*(1992) 2 2 12022 0 — — — — 11
Yang®® (2019) 22222221 — — — — 15

“MINORS, Methodological Index for Non-Randomized Studies.
The dashes indicate that the category of evaluation was not rele-
vant to the article assessed.

*Ttem descriptions: 1, stated aim of the study; 2, inclusion of
consecutive patients; 3, prospective collection of data; 4, endpoint
appropriate to the study aim; 5, unbiased evaluation of endpoints;
6, follow-up period appropriate; 7, loss to follow-up not exceeding
5%; 8, a control group having the gold standard intervention; 9,
contemporary groups; 10, baseline equivalence of groups; 11, pro-
spective calculation of the sample size; and 12, statistical analyses
adapted to the study design.

apprehension and subjective instability after surgical man-
agement for patellofemoral instability with patella alta. For
the 7 studies, the pooled RR of having no patellofemoral
apprehension or instability postoperatively versus preopera-
tively was 48.70 (95% CI, 17.22-137.71) (Figure 3, Table 3). Of
the 7 studies, 3 studies used proximal procedures,” 2133 2
studies used distal procedures,®!® and 2 studies used com-
bined proximal and distal procedures.'*'” The 7 studies were
homogeneous regardless of the surgical techniques used (P =
.963) (Figure 3, Table 3). No publication bias was identified
across the 7 studies (P = .051) (Appendix and Table 3).
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Study %
RR (95% Cl) Weight

Enea (2018) : 53.00 (3.40,826.17)  11.09
Fabricant (2014) . 56.00 (3.53,858.11)  11.09
Marteau (2011) —o—:— 33.00 (2.15,507.00)  11.21
Mayer (2012) . 55.00 (3.53,858.11)  11.09
Otsuki (2013) —-—:— 23.00 (1.51,350.92)  11.27
Otsuki (2016) 55.00 (352, 859.59)  11.07
Roessler (2019) . 115.34 (7.29, 1825.57)  10.97
Simmons (1992) ————i———  3100(202,475.12) 1123
Yang (2019) _._.— 117.00 (7.40, 1848.84) 1098
Overall (I-squared = 0.0%, p = 0.995) <> 51.80 (20.75,129.31)  100.00

:

:

NOTE: Weights are from random effects analysif

I 1
.00054 1

1
1849

Figure 2. Forest plot comparing the relative risk (RR) of having no patellofemoral dislocation postoperatively versus preoperatively.

TABLE 3
Outcomes of Meta-analysis®
Meta-analysis Heterogeneity Test
Egger Test
Variable Pooled Estimate 95% CI I’ % P Value P Value
Patellofemoral dislocation RR: 51.80 20.75 to 129.31 0.0 .995 .811
Patellofemoral apprehension RR: 48.70 17.22 to 137.71 0.0 .963 .051
Kujala score WMD: 31.98 28.66 to 35.30 18.5 297 .956
Lysholm score WMD: 35.93 30.12 to 41.74 44.2 .166 .748
Patellar tilt angle WMD: -10.94 -14.01 to -7.87 60.9 .053 .888
Insall-Salvati WMD: -0.31 —0.45 to —0.17 90.8 <.001 973
Caton-Deschamps index WMD: -0.24 —0.36 to —0.12 92.3 <.001 910
TT-TG distance WMD: -6.77 -11.58 to —-1.96 98.5 <.001 .083

“RR, relative risk; TT-TG, tibial tubercle—trochlear groove; WMD), weighted mean difference.

Kujala Score

A total of 5 studies reported preoperative and postoperative
Kujala scores.®16-1833 A1l of these studies consistently
reported improvement in Kujala scores after surgical man-
agement for patellofemoral instability with patella alta. The
pooled weighted mean improvement was 31.98 (95% CI,
28.66-35.30) across the 5 studies (Figure 4, Table 3). One
study used proximal procedures,>® another study used distal
procedures,® and the remaining 3 studies used combined
proximal and distal procedures.’®® The improvement

across the 5 studies was homogeneous regardless of the sur-
gical techniques used (P = .297) (Figure 4, Table 3). No pub-
lication bias was identified across the 5 studies (P = .956)
(Appendix and Table 3).

Lysholm Score

A total of 3 studies reported preoperative and postoperative
Lysholm scores.'®18 All 3 of these studies consistently
reported improvement in Lysholm scores after surgical
management for patella alta and patellofemoral instability.
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Enea (2018)
Fabricant (2014)
Marteau (2011)
Mayer (2012)
Otsuki (2013)
Roessler (2019)
Yang (2019)

Overall (I-squared = 0.0%, p = 0.963)
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RR (95% Cl)

43.00 (2.74, 674.41)

55.00 (3.53, 858.11)

¢

25.00 (1.61, 389.35)

NOTE: Weights are from random effects analysis

%
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48.70 (17.22, 137.71)
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14.26
14.32
14.33
14.19
14.55
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T
.00055

1
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Figure 3. Forest plot comparing the relative risk (RR) of having no patellofemoral apprehension or subjective instability postop-
eratively versus preoperatively.

Study

Enea (2018)
Otsuki (2013)
Otsuki (2016)
Otsuki (2018)
Yang (2019)

Overall (l-squared = 18.5%, p = 0.297)

NOTE: Weights are from random effects anﬁlysis
I

WMD (95% ClI)

—— 29.80(20.37, 39.23)
—*—i 27.10(20.08, 34.12)
—— 31.10 (25.86, 36.34)

I
—i—v— 39.90 (28.09, 51.71)

I
im

@ 31.98 (28.66, 35.30)

34.40 (29.69, 39.11)

%

Weight

11:44
18.48
29.18
7.36

33.87

100.00

T
-51.7

0

a1

Figure 4. Forest plot comparing the weighted mean difference (WMD) of Kujala scores postoperatively versus preoperatively.
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Otsuki (2016)

Otsuki (2018)

Overall (l-squared = 44.2%, p = 0.166)
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WMD (95% CI) Weight

—*—%— 30.90 (23.74, 38.086) 35.08
—:‘— 36.70 (31.46, 41.94) 46.61
——— 43.60 (31.79, 55.41) 18.30

<> 3593 (30.12,41.74)  100.00

T
-55.4 0

554

Figure 5. Forest plot comparing the weighted mean difference (WMD) of Lysholm scores postoperatively versus preoperatively.

The pooled weighted mean improvement was 35.93 (95%
CI, 30.12-41.74) across the 3 studies (Figure 5, Table 3). All
3 studies performed combined proximal and distal proce-
dures. The 3 studies were homogeneous (P = .166) (Figure 5,
Table 3), and no publication bias was identified across the
studies (P = .748) (Appendix and Table 3).

Patellar Tilt Angles

Patellar tilt angles were reported in 4 studies.!61833 All 4
studies consistently reported improvement in patellar tilt
angles after surgical management for patellofemoral insta-
bility and patella alta. The pooled weighted mean improve-
ment was 10.94 (95% CI, 7.87-14.01) (Figure 6, Table 3).
One study performed proximal procedures,>® whereas 3
studies performed combined proximal and distal proce-
dures.'®1® The improvement across the 4 studies was
homogeneous regardless of the surgical techniques used
(P = .053) (Figure 6, Table 3). No publication bias was iden-
tified across the 4 studies (P = .888) (Appendix and
Table 3).

Insall-Salvati Ratio

The Insall-Salvati ratio was reported in 7 studies.”151721:23:33

The pooled weighted mean improvement was 0.31 (95% CI,
0.17-0.45) (Figure 7, Table 3). However, the 7 studies were
heterogeneous (P < .001) (Figure 7, Table 3). The surgical
technique was noted to be a significant moderator for the
heterogeneity among the 7 studies. The use of a distal

procedure further improved the Insall-Salvati ratio by 0.31
(95% CI, 0.23- 0.40) versus the use of a proximal procedure
alone (P < .001). The addition of a proximal procedure to the
distal procedure did not further improve the Insall-Salvati
ratio compared with use of the distal procedure alone. The
sample size, age, sex distribution, follow-up duration, and
preoperative Insall-Salvati ratio were not significant mod-
erators for the heterogeneity of the 7 studies. No publication
bias was noted among the 7 studies (P = .973) (Appendix and
Table 3).

Caton-Deschamps Index

Caton-Deschamps indices were reported in 7
studies.”1416:18:21.33 The pooled weighted mean improve-
ment was 0.24 (95% CI, 0.12-0.36) (Figure 8, Table 3). The
7 studies were, however, heterogeneous (P < .001) (Figure 8,
Table 3). The surgical technique was a significant moderator
for the heterogeneity among these studies, with the use of
distal procedures decreasing the Caton-Deschamps index
by 0.23 (95% CI, 0.11-0.35) compared with the use of proximal
procedures (P < .001). The addition of proximal procedures to
distal procedures did not moderate the Caton-Deschamps
index compared with use of distal procedures alone. The sam-
ple size, age, sex distribution, follow-up duration, and preop-
erative Caton-Deschamps index were not significant
moderators for the heterogeneity of the 7 studies. No publi-
cation bias was noted across these studies (P = .910) (Appen-
dix and Table 3).
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Study %
WMD (95% CI) Weight
1
i
Otsuki (2013) —_— -11.80 (-15.95, -7.65) 2385
i
i
1
Otsuki (2016) %‘—:— -12.40 (-17.78, -7.02) 18.40
I
:
Otsuki (2018) —o—i— 13,50 (17.72, -9.28) 2350
1
1
'
Yang (2019) ! —— _7.80(-10.09, 651) 3425
i
Owerall (l-squared = 60.9%, p = 0.053) @ -10.94 (-14.01, -7.87) 100.00
H
H
'
NOTE: Weights are from random effects analysis !
1
T * T
-17.8 0 17.8

Figure 6. Forest plot comparing the weighted mean difference (WMD) of patellar tilt angles postoperatively versus preoperatively.

Study %
WMD (95% Cl) Weight

Figure 7. Forest plot comparing the weighted mean difference (WMD) of Insall-Salvati ratios postoperatively versus preoperatively.
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'
]
1
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1

Otsuki (2013) —a— -0.39 (-049, -029) 1514
]

Otsuki (2016) — -0.37 (-0.46, -0.27) 15.42
1
i

Overall (I-squared = 90.8%, p = 0.000) <> -0.31 (-0.45, -0.17) 100.00
i

NOTE: Weights are from random effects analysii;
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Figure 8. Forest plot comparing the weighted mean difference (WMD) of Caton-Deschamps indices postoperatively versus

preoperatively.

TT-TG Distance

The TT-TG distance was reported in 4 studies.'61832 The
pooled weighted mean improvement was 6.77 (95% CI,
1.96-11.58) (Figure 9, Table 3). The 4 studies were, how-
ever, heterogeneous (P < .001) (Figure 9, Table 3). The use
of distal procedures was a significant moderator for the
heterogeneity among the 4 studies, significantly decreasing
the TT-TG distances by 6.95 (95% CI, 3.26-10.65) compared
with the use of proximal procedures alone (P < .001). No
comparison could be made among studies using distal pro-
cedures alone and studies using combined proximal and
distal procedures because no studies using distal proce-
dures alone reported the preoperative and postoperative
TT-TG distances. The sample size, age, sex distribution,
follow-up duration, and preoperative TT-TG distance were
not significant moderators for the heterogeneity of the 4
studies. No publication bias was noted across these studies
(P = .083) (Appendix and Table 3).

Complications

Complications of the various surgical procedures are listed
in Table 4 for the 11 studies included in this review.®"%
18.21-23.33 These complications were classified as low-grade
or high-grade complications according to the Clavien-Dindo

system.’® The breakdown of the number of minor and major
complications for proximal procedures, combined proximal
and distal procedures, and distal procedures for all 11 stud-
ies is provided in Table 5. Comparisons were performed
between studies with or without distal procedures. Distal
procedures and combined proximal and distal procedures
were grouped together for the comparison because the main
complications in the combined group were secondary to
those of the distal group (Table 4). No statistically signifi-
cant difference was identified in the incidence of minor
complications when comparing across the different surgical
techniques across all 11 studies (unweighted RR, 1.25; 95%
CI, 0.35-4.48) (Table 5). However, the use of distal proce-
dures had a statistically significant, higher unweighted RR
0f 38.07 (95% CI, 2.37-613.09) for major complications than
did the use of proximal procedures alone (Table 5). Statis-
tical significance was not present, however, after we
excluded surgeries for screw removals as a major complica-
tion, with the unweighted RR being 13.19 (95% CI, 0.80-
217.99) (Table 5).

DISCUSSION

The principal finding of the current systematic review and
meta-analysis was that surgical management for
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Figure 9. Forest plot comparing the weighted mean difference (WMD) of tibial tubercle-trochlear groove distance postoperatively

versus preoperatively.

patellofemoral instability in the presence of patella alta
consistently led to improvement in patellofemoral stability,
alignment of the patellofemoral joint, and functional out-
comes regardless of whether proximal, distal, or combined
proximal and distal procedures were performed. However,
using distal procedures could better correct the patellar
height and TT-TG distances compared with using proximal
procedures alone. Despite this, using distal procedures
posed a higher RR of subsequent surgeries compared with
using proximal procedures alone, whereas the risk of minor
complications was comparable regardless of the type of pro-
cedure used.

These findings were novel to the current systematic
review and meta-analysis. Only 1 other systematic review
has been published regarding the surgical management of
patellofemoral instability in the presence of patella alta.
Magnussen et al'® published a systematic review in 2014
and concluded that tibial tubercle distalization was an
effective technique for the correction of patellar height
and prevention of recurrent patellar dislocation. How-
ever, that systematic review included only studies in
which tibial tubercle distalization was performed for the
management of patella alta and recurrent patellofemoral
instability. Magnussen et al were therefore unable to
compare the outcomes between proximal and distal pro-
cedures. Additionally, Magnussen et al stated that there
was insufficient information across the studies to com-
ment on the postoperative patient-reported outcomes.

All studies included in this systematic review and meta-
analysis reported consistent and statistically significant
improvement in patellofemoral stability, alignment of the
patellofemoral joint, and functional outcomes after surgical
management for patellofemoral instability with patella
alta. The improvement in patellofemoral stability was evi-
denced by the decrease in the rates of patellofemoral dislo-
cation, subjective instability, and apprehension
postoperatively.6714-18.21.23.33 The jmprovement in the
alignment of the patellofemoral joint was evidenced by the
improvement of patellar tilt angles postoperatively.16-1833
The improvement in functional outcomes was evidenced
by the increase in Kujala scores®'518:33 and Lysholm scores
postoperatively.'618 These outcomes were homogeneous
and were consistently reported across all studies, regard-
less of the type of procedure used.

Because the improvements in patellofemoral stability,
alignment of the patellofemoral joint, and functional out-
comes were consistent irrespective of the type of procedure
used, the current systematic review and meta-analysis also
identified the advantages and disadvantages of proximal
procedures versus distal alignment procedures. Advan-
tages of using distal procedures in the surgical manage-
ment of patellofemoral instability in the presence of
patella alta included better correction of patellar height
and TT-TG distances compared with using proximal proce-
dures alone. A disadvantage of using distal procedures,
however, was the higher RR of needing a subsequent
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TABLE 4
Details of Outcomes and Complications of Studies
Included in Review®

Outcomes, n Other Complications (n)

Lead
Author No
(Year) Dislocation Dislocation
Enea® 26 0 e Subjective
(2018) patellofemoral
instability (5)
e Proximal tibia
hardware discomfort (4)
e Knee stiffness (1)
Fabricant’ 27 0 None reported
(2014)
Marteau' 16 0 e Sural phlebitis (1)
(2011) e Screw removal (7)
Secondary 10°
recurvatum (1)
e Persistent positive
Smillie apprehension
test and transversal
hypermobility of the
patella (4)
e Persistent abnormal
patellar tracking with a
dJ sign in early flexion (4)
e Limited patellofemoral
arthritis with <50%
joint narrowing (2)
Mayer'® 27 0 e Superficial wound
(2012) infection (2)
Pseudarthrosis (1)
Failure of adequate
correction of patella
alta (2)
e Patellar apprehension
test remained
positive (9)
Otsuki'” 11 1 e None reported
(2013)
Otsuki'® 27 1 e None reported
(2017)
Otsuki'® NR NR e Contracture due to 2 wk
(2018) of immobilization (1)
Roessler®! 59 5 e Hematoma (3)
(2019)
Rood?? NR? NR? e Tibial shaft fracture (2)
(2020) o Tibial tubercle

fracture (1)

Delayed union (5)

Nonunion (1)

Malunion (1)

Malposition bone

block (2)

Septic arthritis (1)

Thromboembolism (2)

Wound infection (1)

Delayed full range of

motion (1)

e Pain or irritation
related to screw (22)

(continued)
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Table 4 (continued)

Outcomes, n Other Complications (n)

Lead

Author No

(Year) Dislocation Dislocation

Simmons?® 15 0 e Anterior knee pain (1)
(1992) e Deep vein thrombosis (1)

Yang®? 58 0 e Positive apprehension
(2019) test and subluxation

while running (1)

“NR, not reported.
bPostoperative redislocations were reported, but number of
cases was not specified.

TABLE 5
Incidence of Complications Across the Different
Surgical Techniques®

Proximal Combined Distal
Procedure Procedure Procedure
(n = 149) (n = 66) (n = 331)
Minor complications
Present 3(2.0) 2(3.0) 8(2.4)
Absent 146 (98.0) 64 (97.0) 323 (97.6)
Major complications
Present 0 (0.0) 8 (12.1) 42 (12.7)
Absent 149 (100.0) 58 (87.9) 289 (87.3)
Major complications
excluding screw
removal
Present 0(0.0) 1(1.5) 16 (4.8)
Absent 149 (100.0) 65 (98.5) 315 (95.2)

“Data are reported as n (%).

operation, although these operations mainly entailed screw
removal after distal procedures.

Use of distal procedures in the surgical management of
patellofemoral instability and patella alta would be recom-
mended for patients with symptomatic patella alta and
increased TT-TG distances that would have necessitated
a tibial tubercle transfer regardless of the patellar height.
This is because proximal procedures alone were unable to
correct the patellar height and increased TT-TG distances
adequately in the studies included.”?%23 All of the studies
included that used proximal procedures alone”?%-3% had
mean Insall-Salvati ratios of >1.2 postoperatively, whereas
2 out of these 3 studies?®® included had mean Caton-
Deschamps indices of >1.2 postoperatively with the last
study” having a mean Caton-Deschamps index of 1.17 post-
operatively. Patients with symptomatic patella alta would
then benefit from distal procedures to correct the patellar
height.! This was because patella alta alone, without patel-
lofemoral instability, was associated with patellofemoral
knee pain, chondromalacia, increased patellofemoral peak
pressure, and patellofemoral arthritis, which could be effec-
tively managed using distal procedures.b%1%1° Similarly,
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the only study included that used a proximal procedure and
reported preoperative and postoperative TT-TG distances
showed a decrease of only 1.6 mm in TT-TG distance post-
operatively, with the postoperative TT-TG distance being
19.9 mm.?® Patients with increased TT-TG distances who
would need distal procedures regardless of patellar height
would be advised to have distal procedures as well for their
patella alta with patellofemoral instability.%2%2

Despite the better correction of patellar height and TT-
TG distances, however, patients planning to have distal
procedures for patellofemoral instability in the presence
of patella alta should be counseled preoperatively about the
increased RR of subsequent surgeries compared with prox-
imal procedures alone. Although a majority of these subse-
quent surgeries were for screw removals after tibial
tubercle transfers, subsequent surgeries were also required
for other major complications as listed in Table 4. An
informed discussion should therefore be held with patients,
weighing the risks and benefits of both procedures in the
management of patellofemoral instability in the presence of
patella alta. This is in line with the modern approach of
patient-centered shared decision making after the
Montgomery ruling, which redefined the standard for
informed consent and disclosure.?

The current systematic review and meta-analysis exhib-
ited several strengths. First, the current review is the first
systematic review and meta-analysis to investigate the out-
comes of surgical management of patellofemoral instability
in the presence of patella alta after proximal, distal, and
combined proximal and distal procedures. Second, the cur-
rent review is the first study to compare the outcomes
among the various surgical procedures for patellofemoral
instability in the presence of patella alta. No other study, in
the form of clinical studies or reviews, has directly com-
pared the different surgical techniques in order to identify
the ideal surgical technique for these patients. Third, we
identified several novel findings that were unique to the
current review, as discussed. Fourth, the homogeneity
across most of the outcomes, the lack of publication bias
across the outcomes, and the lack of other statistically and
clinically significant moderators for the heterogeneity
among the studies allows greater confidence to be placed
on the conclusions drawn from the current systematic
review and meta-analysis.

The current systematic review and meta-analysis also
had several limitations. First, the level of evidence of the
review was limited by the presence of adequately powered
trials in the current literature. All the studies included
were of evidence levels 3 and 4, and none of them directly
compared the various surgical techniques for the manage-
ment of patellofemoral instability in the presence of patella
alta. Future high-powered, randomized controlled trials
comparing these surgical techniques would help to confirm
or refute the conclusions drawn from the current review.
Second, the inclusion of level 3 and 4 studies in the current
systematic review and meta-analysis could have introduced
potential confounders that were not controlled in the orig-
inal studies. Despite this, most of the outcomes analyzed
were homogeneous, and there were no other moderators
that could explain the heterogeneity between the studies.

The Orthopaedic Journal of Sports Medicine

No publication bias was identified across the studies. Third,
the inclusion of 3 papers from the same study group could
have introduced overlapping samples in the review; how-
ever, we decided to include all 3 papers in the review
because the overall study group was different across the 3
studies. 618

CONCLUSION

Surgical management for patellofemoral instability in the
presence of patella alta consistently led to improvement in
patellofemoral stability, patellofemoral joint alignment,
and functional outcomes, regardless of the type of proce-
dure performed. Distal procedures could better correct
patellar height and TT-TG distances, although these pro-
cedures posed a higher RR of subsequent surgeries com-
pared with proximal procedures alone.
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APPENDIX
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Funnel plots with pseudo 95% CIs (diagonal lines) comparing the improvement by the SE of the reviewed studies for (A) rate of
patellofemoral dislocation, (B) rate of patellofemoral apprehension or subjective instability, (C) Kujala score, (D) Lysholm score,
(E) patellar tilt angle, (F) Insall-Salvati ratio, (G) Caton-Deschamps index, and (H) tibial tubercle-trochlear groove distance.

The vertical line represents the meta-analysis summary estimate, and the scatter represents single study.
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