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Background: Studies on the clinical outcomes of derotational femoral osteotomy to treat recurrent patellar dislocation in the
presence of increased femoral anteversion are limited.

Purpose: To investigate the role of derotational femoral osteotomy in the treatment of recurrent patellar dislocation in the presence
of increased femoral anteversion.

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

Methods: A systematic review was performed according to the PRISMA guidelines (Preferred Reporting ltems for Systematic
Reviews and Meta-analyses) by searching the Medline, Embase, Web of Science, and Cochrane Library databases through
February 10, 2021. Included were studies of skeletally mature patients presenting with recurrent patellar dislocation and exhibiting
increased femoral anteversion who subsequently underwent derotational femoral osteotomy. Methodological quality was
assessed using the MINORS (Methodological Index for Nonrandomized Studies) score. The basic characteristics of each study
were recorded and analyzed: characteristic information, radiological parameters, surgical techniques, patient-reported outcomes,
and complications.

Results: A total of 6 studies with 163 patients (170 knees) were included. Sample sizes ranged from 7 to 66 patients, and the
patients were predominantly women (range, 79%-100%). The mean age and follow-up ranges were 18 to 28 years and 16 to 44
months, respectively. The mean femoral anteversion decreased significantly from 34° preoperatively to 12° postoperatively. In
studies reporting pre- and postoperative outcomes, significant improvements were found in the Lysholm score (from 24.8 to 44.1),
Kujala score (from 15.8 to 41.9), International Knee Documentation Committee score (from 11.0 to 28.0), and visual analog scale for
pain (from 2.0 to 3.7). All studies reported postoperative complications, giving an overall reported complication rate of 4.7%, but no
redislocations occurred during the follow-up period.

Conclusion: For recurrent patellar dislocation in the presence of increased femoral anteversion, combination treatment with
derotational femoral osteotomy led to favorable clinical outcomes with a low redislocation rate. However, there was no consensus
among researchers on the indications for derotational femoral osteotomy in the treatment of recurrent patellar dislocation.
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Medial patellofemoral ligament reconstruction (MPFL-R)
has been considered the mainstay of treatment of recurrent
patellar dislocation (RPD) over the past decade.?1325:29
However, unfavorable clinical outcomes after MPFL-R
have also been reported, and several risk factors have
been recognized to cause these outcomes.?®
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An increased femoral anteversion angle (FAA) has been
recognized as a possible risk factor for RPD.7-811,23:32
Recent biomechanical studies have revealed that an
increased FAA can significantly increase the lateralizing
force that acts on the patella and may be a cause of
MPFL-R failure.2%?! To date, the treatment of RPD in the
presence of increased FAA is still debated. Some studies
have found that increased femoral anteversion is correlated
with inferior clinical outcomes and MPFL-R failure.}*44
Given these reasons, derotational femoral osteotomy has
been proposed as a treatment of RPD in the presence of
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increased femoral anteversion, and subsequent clinical
studies have confirmed the clinical benefit of this proce-
dure. 1519273842 However, these studies are limited to
small case series, and no study has attempted to analyze
them in totality.

The purpose of this study was to investigate the role of
derotational femoral osteotomy in treating RPD in the pres-
ence of increased femoral anteversion. It was hypothesized
that favorable functional outcomes and low redislocation
rates would be found after isolated and combined derota-
tional femoral osteotomy.

METHODS
Literature Research

A systematic review was performed following the PRISMA
guidelines (Preferred Reporting Items for Systematic
Reviews and Meta-analyses).2® The Medline, Embase, Web
of Science, and Cochrane Library databases were searched
by all of the authors independently on February 10, 2021.
The search terms were as follows: (patellar dislocation
OR patellar instability OR patellar subluxation OR
patellofemoral dislocation OR patellofemoral dysfunction)
AND (rotational osteotomy OR derotational osteotomy OR
torsional osteotomy).

Study Selection

All articles identified by these search terms were generally
reviewed and then discussed among authors according to the
inclusion or exclusion criteria. If there were any disagree-
ments among the authors about a study’s inclusion, the final
decision was made by the senior author (H.Z.). Full-text
articles were then critically reviewed. Additionally, all refer-
ences from the studies were reviewed and reconciled to ver-
ify that no relevant articles were missing from the
systematic review. All studies were included that reported
the clinical outcomes of derotational femoral osteotomy for
RPD in the presence of increased femoral anteversion. The
main purpose of this systematic review was to investigate
the role of derotational femoral osteotomy for treating RPD
in the presence of increased femoral anteversion; therefore,
patients with a history of undergoing ipsilateral derotational
tibial osteotomy were excluded. The detailed inclusion and
exclusion criteria are described in Table 1.

Data Abstraction

Data extraction was performed independently by 2 reviewers
(Z.Z. and H.Z.). Each full-text article was abstracted
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TABLE 1
Inclusion and Exclusion Criteria of the Systematic Review

Inclusion Criteria Exclusion Criteria

Patients with recurrent History of ipsilateral tibial osteotomy
patellar dislocation Cadaveric, biomechanical, or animal

History of derotational study
femoral osteotomy Surgical technique article

A minimum follow-up of  Systematic review or meta-analysis
12 mo Patient duplication

Evidence levels 1-4 Non-English language publication

regarding study characteristics, patient characteristics, sur-
gical techniques, and outcome measures. Data on pre- and
postoperative outcome measurements were extracted as
means and standard deviations. The decision tree of von Elm
et al®® was used to identify and exclude duplicate studies.
Any discrepancies were resolved through discussion with a
third author (T.Z.).

Study characteristics included publication date,
study design, level of evidence, number of patients/
knees, and length of follow-up. Characteristic data con-
sisted of patient sex and age. Surgical techniques for
derotational femoral osteotomy and combined proce-
dures were summarized according to the descriptions in
the studies.

Outcome measures consisted of pre- and postoperative
clinical and radiographic evaluations. Clinical assessments
included patient-reported function scores and objective
patellar stability (eg, MPFL residual laxity). Radiographic
measurements included the pre- and postoperative FAA
and patellar tilt angle.

Risk-of-Bias Assessment

The methodological quality of each study was assessed
independently by 2 review authors (Z.Z. and H.Z.) accord-
ing to the MINORS (Methodological Index for Nonrandom-
ized Studies) score.3! The items on the questionnaire were
scored as follows: 0 if not reported, 1 when reported but
inadequate, and 2 when reported and adequate; there was
a maximum possible score of 16 for noncomparative studies
and 24 for comparative studies. MINORS scores of 13 to 16
for noncomparative studies and 21 to 23 for comparative
studies were considered low risk of bias, and scores <12
and <20 were deemed high risk for noncomparative and
comparative studies, respectively. Any discrepancies in
scores were settled by consensus between the review
authors.
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Data Analysis

Individual study heterogeneity regarding patient popula-
tions and treatment prevented meta-analysis calculations.
Therefore, descriptive statistics were used for numerical
characteristic data (age and follow-up) and clinical and
radiological outcomes. Reliability statistics were calculated
using the Cohen « coefficient to quantify the degree of
agreement between the raters for the MINORS scores.
When the standard deviation was not available, the
authors were contacted to provide the missing data, or it
was calculated according to the Cochrane handbook.!”

RESULTS
Study Identification

Of the 193 studies identified, 34 proceeded to full-text
review. Ultimately, 6 studies were represented in the
systematic review (Figure 1). Five studies were retrospec-
tive case series (level 4),21519:27:38 3d 1 study was a retro-
spective cohort study (level 3).%° The mean MINORS score
was 12.0 + 0.7 (range, 11-13) for the 5 noncomparative
studies, 15192738 and the score was 20 for the 1 comparative

Records identified through Additional records identified
database searching (n = 111) through other sources (n = 92)

' !

Records after duplicates removed
(n=193)

Articles excluded by abstract
(n = 159)

Full-text articles
reviewed for eligibility
(n=34)

Full-text articles excluded (n = 28)

- Included patients without RPD (15)
- Underwent ipsilateral derotational
»| tibial osteotomy (2)

- Surgical technique article (4)

- Systematic review (3)

- Non—English language (2)

- Patient duplication (2)

Studies included
in the systematic
review (n = 6)

[ Included || Eligibility ”Screenlng ‘ | Identification |

Figure 1. Flowchart of the search strategy following the
PRISMA guidelines. RPD, recurrent patellar dislocation.
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study (Table 2).2° Of the 6 studies, 5 were assessed as having
a high risk of bias (MINORS score <13 for a noncomparative
study or <21 for a comparative study).?!%192738 The Cohen
k coefficient for interrater reliability was 0.94, indicating
almost-perfect agreement.

Patient Characteristics

The 6 studies comprised 163 patients (170 knees). Table 2
summarizes each study. Age was cited in all 6 studies, with
the mean ranging from 18 to 28 years. Sex distribution was
111 women (90%, range 79%-100%) and 13 men (10%) in 5
studies.? 15273840 A1] studies noted the follow-up intervals,
resulting in a mean follow-up from 16 to 44 months.

Surgical Techniques

Table 3 depicts the surgical details across the studies. All
studies reported the cutoff value of femoral anteversion for
derotational femoral osteotomy (range, 20°-30°). The preop-
erative mean FAA ranged from 31° to 39° (mean, 34°) in all
studies, and the postoperative mean FAA mean ranged
from 10° to 16° (mean, 12°) in 4 studies.'>!**%4% Supracon-
dylar derotational osteotomy was performed in all studies.
A total of 62.4% of the patients underwent combined MPFL-
R,1%274% and 28.2% of the patients underwent medial reef-
ing to stabilize the patella.21%38 Of the 6 studies, 4 reported
that additional bony procedures were performed to correct
concurrent bony deformities®!>1%4° such as tibial tubercle
transfer (29.4%),'5194°  yalgus/varus correction
(15.9%),'519 and trochleoplasty (8.8%).21°

Subijective Clinical Outcomes

Six patient-reported outcomes were described in the arti-
cles. The visual analog scale for pain, International Knee
Documentation Committee score, Tegner score, Kujala
score, and Lysholm score were used as outcome measures
in >3 studies and are summarized in Table 4. Significant
pre- to postoperative improvement was seen in all except
for the Tegner score.

Patient satisfaction was reported in 5 studies,
with a postoperative satisfaction rate ranging from 72% to
100% (Table 5). One study compared the clinical outcomes

2,15,19,27,38

TABLE 2
Study Characteristics®

Lead Author Year Study Design LOE MINORS Score Patients (Knees), No. Mean Age,y Female/Male, No. Mean Follow-up, mo

Zhang*® 2021 Cohort study® 3 20/24
Biedert? 2020 Case series 4 12/16
Yang3® 2019 Case series 4 12/16
Frings'® 2019 Case series® 4 11/16
Imhoff® 2019 Case series 4 13/16
Nelitz2” 2015 Case series 4 12/16

66 (66) 21 59/7 37

7(9) 22 7/0 25
20 (20) 21 18/2 18
16 (19) 21 15/4 26
42 (44) 28 NR 44
12 (12) 18 12/0 16

“LOE, level of evidence; MINORS, Methodological Index for Nonrandomized Studies; NR, not reported.

bThis study compared the results of patients undergoing derotational femoral osteotomy vs a nonderotational osteotomy procedure.
“This study reported clinical results after combined distal femoral osteotomy, which included 19 derotational femoral osteotomies and 12
varus osteotomies. Only patients who underwent derotational femoral osteotomy were included in the systematic review.
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TABLE 3
Operative Procedure Data®
Cutoff Value Patellar Stabilization
Lead Author for Osteotomy Mean Pre/Post FAA (Modality) Surgical Approach Procedure, No.? Combined Bony Procedures
Zhang*? 30° 34°/10° (3D CT) Lateral 66/0/0 TT transfer (n = 30)
Biedert? 27° 38°/NR (axial CT) Lateral 0/9/0 Trochleoplasty (n = 9)
Yang®® 25° 31°/16° (axial CT) Lateral 0/20/0 None
Frings'® >20°¢ 39°/11° (axial CT or MRI) Lateral, medial 0/19/0 TT transfer (n = 14)
Valgus correction (n = 5)
Imhoff'® >25°9 31°/12° (axial MRI) Lateral 28/0/16 TT transfer (n = 6)
Valgus correction (n = 22)
Trochleoplasty (n = 6)
Nelitz?” 25° 34°/NR (axial MRI) Lateral 12/0/0 None

“Osteotomy level for each study: distal femur. 3D, 3-dimensional; CT, computed tomography; FAA, femoral anteversion angle; MPFL-R,
medial patellofemoral ligament reconstruction; MRI, magnetic resonance imaging; NR, not reported; Pre/Post, pre- and postoperative; TT,
tibial tubercle.

*MPFL-R/reefing/none.

“In this article, derotational femoral osteotomy was indicated when the FAA exceeded the normal value by 10°. According to Dejour et al®
(normal value, 10.8°), the cutoff value of femoral anteversion should have been >20° in this article.

9The original article did not report the indication of derotational femoral anteversion. We tried to contact the corresponding author by
email but failed to obtain a response. In this article, the author declared that femoral anteversion >25° was a severe risk factor for patello-
femoral instability; therefore, it seems reasonable to assume that the cutoff value of femoral anteversion for derotational femoral osteotomy
was at least 25°.

TABLE 4
Functional Scores®
Tegner Score VAS Score IKDC Score Kujala Score Lysholm Score
Lead Author Preop Postop Preop Postop Preop Postop Preop Postop Preop Postop
Zhang**? 32+06 44108 56.7+11.2 83.1+104 53.8+11.2 823+84 582+10.2 83.7%£9.0
Biedert? 2.7 6.0 41.2 83.1
Yang®® 55+25 58+14 42+21 13+11 706%+21.4 90.8+14.3 724+199 88.2+123
Frings'® 22+13 37+12 49+26 12+15 47.7+27 844+16  405+20.4 84.6+152
Imhoff*® 4 4 4+3 242 54 +13 65 + 17 46 £ 21 71+24
Nelitz?” 4 4.5 4 1.5 60 85 69 92.5

“Blank cells indicate not reported. Values are presented as mean + SD. IKDC, International Knee Documentation Committee; Postop,
postoperative; Preop, preoperative; VAS, visual analog scale.
5The postoperative functional scores were significantly higher in the derotational group than in the control group.

TABLE 5
Complication, Satisfaction Rate, and Radiological Assessments®

Lead Author Complications Satisfaction, %° Other Assessments
Zhang*® None Not reported Residual J-sign, patellar medial laxity index
Biedert? Persisting pain (n = 1) 89/0/11 Cartilage injury grade
Yang®® Limited knee flexion (n = 1) 100/0/0 Congruence angle and patellar tilt
Frings'® Wound infection (n = 1) 100/0/0 None

Screw dislocation (n = 1)
Imhoff!® Loss of correction (n = 1) 72/15/13 None

Graft slippage (n = 1)
Nelitz?” Limited knee flexion (n = 2) 92/8/0 None

“No patients experienced patellar redislocation; however, 6% of patients after derotational femoral osteotomy showed medial
patellofemoral ligament residual graft laxity.
bSatisfied/partially satisfied/dissatisfied.
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of MPFL-R with and without derotational femoral osteot-
omy for treating RPD with an FAA >30°, which demon-
strated that the former yielded more favorable subjective
outcomes than MPFL-R alone, and this circumstance was
more remarkable when the patients had a preoperative
high-grade J-sign.

Radiological and Objective Clinical Outcomes

Pre- and postoperative patellar tilt was reported in
1 study.®® The mean preoperative patellar tilt was 30.4°,
while the mean postoperative patellar tilt was 15.8°. One
study used patellofemoral stress radiography to measure
the postoperative MPFL graft residual laxity (if the patel-
lar medial laxity index exceeded 50%, MPFL residual graft
laxity was considered for the reconstructed ligament),*°
showing a 6% rate of MPFL residual graft laxity (Table 5).

Complications

All but the comparative study reported postoperative com-
plications (Table 5). A total of 8 complications were noted
for a rate of 4.7%. Major and minor complications were
reported. The most common complication was limited knee
flexion (1.8%), which was resolved by enhanced rehabilita-
tion or manipulation under anesthesia. No patients experi-
enced patellar subluxation or redislocation postoperatively.

DISCUSSION

The most important finding of this systematic review was
that derotational femoral osteotomy in the treatment of
RPD in the presence of increased FAA results in favorable
subjective and objective outcomes with low rates of redis-
location. However, there is no consensus among research-
ers on the indications for derotational femoral osteotomy in
the treatment of RPD.

Isolated MPFL-R has gained much popularity over the
last few years in the treatment of RPD, given its lower
surgical trauma and favorable clinical outcomes.??23°
Erickson et al'? performed 90 isolated MPFL-R procedures
regardless of increased femoral anteversion and other bony
pathologies and noted a significant improvement in out-
come scores, with a low redislocation rate (1.1%). Similarly,
in the study by Blanke et al, isolated MPFL-R resulted in
superior clinical outcomes and patellar stability irrespec-
tive of the value of femoral anteversion and subgroup anal-
ysis demonstrated that increased femoral anteversion
(>20°) did not lead to worse outcomes than in patients with
an FAA <20°. Therefore, the question is whether derota-
tional femoral osteotomy should be performed in the treat-
ment of patients with increased FAA.

The indications for derotational femoral osteotomy in the
treatment of RPD is a question worth researching. Many
studies performed derotational femoral osteotomy when
preoperative femoral anteversion reached a specific thresh-
old, which usually varied from 20° to 30° based on the expe-
rience and preference of the surgeon.?15:19:27:38:40 T
current biomechanical and clinical evidence regarding the
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threshold of derotational femoral anteversion for RPD is
limited. A recent biomechanical study found a persistent
increased lateralizing force vector acting on the patella
after MPFL-R when the FAA was 20°, which might
increase the stress on the reconstructed MPFL and lead
to MPFL failure and patellar redislocation.?! Therefore,
the authors proposed an additional derotational femoral
osteotomy in such cases to neutralize the abnormal force
vector produced by the increased FAA. Franciozi et al*
investigated the influence of an increased FAA on clinical
outcomes in patients with RPD treated by MPFL-R with
tibial tubercle transfer and found that an FAA >30° was
associated with worse functional outcomes. Similarly,
Teitge®® indicated that derotational femoral osteotomy is
beneficial if the FAA is >30°. In the study by Zhang
et al,** patients were divided into 3 FAA groups: low
(<20°), medium (20°-30°), and high (>30°). The authors
noted that patient-reported outcomes and patellar
stability in the medium FAA group were comparable to
those in the low FAA group but significantly better than
those in the high FAA group; therefore, they speculated
that patients with a high FAA (>30°) were possible
candidates for derotational femoral osteotomy.

Another view holds that the severity of patellar mal-
tracking should be taken into consideration when deter-
mining whether to perform derotational femoral
osteotomy in patients with RPD and increased FAAs. In the
treatment algorithm for RPD proposed by Frosch and
Schmeling,® isolated MPFL-R was advocated when patel-
lar tracking was normal, regardless of the increased FAA,
and derotational femoral osteotomy was to be performed
only in the presence of patellar maltracking. Zhang et al*3
analyzed the risk factors for severe patellar maltracking of
RPD and found that an increased FAA was strongly asso-
ciated with a high-grade J-sign; therefore, given the
adverse impact of severe patellar maltracking on the out-
comes after MPFL-R, the authors suggested that derota-
tional femoral osteotomy should be performed when an
increased FAA is coupled with a high-grade J-sign. Zhang
et al*® recently conducted another study to investigate
whether patients with an increased FAA could benefit from
combined derotational femoral osteotomy. This study com-
pared the clinical outcomes of MPFL-R alone versus MPFL-
R with derotational femoral osteotomy for treating RPD
with an increased FAA (>30°), and it determined that the
derotational osteotomy group had significantly better
patient-reported outcomes and a lower rate of MPFL resid-
ual graft laxity than the control group. A subgroup analysis
was then performed by stratifying the results regarding
severity of preoperative patellar maltracking (low- vs
high-grade J-sign) and revealed that patients with a high-
grade J-sign could benefit more from the combined derota-
tional osteotomy than patients with a low-grade J-sign.
Therefore, the authors concluded that derotational femoral
osteotomy should be considered for patients with an
increased FAA (>30°) and concurrent high-grade J-sign.

Another potential indication for derotational femoral
osteotomy is revisional surgery for RPD. Some authors
have speculated that a neglected increased FAA is a com-
mon reason for MPFL-R failure.'®?%37 Therefore, Weber
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et al®” stated that derotational osteotomy for excessive fem-

oral anteversion should be performed in patients with
failed soft tissue procedures. For patients with failed pri-
mary MPFL-R and neglected increased FAA, Nelitz et al?®
performed derotational femoral osteotomy and MPFL-R,
and a favorable clinical outcome was achieved in these revi-
sion cases. Similarly, Zhang et al*! analyzed the risk factors
for MPFL residual laxity and declared that the restoration
of normal femoral anteversion by derotational femoral
osteotomy was a critical step in the management of revision
cases.

Other bony deformities may coexist in patients with an
increased FAA. How to treat these concurrent bony defor-
mities is still debated in the literature. Frings et al'®
declared that all predisposing risk factors—including
rotational deformities, increased tibial tubercle—trochlear
groove distance, patella alta, and genu valgum—should be
addressed simultaneously to restore normal patellar
tracking, similar to the “a la carte” approach introduced
by the Lyon group.® In contrast, in the studies of Nelitz
et al?” and Yang et al,®® derotational femoral osteotomy
was performed as the isolated bony procedure. In fact, the
concurrent mild to moderate valgus deformity could be
corrected simultaneously by derotational femoral osteot-
omy without increasing treatment-related morbidity.®
For patients with severe trochlear dysplasia, a recent
meta-analysis found that combined trochleoplasty
decreased the redislocation rate at the cost of a higher risk
of postoperative range-of-motion limitation.?® In the pre-
sent systematic review, no redislocations occurred among
the patients who did not undergo trochleoplasty. There-
fore, based on the results of this systematic review, when
derotational femoral osteotomy was performed to correct
the increased FAA in patients with RPD, the combined
trochleoplasty was usually not recommended owing to its
potential morbidity.

Derotational femoral osteotomy was initially applied to
address patients with idiopathic torsional deformities of the
lower extremities or miserable malalignment syndrome
associated with significant patellofemoral pain.®%10:24:33:34
Teitge3® was the first to systematically describe the clinical
use of derotational femoral osteotomy in patellofemoral
instability in 2006. Subsequently, several investigations
reporting the successful outcomes of derotational femoral
osteotomy have been published.>1%243%:34 However, these
publications were excluded from this systematic review
because of the heterogeneity of the patients in these stud-
ies, such as those mixing patellar instability and anterior
knee pain or mixing femoral and tibial derotational
osteotomy.

There are several limitations to this study. The major
limitations of this systematic review are the low levels of
evidence, heterogeneity bias, and retrospective nature of
most studies, such as several combined procedures (eg,
tibial tubercle transfer and trochleoplasty). These limita-
tions are not uncommon in systematic reviews of novel
orthopaedic surgical procedures and are mostly unavoid-
able until higher-level studies of the current topic are con-
ducted and published.
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CONCLUSION

For RPD in the presence of increased femoral anteversion,
combination treatment with derotational femoral osteotomy
leads to favorable clinical outcomes with a low redislocation
rate. However, there is no consensus among researchers on
the indications for derotational femoral osteotomy in the
treatment of RPD.
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