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Background: The aim of this study was to describe outcomes of patients who had undergone medial
patellofemoral ligament reconstruction (MPFLr) to treat patellofemoral instability (PFI) following total
knee arthroplasty (TKA).
Material and methods: This is a retrospective case series of consecutive patients treated for PFI after TKA.
Patients were included if they had radiographic documentation of patella dislocation or subluxation and
component position was adequate. MPFLr was performed using a quadriceps tendon autograft. The graft
was fixed with either an interference or additional suspensory fixation. A tibial tubercle osteotomy was
performed in select indications. Patients were assessed with Kujala and International Knee Score (IKS) at
a minimum 12-month follow-up and radiographically with plain radiographs.
Results: A total of 22 patients (23 procedures) were included. The mean follow-up period was 38 months
(range 12-72). Average preoperative femoral component rotation on computed tomography was 0.10�

external rotation (range 3� internal rotation to 3� external rotation). All patients had improved clinical
and radiographic outcomes postoperatively. At the last follow-up, the mean IKS knee score was 77.6 ±
13.1, mean IKS function score was 75.2 ± 23.3, and mean Kujala score was 60.2/100 ± 10.9. There was 1
mechanical failure, which occurred following MPFLr with interference fixation. There were 6 compli-
cations (28.1%) postoperatively. Patients receiving double fixation of the MPFLr graft had higher clinical
and radiographic scores; however, this difference was not statistically significant. MPFLr had a patella-
lowering effect, 0.97 preoperatively to 0.74 postoperatively (P ¼ .069).
Conclusion: MPFLr in appropriately selected patients is a satisfactory option to treat PFI following TKA.
© 2022 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Patellofemoral instability (PFI) following total knee arthroplasty
(TKA) is an uncommon but devastating complication with inci-
dence ranging from 0.5% to 0.8% [1,2]. Aetiology of PFI following
TKA is either implant-related, soft-tissue-related, or a combination
of the 2. The most frequently cited cause is femoral or tibial
component internal rotation (IR) [3e5], and when present, revision
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arthroplasty is recommended [5,6]. What defines the threshold for
malrotation has not been clearly defined. Furthermore, revision of
components that are well fixed is a morbid procedure.

When implant position is satisfactory, addressing the soft-tissue
imbalance is required. The medial patellofemoral ligament (MPFL)
prevents the patella from subluxing laterally in early flexion [7].
Reconstruction of the MPFL (MPFLr) has been used successfully in
the treatment of lateral patella instability in the native knee [8e10].
However, patients experiencing patella instability after arthro-
plasty are comparatively older and may have poor bone quality
[11,12]. Only a small number of studies with low numbers of pa-
tients have reported outcomes of patients with PFI after TKA
treated using MPFLr [13,14]. Furthermore, the indications for
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Figure 1. Algorithm for management of patella instability after total knee arthroplasty.
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Figure 2. Study flowchart of patella instability after TKA cohort selection.
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performing MPFLr with or without a tibial tubercle osteotomy
(TTO) in a TKA have not been well described previously.

The purpose of this study was to report the clinical and radio-
logical outcomes and the complications at midterm of the surgical
management of PFI in patients who had previously undergone TKA
using an algorithm that consisted of isolated MPFLr using a double
fixation technique, with the addition of a TTO in select indications.
The hypothesis was that this strategy could be used successfully to
manage PFI after TKA.

Material and methods

Patients

This is a single-center retrospective case-series study of
consecutive patients treated for PFI after TKA with MPFLr who had
a minimum 12-month follow-up. The technique and algorithm
evolved over a 10-year period in this institution to manage PFI after
TKA (Fig. 1). Inclusion criteria were radiographic evidence of patella
subluxation or dislocation, previous TKA, and no evidence of
femoral or tibial component malrotation. Patients were excluded if
they had evidence of implant loosening, femoral or tibial malro-
tation of more than 6� IR, combined femoral-tibial rotation of more
than 3�, a hip-knee angle of more than 5� valgus, a preoperative
extensor lag, history of quadriceps tendon rupture, and had a
prosthesis preventing tunnel creation such as a distal femoral or
total femoral replacement. A strict criterion of patella thickness
with this technique is not required as the quadriceps tendon
autograft is left attached to its insertion point on the patella.
Twenty-five patients underwent surgery for PFI after TKA in the
study period. Two patients were treated with isolated TTO. One
patient who underwent MPFLr suffered repeat dislocation and
subsequently underwent revision using a TTO and repeat MFPLr
using a double fixation that was an evolved variant of our technique
during the study period (Fig. 2).

Rational for implant boundaries

Determining the threshold for femoral and tibial malrotation is
difficult. Postoperatively, the posterior condylar axis (PCA) is no
longer available for femoral referencing, and so most studies have
described using the transepicondylar axis (TEA) as a landmark to
measure femoral component positioning on computed tomography
(CT) scans [15,16]. In the current study, the threshold to define
malrotation of the femoral component TEA was more than 6� of IR.
This is based on the observation that the postererior condylar axis is
3.5� to 0.3� IR to the TEA in a normal population [16]. This is also a
limitation set out by the Food and Drug administration [17], and
85% of the normal population falls within this limitation [18]. Tibial
rotation malrotation is also not well defined, with variations in
definitions and thresholds. Typically, the most prominent point or
medial third of the tibial tuberosity is used as a reference point;
however, it has previously been shown that the interobserver
measurement disagreement is more than 3� in 70% of cases [19]. In
the current study, tibial rotation was measured, and the threshold
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was set at 20� according to the technique described by Berger et al.
which utilizes the most prominent point of the tibial tuberosity
[16]. Using this technique, a range of 18� ± 2.6� was described as a
limit. An inherent issue with measuring tibial rotation, however, is
the wide variation in the position of the tibial tuberosity which has
previously been described [20]. In the current study, combined
femoral-tibial malrotation of more than 3� was used as a threshold.
Previously, it has been observed that 3�-8� of combined IR was
associated with PFI in TKA [21]. The coronal limitation of 5� valgus
is based on the observation of Bellemans et al. who did not observe
any native knees outside this range [18].
Surgery

In all cases, MPFLr was performed using a quadriceps tendon
autograft taken from the medial one-third of the quadriceps
tendon, leaving the patella attachment undisturbed. The graft is
whip-stitched and passed beneath the vastus medialis muscle
(Fig. 3). A femoral tunnel is drilled starting from the femoral foot-
print of the MPFL [22] aiming for the meta-diaphyseal junction
laterally. Initially, the quadriceps tendon autograft was fixed by
interference screws only. However, due to the observation of poor
bone quality in the supracondylar region of the femur, an additional
cortical fixation was added with the use of an endobutton in later
cases. The graft is tensioned with the knee flexed to approximately
30�-45� and fixed with an interference screw, but a cortical button
is added laterally to avoid graft slippage (Fig. 2).

TTO was performed if the patient exhibited a grade-3 J-sign
during the examination under anaesthesia, if the quadriceps
mechanism was deemed to be shortened (eg, chronic dislocations
[>3 months]), or in cases of severe patella baja. Briefly, the J-sign
evaluation was performed by estimating the lateral translation of
Figure 3. Medial one-third of the quadriceps tendon is used as an autograft for MPFLr a
the patella throughout the knee motion. A grade 3 J-sign was
defined as lateral dislocation of the patellar in terminal extension
[23,24].

TTO was performed (Fig. 4) using an oscillating saw to create an
osteotomy that was 6 cm in length, 1.5 cm deep proximally, tapered
distally, and hinged open laterally. All TTOs were fixed using two
3.5-mm cortical screws. Medialisation was performed up to 10 mm
or until correction of the J-sign, and proximalization in cases of
quadriceps shortening or severe patella baja. A 1-cm bone bridge
was preserved proximally to avoid conflict with the tibial tray. If a
TTO was performed, it was done prior to the MPFLr for all cases.
Patient outcomes were described for the entire cohort, and a
further subgroup analysis was performed based on surgery type;
isolated MPFLr using an interference screw only (group 1), MPFLr
with an interference screw only and TTO (group 2), and MPFLr with
double fixation and TTO (group 3.)
Clinical and radiological outcomes

Patients were assessed clinically with Kujala [25] and Interna-
tional Knee Score (IKS) scores at a minimum 12-month follow-up
and radiographically to measure Caton-Deschamps index [26],
patella tilt (PT), and patella shift (Figs. 4 and 5). All CT and radio-
graphic measurements were independently performed by 2 or-
thopaedic surgeons who were blinded to the patient outcomes,
using a commercially available software program (Picture
Archiving Communication System; Carestream Health, Rochester,
NY). Femoral and femoral-tibial rotation were measured using
techniques previously described [15,16,21]. Patella height
measured using the Caton-Deschamps index [26] and patella
skyline views were taken at an angle of 45�, and from this, PT and
PS were measured as described by Merchant et al. [27].
nd attached using double fixation with an interference screw and a cortical button.



Figure 4. When indicated, a tibial tubercle osteotomy (TTO) was performed that was 6 cm in length, 1.5 cm deep proximally, tapered distally, and hinged open laterally. All TTOs
were fixed using two 3.5-mm cortical screws.
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Statistical analysis

The statistical analysis was performed using SPSS version 21.0
(SPSS Inc., Chicago, IL). Descriptive statistic was used to report all
collected data; continuous parameters were presented as mean
values with standard deviation. Shapiro-Wilk test was used to
assess the normal distribution for all the evaluated data. Baseline
characteristics were reported using mean and standard deviations.
Means between surgical technique groups were compared using
the Fisher-exact test and Kruskal-Wallis tests. A P value < .05 was
considered significant.

Ethical approval

All procedures were performed in accordance with the ethical
standards of the institutional and/or national research committee,
the 1964 Helsinki declaration, and its later amendments, or com-
parable ethical standards.
Figure 5. Left total knee arthroplasty with patella dislocation preoperatively. (a
Results

A total of 22 patients (23 knees) were included in the final
analysis. Patient characteristics are summarized in Table 1. PFI
occurred in posterior-stabilized implants in 18 cases (78.2%) and in
hinge implants in 5 cases (21.8%). Sixty-five percent of patients
previously had at least 2 operations to their knee, indicating the
often-complex nature of this surgery. One patient underwent early
revision for deep infection, and another died within 3 months of
surgery.

Clinical outcomes

Outcomes are reported for the remaining 21 knees and are
summarized in Tables 2 and 3. The mean follow-up period was 51.4
months (range 12-72). Preoperative and postoperative compari-
sons demonstrated significant improvements in the IKS scores, PT,
and patella shift (Table 3).
) Anteroposterior view. (b) Skyline view showing 37� tilt. (c) Lateral view.



Figure 6. Postoperative radiographs (12 weeks) of the patient from Figure 5 with MPFLr using double fixation and tibial tubercle osteotomy. (a) Skyline view demonstrating patella
now centered with a patella tilt of 6� . (b) Anteroposterior radiograph, the endobutton can be seen sitting flush on the lateral cortex. (c) Lateral profile demonstrating the tibial
tubercle osteotomy and tunnel position. The osteotomy is united at 3 months after the surgery.

Table 1
Patient characteristics (n ¼ 23).

Characteristics N Mean Std. deviation Maximum Minimum

Age at MPFL surgery 23 68.14 8.88 83 49
BMI 23 31.14 6.25 44 22
Time from primary 23 12.95 16.93 60 0.5
Preop. flexion 23 116.67 18.46 140 70
IKS knee preop 23 59.30 15.56 92 35
IKS function preop 23 49.20 13.46 70 15
IKS total preop 23 108.65 24.54 162 55
Hip-knee-ankle angle 23 178.07 2.52 184 174
CDI preop 23 0.96 0.47 2.8 0.45
Tibial rotation 19 7.68 3.62 13 -3
Femoral-tibial rotation 19 �0.05 1.27 2 -3
Femoral rotation 19 �0.16 1.49 2 -3
Patella thickness 19 12.66 2.32 18 10

American Society of Anesthesiologists (ASA) score N %

1 1 4.3
2 13 56.5
3 9 39.1

Side
Left 12 52.2
Right 11 47.8

Gender
F 15 65.2
M 8 34.8

Operations prior to MPFL
1 8 34.8
2 5 21.7
3 4 17.4
4 5 21.7
6 1 4.3

Indication for prosthesis
High tibial osteotomy (HTO) 1 4.3
Idiopathic 12 52.2
Posttraumatic 3 13
Revision (aseptic) 1 4.3
Revision (stiffness) 1 4.3
Revision (pain) 1 4.3
Revision (sepsis) 3 13
Rickets 1 4.3

Prosthesis type
Hinge 5 21.7
Posterior stabilized 18 78.3

BMI, body mass index; CDI, Caton-Deschamps Index.
Femoral rotation, negative value ¼ external rotational.
Femoral tibial rotation, negative rotation ¼ external rotation.
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Table 2
Postoperative outcomes (n ¼ 21).

Outcome N Mean Std. deviation Minimum Maximum

Follow-up (mo) 21 51.48 23.67 12.00 72.00
Postoperative flexion (�) 21 112.86 15.70 75.00 140.00
Preoperative to postoperative flexion change (�) 21 3.10 19.52 -20.00 55.00
IKS score postop. 21 77.67 13.18 55.00 96.00
IKS function score postop. 21 75.29 23.30 15.00 100.00
IKS total score postop. 21 153.62 32.45 85.00 195.00
Kujala score postop. 21 60.29 10.97 37.00 77.00
PS postop. (mm) 21 0.93 1.19 0.00 3.00
PT postop. (�) 21 7.49 7.43 1.00 30.00
CDI postop. 21 0.75 0.20 0.30 1.10
TTO union time (wk) 10 14.86 4.88 10.00 20.00

CDI, Caton-Deschamps Index; PS, patella shift (þve value indicates lateral translation); PT, patella tilt (þve value indicates lateral tilt).

J. Shatrov et al. / Arthroplasty Today 16 (2022) 130e139 135
In a subgroup analysis (Table 4), 11 patients received an isolated
MPFLr using an interference screw fixation, 4 had had a TTO with
the MPFLr fixed using an interference screw, and 6 had a TTO plus
MPFLr with a double fixation with an endobutton and a screw.
While Kujala and IKS scores were higher in patients receiving
double fixation of the MPFLr graft and a TTO than those in patients
receiving MPFLr with interference fixation, these differences were
not significant (P ¼ .081). There was no significant difference be-
tween the 3 groups when comparing flexion range change. A
further analysis comparing outcomes and alignment by prosthesis
type (hinge vs posterior-stabilized [PS]) was performed and found
significant results between groups (Table 5); however, the PS group
did have a wider range of clinical outcome scores as evidenced by
the greater standard deviations.

Radiographic outcomes

Preoperative CT analysis was available for 19 patients and
revealed an average femoral component rotation of 0.16� external
rotation in relation to the TEA (range 2� IR to 3� external rotation).

Radiographic outcomes revealed superior results with addi-
tional endobutton fixation (Fig. 6); however, this difference was not
statistically significant. The mean PT and patella shift following
isolated MPFLr using interference fixation was 9.53� and 1.35 cm,
respectively, compared to 3.25� (P ¼ .111) and 0.27 cm (P ¼ .433)
with additional endobutton fixation. MPFLr had a patella-lowering
effect, 0.97 preoperatively to 0.74 postoperatively (P ¼ .069).

Complications

There were 6 (26.1%) complications consisting of 1 deep infec-
tion, 1 superficial infection, 1 tibial fracture, 1 osteonecrosis of the
Table 3
Comparison of preoperative and postoperative outcomes.

Outcome Mean Std. deviation

Preoperative flexion (�) 110.48 26.17
Postoperative flexion (�) 112.86 15.70
IKS score preop. 57.90 16.46
IKS score postop. 77.67 13.18
IKS function score preop. 49.24 14.48
IKS function score postop. 75.29 23.30
IKS total score preop. 107.29 26.43
IKS total score postop. 153.62 32.45
CDI preop. 0.98 0.48
CDI postop. 0.75 0.20

CDI, Caton-Deschamps Index.
P > .05 ¼ significant.
patella, 1 tendinopathy of the patellar tendon, and 1 implant revi-
sion because of pain. The patient with the superficial infection was
successfully treated with a wound debridement and antibiotics but
had a delayed union of their TTO (20 weeks). The tibial fracture
occurred following a TTO and was managed successfully with plate
fixation. The osteonecrosis was diagnosed using radiographs and
scintigraphy. The patient was managed conservatively in a brace
and did not experience fracture or develop an extensor lag. There
was 1 mechanical failure which occurred in the isolated MPFL with
a screw fixation group. The patient subsequently underwent revi-
sion MPFLr with additional endobutton fixation for the graft, and at
24-month follow-up, the patient was walking independently and
had no evidence of recurrent instability.

Discussion

The most important finding of this study was that isolated
MPFLr is a satisfactory option to treat PFI after TKA in the appro-
priately selected patients. The addition of cortical fixation in the
surgical technique yielded modestly superior clinical and radio-
logical results to graft fixation with an interference screw alone.
MPFLr with the addition of a TTO in select cases demonstrated this
approach can achieve good clinical results, as evidenced by a
number of recurrences and an improvement in patient function
following the surgery.

Surgical management of patella instability after TKA broadly
follows 1 of 2 pathways (Fig. 1), consisting of either a revision of
components or a patella stabilization with soft-tissue, bony, or
combined procedures. The results of patients treated with revision
arthroplasty of the tibial and femoral components for PFI after TKA
were recently described by Warschawski et al. [5]. In this study,
patients underwent revision based on an intraoperative
95% confidence interval of the difference P

�11.44547 6.68357 .590

�27.29383 �12.22998 <.0001

�38.04048 �14.05475 <.0001

�63.96196 �28.7047 <.0001

�0.02117 0.48726 .070



Table 4
Outcomes between surgery groups.

Outcome Surgery N Mean Std. deviation 95% confidence interval for
mean

Minimum Maximum Pb

Lower bound Upper bound

Age at MPFL surgery (y) 1 11 69.00 9.78 62.43 75.57 53 79
2 4 68.25 4.43 61.21 75.29 64 73
3 6 72.17 5.78 66.10 78.23 66 83 .648

BMI (kg/m2) 1 11 29.27 6.07 25.20 33.35 22 44
2 4 35.50 5.07 27.44 43.56 31 42
3 6 33.67 4.37 29.08 38.25 29 40 .072

Flexion change (�) 1 11 9.09 19.85 �4.25 22.43 �20 55
2 4 �7.50 22.17 �42.78 27.78 �30 20
3 6 �0.83 15.94 �17.56 15.90 �20 25 .262

Hip-knee-ankle angle (�) 1 11 177.68 1.85 176.44 178.92 174 180
2 4 180.50 3.87 174.34 186.66 175 184
3 6 178.17 1.72 176.36 179.97 176 181 .270

PS postoperatively (�) 1 11 1.35 1.42 0.40 2.31 0 3
2 4 0.75 0.96 �0.77 2.27 0 2
3 6 0.27 0.32 �0.07 0.60 0 0.7 .433

PT postoperatively (�) 1 11 9.53 9.20 3.34 15.71 2 30
2 4 8.25 4.99 0.31 16.19 3 13
3 6 3.25 2.32 0.82 5.68 1 7 .133

CDI postoperatively 1 11 0.77 0.15 0.67 0.88 0.6 1.05
2 4 0.77 0.11 0.59 0.94 0.63 0.9
3 6 0.70 0.33 0.36 1.04 0.3 1.1 .997

Tibial rotationa (�) 1 11 7.45 4.32 4.55 10.36 �3 12
2 2 8.50 0.71 2.15 14.85 8 9
3 4 8.75 3.40 3.33 14.17 6 13 .923

Femoral-tibial rotationa (�) 1 11 0.00 1.55 �1.04 1.04 �3 2
2 2 0.50 0.71 �5.85 6.85 0 1
3 4 �0.25 0.96 �1.77 1.27 �1 1 .736

Femoral rotationa (�) 1 11 0.29 1.66 �0.83 1.41 �3 2
2 2 �0.70 0.14 �1.97 0.57 �0.8 �0.6
3 4 �0.75 1.50 �3.14 1.64 �3 0 .203

Patella thickness (mm) 1 11 12.68 2.26 11.16 14.20 10 18
2 2 14.00 4.24 �24.12 52.12 11 17
3 4 12.75 2.50 8.77 16.73 10 16 .953

IKS knee score postoperatively 1 11 72.45 13.92 63.10 81.81 55 95
2 4 84.50 13.96 62.28 106.72 65 96
3 6 82.67 7.97 74.31 91.03 70 92 .174

IKS function score postoperatively 1 11 69.00 27.53 50.50 87.50 15 100
2 4 75.00 21.98 40.02 109.98 50 100
3 6 87.00 10.71 75.76 98.24 68 100 .326

IKS total score postoperatively 1 11 141.45 35.27 117.76 165.15 85 195
2 4 159.50 35.00 103.81 215.19 115 193
3 6 172.00 15.18 156.07 187.93 148 192 .262

Kujala score postoperatively 1 11 55.45 11.02 48.05 62.86 37 71
2 4 64.75 11.79 46.00 83.50 49 77
3 6 66.17 6.79 59.04 73.30 57 76 .081

BMI, body mass index; CDI, Caton-Deschamps Index; PS, patella shift (þve value indicates lateral translation); PT, patella tilt (þve value indicates lateral tilt).
Surgery groups: 1 ¼ isolated MPFL (screw fixation) (N ¼ 11); 2 ¼ MPFL þ TTA (screw fixation) (N ¼ 4); 3 ¼ MPFL (endobutton þ screw) þ TTA (N ¼ 6).
Flexion change, preoperatively to postoperatively.

a Positive value indicates internal rotation.
b Kruskal-Wallis test. P < .05 ¼ significance.
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assessment of component positioning. Revision was performed if
malrotation according to anatomical landmarks was demeed to be
present. The authors reported over 80% of cases had tibial IR
requiring revision arthroplasty. In most cases, patients required a
condylar-constrained implant used as the revision prosthesis.
Several problems exist with this approach. Primarily, the anatom-
ical landmarks used are not precise. Second, a decision to revise
well-fixed implants cannot be made until after the exposure is
performed. Third, revision of well-fixed implants invariably is a
morbid procedure that causes bone loss and soft-tissue damage as
indicated by the high rate of need for a condylar-constrained
implant with this approach, and finally, highly constrained im-
plants in registry studies have twice the failure rate of primary
implants at 10-year follow-up [28]. While revision arthroplasty
may be required in certain cases of PFI, the approach in the current
study describes an alternative surgical management in select
indications that allows for retention of the prosthesis and dem-
onstrates satisfactory results.

Previously published outcomes of MPFLr in this population are
limited to small case series or case reports [13,14,29e31] (Table 6).
In the largest previous series published on this topic, van Gennip
et al. treated 9 patients with a mean follow-up of 33months [14]. In
this study, patients had an MPFLr using interference fixation of a
quadriceps graft combined with either a lateral release or TTO. The
authors reported a median postoperative tilt of 15� and 1 recur-
rence of instability [14]. Lamotte et al. treated 6 patients using
gracilis autograft for MPFLr with a combination of anchor fixation
in the patella and endobutton for the femoral tunnel [13]. One
patient had ongoing instability [13]. Endobutton fixation using a
hamstring autograft has been reported in several case reports in
combinationwith a lateral release to correct patella instability after
TKA [29,32]. The technique we describe to have evolved during this



Table 5
Comparison between prosthesis types.

Outcome Prosthesis N Mean Std. deviation P valuea

IKS preop. 1 6 61.5 15.4
2 15 56.5 17.2 0.569

IKS function preop. 1 6 51.7 13.3
2 15 48.3 15.3 0.733

IKS total preop. 1 6 113.2 22.5
2 15 104.9 28.2 0.470

IKS knee postop. 1 6 79.8 9.9
2 15 76.8 14.5 0.622

IKS function postop. 1 6 74.5 9.5
2 15 75.6 27.3 0.340

IKS total postop. 1 6 156.7 18.5
2 15 152.4 37.1 0.340

Kujala 1 6 63.3 7.5
2 15 59.1 12.1 0.970

HKA 1 6 179.8 2.9
2 15 177.8 2.0 0.424

PS 1 6 0.7 1.0
2 15 1.0 1.3 0.132

PT 1 6 5.6 3.6
2 15 8.3 8.5 0.910

CDI postop. 1 6 0.7 0.2
2 15 0.8 0.2 0.922

CDI, Caton-Deschamps Index; HKA, hip-knee-ankle angle; PS, patella shift (þve
value indicates lateral translation); PT, patella tilt (þve value indicates lateral tilt).
Group 1, posterior-stabilized; group 2, hinge prosthesis.
Flexion change, preoperatively to postoperatively.

a Kruskal-Wallis test. P < .05 ¼ significance.
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study period differs in a way that the graft is fixed using both an
interference screw and an endobutton to gain cortical fixation. The
current study is the largest series of patients with the longest
follow-up using MPFLr to treat PFI after TKA and demonstrates it is
a valuable method of surgical treatment for a difficult problem.

The current study demonstrated improvement in clinical out-
comes using MPFLr to manage PFI after TKA. All patients had
increased IKS scores postoperatively. It should be noted, however,
that the mean preoperative IKS score was very low, reflecting the
devastating effect of PFI after TKA. Only 1 other study [13] has re-
ported Kujala scores albeit in 6 patients for PFI after TKA, with a
mean of 53.5 (32-74). In the current study, the mean Kujala score
achieved was 60.3, with a wide range of 37-77. The results show
Table 6
Published outcomes following MPFLr or tibial tubercle osteotomy to treat patella instabi

Study Year Cases Technique Follow-up

Current study 2021 21 Quads tendon autograft fixed with
endobutton (n ¼ 6) or interference
fixation (n ¼ 15)

Mean 51 m

van Gennip
et al. [14]

2012 9 7 MPFLr þ lateral release
2 e Additional TTO
Semitendinosus - 2
Quadriceps tendon e 6
Allograft e 1
Either interference or anchor fixation

Mean 33 m

Lamotte et al. [13] 2016 6 Double bundle gracilis autograft,
2 anchors for patella fixation
Interference femoral fixation

Mean 23 (6

Kirk et al. [30] 1992 14 TTO ± lateral release Mean 2 y (1

Nakajima
et al. [31]

2010 1 TTO þ lateral release 12 mo

Goto et al. [29] 2014 1 MPFL þ lateral release
(semi-tendinosus with endobutton)

12 mo

CDI, Caton-Deschamps Index; ROM, range of motion; HSS, hospital for special surgery k
that while patients will improve following this surgery, expecta-
tions of the final function should be tempered to understand that
the final result will, in most cases, be inferior to those achieved
following primary TKA. Furthermore, no significant differences
were found between groups when analyzing patients by surgery
type (TTO þ MPFLr compared to MPFLr alone) or prosthesis type
(PS vs hinge). However, the strength of any conclusions is limited by
the small sample size in this study despite it being the largest of its
type in the literature.

Careful consideration should be given to the addition of a TTO in
the management of a PFI after TKA. In our institution, patients
having surgery for PFI after TKA prior to any incision being per-
formed have an examination under anaesthesia (EUA), and the
presence of a grade 3 J-sign is an indication for TTO. Additional
indications include severe patella baja or sever quadriceps short-
ening as is the case in chronic patella dislocations. High-grade J-
signs in native PFI have been associated with abnormal patella
height [33], muscle imbalance [34], genu valgum [35], and torsional
abnormalities [36]. The rationale for the addition of a TTO is based
on understanding the role of the MPFL, which is to entrain the
patella into the trochlear groove in the first 30� of flexion and is not
robust enough towithstand the forces that result in a grade 3 J-sign.
This approach has not been described previously in TKA but is
supported by the observation that a positive J-sign has been shown
to be an independent predictor following isolated MPFLr failure in
native patella dislocations [37] and leads to MPFLr graft laxity if an
associated TTO is not performed [24].

The double fixation is a critical step of this procedure, as it
provides additional stability to the graft. Furthermore, it addresses
the challenge of poor bone quality that can affect graft stability and
is frequently encountered in this region following TKA. Bone min-
eral density in the supracondylar region of the femur following TKA
has been observed to decrease by 20%-45% following TKA [11,12].
Most studies that have reported onMPFLr to treat patella instability
after TKA to date have used an interference screw fixation method
[13,14] which relies on compressing the graft against bone to pre-
vent slippage. The load to failure of grafts using interference screw
fixation has been shown to be directly related to bone mineral
density, with lower density bone showing graft slippage and failure
at significantly lower forces during biomechanical testing [38].
Reliance on interference fixation in this scenario may lead to
recurrence of instability.
lity after total knee arthroplasty.

Outcomes Radiographic outcomes

o (min. 12) Kujala, 60 (37-77); IKS
total score, 153.63 (85-195);
ROM 113� (75�-140�)
1 recurrence

CDI, 0.75; patella tilt, 7.5;
patella shift, 0.93

o (10-48) Bartlett score “displayed
a diverse picture”

ROM not reported.
No complications.
One recurrence of instability.
Patella tilt 15

-46) Kujala, mean 52.6 (32-69);
IKDC, 38.2 (23-47)

No recurrence. Patella tilt 13

-4) HSS score, 82 (range 61-95);
ROM 112

1 Nonunion. No recurrence

ROM, patella tilt, patella height Patella height 1.19 (Insall-Salvati);
patella tilt 14.7; ROM 120

ROM 10-110 No complication

nee rating scale; IKDC, international knee documemtation committee.
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The complication rate in the current study was high (26.1%).
Some studies have previously reported a complication rate of 0%
albeit a shorter follow-up following MPFLr for PFI after TKA [14].
The complications experienced in this study are heterogeneous,
including patella osteonecrosis, quadriceps tendinopathy, superfi-
cial and deep infection, and pain requiring revision. The nature and
incidence of the complications reflect the complex nature of pa-
tients presenting with this problem. In the current study, most
patients had already undergone more than 2 operations prior to
receiving MPFLr, and both the clinician and patient should be
mindful of the risks associated with undertaking surgery for PFI
after TKA.

This study had several weaknesses. First, the number of patients
in this study was small, owing to the rare nature of this compli-
cation. Despite this, the current study is the largest published series
of patients treated for PFI after TKA in the literature. Second, this
study was retrospective in nature and is thus subject to the biases
that effect such study designs. Finally, this was an observational
study with no comparison group, and thus, superiority of this
technique for managing PFI in TKA cannot be proven from this
study. Nonetheless, the purpose of this study was to determine if
MPFLr could provide satisfactory outcomes in this population, and
the incidence of this complication is very low, limiting the ability to
perform comparative studies.

The findings of the current study provide important data to
inform orthopaedic surgeons management algorithm for a rare but
devastating problem after TKA (Fig. 1). MPFLr can provide satis-
factory outcomes in appropriately select patients. The addition of
suspensory fixation, and when indicated a TTO, should be consid-
ered due to the unique challenges posed in this patient population.

Conclusion

MPFLr in appropriately selected patients is a satisfactory option
to treat PFI following TKA. Accommodating for the variable bone
quality in this specific population, suspensory fixation in addition
to an interference screw showed improved functional and radio-
logical outcomes compared with fixation with an interference
screw alone.
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