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Abstract

Purpose To evaluate the results for reconstruction of the medial patellofemoral ligament using synthetic nonresorbable
sutures (S-MPFL-R) in comparison to MPFL-R using quadriceps tendon autograft (QT-MPFL-R) in patients undergoing
simultaneous correction of anatomic risk factors for lateral patellar instability (LPI) at a minimum of 2 years of follow-up.
Methods Between November 2018 and June 2019, 19 patients (male/female 8/11; mean age 26 +7 years) underwent
S-MPFL-R (FiberTape®) in combination with the correction of predisposing risk factors for LPI. The control group of 38
patients (male/female 16/22, mean age 26 + 6 years) who underwent QT-MPFL-R was matched 1:2 by sex, age, anatomic
risk factors, and concomitant surgical correction of bony risk factors. The Banff Patella Instability Instrument 2.0 (BPII 2.0)
and a numerical analog scale (NAS 0-10) for patellofemoral pain and subjective knee joint function were used to assess
patients’ reported quality of life before and after surgery.

Results The BPII 2.0 score increased from 35.0 +21.7 points to 79.7 + 13.3 points (p <0.0001) in the S-MPRL-R group and
from 44.3 +19.6 points to 80.9 + 15 points (»p <0.0001) in the QT-MPFL-R group from preoperatively to postoperatively,
respectively, without any significant difference between the groups. In the S-MPFL-R group and QT-MPFL-R group, 95%
(18/19) and 92% (35/38) of patients, respectively, crossed the minimally clinically important difference reported for the BPII
2.0. NAS values for pain and subjective knee joint function improved significantly in both groups (p <0.0001, p <0.0001)
without any significant difference between the groups at the final follow-up.

Conclusions This study demonstrates that nonresorbable sutures can serve as a viable option for MPFL-R, yielding compa-
rable outcomes compared to quadriceps tendon autograft reconstruction when performed concomitantly with the correction
of anatomic risk factors for LPI. This option reduces the need for autologous tendon harvesting or the use of allografts for
MPFL-R.

Level of evidence Level III.
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procedures, aiming to correct bony pathoanatomy in addition
to MPFL-R, has been shown to reduce the rate of patellar
redislocation, while improving clinical and patient-reported
outcomes [4, 13, 49].

The majority of currently available techniques require
harvesting of an autologous tendon graft (i.e., quadriceps,
gracilis or semitendinosus tendon), which can be techni-
cally challenging and potentially lead to donor-site morbidi-
ties and functional deficits [17, 24, 30, 33, 41]. Therefore,
MPFL-R techniques with the use of synthetic materials have
gained increased interest in recent years [8, 15, 20, 21, 23,
29]. However, reports on the efficiency of these materials in
MPFL-R surgery have thus far been scarce and, for the most
part, published in the form of technical notes, case series
and very few biomechanical evaluations [29, 32, 35, 36, 46].

The purpose of this study was to evaluate the results of
a novel MPFL-R technique using synthetic nonresorbable
sutures in comparison to MPFL-R using a quadriceps tendon
autograft in patients undergoing simultaneous correction of
anatomic risk factors for lateral patellar instability (LPI) at
a minimum of 2 years of follow-up. The hypothesis was that
the results of synthetic MPFL-R are not inferior to those of
tendon autograft reconstruction.

Materials and methods

This study represents a retrospective analysis of prospec-
tively collected data that has been approved by the local
ethics committee (Medical Council Baden-Wiirttemberg
F-2019-070). Between November 2018 and June 2019, the
first 19 patients (male/female 8/11; mean age 26 +7 years)
who underwent MPFL-R using nonresorbable sutures
(S-MPFL-R) (FiberTape®, Arthrex Co., Nepales, Florida,
USA) in combination with the concomitant correction of
predisposing pathoanatomic factors of patellar instability
comprised the study group for this investigation. Thirty-eight

patients (male/female 16/22, mean age 26 + 6 years) who
underwent MPFL-R with a pedicled quadriceps tendon auto-
graft (OT-MPFL-R) comprised the control group. For the
best possible homogeneity between the groups, QT-MPFL-R
patients were selected out of a total of 140 MPFL-Rs (years
2017-2019) by matching them 2:1 to the S-MPFL-R group
regarding sex, age, anatomic risk factors, and their concomi-
tant bony correction during MPFL-R (see Tables 1 and 2).

The validated Banff Patella Instability Instrument 2.0
(BPII 2.0) [7] was used to evaluate the patient-reported qual-
ity of life (QOL) prior to and at a minimum of 24 months
after surgery. Additionally, a numerical analog scale (NAS
0-10) for the assessment of patellofemoral pain and subjec-
tive knee joint function was collected at the time of initial
examination and at the final follow-up as previously pub-
lished [49].

The inclusion criteria were as follows: (1) a history of
recurrent LPI, defined as > 2 patellar dislocations following a
failed conservative treatment over a period of a minimum of
6 months; (2) clinically and radiologically diagnosed pres-
ence of at least one predisposing risk factor for LPI (please
see below). The exclusion criteria were as follows: (1) previ-
ous MPFL-R and medial soft-tissue-stabilizing procedures,

Table2 Overview of the concomitant procedures performed in addi-
tion to MPFL-R in both patients cohorts

Operative procedures S-MPFL-R QT-MPFL-R
MPFL-R+TTO 8 16

MPFL-R +TP 3 6
MPFL-R+TTO +TP 2 4

MPFL-R +DFO 6 12

“S-MPFL-R medial patellofemoral reconstruction with the synthetic
graft, QT-MPFL-R medial patellofemoral ligament reconstruction
with the pedicle quadriceps tendon graft, MPFL-R medial patel-
lofemoral ligament reconstruction, 770 tibial tuberosity osteotomy,
TP trochleoplasty, DFO distal femoral osteotomy

Table 1 Demographics and

e Factors S-MPFL-R n=19 QT-MPFL-R n=38 p value

pathoanatomic risk factor

profile for both patient cohorts Male/female 6/13 12/26 s
Age (years) 26.2+7.0 (14-35) 26.6 +6.0 (15-39) n.s
Follow-up (months) 24.6 +1.3 (24-29) 35.84+9.9 (24-57) <0.001
Trochlear dysplasia absent/mild/severe 1/5/13 0/8/30 n.s
Caton—-Deschamps index 1.2+0.3 (0.8-1.6) 1.2+0.3 (0.7-1.7) n.s
TT-TG distance (mm) 15.8+5.0 (9-30) 15.6+4.6 (7-26) n.s
TT-PCL distance (mm) 23.0+3.5 (13-28) 22.9+3.2 (15-30) n.s
Frontal plane deviation (°)* —0.7+£3.0(—8-3.4) —0.6+3.1(—7-4.6) n.s

*S-MPFL-R medial patellofemoral reconstruction with the synthetic graft, QT-MPFL-R medial patellofem-
oral ligament reconstruction with the quadriceps tendon graft, 77-TG tibial tuberosity—trochlear grove dis-
tance, TT-PCL tibial tuberosity—posterior cruciate ligament distance, n.s. non-significant

“Negative values indicate valgus deviation
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previous tibial tubercle osteotomy (TTO) and/or other bony
procedures at the distal femur or proximal tibia (including
osteotomy and trochleoplasty); (2) patellofemoral pain with-
out objective findings of lateral patellar instability; and (3)
previous knee ligament surgical procedures.

The evaluation of the parameters was determined by
reaching a mutual consensus among the authors of the
study. Routine radiographs, including standing long leg
axis and true-lateral view of the knee joint (<3 mm of over-
lap between the femoral condyles) and magnetic resonance
imaging (MRI) scans were obtained for all patients in both
groups. The patients were also screened for femoral and
tibial torsional deformities, and torsional MRI scans were
performed in cases with a clinically important rotational
malalignment as previously published [3]. Data were evalu-
ated for the presence of pathoanatomic abnormalities using
predetermined thresholds and grading scales [49]: the sever-
ity of trochlear dysplasia [absent, low grade (Dejour type
A), or high grade (Dejour types B-D)] [13]; patellar height,
with a Caton-Deschamps index > 1.3 recorded as elevated
[11]; tibial tuberosity—trochlear groove (TT-TG) distance,
with > 16 mm considered elevated [5]; tibial tuberosity—pos-
terior cruciate ligament (TT-PCL) distance, with >24 mm
recorded as elevated [39]; >4° valgus malalignment [19]
and > 25° of femur antetorsion recorded as elevated [3].

Accordingly, concomitant trochleoplasty was indicated in
patients with Dejour type B or D trochlear dysplasia and the
presence of a high-grade (grades II-11I) J-sign; concomitant
TTO was considered when the TT-TG distance exceeded
16 mm, the TT-PCL distance exceeded 24 mm, and/or when
the Caton—Deschamps index was > 1.3. Femoral derotation
osteotomy or valgus correction osteotomy was considered
when femoral antetorsion exceeded 25° and the valgus
deformity was >4°, respectively. All surgical procedures
were performed by the senior author of this study.

Surgical technique

Until 2018, the QT-MPFL-R technique according to Fink
et al. [17] was the standard technique consistently used for
MPFL-R in our clinic [49]. Based on the favorable outcomes
of the MPFL-R procedure with synthetic materials published
by Lee et al. [23], we developed and began utilizing the
FiberTape® technique with soft-tissue patellar fixation in
2018. Primarily, this technique of stabilization was used in
cases of primary LPI who had to have undergone refixation
of an osteochondral flake fracture to decrease the additional
intraoperative trauma. Since the results were favorable, this
technique was implemented in cases of recurrent LPI with
concomitant osseous procedures using the following techni-
cal steps:

The patient was placed in the supine position, with the
operated leg fixed in the electric leg holder and a pneumatic
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tourniquet placed on the mid-portion of the thigh. A clini-
cal examination under anesthesia and diagnostic arthroscopy
using standardized anteromedial and anterolateral portals
were performed in every patient.

For S-MPFL-R, a medial parapatellar skin incision was
made on the proximal 2/3 of the medial patellar margin,
approx. 3—4 cm in length. Blunt dissection through the sub-
cutaneous tissue allows for direct visualization of the medial
patellar margin and medial retinaculum. The first and second
layers of the medial retinaculum are opened approximately
1 cm from the medial patellar margin over a length of 2-3 cm,
maintaining an intact joint capsule (third layer) [48]. A free
needle was attached to one of the free ends of the nonresorb-
able suture material (FiberTape®, Arthex Co., North Naples,
Florida, USA) and passed through the medial retinaculum at
the proximal and distal ends of the native MPFL origin. Add-
ing two topstitching seams (No. 2 Vicryl, Ethicon, Sommer-
ville, NJ, USA) directly to the proximal and distal edges of
the FiberTape® provides additional stability to the triangular
construct (Fig. 1). Femoral tunnel positioning was determined
under a true-lateral fluoroscopic view using predefined refer-
ence points according to Schottle et al. [38] The femoral tun-
nel of approx. 40-50 mm in depth was created using a 5 mm
cannulated drill bit. A suture lasso was passed through the
tunnel from medial to lateral, allowing for later insertion of the
synthetic graft. The free ends of the synthetic graft were then

Ana
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Fig.1 MPFL-R using nonresorbable suture tape with soft-tissue
patellar fixation. The first and second layers of the medial retinacu-
lum are opened approximately 1 cm from the medial patellar margin.
The suture material (FiberTape®, Arthex Co., North Naples, Florida,
USA) is passed through the proximal and distal origin of the native
MPFL, and two topstitching seams (No. 2 Vicryl, Ethicon, Sommer-
ville, NJ, USA) are added to the proximal and distal edges of the syn-
thetic graft. Thereafter, the graft is guided between the second and
the third layers of the medial retinaculum to the femoral tunnel
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guided through the soft-tissue canal between the 2nd and 3rd
layers of the medial retinaculum and inserted into the femoral
tunnel. Afterward, the knee was moved through several full
ROMs ending at approximately 60° of knee joint flexion. After
applying mild tension of approximately 2 N, the graft is tem-
porarily fixed on the lateral side of the thigh using an Overhold
clamp. Then, the knee is extended, and the patella is checked
for stability in extension, allowing two quadrants of mediolat-
eral translation. Once adequate stability is achieved, the knee
joint is again flexed to 60°. In this position, the final fixation
is performed by inserting an interference screw (6 X23 mm;
Arthrex Co., North Naples, Florida, USA) into the femoral
tunnel. The retinaculum was closed using additional single
sutures (No 2-0 Vicryl, Ethicon, Sommerville, NJ, USA).

Postoperative treatment

The same postoperative rehabilitation protocol was used in
both groups, with partial weight bearing for 3—4 weeks, fol-
lowed by a gradual increase to full-weight bearing in the
5-6 weeks postoperatively as tolerated. Mobilization was ini-
tiated on the first day after the operation with active and pas-
sive exercises, including continuous passive motion (CPM) as
tolerated. The patients underwent physiotherapy rehabilitation
for a total of three months postoperatively. No bracing was
applied in either of the groups. Jogging and mild sports activi-
ties were permitted at 12—16 weeks, and patients returned to
sports activity at 5—6 months postoperatively. Patients under-
went clinical and radiological evaluations at 6 and 12 weeks
postoperatively.

Statistical analysis

Continuous data were assessed for normality and are pre-
sented as the mean =+ standard deviation (range). Categorical
and dichotomous data are presented as frequency tabulations.
Unpaired and paired two-tailed ¢ tests, Fisher’s exact test, and
the Mann—Whitney U test were used to assess differences
between the pre- and postoperative clinical data and between
the S-MPFL-R and the QT-MPFL-R groups. All analyses were
performed using GraphPad Prism (version 4; GraphPad Soft-
ware, San Diego, CA, USA). The level of significance was
set at 0.05. The post hoc power analysis included all patients
and was performed with G*Power-1 (version 3.1.3), yielding
a power=0.84 (effect size dz=0.4, a error probability =0.05)
to detect a difference in postoperative BPII 2.0 score values
between the groups.

Results

The BPII 2.0 increased from 35.0 +£21.7 points to
79.7 £ 13.3 points (p <0.0001) in the S-MPRL-R
group and from 44.3 +19.6 points to 80.9 + 15 points
(»<0.0001) in the QT-MPFL-R group from preoperatively
to postoperatively, respectively, without any significant
difference between the groups (Table 3). In the S-MPFL-
R group and QT-MPFL-R group, 95% (18/19) and 92%
(35/38) of patients, respectively, crossed the minimally
clinically important difference (MCID) reported for BPII
2.0 (MCID > 6.2 points) (n.s.) [22].

Patellofemoral pain and subjective knee joint func-
tion improved significantly in both groups (p <0.0001,
p <0.0001), without any significant difference between
them at the final follow-up (Table 3). None of the patients
experienced failure of the MPFL-R with recurrence of
patellar instability or subjective patellar subluxations.
Evaluations were performed postoperatively at a mean of
24.6 + 1.3 months (range, 24-29 months) (S-MPFL-R) and
35.8 £ 9.9 months (range, 24-57 months) (QT-MPFL-R)
(p<0.001).

No significant complications were reported in either of
the two examined cohorts. In particular, in the S-MPFL-R
group, there was no evidence of incompatibility or foreign
body reaction to the synthetic material used. There were 3
patients in the study group and 3 in the control group who
were treated with a concomitant tibial tubercle osteotomy,
2 in the study group and 3 in the control group who under-
went valgus correcting osteotomy, and 3 in the study group
and 2 in the control group who underwent derotational

Table 3 Preoperative and postoperative score values for both patient
cohorts

S-MPFL-R QT-MPFL-R p value
BPII 2.0 n.s
Preoperative 359+21.7 44.3+19.6
Postoperative 79.7+13.3 80.9+15.1
p value <0.0001 <0.0001
NAS function n.s
Preoperative 3.1+25 42+25
Postoperative 8.1+1.2 8.4+14
p value <0.0001 <0.0001
NAS pain n.s
Preoperative 6.8+2.1 59+23
Postoperative 2.1+14 2.8+3.5
p value <0.0001 <0.0001

“BPII 2.0 Banff Patella Instability Instrument score, NAS numerical
analog scale, n.s. non-significant
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osteotomy and needed hardware removal at 10—12 months
postoperatively.

Discussion

The main findings of this study support the hypothesis that
MPFL-R using nonresorbable sutures presents an effective
and safe alternative to QT-MPFL-R, yielding satisfactory
results in terms of patient-reported outcome measures and
patellar stability when performed concomitantly with the
correction of anatomic risk factors.

Surgical reconstruction of the MPFL is considered a cor-
nerstone of operative treatment in LPI [1, 16, 24, 25]. Many
techniques with various graft options and fixation methods
have been successfully implemented in clinical practice,
and the reported results have been favorable [16, 18, 26, 37,
44]. However, a variety of complications following MPFL-R
have also consistently been reported, with anatomical femo-
ral tunnel positioning and the correction of major pathoanat-
omy outlined as crucial for attaining adequate graft isom-
etry and reducing the rates of patellar redislocation while
increasing patellofemoral stability and functionality [4, 10,
31, 33, 34, 40, 41, 49].

The utilized graft (semitendinosus/gracilis, quadriceps,
adductor magnus, or patellar tendon) does not appear to be
a decisive factor for the outcomes [37]. In addition, there
also seems to be a non-significant difference in terms of
the redislocation rates and clinical outcomes depending on
the graft fixation methods (drill holes, soft tissue, anchor,
screw, etc.) [37]. Although complications related to autolo-
gous tendon harvesting have thus far only been mentioned
as potential insults in studies reporting on the outcomes of
autologous MPFL-R techniques [33, 41], donor-site morbid-
ity has been consistently reported as a possible complication
in ACL reconstruction using autologous tendons, including
lesions to the N. saphenous, donor-site tenderness, hema-
toma, extensor lag and, in rare cases, muscle retraction and
short-term loss of muscle function [9, 27, 42, 43]. The use
of allografts for MPFL-R eliminates this potential donor-site
morbidity but has limited availability in several countries.

The use of synthetic materials in ligament reconstruc-
tive surgery has gained increasing interest over the last few
decades, but they have primarily been reserved for acute
ligament repair and joint stabilization procedures [2, 6,
47]. Artificial grafts were utilized for MPFL-R, with initial
reports dating back to 2000 [31]. Since then, there have been
very few studies on this subject, with most of the available
papers published in the form of technical notes, case reports,
and small patient series [8, 15, 20, 21, 23, 36]. Although the
techniques prove to be incoherent in regard to their main
technical aspects, the use of various artificial grafts and dif-
ferent fixation methods, the most recently reported outcomes
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have been favorable, demonstrating that these materials
could be utilized as safe and efficient alternatives to auto-
graft options [8, 21, 23, 45].

One previous study compared the results of MPFL-R
using FiberTape® sutures with gracilis tendon autograft
reconstruction [23]. Using various outcome scores (Kujala
score, Bartlett score, Tegner activity rating scale, SF-12
score, and Lysholm score), both procedures led to signifi-
cant improvements after 48 months of follow-up, leading
to the conclusion that the FiberTape® technique can yield
comparable results to autograft reconstruction when per-
formed in patients without major anatomical risk factors for
LPI [23]. In their study, the presence of bony anomalies was
considered contraindicative. Conversely, this study evalu-
ated S-MPFL-R primarily as an adjunct to the correction
of major anatomical risk factors for LPI, and the presented
findings indicate that the sutures used can serve as a viable
option for MPFL-R when performed concomitantly with
these procedures as well.

Regarding the structural properties, biomechanical stud-
ies could demonstrate higher ultimate loads of synthetic
materials with anchor fixation when compared to MPFL-R
using gracilis tendon autografts [29, 35, 46]. Thushima et al.
[46] compared the biomechanical properties of MPFL-R
using FiberTape® and knotless anchors versus semitendino-
sus autograft MPFL-R and soft anchor fixation and reported
a significantly higher ultimate load to failure of the synthetic
materials. The reported stiffness of the S-MPFL-R might
raise certain concerns regarding the potential increase in
the patellofemoral (PF) joint peak pressure. In this regard,
Suganuma et al. [45] investigated the results of synthetic
MPFL-R with arthroscopic control of patellofemoral con-
gruence. Although no difference in knee function was found
between groups, subjective evaluations were better in knee
joints in which the patellae were positioned slightly lateral to
the center of the trochlea groove than in those in which the
patella was reduced to the strict center. In a biomechanical
cadaver model, Mehl et al. [29] reported that repair of the
MPFL with suture tape augmentation resulted in similar pri-
mary contact pressures and joint kinematics as reconstruc-
tion with a tendon graft. Nevertheless, exact positioning of
the femoral tunnel and careful assessment of graft tensioning
prior to its final fixation are essential steps in avoiding an
overconstraint construct with consecutive PF-joint overload.
However, evaluation of the specific biomechanical properties
of this construct was beyond the scope of this study and is
reserved for future investigations.

Recommendations regarding the optimal knee joint
flexion angle for MPFL-graft fixation range from 20° to
90° of knee joint flexion [14, 28, 34, 40]. Sakamoto et al.
[35] investigated the effect of the knee flexion angle dur-
ing graft fixation on PF-joint contact pressure in MPFL-
R using polyester suture tape and knotless anchors and
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concluded that fixation should be conducted in 60°-90° of
flexion to most closely restore the PF-joint contact pres-
sure. Thus, we consistently fixed the graft at 60° of knee
joint flexion in all of the conducted procedures with an
applied low tension of 2 N as previously recommended
[14].

To the best of our knowledge, this is only the second
study that compared the results of MPFL-R using non-
resorbable sutures with the results of established auto-
graft MPFL-R, and it is the first study to investigate
patient-reported outcome measures after S-MPFL-R in
combination with the correction of bony pathoanatomy
in comparison with the outcomes in a matched control
group treated with identical primary stabilizing proce-
dures but using QT-MPFL-R. However, the results of this
study must be interpreted under the consideration of sev-
eral limitations: (1) Although statistical analysis showed
that the number of patients per group provides sufficient
power, the overall number of included patients can be
regarded as small. Against this background, the results
of this study should be considered preliminary and sim-
ply indicate the feasibility of this technique. (2) Between
the groups, the follow-up period was significantly differ-
ent (24.6 + 1.3 vs. 35.8 +£9.9 months). This compromise
had to be made in favor of the best possible homogeneity
between the groups regarding the demographic data, the
characteristics and severity of the anatomical risk factor
profile and their operative correction, which we considered
most important. (3) The follow-up period was limited to
a minimum of 2 years postoperatively in the S-MPFL-R
group. This does not allow us to fully evaluate the long-
term application potential of this novel technique, espe-
cially when considering that synthetic materials cannot
be replaced by autologous tissue. However, no prolonged
swelling, tenderness, incompatibility or foreign body reac-
tions in patients treated with the proposed reconstruction
were observed. (4) It is important to note that this study
evaluated only patient-reported outcomes, and no clini-
cally objective measures, such as functional testing, were
conducted. Finally, the biomechanical properties of this
particular reconstruction remain to be determined in future
studies.

Conclusion

This study demonstrates that nonresorbable sutures can
serve as a viable option for MPFL-R, yielding compara-
ble outcomes compared to quadriceps tendon autograft
reconstruction when performed concomitantly with the
correction of anatomic risk factors for LPI. This option

reduces the need for autologous tendon harvesting or the
use of allografts for MPFL-R.

Acknowledgements We acknowledge our deepest thanks to Mrs. Isi-
dora Jovandic for her statistical support and to Mrs. Katja Auf (MD)
for creating the drawing.

Author contributions D.D.M. Data acquisition, data analysis, data
interpretation, writing the paper, final approval. F.Z. Data analysis,
data interpretation, final approval. P.B. Study design, data analysis,
data interpretation, writing the paper, final approval.

Funding Open Access funding enabled and organized by Projekt
DEAL. No funding has been received for conducting this study. No
benefits in any form have been received or will be received from a com-
mercial party related directly or indirectly to the subject of this article.

Data availability Raw data can be made available upon request.

Declarations

Conflict of interest P.B. reports work a paid Consultant for the Arthrex
Co. (Naples, FL, USA).

Ethical approval This study was approved by the Ethics Committee of
Baden-Wiirttemberg, Germany (F-2019-070).

Informed consent Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Arendt EA, Moeller A, Agel J (2011) Clinical outcomes of medial
patellofemoral ligament repair in recurrent (chronic) lateral patella
dislocations. Knee Surg Sports Traumatol Arthrosc 19:1909-1914

2. Baba M, Dorrestijn O, Cadman J, Appleyard R, Cass B, Young A
(2015) Improving medial footprint coverage in double-row cuff
repair using FiberTape. Tech Should Elb Surg 16:74-78

3. Balcarek P, Radebold T, Schulz X, Vogel D (2019) Geometry
of torsional malalignment syndrome: trochlear dysplasia but not
torsion predicts lateral patellar instability. Orthop J Sports Med
7(3):2325967119829790

4. Balcarek P, Rehn S, Howells NR, Eldridge JD, Kita K, Dejour
D, Nelitz M, Banke 1J, Lambrecht D, Harden M, Friede T (2017)
Results of medial patellofemoral ligament reconstruction com-
pared with trochleoplasty plus individual extensor apparatus bal-
ancing in patellar instability caused by severe trochlear dysplasia:

@ Springer


http://creativecommons.org/licenses/by/4.0/

270

Knee Surgery, Sports Traumatology, Arthroscopy (2023) 31:264-271

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

a systematic review and meta-analysis. Knee Surg Sports Trauma-
tol Arthrosc 25(12):3869-3877

Balcarek P, Oberthiir S, Hopfensitz S, Frosch S, Walde TA,
Wachowski MM, Schiittrumpf JP, Stiirmer KM (2014) Which
patellae are likely to redislocate? Knee Surg Sports Traumatol
Arthrosc 22(10):2308-2314

Batty LM, Norsworthy CJ, Lash NJ, Wasiak J, Richmond AK,
Feller JA (2015) Synthetic devices for reconstructive surgery
of the cruciate ligaments: a systematic review. Arthroscopy
31(5):957-968

Becher C, Attal R, Balcarek P, Dirisamer F, Liebensteiner M,
Pagenstert G, Schottle P, Seitlinger G, Wagner D (2018) Suc-
cessful adaption of the banff patella instability instrument
(BPII) 2.0 into German. Knee Surg Sports Traumatol Arthrosc.
26(9):2679-2684

Berruto M, Ferrua P, Uboldi F, Usellini E, Gala L, Tassi A,
Marelli BM (2014) Medial patellofemoral ligament recon-
struction with bioactive synthetic ligament is an option. A
3-year follow-up study. Knee Surg Sports Traumatol Arthrosc
22:2419-2425

Bertram C, Porsch M, Hackenbroch MH, Terhaag D (2000)
Saphenous neuralgia after arthroscopically assisted anterior cru-
ciate ligament reconstruction with a semitendinosus and gracilis
tendon graft. Arthroscopy 16(7):763-766

Bollier M, Fulkerson J, Cosgarea A, Tanaka M (2011) Technical
failure of medial patellofemoral ligament reconstruction. Arthros-
copy 27(8):1153-1159

Caton J, Deschamps G, Chambat P, Lerat JL, Dejour H (1982)
Les rotules basses. A propos de 128 observations [Patella infera.
apropos of 128 cases]. Rev Chir Orthop Reparatrice Appar Mot.
68(5):317-325

Chatterton A, Nielsen TG, Sgrensen OG, Lind M (2018) Clini-
cal outcomes after revision surgery for medial patellofemoral
ligament reconstruction. Knee Surg Sports Traumatol Arthrosc
26(3):739-745

Dejour D, Le Coultre B (2007) Osteotomies in patello-femoral
instabilities. Sports Med Arthrosc Rev 15(1):39-46

Dornacher D, Lippacher S, Nelitz M, Reichel H, Ignatius A,
Diirselen L, Seitz AM (2018) Impact of five different medial patel-
lofemoral ligament-reconstruction strategies and three different
graft pre-tensioning states on the mean patellofemoral contact
pressure: a biomechanical study on human cadaver knees. J Exp
Orthop 5(1):25

Dragoo JL, Nguyen M, Gatewood CT, Taunton JD, Young S
(2017) Medial patellofemoral ligament repair versus recon-
struction for recurrent patellar instability: two-year results
of an algorithm-based approach. Orthop J Sports Med
5(3):2325967116689465. https://doi.org/10.1177/2325967116
689465

Ellera Gomes JL (1992) Medial patellofemoral ligament recon-
struction for recurrent dislocation of the patella: a preliminary
report. Arthroscopy 8:335-340

Fink C, Veselko M, Herbort M, Hoser C (2014) MPFL reconstruc-
tion using a quadriceps tendon graft: part 2: operative technique
and short term clinical results. Knee 21(6):1175-1179
Hinterwimmer S, Imhoff AB, Minzlaff P, Saier T, Rosenstiel N,
Hawe W, Feucht MJ (2013) Anatomical two-bundle medial patel-
lofemoral ligament reconstruction with hardware-free patellar
graft fixation: technical note and preliminary results. Knee Surg
Sports Traumatol Arthrosc 21(9):2147-2154

Holme TJ, Henckel J, Hartshorn K, Cobb JP, Hart AJ (2015) Com-
puted tomography scanogram compared to long leg radiograph for
determining axial knee alignment. Acta Orthop 86(4):440-443
Hopper GP, Heusdens CHW, Dossche L, Mackay GM (2019)
Medial patellofemoral ligament repair with suture tape

@ Springer

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

augmentation. Arthrosc Tech. 8(1):el-e5. https://doi.org/10.
1016/j.eats.2018.08.021

Khemka A, Lord SJ, Doyle Z, Bosley B, Al Muderis M (2016)
Minimally invasive medial patellofemoral ligament reconstruc-
tion for patellar instability using an artificial ligament: a two year
follow-up. Knee 23(2):261-266

Lafave MR, Hiemstra L, Kerslake S (2016) Factor analysis and
item reduction of the banff patella instability instrument (BPII):
introduction of BPII 2.0. Am J Sports Med 44(8):2081-2086
Lee PYF, Golding D, Rozewicz S, Chandratreya A (2018) Modern
synthetic material is a safe and effective alternative for medial
patellofemoral ligament reconstruction. Knee Surg Sports Trau-
matol Arthrosc 26:2716-2721

Liebensteiner MC, Dirisamer F, Balcarek P, Schoettle P (2017)
Guidelines for treatment of lateral patella dislocations in skeletally
mature patients. Am J Orthop (Belle Maed NJ) 46(2):86-96
Lind M, Enderlein D, Nielsen T, Christiansen SE, Faung P (2016)
Clinical outcome after reconstruction of the medial patellofemoral
ligament in paediatric patients with recurrent patella instability.
Knee Surg Sport Traumatol Arthrosc 24(3):666—671

Ling DI, Brady JM, Arendt E, Tompkins M, Agel J, Askenberger
M, Balcarek P, Parikh S, Shubin Stein BE (2021) Develop-
ment of a multivariable model based on individual risk factors
for recurrent lateral patellar dislocation. J Bone Joint Surg Am
103(7):586-592

Lipscomb AB, Johnston RK, Snyder RB, Warburton MJ, Gilbert
PP (1982) Evaluation of hamstring strength following use of sem-
itendinosus and gracilis tendons to reconstruct the anterior cruci-
ate ligament. Am J Sports Med 10:340-342

Lorbach O, Zumbansen N, Kieb M, Efe T, Pizanis A, Kohn D,
Haupert A (2018) Medial patellofemoral ligament reconstruction:
impact of knee flexion angle during graft fixation on dynamic
patellofemoral contact pressure-a biomechanical study. Arthros-
copy 34(4):1072-1082

Mehl J, Otto A, Comer B, Kia C, Liska F, Obopilwe E, Beitzel K,
Imhoft AB, Fulkerson JP, Imhoft FB (2020) Repair of the medial
patellofemoral ligament with suture tape augmentation leads to
similar primary contact pressures and joint kinematics like recon-
struction with a tendon graft: a biomechanical comparison. Knee
Surg Sports Traumatol Arthrosc 28(2):478-488

Milinkovic DD, Fink C, Kittl C, Sillanpaa P, Herbst E, Raschke
M1J, Herbort M (2021) Anatomic and biomechanical properties of
flat medial patellofemoral ligament reconstruction using an adduc-
tor magnus tendon graft: a human cadaveric study. Am J Sports
Med 49(7):1827-1838

Nelitz M, Williams RS, Lippacher S, Reichel H, Dornacher D
(2014) Analysis of failure and clinical outcome after unsuccessful
medial patellofemoral ligament reconstruction in young patients.
Int Orthop 38(11):2265-2272

Nomura E, Horiuchi Y, Kihara M (2000) A mid-term follow-up of
medial patellofemoral ligament reconstruction using an artificial
ligament for recurrent patellar dislocation. Knee 7(4):211-215
Parikh SN, Nathan ST, Wall EJ, Eismann EA (2013) Complica-
tions of medial patellofemoral ligament reconstruction in young
patients. Am J Sports Med 41(5):1030-1038

Patel NK, de Sa D, Vaswani R, Kay J, Musahl V, Lesniak B (2019)
Knee flexion angle during graft fixation for medial patellofemo-
ral ligament reconstruction: a systematic review of outcomes and
complications. Arthroscopy 35(6):1893-1904

Sakamoto Y, Sasaki S, Kimura Y, Yamamoto Y, Tsuda E, Ishiba-
shi Y (2020) Patellofemoral contact pressure for medial patel-
lofemoral ligament reconstruction using suture tape varies with
the knee flexion angle: a biomechanical evaluation. Arthroscopy
36:1390-1395

Sasaki E, Kimura Y, Sasaki S, Yamamoto Y, Tsuda E, Ishibashi
Y (2022) Clinical outcomes of medial patellofemoral ligament


https://doi.org/10.1177/2325967116689465
https://doi.org/10.1177/2325967116689465
https://doi.org/10.1016/j.eats.2018.08.021
https://doi.org/10.1016/j.eats.2018.08.021

Knee Surgery, Sports Traumatology, Arthroscopy (2023) 31:264-271

271

37.

38.

39.

40.

41.

42.

43.

44,

reconstruction using FiberTape and knotless SwiveLock anchors.
Knee 10(37):71-79. https://doi.org/10.1016/j.knee.2022.05.011
Schneider DK, Grawe B, Magnussen RA, Ceasar A, Parikh SN,
Wall EJ, Colosimo AJ, Kaeding CC, Myer GD (2016) Outcomes
after isolated medial patellofemoral ligament reconstruction for
the treatment of recurrent lateral patellar dislocations: a systematic
review and meta-analysis. Am J Sports Med 44(11):2993-3005
Schéttle PB, Schmeling A, Rosenstiel N, Weiler A (2007) Radi-
ographic landmarks for femoral tunnel placement in medial
patellofemoral ligament reconstruction. Am J Sports Med
35(5):801-804

Seitlinger G, Scheurecker G, Hoegler R, Labey L, Innocenti B,
Hofmann S (2012) Tibial tubercle-posterior cruciate ligament
distance: a new measurement to define the position of the tibial
tubercle in patients with patellar dislocation. Am J Sports Med
40(5):1119-1125

Servien E, Fritsch B, Lustig S, Demey G, Debarge R, Lapra C,
Neyret P (2011) In vivo positioning analysis of medial patellofem-
oral ligament reconstruction. Am J Sports Med 39(1):134-139
Shah JN, Howard JS, Flanigan DC, Brophy RH, Carey JL, Latter-
mann C (2012) A systematic review of complications and failures
associated with medial patellofemoral ligament reconstruction for
recurrent patellar dislocation. Am J Sports Med 40(8):1916-1923
Simonian PT, Harrison SD, Cooley VJ, Escabedo EM, Deneka
DA, Larson RV (1997) Assessment of morbidity of semitendi-
nosus and gracilis tendon harvest for ACL reconstruction. Am J
Knee Surg 10:54-59

Soon M, Neo CP, Mitra AK, Tay BK (2004) Morbidity following
anterior cruciate ligament reconstruction using hamstring auto-
graft. Ann Acad Med Singap 33:214-219

Stupay KL, Swart E, Shubin Stein BE (2015) Widespread imple-
mentation of medial patellofemoral ligament reconstruction for

45.

46.

47.

48.

49.

recurrent patellar instability maintains functional outcomes at
midterm to long-term follow- up while decreasing complication
rates: a systematic review. Arthroscopy 31(7):1372-1380
Suganuma J, Mochizuki R, Sugiki T, Inoue Y, Kitamura K,
Akutsu S, Ono H (2016) Reconstruction of the medial patellofem-
oral ligament using a synthetic graft with arthroscopic control of
patellofemoral congruence. Arthroscopy 32(11):2259-2268
Tsushima T, Tsukada H, Sasaki S, Naraoka T, Yamamoto Y,
Tsuda E, Ishibashi Y (2019) Biomechanical analysis of medial
patellofemoral ligament reconstruction: fibertape® with knot-
less anchors versus a semitendinosus tendon autograft with soft
anchors. J Orthop Sci 24:663-667

Vrgoc G, Japjec M, Jurina P, Gulan G, Jankovic S, Sebecic B,
Staresinic M (2015) Operative treatment of acute acromiocla-
vicular dislocations Rockwood III and V-comparative study
between K-wires combined with FiberTape((R)) vs. TightRope
System((R)). Injury 46(6):107-112

Warren LF, Marschal JL (1979) The supporting structures and
layers on the medial side of the knee an anatomic analysis. ] Bone
Joint Surg Am 61(1):56-62

Zimmermann F, Bortlein J, Milinkovic DD, Balcarek P (2020)
Patient-reported outcomes after revision surgery for failed Medial
patellofemoral ligament reconstruction: a matched-pair analysis
including correction of predisposing factors. Am J Sports Med
48(14):3566-3572

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.knee.2022.05.011

	Medial patellofemoral ligament reconstruction using nonresorbable sutures yields comparable outcomes to reconstruction with a pedicled quadriceps tendon autograft when performed in addition to bony risk factor correction
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 
	Level of evidence 

	Introduction
	Materials and methods
	Surgical technique
	Postoperative treatment

	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




