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Abstract
Purpose The primary objective was to compare the functional outcomes after an isolated MPFL reconstruction using either 
a quasi-anatomical technique (group A) or an anatomical MPFL reconstruction (group B). The secondary objectives were 
to compare the rates of redislocation, range-of-motion and subjective patellar instability (Smillie test).
Methods A multicenter longitudinal prospective comparative study was performed. Group A had 29 patients and 28 were 
included in Group B. Patients with trochlear dysplasia types C and D and patients who had undergone a trochleoplasty, 
a distal realignment or patella distalization concurrently with MPFL reconstruction were excluded. The main evaluation 
criterion was the Kujala functional score.
Results The mean postoperative Kujala was 90.4 (89.4 in group A and 92.1 in group B). Upon comparing the mean differ-
ence between pre- and post-operative values, no differences were detected between the two groups (n.s).
Conclusions Isolated quasi-anatomical MPFL reconstruction using a gracilis tendon autograft for recurrent patellar disloca-
tion provides outcomes as good as the isolated anatomical MPFL reconstruction in patients with no trochlear dysplasia up 
to those with trochlear dysplasia type A and B at the 2–5 years follow-up.
Level of evidence Level IV.

Keywords Medial patellofemoral ligament reconstruction · Quasi-anatomic reconstruction · Recurrent patellar instability

Introduction

Lateral patellar dislocation is a significant cause of knee 
injuries [2]. In this pathology, medial patellofemoral liga-
ment (MPFL) reconstruction has a high rate of success 

for patients with patellofemoral instability. However, the 
complication rate associated with this procedure is 26.1% 
[28]. A frequently reported complication after MPFL 
reconstruction is the loss of knee flexion (13.4% of all 
complications), often associated with medial knee pain 
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[28]. Enderlein et al., in a prospective study, found the 
incidence of medial knee pain after MPFL reconstruc-
tion in around 30% of the cases [5]. The fact that over-
tensioning of the MPFL can cause an overload of the 
medial portion of the patella with a subsequent medial 
pain syndrome is well known [4, 6, 30]. The stiffness of 
the surgical construct may be one of the causes of that 
overload. In the Chassaing technique, the proper tension 
of the graft is determined after moving the knee through 
flexion and extension movements to assess the resulting 
patellar stability [3]. In the Schottle technique, the graft 
tension is deemed satisfactory when the lateral edge of 
the patella is aligned with the lateral edge of the trochlea 
[25].

Many MPFL reconstruction techniques have been 
described. Alm et al. [1] studied a surgical technique 
in which the gracilis or semitendinosus tendons are left 
intact in their insertion, looped around the adductor mag-
nus tendon and attached at the medial facet of the patella 
in children and adolescents. They reported elevated redis-
location rates due to maltracking of the patella in patients 
with patella alta, trochlear dysplasia or an elevated tibial 
tuberosity to trochlear groove distance (TT–TG) [1]. A 
modification of that technique was later described [17, 
19]. This is a quasi-anatomical MPFL reconstruction 
technique that uses a gracilis tendon autograft attached to 
the patella at the anatomical ligament footprint and passed 
underneath the adductor magnus tendon, which is used as 
a pulley for femoral fixation. It has been shown that this 
technique provides good results in association with distal 
realignment (in cases of a preoperative TT–TG distance 
exceeding 20 mm), and/or patella distalization (in cases 
of patella alta as defined by a Caton–Deschamps index ˃ 
1.2) [17]. Several biomechanical, anatomical and finite 
elements studies supporting the use of a non-anatomical 
technique have already been published [16, 18, 21]. No 
mention has been made relative to the results of this kind 
of patellofemoral ligament reconstruction when carried 
out on mature knees as an isolated surgical procedure.

The primary objective of the present study was to 
compare the functional outcomes after an isolated MPFL 
reconstruction using either a quasi-anatomical technique 
or an anatomical MPFL reconstruction. The secondary 
objectives were to compare the rates of redislocation, 
range-of-motion and subjective patellar instability in 
accordance with the Smillie test of those same patients.

The hypothesis was that an isolated quasi-anatomical 
MPFL reconstruction using a gracilis tendon autograft for 
recurrent patellar dislocation provides outcomes as good 
as a traditional anatomical technique in patients with no 
trochlear dysplasia up to those with moderate trochlear 
dysplasia at 2–5 years of follow-up.

Materials and methods

The study was intended to be a non-inferiority study with 
respect to a standard validated technique.

IRB approval

The study was approved by the ethics committee of 
ICATME—Institut Universitari Dexeus (2/2014).

Patients

The following inclusion criteria were used: (1) patients with 
objective recurrent (minimum two episodes of dislocation) 
patellar instability operated on from 2014 to 2016, (2) a 
patient agreement to return for a minimum 2-year follow-up 
period and (3) patient consent to participate in the study.

The following exclusion criteria were used: (1) patients 
with TT–TG realignment or patella distalization dur-
ing the surgery (TT–TG > 20 mm and Caton–Deschamps 
index > 1.2), (2) patients who had undergone a trochleo-
plasty concurrently with MPFL reconstruction, (3) patients 
with grade C or D trochlear dysplasia, (4) subjects who 
could not fill out the questionnaires by themselves.

At the end of the study, 31 patients were consecutively 
operated on with an isolated quasi-anatomical MPFL recon-
struction (group A) and 28 patients were consecutively oper-
ated on with an isolated anatomical MPFL reconstruction 
(group B). Two patients were lost during follow-up in the 
study group and none in the control group.

Finally, 29 and 28 patients were included in each group, 
respectively. The two groups were analyzed and considered 
homogenous and comparable. A complete description of the 
baseline characteristics is provided in Table 1.

Surgical procedure

Group A The homolateral gracilis tendon (GT) autograft was 
always the graft of choice. A 2-cm vertical skin incision 1 cm 

Table 1  Baseline characteristic of the two groups

F female, M male, yo years old, CDI Caton–Deschamp Index, TT–TG 
tibial tuberosity–trochlear groove distance

Group A Group B

Sex 37.9% M, 62.1% F 32.1 M, 67.9% F
Mean age 22.8 yo 24.6 yo
Dysplasia type A 58.5% 60.7%
Dysplasia type B 35.3% 31.3%
Mean CDI 1.15 1.17
Mean TT–TG 14.8 mm 15.1 mm
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medial to the anterior tibial tuberosity was used to approach 
the gracilis tendon (GT). After exposing the sartorial fascia, 
it was horizontally incised in line with the palpable GT. It is 
important not to go any deeper so as to prevent injury to the 
underlying superficial medial collateral ligament. Both the 
gracilis (proximal) and semitendinosus (distal) were identi-
fied and separated. After freeing the tibial attachment of the 
GT, a #2 high-strength suture (Hi-Fi, ConMed, Largo, FL) 
with a Krackow mattress was placed at its distal end. The 
GT was harvested using a closed tendon stripper and another 
similar suture was placed at the proximal end. The tendon 
was sized both in length and diameter and stored wrapped in 
vancomycin-soaked gauze. The doubled graft should be at 
least 90 mm in length (total graft length 180 mm) to properly 
reconstruct the MPFL. The diameter was checked just to 
be sure that the tendon could easily be passed through the 
patellar tunnels. The tendon was sized and stored in gauze 
soaked in vancomycin [20]. A 2-cm vertical skin incision 
was then made over the superior medial border of the patella 
to expose its proximal third. Two convergent drill holes (usu-
ally 4.5 mm in size) approximately 10 mm in depth were 
created leaving a bone bridge of 10 mm, thereby obtaining 
a V-shaped tunnel. Another 2–3-cm skin incision was made 
along the adductor magnus (AM) tendon, slightly proximal 
to the medial femoral epicondyle. The tendon of the AM 
was identified and dissected so as to be used as a pulley for 
the graft. The graft was then passed through the patella, 
then under the fascia and finally looped around the AM ten-
don back to the patella. The knee was cycled several times 
through full range-of-motion while keeping the graft under 
slight tension. Finally, both graft ends were sutured together 
at 30° of flexion with #0 high-resistance non-absorbable 
sutures. Tension was calculated on the basis that the patella 
could still be lateralized manually some 10 mm to prevent 
over-constraint. The lower limb was finally immobilized in a 
brace locked at full extension. No lateral retinacular release 
was performed in the present series.

Group B An anatomic double-bundle static MPFL recon-
struction using homolateral semitendinosus autograft was 
always carried out. A 2-cm vertical skin incision was then 
made centered over the junction of the medial and middle 
thirds of the patella to expose its proximal third. Two con-
vergent drill holes (usually 4.5 mm in size) approximately 
10 mm deep were created leaving a bone bridge of 10 mm, 
thereby obtaining a V-shaped tunnel. Another 3-cm skin 
incision was made over the femoral insertion of the MPFL. 
The anatomic femoral insertion of the MPFL is always 
located between the medial femoral epicondyle (MFE) and 
the adductor tubercle (AT), usually 10 mm distally from 
the latter. The graft was then passed through the patella, 
then under the fascia and finally inserted to the anatomic 
footprint point without fluoroscopy at 30° of flexion by a 
suture anchor with enough tension to make the graft taut but 

without pulling. No lateral retinacular release was performed 
in the present series. The lower limb was finally immobilized 
in a brace locked at full extension.

Partial weightbearing was allowed immediately after sur-
gery as tolerated, with a knee brace locked at full extension. 
Range-of-motion exercises were encouraged after 2 weeks 
and progressed to full range of motion by the sixth week. 
The brace was discarded at approximately 3 weeks depend-
ing on the status of the quadriceps. The protocol was the 
same for both groups and all the patients followed.

End points

The main evaluation criterion was the Kujala functional 
score [11]. Secondary evaluation criteria were functional 
scores consisting of the IKDC subjective [8], Tegner [29] 
and VAS, the rate of redislocation of the patella, subjec-
tive patellar instability in accordance with the Smillie test 
(apprehension when the patella is lateralized by the exam-
iner) and range-of-motion measured with a goniometer.

The functional scores were collected by a single inde-
pendent surgeon with a computerized questionnaire. The 
clinical examination data were collected by each surgeon in 
a prospective clinical evaluation.

Statistical analysis

Because a sample size calculation was not made, it was 
decided to carry out a posteriori power sample analysis at 
the end of the study. We conducted the analysis to determine 
if there was at least 80% power and a 95% confidence inter-
val in our sample size to test the primary outcome of our 
study to confirm our hypothesis. Therefore, we performed 
a retrospective noninferiority power calculation using the 
Kujala knee score as a primary endpoint. A10-point lower 
Kujala score was considered a clinically relevant inferior 
clinical outcome. Based on previous studies, the standard 
deviation (SD) for the Kujala score was assumed to be 15 
[5]. As result of our post hoc power analysis, the calculation 
resulted in a sample size of 28 or less subjects per group. 
This confirms the validity of the sample analyzed in the pre-
sent study. Previous studies comparing the clinical results 
of two different MPFL reconstruction techniques described 
the same sample size when the noninferiority power calcu-
lation using the Kujala knee score as primary endpoint was 
calculated at the beginning of the study [12].

Categorical variables are expressed as frequencies and 
percentages, while continuous variables were described 
with mean and standard deviation. The differences between 
pre- and post-surgery were assessed with the Student’s 
t test for paired data and the comparison between groups 
was performed with Student’s t test for independent data. 
Person’s correlation coefficient was also used to assess the 
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relationship between the ICD and TA-GT along with other 
continuous variables. For all the analyses, two-sided p values 
of less than 0.05 were considered as statistically significant. 
The statistical analysis was performed using the SPSS 23 
(SPSS, Chicago, IL) package.

Results

133 patients were operated on for recurrent patellar dis-
location in the two institutions. 31 of them had an ante-
rior tuberosity distalization and/or medialization, 11 had 
atrochleoplasty and 32 were excluded for having a grade C 
or D trochlear dysplasia. The baseline characteristics of the 
two groups are detailed in Table 1.

The mean postoperative Kujala was 90.4 ± 8.6, being 
89.3 ± 8.5 in group A and 92.1 ± 9 in group B. No statistical 
differences were found between the two groups with regard 
to the improvement in the Kujala score, the improvement in 
the IKDC subjective score, the mean post-operative Tegner 
score, and the mean VAS decrease (Table 2).

With a linear regression, the influence of the CDI and 
type of trochlear dysplasia on the postoperative score and 
postoperative VAS were evaluated without identifying any 
correlation or any difference between the two groups. The 
evaluation of the influence of the TT–TG score highlighted a 
statistical correlation (p = 0.042) between increased TT–TG 
values and a decreased postoperative Kujala score. No dif-
ferences were detected between the two groups.

A group comparison between patients with no trochlear 
dysplasia, Type A and type B dysplasia were done. No dif-
ferences between the groups in terms of postoperative Kujala 
(n.s), postoperative IKDC (n.s) or postoperative VAS (n.s) 
were observed.

Only one postoperative patellar dislocation occurred. It 
was in group A and it happened at 8 months postoperative 
due to a traumatic accident during sport activities. The base-
line characteristics of this patient were: dysplasia type A, 
TT–TG distance of 16 mm and a CDI of 1.2.

The mean postoperative range-of-motion was 133° ± 7 in 
group A and 134° ± 9 in group B. There was no statistical 
difference between the two groups (n.s). Neither were there 
any differences in terms of the preoperative values (n.s).

Subjective patellar instability was present in only two 
cases postoperatively, one in each group. In both cases, no 

further patellar dislocation occurred, and the patients were 
pain free.

Discussion

The most important finding of the present study was that 
an isolated quasi-anatomical MPFL reconstruction using a 
gracilis tendon autograft for recurrent patellar dislocation 
provides outcomes as good as the classical anatomical tech-
nique at 2–5 years follow-up in patients with no trochlear 
dysplasia up to those with moderate trochlear dysplasia.

Our results were verified by comparing the values found 
in our study with those found in previous published studies. 
In a meta-analysis, a mean postoperative Kujala score of 
85.8 (95% CI 81.6–90.0) was found by Schneider et al. [24]. 
The pooled estimated mean postoperative Tegner score was 
5.7, with 84.1% (95% CI 71.1–97.1%) of the patients return-
ing to sports after surgery. The pooled total risk of recurrent 
instability after surgery was 1.2% (95% CI 0.3–2.1%), with 
a positive apprehension sign risk of 3.6% (95% CI 0–7.2%) 
and a reoperation risk of 3.1% (95% CI 1.1–5.0%). The 
studies were included without regard to the type of fixa-
tion. Furthermore, the grafts used were a semi-tendinosus 
autograft, a gracilis autograft, a quadriceps tendon or an 
autologous patellar tendon autograft. In a systematic review 
of 14 articles, Longo et al. [14] found that the most fre-
quently used score was the Kujala score with a mean value 
of 83.26. Functional failures ranged from 0% to 8.8%. Major 
complications were not described. Minor complications 
ranged from 0 to 40%. Reoperations ranged from 4.5% to 
17.7%. In another systematic review of isolated patellofemo-
ral reconstruction, McNeilan et al. [15] described a mean 
Kujala score improvement for all the included patients rang-
ing from 59.9 preoperatively to 89.1 postoperatively. The 
overall complication rate identified in that study was only 
5.8%. The most commonly reported complication in adults 
was persistent subjective patellar instability in accordance 
with the Smillie test, without luxation in 1.8% of the cases.

There are several arguments that have advocated for 
the use of the adductor magnus tendon as a pulley for the 
graft instead of inserting it in the traditional Schottle point. 
According to Sanchis-Alfonso et al. [22, 23], the radio-
graphic method described by Schottle et al. [26] does not 
ensure a precise location of the femoral fixation point in 

Table 2  Functional score results Group A Group B p value

Improvement of Kujala score 27.3 (SD 15.6) 30.4 (SD 17.4) n.s
Improvement of IKDC subjective score 34.1 (SD 15) 41.0 (SD 21.7) n.s
Mean postoperative Tegner score 5 4.91 n.s
Mean VAS decrease  − 4.2  − 4.3 n.s



804 Knee Surgery, Sports Traumatology, Arthroscopy (2021) 29:800–805

1 3

MPFL reconstruction surgery, from an anatomic stand-
point. A mispositioned femoral tunnel occurs in between 
31 and 71% of MPFL reconstructions [32]. The study done 
by Servien et al. also highlights the difficulty of a reproduc-
ible MPFL reconstruction with only 65–69% of the femoral 
tunnels well positioned [27]. Another study demonstrates 
that radiographic localization of the MPFL femoral tun-
nel results in inaccurate tunnel placement on a true lateral 
radiograph. This happens when there is deviation from a true 
lateral fluoroscopic image, which can be difficult to obtain 
intraoperatively [33]. For Melegari et al. [16], the use of 
the non-isometric attachment point of the adductor tubercle 
in medial patellofemoral ligament reconstruction does not 
alter the knee contact area or contact pressures as compared 
with isometric femoral attachment at the posterior medial 
epicondyle. For Tischer et al. [31], in the case of a patella 
alta, a slightly more proximal femoral insertion is beneficial 
for the biomechanical behaviour of the reconstructed MPFL, 
which due to the greater lengthening of the MPFL occurs 
for the first 20° of knee flexion in comparison to a normal 
patella height.

One of the strengths of this study is that patients with 
an isolated reconstruction of the MPFL were compared to 
avoid the bias generated by the other surgical techniques 
like distalization of the patella or medialization of the tibial 
tuberosity. The results of MPFL reconstruction using the 
present technique in association with a distal realignment 
procedure have been already shown [17].

Using an isolated reconstruction of the MPFL in patients 
with trochlear dysplasia could be criticized. A study associ-
ates trochlear dysplasia with poorer MPFL reconstruction 
clinical outcomes [9]. Furthermore, severe trochlear dyspla-
sia is the most important predictor of residual patellofemo-
ral instability after isolated MPFL reconstruction [10]. For 
these reasons, patients with dysplasia type C or D have been 
excluded from the present series.

TT–TG realignment or patella distalization was not per-
formed in four young patients without closed growth plates, 
despite having an elevated TT–TG or a patella alta to prevent 
growth deviations. This was also the case for six patients 
with a TT–TG or a CDI at the upper edge of the accepted 
range of values (20 and 1.2, respectively). Even so, the sub-
group of patients with a TT–TG ≥ 20 and the subgroup of 
patients with a CDI ≥ 1.2 did not show worse clinical out-
comes or a higher percentage of re-dislocation.

The quasi-anatomical technique provides several advan-
tages. It is an inexpensive procedure as no implants are used. 
The femoral physeal plate of young patients is not affected 
as no tunnel needs to be drilled and no hardware is needed 
to fix the graft to the bone. Moreover, no irradiation is called 
for as no intraoperative fluoroscopy is called for during sur-
gery. Finally, the elastic fixation may provide better control 
over the possibility of medial patellofemoral over-constraint 

compared to the bone fixation of the graft, which seem to be 
more rigid than the “elastic fixation” [22].

This study had several limitations. The patients in the two 
groups were not operated on by the same surgeon, which can 
introduce a performance bias. A gracilis tendon was used in 
group A, while a semi-tendinosus tendon was used in group 
B. No radiographic analysis of the residual patellar tilt was 
done, but some studies claim that MPFL reconstruction pro-
duces no improvement in patellar tilt [7, 13]. Additionally, 
the patients were not randomized, but the two groups were 
homogeneous in terms of preoperative characteristics.

Conclusions

Isolated quasi-anatomical MPFL reconstruction using a 
gracilis tendon autograft for recurrent patellar dislocation 
provides outcomes as good as the isolated anatomical MPFL 
reconstruction in patients with no trochlear dysplasia or 
trochlear dysplasia type A and B at 2–5 years follow-up.
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