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Abstract
Background

The objective of this study was to evaluate the clinical results of arthroscopic medial patellofemoral
ligament (MPFL) insertion reconstruction and plication for medial patellar retinaculum using suture
anchor combined with lateral retinacular release in �rst acute patellar dislocation (APD) with MPFL
insertion injury in adolescents.

Methods

A prospective study was performed between January 2016 and July 2019. The series included 61 cases
of adolescent patients with �rst APD. There were 7 males and 54 females with an average age of 15.5
years (10 to 22). All cases were treated with arthroscopic suture anchor plication for medial patellar
retinaculum combined with lateral retinacular release. Congruence angle (CA), lateral patellar angle (LPA),
and patellar tilt angle (PTA) are measured by CT scan between last follow-up and preoperative. In
addition, the patients were evaluated with the Lysholm and Kujala scores.

Results

The average follow-up time was 40.9 months (24-60 months). All 61 knees showed excellent or good
results postoperatively. The Lysholm score increased signi�cantly from 58.6±8.1 to 91.9±5.0 at the last
follow-up postoperatively (P<0.001 ). The Kujala scores increased signi�cantly from 60.4±7.3 to 88.9±4.8
at the last follow-up postoperatively (P < 0.001). CA in 0° extension position was improved signi�cantly
from 19.8±2.1° preoperatively to -6.7±1.7° at the last follow-up (P<0.001), LPA was increased from
-7.4±2.2° to 5.7±1.8° (P<0.001), and PTA was increased from 23.8±2.9° to 12.3 ±2.3° (P<0.001). The
postoperative mean Lysholm and Kujala scores were 91.9 (81–100) and 88.9 (79–100), respectively.

Conclusions

When the �rst APD occurs associated with the MPFL avulsed from the patella, the presented technique
could not only reattach MPFL at the patellar border but also strengthen the medial patellar retinaculum.
This anatomical repair technique can signi�cantly improve the stability of the patella and has the
advantage of being less invasive by the full-arthroscopic approach.

Trial registration:

retrospectively registered

Background
Acute patellar dislocation (APD) often occurs in children and adolescents, accounting for 9%-16% of
traumatic joint injuries, and its management is controversial [1]. The medial patellofemoral ligament
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(MPFL) plays an important role in resisting lateral patellar displacement, especially in the knee �exion
between 0-30°. Biomechanical studies have shown that MPFL contributes to about 50% of the restraint.
The MPFL injury is one of the important causes of patellar instability and recurrent patellar dislocation
[2]. Studies on nonoperative treatment report a high incidence of recurrent dislocations that have
prompted some surgeons towards surgical treatment [3–5]. The MPFL repairment or reconstruction is the
main surgical method in treating patellar dislocation when the bony anatomical abnormalities are
excluded. Because acute primary patellar dislocation is more common in adolescents, and MPFL
reconstruction is more traumatic and has the risk of epiphyseal injury. Yamamoto [6] describes the
arthroscopic treatment of APD, which has the advantages of direct ree�ng of the medial retinaculum with
minimally invasive surgery. However, these procedures become useless in the presence of a patellar
insertion avulsion. Thus, a speci�c technique of MPFL reinsertion at the patellar border and meanwhile
strengthening the medial patellar retinaculum seems to be more indicated [7–9]. These literatures only
present technical descriptions and case reports with few follow-up studies. Therefore, the objective of this
study is to evaluate the clinical results of MPFL insertion reconstruction and plication for medial patellar
retinaculum by suture anchor combined with lateral retinacular release in APD with MPFL insertion injury
in adolescents. Good clinical effects have been obtained, which are reported as follows.

Methods
Study design

This study received the approval of our Institutional Review Board, and written informed consent was
obtained from all patients.

Patients

Sixty-one patients (54 women and 7 men) who had episode of the �rst primary APD combined with injury
of medial patellar retinaculum attachment to patella between January 2016 and July 2019 were included
(Fig. 2). Cause of injury: all patients had a history of joint sprains or falls. Patients who had recurrent
patellar dislocation, severe malalignment, medial retinaculum body and femoral insertion injury, and
severe trochlear dysplasia were excluded (Fig. 1). All the patients were diagnosed having the �rst APD
with CT and MRI examinations and then con�rmed by arthroscopy met operative indications for the APD
medial retinaculum repair by bone anchor mated suture. A average age of the patients was 15.5 years at
the medial retinaculum repair (Table 1).

Surgical Technique and Postoperative Rehabilitation

The procedure was performed under epidural anesthesia and tourniquet control. Taking supine position,
the body surface markers were drawn routinely before operation. First, conventional arthroscopy was
performed through anteromedial and anterolateral approaches, and the hematoma and free body were
removed at the same time. Complications, if any, such as meniscus and ligament injury should be treated
at the same time. Then, the arthroscopic patellar trajectory is evaluated with repeated knee �exion and
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extension, and the injured MPFL insertion is freshened. Two absorbable suture anchors are placed at the
trisection point of the medial patella. One end of the suture anchor is introduced into the articular cavity
and passed through an anteromedial approach. The No. 1 polydioxanone suture (PDS suture) is passed
through the needle, at the position of about 4cm away from the medial patella, and then pull out the
suture anchor from the anteromedial approach. Two or three sutures are then passed using this way.The
lateral patellar retinaculum was released by the plasma cutter. Both ends of each suture are tightened
through the subcutaneous skin until the patellar trajectory was recovered under arthroscopy
postoperatively (Fig. 3, 5).

Rehabilitation exercises could increase the stability of the knee joint, avoid restricted movement and knee
extension weakness, and prevent recurrence of patellar dislocation. Therefore, the whole process of
rehabilitation was very important for postoperative recovery from patellar dislocation. From the day of
surgery to 1 week, it could eliminate swelling, relieve pain, prevent deep vein thrombosis of the lower
limbs, and avoid muscle atrophy and joint adhesions(ankle pump, quadriceps isometric contraction,
straight leg raising exercises and passive movement of the patella (avoided pushing the patella to the
outside)) .One week later, under the protection of the brace, performed joint �exion exercises to gradually
increase the knee joint range of motion. Passive motion was 0-30° in the �rst week, 0-60° in the second
week, 0-90° in the third week, and reached normal level after 4 weeks. The brace was externally �xed for 6
weeks. After 2-4 weeks, the goal of rehabilitation was to strengthen active �exion and extension exercises,
strengthen muscle strength, and increase mobility. After 4 weeks, resistance training was gradually
started to strengthen muscle strength and patella stability, mainly the medial femoris muscle
exercises standed with an elastic band wrapped around the ankle of the affected limb, kept your legs
straight, moved the lower limbs slowly outwards, and slowly retracted them to enhance the restraint of
the inner patella).

Statistical analysis

Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS) version
24.0. The measurement data were expressed as mean ± standard deviation (X±S). Preoperative and
postoperative indices for this study were compared by paired t-test. P<0.05 was de�ned as a signi�cant
difference.

Results
The average follow-up time of all patients was 40.9 months (24-60 months). At �nal follow-up, no
patients suffered from patellar redislocation or subluxation. Apprehension signs remained in four
patients. Three patient demonstrated restricted knee �exion of less than 90° at two months
postoperatively and regained a full range of motion after manipulation under physical therapy.

Signi�cant knee function improvement, as assessed by the Lysholm and Kujala scores, was recorded at
follow-up. The Lysholm scores were 91.9±5.0 at the last follow-up, which were signi�cantly higher than
58.6±8.1 at preoperation (t=26.876, P<0.001). The Kujala scores were 88.9±4.8 at the last follow-up,
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which were signi�cantly higher than 60.4±7.3 at preoperation (t=37.478, P<0.001). At �nal follow-up, the
CT measurement results of CA, PTA, and LPA returned to the normal range (Fig. 4). CA decreased from
19.8±2.1° preoperatively to -6.7±1.7° postoperatively (t=77.633, P<0.001). LPA decreased from -7.4±2.2°
preoperatively to 5.7±1.8° postoperatively (t=35.094, P<0.001), and PTA decreased from 23.8±2.9°
preoperatively to 12.3 ±2.3°postoperatively (t=26.179, P<0.001) (Table 2).

Discussion
The principal �nding of the present study is that direct reinsertion of the MPFL with a suture anchor at the
patellar border can obtain good imaging and functional outcome for the �rst APD in adolescents. Acute
dislocations may cause avulsion of the medial patellofemoral ligamentous complex from the patella.
Patients with APD have a high probability of MPFL injury, which mainly limits the lateral displacement of
the patella. Yamamoto [6] �rst published his article on the arthroscopic repair of the MPFL for APD.
Fukushima and Satter�eld [7–9] presented cases of APD in a skeletally immature patient treated with
arthroscopic medial patellofemoral ligamentous complex repair using suture anchors, this is amenable to
direct primary repair to prevent recurrent instability and recreates normal anatomy and function. Ren et al.
[10] reported that 12 patients with an avulsion fracture of medial retinaculum from the edge of the patella
were repaired with suture anchor under ultrasonic positioning. The affected limb recovered quickly, the
knee function was satisfactory, and there was no recurrence of patellar instability. Mariani et al. [11]
treated 17 patients with �rst APD by repairing MPFL at the medial edge of the patella through a patellar
tunnel. No redislocation occurred during follow-up. The Lysholm and Kujala scores after operation were
signi�cantly higher than those before operation. Fourteen out of 17 patients were able to return to sports
at the same level as before. Toritsuka et al. [12] repaired MPFL patellar insertion point with suture anchor
in 7 patients with primary patellar dislocation combined with MPFL patellar avulsion fracture. All patients
recovered to the activity level before injury at the last follow-up, and there was no redislocation or
subluxation. The above follow-up studies showed good postoperative function and no patellar instability.
Relevant meta-analysis studies show that, the postoperative redislocation rate of surgical treatment is
signi�cantly better than that of conservative treatment. It is suggested that surgical treatment should be
performed for the �rst patellar dislocation. Although reconstruction and repair are not discussed
separately in the surgical treatment group, it seems that either type of surgery is superior to conservative
treatment [3, 5]. The incidence of redislocation caused by surgical treatment of primary APD (25%) was
signi�cantly lower than that of conservative treatment (36.4%) [13]. In a prospective randomized
controlled study, the re-dislocation rate in the repair group (22%) was signi�cantly lower than that in the
external �xation group (43%) in children with primary traumatic APD [14].

However, this technique may not apply to all traumatic MPFL injuries with APD. One may achieve stable
�xation of the MPFL by minimally invasive means provided several prerequisites were met such as proper
patient selection, and exact localization of the lesion. Patients in the present study were con�rmed as the
primary APD which had a high healing rate and low tension when the MPFL was directly restored to its
anatomical position. Accurate evaluation of the injury site of the medial retinaculum in APD played an
important role in treatment decision-making. At present, the location of MPFL injury in APD is still



Page 6/15

controversial. Recent reports have indicated that patellar side avulsion has an appreciable incidence,
contrary to previous studies which have characterized the injury as principally femoral side. The
percentage of MPFL tears at the adductor tubercle was 73% of the cases studied [15]. Askenberger et al.
[16] presented a study to describe MPFL injuries in the skeletally immature patient by MRI and to
compare the results with the injury pattern found at arthroscopic surgery. The MRI scans showed an
isolated MPFL injury at the patellar attachment site (60%), a multifocal injury (35%), an injury at the
femoral site (4%), and no injury (1%). Arthroscopic surgery disclosed an isolated MPFL injury at the
patellar site (81%) and a multifocal injury (18%). Skeletally immature children are more prone to
sustaining an MPFL injury at the patellar attachment site. Another study reported by Seeley et al aimed to
characterize the patterns of MPFL on MRI following primary APD in pediatric patients. MRI demonstrated
MPFL injury in 87 patients (78.4%). MPFL injury was present at an isolated patellar insertion (31%), an
isolated femoral insertion (14%), and more than one location was present (33%) [17]. Kepler et al. [2]
reported that 61% of MPFL injuries occurred at the patellar attachment and 12% at the femoral
attachment. Most studies showed that MPFL injury after patellar dislocation mainly occurs at the patellar
side, which is consistent with our clinical data.

Clarifying the injury location has important clinical guiding signi�cance for the selection of treatment
methods and surgical approaches. Evaluating the location of avulsion fracture at the medial edge of the
patella is of guiding signi�cance for the selection of anchor insertion point and puncture point of the
medial retinaculum. Anatomical studies showed that MPFL was mainly located in the middle and upper
part of the patella, and MPTL / MPML was mainly attached to the lower part of the patella [18].
Mochizuki et al. [19] reported that 84% of the patellar avulsion fractures were located in the inferomedial
patellar border, which consisted of MPTL/MPML attachments but not the MPFL attachments that mainly
limits the outward movement of the patella. This strange phenomenon may be caused by many factors,
such as injury energy, buckling, and torsion direction. Among APDs, non-contact knee sprain in �exion
and valgus is the leading mechanism. When the knee �exion is greater than 45°, excessive rotation,
valgus, and inclination of the patella will cause excessive tension of MPTL and MPML at the medial
lower edge of the patella. It is consistent with the mechanism that most of the patients with primary APD
included in this study have a history of non-collision, �exion, and torsion injury [20]. However, only
repairing the secondary limiting structures of MPTL and MPML located at the medial lower edge of the
patella may not be enough to limit patellar Exodus, and MPFL is the main binding force to limit patellar
exodus. Therefore, in this study, two anchors were placed at the trisection of the medial edge of the
patella, and the medial retinaculum was sutured evenly. The follow-up results showed that there was no
recurrent patellar instability. Biomechanical studies have shown that the repair of MPFL with suture
anchor suture can almost produce similar contact stress and joint kinematics compared with the
reconstruction of MPFL with tendon transplantation [21]. Some studies have shown that the incidence of
re-dislocation after MPFL repair is equivalent to or better than that of allograft reconstruction [22].
Reconstruction has higher requirements for the surgeon, requires additional grafts, and may damage the
epiphysis of children [23].
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After the medial retinaculum was repaired and pre-knotted and tightened, we observed the trajectory of a
patellofemoral joint under arthroscopy, and then decided whether to release the lateral retinaculum. The
purpose was to avoid the high pressure between the patella and medial femoral condyle and the
signi�cant increase of medial instability caused by excessive release and increase the risk of iatrogenic
medial dislocation. Or insu�cient release caused excessive suture tension of medial anchor and
instability of the patellofemoral joint, resulting in failure of healing of medial retinaculum reinforced
suture [24]. The advantages of this operation were anatomical repair of MPFL insertion and plication for
medial patellar retinaculum and simultaneous treatment of other structural injuries in the joint. The
potential advantages of arthroscopic surgery for patellar dislocation are less trauma, less operative
complications, and more intuitive release of lateral retinaculum to accurately adjust patellar trajectory
under monitoring. Our follow-up results were satisfactory, and there was no recurrence and re-dislocation.
This study also has some limitations. Firstly, due to the strict selection criteria, the number of patients
included is limited. Secondly, there is a lack of an effective control group. Despite these limitations, this
study hopes that surgeons will pay attention to the absence of MPFL avulsion fracture of the patella and
the possibility of arthroscopic-assisted suture anchoring in the treatment of this injury.

Conclusions
To sum up, in the case of the �rst APD, the tightening repair of the medial retinaculum complex can
prevent the symptoms of recurrent patellar dislocation and patellar instability. Arthroscope-assisted
minimally invasive surgery for the �rst APD, especially in adolescents with high incidence, can avoid
epiphyseal injury, less trauma, signi�cantly improve patellar stability and early recovery of knee joint
function. To achieve good clinical results, comprehensive physical examination, imaging diagnosis, and
arthroscopic con�rmation must be performed before an operation to determine the exact location of the
tear of the medial retinaculum, repair the dissecting stop and restore the tension balance of the medial
and medial patella. Finally, our follow-up score and postoperative imaging were satisfactory.

Abbreviations
MPFL: arthroscopic medial patellofemoral ligament; APD: acute patellar dislocation; CA: Congruence
angle; LPA: lateral patellar angle; PTA: patellar tilt angle; PDS: polydioxanone suture.
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Table 1  Study population
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Demographic data

Number of patients 61

Gender, men/women 7/54

Age, years 15.5

Follow-up time, m 40.9

Knee, left/right 37/24

Bone debris of patellar medial edge, yes/no 43/18

Complications  

contusion of lateral femoral condyle 56

loose body 8

meniscus injury 7

MCL injury 2

ACL injury 1

Data of age and follow-up time are displayed as average

MCL, Medial Collateral Ligament Injury; ACL, anterior cruciate ligament

Table 2  Results of knee function and patellofemoral morphology on CT measurements during follow up

  Variable Preoperative Last follow-
up

t Value P
Value

 

Function score

Lysholm score 58.6±8.1 91.9±5.0 26.876
0.001

Kujala 60.4±7.3 88.9±4.8 37.478
0.001

 

 

Imaging
evaluation

Congruence angle CA , deg 19.8±2.1° -6.7±1.7° 77.633
0.001

Lateral patellar angle LPA ,
deg

-7.4±2.2° 5.7±1.8° 35.094
0.001

Patellar tilt angle PTA , deg 23.8±2.9° 12.3 ±2.3° 26.179
0.001

 

Figures
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Figure 1

Study fowchart

Figure 2

Preoperative imaging �ndings
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ab. Preoperative knee computer tomography (CT) showed lateral dislocation of patella with an avulsion
fracture of the medial edge of patella. c. Preoperative knee magnetic resonance imaging (MRI) showed
that ligament injury of medial patellar retinaculum with a patellar avulsion fracture.

Figure 3

Intraoperative gross and microscopic views

a. Draw the mark on the body surface, and the anchors were located at the trisection point of the patella
(red arrow). b. The anchor suture passed through the medial retinaculum complex (yellow arrow). c. The
suture passed subcutaneously and was pre-knotted at the medial edge of the patella. d. Lateral
subluxation of the patella (black pentagram: patella; black hexagonal: lateral condyle of the femur). e.
Medial retinaculum tear combined with patellar avulsion fracture (red arrow). f. The medial retinaculum
complex was repaired with suture anchors. g. Release of the lateral retinaculum. h. The patellofemoral
joint was well involuted.
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Figure 4

Schematic diagram of the operation

a. Cross-sectional model: the suture anchor was placed into the medial edge of the patella (blue arrow),
and the suture passed through the medial articular capsule and retinaculum complex. b. Lateral view
pattern: two suture anchors were evenly placed on the medial edge of the patella (anchor, green arrow;
medial retinaculum complex, red pentagram)

Figure 5
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a. Proximal standard image (PSI) of the patella in CT examination, which cut through the widest and
thickest level of the patella. (L1, the transverse axis; L2, lateral facet; P1, the posterior apex of the patella).
b. Distal standard image (DSI) of the patella in CT examination, which cut through the most prominent
and distal level of the medial femoral condyle. (P2, the apex of the trochlea groove; L3, the posterior
tangential line of the femoral condyles; L4, the anterior tangential line of the femoral condyles; L5 and L6,
the sulcus angle). c. The angle between L7 and P1P2 is the congruence angle (CA). L7 bisects the sulcus
angle. d. The angle between L2 and L4 is lateral patellar angle (LPA). e.The angle between L1 and L3-1 is
the patellar tilt angle (PTA). L3-1, a parallel line to L3[25].
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