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Reconstruction of medial patellofemoral R

ligament with adductor magnus tendon
for recurrent patellar dislocation in children:
a retrospective comparative cohort study

YugiWang''®, Yi Zhao?', Xincheng Huang', Zhuolin Lei' and Hong Cao'”

Abstract

Background The purpose of current retrospective study was to explore the outcomes of using the adductor
magnus tendon to reconstruct the medial patellofemoral ligament in the treatment of recurrent patellar dislocation
in children.

Method Thirty-two children with recurrent patellar dislocation were selected. Sixteen cases in the conservative
group, seven males and nine females, with an average age of 11.81+ 1.28 years; sixteen cases in the surgical group,
eight males and eight females, with an average age of 11.56 +1.15 years. All patients had no surgery history. The

IS index (> 1.2), Q angle (>20°) and tibial tubercle—femoral trochlear groove (TT-TG) distance (>20 mm) were meas-
ured by X-ray and MRI. The conservative group was treated with closed reduction and a brace, and the surgical group
received surgical treatment. Two years after surgery, congruence angle (CA) (—6° to 6°) and lateral patellofemoral
angle (LPFA) (7.7°-18.7°) were measured by X-ray image and all children were evaluated based on Kujala and Lysholm
scores. The re-dislocation rate was recorded. Analysis was performed by t test and chi-square with the statistical SPSS
software. P<0.05 was considered a statistically significant difference. Furthermore, we measured the length (mm)

of the adductor tendon and MPFL in three knee cadaveric specimens, and also observed the positional relationship
between the two structures.

Result There were no significant differences in sex, age, injury site between groups (P> 0.05). Patients in the two
groups were followed up for 2 years in average. Among the 16 cases in the conservative group, 7 cases (43.75%)
had recurrence of patellar dislocation, while none of recurrence in the surgical group (P <0.05). The Lysholm score
of the surgical group (94.63 +8.99) was significantly better than that of the conservative group (79.31+ 18.90),

and the Kujala score of the surgery group (95.25+ 10.32) was also significantly better than that of the conserva-
tive group (77.06°+14.34°) (P< 0.05). The CA and LPFA of the two groups of patients after treatment were signifi-
cantly recovered. The CA (—5.81°+7.90°) in the surgical group was significantly better than that in the conservative
group (20.94°+8.21°), and the LPFA (6.44°+3.22°) was also significantly better than that in the conservative group
(—9.18+11.08), and the difference is statistically significant (P < 0.05). We found it through autopsy that adductor
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magnus tendon was 124.33+1.53 mm long, MPFL was 48.67 + 2.08 mm, and the femoral insertion of the adductor

magnus tendon was adjacent to the MPFL femoral insertion.

Conclusion Reconstruction of Medial patellofemoral ligament with the adductor magnus tendon, fixing with PEEK
suture anchors on the patellar side, can achieve satisfactory results in the treatment of children with recurrent patellar
dislocation. Compared with conservative treatment, the rate of recurrence is lower and the stability of the patella

is better.

Keywords Recurrent patellar dislocation, Children, Adductor magnus tendon, Medial patellofemoral ligament, PEEK

suture anchors

Introduction

Recurrent patellar dislocation is one of the common knee
injuries and is more likely to occur in children and active
populations [1]. Dislocations can lead to articular carti-
lage injuries, osteochondral fractures, recurrent instabil-
ity, pain, decreased activity and patellofemoral arthritis
[2]. It is estimated that about 44% of children will expe-
rience recurrent dislocations after the initial dislocation
[3]. In the past, it was considered that recurrent patellar
dislocation in children could be managed conservatively.
However, a study of conservative treatment involving 470
patellar dislocations [4] showed that 30.9% of patients
had recurrent dislocations during a mean follow-up of
3 years. There were also patients with persistent patel-
lofemoral pain and subluxation, leading to unsatisfactory
follow-up outcomes [5].

Therefore, more and more studies focus on surgical
treatment. Soft tissue surgery to reconstruct the medial
patellofemoral ligament (MPFL) is an important option
for children with incomplete maturation of the skel-
etal system [6]. Studies have shown that the MPFL con-
tributes 50% of the lateral restraining force to maintain
patella stability [7]. Almost all children with recurrent
patellar dislocation have MPFL injuries [8]. There are
many ways to reconstruct an MPFL. The main differ-
ence between current surgical approaches is the choice
of graft. In the last century, Avikainen et al. [9] described
a study involving 14 patients. They reconstructed the
MPEFL by using adductor magnus tendon. Twelve patients
had good outcomes at 7 years of follow-up after surgery,
but the lack of a control group was a limitation of the
study. In addition, we were accustomed to using metal
rivets or bone channels for patellar fixation of tendons
grafts. But the use of metal rivets increased the risk of
metallic foreign body, and the bone tunnels run the risk
of blowout in skeletally immature individuals. Therefore,
we chose PEEK suture anchors which had good biocom-
patibility, chemical inertness and a similar modulus of
elasticity to human bone.

The purpose of this study was to investigate the out-
come of MPFL reconstruction using the adductor
magnus tendon and PEEK suture anchors to maintain

patellar stability. To observe the postoperative func-
tional recovery effect and dislocation recurrence of
the children when combined with lateral retinaculum
release.

Materials and methods

Patient selection criteria

We grouped patients according to the treatment they
received. The surgical group included the patients who
received surgical treatment, and the conservative group
included the patients who received conservative treat-
ment. When patients initially choose treatment meth-
ods, they choose independently after explanations from
doctors. After calculating the sample size, we randomly
selected 16 patients from the two groups, a total of 32
patients, for data collection and analysis. All children
have received treatment before this study, and we will
not give intervention again. Inclusion criteria: (D Patel-
lar instability was assessed by X-ray and MRI: high-
riding patella (IS index>1.2), Q angle>20°, TT-TG
distance >20 mm; @ The children had a history of at
least one incident of patellar dislocation before, and the
same side was dislocated again. @ The children have
no history of knee surgery; @ Family members and
the children agreed to surgical treatment or required
conservative treatment and signed their informed con-
sent. Exclusion criteria: (D Presence of cerebral palsy
or congenital neurogenic disease; @ Initial traumatic,
congenital, fixed and neurogenic patellar dislocation;
@ Open knee injury; @ No medial patellofemoral liga-
ment injury.

All patients in the operative group were operated by
the same orthopedic surgeon. A team composed of one
radiologist and two orthopedic surgeons counted the
basic data and imaging data (IS index, Q angle, TT-TG
distance, CA and LPFA). They also followed up patients
to count the recurrence rate of patellar dislocation and
completed Kujala and Lysholm scores. This retrospec-
tive study was approved by the ethics committee of dan-
gdi the institution, including: the use of patient medical
record data, the use of anatomical specimens, etc.
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General information

The conservative group consisted of 7 males and
9 females, aged 10-14 years, with an average of
11.81+1.28 years. There were 7 sprains, 7 falls and 2
impact injuries. There were 7 cases of left knee injury, 9
cases of right knee injury, and 4 cases of cartilage injury.
The surgical group consisted of 8 males and 8 females,
aged 10-14 years, with a mean of 11.56+1.15 years.
There were 7 cases of sprain, 6 cases of a fall, and 3 cases
of impact injury. There were 9 cases of left knee injury, 7
cases of right knee injury, and 4 cases of cartilage injury.
There was no significant difference in demographics
between the two groups (P>0.05). The preoperative IS
index, Q angle, TT-TG distance, Congruence angle and
lateral patellofemoral angle of the two groups of patients
are shown in Table 1.

Treatment methods

The conservative group was treated with closed reduc-
tion and a brace for 4 weeks, and then the brace was
removed to gradually guide the movement of the affected
limb during follow-up. Patients in the surgical group
underwent general anesthesia. The schematic diagram
of the operation (Fig. 1), the anatomical diagram (Fig. 2)
and the intraoperative findings (Fig. 3) are presented as
follows:

(D Arthroscopy of the knee joint
Assessment of the patellar stability is conducted
under general anesthesia prior to commence of sur-
gical procedure (Fig. 3a). Then we perform a knee
joint examination assisted by knee arthroscopy [10].
We observe the ligament and cartilage damage in the
knee joint. If cartilage damage is present, this should
be dealt with prior to MPFL reconstruction [11].

@ Acquisition of the adductor magnus tendon
Skin incision, about 5 cm, is made at the superome-
dial aspect of the knee joint to expose the adductor
magnus tendon and make a longitudinal incision
through the center of the tendon (Figs. 1b, 2a). We

Table 1 Comparison of general data of the two groups of patients
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severed half of the adductor magnus tendon, taking
care to protect the nerves and blood vessels at the
adductor hiatus. The surgeon stripped the tendon
close to the femoral insertion, while the distal inser-
tion on the femoral condyle is retained (Fig. 3b). The
lateral femoral insertion of the tendon was not cut,
and an approximately 8 cm long tendon was incised
(Fig. 2b, ¢).

@ Reconstruction of the medial patellofemoral liga-
ment
We pass the adductor magnus tendon through the
extracapsular soft tissue channel (Fig. 2d), and use
the Ultra high molecular weight polyethylene (UHM-
WPE) suture of PEEK suture anchors to weave
the tendon (Figs. 1c, 3c) and initially fix it onto the
medial border of the patella. The knee joint is fully
movable in the anterior range, and the fixation posi-
tion and length of the graft are determined accord-
ing to the trajectory and stability of the patella. The
patella should be mobile about 7-9 mm. The trans-
planted tendon should be able to play a “rein” role,
and the patella should be stably fixed in the troch-
lear groove of the femur without any impaction or
impingement when the knee is flexed [12]. After final
confirmation, with the knee flexed at 30°, we inserted
the PEEK suture anchors into the upper part of the
medial border of the patella, and sutured the excess
tendon to the medial border of the patella. The graft
tendon is fixed to the medial side of the patella in
an “L” shape to increase the stability of the fixation
(Fig. 1d, e). We retained half of the adductor magnus
tendon to maintain function (Fig. 3d).

@ Review the stability of the patella
The knee joint was moved again, and the movement
trajectory of the patella and the relaxation and con-
traction of the transplanted tendon were observed.
Intraoperatively, we performed fluoroscopic knee
radiographs to confirm patella height and trajectory.

Special Note: The surgical methods studied in this

study were still used in clinical treatment when the

Conservative group Surgical group tvalue/y? value Pvalue

Gender (male/female) 7/9 8/8 0.125 0.723
Age (years) 11.81+1.28 11.56£1.15 1.292 0.216
ISindex>1.2 (n) 1 12 0.155 0.694
Qangle (°) 30.56+£4.76 30.13£5.19 0.22 0.836
TT-TG distance 2456+£2.58 25.00£2.50 1.051 0.31

Post-injury CA (°) 63.69+11.52 61.75+9.77 0.596 0578
Post-injury LPFA (°) —5831+9.06 —-59.88+8.61 0485 0.634
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Patella

Medial patellofemoral ligament
and lateral femoral insertion

Adductor magnus tendon and
lateral femoral insertion

Rivet line

—— PEEK rivet

Fig. 1 Schematic diagram of the surgical operation: in normal anatomy, the femoral side insertion of the medial patellofemoral ligament

is adjacent to the femoral side insertion of the adductor magnus tendon (a). Intraoperative dissection was performed to expose the adductor
magnus tendon and cut it from the middle to divide the adductor magnus tendon into two bundles (b). The end of the tendon was braided
with rivet tail wire (c), the rivet and tail wire were finally fixed to the medial side of the patella, and the excess tendon was sutured to the patella

inan“L" shape (d, e)

manuscript was written. Although this study is a retro-
spective analysis, we can still describe the operation pro-
cess in detail. Figure 3 was collected before the study,
which was completely consistent with the surgical opera-
tion received by the research target. The collection and
use of the images were approved by the ethics committee
and the consent of parents of children.

Postoperative treatment

Both groups of patients were treated with braces for
4 weeks. The quadriceps muscle was actively exercised
during immobilization to enhance muscle strength and
prevent muscle atrophy. After 4 weeks, the affected
limbs were active and passively exercised, with partial
weight-bearing after 6 weeks, and full weight-bearing
after 3 months. During the functional recovery period,
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Fig. 2 Anatomical diagram of ligament reconstruction: when obtaining the transplanted tendon, the adductor magnus tendon was split
longitudinally from the middle (a), and the half tendon was cut at the proximal end to obtain an approximately 8 cm long tendon. The
distance between the insertion point of the femur and the medial border of the patella in children was approximately 5 cm (b, c). The acquired

adductor magnus tendon was passed through the medial subcutaneous tissue channel during tendon reconstruction to avoid further damage
to the anatomy of the child’s knee (d)

’.’\C‘I : , *., R\ .
Fig. 3 Intraoperative findings: During the operation, the trajectory of the patella was evaluated before the arthroscopic operation, and the patellar
extrapolation experiment was performed. This child with complete dislocation had a feeling of emptiness in the trochlea of the femur,

and the patella was significantly moved outward (a). Intraoperatively, the graft tendon was removed as much as possible to the insertion point,

but the insertion site was not damaged (b). The tendon was braided with a rivet tail (), and the excess tail was cut for an “"-shaped suture to free
the tendon. The tendon of the adductor magnus was preserved intraoperatively to maintain function (d)

strenuous activities such as uphill and downhill, stair recurrence of dislocation. The X-ray was reviewed at the
climbing, running and jumping were prohibited. Fol- last follow-up to observe the position of the patella, and
low-up was continued for 2 years. During the follow- CA and LPFA were estimated.

up period, the children were closely assessed for the
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Statistical methods

The data collected in the study were analyzed using
SPSS 25.0 software. The count data, such as each score
and angle, were expressed as the meanz*standard
deviation, and a t test was performed. The measure-
ment data, such as sex, location and recurrence, were
tested by the x2 test, and the difference was statisti-
cally significant at P<0.05. We used the Walters nor-
mal approximation method to approximate the Fisher
exact probability method (a=0.05, 1-=0.90). The
results showed that when the sample size of both
groups was 12 cases, the total sample size was 24, with
power >0.90.

Results

Postoperative follow-up efficacy

There were no significant differences in sex, age, injury
site, IS index, Q angle, TT-TG distance, preoperative

Table 2 Comparison of the follow-up of the two groups of patients
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CA and LPFA between groups (P>0.05) (Table 1). The
mean follow-up time of patients in the conservative
group was 25.69 +1.44 months, and that in the surgical
group was 25.81+1.42 months. There were not early or
late infections, arthrofibrosis, implant-related failures in
the surgical group. Among the 16 cases in the conserva-
tive group, 7 cases (43.75%) had recurrence of patel-
lar dislocation, while none of recurrence in the surgical
group (P<0.05) (Table 2). The Lysholm score of the sur-
gical group (94.63+8.99) was significantly better than
that of the conservative group (79.31+18.90), and the
Kujala score of the surgery group (95.25 +10.32) was also
significantly better than that of the conservative group
(77.06° + 14.34°) (P<0.05) (Table 2). The CA and LPFA of
the two groups of patients after treatment were signifi-
cantly improved. The CA (—5.81°+7.90°) in the surgical
group was significantly better than that in the conserva-
tive group (20.94°+8.21°), and the LPFA (6.44°+3.22°)

Conservative group Surgical group tvalue/y? value P value
Follow-up time(month) 2569+ 1.44 25814142 —0.264 0.795
Number of recurrent dislocations 7 0 8.96 0.003
Follow-up CA (°) 20.94+8.21 —581+7.90 7778 <0.001
Follow-up LPFA (°) -9.18+11.08 6.44+322 —4.755 <0.001
Follow-up Lysholm Score 79.31+£19.90 94.63+8.99 —3.003 0.009
Follow-up Kujala score 77.06+14.34 95.25+10.32 —6.171 <0.001

Fig. 4 Most of the medial patellofemoral ligament is a thin membrane structure (a), which is very vulnerable to injury. Some studies have used it
as part of the medial retinaculum of the knee joint. Normally, the medial patellofemoral ligament runs under the internal oblique muscle, emerges
from the soft tissue distal to the internal oblique muscle, and attaches to the medial border of the patella (b). The adductor magnus tendon
insertion (white arrow in c) has been found by knee autopsy to be adjacent to the medial patellofemoral ligament insertion (black arrow in c).
Special attention should be given to protecting important structures, such as the proximal vessels, during tendon dissociation (d)
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was also significantly better than that in the conservative
group (—9.18+11.08), and the difference was statistically
significant (P <0.05) (Table 2).

Observations on cadaver specimens

In this study, three cadaveric knee joint specimens were
used to analyze the anatomical feasibility of the adduc-
tor magnus tendon before modified reconstruction.
The anatomical feasibility is as follows: @ The adduc-
tor magnus tendon can be freed up to the proximal
transition when reconstructing the MPFL, where the
length from the insertion point of the femur is approxi-
mately 124.33+1.53 mm, and the length of the medial
patellofemoral ligament (axial length) is approximately
48.67 +£2.08 mm; @ The femoral insertion of the adduc-
tor magnus tendon is adjacent to the MPFL femoral
insertion (Fig. 4c). Retaining the adductor magnus inser-
tion during reconstruction can mimic the physiological
function of the MPFL to the greatest extent.

Discussion

Our study explored the surgical outcomes of MPFL
reconstruction using the adductor magnus tendon and
PEEK suture anchors. There was no patellar disloca-
tion during follow-up in the surgery group, this was an
acceptable situation. But the absence of recurrence of
dislocation might be associated with shorter follow-up.
In the original study by Avikainen et al. [9], all patients
were followed up for 7 years, and 12 patients achieved
good results. Similarly, Sillanpdd et al. [13] used the
adductor magnus tendon for MPFL reconstruction and
reported recurrent patellar dislocation in only 1 patient
(7%) during 10-year follow-up. This study supported use
of adductor tendon for MPFL reconstruction in a small
series of 47 patients. Our study also applied PEEK suture
anchors to MPFL reconstruction. Compared with other
fixation methods, PEEK material has better biocompat-
ibility and more stable chemical inertness. And it has
similar modulus of elasticity to that of human bone. This
avoids “stress shielding” effects. When the modulus of
the implant material is higher than that of the bone tis-
sue, the implant structure will support more stress, and
the bone tissue without stress stimulation will be tissue
degradation, which is manifested in the decrease of bone
density and osteoporosis. It is not conducive to the later
growth and rehabilitation of bone tissue [14—16].

There are many surgical modalities to reconstruct
MPEFL described in the study [17-19]. One advantage
of reconstructing (not repairing) is replacing torn or
stretched ligaments with grafts containing collagen fib-
ers, rather than stretching, tightening, and immobilizing
damaged tissue [20]. Anatomy shows that MPFL is a flat
membrane structure (Fig. 4a, b). This special anatomical
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structure makes it easy to be damaged by external forces.
The main difference in current surgical approaches is
the choice of graft. Alm et al. [21] used gracilis tendon
to reconstruct MPFL for patellar dislocation in 30 knees.
Follow-up showed that 87% of patients had excellent
postoperative scores and the patella was stable, but there
were still 4 recurrent dislocations (13%). Kang et al. [22]
used the semitendinosus tendon for reconstruction,
and there was no recurrence of dislocation at a 2-year
follow-up. However, the use of gracilis tendon or sem-
itendinosus tendon to reconstruct MPFL requires femo-
ral fixation, and its impact on subsequent growth and
development in children is unclear. At present, there is
no study comparing the clinical effect of each autologous
tendon graft, and according to the existing reports, each
graft has a good effect on avoiding the recurrence of dis-
location. But for growing children, recurrence of the dis-
location is not the only factor to consider. It cannot be
ignored that gracilis tendon [23], semitendinosus tendon
[24] and other tendons [25, 26] (hamstring tendon, etc.)
need to be completely freed and then double-fixed at the
femoral and patellar. The freed tendons cannot continue
to perform their original functions [27].

In order to minimize the trauma to the child during
surgery, Sillanpéd et al. [14] proposed a reconstruction
method that preserves the lateral femoral insertion of
the adductor magnus tendon. We used the same surgi-
cal approach as Sillanpéé, with a longitudinal split of the
adductor magnus tendon, leaving half of the adductor
magnus tendon to continue functioning. Surgical feasibil-
ity: In a cadaveric study, Milinkovic et al. [28] found that
the average length of the adductor magnus tendon was
12.6 £1.5 cm and the average distance from the insertion
point of the adductor tubercle to the adductor hiatus was
10.8+1.3 cm which exceeded the mean expected length
of the graft (7.5+0.5 cm) by 3.3£0.7 cm. At the same
time, the cadaveric study also found that the adductor
magnus tendon was adjacent to the lateral femoral inser-
tion of the MPFL (Fig. 4c), which provided the possibility
of preserving the femoral insertion of the adductor mag-
nus tendon while ensuring a fixed anatomical reconstruc-
tion [29]. This is similar to our cadaveric study.

Finally, the surgical approach used in this study avoided
destruction of the femur during reconstruction by other
tendons (rivet fixation on the femoral) or the anatomical
difference from MPFL when performing reconstruction
by bypassing the adductor hiatus. Of course, Anatomi-
cal risk factors must be taken into account when harvest-
ing the adductor magnus tendon, the nerves and blood
vessels surrounding the tendon, such as the descending
geniculate artery and its branches, must be carefully pro-
tected (Fig. 4d). The function of the adductor magnus can
still be maintained, and the damage to the anatomical
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structure can be avoided to the greatest extent. PEEK
suture anchor was used to fix the transplanted tendon
and sutured the excess tendon to the medial border of the
patella in an “L” shape to increase the contact area, which
could maximize the fixation strength and avoided the risk
of metal screws.

The follow-up time of this study was short, and follow-
up observation would be continued.

Conclusion

Reconstruction of Medial patellofemoral ligament with
the adductor magnus tendon, fixing with PEEK suture
anchors on the patellar side, can achieve satisfactory
results in the treatment of children with recurrent patel-
lar dislocation. Compared with conservative treatment,
the rate of recurrence is lower and the stability of the
patella is better. But the follow-up time of this study was
short, and follow-up observation would be continued.

Acknowledgements
Not applicable.

Author contributions

YQW and HC designed this study. Data were acquired by YQW, XCH and ZLL.
YQW and YZ analyzed the data. All authors participated in the interpretation
of the data. All reviewed and revised the manuscript, and approved the final
manuscript as submitted.

Funding

This study was supported by the Hubei Provincial health and health com-
mission funded projects (No. WJ2021M052); the Open Project of Hubei Key
Laboratory of Wudang Local Chinese Medicine Research (Hubei University of
Medicine) (Grant No. WDCM2020003).

Availability of data and materials
All data generated or analyzed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate

The studies involving human participants were reviewed and approved by
the Ethical Committee, Renmin Hospital, Hubei University of Medicine (Shiyan,
China) (No. syrmyy2022-014). The patients/participants provided their written
informed consent to participate in this study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Orthopedic Surgery, Renmin Hospital, Hubei University

of Medicine, Shiyan 442000, Hubei, People’s Republic of China. 2Department
of Plastic and Burn, Renmin Hospital, Hubei University of Medicine, Shiyan,
Hubei, People’s Republic of China.

Received: 26 July 2023 Accepted: 19 September 2023
Published online: 27 September 2023

Page 8 of 9

References

1. Parikh SN, Lykissas MG, Gkiatas I. Predicting risk of recurrent patellar
dislocation. Curr Rev Musculoskelet Med. 2018;11:253-60.

2. Weber AE, Nathani A, Dines JS, et al. An algorithmic approach to the
management of recurrent lateral patellar dislocation. J Bone Joint Surg
Am. 2016,98(5):417-27.

3. MaleckiK, Fabis J, Flont P, Niedzielski KR. The results of adductor magnus
tenodesis in adolescents with recurrent patellar dislocation. Biomed Res
Int. 2015;2015:456858.

4. Nwachukwu BU, So C, Schairer WW, Green DW, Dodwell ER. Surgical
versus conservative management of acute patellar dislocation in children
and adolescents: a systematic review. Knee Surg Sports Traumatol
Arthrosc. 2016;24:760-7.

5. SandersTL, Pareek A, Hewett TE, Stuart MJ, Dahm DL, Krych AJ. High
rate of recurrent patellar dislocation in skeletally immature patients: a
long-term population-based study. Knee Surg Sports Traumatol Arthrosc.
2018;26(4):1037-43.

6. Andrish J. Surgical options for patellar stabilization in the skeletally imma-
ture patient. Sports Med Arthrosc Rev. 2017;25(2):100-4.

7. Keyes S, Price M, Green DW, Parikh SN. Special considerations for pediatric
patellar instability. Am J Orthop. 2018. https://doi.org/10.12788/aj0.2018.
0017.

8. Grimm NL, Levy BJ, Jimenez AE, Crepeau AE, Lee PJ. Traumatic patel-
lar dislocations in childhood and adolescents. Orthop Clin North Am.
2020;51:481-91.

9. Avikainen VJ, Nikku RK, Seppédnen-Lehmonen TK. Adductor magnus
tenodesis for patellar dislocation: technique and preliminary results. Clin
Orthop Relat Res. 1993;297:12-6.

10. Haspl M, Cicak N, Klobucar H, Pecina M. Fully arthroscopic stabilization of
the patella. Arthroscopy. 2002;18:E2.

11. Seeley MA, Knesek M, Vanderhave KL. Osteochondral injury after acute
patellar dislocation in children and adolescents. J Pediatr Orthop.
2013;33:511-8.

12. Senavongse W, Farahmand F, Jones J, Andersen H, Bull AM, Amis AA.
Quantitative measurement of patellofemoral joint stability: force-
displacement behavior of the human patella in vitro. J Orthop Res.
2003;21:780-6.

13. Sillanpaa P, Mattila VM, Visuri T, Mdenpéa H, Pihlajaméki H. Ligament
reconstruction versus distal realignment for patellar dislocation. Clin
Orthop Relat Res. 2008;466(6):1475-84.

14. Pokorny D, Fulin P, Slouf M, Jahoda D, Landor |, Sosna A. Polyetherether-
keton (PEEK)-II: ¢ast: poznatky o vyuZiti v klinické praxi [Polyetherether-
ketone (PEEK) part II: application in clinical practice]. Acta Chir Orthop
Traumatol Cech. 2010;77(6):470-8.

15. Lanzi JT Jr, Felix J, Tucker CJ, et al. Comparison of the suture anchor and
transosseous techniques for patellar tendon repair: a biomechanical
study. Am J Sports Med. 2016;44(8):2076-80.

16. Chen S, He Y, Wu D, et al. Postoperative bone marrow edema lasts no
more than 6 months after uncomplicated arthroscopic double-row rota-
tor cuff repair with PEEK anchors. Knee Surg Sports Traumatol Arthrosc.
2021;29(1):162-9.

17. Hidalgo Perea S, Shannon SR, Green DW. Medial patellofemoral ligament
reconstruction with open physes. Clin Sports Med. 2022;41(1):97-108.

18. Nwachukwu BU, So C, Zhang Y, et al. Adolescent and caregiver-derived
utilities for traumatic patella dislocation health states. J Pediatr Orthop.
2019;39:e755-60.

19. Mittal R, Balawat AS, Manhas V, Roy A, Singh NK. Habitual patellar disloca-
tion in children: results of surgical treatment by modified four in one
technique. J Clin Orthop Trauma. 2017;8(Suppl 2):582-6.

20. Schlumberger M, Schuster P, Hofmann S, et al. Midterm results after iso-
lated medial patellofemoral ligament reconstruction as first-line surgical
treatment in skeletally immature patients irrespective of patellar height
and trochlear dysplasia. Am J Sports Med. 2021;49(14):3859-66.

21. Alm L, Krause M, Mull C, Frosch KH, Akoto R. Modified adductor sling
technique: a surgical therapy for patellar instability in skeletally immature
patients. Knee. 2017;24:1282-8.

22. KangH, Cao J,Yu D, Zheng Z, Wang F. Comparison of 2 different tech-
niques for anatomic reconstruction of the medial patellofemoral ligament:
a prospective randomized study. Am J Sports Med. 2013;41(5):1013-21.


https://doi.org/10.12788/ajo.2018.0017
https://doi.org/10.12788/ajo.2018.0017

Wang et al. Journal of Orthopaedic Surgery and Research (2023) 18:733 Page 9 of 9

23. Basso M, Arnaldi E, Tamini J, Bruno AAM. Medial patellofemoral ligament
reconstruction with autologous gracilis tendon: clinical and radiological
outcomes at a mean 6 years of follow up. Knee. 2021;33:252-9.

24. Migliorini F, Trivellas A, Driessen A, Quack V, Tingart M, Eschweiler J. Graft
choice for isolated MPFL reconstruction: gracilis versus semitendinosus
[published correction appears in Eur J Orthop Surg Traumatol. 2021
Aug;31(6):1255]. Eur J Orthop Surg Traumatol. 2020;30(5):763-770.

25. Fink C, Steensen R, Gfoller P, Lawton R. Quadriceps tendon autograft
medial patellofemoral ligament reconstruction. Curr Rev Musculoskelet
Med. 2018;11(2):209-20.

26. Reagan J, Kullar R, Burks R. MPFL reconstruction: technique and results.
Orthop Clin North Am. 2015;46(1):159-69.

27. Smith MK, Werner BC, Diduch DR. Avoiding complications with MPFL
reconstruction. Curr Rev Musculoskelet Med. 2018;11(2):241-52.

28. Milinkovic DD, Fink C, Kittl C, et al. Anatomic and biomechanical proper-
ties of flat medial patellofemoral ligament reconstruction using an
adductor magnus tendon graft: a human cadaveric study. Am J Sports
Med. 2021;49(7):1827-38.

29. Shea KG, Styhl AC, Jacobs JC Jr, et al. The relationship of the femoral phy-
sis and the medial patellofemoral ligament in children: a cadaveric study.
Am J Sports Med. 2016;44(11):2833-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Reconstruction of medial patellofemoral ligament with adductor magnus tendon for recurrent patellar dislocation in children: a retrospective comparative cohort study
	Abstract 
	Background 
	Method 
	Result 
	Conclusion 

	Introduction
	Materials and methods
	Patient selection criteria
	General information
	Treatment methods
	Postoperative treatment
	Statistical methods

	Results
	Postoperative follow-up efficacy
	Observations on cadaver specimens

	Discussion
	Conclusion
	Acknowledgements
	References


