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Abstract

Introduction The purpose of this study was to evaluate
the clinical effect of medial patellar retinaculum plasty for
children and adolescent patients with patellar dislocation.
Materials and methods A prospective study was per-
formed between October 2005 and December 2009. Sixty-
one cases of children and adolescent patients with patellar
dislocation were admitted to our study. Twenty-nine
patients received medial capsule reefing, of which 13
patients also received lateral retinacular release (LRR)
(Group I). Thirty-two patients received medial patellar
retinaculum plasty, of which 12 patients also received LRR
(Group II). Preoperatively, all patients received magnetic
resonance imaging (MRI) to evaluate the injury of medial
patellofemoral ligament. And all patients received com-
puted tomography (CT) scans on which the congruence
angle (CA) and patellar lateral shift (PLS) could be eval-
uated with 30° knee flexion. Physical apprehension tests
were examined and the redislocation was recorded. In
addition, knee function was evaluated using the Kujala
score and subjective questionnaires.

Results Patients were followed up for a mean period of
50 months (25-75 months). For the comparison between
the preoperative and postoperative results, the Kujala score
improved significantly from 52.3 & 2.9 to 78.1 £ 3.6 in
Group I and from 53.5 £ 3.4 to 82.2 = 3.4 in Group 1I
(P < 0.05). There was significant difference of CA on CT
scans and PLS with a statistical difference between the two

L. Ma - C. Wang - B. Chen - F. Zhang - J. Zhou - J. Dong -
F. Wang ()

Department of Orthopedics, Third Hospital of Hebei Medical
University, 139 Ziqiang Road, Shijiazhuang 050051, Hebei,
People’s Republic of China

e-mail: doctorwf@yeah.net

groups (P < 0.05). Results of the apprehension test showed
that nine patients had patellar lateral shift exceeding
1.5 cm with a soft end point in Group I and two patients
had patellar lateral shift exceeding 1.5 cm with a hard end
point in Group II (P < 0.05). Moreover, the subjective
questionnaire revealed a significant difference of subjective
effects between two groups (P < 0.05), including 7
excellent, 10 good and 12 fair in Group I and 18 excellent,
9 good, and 5 fair in Group II.

Conclusion The medial retinaculum plasty was better
than medial capsule reefing in improving the subjective
effects and decreasing the rate of patellar instability post-
operatively in children and adolescent patients.

Keywords Patellar dislocation - Medial retinaculum
plasty - Medial capsule reefing - Arthroscopy

Introduction

Habitual or recurrent dislocation of patella was common
in children and adolescents [1, 3-5, 11, 16, 26], and the
reported incidence of this disease was 43 per 100,000 [16].
In the long run, patellar dislocation might result in severe
pain, recurrent patellar instability, and even patellofemoral
osteoarthritis [1]. Patellar dislocation and recurrent insta-
bility were attributed to a series of factors, including genu
valgum, hypoplasia of the lateral femoral condyle, patella
alta, contracture of the lateral patellar soft tissues, ligament
laxity, a laterally located tibial tubercle, abnormal attach-
ment of the iliotibial tract, and vastus medialis (VM)
insufficiency [10, 22]. Besides, anatomic and biomechan-
ical study showed that the medial patellofemoral ligament
(MPFL) was an important structure as a passive check rein
at 20° knee flexion, providing 53—-67 % of the medial soft
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tissue restraint to prevent lateral displacement of the patella
and control its tracking [5, 6]. Surgical techniques for the
treatment of patellar dislocation could be grouped broadly
classified to bony or soft-tissue balancing methods. In
children and adolescents with open growth plates, bony
procedures were not recommended by most scholars
because of the damage to the growth plate and the sub-
sequent deformity. Therefore, medial capsule reefing, as a
traditional method of soft-tissue procedures was a widely
accepted surgery for children and adolescents with patellar
dislocation. However, the medial capsule reefing only fixed
the imbrication of the medial capsule to medial patella. A
retrospective study by Matthias Buchner et al. [15] reported
a rather high recurrent instability rate of 27 % after medial
capsule reefing. Patellar dislocation was often accompanied
by the MPFL injury in children and adolescents [2].
Although tears of the MPFL which was adjacent to the
patellar insertion or in the midsubstance of the medial
retinacular complex have been described previously, recent
studies have reported that the MPFL injury site was always
at or close to its femoral attachment site or there was more
than one site of injury [7, 12, 13, 18, 19, 21, 23-25, 27].
The traditional medial capsule reefing could not repair the
MPFL injury of its femoral attachment site and midsub-
stance. MPFL reconstruction was considered as an impor-
tant technique for patellar dislocation, and there was a low
rate of recurrence and good clinical outcome after MPFL
reconstruction [7, 12, 17, 23, 24]. However, the MPFL
reconstruction was not suitable for children and adoles-
cents because of their open growth plates. In this study, we
performed the related anatomical, biomechanical, and
magnetic resonance imaging (MRI) research on the basis of
the advantages of traditional medial capsule reefing and
MPFL reconstruction, and finally designed a new surgery
technique—medial patellar retinaculum plasty. This
method might decrease the rate of patellar instability
postoperatively in children and adolescents, achieving a
good clinical effect.

Materials and methods

In this study, patients were selected on the basis of the
following: (1) patellar lateral shift exceeding 1.5 cm with a
soft end point by the apprehension test; (2) patellar insta-
bility were confirmed through measuring the patellar tilt
angle (PTA) and the congruence angle (CA) on computed
tomography (CT) scans; (3) MRI display the MPFL injury
to the femoral insertion or combinations of patellar inser-
tion (Fig. 1). Patients were excluded when they had the
following: (1) sulcus angle greater than 150°; (2) tibial
tuberosity-trochlear groove (TTTG) distance greater than
15 mm; (3) patella alta (Insall-Salvati index greater than
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Fig. 1 MPFL injury at femoral origin with retraction of fibers
anteriorly (black arrow) and extensive surrounding edema (white
arrow)

1.2); (4) with patellar dysplasia grade IV and V (Wiberg
classification); (5) concomitant knee cruciate ligament or
collateral ligament injury; (6) rheumatoid arthritis, osteo-
necrosis with cartilage damage greater than grade II.

The diagnosis of patellar dislocation was confirmed
by patellar apprehension test, MRI, and the CT scan of
patellofemoral joint at 30° knee flexion. In addition, if a CT
scan slice of the trochlear groove was overlayed with a CT
slice of the proximal tibia showing the tibial tubercle, the
trochlear groove tibial tubercle distance (TT-TG) can be
determined. PTA was determined by the angle between one
line parallelled with the lateral patellar facet and the other
line parallelled with the posterior condylar line. A sulcus
angle (SA) is formed between the two tangential lines of
the joint surface of the medial and the lateral femoral
condyles. And the CA is the angle formed between the
bisector line of a sulcus angle and the tip—tip line (A tip—tip
line connects the tips of the sulcus angle and the patellar
ridge). The knee function was assessed with the Kujala
score and with a subjective questionnaire.

The CONSORT flow chart of patient selection was
shown in Fig. 2. Between October 2005 and December
2009, 61 patients with patellar dislocation in children and
adolescents underwent arthroscopically assisted medial
capsule reefing or medial patellar retinaculum plasty. With
permission of the ethics committees of the Third Hospital
of Hebei Medical University, randomization was based on
the birth year of patients (even/odd). There were 29 cases
with medial capsule reefing, of which 13 cases also
received lateral retinacular release (LRR) (Group I). There
were 32 cases with medial patellar retinaculum plasty, 12
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patellar dislocation
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patients was greater
than 150°)

Excluded (n = 3; 2
patients were lost, 1
patient was
accompanied with
concomitant knee
cruciate ligament
injury)

Fig. 2 Patient flowchart

of which also received LRR (Group II). The demographic
data on the groups were shown in Table 1.

Surgical technique

With the patient lying supine and under subarachnoid
anesthesia, after prepping, arthroscopy was carried out to
assess and address any possible chondral lesions and con-
comitant pathology. The force directed medial shift of the
patella less than one-fourth the width of the patella indi-
cates an overtension of the lateral retinaculum structure,
and an LRR was then performed [28].

In Group I, an LRR was performed under arthroscopy in
13 patients. After removing the arthroscope, an incision
was made on the anteromedial aspect of patella. The sub-
cutaneous tissue and deep fascia were dissected so as to
expose the quadriceps muscle, the medial retinaculum of

the patella, and the patellar tendon. The medial retinaculum
and medial capsule were dissected thoroughly from the
patellar tendon to the junction point of VM and vastus
intermedius, and the imbrication of the medial capsule was
sutured to the medial patella. After evaluating the patella
activity by hand, the congruence of patellofemoral joint
was observed with the knee at complete extension and the
tracking of patella was observed during flex motion under
arthroscope. Finally, the tension of medial capsule was
adjusted according to the tracking of patella.

In Group II, an LRR was performed under arthroscopy
in 12 cases. After removing the arthroscope, an incision
was made on the anteromedial aspect of patella. The sub-
cutaneous tissue and deep fascia were dissected so as to
expose the VM, the medial retinaculum of the patella, and
the patellar tendon. A longitudinal dissection was made
along the medial border of patella so as to separate the VM
and medial retinaculum from the patella. And then, a
transverse dissection was made along the junction line of
VM and medial retinaculum to the medial femoral condyle
to separate the two adjacent sections. Then the medial
retinaculum including MPFL was stretched so as to eval-
uate the integrity of femoral attachment site. The patients
who had a hard end point of the medial retinaculum were
excluded from our study. A 3-cm-length longitudinal
incision was made over the MPFL femoral insertion. Then
a transverse dissection was made to divide the medial
retinaculum into two parts: the distal part, including both
medial retinaculum and MPFL, and the proximal part, only
including medial retinaculum. The distal part of medial
retinaculum was sutured proximally medial femoral con-
dyle. The proximal part of retinaculum was sutured distally
over the retensioned distal part of medial retinaculum.
Then the aforementioned separated medial retinaculum
was proximally and laterally sutured to near the upper pole
of the patella temporarily. The VM was then sutured dis-
tally and laterally to the midline of patella temporarily.
After evaluating the patella activity by hand, the congru-
ence of patellofemoral joint was observed with the knee at
completely extension and the tracking of patella was
observed during flex motion under arthroscope (Fig. 3).
Based on the tracking of patella, the tension of medial
retinaculum and VM was adjusted and the two sections
were sutured together in the medial side of patella. Finally,
the overlapped tissues (including the medial retinaculum,
VM and the proximal and distal section of medial reti-
naculum) were sutured together by PDS-1 sutures (Fig. 4).

Postoperative rehabilitation program and follow-up
Quadriceps setting exercises and straight leg raising exer-

cises were encouraged from the first day following surgery.
Walking with partial weight bearing on two crutches and
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Table 1 Patient demographics

Indexes Group I (n = 29) Group II (n = 32) t(xz) 95 % CI) P values
Gender(M\F) 13/16 12/20 —0.573 0.298
Age 13 (10-16) 14 (11-17) —1.637 (—1.763, 0.177) 0.217
X-ray

Insall index 1.02 + 0.15 1.06 + 0.16 —1.298 (—0.079, 0.017) 0.485
CTscan

TT-TG (mm) 121+ 14 122 £ 1.6 —0.366 (—0.524, 0.362) 0.241

CA (©) 18.7 £ 2.6 19.2 £ 2.8 —1.059 (—1.318, 0.406) 0.206

PTA (®) 145 £ 2.7 143 + 3.1 0.766 (—0.516, 1.155) 0.766

SA (°) 1355 £ 3.9 1347 £ 4.7 1.346 (—0.418, 2.137) 0.385

PLS (mm) 20.8 £ 2.5 193 £ 32 3.379 (0.580, 2.265) 0.148
Kujala score 523+ 29 535+ 34 —2.528 (—2.088, —0.243) 0.295

TT-TG tibial tuberosity-trochlear groove distance, CA congruence angle, SA sulcus angle, PTA patellar tilt angle, PLS patellar lateral shift,

CI confidence interval

Fig. 3 a Preoperative
appearance of patellar
dislocation. b Postoperative fine
congruence of patellofemoral
joint with the knee completely
extended. ¢ The patella
stabilized to the femoral
trochlea with the knee at 10°
flexion (c)

knee flex activities were also permitted within tolerance
and gradually progressed from the day following surgery.
After 1 week, knee flexion up to 30° was obtained. After
2 weeks knee flexion up to 90° was obtained. After
4 weeks, full weight bearing was allowed. Patients who
achieved enough quadriceps strength, stability of patella,
and sufficient range of motion were allowed to begin
normal daily living and jogging 2 months after surgery and
athletic exercises 3 months after surgery. During the fol-
low-up period, the patellofemoral joint was evaluated with
CT scans. The apprehension test was conducted and the
redislocation was recorded. And the knee function was
determined by the Kujala score and with a subjective
questionnaire.

Statistics analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS) version 16.0
(SPSS, Chicago, IL, USA). Kolmogorov—Smirnov test was
used to test the normality of the numeric data. Levene’s test
was applied to assess homogeneity of variance between
data. All numeric variables showed normal distribution or
equal variance. The differences between the two groups
(TT-TG, CA, PTA, SA, PLS, Kujala score) were analyzed
with two-sample ¢ test. The apprehension sign and
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subjective questionnaire were analyzed with Pearson Chi-
square test. Numeric data are showed as mean =+ standard
deviation (SD); categoric data are shown as numbers with
percentages. A P value of less than 0.05 was considered
statistically significant.

Results

MRI scans showed that all patients had MPFL injury near
the femoral insertion and part of them were accompanied
by patellar insertion. In addition, there were no differences
in preoperative data between the two groups (Table 1).
Four patients including two in Group I and two in Group II
were lost to follow-up after 1 year, and the remaining 61
patients including 29 in Group I and 32 in Group II were
included in the final analysis. Patients were followed up for
an average period of 50 months (25-75 months). On CT
scans, the CA and patellar lateral shift was significantly
different between the two groups at the last follow-up
(Fig. 5). There were nine patients with recurrent patellar
dislocation in Group I. However, two patients in Group II
had a patellar lateral shift that exceeded 1.5 cm with a hard
end point for the apprehension test, with a significant dif-
ference between the two groups (P < 0.05). The Kujala
score had significantly improved after surgery, from
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Fig. 4 a The transverse
incision which was made at the
junction of the vastus medialis
obliquus and the medial
retinaculum of patella. VMO
vastus medialis oblique. b The
femoral attachment of MPFL
was dissected. ¢ A transverse
dissection was made to divide
the medial retinaculum into two
parts: the distal part, including
both medial retinaculum and
MPFL, and the proximal part,
only including medial
retinaculum. d The distal part of
medial retinaculum advanced
proximally and rear to medial
femoral condyle, the proximal
part of retinaculum, and then
advanced distally over the
retensioned distal part of medial
retinaculum. e The isolated
medial retinaculum of the
patella site advanced proximally
and laterally to near the upper
pole of the patella, and then the
vastus medialis advanced
distally and laterally to the
patella

52.3 £ 29 to 78.1 £ 3.6 in Group I and from 53.5 £+ 3.4
to 82.2 £ 3.4 in Group II. The subjective questionnaire
revealed that there were 7 (21.1 %) excellent results in
Group I and 18 (56.3 %) in Group II, 12 (41.4 %) patients
in Group I and 5 (15.6 %) patients in Group II answered
fair. The Kujala score with a statistically significant dif-
ference between the two groups and the subjective knee
function in Group II was better than that in Group I
(Table 2). Five patients (three in Group I and two in Group
II) initially complained of weakness after the operation
when extending the knee; three knees (one in Group I and
two in Group II) had mild anterior knee pain and limitation
in flexed-knee activities. However, the muscle strength
was recovered and all the symptoms disappeared after

8-9 weeks of exercise. No extension nor flexion deficit of
5° or more was observed in the range of knee motion

compared with the contralateral knee at the final

evaluation.

Discussion

The aim of this study was to determine the clinical effect of
medial capsule reefing and medial retinaculum plasty for
the patients with patellar dislocation. The Kujala score and
subjective questionnaires were used to evaluate the knee
function. Physical apprehension tests were examined and
the redislocation recorded. The results revealed that the
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Fig. 5 A patient with patellar
dislocation of right knee
underwent the surgery of medial
patellar retinaculum plasty. The
difference is obvious between
pre- (a) and postoperatively

(b) on CT scan

Table 2 Follow-up results of knee function

Indexes Group I (n = 29) Group II (n = 32) t()(z) (95 % CI) P values
CT scan
CA (®) 54 +37 3.1+ 1.7 4.048 (1.489, 4.401) 0.000
PTA (°) 8.4+ 2.1 80+19 0.651 (—0.677, 1.331) 0.279
PLS (mm) 14.0 £ 3.5 94 + 2.1 6.387 (3.208, 6.135) 0.009
Apprehension sign [n (%)] 6.322 0.012
<1.5 cm 20 (68.9) 30 (93.8)
>1.5 cm 9 (31.1) 2 (6.2)
Kujala score 78.1 £ 3.6 822+ 34 —7.510 (—3.605, —2.094) 0.000
Subjective questionnaire [n (%)] 7.646 0.022
Excellent 7 (21.1 %) 18 (56.3 %)
Good 10 (34.5 %) 9 (28.1 %)
Fair 12 (41.4 %) 5 (15.6 %)

CA congruence angle, PTA patellar tilt angle, PLS patellar lateral shift, CI confidence interval

medial retinaculum plasty was better than medial capsule
reefing in improving the subjective effects and decreasing
the rate of patellar dislocation in children and adolescents.

The related anatomic and biomechanical study showed
that the MPFL was an important structure as a passive
check rein at 20° knee flexion, providing 53-67 % of the
medial soft tissue restraint to prevent lateral displacement
of the patella and control its tracking [5, 6]. Lesions of
MPFL could be found in almost all of the cases [18].
Therefore, it was important to repair the medial retinacu-
lum and MPFL for patellar dislocation.

MPFL reconstruction was considered as an important
operation for patellar dislocation, and there was a low rate
of recurrence and good clinical outcome after MPFL
reconstruction [7, 12, 17, 23, 24]. However, in the ado-
lescents with open growth plates, this surgical technique
was not recommended by most scholars because of the
damage to the growth plate and the subsequent deformity.
Therefore, medial capsule reefing, as a traditional method
of soft-tissue procedure, was a widely accepted surgery for
children and adolescents with patellar dislocation. How-
ever, a retrospective study by Matthias Buchner et.al [15]
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reported a rather high recurrent instability rate of 27 %
after medial capsule reefing. Hawkins et al. [10] reported
that despite conservative or immediate surgical stabiliza-
tion, 30-50 % of patients will continue to have symptoms
of instability or anterior knee pain, or both.

In addition, according to the results of the knee joint
MRI, MPFL injury occurred not only in patellar insertion,
but also at femoral attachment, and even at both the patellar
and femoral attachments. Peter Balcarek et al. [2] reported
that the MPFL injury occured in 98.6 % of the patients
with patellar dislocation. In addition, Kepler et al. [11]
reported that the MPFL injury was isolated to the patellar
attachment in 61 % of children and adolescent patients and
to the femoral attachment in 12 %. Moreover, 12 % of
children and adolescent patients had injury at both the
patellar and femoral attachments.

However, the traditional method of medial capsule
reefing only sutured the imbrication of the medial capsule
to the medial of patella. The MPFL injury at femoral
attachment site and (or) midsubstance were not repaired.
Therefore, the integrity of medial retinaculum and MPFL
was not restored. In this new surgical technique, we not
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only repaired the medial patella injury, but also sutured the
soft tissue including MPFL and medial retinaculum near
its femoral attachment site proximally and posteriorly to
medial femoral condyle. The MPFL injury at femoral
attachment site was also repaired so as to keep the integrity
of the MPFL and medial retinaculum.

For the medial capsule reefing, the imbrication of the
medial capsule was sutured to medial patella alone, only
shortening the lengths of MPFL and medial retinaculum to
increase the tension of the medial retinaculum. The tension
of medial retinaculum together with MPFL might gradually
weaken as time went on, leading to failure finally. How-
ever, in our new surgical technique, the overlapped tissues
were sutured together (including the medial retinaculum,
VM, and the proximal and distal section of medial reti-
naculum), so as to increase the thickness of medial reti-
naculum and MPFL, consequently increasing the strength
of retinaculum and MPFL. The medial retinaculum was
sutured proximally and laterally to near the upper pole of
the patella, further shortening the length of retinaculum and
MPFL, increasing their tension.

Vastus medialis was an important dynamic structure in
preventing patella lateral translation. A notable change was
observed in the restraining force-flexion angle curve with
the VM relaxed, with a minimum at 30° knee flexion [8]. In
addition, Goh et al. [9] reported that the absence of VMO
tension resulted in a lateral displacement of the patella in a
cadaveric study. Therefore, restoring the function of VMO
was very important. Panagiotopoulos et al. [20] revealed
that the function of the strong “meshing” fibers from the
VMO to the MPFL close to its patellar insertion by the
VMO “dynamizes” the MPFL, so MPFL provides both
static and dynamic stability for patella.

Compared with medial capsule reefing, the lower border
of VM was distally and laterally sutured to the middle line
of the patella, not only to restore the tension of VMO, but
also to strengthen the dynamic stability for medial of
patella. And we overlapped VM with the medial retinac-
ulum then sutured the two overlapping tissues. In this way,
we could further strengthen and “reconstruct” the static
stability of MPFL and medial retinaculum. The overlap-
ping tissues from MPFL and VMO formed a strengthened
anatomical structure to keep joint dynamic-static stability.

LRR was also often performed in patients with an
overtension of the lateral retinaculum structure. In the
present study, LRR was applied to 25 (40.98 %) cases in
all of patients. A previous study showed LRR had no
obvious effect on treating patella dislocation [14]. There-
fore, it was a limitation of our study not to compare the
difference between LRR(+) and LRR(—) groups.

To our knowledge this is the first time that medial
patellar retinaculum plasty for patellar dislocation in chil-
dren and adolescents is described. In comparison with

MPFL reconstruction, this surgical technique avoided the
damage to the growth plate. Compared with traditional
medial capsule reefing, medial patellar retinaculum plasty
repaired the MPFL injury at both patellar attachment and
femoral attachment sites so as to keep the integrity of
medial retinaculum and MPFL. In addition, the overlapped
tissues were sutured together (including the medial reti-
naculum, VM and the proximal and distal section of medial
retinaculum) so as to increase the strength of retinaculum
and MPFL. This technique also further strengthened and
“reconstructed” the static stability of both MPFL and
medial retinaculum, together with the overlapping tissues
from MPFL and VMO, finally improving the joint dynamic-
static stability structure. In conclusion, medial patellar
retinaculum plasty for patellar dislocation in children and
adolescents might achieve good clinical effects, with a good
congruous patellofemoral joint and good knee function.

Conflict of interest The authors declare no conflict of interest.
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