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The synergistic effect of medial and lateral patellar retinaculum on
the stability of patella in full extension
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Background: Patellar instability is a common problem. It is unclear that the medial and lateral patellar
retinaculum respective effect on patella. The purpose of this study was to evaluate the synergistic effect of
medial and lateral patellar retinaculum on the stability of patella.

Methods: Eight cadaveric knees were collected. Each of them was performed on patellofemoral joints
under five conditions, including normal condition (Group N) and experimental conditions (Group M1, L1,
L2, and M2). In Group M1, 2 kg was forced on the normal medial patellofemoral joint using a homemade
knee joint immobilization apparatus. In Group L1, 2 kg was forced on the normal lateral patellofemoral
joint. In Group L2, the medial retinaculum and the capsule were separated, and the lateral patellar border
endured a force of 2 kg. In Group M2, the dissected medial soft tissues were sutured in-situ, and then the
lateral retinaculum and the capsule were separated, and the medial patellar border endured a force of 2 kg.
Evaluations included CT scan, and the scanned images of these five groups were analyzed for patellar tlt
angle (PTA) and the lateral patellar displacement (LPD) values.

Results: PTA (°) and LPD (mm) of Group M1 and Group L1 were not significantly different compared
to Group N (P>0.01). PTA values and LPD values of Group L2 and Group M2 increased significantly
compared to Group N (P<0.01). PTA and LPD values of Group L2 showed significant differences compared
to Group M2 (P<0.01).

Conclusions: Medial patellar retinaculum prevents LPD and lateral patellar tilt. Lateral patellar
retinaculum plays an important role to prevent medial patellar tilt. Medial and lateral retinaculum show

synergistic effect to stabilize the patella.
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Introduction What are the reasons? The lateral force vector is larger

Among patients with patellar dislocation, a large portion of than that of the medial from the perspective of tensile

them have lateral patellar dislocation, but few of them have strength test (4,5). Three distinct structures, a broad tissue
medial patellar dislocation. Such categorization of patellar band linking the iliotibial band (ITB) to the patella, the

dislocation is almost always due to iatrogenic causes (1-3). patellofemoral, and patellomeniscal ligaments, constitute
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the lateral soft tissues (6). The I'TB was the strongest, with
a mean tensile strength of 582N. The medial patellofemoral
ligament (MPFL) had a mean tensile strength of 208N (7).
Another reason may be the Q angle. The force of the
quadriceps acts along the axis of the femur and is resisted
by the patellar tendon tension. These two forces are not
collinear but diverge by approximately fifteen degrees (8).
The Q angle provides a lateral horizontal tension on the
patella. The vast majority of patients have lateral patellar
displacement (LPD) and tilt. Sallay et /. found that the
incidence of a MPFL tear in acute traumatic patellar
dislocation was 94% (9). We think that medial retinacular
may prevent LPD.

Lateral retinacular release (LRR) is a surgical procedure
used to treat excessive lateral pressure syndrome (ELPS)
and lateral patellar dislocation and tilt. The occurrence of
medial patellar tilt is common (10). However, the chance of
medial patellar displacement is relatively low, unless there is
also over-tightened MPFL reconstruction (11). Therefore,
lateral patellar retinaculum may restrict patellar medial tilt.
As a result, the biomechanical characteristics of medial and
lateral patellar stabilization are different. The purpose of
this cadaveric study was to evaluate the synergistic effect of
medial and lateral patellar retinaculum on the stability of
patella.

Methods
Materials preparing and model establishment

Eight fresh-frozen specimens of the knee were separated
within 24 hours from donors with no history of knee
surgery or disease (mean age 47 years, range 34-60,
male 5, female 3). All of the specimens had normal bone
structures and intact skin. The distal femur and proximal
tibia approximating to about 20 cm from the joint line were
reserved for each specimen, and the skin and subcutaneous
tissues of the knee joints were resected. Then the all
specimens had placed onto the homemade knee joint
immobilization apparatus. These knee joints were sealed
in polyethylene bags and frozen at -20 °C. On the one day
before they were used, the knees were thawed in another
freezer set to 5 °C.

The specimens were fixed on homemade immobilization
apparatus of the knee and placed in their persistent
extending position, with rotation impossible. The pulley
on the homemade knee joint immobilization apparatus
provided a transverse vector force on the patella.
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The experimental procedure and investigation parameters

Step 1: normal state. The prepared specimen was placed
onto the homemade knee joint immobilization apparatus.
CT scan was performed on patellofemoral joint with the
integrity of medial and lateral soft tissues, and the scan
images were saved (Group N).

Step 2: an anchor was fixed at the midpoint of the medial
border of the patella, and a becket was fixed on the medial
femoral epicondyle. Then, a force of 2 kg was hung on the
other side of the anchor to impose a transverse medial force
on the patella using the pulley and becket. CT scan was
performed and the images were saved (Group M1). The
same procedures were performed on the lateral patella, and
this group was named Group L1 (Figure 14,B).

Step 3: a longitudinal dissection was made along
the medial border of the patella to separate the medial
retinaculum and capsule from the patella. A force of 2 kg
was hung on the lateral side of the patella. The lateral
patellar retinaculum endured the force of 2 kg (Figure 1C).
CT scan was performed on the patellofemoral joint with
the dissected medial soft tissues, and the scan images
were saved (Group L2). The extreme situations of lateral
retinaculum contracture and medial retinaculum relaxation
were simulated.

Step 4: the dissected medial soft tissues were sutured in-
situ. A longitudinal dissection was made along the lateral
border of the patella to separate the lateral retinaculum
and capsule from the patella. The next procedures were
similar to Step 3 (Figure 1D). CT scan was performed on
the patellofemoral joint and the images were saved (Group
M2). This group simulated LRR and over-tightened MPFL
reconstruction.

Finally, the scanned images of these five groups were
analyzed for the measurement of patellar tilt angle (PTA)
(Figure 2) and the LPD (Figure 3). CT images were
measured using the software program SIENET Magicview-
DICOM.

Statistics analysis

All the data were expressed as mean = standard deviation
and performed using SPSS version 16.0. The independent
student 7-test was used to compare PTA and LPD values
between Group N and Group M1, Group N and Group L1,
Group N and Group L2, Group N and Group M2, Group
L2 and Group M2, respectively. A P value of less than 0.01
was considered statistically significant.

Ann Foint 2017;2:80



Annals of Joint, 2017

Page 3 of 7

Figure 1 The process of experiment (each of cadaveric knees was performed on patellofemoral joints under five conditions: Figure 1A-D).

(A) 2 kg was forced on the normal medial patellofemoral joint using a homemade knee joint immobilization apparatus (Group M1); (B) 2

kg was forced on the normal lateral patellofemoral joint (Group L1); (C) the medial retinaculum and the capsule were separated, and the

lateral patellar border endured a force of 2 kg (Group L2); (D) the dissected medial soft tissues were sutured in-situ, and then the lateral

retinaculum and the capsule were separated, and the medial patellar border endured a force of 2 kg (Group M2). P, patellar; F, femoral; R,

rope pulley; L, lateral; M, medial; X, force.

Figure 2 The Patellar tilt angle: patellar tilt angle was defined
between the line C and line B, line C intersecting the widest bony
structure of the patella, line B paralleled Line A and the line A
passed tangentially between the surfaces of the femoral posterior

condyles.

© Annals of Joint. All rights reserved.

Figure 3 The lateral patellar displacement: to determine the
lateral patellar shift, two lines were drawn perpendicular to the line
between the anterior femoral condyles (line A): one passing through
the medial femoral condyle (line B) and one passing through the
medial edge of the patella (line C). The distance (d) between these

perpendicular lines was defined as the lateral patellar shift.
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Table 1 The measurements were compared between Group N and
Group L

Indexes Group N Group L P values
PTA (°) 7.58+0.68 16.14+1.20 0.000
LPD (mm) 4.45+1.03 22.85+0.94 0.000

PTA, patellar tilt angle; LPD, lateral patellar displacement.

Table 2 The measurements were compared between Group N and
Group M

Indexes Group N Group M P values
PTA (°) 7.58+0.68 25.56+1.38 0.000
LPD (mm) 4.45+1.03 14.43+1.23 0.000

PTA, patellar tilt angle; LPD, lateral patellar displacement.

Results

PTA (°) and LPD (mm) of Group N were 7.58+0.68
and 4.45+1.03, respectively, and they were in the normal
range. PTA (°) and LPD (mm) of Group M1 and Group
L1 were not significantly different compared to Group N
(P>0.01). PTA (°) and LPD (mm) values of Group L2 were
16.14+1.20 and 22.85+0.94, respectively, significantly higher
compared to Group N (P<0.01). PTA (°) and LPD (mm) of
Group M2 were 25.56=1.38 and 14.43+1.23, respectively,
significantly higher compared to Group N (P<0.01). PTA
and LPD showed significant differences between Group
L2 and Group M2 (P<0.01). In Group L2, PTA (°) was
significantly beyond the normal range, indicating patellar
lateral tilt; and LPD (mm) was significantly beyond the
normal range, indicating patellar lateral displacement. In
Group M2, PTA (°) was significantly beyond the normal
range, indicating patellar medial tilt; and LPD (mm) was
significantly beyond the normal range, indicating patellar
medial displacement.

Discussion

Instability of the patellofemoral joint is a multifactorial
problem. Patellar stability relies on the normal limb
alignment, the well-developed osseous architecture of the
patella and the trochlea, the integrity of the soft-tissue
constraints, and the interplay of the quadriceps femoris
muscle (5,12). The medial and lateral passive soft tissue
restraints are particularly important for patellar tracking
and stability (13). In this study we used cadaveric knees
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with normal bone structures to explore the individual
contribution of medial and lateral patellar retinaculum to
the stability of the patella.

Medial soft tissue restraints attached to the patella are
crucial in preventing lateral patellar dislocation as forces
are transferred through the extensor mechanism (14-20).
In this study, the medial soft tissues were transsected. The
patella was given a lateral transverse force vector. PTA
and LPD of lateral stress group were measured using
CT scans and showed significant differences compared
to Group N (Tuable 1). These data indicate that the role
of medial stabilizer is pulling the patella medial and
avoiding LPD. Meanwhile, pulling the patella backward to
match the femoral trochlea could maintain a good medial
patellofemoral joint cooperation relationship. Therefore,
medial patellar retinaculum has two functions: to avoid
LPD by medial transverse force vector; and to avoid
anterolateral patellar tilt by posterior force vector.

Many orthopaedic surgeons have attributed medial
patellar instability complication caused by over-released of
the LRR to all lateral release procedures (1,2,20-22). An
isolated LRR has been reported to be ineffective for the
treatment of patellar instability (23), and most studies have
shown disappointing mid and long-term results (24,25). In
our experiments, the lateral soft tissues were transsected.
The patella was given a medial transverse force vector. PTA
and LPD of medial stress group were measured by using
CT scan and showed significant differences compared to
Group N (Table 2). These data indicate that the role of
lateral stable structure is pulling the patella lateral and
avoiding medial patellar displacement. Meanwhile, pulling
the patella posterior to match femoral trochlea could
maintain a good lateral patellofemoral joint cooperation
relationship. Therefore, lateral patellar retinaculum has two
functions: to avoid medial patellar displacement by lateral
transverse force vector; and to avoid anteromedial patellar
tilt by posterior force vector.

In addition, we compared PTA values of Group L2
and Group M2 by independent student 7-test, and the
results suggest that the lateral retinaculum injury has
stronger effect on patellar tilt than medial retinaculum
injury has. Moreover, we compared LPD values of Group
L2 and Group M2 and the results indicate that the
medial retinaculum injury has stronger effect on patellar
displacement than lateral retinaculum injury has (Zable 3).
Taken together, our results suggest that the medial
retinaculum has two functions: to avoid LPD by medial
transverse force vector; and to avoid anterolateral patellar
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Table 3 The measurements were compared between Group L and
Group M

Indexes Group L Group M P values
PTA (°) 16.14+1.20 25.56+1.38 0.000
LPD (mm) 22.85+0.94 14.43+1.23 0.000

PTA, patellar tilt angle; LPD, lateral patellar displacement.

If1

L M

Figure 4 Schematic diagram of the forces to the patella provided
by medial and lateral retinaculum. P, patellar; F, femoral; L, lateral;
M, medial; LF, lateral force; MF, medial force; If1, lateral force 1;

1£2, lateral force 2; mfl1, medial force 1; mf2, medial force 2.

tilt by posterior force vector. The most important function
of lateral retinaculum is the posterior force vector to
restrict anteromedial patellar tilt, while the function of
lateral transverse force vector restricting medial patellar
displacement is relatively weak.

Cutting of medial retinaculum had more impact on
lateral patellar displacement (LPD: 22.85+0.94 mm) than
cutting of the lateral retinaculum had on medial patellar
displacement (LPD: 14.43+1.23 mm). The quadriceps-
patella-patellar tendon (tubercle of tibia) complexus also
provided a transverse lateral vector force to the patella
and made up the deficiency of the lateral tension of lateral
patellar retinaculum. The complexus and lateral patellar
retinacular transverse resultant force together to counter
the medial patellar retinacular transverse force. Through
the counterweight mechanism, the patella stays a stable
state at all range of angles of knee flexion. Thus complexus
plays a crucial role in regulating and controlling the patellar
stability.

Considering the special anatomical structure of the
normal patella and femoral trochlea, the lateral trochlear
surface is nearly vertical to the posterior femoral condyles
line on the axial view. However, the medial trochlear surface
is more inclined (20,26,27). They are both providing
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buttresses to patella thereby maintaining the patella’s
centred position in the trochlea (20). The forces to the
patella provided by medial and lateral retinaculum were
decomposition by the femoral trochlear geometrical shape
(Figure 4). We found similar lateral patellar tilt and medial
patellar tilt between Group L2 and Group M2. Therefore
the transverse tension of medial and that of lateral patellar
retinaculum have synergistic effect and help the patella to
keep balance and match relation with femoral trochlea.
Because the lateral trochlear surface is nearly vertical, the
most significant effect of lateral patellar retinaculum is
to keep the patellar rotation balance, so as to effectively
restrain patellar medial dilt.

During the treatment, for patients with normal bone
structures (femoral trochlear, patella, tubercle of tibia,
et al.), surgeries such as the isolated LRR or medial
patellofemoral ligament (MPFL) reconstruction procedure
are not recommended, especially considering the muscles
(11,14). Among the 168 cases of medial patellar instability
reported in the literature, 153 (91%) occurred in patients
who had undergone previous LRR, either isolated or
associated with realignment surgery (28,29). Redislocation
of the patella was observed in 28% of patients after isolated
quadricepsplasty surgery (30). Therefore, orthopaedic
surgeons should pay special attention to the adaptation of
isolated LRR during the treatment of patellar instability
(23,31). They could select limited LRR (not over-release)
or lateral retinacular reconstruction (28). Moreover, MPFL
reconstruction should be abandoned, because the decreased
occurrence of patellar redislocation was associated with
tighten MPFL reconstruction (12). Large medial tension
may lead to the iatrogenic medial patellar instability and
accelerate the speed of femoral trochlear and patellar
chondral abrasions (32,33). Therefore, individualized
surgery should be used for different patients based on their
own conditions during the treatment, so that lateral and
medial patellar retinaculum can function cooperatively to
restore normal knee activity.

The results of the cadaveric study indicate that medial
patellar retinaculum prevents LPD and lateral patellar dlt.
Lateral patellar retinaculum provides a retractive force to
prevent medial patellar tilt. Medial and lateral retinaculum
show synergistic effect to stabilize the patella. However,
the study has the following limitations: the most important
of these relates to the use of isolated joints, rather than
studying the knee as an integral part of the functioning,
loaded, lower limb. This study only measured the medial
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and lateral passive soft tissue restraints. The symptoms of
patellar instability often appear as a sudden dynamic event
which cannot be simulated. Also the muscle factors cannot
be assessed. Further patellofemoral joint biomechanical and
clinical studies should be conducted.

Conclusions

Medial patellar retinaculum plays an important role to
prevent LPD and lateral patellar tilt. And lateral patellar
retinaculum can provide a retractive force to prevent medial
patellar tilt. Medial and lateral retinaculum show synergistic
effect to stabilize the patella.
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