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ABSTRACT
Background:

Patellofemoral joint kinematics are dependent
on a variety of anatomical features. One of the most
common causes of patellar instability is malalign-
ment of the quadriceps extensor mechanism. The
Southwick-Fulkerson osteotomy focuses on cor-
recting malalignment of the quadriceps extensor
mechanism through medialization of the tibial tu-
bercle. MRI, in conjunction with established patel-
lofemoral indices, allows quantitative evaluation of
the patellofemoral joint during active quadriceps
extension both pre- and postoperatively.

Purpose:

This study aims to quantitatively evaluate the
effects of extensor mechanism medialization pro-
cedures using established patellofemoral indices
in order to establish a relationship between tu-
bercle transfer distance and patellar tracking. It
is believed that a 15mm medial transfer of the
tibial tubercle will produce statistically significant
changes in patellar tracking when evaluated during
active quadriceps contraction.
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Methods:

Four fresh-frozen cadavers underwent a modi-
fied Fulkerson osteotomy. The central quadriceps
tendon was identified and traction was applied with
a vector parallel to the femoral diaphysis using
sutures, to simulate active quadriceps contrac-
tion. MRI images were obtained following Omm
(control) and 15mm tibial tubercle medialization.
Each knee was evaluated at 30, 20, 10, and O
degrees of flexion.

Results:

Quantitative evaluation of patellar tracking
during active quadriceps contraction detected sig-
nificant changes in patellar translation following
15mm medial transfer of the tibial tubercle as
compared to the control. The significantly reduced
indices suggest reduced patellar lateralization and
improved patellar tracking during the critical range
of motion from 30 to O degrees of flexion.
Conclusions:

The results of this study indicate that significant
quantitative changes in patellar tracking occur fol-
lowing 15mm tibial tubercle medialization when
evaluated during active quadriceps contraction
using MRI in conjunction with established patel-
lofemoral indices. These findings suggest that
quantitative evaluation of patellar tracking may be a
valuable pre- and postoperative tool when coupled
with qualitative clinical findings.

INTRODUCTION

Patellofemoral joint kinematics and patellar tracking
describe the relationship between the patella and femur
during flexion and extension of the knee. Patellofemoral
joint kinematics are dependent on a variety of anatomi-
cal features including bony geometry, soft tissues, and
the action of the quadriceps.! While the healthy knee
is unlikely to dislocate or undergo severe subluxation,?
any number of anatomical or physiological abnormali-
ties could produce patellar instability. This is especially
common in near-full knee extension as the patella moves
proximally relative to the increasingly shallow trochlear
groove while the tibia externally rotates, resulting in
lateral patellar movement even in healthy subjects.!*45
It is at these lower degrees of flexion (0-30°) where soft
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Figure 1. Axial (A) and sagittal (B) images depicting the modified
Fulkerson osteotomy. The proximal dovetail and distal bone bridge
allow for adequate fixation of the bony segment, making bicortical
screws unnecessary and eliminating hardware artifact. Adapted from
Albright JP, Wilson AG. Modified Fulkerson Osteotomy. Techniques
in Knee Surgery. 2006;5(1):39-46.
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Figure 2. Established patellofemoral indices were measured using
MR images of the knee at 30, 20, 10 and O degrees of flexion.

A) Bisect offset (BSO) measures the percentage of total patellar width
lateral to the deepest point of the sulcus.

B) Lateral patellar displacement (LPD). Positive values are given
when the patellar edge is medial to the perpendicular line created
at the apex of the medial femoral condyle.

C) Lateral patellar edge (LPE). Positive values are given when the
lateral patellar edge lies lateral to the perpendicular line created at
the apex of the lateral femoral condyle.

D) Patellar tilt angle of Sasaki.

E) Sulcus angle.

F) Congruence angle. Values are positive when the line connecting
the sulcus to the most posterior aspect of the patella is lateral to the
bisector of the sulcus angle.

tissue restraints and quadriceps muscle action exert the
most important patellar stabilizing forces.5”% Misalign-
ment of the extensor mechanism does not allow the pa-
tella to properly track in the trochlear groove, producing
lateral patellar instability.>*1°

One of the most common causes of patellar instabil-
ity is malalignment of the quadriceps extensor mecha-
nism.”!® Malalignment of the extensor mechanism has
a wide spectrum of clinical presentations including an
increased Q-angle, patellar subluxation as seen on the

Figure 3. With the knee in full extension, axial slices containing
the apex of the tibial tubercle and the deepest point of the trochlear
groove were overlaid to measure the tibial tubercle-trochlear groove
(TT-TG). The distance between the tibial tubercle and the depth of the
groove was measured as the TT-TG. The measurement was parallel
to the line tangential to the posterior femoral condyles.'*

Merchant view, or more subtle presentations that do
not appear until dynamic evaluation during the physical
examination, such as a J-sign. A J-sign is defined as the
lateral movement of the patella over the lateral femoral
condyle during active leg extension. However, these clini-
cal findings do not rule out other anatomic or physiologic
factors that may cause patellar instability.!! In order to
choose the appropriate surgical intervention, evalua-
tion of the patellofemoral joint during active quadriceps
contraction is essential.? MR images obtained during
active quadriceps contraction coupled with established
patellofemoral indices (Figures 2 and 3) allow quantita-
tive evaluation of the patellofemoral joint, which is es-
sential for diagnosis of patellofemoral pathology and for
postoperative outcome.?® This quantitative evaluation
allows for assessment of the patellofemoral joint that may
otherwise be difficult to obtain solely by clinical means.

The modified Fulkerson osteotomy focuses on cor-
recting malalignment of the quadriceps extensor mecha-
nism through medialization of the tibial tubercle.’? This
procedure is commonly used when the tibial tubercle-
trochlear groove (TT-TG) distance exceeds 20mm. 214
Rotational abnormalities, severe trochlear dysplasia, and
patella alta must also be ruled out using preoperative im-
aging in order to verify that malalignment of the extensor
mechanism is indeed the cause of patellofemoral patholo-
gy. Regardless of the medialization procedure performed
in an attempt to correct patellar tracking, the degree to
which the tibial tubercle is medialized relies on a great
deal of clinical judgment intraoperatively.’’ In order to
reduce the reliance on static preoperative images and
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passive motion evaluation, intraoperative femoral nerve
stimulation has been employed by this senior author
to allow dynamic evaluation of the patellofemoral joint
intraoperatively to ensure adequacy of the tibial tubercle
transfer.'%2 However, in order to determine the efficacy
of tibial tubercle transfer on improving patellar tracking,
the relationship between tibial tubercle transfer distance
and patellar tracking must be assessed.

This study aims to quantitatively evaluate the effects
of medialization procedures using established patello-
femoral indices to establish a relationship between tibial
tubercle transfer distance and patellar tracking. Signifi-
cant findings will allow a relationship to be determined
between tibial tubercle transfer distance and patellar
tracking, using several established patellofemoral indi-
ces. The alternative hypothesis for this study states that
medial tibial tubercle transfer of 15mm, a minimum value
in the senior author’s (JPA) experience, will significantly
affect patellofemoral kinematics.

MATERIALS AND METHODS
Specimens
Four fresh-frozen normal cadaver knees from a total
of two donors were used in the study. The knees were
both from female donors who were 69 and 76 years of
age. The specimens were transected at mid-femur and
mid-tibia.

Procedure

Following a 24-hr thawing period, each knee under-
went a modified Southwick-Fulkerson osteotomy (as
described previously) by the senior author (JPA).2 A
single parapatellar incision spanned the length of the
specimen in order to expose the distal attachment of
the patellar tendon on the tibial tubercle. An oblique
osteotomy of approximately 30 degrees in the axial plane
was performed using an oscillating saw, and special care
was taken to maintain a distal bony attachment (Figure
1A). Proximally, a dovetail cut made parallel to the joint
line with an angle of 20-30 degrees in the sagittal plane
was performed, 1cm above the insertion of the patellar
tendon on the tibial tubercle (Figure 1B). To complete
the procedure, the dovetail was then connected to the
oblique osteotomy made previously. With the minimal
load applied across the knee joint in this study, the
dovetail and distal bony attachment provided sufficient
support during simulated active quadriceps contrac-
tion and bicortical screws were not used. This also
eliminated hardware artifact that might have interfered
with quantitative measurements of the patellofemoral
joint®®, In the event that the distal bony bridge could
not be maintained, a suture anchor was placed distally
to replicate the bony attachment. Each knee underwent
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a 15mm medial transfer of the tibial tubercle which was
achieved by light tamping of the bony segment. The
proximal ledge created by the dovetail along with the
distal bone bridge provided adequate fixation to prevent
shifting of the tubercle during dynamic assessment fol-
lowing medial transfer.

To simulate patellofemoral pathology in otherwise
healthy cadaver specimens, the medial and lateral
retinacula were dissected. In previous studies, this dis-
section resulted in an increased lateral patellar shift of
up to 10mmb®. The skin and subcutaneous tissue were re-
moved from the thigh, and a running suture was placed
through the central quadriceps tendon using Fiberwire
2.0. Traction was applied to the suture to create a force
vector parallel to the femoral axis when viewed in the
coronal plane, which best mimics the resultant vector of
the combined muscle tensions acting on the quadriceps
tendon as it inserts on the patella during concentric
contraction.!

Imaging

Each knee was imaged prior to medial transfer of
the tibial tubercle and again following 15mm medial
transfer of the tibial tubercle. Knees were imaged at
30, 20, 10, and 0 degrees of flexion before and after
medial transfer. This critical range of motion allowed
investigation of patellofemoral kinematics as the patella
moved proximally relative to the increasingly shallow
trochlear groove.®® It is in this range where patellar
instability is most often noted. Quadriceps contraction
was simulated by applying traction to the running suture
placed through the central quadriceps tendon, with
enough force to maintain the leg in the degree of flexion
desired. The vector of traction was parallel to the femo-
ral diaphysis when viewed in the coronal plane. Knees
were placed in a radiolucent apparatus that prevented
femoral rotation during simulated contraction. The tibia
was allowed to freely rotate during simulated quadriceps
contraction, allowing for the natural external rotation as
the leg approached full extension.

MRI Parameters

All images were acquired using a whole-body Siemens
Tim Trio 3T with the knee positioned in the apparatus in
the supine position. Images were acquired with a three-
dimensional (3D) gradientrecalled echo (GRE) pulse
sequence. Examination time was six minutes for each
specimen in each evaluated degree of flexion.

The following imaging parameters were used to
optimize time and contrast: Flip angle 10 degrees, TE
1.6ms, TR 12.0ms, one excitation, field of view 14.0cm x
14.0cm x 14.4 cm, with a slice thickness of 1.0mm using
continuous coverage (0mm inter-slice gap).
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TABLE 1.

Comparison of Patellofemoral Indices in Control Specimens (Omm)
and 15mm Medial Transfer

30 Degrees Flexion

Index Control 15mm Change P-value
BSO 0.51+0.06 0.54 + 0.05 0.03 +0.08 0.029*
LPD (90.18+2.3 (93.8+2.2 3.7+32 0.045*
LPE 25+1.9 (90.23 +0.99 27+2.2 0.031*
PTA-S 144+ 4.2 12.3+2.85 21+5.1 0.12
Sulcus 130+ 7.3 127 + 4.0 41+82 0.15
Congruence (-8.2+11.9 -12.8+2.9 4.7+14.9 0.13
TT-TG 83+2.8 38+1.7 46+3.2 0.041*
20 Degrees Flexion

BSO 0.53 + 0.07 0.51 +0.04 0.03 +0.28 0.12
LPD H11+21 (35+1.6 24+21 0.028*
LPE 29+14 0.73 +0.84 22+14 0.035*
PTA-S 14.0 +4.72 11.7+2.1 23+3.1 0.15
Sulcus 133 £8.9 127 £ 2.8 5.0+4.1 0.15
Congruence (-81+13.9 (-8.1+13.0 0.008 + 13.5 0.5
TT-TG 10.2 £3.0 4.0 +0.94 6.2+2.0 0.006*
10 Degrees Flexion

BSO 0.52 + 0.05 0.51+0.05 0.01 £0.07 0.39
LPD (1.7+15 3.2+19 1.5+25 0.17
LPE 30+1.1 1.9+0.18 1.8+1.4 0.045*
PTA-S 16.7 + 8.2 129+ 1.3 4.0+83 0.17
Sulcus 136 + 5.0 130+ 4.4 6.2 +6.7 0.058
Congruence (114 +129 -12.3+4.9 0.93 +13.8 0.45
TT-TG 10.6 + 1.7 40+1.4 6.6 +2.2 0.0005*
0 Degrees Flexion

BSO 0.53 + 0.07 0.48 + 0.08 0.06 + 0.10 0.033*
LPD (92.0+£3.8 (95111 31+12 0.011*
LPE 39+1.38 1.3+1.8 25+25 0.083
PTA-S 17.7 £ 4.7 16+2.4 1.7+5.2 0.22
Sulcus 138 + 4.4 134 +5.7 4.0+7.2 0.022*
Congruence (-13.5+14.7 (144 + 8.7 0.89+17.2 0.43
TT-TG 124 +£29 3.7+19 87+34 0.003*

Measurement and Analysis

These established indices were used to quantitatively

assess the patellofemoral joint at each set degree of
flexion, including the bisect offset (BSO),® lateral patel-
lar displacement (LPD),' lateral patellar edge (LPE),"
patellar tilt angle of Sasaki (PTA-S),'® sulcus angle,®
congruence angle (CA),” and tibial tubercle-trochlear
groove distance (TT-TG)."* Descriptions of each index
are listed below.

Bisect offset (BSO)8, Figure 2A: As described by
Stanford et al., a line is drawn tangential to the
medial and lateral posterior femoral condyles. A
perpendicular line is then drawn through the deep-

est point of the sulcus. BSO is the ratio of the patella
lateral to the perpendicular line compared to the
total width of the patella.

Lateral patellar displacement (LPD)!®, Figure 2B:
Following the guidelines of Laurin et al., a line is
drawn tangential to the medial and lateral anterior
condyles. A perpendicular line is drawn through
the apex of the medial condyle. The distance from
this line to the most medial part of the patella is
measured.

Lateral patellar edge (LPE)Y, Figure 2C: First de-
scribed by Brossman et al. as the distance ‘d’, this
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measurement is identical to LPD except the apex of
the lateral condyle is used.

e Patellar tilt angle of Sasaki (PTA-S)', Figure 2D:
This is defined as the angle between the line that
passes through the widest part of the patella and a
line tangential to the anterior femoral condyles. The
patellar tilt angle of Sasaki (PTA-S) was chosen over
other patellar tilt indices because it has been shown
to be effective in measuring patellar tilt independent
of femoral rotation.!

e  Sulcus angle’, Figure 2E: As described by Merchant
et al., this is the angle between the sulcus and the
medial and lateral condyles.

e Congruence angle", Figure 2F: As described by
Merchant et al., this is the angle created by the
bisector of the sulcus angle and a line from the
deepest point of the sulcus to the most posterior
aspect of the patella.

e TT-TGY, Figure 3: Using the guidelines established
by Dejour et al., the horizontal distance between the
tibial tubercle and trochlear groove was measured
using axial MRI overlay.

Measurements were made by a single investigator
(KD). Four knees were used to calculate mean and as-
sociated standard deviation at each chosen degree of
flexion for both the control (Omm transfer) and 15mm
transfer. The resulting values allowed the mean change
in each patellofemoral index to be calculated to evaluate
the change in patellofemoral kinematics following me-
dial transfer. A one-tail Student’s paired t-test was then
used to determine the significance of the 15mm medial
transfer on patellar tracking. A p-value of less than 0.05
was considered significant.

RESULTS

The patellofemoral joint was evaluated using mea-
surements listed above to compare patellar tracking
following 15mm medial tibial tubercle transfer. Patterns
of patellar tracking were consistent across all four knee
specimens used in this study, and means were used in
order to determine the significance of the 15mm transfer
on patellofemoral kinematics as compared to the control
(Omm transfer).

Medial transfer of the tibial tubercle produced a
reduced bisect offset (BSO) value at all degrees of flex-
ion except 30 degrees. This reduction was statistically
significant with a p-value of 0.03 at 0 degrees of flexion,
as BSO was reduced 0.055 + 0.104 percent following
15mm transfer (Table 1). The reduced BSO values fol-
lowing medial transfer (from 20 to 0 degrees of flexion)
indicate that the patella was medialized as the percentage
of patella lying lateral to the sulcus was reduced.

Lateral patellar displacement (LPD) was reduced at
all degrees of flexion following 15mm medial transfer,
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resulting in statistically significant reduction at 30,
20, and 0 degrees of flexion. The largest reduction in
LPD occurred at 30 degrees of flexion when the value
changed 3.66 + 3.17mm (Table 1). The negative values
associated with all of the LPD measurements, includ-
ing the control measures, indicate that the most medial
aspect of the patella was, on average, medial to the apex
of the medial femoral condyle when using non-pathologic
knee specimens.

Similar to the LPD, lateral patellar edge (LPE) was
reduced at all degrees of flexion following 15mm me-
dial transfer. The reductions in LPE were statistically
significant at 30, 20, and 10 degrees of flexion. Although
it was not statistically significant, the reduction in LPE
following medial transfer at 0 degrees of flexion was 2.53
+ 2.51mm, a reduction that surpassed statistically sig-
nificant changes in LPE at 20 and 10 degrees of flexion.
However, this was subject to high variability (Table 1).
The greatest reduction in LPE was seen at 30 degrees of
flexion, as LPE decreased from 2.45 + 1.94mm to -0.233
+ 0.988mm, the negative value indicating that the most
lateral aspect of the patella was medial to the apex of the
lateral femoral condyle (Table 1). In both the control and
15mm-transfer specimens, LPE gradually increased as
the knee reached full extension, suggesting that the pa-
tella translates laterally in near-full extension (Figure 4).

The tibial tubercle-trochlear groove distance (TT-
TG) was reduced a statistically significant amount at all
evaluated degrees of flexion. Despite an intraoperative
measurement of 15mm from the edge of the bony cut to
the transferred tubercle, the largest measured change
in TT-TG using axial MRI overlay (Figure 3) was 8.73 +
3.41mm at 0 degrees of flexion (Table 1).

Following medial transfer, no statistically significant
changes were detected at any evaluated degree of flexion
for either the patellar tilt angle of Sasaki (PTA-S) or con-
gruence angle. For both indices, 15mm transfer resulted
in reduced or unchanged values when compared to the
control at all investigated degrees of flexion (Table 1).

Although trochleoplasty was not performed in this
study, the sulcus angle was reduced at all investigated de-
grees of flexion following 15mm transfer. The reduction
was statistically significant at 0 degrees of flexion, result-
ing in a p-value of 0.02 as the sulcus angle changed 3.98
+ 7.15 degrees following 15mm transfer, as compared to
the control (Table 1). The reduced sulcus angle values at
all investigated degrees of flexion indicate that the surgi-
cal technique used to medialize the tibial tubercle in this
study may have pulled the patella distally relative to the
trochlear groove, placing the patella in a deeper portion
of the trochlear groove when viewed in the axial plane.
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Figure 4. Mean Lateral Patellar Edge (LPE): Control vs. 15mm
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Figure 4. In both the control and 15mm-transfer specimens, LPE gradually increased as the knee reached full extension. Following 15mm

medialization, LPE was decreased at all measured degrees of flexion.

DISCUSSION

The results of this study indicate that medialization
of the tibial tubercle as little as 15mm can significantly
affect patellar tracking in non-pathologic cadaver speci-
mens. However, the magnitude of these changes was not
as great as expected. Significant changes in BSO, LPD,
and LPE (Table 1) across the critical range of motion
from 0-30 degrees where patellar instability is great-
est, indicates that medialization had the greatest effect
in reducing lateral patellar translation. When looking
specifically at the LPE measurement, which has been
reported as the best pre- and postoperative parameter
to analyze patellar lateralization, a 15mm medial transfer
produced a 2.53 + 2.51mm medialization (Table 1).Y
These changes yielded a 6:1 (15.0mm/2.53mm) intra-
operative medialization-to-translation ratio with the knee
in full extension and the quadriceps actively contracted.
LPE appears to be of particular value as it correlates to
the qualitative clinical J-sign defined previously (Figure
5). Because the presence or absence of the J-sign is

used preoperatively to provide a dynamic evaluation of
the patellofemoral joint during the physical examination,
and postoperatively to evaluate the outcome of surgery,
the quantification of this clinical finding has important
surgical value.

Patellar tilt and congruence were not significantly
altered following 15mm tibial tubercle transfer (Table 1).
One reason for this may be that the medial and lateral
retinacula were dissected in this experimental setup to
create a more pathological situation by inducing lateral
translation of the patella.® Because of this, the influence
of the medial and lateral retinacula on patellar tilt and
congruence was lost, eliminating the tethering effect
that these structures have on the patella as the knee
nears full extension.?

When examining the TT-TG measurements in this
study, the discrepancy between intraoperative bony
measurements and postoperative radiographic measure-
ments described in previous studies is apparent. By us-
ing calipers to measure from the edge of the bony cut
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Figure 5. Images were collected using dynamic MRI during the final 20 degrees of knee flexion. When comparing the control and 15mm-
transfer knees, it is clear that the amount of patella lateral to the perpendicular drawn from the apex of the lateral femoral condyle is reduced.
Additionally, in both the control and 15mm knee, the amount of patella lateral to the perpendicular increases as the knee nears extension (0
degrees flexion).

to the transferred bone block, the intraoperative tibial
tubercle transfer distance was measured to be 15mm in
every specimen. However, when making measurements
on radiographs using the axial overlay technique as
described by Dejour et al. (Figure 3), the mean change
in TT-TG was only 8.73 + 3.41mm with the leg in full
extension (Table 1). This may be due to the external
rotation of the tibia as the knee reaches full extension,
altering the relationship between the tibial tubercle and
trochlear groove when viewing axial radiographs. The
inconsistencies in the intraoperative and postoperative
TT-TG measurements have been investigated previously,
and may be at least partially related to correctly and
consistently locating the depth of the sulcus, accurately
identifying the apex of the tibial tubercle, and the dif-
ficulty in making measurements on postoperative images
with hardware artifact. The findings in this study follow
the trends seen in previous research, and continue to call
into question the reliability of the TT-TG measurement.
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The setup for this study evaluated patellofemoral
kinematics in a non-weightbearing setting, as the force
exerted by traction on the quadriceps tendon was equiva-
lent to the weight of the components of the transected
lower leg, including the tibia, fibula, and associated
musculature. These loads were much lower than forces
exerted across the knee during even low-impact activi-
ties such as walking. However, weightbearing has been
shown to have a centering effect on the patella, signifi-
cantly reducing lateral patellar displacement as the force
generated by the quadriceps is increased.*” Because of
this, the experimental setup used in this study examined
the knee in a low-load setting where patellar instability is
the greatest, and therefore it is not seen as a limitation.

However, several limitations of this study should be
acknowledged. The small number of cadaver specimens
(n=4) substantially limits statistical power. Still, when us-
ing only four specimens, statistically significant changes
in patellar tracking were detected. Future studies should
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select a larger patient population exhibiting patellofemo-
ral pathology requiring surgery. Retrospective analysis
of pre- and postoperative MR images could be compared
to the amount of tubercle transfer described in the
surgical document to determine a relationship between
intraoperative transfer distance and the effect on patellar
tracking. Determining such a relationship would provide
more objective guidance intraoperatively when medial-
izing the tibial tubercle, reducing the dependence on
clinical judgment currently required in medial transfer
procedures.

Additionally, the non-pathologic knees used in this
study do not have the same kinematics as pathological
knees that the Southwick-Fulkerson osteotomy aims to
correct in vivo. The cadaveric specimens in this study did
not display any of the typical pathological anatomy com-
monly associated with severe cases of patellar instability
including trochlear dysplasia, patella alta, malalignment
of the extensor mechanism, TT-TG greater than 20mm,"
patellar tilt greater than 20 degrees, and imbalance of
soft-tissue restraints.®* Previous research by Heegard
et al. indicated that lateral translation of the patella could
be increased by up to 10mm by dissecting the medial and
lateral retinacula.® While this step was taken in order to
increase lateral patellar translation and simulate patellar
instability, this simple dissection fails to fully mimic the
complex bony and soft-tissue anatomy of a knee exhibit-
ing severe patellar instability.

CONCLUSION

While the results of this study are limited by statistical
power, it was found that quantitative evaluation of the
patellofemoral joint following 15mm tibial tubercle medi-
alization yielded significant changes in patellar tracking.
These findings suggest that quantitative evaluation of
patellofemoral kinematics may be a valuable pre- and
postoperative tool when coupled with qualitative clinical
findings. Although the results from this study were less
than initially anticipated, they warrant future investiga-
tion using a larger sample size of pathologic knees in
order to more accurately define the intraoperative me-
dialization to translation ratio (T'T-TG:LPE) proposed in
this study. Accurately establishing such a measure could
be of significant clinical value by reducing the amount
of clinical judgment currently required to successfully
perform tibial tubercle transfer procedures.
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