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Abstract

The study utilizes dynamic simulation of knee function to determine how tibial tuberosity
medialization and anteromedialization influence patellar tracking and contact pressures for knees
with patellar instability. Dual limb squatting was simulated with six multibody dynamic simulation
models representing knees being treated for patellar instability. Each knee exhibited lateral patellar
maltracking in the pre-operative condition based on the bisect offset index. The patellar tendon
attachment points on the tibia were medialized by 10 mm to represent tibial tuberosity
medialization, with an additional 5 mm of anteriorization applied for anteromedialization. The
patellofemoral contact pressure distribution was quantified using discrete element analysis. Data
were analyzed with repeated measures analysis of variance with post-hoc tests and linear
regressions. Tibial tuberosity medialization and anteromedialization significantly (p < 0.05)
decreased the bisect offset index for nearly all flexion angles up to 80°, with the largest changes
near full extension. Both procedures significantly decreased the maximum lateral pressure at 55°,
but increased the maximum medial pressure from 30° to 80°. The pre-operative to post-operative
increase in the maximum contact pressure was significantly correlated with the maximum pre-
operative bisect offset index for tuberosity medialization (r2 = 0.84), but not for
anteromedialization.
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Introduction

Methods

For patients with recurrent lateral patellar instability, the lateral position of the tibial
tuberosity has been correlated with patellar maltracking! . Tibial tuberosity osteotomy and
medialization alters the orientation of the patellar tendon, decreasing the lateral force acting
on the patella. Medialization is often combined with anteriorization (anteromedialization) to
decrease patellofemoral compression. Current indications for consideration of tibial
tuberosity medialization include lateral patellar maltracking and a lateral position of the
tibial tuberosity, typically expressed as a tibial tuberosity to trochlear groove (TT-TG)
distance, based on diagnostic imaging, greater than 15 to 20 mm?®~’. These guidelines are
based on limited evidence8, however.

Previous biomechanical studies have addressed the influence of tibial tuberosity
medialization and anteromedialization on patellofemoral function. In vitro simulation
studies have generally shown that tibial tuberosity medialization and anteromedialization
decrease lateral maltracking and the maximum patellofemoral contact pressure®-12,
Tuberosity medialization can also increase the pressure applied to cartilage on the medial
facet of the patella, howeverl®, which is a concern for patients with medial cartilage
lesions13. The previous studies performed with cadaveric knees typically incorporated
elevated lateral forces applied to the patella, but did not account for other anatomical
characteristics associated with patellar instability, such as trochlear dysplasia and patella
altal* 15, limiting the clinical relevance of the data.

The current study was performed to characterize how tibial tuberosity medialization and
anteromedialization influence patellar tracking and pressure applied to patellofemoral
cartilage for symptomatic knees. The study is based on dynamic simulation of function
applied to knees being treated for recurrent patellar instability. The study focuses on lateral
patellar maltracking as an indicator for tuberosity medialization, regardless of the TT-TG
distance. The dynamic simulation technique has previously been assessed for accuracy of
simulated patellofemoral kinematics!® 17. The current study includes an additional accuracy
assessment for the patellofemoral contact pressure distribution.

Dynamic Simulation of Knee Function

Computational models representing the symptomatic knees of subjects being treated for
recurrent lateral patellar instability were used for dynamic simulation of knee function. The
models were reconstructed (3D Doctor, Able Software Corp, Lexington, MA and Mimics,
Materialise, Leuven, Belgium) from high resolution MRI scans (3.0 T, proton density
weighted, slice thickness ranging from 0.6 mm to 1.5 mm). For the current study, a subgroup
of the ten existing models were chosen for analysis of tibial tuberosity realignment. The six
models chosen exhibited lateral patellar maltracking during simulated knee squattingl?: 18
based on a maximum bisect offset index (portion of the patella lateral to the deepest point of
the trochlear groove, Fig. 1) of at least 0.751°. The models were reconstructed from 5
females and 1 male. The average age was 16 years (range: 14 to 21 years). The institutional
review boards of the two treating institutions provided approval for the study.
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The multibody dynamic simulation models (RecurDyn, FunctionBay, Seongnam, Korea)
used to represent knee function have been described in detail previously16-18. The collateral
and cruciate ligaments, patellar tendon, joint capsule, and retinacular structures, including
the residual medial retinaculum following injury to the medial patellofemoral ligament, were
represented by tension-only springs, with stiffness, damping, and pre-strain at full extension
assigned based on previous studies?%-23 (Fig. 1). Quadriceps forces were applied through a
representation of the quadriceps tendon to represent the vastus medialis obliquus, vastus
lateralis, and combination of the vastus intermedius, rectus femoris, and vastus medialis
longus based on previous studies?* 25, The vastus medialis obliquus was represented in a
weakened state, based on subjects with lateral patellar malalignment24, by carrying 5% of
the total quadriceps force2. The femur, tibia and patella and corresponding cartilage
surfaces were extracted from the high resolution MRI scans, and cartilage thickness maps
were determined based on the distance from elements on the articular surface to the
underlying bone. The cartilage surfaces were embedded within the bones for analysis, with
the bones treated as rigid structures and patellofemoral and tibiofemoral contact represented
by simplified Hertzian contact?”: 28, Anatomical coordinate systems were fixed to the femur
and tibia2° to characterize tibiofemoral kinematics based on the floating axis convention30.

Patellofemoral contact pressure distributions were characterized when the patella was within
the trochlear groove, using discrete element analysis® 31, Articular reaction forces and
moments determined from overlap of cartilage surfaces based on linear elastic theory
(discrete element analysis) were balanced against the patellofemoral reaction forces and
moments output from multibody dynamic simulation. Starting with the patellofemoral
alignment determined from dynamic simulation, the position of the patella was iteratively
adjusted to balance the total articular compression force, medial/lateral force and lateral tilt
moment applied to the patella between discrete element analysis and multibody dynamic
simulation.

Pressure Distribution Accuracy Assessment

Accuracy assessment for the patellofemoral contact pressure distribution compared output
from simulations to contact pressure patterns based on in vivo function. Diagnostic imaging
captured pre-operative images for all ten knees at three or four positions of knee flexion,
spanning the range of patellofemoral contact. Either a dynamic CT scan (Aquilion ONE
scanner, Toshiba Medical Systems, Otawara, Japan) acquired images during knee extension
against gravityl 2% or MRI scans (Magnetom Skyra, Siemens, Munich, Germany) acquired
images at multiple positions of knee flexion with resistance applied at the foot as tolerated
by the subject?. The accuracy of simulated patellofemoral kinematics was previously
assessed by comparing computational reconstruction of the imaging data with simulation of
the in vivo activity performed by each subject. The simulations reproduced the patellar
tracking patterns showing peak lateral tracking near full extensionl6 and a decrease in lateral
tracking following surgical stabilizationl”. Root mean square errors for pre-operative lateral
patellar shift and tilt were 2.7 mm and 3.7°, respectivelyl’. For assessment of the
patellofemoral contact pressure distribution, femurs and patellas reconstructed from the pre-
operative high resolution MRI scans, with attached femoral and patellar cartilage, were
shape matched to the bones reconstructed from multiple positions of knee flexion2. At each
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position of knee flexion for each subject, discrete element analysis was used to determine
the contact pressure at each element of the mesh representing the patellar cartilage surface
from overlap of the patellar and femoral cartilage surfaces3l.

The motion of each subject during imaging was simulated for comparison of the simulated
pressure distribution to the measurements from the subjects!’. To represent knee extension
within the dynamic CT scanner (2 subjects), the femur was fixed in space and quadriceps
forces were applied to initiate and maintain extension of the tibia from maximum flexion in
the scanner (approximately 45°) to 0°. The total quadriceps force decreased as the knee
extended. To represent isometric knee extension within the MRI scanner (8 subjects),
models were set at each flexion angle from the MRI scans. With the femur fixed in place,
and a force at the foot to match the force applied to each subject, the quadriceps force that
maintained the flexion angle was applied. Patellofemoral pressure distributions were
determined for each simulation, with the maximum pressure quantified, along with the
maximum pressure applied to the lateral and medial facets of the patella.

Tibial Tuberosity Realignment for Simulated Squatting

For assessment of tibial tuberosity medialization and anteromedialization, a dual limb knee
squat was simulated for the six patellar maltracking models in the pre-operative condition
and following tuberosity realignment. A 200 N body weight was applied to a simulated hip
joint that allowed flexion/extension, varus/valgus rotation, and proximal/distal translation. A
simulated ankle joint allowed 3 rotational degrees of freedom. The total quadriceps force
increased from 42 N at full extension to 300 N at 90° of flexion. To initiate motion, a flexion
moment was applied at the hip over the first few degrees of flexion. Tibial tuberosity
medialization was represented by shifting the patellar tendon attachment on the tibia
medially by 10 mm with the knee extended. Medialization was combined with 5 mm of
anteriorization for anteromedialization, representing a tibial osteotomy with low obliquity
common for patellar stabilization’: 32,

Patellar tracking, anatomical parameters, and contact pressure parameters were characterized
at 5° intervals of knee flexion. The bisect offset index and patellar lateral tilt were quantified
within a plane normal to the long axis of the patella with the posterior condylar axis of the
femur oriented horizontally®. The TT-TG distance was quantified as the medial-lateral
distance from the center of the tibial tuberosity to the deepest point of the trochlear groove?.
The lateral trochlear inclination (trochlear dysplasia) was measured with the knee at full
extension, based on the maximum slope of the lateral ridge of the trochlear groovel8, The
Caton-Deschamps index (alta) was characterized with the knee at 30° of flexion, based on
the ratio of the distance from the distal point of the articular surface to the anterior-superior
point of the tibia to the length of the articular surface of the patellal8. The maximum contact
pressure and maximum pressure applied to the medial and lateral facets of the patella were
quantified from 15° to 90°, when the patella was constrained by the trochlear groove for all
knees.
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Statistical Analysis

Results

For the pressure distribution accuracy assessment, pressure magnitudes and medial vs.
lateral pressure distributions were compared between the reconstruction of in vivo function
and simulation of the in vivo motions. The root mean square error for maximum contact
pressure was calculated between the simulations and the data from the subjects, including
each knee at each flexion angle. For the reconstructed and simulated motions, maximum
lateral and medial pressures were compared to each other at the flexion angles closest to 20°
and 40° with nonparametric Wilcoxon signed-rank tests. Nonparametric tests were used due
to Shapiro-Wilk tests indicating residuals from the comparisons were not normally
distributed. Statistical significance was set at p < 0.05.

For analysis of the influence of tibial tuberosity realignment on simulated knee squatting,
patellar tracking and contact pressures were compared between the tuberosity positions. In
addition, changes in the contact pressure distribution following tuberosity realignment were
correlated with pre-operative maltracking and lateral position of the tibial tuberosity. The
bisect offset index, lateral patellar tilt, and maximum medial and lateral pressures were
compared between the tuberosity positions with a repeated measures analysis of variance
and post-hoc Student-Newman-Keuls tests, after checking the residuals of the comparisons
for non-normal distributions with a Shapiro-Wilk test. Tibial external rotation was also
compared as a parameter previously related to tibial tuberosity medialization2®: 33, Linear
regressions were used to correlate the change in maximum pressure due to tuberosity
realignment for each knee (ratio of maximum post-operative contact pressure to maximum
pre-operative contact pressure) with the maximum pre-operative bisect offset index and TT-
TG distance.

The pressure magnitudes and trends in the pressure distribution for simulation of function
during diagnostic imaging were similar to those from computational reconstruction of the in
vivo function during imaging (Fig. 2). The root mean square error for the maximum
cartilage pressure was 1.4 MPa. For the reconstruction of in vivo function, the peak lateral
pressure tended to be larger than the peak medial pressure. The difference was statistically
significant at 20° (p = 0.02), but not at 40° (p = 0.12). The peak lateral pressure was
significantly larger than the peak medial pressure at both 20° and 40° for the simulations (p
<0.02).

For simulated knee squatting, tibial tuberosity realignment decreased lateral patellar tracking
and increased tibial external rotation. The average (+ standard deviation) pre-operative TT-
TG distance with the knee extended was 11 £ 5 mm. The average lateral trochlear
inclination was 8° + 7°. The average Caton-Deschamps index was 1.2 + 0.1. Patellar lateral
tracking was largest near full extension (Table 1). Tuberosity medialization and
anteromedialization significantly decreased bisect offset index at nearly all flexion angles,
with the average value decreasing by 0.11 for medialization at 0°. Tuberosity medialization
and anteromedialization significantly decreased lateral tilt from 10° to 20° of flexion, with a
decrease of 3.0° for medialization at 10°. Tuberosity medialization and anteromedialization
significantly increased tibial external rotation for all flexion angles (Table 2). The changes
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were largest in deep flexion, with an increase of 2.7° at 90° of flexion for tuberosity
medialization.

Tuberosity realignment tended to decrease the maximum lateral pressure and increase the
maximum medial pressure. The decrease in the maximum lateral pressure was significant for
the medialization and anteromedialization conditions at 55° of flexion and for
anteromedialization at 85° (Table 3). At 55°, tuberosity medialization and
anteromedialization decreased the average maximum lateral pressure by 0.2 MPa. The
increase in the maximum medial pressure was statistically significant for the medialization
and anteromedialization conditions from 0° to 80°, and also for medialization at 90°. The
largest change occurred at 40°, with the average maximum medial pressure increasing by 1.7
MPa for medialization. No significant differences were identified between the medialization
and anteromedialization conditions (p > 0.08).

Variations in the maximum cartilage pressure due to tuberosity medialization were
correlated with pre-operative lateral tracking. The ratio of the maximum post-operative to
pre-operative contact pressure decreased as the maximum pre-operative bisect offset index
increased (p < 0.01, r2 = 0.84, slope = -2.0, Fig. 3), indicating that the increase in maximum
pressure was largest for knees with the least pre-operative lateral maltracking. The
maximum pressure ratio was not significantly correlated with the maximum pre-operative
TT-TG distance for medialization, and no significant relationships were identified with the
maximum pressure ratio for anteromedialization (p > 0.15).

Discussion

The current results indicate that tibial tuberosity medialization reduces lateral patellar
maltracking while shifting contact pressure from the lateral facet of the patella to the medial
facet. The decrease in lateral patellar tracking was largest at low flexion angles. Tuberosity
anteromedialization tended to produce a greater decrease in the maximum lateral pressure
and a smaller increase in the maximum medial pressure, although the flexion angles at
which significant differences were noted with respect to the pre-operative condition were
similar for medialization and anteromedialization. For tuberosity medialization, the
maximum pressure increase was inversely correlated with pre-operative bisect offset index,
but not with TT-TG distance. The change in the maximum contact pressure was not
significantly correlated with maltracking for anteromedialization.

Previous in vitro testing studies have shown that tibial tuberosity medialization and
anteromedialization tend to decrease patellar lateral shift, lateral tilt, and the maximum
patellofemoral contact pressure8-11. One study indicated that tuberosity medialization did
not alter medial contact pressures®, but two others showed an increase in medial contact
pressures® 12 Similar to the current study, previous studies showed non-significant trends
for decreased maximum pressures for anteromedialzation, compared to medialization®: 10,

The current results indicate that tibial tuberosity medialization increases tibial external
rotation. One in vitro study33 and a study based on reconstruction of in vivo function?9 also
showed increased tibial external rotation with tuberosity medialization. The current 1° to 3°

J Orthop Res. Author manuscript; available in PMC 2019 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Elias et al.

Page 7

increase in external rotation is similar to the change noted from reconstruction of in vivo
motion?®. External rotation moves the tibial tuberosity back toward the pre-operative
position, reducing the effective change in the patellar tendon orientation. Each 1° increase in
tibial external rotation increases TT-TG distance by approximately 0.5 mm34. Increased
tibial external rotation will alter tibiofemoral contact points during function, but the
influence on tibiofemoral cartilage is currently unknown. Previous computational studies
focused on tibial tuberosity medialization or anteromedialization have not accounted for
altered tibiofemoral kinematics3>-37,

The current study expands on the previous in vitro and computational studies by
representing knees being treated for patellar instability. Each knee demonstrated pre-
operative lateral maltracking during simulation of dynamic, closed chain function based on a
clinical standard!®. The average TT-TG distance with the knee extended was 11 mm, which
is less than the 15 mm considered a minimum for tuberosity medialization’. Measuring TT-
TG distance while representing weight-bearing decreased the value compared to the typical
unloaded condition, likely by approximately 5 mms38. The average lateral trochlear
inclination was 8°, indicating a prevalence of trochlear dysplasia for these knees39. The
average Caton-Deschamps index was 1.2, which is on the borderline of values typically
considered an indication of patella alta*®: 41, Representing pathologic anatomy could
contribute to a more dramatic increase in maximum medial pressures for the current study
than noted previously.

The data indicates that pre-operative maltracking, rather than TT-TG distance, is the primary
parameter determining the efficacy of tibial tuberosity medialization for patellar
stabilization. The strong correlation between maximum pressure change and pre-operative
maltracking indicates that the medial shift in the patellar pressure distribution could increase
the pressure applied to cartilage when the patella is tracking close to the normal range. The
medial pressure increase is a particular concern due to the potential for medial cartilage
fibrillation and erosion caused by contact between the medial facet of the patella and the
lateral condyle of the femur with recurrent instability#2 43. Performing anteromedialization
rather than medialization tends to reduce pressure increases and eliminates the strong
correlation between preoperative tracking and post-operative pressures to provide some
protection from overloading cartilage.

The current study further establishes the combination of multibody dynamic simulation and
discrete element analysis for representing function typical of patients with patellar
instability. Previous studies showed that the multibody dynamic simulation technique
produces patellar tracking patterns similar to symptomatic knees, in terms of magnitude of
patellar lateral shift and tilt16: 17  variations with knee flexion16, and changes due to surgical
stabilizationl”. Simulation also produced correlations relating trochlear dysplasia and tibial
tuberosity position to patellar tracking similar to relationships determined from subjects!8. A
previous study comparing discrete element analysis output to in vitro pressure measurements
showed accurate computational characterization of patellofemoral pressure variations caused
by altering the orientation of the patellar tendon3L. The current study also showed multibody
dynamic simulation combined with discrete element analysis produces patellofemoral

J Orthop Res. Author manuscript; available in PMC 2019 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Elias et al. Page 8

contact pressure magnitudes and distributions similar to those based on reconstruction of in
vivo motion for symptomatic knees.

Limitations of the study should be noted. Several properties assigned to the models, such as
the quadriceps force distribution and elastic properties and initial tension values for springs
representing ligaments, tendons, and retinacular structures are assigned based on previously
published data, emphasizing the importance of the ongoing accuracy assessment for model
output. The sample size was limited by the number of knees that displayed pre-operative
lateral maltracking, and the TT-TG distance was not consistently within the range considered
for tuberosity medialization. The TT-TG distance was also characterized based on a loaded
condition, instead of from unloaded imaging typically used for clinical assessment, since the
models were validated and aligned at full extension with application of muscle forces.
Future studies could use a larger sample size or manipulation of the tuberosity position to
further evaluate the TT-TG distance, since tuberosity position has been correlated with
lateral patellar maltracking for computational reconstruction of in vivo function and
simulation of knee function®- 2 18, Similar to previous studies!? 12, tibial tuberosity
anteromedialization was represented without changing the quadriceps force based on the
moment arm of the patellar tendon about the center of rotation about the knee, although the
results were similar to a previous in vitro study with a quadriceps force that varied to
balance the flexion moment?®.

Conclusion

Based on the current simulations of dynamic knee squatting, tibial tuberosity medialization
performed to treat recurrent patellar instability consistently decreases patellar lateral
maltracking, with the largest changes occurring near full extension. Tibial tuberosity
medialization can decrease lateral patellofemoral contact pressures, but also increases
medial contact pressures. The primary parameter related to elevated post-operative contact
pressures following tuberosity medialization is a relatively low level of pre-operative lateral
maltracking, rather than a measure of TT-TG distance. Tibial tuberosity anteromedialization
lowers, but does not eliminate, the risk of elevated post-operative contact pressures
compared to medialization. Further studies focusing on tibial tuberosity medialization with
larger levels of pre-operative TT-TG distance are warranted.
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Statement of Clinical Significance:

The results indicate tibial tuberosity medialization decreases patellar lateral maltracking
and lateral patellofemoral contact pressures, but increases medial contact pressures.
When pre-operative patellar maltracking is relatively low, tibial tuberosity medialization
is likely to increase maximum contact pressures. Tibial tuberosity anteromedialization
lowers the risk of elevated post-operative contact pressures compared to medialization.
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Figure 1:
A computational model showing a knee during dynamic simulation of squatting with the

patellar tendon in a pre-operative orientation and following tibial tuberosity medialization.
The measures used to characterize patellar tracking are also shown. Adapted from Dynamic
tracking influenced by anatomy following medial patellofemoral ligament reconstruction:
Computational simulation. [Elsevier] Elias JJ, et al. The Knee (2018). https://doi.org/
10.1016/j.knee.2018.02.002 [18].
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Figure 2:
Average (+ standard deviation) maximum lateral and medial pressure for reconstruction of in

vivo function and dynamic simulation with the knees at the flexion angles closest to 20° and
40°. Pressure patterns for two knees at approximately 20° are shown for simulation of
function and reconstruction of in vivo function.
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Figure 3:
Variation in the ratio of the maximum post-operative to pre-operative contact pressure with

the maximum pre-operative bisect offset index for tuberosity medialization. A best fit line
through the data is plotted.
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Average + standard deviation lateral patellar tracking values. Bold font indicates a data point significantly
different from the pre-operative condition.

Bisect Offset Index Lateral Tilt

Pre-Op TT med TT amz Pre-Op TT med TT amz
0° 087+0.13 076+0.11 0.77+0.11 184+126 16.3+99 165+104
5° 0.88+0.11 0.74+0.07 0.74+0.08 169+124 153+98 14.7+98
10° 0.84+0.15 0.71+£012 072+015 159116 129+9.1 132+97
15° 0.84+0.16 066+014 067+017 151+101 11.6+80 119+84
20° 0.83+0.18 0.62+0.15 0.65+0.14 145+88 104+6.9 104%72
25° 0.82+020 0.60+0.12 0.62+010 133%8.1 10.0+£6.0 9.6+58
30° 0.80+0.19 058+009 0.61+009 12279 9.3+5.0 9.1+51
35° 0.79+0.18 058+0.09 059+0.09 109+75 92+4.7 88+438
40° 0.76+0.17 058+0.09 059+0.08 99%73 9.2+4.7 8.7+438
45° 0.74+0.16 058+0.10 0.60+0.07 8.6%7.0 92+47 85+4.6
50° 0.71+0.14 058+0.09 0.60+0.08 8.1+59 9.0+4.6 83+43
55° 0.67+0.12 059+0.08 0.60+0.08 7.3+4.9 84+45 82+41
60° 0.63+0.12 0.59+0.08 0.60+0.08 8.2+4.9 79+45 8.0+4.0
65° 0.63+0.12 0.60+0.09 059+0.08 80+45 78+43 7.7+41
70° 0.62+0.09 059+009 0.60+008 7.6+4.3 76+4.1 74+41
75° 0.63+0.10 0.60+0.09 0.61+008 7441 7.3+3.9 70+4.1
80° 0.62+0.09 059+009 0.60+0.08 7.1+4.0 70+3.7 6.8+4.0
85° 0.61+0.11 059%+0.10 0.60+0.09 6.9+3.9 6.7+ 3.5 6.5+3.8
90° 0.60+0.09 058+0.10 0.61+0.08 6.6+3.7 6.5+3.3 6.2+3.8

Pre-op: Pre-operative condition, TT med: Tibial tuberosity medialization,

TT amz: Tibial tuberosity anteromedialization
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Average + standard deviation tibial external rotation. Bold font indicates a data point significantly different
from the pre-operative condition.

External Rotation

Pre-Op TT med TT amz
0° 58+34 6.2+3.3 6.2+3.3
5° 6.3+35 7.1+£3.7 72+34
10° 6.6%x4.2 78+39 78+39
15° 6.5%46 79+43 8.1+4.2
20°  6.3+4.7 7.7+42 81+41
25° 58=x47 74+40 78+39
30° 55%51 7.1£4.2 76+4.2
35° 52+56 6.9+4.7 75+4.6
40° 52%6.0 71+49 77+49
45° 54+64 74+53 8.1+54
50° 5.7+6.9 78+6.0 8.6 +6.0
55° 6.0x7.6 8.3+6.6 9.1+6.7
60° 6.2+8.3 89+73 9.6+7.4
65° 6.5+9.1 9.3+8.1 10.0+8.2
70° 6.8+9.38 9.6+8.38 10.3£8.9
75° 69+104 9.8+95 10.4+95
80° 7.2+109 10.0+10.0 10.5%10.1
85° 75+112 103+105 10.8+105
90° 79+114 106+107 111107

Pre-op: Pre-operative condition, TT med: Tibial tuberosity medialization,

TT amz: Tibial tuberosity anteromedialization
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Average * standard deviation maximum medial and lateral pressures. Bold font indicates a data point

Table 3:

significantly different from the pre-operative condition.

Maximum Lateral Pressure

Maximum Medial Pressure

Pre-Op TTmed TTamz Pre-Op TTmed TTamz
15° 25+07 26+09 26+09 05+14 14+24 08z%21
20° 2705 30+12 25+06 0714 11+x21 14x19
25° 3.0x05 29+x09 26+05 08x12 20+£10 15%15
30° 32+06 29+09 27+x06 08+11 23+15 18%+13
35° 33+06 31+08 26+05 09+11 26+11 22%0.6
40° 34+08 3007 26+x05 10+x12 27+08 23+06
45° 33+08 31+08 28+05 11+11 28%+07 23%05
50° 33%+07 32+08 28+06 12+12 28+06 23x05
55° 3.1+05 29+06 29+05 13x11 26+04 24+05
60° 3.1+06 29+07 29+07 18+06 25+04 2404
65° 3.0+07 3.0+08 29+07 18+05 26+03 2405
70° 3.1+07 31+x09 30+x08 19x05 27+05 2607
75° 31+07 31+08 31+08 21+06 29+07 28%+09
80° 31+06 31+06 30+06 22+06 3.0+09 30x11
85° 3.1+05 3.0+05 28+04 2608 32+x12 3113
90° 3.0+04 29+05 29+04 27+11 33+12 32%16

Pre-op: Pre-operative condition, TT med: Tibial tuberosity medialization,

TT amz: Tibial tuberosity anteromedialization
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