
Recurrent patellar dislocation is a result of aberration 
of normal patellofemoral kinematics.1,2) The anatomical 
deterrent resulting in malalignment of the knee may be 
multifactorial.3,4) Problems in both static and dynamic sta-
bilizers of the knee joint may have a role, and therefore it is 
difficult to find a single treatment protocol that would be 
applicable for all patients uniformly.5,6) The fact that over 
100 procedures have been described for the management 
of this condition stresses the fact that no single procedure 
works in all cases.1-3,5,6)

Depending on the etiology, both proximal and dis-

tal realignment procedures have been described for the 
treatment of recurrent patellar dislocation. Proximal re-
alignment using lateral release and medial patellofemoral 
ligament reconstruction has demonstrated good results.6,7) 
However, the indications and results of distal realign-
ment using tuberosity transfer have been controversial.8-11) 
Goutallier et al.12) described the tibial tuberosity-trochlear 
groove (TT-TG) distance as a quantitative measure of lat-
eralization of the tibial tuberosity on the proximal tibia. 
Dejour et al.13) concluded 20 mm as a cut-off for tuberos-
ity transfer. However, the literature has not always shown 
favorable results of tuberosity transfer, and thus we sought 
to investigate whether the TT-TG alone is an appropriate 
criterion to determine the transfer of tibial tuberosity.

Since it is important to identify the root cause of 
malalignment and address the contributing factors,14) 
tuberosity transfer would be of aid for patients who have 
severe tuberosity lateralization.15) However, the TT-TG dis-
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tance is not an exclusive measure of tuberosity lateraliza-
tion and theoretically an increased value may be a result of 
trochlear groove medialization on the distal femur, tibial 
tuberosity lateralization on the proximal tibia, or increased 
rotation between the distal femur and proximal tibia. Ten-
sho et al.8) investigated retrospectively the TT-TG distance, 
tibial tubercle, and trochlear groove on computed tomog-
raphy (CT) in patients with or without patellar dislocation. 
The authors reported that the TT-TG distance was affected 
more by knee rotation than by tubercle malposition and 
its use as an indicator for tibial tubercle transfer may not 
be appropriate. Besides these three factors described in the 
study of Tensho et al.,8) we tried to identify other factors 
that affect patellar dislocation and assess correlation with 
the TT-TG distance. We hypothesized that there would 
be another factor influencing the value of TT-TG distance 
other than tuberosity lateralization.

METHODS

We conducted this study in compliance with the principles 
of the Declaration of Helsinki. The protocol of this study 
was reviewed and approved by the Institutional Review 
Board of Chonnam National University Hwasun Hospital 
(IRB No. CNUHH-2018-143). Written informed consents 
were obtained. It was a single center, retrospective, one to 
two matched case-control study. 

Patient Selection
The records of all patients who presented to our center 
from 2004 to 2015 due to a spontaneous recurrent patel-
lar dislocation with pain were reviewed. Patients with a 
rotational profile CT scan and a minimum follow-up of 2 
years were eligible for the study. Traumatic dislocation and 
any prior surgery to the knee were used as exclusion crite-
ria. Thirty-one patients formed the study cohort. Twenty-
eight patients had a unilateral dislocation and three had a 
bilateral dislocation. Controls matched for age, sex, body 
mass index (BMI), and affected side were selected from 
the records of patients who underwent a rotational profile 
CT scan for problems other than the knee joint. Sixty-eight 
control subjects (ratio, 1:2) formed the control cohort.

Data Acquisition
All patients were scanned under supine position with 
limbs in full extension and 15º external rotation was added 
for comfort. There were no patients with flexion contrac-
ture. The position was maintained during scan using Vel-
cro straps fixed at the middle thigh and middle leg. Axial 
images at levels of hip, knee, and ankle were reviewed, and 

the TT-TG distance, tibial tuberosity lateralization, troch-
lear groove medialization, knee rotation angle, femoral 
anteversion, and tibial torsion were assessed.

To check the inter- and intraclass correlation coeffi-
cient of the measurements, two independent researchers—
an orthopedic fellow (HWA) and a radiology consultant 
(CJI)—not involved directly in decision-making or patient 
management reviewed all data. The measurements were 
taken three times 2 weeks apart by each of the observer 
and the means of measured values were used as the final 
values.

Tibial Tuberosity Trochlear Groove Distance 
The trochlear groove position was measured on the axial 
image of the distal femur where the intercondylar notch 
takes an appearance of a rounded Roman arch. On this 
section, a tangent line was drawn to the distal-most por-
tions of posterior condyles (posterior condylar line [PCL]). 
Then, another line (trochlear groove line) that passes the 
deepest portion of the trochlea was drawn perpendicular 
to the PCL. These lines were then copied from this section 
and pasted on the axial image of the proximal tibia at the 
most cephalad section of the tuberosity where the patellar 
tendon is in full contact with it. The distance between the 
trochlear groove line and a parallel line drawn from the 
most prominent anterior portion was defined as the TT-
TG distance (Fig. 1).16)

Tibial Tuberosity Lateralization
The width of the tibial plateau was measured on the most 
cephalic cut that clearly shows the posterior condylar 
notch of the tibia. A tangent line was drawn from the most 
posterior points of the plateau on this slice (tPCL). Next, 
two perpendicular lines were drawn from this line at the 
most medial and lateral margins of the tibial plateau. The 
distance between these two perpendicular lines gave the 
width of the tibia. Lateralization of tuberosity was mea-
sured on the axial image of the proximal tibia at the most 
cephalad section of the tuberosity where the patellar ten-
don is in full contact with it. The image of the tibial width 
was copied from this section. The distance between a line 
drawn at the most anterior part of the tuberosity perpen-
dicular to the tPCL and the medial perpendicular line 
gave the value of lateralization of the tuberosity and it was 
presented as a percentage of the total tibial width (Fig. 2).8)

Trochlear Groove Medialization
The slice showing both lateral and medial epicondyles was 
used to measure the width of the femur. Perpendiculars 
were drawn from the most medial and lateral margins of 
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the femur to the PCL. The distance between these two 
lines gave the width of the femur. The distance from the 
deepest portion of the groove to the medial perpendicular 
line was measured as the degree of medialization of the 
groove. The value was presented as a percentage of the 
femoral width (Fig. 3).8)

Knee Rotation Angle 
This was defined an angle formed by the PCL and the 
tPCL. It represents relative rotation of the femur and tibia 
in relation to each other (Fig. 4).8)

Femoral Anteversion
The angle between an imaginary transverse line that runs 
medially to laterally through the knee joint and an imagi-
nary transverse line passing through the center of the 
femoral head and neck is referred to as the femoral ante-

version.17)

Tibial Torsion
Tibial torsion was measured as the angle formed by the 
tPCL and a tangent line through the bimalleolar axis on 
the section near the ankle joint at the base of malleoli.18)

Statistical Analysis
All variables are expressed as means and standard devia-
tions. The statistical significance of the difference in means 
between the two groups was analyzed using Student t-test 
for continuous distribution variables. Chi-square test was 
used for categorical variables. The correlation of variables 
was tested in both groups using Pearson correlation coef-
ficient. All statistics were carried out using IBM SPSS ver. 
20.0 (IBM Corp., Armonk, NY, USA). A p-value < 0.05 
was regarded as significant. To detect the difference in 

A B

Fig. 1. The tibial tuberosity trochlear 
groove distance was measured as the 
length between a line drawn from the 
deepest portion of the trochlear groove 
perpendicular to the posterior condylar 
line (A) and a line drawn parallel to this 
at the most prominent anterior portion of 
the tibial tuberosity (B).

A B

Fig. 2. (A) Tibial tuberosity lateralization 
was presented as a percentage of the 
total tibial width. (B) The distance be
tween the most prominent anterior 
portion of the tibial tuberosity and the 
medial perpendicular line showed the 
value of lateralization of tuberosity.
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tuberosity lateralization, trochlear groove medialization, 
knee rotation, and tibial torsion in the 34 patients of dis-
located group, with 80% power and α of 5%, 68 patients 
were needed in the control group.

RESULTS

Table 1 shows the demographic characteristics of the two 
groups, which were not significantly different. All param-
eters showed excellent inter- and intraclass agreement. 
The intra- and interclass correlation coefficients were 0.9 
and 0.82, respectively, for the TT-TG distance; 0.92 and 
0.86 for femoral anteversion; 0.96 and 0.91 for knee rota-

tion angle; 0.98 and 0.92 for tibial torsion; 0.87 and 0.81 
for tuberosity lateralization; and 0.82 and 0.8 for trochlear 
medialization.

Table 2 shows the results of Student t-test to evalu-
ate the significance of difference in means between the 
two groups. It was interesting to find that normally the 
proximal tibia is in slight internal rotation in relation to 
the femur (mean, –0.81°; range, –2.1° to 3.4°). By contrast, 
in the dislocated group, the proximal tibia was in extreme 
external rotation in relation to the femur (mean, 7.9°; 
range, 5.9° to 12.2°). In addition, significant lateraliza-
tion of the tibial tubercle in the patellar dislocation group 
compared to the normal group was observed (64.1% vs. 
60.7%). Other parameters including femoral anteversion, 
tibial torsion, and trochlear medialization were not sta-
tistically different between the two groups. Table 3 shows 
the Pearson correlation coefficients of all the measured 
components in relation to the TT-TG distance. The TT-
TG distance showed a mild positive correlation (0.578) 
with the degree of tuberosity lateralization and a moderate 
positive correlation (0.642) with the knee rotation angle in 
the dislocated group. In the control group, it showed only 
mild positive correlation with the degree of tubercle lat-
eralization. It was found to have no significant correlation 
with any other components in either group.

DISCUSSION

The study reveals an interesting finding that the TT-TG 
distance is not exclusively dependent on tuberosity lat-
eralization but also on the relative rotation of the tibia in 
relation to the femur. This finding questions the validity of 
the TT-TG distance as a marker for tuberosity lateraliza-
tion. In addition, the study suggests that apart from the in-
creased TT-TG distance, patellar dislocation patients can 

A B

Fig. 4. The knee rotation angle was mea
sured by a posterior condylar line of the 
femur (A) and a tibial posterior condylar 
line (B).

Fig. 3. Trochlear groove medialization was presented as a percentage 
of the total femoral width. The distance from the deepest portion of 
the groove to the medial perpendicular line showed the degree of 
medialization of the groove.
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present with increased tuberosity lateralization and tibial 
external rotation in relation to the femur.

The treatment of nontraumatic patellar dislocation 
poses a challenge for surgeons. The condition is multifac-
torial and it is challenging to locate clearly the anatomical 
anomaly that can lead to malfunctioning patellofemoral 
kinematics.1-6) Furthermore, the absence of a clear proto-
col, ethnic differences in anthropometry of the knee, and 
a variety of procedures mentioned in the literature com-
plicate the situation. In particular, indications and results 
of distal realignment procedure have been the subject of 
controversy. Tibial osteotomy and medialization have been 
recommended in the literature for TT-TG distance values 
over 20 mm.13) However, few reports have shown good 
results with use of this criterion although others reported 
disagreement.8-11,19-21) Nakagawa et al.10) showed that good 
results tend to deteriorate with time. The reason for this 
has not been elucidated, but Tensho et al.8) suggested that 
since the TT-TG distance depends on the knee rotation 
angle rather than tubercle lateralization, tubercle oste-
otomy alone without correction of rotation may alter the 
patellofemoral kinematics, resulting in the development of 
late arthritis. We had similar observation with regards to 
knee rotation angle, but contrary to the results of the au-

thors,8) the patella dislocated group had increased lateral-
ization of the tuberosity. We believe that our findings may 
better explain why the outcomes of tubercle osteotomy can 
be favorable in some cases and not in the others. The pa-
tients with predominant lateralization of tuberosity would 
do well with the transfer. However, the patients in whom 
extreme knee rotation is the cause of increased TT-TG dis-
tance may not be perfect candidates for isolated tuberosity 
transfer. Similarly, Ando22) also concluded that tuberosity 
lateralization increased in patients with patellar disloca-
tion compared to a control group. Further, in contrast to 
Tensho et al.,8) we found that the normal control group 
had no correlation between the knee rotation angle and 
the TT-TG distance. This further stresses that increased 
knee rotation angle is a consequence of patellar dislocation 
and its contribution to the increased TT-TG distance can-
not be overlooked.

Various authors have recognized the rotational com-
ponent in patellar dislocation in the past without specific 
description of knee rotation angle.23-25) In the absence of 

Table 3. Results of Pearson Linear Correlation Analysis between Tibial Tubercle-Trochlear Groove Distance and Each Parameter

Variable
Patellar dislocation Control

Coefficient p-value Coefficient p-value

Femoral anteversion –0.09 0.749 –0.254 0.361

Tibial torsion  0.09 0.750 –0.070 0.805

Knee rotation angle  0.642 0.000 –0.056 0.842

Trochlear medialization –0.420 0.105 –0.318 0.248

Tuberosity lateralization  0.578 0.019  0.423 0.013

Table 1. Patient Demographics

Variable Patellar 
dislocation Control p-value

Age (yr) 21.2 21.5 0.32*

Sex (male:female) 18:13 39:29 NS†

BMI (kg/m2) 24.5 23.9 0.65*

Laterality (right:left) 20:14 40:28 NS†

NS: not significant, BMI: body mass index.
The p-values are the results of *Student t-test for continuous variables 
and †chi-square for categorical variables.

Table 2. Comparison of Parameters on Computed Tomography 
between Patellar Dislocation and Control Groups

Variable Patellar 
dislocation Control p-value*

Tibial tuberosity-trochlear  
groove distance (mm) 19.05 ± 4.8  9.02 ± 5.2 0.000

Femoral Anteversion (°)  15.7 ± 4.4  11.4 ± 5.5 0.221

Tibial torsion (°)  30.9 ± 5.7  25.2 ± 6.4 0.121

Knee rotation angle (°)  7.9 ± 3.5 –0.81 ± 1.1 0.000

Trochlear medialization (%)  52.8 ± 2.1  52.9 ± 2.3 0.958

Tuberosity lateralization (%)  64.1 ± 2.8  60.7 ± 3.1 0.016

Values are presented as mean ± standard deviation. 
*The p-values are the results of Student t-test. Significant p-value is < 
0.05.
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today’s radiological advancement, the decision of derota-
tion tibial osteotomy was based on clinical findings and 
was attributed to tibial torsion. Paulos et al.26) compared 
isolated tuberosity transfer to tibial derotation osteotomy 
in addition to tuberosity transfer in patients with thigh a 
foot angle of more than 30°. However, with use of the ro-
tational profile CT scan, we recognized that the rotational 
deformity was not the result of increased tibial torsion. 
High tibial derotation osteotomy would be helpful only in 
cases of increased tibial torsion and this may explain that 
why such procedures are not uniformly helpful.

In our study, patients in both groups had no differ-
ence in anteversion or tibial torsion. We believe that the 
anatomical abnormality causing increased knee rotation 
angle lies at level of the knee joint, which has not been rec-
ognized so far. Although Tensho et al.8) hypothesized that 
knee rotation angle is the cause of an increased TT-TG 
distance, their results were based on CT scans of the knee. 
Theoretically, the knee rotation angle may be changed 
by either femoral anteversion or tibial torsion. Plain CT 
of the knee would not be able to reveal if increased knee 
rotation is due to rotational anomaly of the femur, tibia or 
knee joint. The present study for the first time provides an 
objective proof that supports the abovementioned hypoth-
esis. With rotational profile CT, it is possible to rule out 
other causes of increased knee rotation angle. This find-
ing further demonstrates the inadequacy of the described 
techniques in management of patellar dislocation. Derota-
tion osteotomy may not be the solution for increased knee 
rotation angle since the proximal tibia is not the source of 
deformity. We strongly believe that further studies should 
be conducted in order to delineate the actual cause of mal-
rotation and the methods to correct it.

Knee rotation angle has been studied rarely for pa-
tellar dislocation. We found only two papers mentioning 
the measurement of this parameter.8,27) Schueda et al.27) 
found no difference in knee rotation angle between dislo-
cated and normal groups, while Tensho et al.,8) similar to 
our study, noted that the tibia was in increased degree of 

external rotation in patellar dislocation patients compared 
to the control group. This discrepancy may be due to the 
difference in measurement techniques and the axial cuts 
used for measurement in the two studies. In addition, it 
is well known that Asian knees are anthropometrically 
different from their western counterparts.28) A previous 
study by Schueda et al.27) involved a Brazilian population, 
whereas the present study and the study of Tensho et al.8) 
are based on Asian patients. Thus, we think that the differ-
ent results could also be due to anthropometric differenc-
es; however, this should be backed up by further research 
involving multicenter data that compare such values in 
different ethnic groups.

The limitations of our study are the small sample 
size and retrospective nature of the work. Even though we 
observed that both femur and tibia had normal rotations, 
we could not objectively identify the true anatomical loca-
tion of the rotational deformity. It would be important to 
know whether the extreme knee rotation is the cause or 
result of disrupted patellofemoral alignment. This would 
further help to formulate the procedure that would be 
suited for the patients with rotational abnormality. We be-
lieve that these answers may can be obtained by collective 
efforts of the scientific community. Despite these short-
comings, we hope this preliminary attempt will encour-
age researchers to improve the understanding of the true 
pathoanatomy of patellar dislocation.

Tuberosity lateralization as well as knee rotation in 
relation to the femur was factors affecting patellar disloca-
tion and correlated with the TT-TG distance. Therefore, 
tibial tubercle osteotomy in nontraumatic patellar disloca-
tion should be carefully determined based on the consid-
eration of the TT-TG distance, tubercle lateralization, and 
knee rotation, rather than the TT-TG distance alone.
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