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Background: The tibial tuberosity-trochlear groove distance is used as an indicator for medial tibial tubercle transfer;
however, to our knowledge, no studies have verified whether this distance is strongly affected by tubercle lateralization at
the proximal part of the tibia. We hypothesized that the tibial tuberosity-trochlear groove distance is mainly affected by
tibial tubercle lateralization at the proximal part of the tibia.

Methods: Forty-four patients with a history of patellar dislocation and forty-four age and sex-matched controls were
analyzed with use of computed tomography. The tibial tuberosity-trochlear groove distance, tibial tubercle lateralization,
trochlear groove medialization, and knee rotation were measured and were compared between the patellar dislocation
group and the control group. The association between the tibial tuberosity-trochlear groove distance and three other
parameters was calculated with use of the Pearson correlation coefficient and partial correlation analysis.

Results: There were significant differences in the tibial tuberosity-trochlear groove distance (p < 0.001) and knee rotation
(p < 0.001), but there was no difference in the tibial tubercle lateralization (p = 0.13) and trochlear groove medialization (p =
0.08) between the patellar dislocation group and the control group. The tibial tuberosity-trochlear groove distance had no
linear correlation with tubercle lateralization (r = 0.21) or groove medialization (r = 20.15); however, knee rotation had a
good positive correlation in the patellar dislocation group (r = 0.62). After adjusting for the remaining parameters, knee
rotation strongly correlated with the tibial tuberosity-trochlear groove distance (r = 0.69, p < 0.001), whereas tubercle
lateralization showed moderate significant correlations in the patellar dislocation group (r = 0.42; p = 0.005).

Conclusions: Because the tibial tuberosity-trochlear groove distance is affected more by knee rotation than by tubercle
malposition, its use as an indicator for tibial tubercle transfer may not be appropriate.

Clinical Relevance: Surgical decisions of tibial tubercle transfer should be made after the careful analysis of several
underlying factors of patellar dislocation.

A
lthough lateral patellar dislocation is a common problem
in orthopaedic practice, this morbidity is multifactorial,
and the treatment remains controversial. Several con-

tributing factors have been reported, such as patella alta, trochlear
dysplasia, patellar proportion, and medial patellofemoral liga-

ment insufficiency. Historically, lateralization of the tibial tu-
bercle has been considered an important anatomical feature1-5.

For the quantitative evaluation of tibial tubercle laterali-
zation, Goutallier et al. described the tibial tuberosity-trochlear
groove distance on axial radiographs6. Since this initial report,
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measuring the tibial tuberosity-trochlear groove distance has
improved after the use of axial computed tomography (CT), as it
is a more accurate and reliable method and is commonly used
for surgical decision-making in patients with patellofemoral
dislocation3. Dejour et al. reported that a tibial tuberosity-
trochlear groove distance of >20 mm is generally considered
pathological and as an indication for medial tibial tubercle
transfer in symptomatic patients3. There have been several re-
ports on tubercle transfer for patellar dislocation using these
criteria7-11.

However, the tibial tuberosity-trochlear groove distance
is theoretically affected by tibial tubercle lateralization and by
trochlear groove medialization and tibiofemoral rotation. If the
tibial tuberosity-trochlear groove distance is used to determine
whether tibial tubercle transfer is indicated, it must be verified
whether lateralization of the tubercle at the proximal part of the
tibia has a large impact on this value. However, to our knowl-
edge, no studies have been conducted to determine this. The aim
of this study was to assess with use of CT the effect of laterali-
zation of the tibial tubercle, medialization of the trochlear
groove, and knee rotation on the tibial tuberosity-trochlear
groove distance in patients with a history of patellar dislocation
and in an age and sex-matched control group.We hypothesized
that an increase in the tibial tuberosity-trochlear groove dis-
tance mostly originates from lateralization of the tubercle at the
proximal part of the tibia and that it is reasonable to use this
value as an indicator for tibial tubercle transfer.

Materials and Methods
Participants

We retrospectively reviewed CT images of knee joints in two groups of
patients from our hospital between 2005 and 2014.
In the first group (patellar dislocation), we reviewed the images of forty-

four knees in forty-four consecutive patients; there were eight male patients and
thirty-six female patients, and the mean patient age (and standard deviation) was
25.1± 10.4 years (range, thirteen to forty-six years). The images were taken at our
hospital for the diagnosis of acute and chronic lateral patellar dislocation. All
of the patients were diagnosed on the basis of their history, clinical examination
(e.g., patient sensation of impending dislocation and/or reduction of the patello-
femoral joint in the emergency department and the presence of the apprehension
sign), or magnetic resonance imaging (MRI) findings (i.e., bone edema of the
lateral condyle and the medial part of the patella and a tear in the medial sta-
bilizer)

12,13
. This group comprised ten patients with acute traumatic dislocation

and thirty-four patients with recurrent dislocation. Patients with severe osteo-
arthritis and a history of surgery for patellar dislocation were excluded.

The second group (the control group) was an age and sex-matched
cohort of forty-four patients (forty-four knees) with no history of patellar in-
stability or patellofemoral symptoms; there were eight male patients and thirty-
six female patients, and themean patient age (and standard deviation) was 25.5±
11.1 years (range, thirteen to forty-six years). The patients in this group were
consecutively selected from ordinary referrals for knee CT examinations at our
hospital. Of the forty-four patients included in this group, CTexaminations were
performed for bipartite patella (n = 5), osteochondritis dissecans (n = 6), os-
teocartilage defects (n= 4), suspected stress andminor fractures (n= 6), and soft-
tissue and bone tumors around the knee joint (n = 7), and sixteen individuals
were volunteers. Patients with a knee ligament injury, patellofemoral disabilities,
major fractures, or a history of surgery were excluded.

The present study was approved by the local ethics committee of our
institution. Because of the retrospective nature of the study, informed consent
was obtained only for asymptomatic volunteers.

CT Protocol
All of the knees were scanned with use of a slice CT scanner (SOMATOM
Sensation 16; Siemens Medical Solutions, Erlangen, Germany) and the following
parameters: 512 · 512 matrix, 1-mm thickness, approximately five to ten-second
scan time, 0-mm skip between slices, field of view of 14 cm, and bone kernel. The
patients were scanned in the supine position with the knee fully extended with
slight external rotation as needed for comfort. Straps were wrapped over the thigh
to minimize motion without a fixation device. The CT data were reconstructed

Fig. 1

Figs. 1-A and1-BMeasurement of the tibial tuberosity-trochlear groove (TT-

TG) distance. Fig. 1-A The TT-TG distance is the mediolateral distance

between the midpoint of the insertion of the patellar tendon and the

trochlear grooveperpendicular to the femoral posterior condylar line (fPCL).

TGL = trochlear groove line. Fig. 1-B The solid line indicates the femoral

posterior condylar line (fPCL), the line with shorter dashes indicates

the trochlear groove line (TGL), and the line with longer dashes indicates

the tibial tubercular line (TTL).
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with use of software for image analysis (OsiriX, version 5.5; Pixmeo, Geneva,
Switzerland). Axial images of the distal femoral and proximal tibial condyle were
used to measure the tibial tuberosity-trochlear groove distance, tibial tubercle
lateralization, trochlear groove medialization, and knee rotation. A single
experienced orthopaedic surgeon (K.T.) performed all measurements. The
subjects’ identifying information (name, age, sex, and presence of dislocation)
was blinded.

Tibial Tuberosity-Trochlear Groove Distance
The tibial tuberosity-trochlear groove distance was measured with use of a
technique described by Schoettle et al. (Fig. 1)

14
. First, we drew the posterior

condylar line on the image, which represented the best Roman arch, that
connected the most posterior aspects of the osseous surface on the posterior
femoral condyle. Next, we drew a perpendicular line through the deepest point
of the trochlea. The tibial tubercle location was specified at the level of the most
cephalad image in which the patellar tendonwas completely in contact with the
tibial tubercle. The tibial tuberosity-trochlear groove interval was measured
between the most anterior point of the tibial tubercle and the deepest point of
the trochlear groove, perpendicular to the posterior condylar tangents on axial
CT scans.

Tibial Tubercle Lateralization
Tibial tubercle lateralization assessed the relative lateralized tubercle position at
the proximal tibial condyle with use of a modified method by Ando (Fig. 2)

15
.

Two slices in which the posterior condylar notch was clearly recognized and the
patellar tendon was completely in contact with the tibial tubercle were used for

this calculation. The width of the proximal tibial condyle was measured be-
tween two perpendicular lines to the posterior tibial condyle line, tangent to
the medial and lateral border of the proximal tibial condyle (distance T). The
tibial tubercle lateralized distance was defined as the mediolateral distance
between the midpoint of the insertion of the patellar tendon and the medial
border of the proximal tibial condyle (distance t). Tibial tubercle lateralization
was calculated as t O T.

Trochlear Groove Medialization
Trochlear groove medialization assessed the relative medialized position of the
trochlear groove at the distal part of the femur with use of a modified method
by Ando et al. (Fig. 3)

16
. The slice in which the lateral epicondyle and medial

sulcus could be identified was used for this calculation. The width of the femoral
condyle was measured along a line parallel to the posterior condylar line; this
distance was defined as G. The distance between the bottom of the groove and
the medial edge of the femoral condyle was defined as g. The index of the trochlear
groove medialization was calculated as g O G.

Knee Rotation
Knee rotationwas defined as the relative rotational difference between the distal
part of the femur and proximal part of the tibia at the knee joint level by
measuring the twist angle of each posterior condylar line of the proximal part of
the tibia and the distal part of the femur (Fig. 4)

12,17
. The axial slice of the distal

part of the femur was selected from the level of the deepest point of the trochlea
and the axial slice of the tibial plateau was selected from the clearly recognized
posterior condylar notch of the tibia. The axis of the distal part of the femur was
a tangent line connecting the most posterior aspect of the medial femoral

Fig. 2

Figs. 2-A and 2-B Measurement of the tibial tuberosity lateralization.

Fig. 2-A The total width of the proximal tibial condyle, which is parallel to

the tibial posterior condylar line (tPCL), indicated by the dashed line, is

defined as T. Fig. 2-B The distance between the medial border of the

proximal tibial condyle and the tip of the tibial tubercle, which is parallel

to the tPCL, is defined as t. Tibial tuberosity lateralization is calculated

as t O T.

Fig. 3

Measurement of the trochlear groove medialization. The total width

of the distal femoral condyle, which is parallel to the femoral posterior

condylar line (fPCL), denoted by a solid line, is defined as G. The

distance between the medial border of the distal femoral condyle

and the bottom of the trochlear groove, which is parallel to the

fPCL, is defined as g. The trochlear groove medialization is calculated

as g O G.
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condyle and the tibial plateau and the axis of the proximal part of the tibia was a
tangent line connecting the most posterior aspect of the lateral femoral condyle
and the tibial plateau. The knee rotation angle was defined as the angle between
these two axes. A positive angle indicated external rotation of the tibia relative to
the femur.

Statistical Analysis
The intraclass and interclass correlation coefficient of the measurements was
calculated in twenty randomly selected patients, and the four parameters were

measured in two independent trials by two independent authors (K.T. and
S.T.). A power analysis determined the number of required patients. Tibial
tubercle lateralization, trochlear groove medialization, and knee rotation were
defined as the primary parameters. A minimum sample size of thirty-six knees
in each group was required for an a value of 0.05 and b value of 0.8, while
considering a clinical difference of 2% for tibial tubercle lateralization, 2% for
trochlear groove medialization, and 3� for knee rotation. Therefore, we in-
cluded forty-four patients in our study. The means and standard deviations
were calculated for all of the parameters, which were then compared between
the patellar dislocation group and the control group with use of unpaired t tests.
The strength of the linear association between the tibial tuberosity-trochlear
groove distance and the other three factors was obtained with use of the Pearson
correlation coefficient. Further, we calculated the partial correlation coefficient
for each parameter after adjusting for the remaining variables as covariates. All
of the statistical tests were performed with use of SPSS for Windows (version
21; IBM, Armonk, New York).

Source of Funding
No external funding was received for this study.

Results

The tibial tuberosity-trochlear groove distance, tibial tu-
bercle lateralization, trochlear groove medialization, and

knee rotation showed excellent to poor agreement for intra-
observer and interobserver variability. The intraclass correla-
tion coefficient was 0.85 for the tibial tuberosity-trochlear
groove distance, 0.71 for tibial tubercle lateralization, 0.35 for
trochlear groove medialization, and 0.98 for knee rotation. The
interobserver correlation coefficient was 0.82 for the tibial
tuberosity-trochlear groove distance, 0.71 for tibial tubercle
lateralization, 0.65 for trochlear groove medialization, and 0.97
for knee rotation.

The tibial tuberosity-trochlear groove distance and knee
rotation were significantly different between the patellar disloca-
tion group and the control group; the tibial tuberosity-trochlear
groove distance was 19.3 ± 4.2 mm for the patellar dislocation
group compared with 14.4 ± 2.9 mm for the control group (p <
0.001), and the knee rotation was 8.5� ± 7.0� for the patellar
dislocation group compared with 4.0� ± 3.7� for the control
group (p < 0.001) (Fig. 5). However, there were no significant
differences in tibial tubercle lateralization and trochlear groove
medialization between the two groups; the tibial tubercle later-
alization was 0.66 ± 0.03 in the patellar dislocation group com-
pared with 0.65 ± 0.02 in the control group (p = 0.13), and the
trochlear groove medialization was 0.52 ± 0.03 in the patellar
dislocation group compared with 0.53± 0.02 in the control group
(p = 0.08) (Fig. 6).

Table I shows the linear correlations and the associated p
values between the tibial tuberosity-trochlear groove distance
and the other three factors. Tibial tubercle lateralization was
not significantly correlated in the patellar dislocation group,
although it had a moderate correlation in the control group.
Trochlear groove medialization exhibited no correlation with
the tibial tuberosity-trochlear groove distance in either group.
In contrast, moderate to good positive correlations were found
between tibial tuberosity-trochlear groove distance and knee
rotation in the patellar dislocation group and the control
group.

Fig. 4

Figs. 4-A and 4-B Measurement of the knee rotation angle. Fig. 4-A

The solid line denotes the femoral posterior condylar line (fPCL).

Fig. 4-B Rotation is defined by the angle between the fPCL and the

tibial posterior condylar line (tPCL), denoted by the dotted line. A

positive angle indicates external rotation of the tibia relative to the

femur.
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Table II shows the partial correlation coefficients and p
values between the tibial tuberosity-trochlear groove distance
and the other three factors. The tibial tuberosity-trochlear
groove distance was significantly correlated with tibial tubercle
lateralization and knee rotation; however, although knee rota-
tion was strongly correlated with the tibial tuberosity-trochlear

groove distance, tibial tubercle lateralization showed a moderate
correlation in the patellar dislocation group and the control
group. Furthermore, trochlear groove medialization exhibited
no significant correlation with the tibial tuberosity-trochlear
groove distance in the patellar dislocation group and a weak
negative correlation in the control group.

Fig. 5

Box plots of the tibial tubercle-trochlear groove (TT-TG) distance and knee rotation in the patellar dislocation group compared with the control group. The

asterisk indicates significance at p < 0.05. The error bars indicate the minimum and maximum values.

Fig. 6

Box plots of the tibial tuberosity lateralization and trochlear groovemedialization in the patellar dislocation group comparedwith the control group. NS= not

significant. The error bars indicate the minimum and maximum values.
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Discussion

The present study’s findings unexpectedly showed that the
degree of tibial tubercle lateralization in the patellar dislo-

cation groupwas not significantly greater than that of the control
group as had been previously considered, and knee rotation in
the patellar dislocation group was significantly greater than that
in the control group. Moreover, the tibial tuberosity-trochlear
groove distance was more strongly affected by knee rotation and
was less affected by malposition of the tibial tubercle or trochlear
groove.We were unable to find other studies that showed similar
findings. Our findings suggest major implications for inter-
preting the tibial tuberosity-trochlear groove distance.

The tibial tuberosity-trochlear groove distance is the gold-
standard method for evaluating the patellar lateral force vector,
and it has been validated in multiple studies for many years18-22.
However, some studies have cast doubt on the usefulness of this
method, because aspects such as the differences inmodality 23, knee
angle during imaging24,25, and the presence ofweight-bearing 26 have
been shown to change the value of the tibial tuberosity-trochlear
groove distance. Sherman et al. reported that caution is needed
when interpreting the tibial tuberosity-trochlear groove distance
in the presence of excessive femoral anteversion and tibial external
rotation9. Furthermore, according to Camathias et al., rotation of
the knee joint significantly altered the tibial tuberosity-trochlear
groove value; thus, it may be affected by the leg position in the CT
scan, and surgeons should consider this for decision-making with
regard to the realignment procedure27.

Many studies have shown greater tibial tubercle laterali-
zation in patients with patellar dislocation than in healthy
people28-30. However, most of these describe lateralization of the
tibial tubercle relative to the femur, and few have examined
malposition of the tubercle at the proximal part of the tibia.
Andomeasured lateralization of the tubercle at the proximal part
of the tibiawith CTand found that lateralizationwas 15%greater
in the dislocation group than in the non-dislocation group15.

However, because his method evaluated the degree of tibial tu-
bercle displacement on the same slice as the tip of the tibial
tubercle, uncertainty remains whether this is a valid method for
evaluating tibial tubercle malposition at the proximal part of the
tibia. Recently, Seitliger et al. used the tibial tubercle-posterior
cruciate ligament distance measurement method to evaluate
tubercle malposition at the proximal part of the tibia31. They
found that, among forty subjects with a tibial tuberosity-trochlear
groove distance of ‡20 mm, seventeen (43%) had a normal
tibial tubercle-posterior cruciate ligament distance. They found
no correlation between the tibial tuberosity-trochlear groove
and tibial tubercle-posterior cruciate ligament distances, although
they did find correlations between the former and the patellar
tilting angle and knee rotation.Our findings are similar to theirs in
that tubercle malposition at the proximal part of the tibia did not
have a great impact on the tibial tuberosity-trochlear groove dis-
tance as expected, and there was a correlation between the tibial
tuberosity-trochlear groove distance and knee rotation.

There have been some reports on the relationship between
patellar dislocation and rotational malalignment of the lower
leg12,32-35. Diederichs et al. used MRI to evaluate the rotational
alignment of the entire lower leg, and they reported a significantly
greater femoral anteversion and knee rotation in the dislocation
group compared with the control group12. They emphasized the
importance of rotational alignment in causing patellar disloca-
tion. Moreover, several researchers have reported relationships
between patellar dislocation and tibial torsional deformities and
that good results can be obtained by performing corrective os-
teotomy in cases with large deformities32,33. However, Reikerås
stated that parameters related to patellar dislocation such as
sulcus angle, congruence angle, and tilting angle have mostly no
correlation with femoral anteversion36. In addition, there was
some difficulty determining the thresholds of lower-leg rotation
because of its wide variation, even among healthy people37.
Regardless, there have been several studies on the relationship

TABLE I Results of Linear Correlation Analysis Between Tibial Tubercle-Trochlear Groove Distance and Each Parameter

Patellar Dislocation Control

Parameter Coefficient P Value Coefficient P Value

Tibial tubercle lateralization 0.21 0.15 0.47 0.001

Trochlear groove medialization 20.15 0.33 20.03 0.84

Knee rotation 0.62 <0.001 0.51 <0.001

TABLE II Results of Partial Correlation Analysis Between Tibial Tubercle-Trochlear Groove Distance After Adjusting for Other Factors

Patellar Dislocation Control

Parameter Coefficient P Value Coefficient P Value

Tibial tubercle lateralization 0.42 0.005 0.55 <0.001

Trochlear groove medialization 20.15 0.33 20.34 0.02

Knee rotation 0.69 <0.001 0.61 <0.001
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between lower-leg rotational alignment and patellar dislocation;
however, this association is controversial. In the present study,
correlation analysis indicated that knee rotation has a great im-
pact on the tibial tuberosity-trochlear groove distance. Although
our evaluation was limited to only one parameter of several ro-
tational profiles, this finding may imply a relationship between
rotational alignment and patellar dislocation.

The transition to surgical treatment for patellar disloca-
tion over time has made the effectiveness of medial tibial
tubercle transfer widely apparent. We believe that such a
procedure would benefit patients with tubercle malposition
and normal rotational alignment of the lower leg. However, if a
medial tubercle transfer is performed in a patient withoutmajor
tubercle lateralization, patellofemoral tracking may not nor-
malize, and abnormal stress on the medial patellofemoral joint
may persist38. Parikh and Noyes stated that tubercle osteotomy
increases external tibial torsion and exacerbates symptoms in the
presence of underlying rotational malalignment39. Nakagawa
et al. verified the long-term results of tibial tubercle transfer in
thirty-nine cases and found that osteoarthritic changes in the
patellofemoral joint had advanced in 42% of cases40. We thought
that the findings from these studies may imply non-anatomic
restoration of patellofemoral tracking and the importance of a
thorough preoperative analysis of the underlying factors, espe-
cially tibial tubercle lateralization at the proximal part of the
tibia, to obtain good postoperative results for medial tibial tu-
bercle transfer.

The present study had several limitations. First, trochlear
groove medialization and tibial tubercle lateralization were eval-
uated with use of new measurement methods, which produced
a lower intraclass correlation coefficient value than expected.
However, variation between the measured values themselves was
extremely small, with interparticipant and intraparticipant error
approximately within 0% to 5%, and thesemethods basically had
similar reference points and slice imaging techniques as the tibial
tuberosity-trochlear groove distance, indicating that these were
valid measurement methods. Further, we did not examine the
entire lower-leg rotational parameters, especially femoral ante-
version and tibial torsion. We only examined knee rotation as the
relative rotational difference between the distal part of the femur
and the proximal part of the tibia; thus, our findings were in-
sufficient to discuss total leg rotational alignment. However, as
the main purpose of the present study was to evaluate factors
affecting the tibial tuberosity-trochlear groove distance, not ro-
tational alignment, it was not essential to assess the detailed ro-
tational profile of the whole leg, which did not have a direct effect
on the tibial tuberosity-trochlear groove distance.

In the present study, there was no difference in tubercle
malposition at the proximal part of the tibia between the dislocation
and control groups. Tubercle malposition had a moderate effect
on the tibial tuberosity-trochlear groove distance. Additionally, the
patellar dislocation group exhibited significantly greater knee ro-
tation, which was also found to strongly affect the tibial tuberosity-
trochlear groove distance. When evaluating patients with patellar
dislocation who need surgical intervention, it is important to assess
the etiologic factors to tailor the surgical procedure to the needs of
each patient. The tibial tuberosity-trochlear groove distancemay be
a reasonable criterion for medial tibial tubercle transfer, if the rel-
ative malposition between the tibial tubercle and the trochlear
groove is considered as a major factor of patellar dislocation.
However, surgeons should recognize that this procedure may not
always represent a patient-centered treatment in some patients who
have a tibial tuberosity-trochlear groove elevated by knee rotation
and not by lateralization of the tibial tubercle. In these patients, we
think that it is appropriate to use another procedure (e.g., medial
patellofemoral ligament reconstruction, proximal realignment,
trochleoplasty) that is based on individual pathological conditions
and is not performed with tubercle transfer simultaneously. Thus,
indications for tubercle transfer should be determined by the tibial
tuberosity-trochlear groove distance and also by another value that
directly reflects tubercle lateralization at the proximal part of the
tibia. By meticulously examining all of the influencing factors,
a more patient-specific treatment strategy will be developed. n
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