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Abstract
Purpose Lateralized tibial tubercle is a cause of patellar instability. Before proceeding with reduction of the tibial tubercle-
trochlear groove (TT-TG) distance, surgeons prefer to know whether this distance is pathologic. However, the pathological value
remains discussed and may vary with the size of the knee.
Methods We sought to determine variability in the traditional TT-TG distance versus the anthropometric knee size, using
dimensions of the distal part of the femur and proximal part of the tibia of 85 CT scans of the knees in two groups of knees,
one normal group without history of patellofemoral instability and one pathologic group with history of instability.
Results The average TT-TG distance measured 13 mm in normal knees and 16.4 mm in pathologic knees. The variability in
measurements between normal and pathologic knees varied respectively between ± 5 and ± 15 mm, with as consequence absence
of threshold value between normal and pathologic knees. These measurements were supplemented by an analysis of a size ratio
coefficient. In the normal groupwithout history of instability, linear regression analysis showed that patients with larger knees tended to
have higher TT-TG distances and that the values are associated with the mean ML femoro-tibial width (p = 0.014; Pearson coeffi-
cient = 0.4). The knees with history of instability also keep proportional increase of TT-TG with the size of the knee as the knees
without history of instability.We developed a nomogram tomore appropriately represent the normal values for a given size of the knee.
Application of the nomographic model on the CT scan TT-TG data of the patients who have knee instability allows the orthopaedic
surgeon to associate the TT-TG distance with the knee size and to evaluate the medial transfer corresponding to the knee size.
Conclusions The average TT-TG distances in normal and pathologic knees were not identical for each size of the knees.

Keywords Patellofemoral instability . Tibial tuberosity-trochlear groove distance . Tibial tubercule transfer . Patellofemoral
dislocation . Knee size

Introduction

Acute patellofemoral dislocation is estimated to 3%of all knee
injuries. Its incidence is six per 100,000 individuals [1–3].
One of the consequences of a patellofemoral dislocation or
repeated occurrence is cartilage damage of the patellofemoral
compartment but it can also lead to generalized knee osteoar-
thritis [4–7]. Furthermore, pain associated with patellofemoral
knee instability without dislocation is frequent in physically
active patients [8]. Both dislocation and pain are attributed to
multiple factors. One of them is increase distance between
tibial tubercle and trochlear groove [8, 9].

Lateralization of the tibial tubercle (TT) was the first bone-
mark used in assessing patients with patellofemoral instability.
To evaluate this lateralization of the TT, Goutallier [10] in
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1978 proposed measurement of the mediolateral distance be-
tween the anterior TT and the deepest point of the trochlear
groove (TG) on an axial radiograph. Measurement of this TT-
TG distance on CT scan was popularized by Dejour [11] in
1994. The quantification of the TT-TG distance has evolved
over the past four decades with improvement of the precision
including protocol of measurement of TT-TG [12–15] and
introduction of MRI for measurement with discussion about
normal and pathological values of the TT-TG [9, 16, 17].
Regardless of the measurement technique, current recommen-
dations [11] are generally based on a cut-off value of 15 mm
being the frontier between normal and pathologic distances
and on a distance of greater than 20 mm being the threshold
to consider a tibial tubercle osteotomy as realignment
procedure.

However, this absolute value does not respect the now
well-established anatomic differences between the knees of
males and females and between the knees of different sizes
which has been the subject of numerous studies particularly
for the choice of the size of knee arthroplasties. TT-TG dis-
tance seems to be highly linked to the knee size if we consider
this relation in paediatric population [18–20], TT-TG distance
increases with age (and therefore indirectly with knee size). To
date, the topic of differences according to the size of the knee
in the surgical management of medial transfer of the TT has
garnered more attention. Several authors have hypothesized
that an increased TT-TG distance in a small knee might have a
bigger pathological impact on patellofemoral instability than
in a larger knee [21–25]. However, correlations between TT-
TG distance and size of the knee are still discussed, and par-
ticularly, the best parameter to represent the size of the knee is
unknown: mediolateral width of the femur, of the tibia, or
height or weight of the patient?

Therefore, our objectives were (1) to determine whether the
TT-TG distance changes with knee size in normal adult knees
without instability and to evaluate the best parameter to eval-
uate knee size; (2) to confirm that a group of adult patients
with patellar instability have higher TT-TG distances than a
group of patients without instability; and (3) to propose a knee
size chart nomogram allowing an individual interpretation of
this measure.

Material and method

Patients’ demographic

In this retrospective multicentric study, two groups of patients
were included: a control group and an instability group including
patellofemoral dislocation (PD) and patellofemoral pain (PP).

For the control group, 36 knees of 18 patients undergoing
CT scan of lower limb for other reason than knee pathology
(angio-CT) were included. Patients who presented any

anterior or actual pathologies of the area around the knee were
excluded from the control group. Patients must have a normal
trochlear sulcus angle, a normal Caton-Deschamps index, a
normal tilt, and a difference between the TT-TG of both sides
less than 3 mm. These restrictions and the absence of history
of PD or PP permitted to create a Bnormal knee^ group. The
angio-CT scans of these 18 mature adults (11 men, 7 women)
were selected, randomized, and anonymized from database of
three hospital in Europe (HEGP, Paris France; Victor Dupouy
hospital, Argenteuil France; Epicura hospital, Baudour
Belgium).

For the pathologic group, 49 knees of 26 patients with
history of Elmslie surgery practice for PD or PP were includ-
ed. CT scans of these 26 adults came from three hospitals in
Europe (Erasme hospital, Brussels, Belgium; Epicura hospi-
tal, Baudour, Belgium). The pathologic group was divided in
two sub-groups: operated knees (29 knees) and non-operated
knees (20 knees).

The evaluation protocol used was CT acquisition reference
mAs/actual 250mAs, 120 kV, exposure time 0.5 s, reconstruc-
tion thickness 0.6 mm, reconstruction spacing 0.4 mm, and
display field of view 170 mm. All DICOM pictures were
centralized and analyzed with the same software: Horos.
From the two-dimensional transversal images with 0.4-mm
cuts, three-dimensional reconstructions were made.

Measurements of TT-TG

TT-TGwas measure in extended position for both groups. The
first axial picture of the attachment of the patellar tendon to the
tibial tubercle was selected. It has been superposed to the axial
picture of the proximal trochlea at the level of the Broman
arch.^ A tangent line to posterior condyle was drawn. From
this line, two perpendicular lines were drawn, one passing
through the deepest point of the trochlea and one through
the centre of the patellar tendon. Then, the distance between
these two lines was measured (Fig. 1).

Assessing knee size

The largest widths, medial to lateral (ML) and anterior to
posterior (AP), of the distal femur and proximal tibia have
been measured. These measures were performed on an axial
view of the distal femur, using the line connecting the poste-
rior femoral condyles as landmark (Fig. 1) for the femur. For
the tibia, these measures were performed on an axial view of
CTscans at the top of the fibula. A line tangent to the posterior
cortex of the tibia and passing through the top of the fibula
was used as landmark (Fig. 1).

As the TT-TG is a measure including both femur and tibia,
we also included the mean value between the femur and the
tibia for each width (called femoro-tibial ML knee size and
femoro-tibial AP knee size) in our tests.
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Other measurements

Caton-Deschamps index has been measured for all the knees
[26]. Trochlea sulcus and slope of the external bank of the
trochlea (angle with a line connecting the posterior femoral
condyles) were also measured. Patellar tilt was measured as
the angle between the line joining the internal to external
extremities with the line connecting the posterior femoral
condyles.

Statistical analysis

For 28 knees, measures were performed by two independent
observers for TT-TG and condyles widths. Deltas were respec-
tively 1.5 and 1.2 mm. The other knees were randomly divid-
ed between the two observers. Statistical analysis was per-
formed using software XLSTAT for Windows. The descrip-
tive analysis presented the observed data in the form of tables,
expressed using means, standard deviations, and medians,
along with illustrative graphs. A p value < 0.05 was consid-
ered significant. According to the number of CT cuts (each
0.4 mm) and the matrix (512 × 512), the theoretical accuracy
was 0.5 mm for linear measurements and 1° for angular
measurements.

Results

Demographic data

Forty-three patients (85 knees) were included. The control
group (7 women and 11 men) without patella-femoral insta-
bility included 36 knees (12 right; 12 left) from 18 patients;
the mean age was 44 years (range 18–58). The instability

group included 49 knees (25 right; 24 left) from 26 patients
(17 women and 9 men) who presented at least one patella
dislocation or patella instability. The mean age was 30 years
(range 17–48). There were 17 women and nine men. Table 1
resumes the study population design.

There was no statistical difference between the two groups
for widths (AP andML) of the proximal tibia, the distal femur,
andmean femoro-tibial (mean value between tibia and femur),
for trochlear sulcus angle and for slope of the external bank of
the trochlea and Caton-Deschamps index (Table 1). The TT-
TGwas higher in the instability group compared to the control
group (p < 0.05). The Tilt of the patella was higher in the
instability group compared to the control group (p < 0.05).
Patients in the control group were older than the pathological
group (p < 0.05).

The knees without history of instability

TT-TG distance

The TT-TG values of the 36 knees without history of instabil-
ity ranged from 5 to 23mmoverall. There was no difference in
the mean TT-TG distance with respect to the left and right
knees (p = 0.8). The TT-TG distance was significantly differ-
ent between genders (p = 0.02) with an average value of
11 mm for female and 14 mm for male subjects. When divid-
ing the population of the group without instability in two sub-
populations according to femoro-tibial ML width, the mean
value of the TT-TG was different (p = 0.02), 11 mm for small
knees and 14 mm for large knees (Table 2). The multiple
regression analysis performed in all the knees of the group
without instability showed that TT-TG distance was better
correlated to the mean femoro-tibial ML width than to the
femoral or tibial widths alone (Table 1).
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Fig. 1 Measures performed in each group of the study. First line from left to right: TT-TG,ML femoral width, AP femoral width, trochlear sulcus angle,
and Caton-Deschamps. Second line from left to right: patellar tilt, ML tibial width, AP tibial width, and slope of the external bank of the trochlea



Linear regression analysis showed that patients with larger
knees tended to have higher TT-TG distances and that the
values are associated with the mean ML femoro-tibial width
(p = 0.014; Pearson coefficient = 0.4). Figure 2 shows TT-TG
distance as a function of size of the knee expressed in millime-
ters. This size chart shows that curve on the graph approaches
for small sizes the normal pediatric TT-TG distance [20] and
demonstrates higher values when the size of the knee increases.

Nomogram based on knee size for prediction of TT-GT value

The formula of this augmentation according to the linear re-
gression was BTT-TG measured on CT = 0.23 × (Mean ML
femoro-tibial width) − 0.455.^ From this formula, we created
a TT-TG indexed to knee size called TT-TG indexed. The ratio
BTT-TG indexed = (TT-TG measured on CT + 0.455)/(Mean ML
femoro-tibial width)^ is a constant value equal to 0.23 (CI 95%

Table 1 Population design

Knees p p* p**

Without instability (n = 36) With instability (n = 49)

TT-TG, mm (range) 1.27 (0.5–2.3) 1.64 (0.9–3.4) 0.0003 – –

Patella tilt, degree (range) 10 (0–20) 20 (6–63) < 0.05 0.003 0.0001

Trochlea sulcus angle, degree (range) 138 (128–149) 136 (110–151) > 0.05 0.6 0.2

Slope of external bank of trochlea, degree (range) 22 (11–34) 19 (6–31) > 0.05 0.8 0.05

Caton-Deschamps index (range) 1.03 (0.7–1.2) 1.04 (0.7–1.4) > 0.05 0.03 0.05

Tibial width AP 5.39 (4.14–6.28) 5.11 (3.81–6.27) > 0.05 – –

ML 7.12 (5.57–8.24) 6.70 (4.94–8.83) > 0.05 – –

Femoral width AP 6.5 (5.39–7.34) 6.16 (5.01–7.68) > 0.05 – –

ML 8.08 (6.33–9.07) 7.61 (6.76–9.29) > 0.05 – –

Mean femoro-tibial width AP 5.95 (4.77–6.77) 5.63 (4.46–6.85) > 0.05 0.001 0.9

ML 7.60 (5.99–8.55) 7.16 (6.03–9.06) > 0.05 0.008 0.07

*Multivariate regression analysis of each factor for TT-TG in group of the knees without instability

**Multivariate regression analysis of each factor for TT-TG in group of the knees with instability

Table 2 Comparison of TT-TG
between small and large knees
according to different splitting
items

TT-TG knees
without instability,
mean value (mm)

TT-TG knees
with instability,
mean value (mm)

Mediolateral widths

ML tibial width (median 70 mm) Small knees < 70 mm 12 15

Large knees > 70 mm 14 20

p = 0.02 p = 0.005

ML femoral width (median 81 mm) Small knees < 81 mm 11 15

Large knees > 81 mm 14 20

p = 0.02 p = 0.051

ML mean femoro-tibial width
(median 76 mm)

Small knees < 76 mm 11 15

Large knees > 76 mm 14 20

p = 0.02 p = 0.051

Antero-posterior widths

AP tibial width (median 54 mm) Small knees < 54 mm 12 15

Large knees > 54 mm 14 20

p = 0.1 p = 0.03

AP femoral width (median 65 mm) Small knees < 65 mm 12 16

Large knees > 65 mm 14 19

p = 0.1 p = 0.1

AP mean femoro-tibial width
(median 60 mm)

Small knees < 60 mm 12 15

Large knees > 60 mm 14 20

p = 0.08 p = 0.051
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from 0.21 to 0.24) in the group without instability. From this
constant value, we were able to calculate the theoretical normal
TT-TG for any knee size. Figures 3 and 4 show the nomograms
based on the linear regression model of this formula. Two
nomograms were elaborated: one table and one graphic.
Their use will be described with three clinical applications.

Prediction of a normal TT-TG distance

As clinical application, for example a man of 32 years of age is
evaluated for the position of the tibial tuberosity with CTscan.
Using measuring techniques described above, the physician
measures a TT-TG distance of 15 mm. The mediolateral
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Fig. 2 Linear regression of the TT-TG with mean ML femoro-tibial knee width in the group without instability

Fig. 3 Nomogram table of the
TT-TG indexed to knee size. At
the cross section of the femoral
width and the tibial width, the
theoretical TT-TG for this knee
size can be read (examples Fig. 6)



distances of the femur and tibia are respectively 90 and
86 mm. According to the nomogram (Fig. 6 patient a), in this
example, the prediction is that this man has a normal TT-TG
distance according to the knee size (theoretical TT-TG accord-
ing to the knee size 15.6 mm).

The knees with history of instability

TT-TG distance

Adult patients with patellar instability history have higher TT-
TG distances than the group of patients without instability.
The TT-TG values of the 49 knees in the instability group
ranged from 9 to 34 mm. The median and mean TT-TG dis-
tance values for those knees with instability were 16.4 and
15.6 mm, which was significantly higher than the median
and mean (13 and 13 mm) in the normal group (p < 0.001)
without history of instability.

The multiple regression analysis performed in the instabil-
ity group showed that TT-TGwas not was as well correlated to
the mean femoro-tibial ML width as compared as to that was
observed in the control group without instability (Table 1).
Despite this low correlation, we also observed a not statistical
significant difference (p = 0.051) between small and large
knees in the pathological group with respectively a mean val-
ue of 15 mm for small knees and a mean value of 20 mm for
large knees (Table 2). This was also observed when a linear
regression was performed (Fig. 5). Regression was statistical-
ly significant for the pathologic group (p < 0.05).

Prediction of pathologic values with the nomogram

Therefore, the knees with history of instability also keep pro-
portional increase of TT-TG with the size of the knee (Fig. 5)
as the knees without history of instability. Therefore, assum-
ing that the TT-TG distances of the knees without history of
instability should be the targets for the TT-GT distances of the
knees with instability when the size of the knee is the same, we
performed a cross-validation between data of pathologic and
normal knees. The data set were divided (higher or lesser)
according to the normal value of the TT-TG measured
(15 mm) or the TT-TG indexed (constant value 0.23, using
the formula previously cited in the group without instability)
on knee size. Higher values were considered as pathological
and lesser values as normal. Sensitivity, specificity, positive
predictive value, and negative predictive value of each TT-TG
were measured. Results for the TT-TG measured were respec-
tively 53, 75, 74, and 54%. For TT-TG indexed to knee size
sensitivity and negative predictive value were increased com-
pare to TT-TG measured with respectively 82, 64, 75, and
72%, which confirms the efficiency of the nomogram.

Prediction of medial transfer of the tibial tuberosity

Awoman of 21 years of age is evaluated for knee instability
with CT scan. Using measuring techniques described above,
the physician measures a TT-TG distance of 15 mm. The
mediolateral distances of the femur and tibia are respectively
72 and 59 mm. Using the nomogram of Fig. 6 (patient b), the
TT-TG distance in this example is well above the theoretical
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Fig. 4 Graphical nomogram of the TT-TG indexed to knee size. First, the
line joining the tibia and femoral ML widths must be drawn. The middle
of the line is the meanML femoro-tibial width. At the cross section of the

vertical passing by the mean ML femoro-tibial width and the curve, the
theoretical TT-TG for this knee size can be read. The nomogram shows
that the theoretical TT-TG for the example patient should be 10 mm



TT-TG of this knee size (10.4 mm), indicating that this woman
has relatively higher TT-TG distance than the normal knee.
Another example is a patient (with patellar instability) with a
TT-TG measured by the physician of 23 mm. The
mediolateral distances of the femur and the tibia are 79 and
72 mm. Using the nomogram of Fig. 6 (patient c), the TT-TG
distance according to knee size should be 12.7 mm. Then, the
anterior tibial tuberosity of this patient must be transposed of
10 mm to restore a normal TT-TG.

Discussion

Surgical treatment of patients with patellar instability is fre-
quently discussed according to extensor mechanism
malalignment. Quantification of such a malalignment is usu-
ally performed by the TT-TG distance measurement which is
considered to be objective and reliable. The metric variation of
the TT-TG distance is considered to be related to shape vari-
ations as trochlea dysplasia or lateralization of the tubercle
position on the proximal tibia. Justification for a medializing
tibial tubercle osteotomy is usually based on a 20- or 15-mm
threshold value with as goal of transfer a reduction of the TT-
TG distance to between 10 and 15 mm value [11]. However,
as for all the metric values, anatomical variation related to the
size of the knee or to the size of the patient is possible.
Therefore, the threshold value and the metric target could be

different from a patient to another. While some reports have
indicated that there is a probable interaction between TT-TG
and individual knee size, there is no clear quantification of
differences in the TT-TG distance that can be related to size
or shape in a comprehensive chart [22, 24, 25]. We therefore
developed a knee size chart to better represent the normal
values of the TT-TG distance for a given mediolateral size of
the knee.

Our main objective was to determine whether the TT-TG
distance in adult subjects changes with the size of the knee.
Our data strongly suggest that it does. Our primary result is
that for the normal knee, variability in TT-TG distance is
dominated by size, rather than shape. The results of this series
showing TT-TG distance and age interdependence contradict
some previously published reports claiming [21, 22] their re-
spective independence. Our data are however in concordance
with other reports [24, 25] and with increasing TT-TG dis-
tance in paediatric subjects advancing in age and progressing
toward skeletal maturity [20]. As the size of the knee increases
with age, it appears logical that the TT-TG distance increases
in size; however, another reason for an increasing distance
with age in children could also be a change in torsion of the
limb [27–32].

We were able to confirm that the subgroup of patients with
patellar instability had higher TT-TG distances than a normal
control group. Given a knee size, our patients with patellar
instability had significantly higher TT-TG distances than those
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Fig. 5 Linear regression of the TT-TG with mean ML femoro-tibial knee width in the group with instability



without patellar instability. The analyses of TT-TG distance
size performed in the study for the knees with history of pa-
tellar instability were only possible after establishment of ref-
erence values with the knee size obtained from general popu-
lation control individuals. Adequate adjustment in curves was
obtained with linear regression, because of the presence of
extreme values that could influence the homogeneity of the
sample.

We developed a nomogram tomore appropriately represent
the normal values for a given size of the knee. The major
advantage of a nomogram is its easy application: the operator
needs only to add the corresponding points of the knee size
with CT-derived measurements. Application of the nomo-
graphic model on the CT scan TT-TG data of the patients
who have knee instability allows the orthaopedic surgeon to
associate the TT-TG distance with knee size. This is particu-
larly useful in small knees of women where a B14-mm^ TT-
TG distance may appear normal when considering for all
knees (whatever the size) an absolute 15-mm threshold value
as proposed in literature, but in reality, is increased when the
knee size is small. At the reverse, a TT-TG distance of 17 mm
might be considered as normal for a large knee.

With regard to the surgical treatment, this study supports
the idea of normalizing TT-TG to individual patient size. First,
this chart allows the orthopaedic surgeon to associate the TT-
TG distance with the knee size in patients with patellar

instability. That information can help to determine whether a
soft-tissue distal realignment procedure should be included as
the surgical reconstruction for patients whose TT-TG distance
is normal as regard as the size of the knee. At the reverse,
when a knee with an increased tibial TT-TG is surgically ad-
dressed bymedial transfer of the tibial tuberosity, the chart can
be used to select the target value according to the size of the
patient.

One limitation of our study is that we associated TT-TG
distance with only the size of the knee; other metrics, such as
lower limb torsion, and trochlear dysplasia are also associated
with patellar instability. Information to retrospectively analyze
these values was not consistently available in our clinical data
base and was therefore not used. There is also potential bias in
that we assumed that our patients without history of instability
included in the normal group will never develop patellar insta-
bility; our data could be skewed if some of these patients were
to develop symptoms of instability later. Another limitation is
that our data were obtained in Caucasian people, and we cannot
extrapolate our results for other ethnic populations [33–35].

In conclusion, this study serves as a basis for further inves-
tigation into the role of TT-TG distance for evaluating patients
with recurrent patellar instability. We showed that TT-TG dis-
tance changes with the size of the knee and that a chart repre-
sentation is an appropriate method to describe normal TT-TG
distance for a given size.
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Fig. 6 Description of the
utilization of the nomogram in
three clinical applications
(patients a, b, and c). Patient a has
a measured TT-TG of 15 mm on
the CT scan and his theoretical
TT-TG according to knee size is
15.6 mm (his TT-TG is then
normal). Patient b has a measured
TT-TG of 15 mm; however, her
theoretical TT-TG according to
knee size is 10.4 mm; her TT-TG
is therefore pathological (higher
than the normal value of
10.4 mm). Patient c has a
measured TT-TG of 23 mm;
however, his theoretical TT-TG
according to knee size is
12.7 mm; so, the medial
translation of the anterior tibial
tubercle should be 10 mm if this
procedure is proposed
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