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Does tibial tuberosity—trochlear groove distance (TT-TG)
correlate with knee size or body height?
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Abstract

Purpose Since excessive tibial tuberosity—trochlear
groove distance (TT-TG) is one of the major risk factors
for patellofemoral instability, TT-TG is an often-used
parameter in knee realignment surgery. Up to date, TT-TG
is measured and interpreted using absolute values, disre-
garding the knee size of the individual. It was hypothesized
that there is a relation between TT-TG and knee size and
body height, respectively.

Methods Consecutive MRI scans of 120 knee joints were
analysed retrospectively. Of these, 60 MRI scans were
obtained from patients with trochlear dysplasia and another
60 MRI scans were acquired from patients presenting
with a different pathology of the knee joint. TT-TG was
measured and TD was classified into low and high grade.
Interepicondylar distance as an expression of knee size was
measured on transverse MRI slices presenting the maximal
distance from the medial to the lateral epicondylus. TT-TG
was correlated with interepicondylar distance and body
height.

Results Interepicondylar distance as an expression of
knee size correlated highly with body height in the control
group with normal trochlea (r = 0.78) as well as in the TD
group (r = 0.69). Correlation of TT-TG with interepicon-
dylar distance or body height in the control group as well
as in the TD group showed poor values with r < 0.30 (range
r=0.072-0.28).

Conclusion TT-TG seems associated neither with the
size of the individual knee, nor with body height. For this
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reason, TT-TG has to be considered as very individual
parameter in knee realignment surgery.
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Introduction

The tibial tuberosity—trochlear groove distance (TT-TG) is
a widely used parameter in the assessment of patellofem-
oral disorders [6]. Regarding patellofemoral instability
(PFD), excessive TT-TG is considered as one of the major
risk factors. The TT-TG characterizes the lateralisation of
the tibial tuberosity or, in case of trochlear dysplasia (TD),
the medialization of the trochlear groove. The relevance of
the TT-TG in clinical practice is underlined by the fact that
the parameter is used as a decision-making criterion in rea-
lignment surgery of the knee [8, 14]. In 1994, Dejour et al.
[4] found a markedly increased TT-TG in patients with
symptomatic patellar instability, characterized by disloca-
tion of the patella, which comprised a total loss of the con-
tact between the articular surfaces of patella and trochlea.
Using axial CT scans, the authors found that a mean TT—
TG of 20 millimetres (mm) in patients with a history of PFI
was 19.8 & 1.6 mm, while the TT-TG in the control group
was 12.7 £ 3.4 mm.

At present, MRI is considered as an equivalent imag-
ing method. Dejour’s findings were confirmed in 2000
by McNally et al. [9]. The authors detected a TT-TG of
more than 20 mm in patients with severe patellofemoral
maltracking in MRI imaging. A TT-TG of 20 mm has fre-
quently been used as a cut-off value to direct surgical treat-
ment. Besides this, almost all scientific work concerning
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the measurement and the interpretation of TT-TG dis-
cusses absolute values, disregarding the knee sizes of the
individual. However, it appears intuitive to assume smaller
thresholds for the TT-TG in smaller knee joints.

It was hypothesized that there is a relation between TT—
TG and the size of the knee joint, meaning that small per-
sons with small knees have smaller TT-TG and vice versa
for tall persons.

The aim was to establish a non-dimensional ratio
between TT-TG and knee size in order to be able to assess
the TT-TG depending on the individual knee size, espe-
cially in knee joints presenting with TD.

Materials and methods

A total of 120 MRI scans of knee joints from patients
presented to our hospital were analysed retrospectively.
Of these, 60 consecutive MRI scans were obtained from
patients with TD [60 patients: 27 males and 33 females;
mean age 23 years (17-48 years); 33 scans of left knees
and 27 scans of right knees]. All of the patients with TD
presented to our hospital suffered from symptomatic PFI (at
least one patellofemoral dislocation). There was no severe
injury to the trochlear cartilage or major bony contusion
of the trochlea leading to the deformation of the trochlear
groove. TD was classified into low-grade and high-grade
dysplasia, based on the classification system described
by Dejour et al. [3]. Therefore, all transversal MRI scans

were read together with sagittal plane radiographs of the
knee: with the presence of a crossing sign in the sagittal
radiograph and a shallow but still concave trochlea in the
MRI scan, TD type A was assessed. With additional troch-
lear spur in the sagittal radiograph and a flat trochlea in
the MRI scan, TD type B was assessed. With the presence
of a crossing sign and a double-contour sign (hypoplas-
tic medial facet) in the sagittal radiograph and a convexly
shaped lateral trochlear facet, TD type C was assessed.
With the combination of all above-mentioned characteris-
tics in the radiograph and a clear asymmetry of the height
of the facets (“cliff pattern”), TD type D was assessed.

TD Dejour type A and B were defined low grade and
Dejour type C and D high grade, respectively (Fig. 1). No
patient presenting with TD underwent distal realignment
procedures or deepening trochleoplasty prior to MRI.

Another 60 consecutive MRI scans were obtained from
patients presenting with a different pathology of the knee
joint [e.g. lesion of the meniscus, tear of anterior cruci-
ate ligament; 59 patients: 36 males and 23 females; mean
43 years (span 18-68 years), 34 scans of left knees and 26
scans of right knees]. In this subgroup, patients with patel-
lofemoral complaints or anterior knee pain were excluded.

Imaging
MRI was performed with the patient in supine position

on a 1.5-T unit (VA17A-Symphony A Tim System, Sie-
mens, Germany). During the MRI scans, the knee joints

Fig. 1 Assessment of the severity of trochlear dysplasia, using the
classification system described by Dejour et al. After synopsis of the
axial MRI slice with a true lateral radiograph, the example depicts
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several features of type D trochlear dysplasia: cliff pattern on the
MRI scan (/) combined with the crossing sign (2), supratrochlear
spur (3) and double-contour sign (4) on the radiograph
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Fig. 2 a Determination of the mid-point of the patellar tendon inser- »
tion: the first slice with complete attachment of the patellar tendon
cranial to the tuberositas tibiae was used. A line between the most
external insertion points was drawn with a vertical line at its center.
b For the definition of the deepest point within the trochlear groove
the first craniocaudal transverse slice with complete cartilaginous
trochlea was used. On the slice with the maximal distance from the
medial to the lateral epicondylus IED was measured. ¢ TT-TG was
defined as the distance between the mid-point of the patellar tendon
to the cartilaginous trochlear groove perpendicular to a tangent to the
posterior femoral condyles

were fully extended [5, 7]. The scans were obtained in fat-
saturated proton density-weighted fast spin-echo imaging
sequence under standardized conditions.

For the assessment of TD, the transverse MRI scans
were acquired at the most proximal craniocaudal transverse
slice on which the cartilage along the entire width of the
trochlea was visible.

In all MRI scans, the TT-TG was measured according to
the method described by Schoettle et al [12]:

The first transverse slice that depicted a complete attach-
ment of the patellar tendon slightly cranial the tuberositas
tibiae was used. In order to determine the mid-point of the
patellar tendon insertion, a line was drawn connecting the
medial and lateral insertion points. A vertical line was set
at its centre. In order to define the deepest point within the
trochlear groove, again the first craniocaudal transverse
slice that depicted complete cartilaginous trochlea was
used. Perpendicular lines to a tangent to the posterior femo-
ral condyles were drawn through the mid-point of the patel-
lar tendon and the cartilaginous trochlear groove, and the
TT-TG was determined in millimetres.

In order to assess the individual size of the knee joint,
the interepicondylar distance (IED) was assessed. IED was
measured on the transverse MRI slice presenting the maxi-
mal distance from the medial to the lateral epicondylus.
The distance was expressed in millimetres (Fig. 2).

All values of TT-TG and IED were acquired by two
observers. Both observers were experienced in knee rea-
lignment surgery.

The measurements were performed with GE Centricity
PACS-IW (General Electric Company, Connecticut, USA).
This imaging software allowed measurement accuracy with
one decimal.

Body height was obtained from patient charts. IED was
correlated with body height to prove the validity of the
parameter.

Statistical analysis

Subsequently, TT-TG was related to IED in dividing the
values of TT-TG (in mm) by the values of IED (in mm)
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Table 1 Anthropometric data of the groups with trochlear dysplasia and normal trochlea

Number of Number of TT-TG [mm] IED[mm] TT-TGratio Variation Body height Mean age
scans [n] patients [n]  (SD) (SD) [%] (SD) coefficient [cm] [years]
TT-TG ratio (min—max) (min—-max)
Normal trochlea 60 59 10.4 (3.6) 82.3 (7.0) 12.7 (4.4) 0.35 173 (153-193) 43 (18-68)
(control group)
Trochlear dysplasia 60 60 15.8 (4.6) 78.7 (5.9) 20.1 (6.0) 0.3 173 (150-193) 23 (17-48)
(TD) group
Low-grade TD 40 40 13.7.(3.9) 79.0 (5.5) 17.4 (5.0) 0.29 172 (150-191) 23 (17-48)
High-grade TD 20 20 20.1 2.7) 78.2 (6.9) 25.7 (3.6) 0.14 176 (164-193) 24 (17-43)

(TT-TG/IED x 100 %), and results were defined as TT—
TG ratio (in %).

For the values of TT-TG and IED, interobserver corre-
lation and intraobserver correlation were calculated using
intraclass correlation coefficient (ICC).

Standard error of measurement (SEM) was calculated
[SEM = SD x /(1 — r)].

Correlation of TT-TG to IED as well as to body height
was expressed using Pearson’s correlation coefficient. In
addition, the variation coefficient (relative standard devia-
tion) was determined for TT-TG and TT-TG ratio in
order to express the distribution of the values. When p val-
ues exceeded 0.05, power analysis was performed using
G*Power Version 3.1.9.2. Post hoc power analysis (effect
size 0.6; a = 0.05) for the control group (n = 60) and the
TD group (n = 60) resulted in 0.89 (1-f err prob). Statis-
tical analysis was performed with SAS statistical software
version 9.2 (SAS institute, North Carolina, USA).

The IRB approval was given by the ethical committee of
the University of Ulm, ID 305/13b.

Results

The anthropometric data (body height, TT-TG, IED, TT—
TG ratio) are provided in Table 1. IED as an expression of
knee size correlated highly with body height in the control
group with normal trochlea (» = 0.78) as well as in the TD
group (r = 0.69).

The values of the readings of IED showed excellent
intra- and interobserver correlation in the control group and
in TD group (range r = 0.97-0.99; SEM: 0.70-1.03).

For the readings of TT-TG in the control group, inter-
observer correlation and intraobserver correlation were
excellent (r = 0.92; SEM: 1.01 and r = 0.97; SEM: 0.62,
respectively).

Regarding the values of TT-TG in the scans with low-
grade TD, excellent interobserver correlation (r = 0.93;
SEM: 1.01) and intraobserver correlation (r = 0.95; SEM:
0.88) were found. For the scans with high-grade TD, good
interobserver correlation (r = 0.84; SEM: 1.06) and good
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intraobserver correlation (r = 0.84; SEM: 1.06) were
found. All above-mentioned intra- and intercorrelation
readings were statistically significant (p < 0.05).

Correlation of TT-TG with IED or body height in the
control group as well as in the TD group showed values of
r < 0.30 (range r = 0.072-0.28) [Fig. 3]. Except the cor-
relation of TT-TG in the TD group with the body height
in the TD group (p < 0.05), p values exceeded 0.05 (range
p = 0.108-0.583).

Variation coefficient for TT-TG ratio was 0.35 in the
control group with normal trochlea, 0.29 in low-grade TD
and 0.14 in high-grade TD [Table 1].

Discussion

The most important finding in this study was that TT-TG
in scans of knee joints with normal and dysplastic troch-
lea did correlate neither with body height nor with knee
size. Initially, the aim of this examination was to establish a
so-called non-dimensional TT-TG ratio, describing a TT—
TG dependent on individual knee size, especially for knee
joints presenting with TD. We hypothesized that TT-TG
relates to knee size or body height, meaning that small per-
sons with small knees have smaller TT-TG and vice versa
for tall persons. This hypothesis had to be rejected.

In clinical practice, the TT-TG is used as a decision-
making support in realignment surgery of the knee [4, 8,
14]. In the current literature, absolute values for patho-
logical TT-TG are still discussed, assuming a threshold at
15 mm or 20 mm, regardless of the size of the knee joint
of the individual [4, 8]. In this context, the authors of the
present study felt that the TT-TG should be interpreted
depending on knee size.

Prior to this, an objective parameter in knee MRI cor-
relating with the individual body height was required.
We chose IED as objective parameter as it is measurable
reproducibly in transverse MRI slices. In this study, IED
correlated highly with body height. This finding allowed
the assumption that body height was represented well by
IED. Excellent reproducibility of the values of TT-TG
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and IED was confirmed by intra- and interobserver cor-
relation in normal knees and in the knees with low-grade
TD. For the measurement of TT-TG in high-grade TD,
we found slightly reduced inter- and intraobserver cor-
relation, owing to the fact that the deepest point in the
trochlear groove is difficult to define with a flat or dome-
shaped trochlea.

body height TD {cm}

In this study, the mean TT-TG for normal knees aver-
aged 10.4 mm (SD 3.6 mm) and for knees with PFI
15.8 mm (SD 4.6 mm). These values are comparable to the
values described in the current literature [1, 2, 10-12, 15].

Contrary to expectations, correlation of TT-TG with
knee size (IED) and with body height showed interaction
neither in the control group nor in the TD group. These
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findings indicate that the geometry of the knee joint seems
to be too unique to establish a relation of TT-TG to mor-
phometric aspects of the knee, at least in axial plane MRI.

However, we found a decreasing variation coefficient for
the values of TT-TG ratio with increasing severity of TD
(Table 1). This means that the values of TT-TG normalized
to knee size show less spread when TD increases. Looking
at it the other way round, TT-TG ratio shows the most vari-
ation in knees with normal trochlea.

Balcarek et al. approached this issue with a similar
intention. The authors aimed at diminishing the effect of
size in the relatively smaller-boned knees of children and
adolescents and related to the TT-TG with the total width
of the distal femur. They found a difference in their so-
called relative TT-TG distance (comparable to the TT-TG
ratio in our examination) between the normal group and
their study group, but no significant interaction of TT-TG
with femur width [1].

Recently, Pennock et al. [11] investigated the relation
of TT-TG to body height and femoral width. The authors
rose to question whether an absolute value of TT-TG can
be applied to all patients, especially when anthropometric
measurements vary dramatically. In their patient cohort,
patients’ height varied from 139 to 196 cm. Their data
showed that TT-TG is associated with patient height, but
femoral width did not affect TT-TG measurement.

In this examination, the results were similar: TT-TG ratio
for the knee joints without PFI was calculated 12.7 % and for
the knee joints with PFI 20.1 %. Balcarek et al. found that
TT-TG ratio for the knee joints without and with PFI was 15
and 22 % and Pennock et al. 13.8 and 18.8 %, respectively [1,
11]. The aforementioned authors particularly investigated the
values of TT-TG in the young patient. Some of the patients
with PFI in the work of Balcarek were younger than 10 years
(mean 21.6, SD 7.9 years], and the patients’ age in the work
of Pennock averaged 15.4 years (range 10-18 years). Pen-
nock et al. demonstrated that the TT-TG varies modestly as
a function of body height. In their cohort, patients’ age ranged
from 10 to 18 years and body height from 139 to 196 cm.
Due to this relatively wide range of body height, discrimina-
tion of small TT-TG in smaller persons to large TT-TG in
bigger persons seems to be statistically representable.

In the cohort of this examination, all included patients
of the control group and TD group had reached skeletal
maturity, and the growth plates around the knee joint were
closed. The body height of our patients ranged from 155 to
193 cm. In the control group, patients’ height ranged from
150 to 193 cm. In the present study, patients’ morphometric
data (body height, IED) did not significantly correlate with
TT-TG.

There are analogous situations in knee surgery, for
example, in anterior cruciate ligament (ACL) surgery.
Shelbourne and Kerr showed that there was no correlation
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between body height or weight and femoral notch width.
The authors concluded that body size could not be used as
a predictor of notch width [13].

Several limitations deserve mention. Our control group
was not completely asymptomatic. The MRI scans in these
patients were performed because of meniscal tears, rup-
ture of anterior cruciate ligament or cartilage lesion. Fur-
thermore, observers could not be blinded as to whether
the MRI scans had been obtained in control patients or in
patients with TD, because in the latter group morphologic
findings were clearly apparent. Another limitation is the
relatively low number of MRI scans with high-grade TD.
Thus, statistical power might be affected in this subgroup.
In the subgroup of high-grade TD, the measurement of TT—
TG was prone to slight imprecision due to the dome-shaped
trochlea.

In clinical practice, TT-TG has to be regarded as a dis-
tinct parameter, independent of knee size or body height.
Irrespective of the presence of TD or its severity, the values
of TT-TG seem not related to the size of the knee. In a run-
up to a surgical procedure aiming at patellofemoral insta-
bility, the size of the knee should not influence the interpre-
tation of TT-TG.

Conclusion

First, interepicondylar distance correlates with body height
and so can be used as a proxy for the size of the knee. Sec-
ond, in patients with mature skeleton and in knee joints
with and without TD, TT-TG seems associated neither
with the size of the individual knee, nor with body height.
For this reason, TT-TG has to be considered as very indi-
vidual parameter in knee realignment surgery.

Conflict of interest None.
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