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neutral rotation (2.7 ± 1.2 vs. 6.5 ± 3.4 mm; P < 0.001). IR 
and ER in 30° flexion varied between 0.6°–10.7° and 1.9°–
13.0°, respectively.
Conclusion Flexion as well as rotation of the knee joint 
significantly alters the TT–TG. These results may have 
wider clinical relevance in assessing TT–TG and further 
decisions based on it.

Keywords Tibial tuberosity–trochlear groove distance · 
TT–TG · Cadaver · Rotation · Rotation instability ·  
Patellar instability · Femoro-patellar instability

Introduction

The tibial tuberosity–trochlear groove distance (TT–TG) 
quantifies the distance between the anterior tibial tuberosity 
and the deepest point of the trochlear groove in the coronal 
plane on the millimetre scale. High values are a factor in 
operative decision making to stabilize the patella in order 
to medialize the tibial tuberosity [5, 11].

The measurement of TT–TG is not standardized. In 
the original description, the knee is flexed to 30°, but now 
many papers describe this measure in full extension [8, 25]. 
However, measuring TT–TG in a flexed or an extended 
knee will lead to different values. The screw-home mech-
anism, i.e., an outward tibial rotation in full extension, is 
responsible for this discrepancy [10].

Beside this discussion, an effect of additional rotation 
of the tibia relative to the femur has never been raised as 
an issue in previous literature on the TT–TG. Rotational 
laxity can be unpredictable in normal knees and vary 
between 9.4° to 14.5° of internal or 13° of external rota-
tion in full extension [6, 16, 23]. In 30° of flexion, inter-
nal rotation can be 8.6° and external rotation up to 30°  

Abstract 
Purpose The purpose was to measure the effect of flex-
ion and additional rotation of the femur relative to the tibia 
on the tuberosity–trochlear groove distance (TT–TG) in the 
same subject in 20 cadaveric knees joint.
Methods In 20 human adult cadavers, formal fixed knees 
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in each position. TT–TG measurements were correlated in 
all knee positions.
Results TT–TG in full extension/neutral rotation was 
7.8 mm (SD 3.4, range, 2.4–15.3). TT–TG in full extension 
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sion and ER was significantly higher than in neutral rotation 
(5.4 ± 2.3 vs. 10.9 ± 4.8 mm; P < 0.001). IR and ER var-
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sion and neutral rotation (P < 0.001). TT–TG in 30° flexion 
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[6, 16]. In 90° of flexion, an external rotation of more than 
35° and internal rotation of about 25° are described. [31] 
Additional rotational ligament instabilities of the knee 
joint are often undiagnosed, but can increase rotation sig-
nificantly [30, 31].

From this point of view, the question is whether a rota-
tional instability or an increased knee ligamentous laxity 
beside screw-home mechanism would alter the TT–TG.

Therefore, the purpose of this study was to measure the 
effect of flexion and additional external or internal rotation 
of the femur relative to the tibia on the TT–TG distance in 
cadaveric knee joints.

The hypothesis was therefore that flexion and/or rotation 
will significantly change the TT–TG.

To our knowledge, this is the first study that sheds light 
on rotational issues influencing the TT–TG measurement. 
This question and hypothesis are relevant for the clini-
cal assessment of patients with patello-femoral instability. 
An inconsistent measurement of TT–TG due to ligamen-
tous laxity or instability might influence decision making 
regarding realignment procedures.

Materials and methods

This study was designed as a human cadaver study, 
approved by the responsible ethical committee (University 
of Basel Nr. 32/11) with 20 human, adult, cadaveric, formal 
fixed knees (age: 81.9 years, SD 12.3; 10 females). These 
cadavers were also part of a study conducted by Nowa-
kowski [24].

Inclusion criteria: cadaver knees with intact ligamentous 
stabilizers and menisci but without muscles, subcutaneous 
fat, and skin were included. The extensor apparatus with 
the patella remained in situ.

Exclusion criteria: cadavers with scars indicating a for-
mer history of operation, i.e., for trauma, patella-femoral 
dislocations, rotatory, or ligamentous instabilities (fig. 1).

The specimens were mounted in a manufactured cus-
tom-made device (Fig. 2a, b). This device fixed both femur 
and tibia, but allowed controlled flexion and rotation of the 
femur relative to the tibia [24].

In full extension and 30° of flexion, the bones were posi-
tioned in neutral, maximal possible internal and external 
rotation relative to one another. In each of these six posi-
tions, a CT scan was performed, and TT–TG distance was 
measured. Imaging was performed with a helical GE Light-
speed 16 row CT scanner (General Electric Healthcare Cor-
poration Waukesha. W1): 120 kV, slice thickness 0.625 mm, 
Voxel depth 0.5 mm, Voxel height 0.296875 mm, and Voxel 
width 0.296875 mm.

3D-VRT (rendering technique) models were created out 
of these CT scans and imported to visualization software 

(VGStudio Max 2.1.1) (Fig. 2c). According to a protocol 
described by Nowakowski et al. [24], CT scans were ori-
ented to a standardized coordinate system and the axial 
slices perpendicular to the sagittal axis. This permitted a 
constant and comparable measurement of the TT–TG in 
extension and in 30° of flexion, independently of how the 
plane was set up initially during the scan. Likewise, the 
rotation of both bones relative to each other was constantly 
measurable.

Superimposed images were created for each position 
containing the most anterior portion of the tibial tuberos-
ity and the deepest part of the trochlear groove as measure 
points of TT–TG [28].

The TT–TG was measured on the millimetre scale in all 
positions and then compared for all.

The applied maximal internal and external rotation in 
full extension and 30° of flexion were quantified in degrees. 
This strict measurement procedure enabled to collect the 
TT–TG distance reproducible with a high accuracy.

Statistical analysis

Statistical analysis was performed using a standard sta-
tistical software package (JMP version 10, SAS Institute, 
Cary, USA). A Kolmogorov–Smirnov normality test was 
performed to verify whether the data met the assumption 
of a parametric test. The Kolmogorov–Smirnov distance 
was calculated. Normally and not normally distributed data 
were compared using paired samples t test and Wilcoxon 
signed-rank test, respectively.

Fig. 1  Tuberosity–trochlear groove distance (TT–TG) measured 
on superimposed CT scans (double yellow arrow between two red 
lines). This quantifies the distance between the most anterior part of 
the tibial tuberosity and the deepest point of the trochlear groove in 
the coronal plane on the millimetre scale. The green oval lines define 
both condyles according to a protocol described by Nowakowski 
et al. [24]. These condyles were adjusted to a standardized coordinate 
system. The axial slices were aligned perpendicular to the sagittal 
axis (green vertical line). This permitted a constant and comparable 
measurement
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The measured TT–TG and amount of rotation were 
correlated. To measure the correlation (linear depend-
ence) between these variables, we used the Pearson cor-
relation coefficient for normally distributed data and 
Spearman’s rho coefficient for not normally distributed 
data. A P value of <0.05 was considered to be statisti-
cally significant.

Based on the published data [18] on TT–TG, an 
a priori power calculation was performed (α = 0.05, 
β = 0.95) which suggested a minimum sample size of 14 
individuals.

Results

Knee in extension

The mean TT–TG measured in full extension and neu-
tral rotation was 7.8 mm (Table 1). The mean TT–TG 
was comparable in both male and female specimens with 
7.9 mm (SD 2.3) and 7.7 mm (SD 4.4), respectively (not 
significant). The correlation between the measured TT–
TG and the age of specimens was weak and statistically 
insignificant.

Fig. 2  Custom made fixing device. Flexion (a, b) and rotation (arrow) is adjustable. 3D-VRT (volume rendering technique) CT scan of the knee 
(c) is needed for perpendicular orientation

Table 1  TT–TG distance measured in 20 human cadaveric specimens

a In full extension, maximal internal rotation varied between 1.0° and 7.6° (mean 4.5° ± 2.1°). In 30° flexed specimens, maximal internal rota-
tion varied between 0.6° and 10.7° (mean 4.8° ± 3.0°)
b In full extension, maximal external rotation varied between 0.2° and 9.2° (mean 3.8° ± 2.6°). In 30° flexed specimens, maximal external rota-
tion varied between 1.9° and 13.0° (mean 6.9° ± 3.2°)
† Using paired samples t test
‡ Using Wilcoxon signed-rank test

Max. internal rotationa

mean ± SD (range)
[%]

Neutral rotation
mean ± SD (range)
[%]

Max. external rotationb

mean ± SD (range)
[%]

P value
neutral versus max. internal rotation
neutral versus max. external rotation

Full extension 5.4 ± 2.3
(1.5–12.4)
[71 %]

7.8 ± 3.4
(2.4–15.3)
[100 %]

10.9 ± 4.8
(3.1–20.1)
[140 %]

P < 0.001†

P < 0.001†

30° flexion 2.7 ± 1.2
(0.9–5.1)
[72 %]

3.9 ± 1.8
(1.3–7.8)
[100 %]

6.5 ± 3.4
(1.3–12.5)
[167 %]

P < 0.001‡

P < 0.001†

P value
full extension versus 30° flexion

P < 0.001† P < 0.001† P < 0.001† –
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The mean applied rotation (internal and external together) 
in full extension was 8.4° (SD 3.3° range 3.0–15.4°), which 
was statistically significantly lower than values obtained in 
30° of flexion (11.8°; SD 4.6° range 4.6–21.6°).

Knee in extension and internal/external rotation

The TT–TG measured in full extension and maximal inter-
nal rotation was statistically significantly lower than values 
obtained in neutral rotation (P < 0.001) (Table 1). The corre-
lation between the amount of internal rotation and decrease 
in TT–TG distance was very strong and statistically sig-
nificant (Spearman´s rho 0.940; P < 0.001). The TT–TG 
measured in specimen in full extension and maximal exter-
nal rotation was statistically significantly higher than val-
ues obtained in neutral rotation (P < 0.001) (Table 1). The 
correlation between the amount of external rotation and 
increase in TT–TG was very strong and statistically signifi-
cant (Pearson correlation r = 0.992; P < 0.001).

Knee in flexion

The mean TT–TG measured in 30° flexion and neutral rota-
tion was 3.9 mm (Table 1), which was statistically signifi-
cantly lower than values obtained in full extension and neu-
tral rotation (P < 0.001).

Knee in flexion and internal/external rotation

The TT–TG measured in specimen in 30° flexion and 
maximal internal rotation was statistically significantly 
lower than values obtained in neutral rotation (P < 0.001) 
(Table 1). The correlation between the amount of internal 
rotation and decrease in TT–TG distance was very strong 
and statistically significant (Pearson correlation r = 0.948; 
P < 0.001). The TT–TG measured in 30° flexion and 
maximal external rotation was statistically significantly 
higher than values obtained in neutral rotation (P < 0.001) 
(Table. 1). The correlation between the amount of external 
rotation and increase in the TT–TG was strong and statisti-
cally significant (Pearson correlation r = 0.861; P < 0.001).

The mean difference in TT–TG between the highest 
value in full extension/ER and lowest value in 30° flexion/
IR in the same subject was 8.2 mm (SD 3.8, range, 2.1–
15.4) (Fig. 3).

Discussion

The most important findings of the present study were:

First, flexion decreases the TT–TG distance significantly 
compared to knee extension.

Second, rotation of the femur in relation to the tibia 
alters the TT–TG significantly.

Patellar instability is a common entity with many dif-
ferent radiographic measures used to assess its severity. In 
1978, Goutallier [14] described the TT–TG on normal axial 
X-rays at 30° of flexion. This is originally based on knee 
radiographs but is now more commonly measured using 
computed tomographic (CT) images by superimposing two 
axial CT slices or scrolling through them (Fig. 1) [22]. A 
high TT–TG value is thought to indicate lateralization of 
the tibial tuberosity and is associated with patellar instabil-
ity [2, 3, 8, 11].

Several studies discuss the excellent reliability and 
reproducibility of this measurement, but a large variation 
of norm values is reported [32]. A distance of 20 mm or 
more is considered to be pathological, and realignment 
procedures are proposed [8, 32]. The outcome can also be 
measured postoperatively [5, 11, 19].

However, several papers raise concerns regarding the 
reliability of the TT–TG measurement and whether patel-
lar instability should be managed based on it [4, 9, 12, 18, 
21, 27]. In a healthy study population, a mean TT–TG of 
13.6 ± 8.8 mm is considered to be normal [1, 10]. Koëter 
et al. [19] and Balcarek et al. [2] suggest a threshold dis-
tance of 15 mm. Even so, this distance still can be asso-
ciated with femoro-patellar problems [28]. In Schoettle’s 
[28] study, 10 out of 12 patients have a history of patellar 
instability and two an anterior knee pain syndrome with a 
TT–TG of 14.4 ± 5.4 mm in the CT scan or 13.9 ± 4.5 mm 
in the MRI. This makes the TT–TG an inconsistent value.

Nevertheless, an unreliable TT–TG measurement caused 
by different knee angles or internal or external rotation of 
the tibia during imaging could be responsible for the wide 
range of inter-individual values and different thresholds in 
the literature.

Therefore, we hypothesized that different positions of 
the same knee will deliver different TT–TG measurements.

The tibia is not a cylindrical structure, and screw-home 
mechanism is well described as the final internal rotation 
of the femur in extension [15, 20]. Although this mecha-
nism might not play a too important role during walking 
[17, 26], in passive motion of the knee, it is highly likely 
to affect the measurement of TT–TG [10, 18]. CT scans for 
the measurement of the TT–TG are not fully standardized 
in terms of lower leg positioning, thus making studies dif-
ficult to compare. In our study, the TT–TG increased sig-
nificantly in extension compared to a flexed knee. In some 
cases, this would imply relevant therapeutic consequences.

The knees rotation increases during flexion up to more 
than 35° in external and about 25° of internal rotation at 
90° of flexion [31]. In presence of a postero-lateral lesion, 
i.e., hypermobile meniscus, this laxity can increase even 
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more to an instability of 39° in external rotation and/or 40° 
in internal rotation. [31] However, laxity of the knee is also 
assumed to decrease with age, i.e., ap-translation in chil-
dren and adolescent. [13] Therefore, knee rotation can be 
unpredictable without a concise examination and lead to a 
false TT–TG result. Our study shows hereby a clear corre-
lation between additional rotation and TT–TG.

Whilst studies clearly show that inter- and intra-relia-
bility of the TT–TG measurement is acceptable, we sug-
gest another variable, namely, the position of the knee 
whilst scans are taken. This is largely under the control of 
the patient and thus can dramatically affect the value of 
the TT–TG measurement obtained. A patient who is hav-
ing a routine CT scan of the knee and who is fully relaxed 
may lie with the knee slightly flexed and with an externally 
rotated tibia relative to the femur due to laxity. The pres-
ence of an undiagnosed rotational instability can increase 
and mimic a pathological TT–TG. On the other hand, a 
patient who is anxious about having the scan may keep the 
leg fully extended, engaging screw-home mechanism and 
thereby also affecting the relative rotation. Positioning of 
patients for their CT scan is as well probably to vary widely 
both within, and between different radiology departments 
and few will have strict guidelines for the knee position in 

the scanner, tending likely to let the patient lie in as com-
fortable position for them as possible. Depending on the 
positioning of knee, differences of up to 15.4 mm in the 
TT–TG were measured in the same subject in our speci-
mens. As a consequence, a normal TT–TG could be inter-
preted as pathological and vice versa.

Therefore, a TT–TG measurement without a standard-
ized protocol during image acquisition to control lower leg 
rotation will not produce reliable and reproducible results.

Most patellar dislocations occur in around 20° of knee 
flexion and not in fully extended knees [29]. TT–TG is less 
in 30° of flexion compared to full extension. Therefore, 
Goutallier [14] proposes that a standardized measurement 
should probably be done in 30° of knee flexion. Neverthe-
less, Dejour notes that a measurement in full extension will 
provide more reliable results than in flexion [7, 8, 25]. In our 
study, rotation varied more in 30° flexion than in extension. 
At first sight, this makes a measurement in extension more 
reliable. In an extended knee, rotation varied less in inter-
nal than in external rotation. Therefore, rotation is best con-
trolled in extension an internal rotation. On the other hand, 
TT–TG varies greater in extension than in flexion. Conse-
quently, our data allow no concise suggestion how to meas-
ure TT–TG. However, we believe that controlling rotation is 

Fig. 3  Box-plots of measure-
ments of the TT–TG on a mil-
limetre scale in different posi-
tions: Knee joint fully extended 
(Full Extension), knee joint in 
30° of flexion (30° Flexion), 
internal (IR), neutral (Neutral), 
and external (ER) rotation
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the most important factor thus making the measurement in 
extension and internal rotation the most reliable one.

Based on these assumptions, a concise standard oper-
ating protocol for patient positioning, including foot, is 
needed for a reliable image acquisition for TT–TG, con-
sidering and controlling all possible determining factors. 
Based on this protocol, new norm values have to be elabo-
rated for further assessments.

This study has limitations. It was performed with forma-
lin-fixed cadavers. The tissues in these tend to be hard and 
immobile. Despite formalin fixation and restricted guid-
ance, these cadavers showed at least almost a physiological 
kinematic as described in a previous study [24].

The degree of rotation was not standardized and varied 
widely amongst the cadavers. Rotational issues are not part 
of any TT–TG measurement protocol in previous studies. It 
can be assumed that rotation also varies widely in normal 
patients.

Creating 3D models out of CT scans and importing them 
to a visualization software is not a standard procedure for 
measuring TT–TG. However, this step allowed us to always 
have comparable variables.

Conclusion

Flexion as well as rotation of the knee joint significantly 
alters the TT–TG.

These results may have wider clinical relevance in 
assessing TT–TG and further decisions based on it. Since 
testing the knee’s ligamentous laxity or instability is part 
of the clinical evaluation, this information should be 
taken into account when assessing the TT–TG distance. 
It may influence decision making regarding realignment 
procedures.
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of interest.
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