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Abstract
Purpose The correlation between tibial tuberosity-trochlear
groove distance (TT-TG) and joint size, taking into account
several different parameters of knee joint size as well as lower
limb dimensions, is evaluated in order to assess whether TT-TG
indices should be used in instead of absolute TT-TG values.
Methods This study comprised a retrospective analysis of
knee CT scans, including 36 cases with patellofemoral insta-
bility (PFI) and 30 controls. Besides TT-TG, five measures of
knee joint size were evaluated in axial CTslices: medio-lateral
femur width, antero-posterior lateral condylar height, medio-

lateral width of the tibia, width of the patella and the proximal-
distal joint size (TT-TE). Furthermore, the length of the femur,
the tibia and the total leg length were measured in the CT
scanogram. Correlation analysis of TT-TG and the other pa-
rameters was done by calculating the Spearman correlation
coefficient.
Results In the PFI group lateral condylar height (r = 0.370),
tibia width (r = 0.406) and patella width (r = 0.366) showed
significant moderate correlations (p < 0.03) with TT-TG.
Furthermore, we found a significant correlation between TT-
TG and tibia length (r = 0.371) and total leg length (r = 381).
The control group showed no significant correlation between
TT-TG and knee joint size or between TT-TG and measures of
lower limb length.
Conclusions Tibial tuberosity-trochlear groove distance cor-
relates with several parameters of knee joint size and leg
length in patients with patellofemoral instability. Application
of indices determining TT-TG as a ratio of joint size could be
helpful in establishing the indication for medial transfer of the
tibial tuberosity in patients with PFI.
Level of evidence Level III

Keywords Knee . Patella . Patellofemoral . Patellofemoral
instability . Tt-TG

Introduction

Patellofemoral instability (PFI) linked to pathological tibial
tuberosity-trochlear groove distance (TT-TG) can be surgical-
ly addressed by medial transfer of the tibial tuberosity. Dejour
et al. described increased TT-TG as one main risk factor for
the development of PFI in addition to trochlear dysplasia,
quadriceps dysplasia and patella alta [1]. The threshold indi-
cating operative treatment was set at a TT-TG of more than
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20 mm [1]. However, this absolute value does not respect the
measurements of the individual joints. Hingelbaum et al. hy-
pothesized that a TT-TG distance of more than 20 mm in a
large knee may have a much smaller pathological impact on
patellofemoral alignment than in a smaller knee [2].
Therefore, recent literature has introduced various indices
evaluating TT-TG as a ratio of joint size: the TT-TG/TT-TE
ratio expresses TT-TG in relation to the proximal-distal joint
size [2] and the TT-TG/femur width ratio in relationship to the
medio-lateral width of the distal femur [3, 4]. Also, Camp
et al. studied a patellar instability ratio in order to individualize
the TT-TG distance. They reported that TT-TG divided by
trochlea width and patella width more effectively predict re-
current instability than the TT-TG distance alone [5].

The mentioned indices are based on the assumption that the
pathological impact of TT-TG is influenced by the prevailing
proportions of the knee and the patellofemoral joint and that
TT-TG positively correlates with the joint size, in other words
that an increase in joint size produces an increase in TT-TG.
However, three recent studies investigating the correlation be-
tween TT-TG and the medio-lateral width of the distal femur
did not find such a correlation [3, 4, 6]. Consequently, the
questions, whether TT-TG indices should be used instead of
absolute TT-TG values, remains to be answered.

Therefore, the aim of the present study was to evaluate the
correlation between TT-TG and joint size with a more differ-
entiated three-dimensional approach, while taking into account
several different parameters of knee joint size as well as lower
limb dimensions in patients with PFI and a control group with
stable patellofemoral joints. It was hypothesized that:

1) TT-TG significantly correlates with parameters of joint
size in a PFI population (H1)

2) TT-TG significantly correlates with parameters of leg
length in a PFI population (H2)

3) TT-TG significantly correlates with parameters of joint
size in a control population (H3)

4) TT-TG significantly correlates with parameters of leg
length in a control population (H4)

Patients and methods

After being approved by the ethics committee of our medical
university a retrospective analysis of all lower limb CT scans
available in our hospital’s digital patient archiving system be-
tween August 1996 and February 2013 was performed. This
covered a total of 560 multislice CTs of lower limbs per-
formed in a helical scan technique, without contrast media.
The radiologic examinations with a 2.5-mm slice thickness
were conducted at the level of the hips, knees and ankles
including a CT scanogram of the lower limbs. The patients

were scanned in the supine position with the knee fully ex-
tended; 378 CT scans of patients with previous operations or
fractures in the region of interest were excluded from this
study. Of the remaining 182 cases, all cases with
patellofemoral instability were included. These were 36 cases
which had a history of at least one patella dislocation and were
designated the PFI group. Furthermore, another 30 cases with-
out history of patellofemoral instability were randomly select-
ed from the data base to be included in this study. These 30
cases had deformities, mainly posttraumatic, on one leg and
the measurements were done on the contralateral healthy side.

To evaluate the joint proportions five values were measured
in axial CT slices (Fig. 1). The medio-lateral femur width and
antero-posterior lateral condylar height were measured on the
slice 5 mm distal to the first cut on which the trochlea was fully
visible, as described by Biedert and Bachmann [7]. The medio-

Fig. 1 Measures of joint size on axial CT slices: (a) medio-lateral femur
(mlF) width and antero-posterior lateral condylar height (apF), (b) medio-
lateral width of the proximal tibia (T), (c) width of the patella (P)
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lateral width of the tibia was measured in a manner similar to
that for the width of the femur on the slice with the greatest tibia
width proximal to the tibiofibular joint. The width of the patella
was measured along the patella axis in the slice where the
patella showed its greatest width. Similar to Hingelbaum
et al. [2] the proximal-distal joint size (TT-TE) was determined
as the proximal-distal distance between the entrance of the
chondral trochlear groove on the first slice where the trochlea
was fully visible (TE) and the complete onset of the patella
tendon at the tibial tubercle (TT), which was calculated by
multiplying the number of slices by the slice thickness.

Furthermore, as a reference for patient size, femur length
(FL; distance between the superior aspect of the femoral head
and the distal portion of the medial femoral condyle), tibia
length (TL; distance between the medial tibial plateau and
the tibial plafond) and total leg length (LL; distance between
the superior aspect of the femoral head and the tibial plafond)
were measured in the CT scanogram (Fig. 2) [8, 9].

To evaluate TT-TG first a tangent to the posterior condylar
cortices was drawn. Then a line perpendicular to the posterior
condylar line was drawn passing through the deepest point of
the trochlear groove on the slice 5 mm distal to the first cut
with full visibility of the trochlea. The trochlea line was trans-
ferred to the most cranial slice, on which the patellar tendon
was completely in contact with the tibial tubercle. The dis-
tance perpendicular from the trochlea line to the middle of
the tibial tubercle was measured (TT-TG) [10, 11].

All quantitative values were measured by two investigators
and the mean was used for further analysis. To evaluate the
inter-observer agreement ICC was calculated and graded ac-
cording to Landis and Koch [12], who characterized values <0
as indicating no agreement and 0–0.20 as slight, 0.21–0.40 as
fair, 0.41–0.60 as moderate, 0.61–0.80 as substantial, and
0.81–1 as almost perfect agreement.

The statistical analysis was performed using SPSS v.18.0
(IBM Corp., USA) and Prism v. 6 (GraphPad Software, CA,
USA). The values were tested for normal distribution using the
D’Agostino-Pearson normality test. As not all parameters with-
in the subgroups passed this test, further correlation analysis
was done with the Spearman correlation coefficient.
Correlation strength was defined as follows: 0.0 ≤ r ≤ 0.2: weak
correlation; 0.2 ≤ r ≤ 0.5: moderate correlation; 0.5 ≤ r ≤ 0.8:
strong correlation; 0.8 ≤ r ≤ 1.0: very strong correlation [13].
The level of significance was set at p < 0.05. Differences in TT-
TG and TT-TG indices in the PFI and the control group were
assessed with the Kolmogorov-Smirnov test.

Results

Thirty-six PFI cases (mean age, 24.5 ± 5.3 years; range, 14.9–
33.9 years) were compared with 30 controls (mean age,
24.8 ± 8.4 years; range, 15.1–45.39 years). The descriptive

Fig. 2 Measurement of lower limb length in CT scanogram. FL femur
length, TL tibia length, LL leg length
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statistics for the parameters investigated are listed in Table 1.
The ICC of all radiologic parameters was at least 0.9 and
therefore classified as an almost perfect intra-rater agreement,
according to the grading of Landis and Koch [12] (Table 1).

In the PFI group lateral condylar height (r = 0.370), tibia
width (r = 0.406) and patella width (r = 0.366) showed sig-
nificant moderate correlations (p < 0.03) with TT-TG
(Table 2). Furthermore, we found a significant correlation be-
tween TT-TG and tibia length (r = 0.371) and total leg length
(r = 0.381).

Analysis of the control group revealed no significant cor-
relation between TT-TG and knee joint size. Similarly, no
significant correlations between TT-TG and lower limb length
were observed.

Additional exploratory analyses, not linked to our primary
hypotheses, showed significantly strong to very strong corre-
lations (r ≥ 0.586, p < 0.01) among all measures of individual
knee joint size in the whole study population. Furthermore,
these measurements showed significantly strong to very
strong (r ≥ 0.540, p < 0.01) correlations with the length of
the femur, the length of the tibia and total leg length.

We found significant differences in the TT-TG and the TT-
TG indices between the PFI and the control group (Table 3).
The p-values for the indices of TT-TG divided by femur
width, lateral condylar height, tibia width and patella width
were lower than for absolute TT-TG values.

Discussion

The most important findings made in this study were that in
individuals with PFI, TT-TG correlated with several parame-
ters of knee joint size (H1) and with parameters of leg length
(H2). In control subjects TT-TG did not show a significant
correlation with any of the investigated parameters of joint
size (H3) or leg length (H4). Consequently, the study

hypothesis was deemed confirmed in the PFI group but not
in the control group.

Our observations partially confirm previous studies, but
also give new insights into the anatomical features of the knee
joint in patients with PFI. Similar to the findings in our control
group, three previous studies did not observe any significant
correlation between TT-TG and the width of the distal femur
[3, 4, 6]. However, Dornacher et al. did not find a correlation
between TT-TG and femur width in their PFI group either and
therefore concluded that TT-TG has to be considered a very
individual parameter in knee realignment surgery [6]. While
Pennock et al. and Dornacher et al. assessed the
interepicondylar distance as a measure of medio-lateral femur
width, Balcarek et al. applied a similar measurement method
as used in the present study (Fig. 1) [3, 4, 6]. However, those
studies did not assess other parameters of joint size. Only
Pennock et al. reported that TT-TG was found to increase as
a function of body height (r = 0.14) and therefore indicated
that there is some evidence for an interaction between TT-TG
and individual size [4]. Similarly, we also observed significant
correlations between the TT-TG and the length of the tibia as
well as the leg.

The present study investigated joint size in three dimen-
sions. Additional to medio-lateral femur width, four other pa-
rameters evaluating joint size were also investigated in our
study: lateral condylar height, medio-lateral width of the tibia,
width of the patella and proximal-distal joint size (TT-TE). By
applying this multidimensional approach to the evaluation of
individual knee size, the analysis revealed significant correla-
tions between TT-TG and antero-posterior lateral trochlea
height, width of the tibia and width of the patella in the PFI
group. From our data we cannot support the above-mentioned
conclusion drawn by Dornacher et al. [6] and think that indi-
vidual joint size should be taken into account in realignment
surgery of the knee.

Our exploratory analysis showed significant correlations
between joint size and leg length as well as between femoral

Table 1 Descriptive statistics of the parameters found in the patellofemoral instability (PFI) and control groups

Measurement PFI mean ± SD (range) Control mean ± SD (range) Interrater agreement (ICC)

Medio-lateral femur width 75.5 ± 6.6 (65.4–88.9) 80.8 ± 6.4 (70.1–94.0) 0.991++ (0.984–0.995)

Antero-posterior lateral trochlea height 61.4 ± 4.8 (50.4–72.2) 64.2 ± 4.4 (53.3–71.9) 0.971++ (0.945–0.983)

Medio-lateral tibia width 72.4 ± 6.1 (62.9–84.0) 76.8 ± 5.5 (68.6–89.0) 0.992++ (0.974–0.996)

Patella width 39.5 ± 3.7 (31.0–45.9) 43.6 ± 4.0 (38.2–52.5) 0.988++ (0.968–0.994)

Proximal-distal joint size 49.3 ± 4.1 (40.0–58.8) 52.6 ± 5.8 (42.5–62.5) 0.914++ (0.857–0.948)

Tibial tuberosity-trochlear groove distance 16.7 ± 4.3 (9.4–24.6) 12.7 ± 4.7 (4.1–22.2) 0.900++ (0.716–0.954)

Femur length 452.3 ± 28.9 (396.0–526.0) 470.7 ± 26.1 (425.5–521.5) 0.951++ (0.921–0.970)

Tibia length 359.3 ± 24.7 (302.0–396.0) 371.5 ± 24.1 (318.0–412.0) 0.994++ (0.990–0.996)

Leg length 813.9 ± 50.5 (704.0–890.0) 845.7 ± 48.2 (758.0–936.0) 0.996++ (0.994–0.998)

Values are given in millimeters. Data given as: mean ± SD (range) and interrater agreement of the radiologic measurements in the whole study
population, with data given as: ICC (95% confidence interval). ICC were graded according to Landis and Koch [12]: (++ ) Balmost perfect^

998 International Orthopaedics (SICOT) (2018) 42:995–1000



and tibial length. This is in accordance with the data of
Dornacher et al., who also found a strong correlation between
medio-lateral femur width and body size [6]. Furthermore, we
observed significant correlations among all parameters used
for knee joint size evaluation.

With regard to the question of clinical relevance, the results
of this study support the idea of other authors of normalizing
TT-TG to individual patient size, as we observed several sig-
nificant correlations between TT-TG and parameters of joint
size and leg length in patients with PFI. It has been reported
that surgical treatment significantly reduces the risk of patellar
redislocation [14]. An increased tibial TT-TG can be surgical-
ly addressed by medial transfer of the tibial tuberosity, and
using an index instead of the absolute TT-TG value can be
helpful when indicating operative treatment. Similarly, patel-
lar height, which is also an established risk factor for PFI, is
assessed with ratios rather than a distance given in millimeters
[15]. While Pennock et al. suggested to normalize TT-TG to
patient height [4], Hingelbaum et al. recommended to evaluate
TT-TG in relation to the proximal-distal joint size [2] and
Camp et al. in relation to patella or tibia width [5]. As we
found the strongest correlation between TT-TG and tibia
width, the ratio of TT-TG divided by tibia width could be a
promising parameter for clinical use. Furthermore, tibia width
can be easily assessed in CTscans used tomeasure TT-TG and
no further radiologic examination are needed, as it would be
the case when evaluating leg length. However, further studies
are needed to determine standard values that can be applied as

a threshold between physiological variances of TT-TG dis-
tance and pathological increased values leading to PFI.

This study has some limitations that deserve mention,
which can also be taken as suggestions for future studies.
This was a retrospective analysis in which the observer was
not blinded to the allocation of patients to the control or the
PFI group, as in the PFI group morphologic findings in the
knee joint were apparent. Inclusion of clinical outcome data
(e.g. patellofemoral questionnaire) would have been of fur-
ther interest. Using CT scans permitted very accurate evalu-
ation of the bony morphology, which was the main intention
of this study. This approach, however, prevented us from
investigating other factors influencing the stability of the
patellofemoral joint, which is a complex system also com-
prised of passive (retinacula) and active (muscles) soft tis-
sues. Furthermore, the number of patients included was too
small to determine standard values for women and men, that
can be applied as a threshold between physiological vari-
ances of TT-TG indices and pathological TT-TG indices.
Despite these limitations this study provides new scientific
knowledge, as for the first time the correlations between TT-
TG and total leg length as well as length of femur and tibia
were determined and a multidimensional approach to knee
joint size evaluation was conducted. As significant correla-
tions were found between TT-TG and several parameters of
knee joint size, further studies should be done to set up
standard values for a TT-TG index that can be used in clin-
ical practice.

Table 2 Summary of the
correlation analysis between the
tibial tuberosity-trochlear groove
(TT-TG) distance and parameters
describing the joint size in the
group of patients with
patellofemoral instability (PFI)
and the control group

Measurement PFI TT-TG Control TT-TG

Medio-lateral femur width 0.311 (p = 0.065) −0.117 (p = 0.539)

Antero-posterior lateral trochlea height 0.370* (p = 0.026) 0.008 (p = 0.966)

Medio-lateral tibia width 0.406* (p = 0.014) −0.131 (p = 0.489)

Patella width 0.366* (p = 0.028) −0.239 (p = 0.203)

Proximal-distal joint size 0.163 (p = 0.342) −0.202 (p = 0.284)

Femur length 0.325 (p = 0.053) 0.197 (p = 0.297)

Tibia length 0.371* (p = 0.026) 0.152 (p = 0.423)

Leg length 0.381* (p = 0.022) 0.239 (p = 0.204)

Values represent Spearman correlation coefficient; p-values with asterisks mark significant values (p < 0.05)

Table 3 Differences between tibial tuberosity-trochlear groove (TT-TG) distance and calculated TT-TG indices found in the PFI and the control group

Measurement PFI mean ± SD (range) Control mean ± SD (range) p-value

TT-TG 16.7 ± 4.3 (9.4–24.6) 12.7 ± 4.7 (4.1–22.2) 0.012

TT-TG divided by medio-lateral femur width 0.22 ± 0.06 (0.14–0.33) 0.16 ± 0.06 (0.05–0.27) 0.011

TT-TG divided by antero-posterior lateral trochlea height 0.27 ± 0.07 (0.17–0.39) 0.2 ± 0.07 (0.06–0.34) 0.005

TT-TG divided by medio-lateral tibia width 0.21 ± 0.06 (0.15–0.34) 0.17 ± 0.06 (0.05–0.29) 0.09

TT-TG divided by patella width 0.42 ± 0.1 (0.25–0.6) 0.3 ± 0.11 (0.08–0.55) 0.003

TT-TG divided by proximal-distal joint size 0.34 ± 0.09 (0.19–0.54) 0.25 ± 0.09 (0.07–0.4) 0.021

Data are given as mean ± SD (range). P-values calculated with Kolmogorov-Smirnov test. P-values in bold text indicate statistical significance
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Conclusion

Tibial tuberosity-trochlear groove distance correlates with
several parameters of knee joint size and leg length in patients
with patellofemoral instability. Application of indices deter-
mining TT-TG as a ratio of joint size could be helpful in
establishing the indication for medial transfer of the tibial
tuberosity in patients with PFI.
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