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Abstract

Purpose The tibial tubercle—trochlear groove distance (TT-TG) is an established measurement to assist diagnosis and treat-
ment of patellofemoral instability. However, little is known about the distribution of TT-TG in osteoarthritic knees. The
purpose of the current study is to investigate the TT-TG in a large cohort of osteoarthritic knees and to analyse, in particular,
the association of knee alignment and TT-TG.

Methods Data from 962 consecutive patients [455 male, 507 female; mean age + SD 70.8 + 9.3 (37-96)] who had undergone
3D-CT and preoperative knee planning with validated commercial 3D planning software before total knee arthroplasty (TKA)
were collected prospectively. The TT-TG, coronal hip knee ankle angle (HKA), femoral anteversion (AVF), external tibial
torsion (ETT), and femorotibial rotation (Rot FT) were analysed. Pearson correlations were performed to assess correlations
between TT-TG, mechanical axis, and rotational parameters (p < 0.05).

Results HKA showed a strong correlation with TT-TG (r=0.488; p <0.001) with 98 (67.1%) and 45 (30.8%) of valgus knees
having respective abnormal and pathological TT-TG values. There were no significant correlations between parameters of
rotational alignment (AVF, ETT, Rot FT) and TT-TG. Mean TT-TG was 12.9 + 5.6 mm, ranging from 0.0 to 33.7 mm. 325
(33.8%) of all patients had abnormal (> 15 mm) and 101 (10.5%) had pathological (>20 mm) values. A varus alignment
was present in 716 (74.4%) of the cases (HKA < —1.5°), a neutral alignment in 100 (10.4%), and a valgus alignment in 146
(15.2%) (HKA > 1.5°).

Conclusion A wide variation of TT-TG values in osteoarthritic knees was shown by our results. There was a relevant influ-
ence of coronal limb alignment on the TT-TG—the more valgus the higher and more pathological the TT-TG. With the aim
of having a more personalised TKA, the individual TT-TG should be taken into account to improve the outcome.

Level of clinical evidence III. Retrospective cohort study.

Keywords Patellofemoral joint - PFJ - TT-TG - Tibial tubercle - Trochlear groove - Knee - Alignment - Anatomy -
Functional bone phenotypes

Introduction

A well-established and reliable measurement to assess patel-
lar maltracking radiographically is the distance between the
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are considered as, respectively, abnormal and pathological
[1,2,7,17].

While many prior studies have identified pathological
TT-TG distances in patients with a history of patellar dis-
locations and anterior knee pain [6], the potential role and
prevalence of this parameter in patients with osteoarthritic
knees is unclear. However, measuring individual TT-TG
might be an important parameter in preoperative planning
of total knee arthroplasty (TKA) to reduce anterior knee pain
and improve outcome by, e.g., reducing lateral patellofemo-
ral joint contact pressure and increasing patellar stability.
Considering the TT-TG distance which could support deci-
sion-making as far as the surgical approach, a tibial tubercle
osteotomy to realign patellar tracking or rotational position-
ing of the tibial component [4] is concerned. To address this
gap in understanding, the present study was conducted using
3D-CT data to quantify coronal and rotational limb param-
eters in osteoarthritic knees. The primary aim of this study
was to analyse the distribution of the TT-TG in a large col-
lective of osteoarthritic knees, in particular the association
of coronal knee alignment and the TT-TG. The hypothesis
was that there is higher prevalence of pathological TT-TG
values in osteoarthritic valgus knees compared to osteoar-
thritic varus knees.

Materials and methods

Prospectively collected data from 962 consecutive patients
who underwent 3D reconstructed CT scans before TKA
were used for this retrospective registry study. Data were
routinely collected for patient-specific instrumented TKA
from Symbios, Yverdon les Bains, Switzerland. The preop-
erative anatomy of all patients, 455 men and 507 women,

and mean age 70.9 + 9.3 years (range 37-96 years) were
analysed.

The CT protocol was modified according to the Impe-
rial Knee Protocol, which is a low-dose CT protocol that
includes high resolution 0.75 mm slices of the knee and
3 mm slices of the hip and ankle joints [13]. The proto-
col minimises radiation exposure by scanning only relevant
regions and only the primary joint of interest is scanned in
high resolution.

All measurements were done using Symbios® 3D knee
preoperative planning’s software (Symbios, Yverdon les
Bain, Switzerland). This software has been validated by the
company and is used for planning TKA as proprietary soft-
ware. The same trained engineer with more than 10 years’
experience in this field took all the measurements. The
measurements are all within 1°. Inter- and intra-observer
reliability of the software has been previously reported
as excellent [10]. Patients underwent CT of the leg in full
extension. TT-TG has been shown to vary significantly
depending on the degree of knee flexion, decreasing by
approximately 6 mm from 5° to 30° of flexion [25]. We,
therefore, excluded patients with a flexion contracture prior
to analysis to eliminate this bias. The TT-TG was measured
from the prominence of the tibial tuberosity to the deep-
est point of the trochlear groove in line with the posterior
condylar axis (Fig. 1). A TT-TG distance of 15-20 mm
was classified as abnormal and distances > 20 mm were
defined as pathological [1, 2, 7, 17]. The hip—knee—ankle
angle (HKA) was measured as a line connecting the femoral
head centre, the knee centre, and the ankle centre. The HKA
was categorized between < 13.5° varus to > 7.5° valgus in
three degree increments. Neutral alignment was defined
between — 1.5° varus and 1.5° valgus. Femoral anteversion
(AVF) was determined as the angle between the axis of the

Fig. 1 Measurement of TT-TG on CT data as done in this study. a
Axial CT scan of the left knee at the level of the femoral epicondyles,
showing the perpendicular line meeting the tangent to the posterior
condyles and extending through the deepest aspect of the TG. b Axial
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Table 1 Descriptive statistics of

Age
parameters measured (N=962)

TT-TG

AVF ETT HKA Rot FT

Mean + SD

Minimum

70.8+9.3
37

Maximum 96

12.9
0.0
33.7

+5.6 13.5+7.6
0.0

45.2

29.2 +8.7
1.2
60.2

—44+55
—-22.8
14.5

—-47+29
0.0
22.3

Table 2 Descriptive statistics of
categorized TT-TG distance in

HKA coronal

TT-TG distance categorised

Total

relation to HKA Normal

Abnormal (> 15) Pathological (> 20)

Varus (>1.5°)
Neutral position
Valgus (>1.5°)
Total

543
46
48

637

75.8%
46.0%
32.9%
66.2%

135
36
53

224

18.9%
36.0%
36.3%
23.3%

38
18
45
101

5.3%
18.0%
30.8%
10.5%

716
100
146
962

100.0%
100.0%
100.0%
100.0%

femoral head and neck with the transepicondylar femoral
axis with positive values between the femoral neck and the
distal femur axis indicating antetorsion and negative values
indicating retrotorsion. External tibial rotation (ETT) was
determined as the angle between the mediolateral axis of
the tibia and the transmalleolar axis with positive angles
indicating external rotation and negative values indicating
internal rotation. Femorotibial rotation (Rot FT) was deter-
mined as the angle between the transepicondylar femoral
axis and the mediolateral axis of the tibia with positive val-
ues indicating external tibial rotation and negative values
indicating internal tibial rotation. Furthermore, the femoral
size was measured. Parameters measured were displayed as
mean, standard deviation (SD), and range. In addition, the
parameters were shown as percentages after categorization.

Approval was obtained from the local ethics committee
(Ethikkommission Nordwest- und Zentralschweiz, Project
ID 2018-00223). All procedures performed were in accord-
ance with the ethical standards of the institutional and/or
national research committee and with the 1964 Declaration
of Helsinki and its later amendments or comparable ethical
standards. Informed consent was obtained from all individ-
ual participants included in the study.

Statistical analysis

Pearson correlations were used to investigate the correla-
tion of HKA and TT-TG as well as AVF, ETT, Rot FT, and
TT-TG. The post hoc analysis using G*Power, version 3.1.9
(University of Kiel, Germany) tested that, for the given N of
962, a correlation of r=0.11 (r*=1.2%) can be found with
a power of 90%. A statistical effect of 1.2% is very small
and it was, therefore, concluded that the sample size was
sufficient for the scientific question. All data were analysed
by an independent professional statistician using IBM SPSS
Statistics for Windows, version 24.0 (Armonk, NY: IBM
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Fig.2 Categorised distribution of HKA among the different knees
showing a variation from more than 13.5° varus to more than 7.5°
valgus

Corp, USA.). p values were two-sided and considered sta-
tistically significant if smaller than 0.05.

Results

Mean values and standard deviations of age and limb coronal
and rotational alignment parameters are listed in Table 1.
There were 455 (47.3%) male and 507 (52.7%) female
patients. 224 (23.3%) of all patients had abnormal (> 15 mm)
and 101 (10.5%) had pathological (>20 mm) TT-TG values
(Table 2). TT-TG had a highly variable distribution (Figs. 2,
3). A varus alignment was present in 716 (74.4%) of the
cases (HKA < —1.5°), a neutral alignment in 100 (10.4%)
(HKA > —1.5° and < 1.5°), and a valgus alignment in 146
(15.2%) (HKA > 1.5°). HKA showed a strong correlation
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Fig.4 Graph showing positive correlation between HKA and TT-
TG. The more the valgus, the higher the TT-TG

with TT-TG (r=0.488; p<0.01) with 53 (36.3%) and 45
(30.8%) of valgus knees having respective abnormal and
pathological TT-TG values (Table 2; Fig. 4). Therefore, 98
(67.1%) of valgus aligned knees have TT-TG values that
are considered as not normal. With a valgus alignment of
>7.5° 50% of knees have pathological TT-TG values, while
a varus alignment of < 10° is never associated with patho-
logical values. TT-TG increases 0.5 mm per degree increase
in valgus malalignment (Fig. 4). Regarding possible rela-
tions between rotational alignment (AVF, ETT, and Rot FT)
or femoral and tibial size and TT-TG distance, there were no
significant correlations of the parameters tested (Tables 3,
4).

@ Springer

Table 3 Pearson correlations of AVF, ETT, HKA, Rot FT, and femo-
ral size by TT-TG

AVF ETT HKA Rot FT Femoral size
TT-TG  0.10™ 021" 049"  0.07* 0.07*
*p<0.05, ¥*p <0.01, ***p <0.001
Table4 TT-TG by varus—valgus
HKA coronal TT-TG

N Mean + SD Minimum Maximum

Varus (<—1.5°) 716 11.7+5.2 0.0 32.9
Neutral position 100 15.7 +5.1 0.4 26.8
Valgus (> 1.5°) 146 173 +5.3 5.7 33.7
Total 962 129 +5.6 0.0 33.7
Discussion

The most important finding of the present study was the
highly variable distribution of the TT-TG with a similar
incidence of pathological values in osteoarthritic knees
compared to values for healthy volunteers [1, 17]. This is
the first study describing the TT-TG distribution in a large
cohort of patients with osteoarthritis; thereby, our findings
give new insight into the anatomical features and variable
morphology of the osteoarthritic knee joint. 224 (23%)
patients with end-stage osteoarthritis scheduled for TKA
had abnormal and 101 (10%) had pathological TT-TG
distances. The findings of the current study would sup-
port the constant preoperative measurement of the TT-TG,
as it is supposed that considering the individual anatomy
and phenotypes of each knee more precisely, which can
improve outcome after TKA. A literature search revealed
only two studies with relatively small sample sizes, ana-
lysing the TT-TG in osteoarthritic knees. Recently, Sahin
et al. [19] published a study in which they measured
and compared the TT-TG in patients with and without
tibiofemoral osteoarthritis on MRI. One hundred and
two patients had minimal or no osteoarthritis (Kellgren
Lawrence osteoarthritis grade <2) and 71 patients had
advanced osteoarthritis (Kellgren Lawrence osteoarthritis
grade > 2). No statistically significant difference between
groups with TT-TG values of 8.7 + 3.8 and 7.9 + 3.4 was
found, and it was argued that TT lateralization seems to
be variable. Considering the different imaging methods,
these results are in line with our findings. Hatayama et al.
[12] compared the TT-PCL in 36 valgus and 40 varus
aligned osteoarthritic knees on CT scans; this is a newer
measurement described by Seitlinger et al. [21] to quantify
true lateralization of the tibial tubercle. TT-PCL values
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differed significantly with 26.1 (18.2-36.8) and 17.2 mm
(10.3-22.6) for respective valgus and varus, which is in
line with our findings (17.3 + 5.3 and 11.7 + 5.2 for valgus
and varus). In contrast to our results, the TT-PCL and,
therefore, the true lateralization of the tibial tubercle did
not increase with increasing valgus. The authors suggested
that tibial tubercle lateralization and hypoplasia of the pos-
terolateral femoral condyle might be congenital anomalies
and predispose to developing valgus osteoarthritis. On the
other hand, our results might also be a secondary phenom-
enon due to cartilage wear and collapse of the medial or
lateral joint space or mediolateral subluxation of the femur
in regard to the tibia as seen in osteoarthritic knees [15].
As little longitudinal data exist and we do not know the
natural history of the valgus knee with a lateralised TT,
the relevance of the TT position for the onset of valgus
osteoarthritis currently remains unclear.

Another important finding of the present study was the
strong correlation between TT-TG and coronal limb align-
ment with a higher prevalence of pathological TT-TG values
in valgus osteoarthritic knees compared to varus osteoar-
thritic knees. The results of the present study showed that
more than two-thirds of valgus aligned knees had pathologi-
cal TT-TG distances. Furthermore, there was a continuum.
The more pronounced the valgus, the higher the TT-TG dis-
tance; two degrees increase in valgus lead to 1 mm increase
in TT-TG distance. On the other hand, a varus alignment
of > 10° was never associated with pathological values.
Another interesting finding was that 38 (5%) of varus and
18 (18%) of neutrally aligned knees also had pathological
TT-TG distances (Fig. 5). It is important to notice this,
because, with coronal realignment during TKA in a valgus
situation, you could argue that TT-TG distance is “brought
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Fig.5 Graph showing that 5% of varus and 15% of neutrally aligned
knees also had pathological TT-TG distances

back to normal”, but, in at least 20% coronally neutral or
varus aligned knees, the TT-TG would not change or even
increase during TKA. The clinical relevance of our finding
is that any valgisation of coronal alignment in TKA will
increase the TT-TG and, therefore, increase lateral patel-
lofemoral joint contact pressure [24]. This should be con-
sidered during individual preoperative planning for TKA.

A literature search revealed a small number of studies,
showing the effect of varus/valgus on TT-TG. Yao et al.
[28] found an increase of 38% in the TT-TG distance with
5° of simulated valgus and a decrease of 51% with 5° of
varus while performing MRI scans on 12 healthy subjects.
Ho et al. [14] compared TT-TG distances on CT and MRI
scans of 59 patients with a special focus on patient position-
ing and found that knees were positioned in varus on the
MRI compared to the CT examination, resulting in lower
TT-TG values.

As it has been hypothesised that the TT-TG is influ-
enced by femoral anteversion, external tibial rotation, and
femorotibial rotation, these parameters were also analysed
in our study [7, 8, 18, 27]. A number of studies investigat-
ing rotational alignment in healthy patients using CT scans
presented similar results to our study [7, 8, 18]. No signifi-
cant correlations between rotational parameters and TT-TG
were found in the current study. Therefore, the TT-TG in the
osteoarthritic knee is mainly influenced by true lateralisa-
tion of the tibial tubercle and coronal alignment of the knee.

Considering the existing literature, in preoperative plan-
ning for TKA, the TT-TG so far has had no or only little
significance. The TT-TG distance is widely used and helpful
in selecting appropriate patients for distal patellar realign-
ment procedures in the situation of patellar instability and
may also guide operative decisions whether or not and to
what extent the tibial tuberosity should be corrected when
performing TKA. Furthermore, the surgical approach might
be planned differently if a pathological TT-TG is present,
i.e., in choosing a lateral approach and if applicable combin-
ing it with a tibial tuberosity osteotomy and thereby realign-
ing patellar tracking. Stephen et al. [24] showed, in a recent
cadaveric study, that tibial tuberosity lateralisation signifi-
cantly elevated lateral patellofemoral joint contact pressures,
increased lateral patellar tracking, and reduced patellar sta-
bility. Considering that patellar maltracking has been shown
to be associated with a high incidence of complications and
persistent pain after TKA [3, 9], it might be important to
include the TT-TG in the standard planning process to
account for the individual constitutional phenotypes.

The clinical relevance of this study is that it provides
evidence for the importance of considering the individual
TT-TG before performing TKA, recommending a preop-
erative 3D-CT scan if pathological values are suspected
clinically. As any valgisation of coronal alignment in TKA
will increase the TT-TG and may lead to worse outcome,
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realignment procedures should be considered if the TT-TG
is pathological.

Some limitations are presented in our study. First of
all, measurements were taken by a single analyst and we,
therefore, did not determine interobserver bias. However,
inter-rater reliability has been reported to be excellent,
especially for TT-TG measurement on CT scans [5], and
thus, interobserver bias was assumed to be minimal. Fur-
thermore, our cohort is quite diverse and we did not collect
any clinical information about the scanned knees, i.e., post-
traumatic situation, patella dislocation, or instability, prior
realignment procedures. Since the cohort is quite large, some
posttraumatic or postoperative situations would not be of
consequence. Inclusion of clinical outcome data would have
been of further interest.

Conclusion

In the osteoarthritic knee, the TT-TG is highly variable. Our
results show a relevant influence of coronal limb alignment
on the TT-TG in osteoarthritic knees—the more valgus the
higher and more pathological the TT-TG. With the aim of
having a more personalised TKA, the individual TT-TG
should be taken into account.
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