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Abstract

Background: The tibial tuberosity to trochlear groove (TTTG) is a well-described radiographic measurement around the knee, which 
is of clinical significance in the assessment of patients with patellar instability. The TTTG is clinically relevant when considering the 
type of surgical procedures that may be required. The purpose of this retrospective observational study was to measure the TTTG 
measurement in the black African population and to compare it to the quoted norms in the literature.

Methods: A random sample was obtained of 100 consecutive CT scans of lower limbs for vascular pathologies from black African 
patients. The TTTG was measured by a single observer on the Siemens® syngo.plaza software.

Results: CT scans of 162 knees from 88 patients met the inclusion criteria. The median age was 34 years (range 19–85 years; 
interquartile range [IQR] 24–50). The majority of cases were male (75%; n=121). The mean TTTG was 20.3 mm (standard deviation 
[SD] 16.1; range 1–29.2 mm). The mean TTTG in males was 20.7 mm (95% confidence interval [CI] 19.9–21.5 mm) and 19.1 mm (95% 
CI 17.6–20.5 mm) in females (p=0.06). There was no correlation found between age and TTTG (p=0.12).

Conclusion: According to our study, barring some limitations, it appears that there may be a noteworthy difference in the TTTG 
measurement in the black African population. Larger comparative studies would be required to confirm these findings and to determine 
the clinical relevance.

Level of evidence: Level 4
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Introduction

The tibial tuberosity to trochlear 
groove (TTTG) measurement was first 
described by Goutallier and Bernageau 
in 1978 as a radiographic measurement 
on X-rays. The measurement was 
described on the AP X-ray with the 
knee in 30° flexion and neutral rotation, 
measuring the horizontal distance 
between two vertical parallel lines 
passing through the summit of the 
tibial tuberosity and the bottom of the 
trochlear groove.1 This measurement 
is of clinical significance in the 
assessment of patella instability.2 It 
plays a pivotal role when deciding on 
the need for surgery.2 

The TTTG has been widely 
researched in the Western world using 
various modalities of imaging such 
as X-rays, computerised tomography 
(CT) scans and magnetic resonance 
imaging (MRI).3-5 In most studies, the 
normal TTTG measurement is less than 
15 mm.6-10 The literature also suggests 
that in cases with a TTTG above 
20 mm, a bony surgical procedure 
(e.g. medialising osteotomy of tibial 
tuberosity) should be considered in 
addition to the soft tissue realignment 
or stabilising procedures.6,11,12 The 
original studies on the TTTG were, 
however, performed among the French 
population. There is no published data 
on the TTTG distance in the African 
population. This is relevant because 
several studies have been done in 
recent years that have shown how 
the human skeleton and orthopaedic 
measurements may vary across different 
ethnic groups. Koerner et al. found 
differences in the femoral version of the 
African American population.13 Igbigbi 
et al. did a study on the tibio-femoral 
angle of the Malawian population and 
the results showed ethnic differences 
from Caucasian values.14 Hence this 
may have importance with regard to 
the threshold for choice of surgical 
intervention and could possibly 
make way for improved protocols 
encompassing ethnic differences.

The purpose of this retrospective 
observational study was to measure 
the TTTG measurement in the black 
African population and compare it to 
the quoted norms in the literature. 

Methods

This was a retrospective observational 
study by means of a chart review. A 
random sample of 100 consecutive 
cases were identified from a database 
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slice confirming the summit of the tibial tuberosity 
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Figure 1. CT scan slices illustrating a sample 
measurement in a case with a normal TTTG 
measurement. (a) The axial slice of the initial 
reference line perpendicular to the posterior 
condylar line and through the deepest part of the 
trochlear groove is illustrated; (b) The line parallel 
to the reference line through the summit of the 
tibial tuberosity is shown; the TTTG measurement 
line (red dotted line measurement 1.50 cm) 
perpendicular to both yellow dotted lines is also 
shown; (c) The navigated sagittal slice confirming 
the summit of the tibial tuberosity

Figure 2. CT scan slices illustrating a sample measurement in a case with an 
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trochlear groove; (b) shows the line parallel to the reference line through the summit 
of the tibial tuberosity, as well as the TTTG measurement line (red dotted line 
measurement 2.65 cm) perpendicular to both yellow dotted lines; (c) the navigated 
sagittal slice confirming the summit of the tibial tuberosity 
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Figure 2. CT scan slices illustrating a sample 
measurement in a case with an abnormal TTTG 
measurement. (a) The axial slice of the initial 
reference line perpendicular to the posterior 
condylar line and through the deepest part of 
the trochlear groove; (b) The line parallel to the 
reference line through the summit of the tibial 
tuberosity, as well as the TTTG measurement 
line (red dotted line measurement 2.65 cm) 
perpendicular to both yellow dotted lines;  
(c) The navigated sagittal slice confirming the 
summit of the tibial tuberosity
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at a tertiary level hospital as patients referred from the vascular 
surgery department to radiology for CT angiograms between years 
2013 and 2018. These were patients admitted to the vascular 
department predominantly for elective atraumatic vascular 
pathologies (e.g. peripheral vascular disease, vascular stab 
injuries, etc.), and hence were considered asymptomatic from an 
orthopaedic perspective. The ethnic classification of patients as 
black Africans was self-reported by patients and recorded during 
administrative registration of the patient on the hospital information 
system. Exclusion criteria included: knee dislocations, periarticular 
fractures, gross arthritic changes of the knee and previous bony 
knee surgery. 

The TTTG was measured using the syngo.plaza software 
(Siemens®, Munich, Germany). The actual TTTG measurement was 
performed as described by Dejour et al.,8 using the axial cuts of the 
CT scan of the knee joints, with the navigation tool of the sagittal 
cuts used to improve landmark accuracy (Figure 1). Patients were 
positioned supine with the knees in extension. A tangential line 
was drawn along the posterior femoral condyles on the axial cuts.  
A perpendicular line was then drawn in the AP plane on the axial 
cut at the centre and the most anterior point of the tibial tuberosity. 
A parallel line was drawn through the deepest point of the trochlear 
groove. These points were confirmed by utilising the sagittal 
cuts in the navigation window to improve accuracy of identifying 
the anatomical landmark. A measurement was then obtained by 
measuring the distance between the two parallel lines in the AP 
plane. This was done in the left and the right knees of all cases that 
met the patient selection criteria.

Statistical analysis was performed using Stata 15.0 (StataCorp. 
College Station, Texas). Continuous variables were reported as 
mean (± SD) or median (with interquartile range) and categorical 
variables as number and percentages, unless otherwise stated. 
Differences in TTTG by sex were compared using the unpaired 
t-test. Spearman correlation was used to correlate TTTG by age. 
All tests were two-sided and the level of significance was set at 
p<0.05.

Results

CT scans of 100 patients were viewed. A total of 88 patients met 
the inclusion criteria. Thirty-eight knees were excluded from the 
analysis: 12 had severe OA, 11 had significant trauma, 12 scans 
were not peripheral enough to measure appropriately, two knees 
were in excessive flexion, and one patient had an above-knee 
amputation of one leg. This left 162 knees on which measurement 
and analysis was performed (Figure 2). 

The median age was 34 years (range 19–85 years; interquartile 
range [IQR] 24–50). The majority of cases were male (75%; n=121). 
The mean TTTG was 20.3 mm (standard deviation [SD] 16.1; range 
1–29.2 mm) (Figure 3). While the TTTG was slightly larger in males 
than females, the difference was not significant in this cohort. The 
mean TTTG in males was 20.7 mm (95% confidence interval [CI] 
19.9–21.5 mm) and 19.1 mm (95% CI 17.6–20.5 mm) in females 
(p=0.06). There was no correlation found between age and TTTG 
(p=0.12). 

Discussion

The aim of this study was to measure the TTTG measurement in 
the black African population and compare it to the quoted norms 
in the literature. We found that the mean TTTG was 20.3 mm. 
The difference between sexes was not significant in this cohort. 
There was also no correlation found between age and TTTG. 
In most studies the normal TTTG measurement is less than  
15 mm.6-10 These original studies were performed by Dejour et 

al. among the French population.8 There is no published data on 
the TTTG distance in the African population. Researchers from 
China, Korea and India have also undertaken studies to compare 
the differences in their respective populations with regard to TTTG 
measurements.

They all found differences in the average TTTG distance 
among their populations when compared to the Western quoted 
norm measurements. The study performed in Korea yielded a 
mean TTTG measurement of 10.24 mm.15 In this study they also 
measured the TTTG on CT scans of 100 patients (50 of each sex); 
however, only 85 of them were asymptomatic patients meeting 
the inclusion criteria. The mean age in this study was 55 years 
(range 25–82 years). Another strong point about this study was 
that measurements were done in a blinded manner by three 
separate observers, on two occasions. Kulkarni et al. concluded 
that the TTTG distance in the Indian population, using MRI as the 
measurement modality, is significantly different when compared to 
the published Western data.16 A mean of 13.5 mm, with a range 
of 7.3–19.8 mm, was reported in a sample size of 100 knees. The 
mean age in this sample was 37 years (range 20–61 years). In the 
Chinese population, a smaller average measurement was found in 
asymptomatic individuals used as a control group, with mean of 
10.1 mm in a sample size of 73 control knees.17 The mean age 
in this cohort was 27 years (range 16–38 years). This age group 
is more appropriate for the concerned pathology which is usually 
present in adolescents and young adults.18,19

One of the possible reasons for varying measurement results 
between studies may potentially be explained by the ethnic 
differences. In a systematic review, Kim et al., also highlighted 
morphological differences that exist in certain anatomical features 
and measurements around the knee.20 Koerner et al. have also 
questioned the definition of ‘normal’ femoral versions among sexes 
and ethnicities.13 Our data brings about the discussion of possible 
ethnic differences when it comes to the TTTG measurement. 
Furthermore, the clinical implication of such a finding remains 
unclear. Tse et al., for example, suggested that the threshold for 
tibial tuberosity transfer should be lower in Chinese patients due to 
these differences.17

Some points for discussion may be raised regarding limitations 
to this study. Although the sample size for this study was relatively 
small (n=162 knees), it did exceed the required sample size of 68, 
with a chosen confidence level (CL) constant at 95%, an acceptable 
margin of error (MOE) of 10% and an SD of 0.5. Previous international 
studies of this nature utilised comparable sample sizes of between 
73 and 100.10,15-17 The consideration of inter-observer reliability with 
regard to performing the actual measurement should be taken into 

Figure 3. The mean tibial tuberosity to trochlear groove (TTTG) 
measurement was found to be 20.3 mm (n=162)
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account when evaluating the strength of this study.21-23 In this study 
only a single individual (a senior orthopaedic registrar) performed 
the measurements for data collection. To improve the accuracy of 
average measurements, as with any study of this nature, it would be 
beneficial to have more than one person performing measurements. 
The exact degree of knee flexion was not measured in this study. 
To our knowledge, at the time of this study, only six publications 
were noted to have assessed the TTTG through different ranges 
of knee flexion.24-29 Dietrich et al. reported that the TTTG increases 
significantly at the end stage of extension of the knee due to a 
biomechanical action known as the ‘screw-home mechanism’.25 
Carlson et al. also showed that a static TTTG measurement cannot 
accurately predict dynamic lateral displacement of the patella.26 
In our study, the CT scans were performed with the patients lying 
supine with knees in extension. Current literature mentions that the 
routine CT scan should be taken with the knee in full extension.8,30 
It does not, however, specify the range of knee flexion at which the 
CT scan can be deemed acceptable for TTTG measurement. We 
do know, however, that most patella instability occurs from 0° to 
30° of knee flexion.29 CT slice thickness of 3 mm was used in the 
majority of cases. This in itself can play a role in determining the 
landmarks for measurement.22 Accuracy may be improved with a 
smaller slice thickness. Although all of the patients in this study 
were self-reported as black African by race, the results may not 
necessarily be generalisable. A much larger sample from different 
regions throughout Africa will be required for this purpose. Some 
might argue that the assumption that given that these patients were 
chosen from the vascular surgery department does not mean that 
they are completely asymptomatic for patella–femoral instability. 
This is a valid point because no patients were screened for signs 
and symptoms of patella instability prior to CT scanning. 

Future research on this topic will help verify this data. Ideally a 
larger comparative series involving symptomatic and asymptomatic 
individuals of various ethnicities is required to determine clinically 
relevant reference values. Accuracy of data can be improved 
by involving multiple blinded experienced observers with low 
thickness CT slices and consistent knee flexion angles. 

Conclusion

According to our study, barring some limitations, it appears 
that there may be a difference in the TTTG measurement in the 
asymptomatic black African population when comparing it to data 
published elsewhere. This may be of significance with regard to the 
threshold for choice of surgical intervention. Larger comparative 
studies would be required to confirm these findings and to 
determine the clinical relevance.
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