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Abstract
Background: Tibial tuberosity-trochlear groove distance (TT-TGD) measurements play a decisive role in evaluating
patellofemoral joint disorders. However, the prevalence of pathological TT-TGD among patients with patellofemoral
pain remains unclear. The purpose of this study was to compare the size of TT-TGD among patients with patellofemoral
pain syndrome (PFPS) and those with no history of patellofemoral pain.
Methods: A total of 100 cases participated in this case-control study, among whom 53 individuals were in the case
group and 47 individuals were in the control group. TT-TGD was measured by magnetic resonance imaging.
Results: The mean TT-TGD was 12.3±3.3 in patients and 9.3±2.4 in controls (P<0.001). Among patients, we had
totally 34 patients with TT-TG equal or lower than 13 (64.2%) and in 18 patients, it was higher than 13 (34%).
Conclusion: The mean TT-TGD in patients with PFPS was greater than that in the control group (P=0.001). An increase
in TT-TGD can be considered one of the factors behind the development of PFPS.
Level of evidence: III
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Introduction
atellofemoral pain syndrome (PFPS) is one of
the most common diseases in musculoskeletal
system. The patient often complains of pain in the
anterior knee region, which is aggravated by ascending
and descending the stairs or keeping the knee bent
for a long time. Various names have been proposed to
describe this disorder, most notably chondromalacia
patella and anterior knee pain syndrome. A significant
number of these patients experience frequent episodes
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of recurrence. Some patients also experience chronic
and resistant pain in case of conservative therapy,
which can interfere with daily activities (1).
There are several theories about the multifactorial
causes of PFPS. Malalignment in the lower extremity
is one of the most commonly believed etiologies for
this disorder. Abnormal patellar tracking increases
the pressure in the area of subchondral bone and
causes pain. In addition, quadriceps muscle weakness,
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especially vastus medialis obliqus, can be effective in
creating PFPS through applying dynamic imbalance
in knee extensor mechanism. Unfortunately, the
underlying factors in the development of this disorder
have not yet been well known (2).
Tibial tuberosity-trochlear groove distance (TTTGD) measurements play a decisive role in evaluating
patellofemoral joint disorders. The increase in the
distance indirectly indicates lateral pull increase in the
knee extensor mechanism (3). The exact measurement
of this parameter is possible through both CT scan
and MRI. However, MRI is superior to CT scan in the
examination of articular cartilage and soft tissue
component (4). The normal values defined for the TTTGD vary considerably (3, 5). A TT-TGD of more than
20 mm in CT scan is considered pathological and
tibial tuberosity osteotomy (TTO) has been suggested
for these cases by some studies (5-7). It has been
shown that the TT-TGD value is 3 to 4 mm less in MRI
measurements compared to CT scan. Hence, TT-TGD
values of more than 15 mm in MRI are suggested to be
regarded as pathological (8, 9).
Several studies have shown that TT-TGD has increased
in patients with recurrent patellar dislocation without
a history of trauma. Accordingly, in case of patellar
instability, TTO is performed routinely to correct the
tibial tuberosity malposition. Although TTO has been
proposed to relieve pain in patients with PFPS, factors
affecting the disease are not well known yet (10-17).
The purpose of this study was to compare the size
of TT-TGD among patients with PFPS and those with
no history of patellofemoral pain. We assumed that
the mean TT-TGD in patients with PFPS was higher
compared to the painless control group.
Materials and Methods
This prospective case-control study measured TT-TGD
in patients with isolated patellofemoral pain syndrome
referring to radiology and orthopedic departments of
Shariati Hospital (affiliated to Tehran University of
Medical Sciences). A total of 100 cases participated
were divided into case (n=53) and control (n=47)
groups.
The participants in case group were selected from
those with bone maturity (growth plate closure) and
complain of pain in patellofemoral region for at least
6 months. However, patients were excluded from the
study in cases of a history of major knee injury within
the last six months, clinical or radiological diagnosis
of osteoarthritis, inflammation of the patellar tendon,
bursitis or fat pad syndrome, fracture, history of knee
surgery or arthroscopy, obvious ligament or meniscus
injury, cartilage injury, fluid accumulation in the joint
and arthritis.
Patients in the control group were selected from
those who experienced knee trauma and were referred
due to knee pain; however, there was no evidence
of obvious instability of patella or knee in any of the
anteroposterior, axial, and coronal plans in their clinical
examination and a knee surgeon has recommended
MRI in order to diagnose their clinical complaints. MRI
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was mostly performed on the patients with suspicion
of minor meniscal tear or other minor knee injuries
assuming that such minor injuries do not result in
the changes in TT-TGD. Moreover, there should be no
significant issue on the patients’ MRI.
PFPS diagnosis in the patient group was confirmed
based on the clinical history and examination by a knee
surgeon. After obtaining the participant’s consent,
information on age, gender, weight, height, and body
mass index (BMI) were recorded. In addition, a visual
analogue scale (VAS) was used to determine pain
severity during the day.
MRI was performed in both control and case groups
using a Siemens 1.5-T Avanto with a knee coil. The MRI
protocol included sagittal, coronal, and axial PD fat sat,
as well as T1WI coronal and axial and T2WI sagittal
images. The images were examined by a professional
radiologist in terms of the presence or absence of
knee and ligament injuries and arthritis. TT-TGD was
measured according to the standard methodology. A
vertical line was first drawn from the trochlear groove
depth to the posterior condylar line at the axial cross
section on the femoral condyles (which passed through
in parallel and tangent to the posterior of femoral
condyles) in order to measure TT-TGD [Figure 1, line
1]. Then, another vertical line, transferring to the lower
axial sections of the above-mentioned lines, was drawn
from the anterior-most and most prominent point of
the tibial tuberosity at the middle region of the joint
of patella tendon, [Figure 1, line 2], and the distance
between the two lines perpendicular to the tibial
tuberosity and trochlear groove was measured [Figure
1, line 3]. This line indicates the TT-TGD.
Data was analyzed using SPSS 22 (Chicago, IL, USA).
The Kolmogorov-Smirnov test was used to examine
the normality of the values. The student t-test and
U-Mann-Whitney were used to compare the two groups
accordingly. Pearson’s and Spearman’s correlation
coefficients were also used to examine the relationship
between variables.
Regression analysis was used to provide a linear
model. In addition, TT-TGD was randomly re-measured
in 20 cases for intraobserver variability. However, they
did not differ significantly from those measured earlier.
Results
A total of 100 subjects (53 cases and 47 controls were)
enrolled in the study. The mean age among patients and
controls were 35.2±7 and 31.9±8.1 years, respectively
(P=0.035). The mean weight was 73.2±14.2 Kg in patients
and 73.7±11.1 Kg in controls (P=0.84). The mean BMI
was 25.4±4.8 in patients and 24.1±4.1 in controls
(P=0.14) [Table 1]. The mean TT-TGD was 12.3±3.3 mm
(range: 3-20) in patients and 9.3±2.4 mm (range: 3-13)
in controls (P<0.001) [Chart 1].
The TT-TGD was ≤13 mm in 34 patients (64.2%) and
>13 mm in 18 patients (34%) (the TT-TGD value in one
patient was missing). Among 18 patients with TT-TGD>13
mm, the TT-TGD was ≤18 mm in 16 patients (30.2%) and
two patients showed TT-TGD=20 mm (3.8%). Also, the
TT-TGD was ≤10 mm in 35 controls and between 11-13
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Figure 1. axial image of knee joint at distal femur.note to posterior line was drawn at posterior border of condyles of femur. there is a vertical
line at trochlear groove and the other parallel line along the tibial tuberosity that transfered to this level and distance between two lines
indicate TT-TG.
Table 1. Comparison of Age, Anthropometric Data and TT-TG
between Patients and Controls
GROUP

MEAN

P-VALUE

CASE
CONTROL

35.2+-7
31.9+-8.1

0.035

CASE
CONTROL

170.1+-9.1
175.4+-7.3

0.007

CASE
CONTROL

73.2+-14.2
73.7+-11.1

0.84

Chart 1. TT-TG:Tibial tuberosity trochlear groove distance.

CASE
CONTROL

25.4+-4.8
24.1+-4.1

0.14

CASE
CONTROL

12.3+-3.3
9.3+-2.4

<0.001

were not significant between the patient and control
groups.
The regression coefficient for linear model considering
the TT-TGD and age and BMI was < 0.1 and non-significant.
The mean VAS in patients was 8.7±1.1 (7-10). Correlation
coefficient of VAS with TT-TGD was 0.18 (P=0.18).

AGE

HEIGHT

WEIGHT
BMI

TT-TGD

mm in 12 others (25.5%). The TT-TGD was 13 mm in 5
patients (10.6%) (P<0.001).
The correlation coefficients between BMI and TT-TGD in
patients and controls were -0.14 and -0.10, respectively
(both Ps>0.32). In addition, the correlation coefficients
between TT-TGD and height as well as weight and BMI

Discussion
Several anatomical risk factor may play role in
development of PFPS.an increased TT-TGD is known as a
risk factor for patellofemoral instability (3, 4, 7, 10, 12).
Displacement of the tibial tuberosity toward the lateral
side increase contact pressure in patellofemoral joint
and causes pain (2, 18). on this basis we think that the
increase of TT-TGD can be considered one of the factor
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causing PFPS. our study showed that the mean TT-TGD
in the group of patients is more than that of the healthy
group (18).
One of the weaknesses of this study was that the control
group was not composed of healthy people. another
limitation of our study was that our mri unit didn’t have
three dimensional software and capability to overlap the
selected image from distal femur at trochlear groove on
proximal tibial tuberosity .therefor ,its better to use three
dimensional mri to measure TT-TGD more precisely.
In a study recently conducted by Carlson et al, TT-TGD
was measured in patients with PFPS by MRI. In this
study, the mean TT-TGD was higher in the patients group
than in the control group. Also, 30% of the patient group
had TT-TGD higher than 15 mm (19).
In another study conducted by Wittstein et al with the
aid of MRI, it was shown that TT-TGD in the PFPS group
was higher than that of the healthy group. The findings
were consistent with our study results. However, the
main problem of the study was that it was done with a
small sample size (20).
In an older study by Jones et al, TT-TGD was measured
in patients with PFPS by CT scan. In this study, TT-TGD
was significantly higher in the patients group than in the
control group (21). Although the study was performed
using CT scan, the mean TT-TGD in the healthy control
group was 9.29 mm, which was similar to our study.
The main problem with the previous study was that
patients with patellar instability were not excluded
from the study. In other studies by MRI, the mean TTTGD in healthy subjects and adults was reported 10±1,
which is slightly higher than the mean TT-TGD in our
study (8, 9).
Conservative treatment often improves patellar
tracking and reduces pain by balancing knee posture.
However, some patients do not respond to the treatment.
According to the findings of this study and previous
studies an increase in TT-TGD might justify part of the
PFPS-resistant cases (19-21). TTO is one of the most
commonly used treatments for patellar instability;
however, its effectiveness in the treatment of PFPS
is unclear yet. Some studies have reported excellent
results after TTOs in PFPS (14, 15). However, several
other studies have reported that the results of the TTO of
PFPS are not satisfactory (22-24). Based on the studies
conducted using MRI, a TT-TGD higher than 15 mm can
be considered a threshold to perform TTO (7, 19, 25, 26).
TTO may help in improving the pain in these patients
by creating a balance in the extensor mechanism of
the knee although there is currently a lack of evidence
to perform TTO in all patients with increased TT-TGD.
In addition, in case of overcorrection towards medial
side during surgery, an increased pain can be expected
(18). Therefore, the presence of TT-TGD of more than
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15 in MRI for performing TTO in all cases of PFPS is not
sufficient (8, 9, 19). According to the findings of this
study, we cannot offer optimal cut-off value to perform
TTO on patients with resistant PFPS.
We propose that increased TT-TGD should be considered
as one of the factors influencing the development of
PFPS. To the best of our knowledge, there are few studies
comparing TT-TGD between healthy people and those
with PFPS, thus more studies are needed to determine
the prevalence of tibial tuberosity lateralization among
people with PFPS. Considering the advantages of MRI in
detecting cartilage lesions and soft tissue, the use of this
diagnostic modality instead of CT scan to measure TTTGD is recommended.
Another issue that needs to be addressed is that TT-TGD
is not a definite parameter and its values change in the
knee range of motion. Previous studies have shown that
the TT-TGD value changes during knee flexion (27, 28).
Therefore, there is a need for future studies to measure
TT-TGD in varying degrees of knee flexion, among
patients with PFPS.
The mean TT-TGD in patients with PFPS was greater
than that in the control group. An increase in TT-TGD
can be considered as one of the factors behind the
development of PFPS; therefore, TT-TGD measurement
using MRI should be performed as part of the evaluation
of PFPS-resistant cases.
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