
Original Article
From the
U.S.A.

Received A
Address c

Institute, 92
E-mail: Will

� 2023 T
Arthroscopy
the CC BY-N

2666-061X
https://doi
Tibial Tubercle Trochlear Groove Distance Does Not
Correlate With Patellar Tendon Length in Patients

Who Underwent Anterior Cruciate Ligament
Reconstruction
Emma E. Johnson, M.D., William L. Johns, M.D., Bryson Kemler, M.D.,
Rahul Muchintala, B.S., Ryan W. Paul, B.S., Manoj Reddy, M.D., and

Brandon J. Erickson, M.D.
Purpose: To examine the relationship between tibial tubercleetrochlear groove (TT-TG) distance and patellar tendon
length. Methods: All healthy athletes who underwent anterior cruciate ligament reconstruction who had a magnetic
resonance imaging (MRI) study of the knee on file between July 2018 and June 2019 at a single institution were
retrospectively reviewed. Exclusion criteria included patients without an MRI study of the knee on file or with an MRI of
insufficient quality precluding reliable calculation of TT-TG and patellar tendon length. MRIs were reviewed to calculate
TT-TG, patellar tendon length, and CatoneDeschamps Index (CDI). Patient charts were reviewed to obtain anthropo-
metric characteristics including sex, concomitant injuries, and previous knee procedures as well as age at time of MRI.
Spearman correlations were used to assess the relationship between TT-TG, patellar tendon length, and CDI, with
regression analysis performed to assess for relationships between TT-TG, patellar tendon length, and patient-specific
factors. Results: Overall, 235 patients (99 female [42.1%], 136 male [57.9%]; mean age: 30.0 years [23.0; 40.0])
were included. Inter-rater reliability between the 2 reviewers was 0.888 for TT-TG, 0.804 for patellar tendon length, and
0.748 for CDI, indicating strong agreement. The correlation between TT-TG and patellar tendon length was 0.021,
indicating no true relationship. The correlation between TT-TG and CDI was e0.048 and that of patellar tendon length and
CDI was 0.411, indicating a weak positive relationship. Regression analysis found that male sex is strongly correlated with
a longer patellar tendon length (odds ratio 2.65, 95% confidence interval 1.33-3.97, P < .001). Conclusions: In this
study, no correlation was found between TT-TG and patellar tendon length or CDI. Male sex was correlated with a longer
patellar length. Level of Evidence: Level III.
he tibial tubercleetrochlear groove (TT-TG) dis-
Ttance is defined as the distance between the center
of the trochlear groove and the center of the tibial tu-
bercle as measured on an axial magnetic resonance
imaging (MRI) or computed tomography scan.
Although the validity and reliability of TT-TG assess-
ment is of some debate due to variation in
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measurement based on parameters such as knee flexion
angle and axial slice orientation, it is a frequently used
parameter, and elevated values are an established risk
factor for patellar instability.1-4 In addition, TT-TG dis-
tance has been associated with other knee pathologies,
including patellofemoral pain syndrome,5 increased
osteoarthritis-related structural damage,6 and increased
risk of anterior cruciate ligament (ACL) injury.7

Recent reports have suggested that patients under-
going anterior cruciate ligament reconstruction (ACLR)
in the presence of elevated TT-TG distances had worse
postoperative functional outcome scores compared
with those with normal TT-TG distances.8 Furthermore,
these suboptimal outcomes are magnified in those pa-
tients with elevated TT-TG distances when treated with
boneepatellar tendonebone (BTB) graft, who are
reportedly 4 times more likely to have subjective post-
operative instability, greater reoperation rates, and
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Fig 1. Tibial tubercleetrochlear groove (TT-TG) distance
measured on MRI (left). TG was measured in the center of the
TG at the most proximal axial image with a complete carti-
laginous trochlea. TT is indicated by a reference line and was
measured at the most distal aspect of the patellar tendon
insertion. (MRI, magnetic resonance imaging.)
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more postoperative complications compared with those
with normal TT-TG distances.9 These findings could be
clinically relevant in ACLR, where the BTB graft is a
common autograft used, especially for athletes who
participate in contact sports.10

When performing ACLR with BTB graft, it is imper-
ative to estimate the patellar tendon length preopera-
tively. This helps to preoperatively plan how to set the
tibial guide, and if using an allograft, allows the proper
tendon length of the BTB allograft to be ordered.
However, it is currently unclear what role, if any, TT-TG
plays in patellar tendon length. In light of recent asso-
ciations seen between elevated TT-TG and suboptimal
outcomes after ACLR, particularly when using BTB
grafts, further understanding of how preoperative TT-
TG measurement may be used before ACLR is
necessary. Furthermore, by examining the relationship
between TT-TG and patellar tendon length, TT-TG may
help to optimize surgical planning for ACLR including
graft selection (BTB autograft vs allograft or hamstring
vs quadriceps), and preparation of alternative fixation
devices, such as sutures or bone staples. Therefore, the
purpose of this study was to examine the relationship
between TT-TG distance and patellar tendon length.
The authors hypothesize that greater TT-TG distances
will be associated with longer patellar tendon lengths.

Methods
Following institutional review board exemption

approval, all skeletally mature patients aged 18 to 50
years who underwent ACLR as identified by Current
Procedural Terminology code 29888 between July 2018
and June 2019 and who had either a 1.5-T or 3-T MRI
scan on file at a single institution were eligible for
analysis. Patients without an MRI scan on file, or whose
MRI was of such poor quality that the TT-TG and
patellar tendon length could not be reliably calculated
were excluded.
Included patients’ MRI scans were reviewed by 2 in-

dependent trained research assistants (E.E.J., R.W.P.).
All MRIs were either 1.5- or 3-Tesla strength and
included both sagittal and axial planes. They were
performed in a standard fashion with patients in the
supine position, using an 8-channel knee coil with the
knee in slight flexion with an average knee flexion
angle (KFA) of 20.78�. The scanning protocol included
coronal, sagittal, and axial imaging with axial T2 fat-
saturated imaging obtained in all cases. Axial images
were obtained within the following technical parameter
range: fast spin echo, repetition time of 175 to 8,531
milliseconds, echo time of 14 to 120 milliseconds, field
of view of 140 to 180, and slice thickness between 2.5
and 4 mm.
All MRI scans were reviewed to calculate the TT-TG,

patellar tendon length, KFA, and CatoneDeschamps
Index (CDI) measurements. The TT-TG was measured
on axial images where the center of the trochlear
groove and tibial tubercle were defined and the distance
between the 2 points was calculated (Fig 1).11,12

Patellar tendon length was measured on sagittal im-
ages by measuring the inferior border of the patella to
the tibial tuberosity insertion of the tendon.13 To
measure CDI on MRI, the technique described by
Askenberger et al.14 was used. This technique de-
termines CDI by using the sagittal slice showing the
greatest length of the patella to determine patellar
height (Fig 2). Patient charts were reviewed to obtain
anthropometric characteristics including sex, body mass
index (BMI), age at MRI, time between injury and MRI,
as well as presence of concomitant knee pathology and
any previous history of knee injury or surgery in the
affected knee.

KFA Assessment
KFA was measured in accordance with that described

by Summers et al.,15 in which the angle was measured
where the patella appeared the largest in longitudinal
dimension and from there moving to the slice where
both the anterior and posterior cortex of the proximal
tibia and distal femur were visible. Using our institu-
tional Picture Archiving and Communication Systems,
lines were drawn on the proximal anterior cortex of the
tibia and distal anterior cortex of the femur, and the
angle tool was used to ultimately determine the KFA.
Manó et al.16 concluded that a similar means of mea-
surement can determine the radiographic flexion angle
within 2 degrees of accuracy compared with the true
KFA.



Fig 2. CDI measurement from sagittal MRI containing the
greatest length of the patella. The CDI equals the distance
from the distal aspect of the patellar articular cartilage to the
anterosuperior corner of the tibial joint surface (blue line: A),
divided by the length of the cartilaginous articular surface
(yellow line: B). (CDI, CatoneDeschamps Index; MRI, mag-
netic resonance imaging.)

Table 1. Baseline Patient Data

N ¼ 235

Sex
Female, n (%) 99 (42.1%)
Male 136 (57.9%)

Laterality
Left 130 (55.3%)
Right 105 (44.7%)

Age at MRI, y 30.0 [23.0; 40.0]
BMI 26.6 [23.7; 29.9]
Height, inches 68.0 [65.0; 70.75]

NOTE. Results reported as N (Percentage of study cohort); median
[first quartile; third quartile].
BMI, body mass index; MRI, magnetic resonance imaging.
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Statistics
Both ShapiroeWilks and KolmgroveSmirnov tests

were run to assess normality. Comparisons between
groups were calculated by performing t-tests for
parametric continuous data and ManneWhitney U
tests for nonparametric continuous data. Parametric
continuous data are presented as mean � standard
deviation. Nonparametric continuous data are pre-
sented as median [first quartile; third quartile]. Cate-
gorical data are presented as n (%), and P values were
calculated with either c2 or Fisher exact tests. Inter-
rater reliability was assessed by calculating intraclass
correlation coefficients (ICCs) for continuous data. The
ICC scores and kappa values were interpreted as fol-
lows based on recommendations from Cohen: a score
of 0 to 0.20 indicates no to slight reliability, 0.21 to
0.40 as fair reliability, 0.41 to 0.60 indicates moderate
reliability, 0.61 to 0.80 indicates substantial reliability,
and a score of 0.81 to 1.00 indicates a strong reli-
ability.17 Inter-rater reliability was evaluated for TT-
TG, patellar tendon length, and CDI. The relationship
between TT-TG, patellar tendon length, and CDI were
assessed by calculating Spearman correlations. Multi-
ple linear regression analyses with assessment for
multicollinearity were performed in order to assess the
relationship between TT-TG and patellar tendon
length as the dependent outcome based on patient
demographic information. The threshold for signifi-
cance was set to P < .05. All statistical analyses were
done using R Studio (Version 4.1.2; R Foundation for
Statistical Computing Vienna, Austria).
Results

Baseline and Demographic Data
Ninety-nine female and 136 male patients met in-

clusion criteria for analysis at a mean age at MRI of 30.0
years old [23.0, 40.0]. The mean BMI was 26.6 [23.7,
29.9]. Baseline anthropometric and injury-related data
for the cohort are shown in Table 1. Radiographic pa-
rameters and measurements for the cohort are
demonstrated in Table 2.

Inter-rater Reliability
The inter-rater reliability between the 2 reviewers

were assessed by calculating intraclass correlation co-
efficients for TT-TG, patellar tendon length, and CDI
index. The TT-TG measurements demonstrated strong
agreement (ICC ¼ 0.888), as did the patellar tendon
length measurements (ICC ¼ 0.804), and the CDI
measurements (ICC ¼ 0.748, Table 3).

Correlation Between TT-TG, Patellar Tendon
Length, and Patient-Specific Factors
The correlation between TT-TG and patellar tendon

length was 0.021, indicating no true relationship. The
correlation between TT-TG and CDI was e0.048,
indicating no true relationship. The relationship be-
tween patellar tendon length and CDI was 0.411,
indicating a weak positive relationship. In addition,
there was no true relationship found between age,
KFA, time from injury to MRI, or patient height and
TT-TG, as demonstrated in Table 4, and there was no
significant difference in mean TT-TG distance between
female (10.7 mm) and male patients (11.2 mm, P ¼
.232).

Regression Analysis
Regression analysis showed no true relationships with

the dependent outcome of TT-TG as represented in
Table 5. However, when evaluating patellar tendon
length, male sex was a factor associated with increased
length (estimate: 2.65; 95% confidence interval 1.33-
3.97, P < .001; Table 6).



Table 2. Demographic and Radiographic Parameters

Demographic or
Radiographic Parameter Value

Concomitant pathology � Medial meniscus tear e
52 (22.1%)

� Lateral meniscus tear e
64 (27.2%)

� Medial and lateral
meniscus tear e 35
(14.9%)

� Additional/other
pathology
(patellofemoral
chondrosis,
osteochondral lesions,
posterolateral corner
injury, MCL sprain, LCL
sprain) e 16 (6.8%)

Presence of previous knee
injuries or surgery

� Knee arthroscopy/
meniscectomy e 2
(0.85%)

� ACLR e 3 (1.27%)
� Lateral release -1

(0.43%)
Time from injury to MRI, d 6.5 days
Knee flexion angle, � 20.78�

TT-TG, mm 11.0 (3.85)
Patellar tendon length, mm 48.0 (5.23)
Patella To tibia distance, mm 32.5 (4.72)
Articular cartilage distance,

mm
31.2 (3.18)

CDI, mm/mm 1.03 (0.15)

NOTE. Results reported as N (standard deviation).
ACLR, anterior cruciate ligament reconstruction; BMI, body mass

index; CDI, Caton-Deschamps Index; LCL, lateral collateral ligament;
MCL, medial collateral ligament; MRI, magnetic resonance imaging;
TT-TG, tibial tubercleetrochlear groove distance.

Table 3. ICC Values

Variable ICC Value Agreement

TT-TG, mm 0.888 Strong agreement
Patellar tendon length, mm 0.804 Strong agreement
Patella to tibia distance, mm 0.895 Strong agreement
Articular cartilage distance, mm 0.803 Strong agreement
CDI, mm/mm 0.748 Strong agreement

CDI, Caton-Deschamps Index; ICC, intraclass correlation coefficient;
TT-TG, tibial tubercleetrochlear groove distance.

Table 4. Relationship Between TT-TG and Age, KFA, Time
From Injury to MRI, and Patient Height

Variable
Correlation

Value Relationship

Age 0.017 No true relationship
KFA e0.140 No true relationship
Time from injury
to MRI

e0.114 No true relationship

Patient height 0.135 No true relationship

KFA, knee flexion angle; MRI, magnetic resonance imaging; TT-TG,
tibial tubercleetrochlear groove distance.
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Discussion
In contrast to the initial study hypothesis, the results

of the present study, in which MRI was used to assess
TT-TG, patellar tendon length, and CDI in ACL-
deficient knees, showed no true relationship between
these parameters. Thus, TT-TG does not appear to be a
useful preoperative indicator of patellar tendon length
and likely does not hold substantial value in preoper-
atively templating BTB graft sizes, although there
remain substantial limitations with assessment of TT-
TG, as these values can be heavily influenced by KFA,
which can further be affected by factors such as previ-
ous surgeries and concomitant pathology. Thus, further
work must be performed in order to better standardize
knee flexion angles and optimize MRI protocols for
assessment of TT-TG.
There is literature to suggest associations between

elevated TT-TG distance and risk of primary ACL
rupture7,9 as well as persistent instability and greater
rate of reoperation, particularly with the use of BTB
grafts,9 necessitates a critical evaluation of the potential
contributing factors. The potential relationship between
patellar tendon length, BTB grafts, and TT-TG distance
and specifically how these variables collectively could
impact ACL surgery are not clearly defined but certainly
must be explored. One such factor could lie within the
relationship between TT-TG distance and the true,
anatomic length of the patellar tendon (the length of
the patellar tendon in situ), which is not a perfectly
sagittal structure and therefore is not as easily or
accurately measured on a sagittal MRI as might be
believed. Based on simple trigonometric rationale, a
greater TT-TG distance (adjacent value) should corre-
late with a longer patellar tendon length (hypotenuse).
Such interest in patellar tendon length before ACLR
could relate to prevention of graftetunnel mismatch,
which is believed to occur in as many as 26% of ACLR
procedures using BTB grafts, resulting in extrusion of
the tibial bone plug leading to suboptimal “time-zero”
bone-to-bone fixation of the tibial bone plug.18 How-
ever, perhaps a simpler explanation for the findings of
Paul et al.9 and others could simply stem from the po-
tential role for radiographic technique, concomitant
injuries, previous surgery, and other anthropometric
variables seen in the ACL-injured patient to impact
radiographic TT-TG measurements. Izadpanah et al.19

demonstrated a variation in measured TT-TG of
greater than 35% based on knee flexion angles during
MRI alone. By controlling for factors such as KFA and
concomitant knee pathology in the present study, we
sought to identify potential confounders and further
explain the findings by Paul et al.9 However, the pre-
sent study did not implicate any particular patient or



Table 5. Regression Analysis in Which TT-TG Is the
Dependent Outcome

Variable Beta Estimate (95% CI) P Value

Age e0.01 (e0.06 to 0.04) .665
BMI 0.06 (e0.04 to 0.16) .209
Sex: male 0.56 (e0.45 to 1.57) .275
Laterality: right e1.16 (e2.17 to 0.16) .024

BMI, body mass index; CI, confidence interval; TT-TG, tibial
tubercleetrochlear groove distance
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injury-specific factors and thus we must remain critical
and rigorous in our attempt to gain further under-
standing of such relationships.
Anthropometric studies have sought to identify

morphometric data from MRI in order to establish
correlations between patellar tendon length, patient
sex, and patient height to better template BTB grafts
preoperatively.20 Through an MRI-based study, Brown
et al.21 identified a strong correlation between patient
height and intra-articular length of the ACL. Interest-
ingly, however, they showed no correlation between
patient height or intra-articular length of the ACL and
patellar tendon length. This comes in contrast to studies
by Goldstein et al.22 and a cadaveric study by Denti
et al.23 in which there actually was a correlation be-
tween patient height and patellar tendon length.
Finally, Navali et al.24 determined that patellar tendon
length is an exception in human anthropometry, noting
no strong correlation between patient height and
patellar tendon length. Thus, the ability to reliably
identify patients at risk for graftetunnel mismatch us-
ing MRI could offer some value to ACL surgeons,
although the most useful parameters are not yet clearly
defined.
Despite its importance in patellofemoral kinematics,

TT-TG is highly variable among patients and often has
little association with patient size, sex, or other de-
mographic factors. When assessing TT-TG and its po-
tential relationship to patient height, Dornacher et al.25

determined that there was very poor correlation be-
tween TT-TG and patient height and concluded that TT-
TG is an individualized, patient-specific parameter.
Interestingly, our study did find that male sex has weak
correlation with TT-TG and a strong positive correlation
Table 6. Regression Analysis in Which Patellar Tendon
Length Is the Dependent Outcome

Variable Beta Estimate (95% CI) P Value

Age e0.07 (e0.14 to 0.002) .056
BMI e0.06 (e0.19 to 0.07) .388
Sex: male 2.65 (1.13-3.97) <.001
Laterality: right 0.54 (e0.78 to 1.85) .424

NOTE. P-value in bold represents statistical significance, <.05.
BMI, body mass index; CI, confidence interval.
with patellar tendon length. This contrasts to the find-
ings of Campbell et al.,26 in which their MRI-based
study demonstrated that female patients were found
to have significantly longer patellar tendon lengths than
male patients. However, Goldstein et al.22 reported that
patient height had a strong correlation with patellar
tendon lengths, but male sex was instead associated
with longer patellar tendon length. The results of the
present study are consistent with the findings of Gold-
stein et al.,22 in which patient sex could be considered
for preoperative estimation of a patient’s patellar
tendon length; however, further study is needed in
order to validate this recommendation.

Limitations
This study has limitations. The validity of the present

study relies on whether or not the TT-TG can accurately
and reproducibly be calculated. There are many reports
describing 30� as optimal KFA for determination of TT-
TG measurements due to the effect of knee flexion on
tibial external rotation.19,27,28 Furthermore, Suomalai-
nen et al.29 suggested that TT-TG decreased by 0.29 mm
every degree of knee flexion, which would suggest that
our mean KFA of 20� may overestimate TT-TG by
approximately 2.9 mm. However, this study drew
conclusions based on measurements in only 13
adolescent patients. In our study, we performed TT-TG
measurements in accordance with the commonly used
strategy described by Schoettle et al.30 and believe that
our mean KFA of 20� is within the “slight knee flexion”
recommended by Izadpanah et al.19 and is appropriate,
given potential for patellar instability due to elevated
TT-TG occurring between 20 and 30� of knee flexion.
Furthermore, formal regression analysis demonstrated
no true relationship between KFA and TT-TG in this
much larger cohort than that analyzed by Suomalainen
et al.29 Similarly, when accounting for concomitant
injuries and/or previous surgeries, an attempt at control
of any potential confounding factors was made and did
not demonstrate meaningful effect on this study’s
findings. Additionally, many consider the intra-
articular distance of the ACL, not the patellar tendon
length, as the most integral parameter to when
attempting to mitigate graft-tunnel mismatch. Howev-
er, the ACL is an obliquely oriented structure that
cannot be easily measured with a single sagittal image31

or requires complex formulas for accurate measure-
ment32; therefore, identifying more easily measured
structures such as patellar tendon length and TT-TG
would be a more reproducible source of information if
a correlation did exist. In addition, accurate preopera-
tive knowledge of patellar tendon length affords the
surgeon with valuable information that may indicate
the need for longer tibial tunnels, rotation of the graft,
or other strategies necessary to circumvent graft-tunnel
mismatch. Third, the MRIs reviewed in this study were
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in ACL-deficient cases. ACL deficiency can be a source
of quad atrophy and patellar tracking changes ulti-
mately affecting patellar tendon length24,33; however,
these changes are believed to take place over the course
of several months, whereas MRIs performed in our
patients were performed in the acute setting within a
few weeks of injury. Fourth, the data from this study
stem from a single center in one geographic region.
Although there is substantial heterogeneity in our
cohort with respect to sex, race, and BMI, the anthro-
pometric results of this study may not be generalizable
to other geographic regions.

Conclusions
In this study, no correlation was found between TT-

TG and patellar tendon length or CDI. Male sex was
correlated with a longer patellar length.
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