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Location of femoral/tibial tunnels in anterior cruciate 
ligament reconstruction and their impact on graft integrity: 
Magnetic resonance imaging review
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INTRODUCTION

Anterior cruciate ligament  (ACL) reconstruction is a 
commonly performed surgery in recent times. Two 
types of  grafts are usually harvested, namely, the native 
bone‑patellar tendon‑bone graft and the autologous 
hamstring tendon graft.[1,2] The correct positioning of  the 

femoral and tibial tunnels is crucial for graft stability and 
good clinical outcomes. The femoral tunnel is important in 
maintaining graft geometry and is evaluated in both coronal 
and sagittal planes on magnetic resonance imaging (MRI). 
The tibial tunnel is best evaluated in sagittal images. As we 
routinely encounter patients who are symptomatic despite 

Context: Despite advances in surgical techniques for anterior cruciate ligament (ACL) repair, a significant 
proportion of patients encounter persisting pain/instability of the knee postoperatively.
Objectives: To assess the location of femoral/tibial tunnels on magnetic resonance imaging (MRI) and to 
correlate the findings with the ACL graft integrity/graft‑related complications.
Study Design/Settings: This was a cross‑sectional study done at Burjeel Medical Centre, Muscat, Oman.
Materials and Methods: The study period was between November 2015 and June 2017 on Philips Ingenia 
1.5 Tesla MRI machine. A total of 30 male patients, age ranged from 20 to 43 years who presented with 
knee pain/instability 1 year postreconstruction of ACL, were recruited for the study.
Results: Of 30 cases, 10 (33.33%) patients had an intact graft on MRI. Of the remaining 20 patients, graft 
impingement was noted in 15 patients (50%), graft tear in 3 cases (10%), and graft stretching with abnormal 
high T2 signal in the remaining 2 cases (6.67%). Associated findings of focal arthrofibrosis in the anterior 
knee joint space and tibial tunnel cysts were encountered in few patients who were not dealt with in this 
study. Out of 20 patients with graft abnormality, femoral tunnel was abnormally  located in 3 (15%), tibial 
tunnel was located anterior to the MRI equivalent of Blumensaat’s extension line partly or completely in 
16(80%) and  both tunnels were normally located in 1(5%).
Conclusion: The location of the femoral/tibial tunnels is the most important determinant factor of 
postoperative graft integrity in ACL reconstruction patients.
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undergoing ACL reconstruction, this study was conducted 
to determine the underlying causes and to help surgeons 
avoid potential pitfalls, thereby reducing postoperative 
morbidity.

Aims and objectives
To assess the location of  tibial and femoral tunnels and their 
impact on the postoperative graft integrity/graft‑related 
complications.

MATERIALS AND METHODS

Inclusion criteria
The patients’ age ranged from 20 to 43 years. A total of  
30 patients who underwent arthroscopic reconstruction of  
ACL using bone‑patellar tendon‑bone graft/autologous 
hamstring graft were included in the study. They presented 
with various signs and symptoms, predominantly knee 
pain, instability, and incomplete extension. The study was 
conducted at Burjeel Medical Centre, Muscat city, Oman, 
between November 2015 and June 2017. The patients 
presented with ACL injury all sustained while playing 
football and subsequently underwent ACL reconstruction 
at various hospitals.

Exclusion criteria
Only patients presenting 1 year postsurgery were included 
in the study as neovascularization of  the graft occurring 
within the initial 4–8 months may give a bright signal on 
short transposable element (TE) sequences, posing image 
interpretation challenges. Similarly, patients with neoplastic, 
metabolic, and infective pathologies of  the knees were 
excluded from the study.

Magnetic resonance imaging technique
The MRI procedure was performed on 1.5 Tesla Philips 
Ingenia scanner using a dedicated knee coil. Images 
acquired using standard sequences were coronal short tau 
inversion recovery  (STIR)/T1‑weighted  (T1W), sagittal 
Proton Density Fat Saturated (PDFS), and sagittal/axial 
T2‑weighted (T2W) images. The scan parameters adapted 
for the various sequences were T1W images (Repetition 
time (TR) of  500 ms, Echo time (TE) of  17 ms, and slice 
thickness of  3.5 mm), T2W (TR of  4100 ms, TE of  80 ms, 
and slice thickness of  2.0 mm), PDFS (TR of  3100 ms, TE 
of  30 ms, and slice thickness of  2.6 mm), and STIR (TR 
of  4300 ms, TE of  30 ms, and slice thickness of  3.5 mm).

Image analysis
The images were reviewed, and the location of  the femoral 
and tibial tunnels, graft characteristics, and graft‑related 
complications were studied. A  normal‑thickness graft 
showing diffuse homogenous low‑signal intensity on 

T2W/PDFS sequences was taken as an intact graft. Graft 
abnormality was considered if  there were hyperintense signals 
in the graft, thickening, bowing of  graft, or graft discontinuity.

Statistical analysis was done by SPSS version 17 (SPSS Inc, 
Chicago  State, USA).

RESULTS

A total of  30 patients who underwent arthroscopic repair 
of  ACL were included in the study. Of  the 30 patients, 
10 (33.33%) had an intact graft on MRI. Graft impingement 
was seen in 15 cases (50%), graft tear in 3 (10%), and graft 
stretching with abnormal high T2 signal in the remaining 
2 cases (6.67%) [Table 1]. Three patients had associated 
focal arthrofibrosis in the anterior knee joint space and 
tibial tunnel cysts.

All the patients with intact graft had normally oriented 
femoral and tibial tunnels. Of  the 20  patients with 
graft‑related complications, femoral tunnel was abnormally 
located in 3 (15%) and tibial tunnel was located anterior to 
the MRI equivalent of  Blumensaat’s extension line partly 
or completely in 16 patients (80%) [Table 2].

DISCUSSION

Postoperative evaluation of  reconstructed ACL is best 
done by MRI, which accurately helps in diagnosing the 
integrity of  the graft and its associated complications.[3] 
In 2011, Galal et al. conducted a study on 48 patients to 
determine the MRI findings in complications following 

Table 1: Graft characteristics  in 30  patients post ACL 
reconstruction
Feature No Percentage

Total 30
Intact graft 10 33.3
Graft impingement 15 50.0
Graft tear 3 10
Graft stretching 2 6.67
Ganglion cyst 0 0

Table 2: Tunnel evaluation in post ACL reconstruction 
patients 
Feature Number of patients Percentage

Abnormal femoral tunnel 3/30 patients 10
Abnormal tibial tunnel 16/30 patients 53.3
Abnormalfemoral tunnel 
with graft complications

3/20 15

Abnormal tibial tunnel 
with graft complications

16/20 80

Both tunnels abnormal 
with graft complications

3/20 15

Both tunnels normal 
with graft complication

1/20  5
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ACL reconstruction surgery and found MRI to be the most 
valuable imaging modality for postoperative evaluation of  
the knee.[4] In our study, we tried to assess the percentage 
of  graft integrity/complications and compare the location 
of  femoral/tibial tunnels to the graft‑related complications. 
According to literature, the location of  femoral and 
tibial tunnels is by far the most important indicators of  
postoperative success/failure for ACL reconstruction 
surgery.[5,6] The position of  the femoral tunnel is critical 
in maintaining graft geometry and permits for a constant 
length and tension in the graft through the range of  flexion 
and knee extension. The femoral tunnel if  located anteriorly 
causes graft elongation and results in knee instability.[7] 
The distal aspect of  the femoral tunnel on sagittal images 
should lie at the intersection of  a line through the posterior 
cortex of  the femur and another line through the roof  of  
intercondylar notch. On coronal images, the tunnel should 
lie at 10–11 o’ clock in the right knee and 1–2 o’ clock in the 
left knee.[6,8] Tibial tunnel is the primary factor in preventing 
impingement against the intercondylar roof.[5] The tibial 
tunnel should ideally be parallel to the Blumensaat’s 
extension line which is a line drawn along the intercondylar 
roof. The distal portion of  the tunnel should start near 
the tibial tuberosity, and it has to be entirely posterior to 
the line in its intra‑articular portion.[6,8] When the tunnel is 
anteriorly located, the graft is seen to be impinged by the 

femoral and tibial intercondylar portions and is subjected to 
strain and eventually undergoes degeneration and tear. This 
was already evaluated by few authors such as Meyer et al., 
and our study reaffirms the same.[9]

The two primary ACL reconstruction procedures are 
the autologous bone‑patellar tendon‑bone graft and 
the autologous four‑strand hamstring graft, which is 
also known as the doubled semitendinosus and gracilis 
tendon graft.[1,2,10]  A normal postoperative ACL intact 
graft shows varying appearances on MRI according 
to the duration of  postsurgery. An intermediate signal 
is commonly encountered in the graft on short TE 
sequences 4–8 months postoperatively which is thought 
to be due to graft revascularization and synovialization 
and appears uniformly hypointense after a year.[7,8] Hence, 
we excluded patients who presented earlier than a year 
in our study. Bencardino et  al., in 2009, reviewed the 
complications of  ACL grafts on MRI and stated that early 
failures, those that occur within the first 6 months, often 
are secondary to poor surgical technique, failure of  graft 
incorporation, or errors in rehabilitation. Late failures, 
those that occur more than 1 year after surgery, likely are 
related to new trauma and graft tearing.[11] Primary signs 
of  graft tear include graft signal abnormalities, namely, 
increased signal on T2W sequence and fiber discontinuity, 
and secondary signs of  graft tear include anterior tibial 

Figure  2: A 30‑year‑old male with knee pain for graft evaluation. 
(a and b) Coronal T1‑weighted and sagittal T2‑weighted images showing 
normal location and appearance of femoral tunnel. (c‑e) Sagittal PDFS, 
sagittal PDFS in a different plane, and sagittal T2‑weighted images 
showing normal appearance of anterior cruciate ligament graft and 
normal location of tibial tunnel. A small T2 hypointense focus noted 
anterior to the distal anterior cruciate ligament graft – cyclops lesion. 
(f) Normal tibial tunnel on coronal T1‑weighted image
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Figure  1: A 29‑year‑old man with knee pain for graft evaluation 
3  years postreconstruction.  (a and b) Coronal T1‑weighted and 
sagittal T2 showing normal location and appearance of femoral 
tunnel. (c and d) Sagittal proton density fat saturated and sagittal T2, 
respectively, showing normal thickness and signal of anterior cruciate 
ligament graft with tibial tunnel posterior to Blumensaat’s extension 
line. Small cyclops lesion noted in the anterior knee joint space. (e) 
Coronal T1‑weighted showing normal tibial tunnel
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translation and an uncovered posterior horn of  the lateral 
meniscus.[9,12,13]

In our study, of  30  patients, 10  (33.3%) had intact 
grafts with no signal alterations [Figures 1 and 2], while 
15 cases (50%) had graft impingement which was the most 

commonly encountered complication. Impingement was 
mainly against the intercondylar roof  [Figures 3‑8]. Graft 
discontinuity/tear was seen in three cases (10%) [Figure 5] 
and graft stretching with abnormal high T2 signal in two 
patients (6.67%) [Figure 6].

Figure  6: A 36-year-old male patient under evaluation for knee 
pain 3 years postreconstruction of anterior cruciate ligament. 
(a and b) Coronal T1-weighted and sagittal T2-weighted images 
showing normal location and appearance of femoral tunnel. (c-f) Sagittal 
PDFS, sagittal PDFS in a different plane, sagittal T2-weighted, and 
Sagittal T2 Weighted image (AGT2W) image in a plane lateral to the 
plane of intercondylar roof, respectively, showing the abnormally and 
anteriorly located tibial tunnel with stretched, posteriorly bowed graft 
showing hyperintense signals
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Figure  5: A 26 year old male with knee pain and instability post 
ACL reconstruction 3 years ago. (a and b) Cor T1W and Sag T2W 
images showing normal location and appearance of femoral tunnel. 
(c-e) Sag PDFS and T2W in different planes respectively showing 
partly anteriorly located tibial tunnel with hyper intense signals in the 
graft and a discontinuous graft suggestive of a graft tear. (f) Cor T1W 
image showing tibial tunnel
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Figure  4: A 33-year-old male with knee pain 5 years after 
reconstruction of anterior cruciate ligament. (a and b) Coronal T1-
weighted and sagittal T2-weighted images showing slightly anteriorly 
located femoral tunnel. (c and d) Sagittal PDFS and sagittal T2-
weighted, respectively, showing the anteriorly located tibial tunnel with 
graft roof impingement and PDFS hyperintense signals in the graft. 
(e and f) Coronal short tau inversion recovery and axial T2-weighted 
images showing tibial tunnel
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Figure  3: A 35-year-old man with knee pain. (a and b) Coronal 
T1-weighted and sagittal T1-weighted images showing anteriorly located 
femoral tunnel. (c and d) Sagittal PDFS and sagittal T2-weighted, 
respectively, showing the anteriorly located tibial tunnel with T2 
hyperintense signals in the graft–graft impingement. (e and f) Axial 
T2-weighted and coronal T1-weighted showing the tibial tunnel

a b c

d e f



110	 West African Journal of Radiology | Volume 25 | Issue 2 | July-December 2018

Chilkuri and Mathews: Impact of tunnel location in ACL grafts-MRI review

The femoral and tibial tunnels were in the normal 
locations in all patients with intact grafts. The patients with 
intact grafts had other incidental pathologies involving 
meniscus/cartilage which were probably responsible 
for their pain but were not considered in our study. The 
tibial tunnel was seen anterior to the MRI equivalent of  
Blumensaat’s extension line in 16 cases (80%) with graft 
complications and 3 cases had both abnormal femoral and 
tibial tunnels. This is in accordance with the study by Meyer 
et al.[9] who stated that the normal location of  tibial tunnel is 
the most important factor in preventing graft impingement.

El Ameen et al., in 2014, studied the role of  MRI in the 
evaluation of  tibial tunnel on 34 patients and correlated 
their findings with the rate of  ACL graft complication and 
found that the graft impingement was the most frequently 
encountered complication representing 54.1% and graft 
disruption was found in 16.7%. Tibial tunnel malposition 
was encountered in 75% patients.[14] In agreement with 
their study, our study also shows that graft impingement 
is the most commonly encountered postoperative 
complication (50%) and tibial tunnel malposition was seen 
in 80% patients with graft‑related complications.

In 1992, Howell et al. studied 56 patients with ACL grafts, 
of  which 30 cases had impingement. This is comparable 
to our study results. They observed that when the location 

of  tibial tunnel is 22–28 mm from the anterior edge of  the 
tibia (posterior to the Blumensaat’s extension line), graft 
impingement can be prevented.[5] Even though our study 
does not precisely measure the location of  tibial tunnel, 
our results are in accordance with their study wherein we 
have observed that more posteriorly located tibial tunnels 
have a higher postoperative success rate.

Tomzack et  al. studied 45  patients 1  year after ACL 
reconstruction. A  total of  20  patients with good tibial 
and femoral attachment results were found at clinical 
examination to have a stable knee joint with a full range 
of  motion. In 25  patients with suboptimal placements, 
examination showed either a stable knee with a decreased 
range of  motion or instability with a normal range of  
motion. According to their study, patients’ clinical outcome 
and the radiographic/MRI findings correlated closely 
with the quality of  operative tunnel placement,[6] which 
reemphasizes our finding that the correct tunnel placement 
is of  prime importance for optimal postoperative results.

Galal et  al.[4] studied 48 postoperative patients of  ACL 
reconstruction between 2006 and 2008 and found that 
graft tear was the most encountered complication in 70% 
patients and impingement was found in 25%, in contrast 
to our study where the later was more common.

We encountered few cases of  focal arthrofibrosis (cyclops 
lesion) in the Hoffa’s fat pad[3,8] [Figures 1 and 8] and tibial 
tunnel cysts [Figure 7].[15] Hardware misplacement/loose 
bodies were not encountered in our study.

CONCLUSION

Graft impingement is the most common postoperative 
complication following ACL reconstruction, and proper 
location of  tibial and femoral tunnels is of  paramount 
importance in preventing graft impingement and ensuring 
graft integrity.

Figure 8: A 25-year-old man with knee pain 4 years postsurgery. (a-c) 
Sagittal PDFS sequences in different planes showing the anteriorly 
located tibial tunnel with posteriorly bowed graft showing internal 
hyperintense signals. A small hypointense lesion in anterior joint 
space – cyclops lesion
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Figure 7: A 41-year-old man with knee pain for graft evaluation 5 years 
postrepair. (a and b) Coronal T1-weighted and sagittal T2-weighted 
images showing slightly anteriorly located femoral tunnel. (c-e) Sagittal 
PDFS, sagittal T2-weighted, and sagittal T2-weighted in a different 
plane, respectively, showing partly anteriorly located tibial tunnel 
along with an osteophyte causing intercondylar impingement with 
reduced graft thickness and abnormal hyperintense signals in the graft. 
Associated small T2 hyperintense focus noted in the tibial tunnel – cyst. 
(f) Coronal T1-weighted image showing tibial tunnel
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