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a b s t r a c t

Background: Proper positioning of osseous tunnels during single bundle arthroscopic ACL reconstruction,
which gives reproducibly good clinical outcome, is a matter of concern. Little evidence is there corre-
lating tunnel position in arthroscopic ACL reconstruction with their clinical outcome in Indian popula-
tion. Our aim in this study was to examine if the radiological tunnel-positions were significantly
associated to the clinical outcomes.
Methods: ACL reconstruction was performed in 147 young patients with an isolated ACL tear. They were
followed up prospectively for the next two years. Clinical assessment of each patient was done using the
International Knee Documentation Committee (IKDC) evaluation form before surgery and at two years
later the surgery. At the same time, the radiological assessment was done on standard digital
radiographs.
Results: Considering the anterior and posterior-most points on the Blumensaat's line as 0% and 100%
respectively the average position of the femoral tunnel was at 84.8%. Similarly, the tibial tunnel was at
46.8% along the tibial plateau. On the coronal plane the average position of the tibial tunnel was at 45.6%
point along the tibial plateau (measured from the medial-most point towards laterally). The mean po-
sition of the femoral tunnel in the coronal plane was at 43.2% along the broadest part of the distal femur
(measured from the lateral extent). The average inclination angle of the graft measured 19.6� (along the
coronal plane).
Conclusion: Ideal clinical outcome was significantly associated with the placement of the femoral tunnel
along the sagittal plane. Placement of the femoral tunnel should not be beyond the 85% mark along the
Blumensaat's line from the anterior-most point. No correlation was established between clinical results
and any of the remaining radiological parameters described above.

© 2018
1. Introduction

In order to achieve a successful anterior cruciate ligament (ACL)
reconstruction, optimum placement of the graft is crucial.1e3 Non-
anatomical placement of the bone tunnels is a very common cause
that can lead to the failure of the ACL graft.4 Malpositioning of the
tunnels can give rise to abnormal tension in the graft, and thereby
).
Dharmanagar, Tripura, India.
either stiffness of the knee, or recurrent instability.5e7 These are all
preventable by correctly judging guide wire placement intra-
operatively by several techniques such as the use of femoral guides,
fluoroscopy, and computer-assisted surgery.8e10

Accurate placement of the tunnels is a challenging task. This not
only minimizes the graft stretching but also averts the risk of re-
rupture by avoiding notch impingement and improves rotational
control.2,11

The definition of the ideal tunnel position has observed major
changes from time to time. In contrast to the earlier transtibial
technique of ACL reconstruction, the newer transportal technique
has its foundation in the concept of anatomical ACL reconstruction.
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This novel concept emphasizes on reproducing the normal anat-
omy of the original ACL. This is achieved by placing the ACL graft at
the center of the insertion sites of the original ligament.4 In order to
implement this principle one has to take reference of various
anatomical landmarks. It has been found that these landmarks are
not consistent and may be absent in some individuals.12,13 Retain-
ing the soft tissue of the torn ACL near its attachment site appar-
ently helps to maintain post-reconstruction proprioception; hence
clearing the remnants to accurately identify the footprints of the
original ACL is not a favorable option.14 On the contrary, locating the
center of the footprint within those preserved remnants becomes a
challenging task. Earlier reports showed significant variation in
tunnel positioning.15 One way of making guidewire placement less
subjective is by using intraoperative fluoroscopy to cross-check the
guidewire's position.16,17 The standard radiographic position of
tunnels described in the literature is mostly based on western
population.2,6,11,18,19 To customize this concept to the Indian popu-
lation there is insufficient information available in the literature.20

The purpose of our study was to address this problem and find
out what radiological positions of osseous tunnels are consistent
with the optimum clinical outcome. Probably, this would also
enable us to set a superior intraoperative reference guide to achieve
more favorable clinical results after arthroscopic ACL
reconstruction.

2. Material and methods

2.1. Study design and ethical clearance

It was an institution based prospective study. Ethical approval
was granted by the Institutional Ethics Committee.

2.2. Selection of study population

This study was conducted on adult patients who underwent
arthroscopic anterior cruciate ligament reconstruction between
August 2013 and September 2015 at Medical College and Hospital,
Kolkata. The criteria followed, have been mentioned below.

Inclusion criteria:

a. Patients aged between 18 and 40 years.
b. Clinically and radiologically diagnosed with isolated anterior

cruciate ligament injury.
c. Affirms history of instability of knee.

Exclusion criteria:

a. Patients whose age fell out of this range.
b. Patients with generalized ligament laxity.
c. Associated meniscal injury or, osteochondral defects.
d. Patients with history of previous meniscal surgery.
e. Multidirectional instability
f. Patients undergoing revision ACL reconstruction.
g. Patients not willing to participate.

Awritten and informed consent wasmust for participation in the
study. A total of 173 randomly selected patients fulfilled above
criteria and were taken into the study. All of them were evaluated
both clinically and radiologically. By the end of two years 19 patients
were lost to follow up and consequently excluded from the study.
Seven patients with inadequate quality radiographs denied to repeat
radiological examination. They were also excluded from the study.
Remaining 147 patients represent the final study population. There
were 91 male (62%) and 56 (38%) female patients. The average age of
the patients was 26.4 year (range: 18e36 year, SD 4.4).
2.3. Surgical procedure

All these patients underwent arthroscopic anatomical single-
bundle anterior cruciate ligament reconstruction using four-
strand hamstring tendon autografts at the aforementioned insti-
tute. Grafts were fixed rigidly with interference screws (PROFILE™
Interference Titanium Screw of DePuy Mitek, Inc., Raynham, USA)
at both femoral and tibial attachment sites.

2.4. Post-operative rehabilitation program

Postoperatively, long knee extension brace was applied in 5� of
knee flexion before shifting the patient out of the operation theater.
Isometric muscle strengthening exercises were started as soon as
the patient was out of the anesthetic effect. From next day onward
weight-bearing was allowed as tolerated with crutches. Active
range of motion exercises was startedwith a gradual increase in the
range to achieve the target of 0◦-90� flexion by 4 weeks and full
pre-operative range by the 6 weeks. Brace was discontinued after 4
weeks. Jogging along a straight line, swimming was started at 3
months. Squatting and competitive sports were delayed till 6
months.

2.5. Radiological assessment

Standing anteroposterior (AP), posteroanterior (PA) in 30�

flexion, lateral radiographs of the knee were obtained before the
operation and at two years after the surgery. Radiographs of poor
exposure or incorrect positioning were rejected and proper images
were retaken in such circumstances. All images were collected in
DICOM format and linear and angular measurements were done
using SE Media Viewer Software (AGFA, version 4.0.0.0). The posi-
tion of the tunnels was assessed in the DICOM images as per the
technique laid by Princzewski et al.11 In this study this was inde-
pendently done by an orthopedic resident (Author- HD). The
technique is described below.

2.5.1. Posterior femoral tunnel
Lateral view radiograph was used for measuring this parameter.

The most anterior point on the Blumensaat's line was arbitrarily
taken as 0%. Similarly, the posterior-most point as considered as
100%. The midpoint of the femoral tunnel was located and the
position was measured in terms of percentage in the above
mentioned scale Fig. 1.

2.5.2. Anterior tibial tunnel
Measurements were done on lateral view radiographs. Along

the tibial plateau, the anterior and posterior ends were arbitrarily
taken as 0% and 100% respectively. The midpoint of the tibial tunnel
was measured along that line in percentage Fig. 1.

2.5.3. Medial tibial tunnel
Anteroposterior radiographs are used for this measurement. The

location of the tibial tunnel was marked in the coronal plane along
the tibial plateau and measured as percentage from the medial end
Fig. 2.

2.5.4. Lateral femoral tunnel
Anteroposterior radiographs were found suitable for the

assessment of this parameter. In this, the position of the femoral
tunnel was marked in the coronal plane. Distance from lateral
femoral condyle was measured in percentage along the widest
imaginary line on the distal femur Fig. 2.



Fig. 1. Posterior Femoral Tunnel (PFT) and Anterior Tibial Tunnel (ATT) both are
measured in the lateral view radiograph. PFT (in %)¼ ðLM=LNÞ� 100, ATT (in %)¼
ðOP=OQÞ � 100.

Fig. 2. Medial Tibial Tunnel (MTT) and Lateral Femoral Tunnel (LFT) both are measured
in the anteroposterior radiograph. MTT (in %)¼ ðEF=DFÞ� 100, LFT (in %)¼ ðAB=ACÞ�
100.

Fig. 3. Graft inclination angle is measured on the posteroanterior view taken at 30�

flexion. Here, GI represents the tibial plateau. HK joins the medial walls of tibial and
femoral tunnels. JH is the line perpendicular to GI. The angle JHK is the graft inclination
angle.
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2.5.5. Graft inclination
This was measured in PA radiograph taken in 30� flexion of the

knee joint. Medial walls of the tibial and femoral tunnels were
joined and the angle formed by this line with the perpendicular
drawn on the tibial plateau was measured. This was taken as the
angle. Fig. 3.
2.6. Clinical assessment

There were minimum two clinical assessments for each patient,
using the International Knee Documentation Committee (IKDC)
evaluation form. First assessment was done before the surgery, and
the other assessment two years after the surgery. “Ideal outcome”
was defined as fulfilling the following four criteria:

a. Subjective knee function: Normal (or almost normal);
b. Range of movement: IKDC Grade A (which means< 3� loss of

extension and <5� loss of flexion);
c. Laxity: IKDC Grade A (referring to grade 0 pivot and

laxity< 3mm)
d. Radiology: No radiological evidence suggesting degenerative

changes.

Those individuals failing to achieve so were labeled as having
“not-ideal outcome”.11
2.7. Analysis

Various radiological parameters of osseous tunnel position in
both the groups were analyzed by applying the Mann Whitney U
test. A p-value <0.05 was considered to be statistically significant.
3. Results

3.1. Posterior femoral tunnel

The midpoint of the femoral tunnel was located at a mean of
84.8% [standard deviation (SD) 2.9] posteriorly along Blumensaat's
line. The distribution of the individual values is depicted in the
scatter diagram below Fig. 4.
3.2. Anterior tibial tunnel

Position of the tibial tunnel was measured at a mean of 46.8%
(SD 1.9) with their distribution as shown below Fig. 5.
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Fig. 4. Posterior femoral Tunnel(PFT) distribution.
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Fig. 5. Anterior tibial Tunnel(ATT) distribution.
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3.3. Medial tibial tunnel

On anteroposterior films themidpoint of the tibial tunnel was at
a mean of 45.6% (SD 1.9) lateral from the medial end of the plateau.
Individual measurements were as below Fig. 6.

3.4. Lateral femoral tunnel

The femoral tunnel was positioned at a mean of 43.2% (SD 1.8)
medial from the lateral femoral condyle. The distribution has been
shown below Fig. 7.

3.5. Graft inclination

The average graft inclination angle was 19.6� (SD 2.0) as
measured with reference from an imaginary vertical line drawn in
the coronal plane. The distribution is shown in the chart below
Fig. 8.

3.6. Clinical results

At the follow up of two years, among the 147 individuals, 129
had “ideal outcome” and the remaining 18 had “not-ideal
outcome”. Among them 7 had chronic pain, 13 had laxity, 2 patients
came back with a tear of reconstructed ACL, 6 had a restriction of
movements Fig. 9.

The patients with chronic pain were dealt with oral analgesics
and a course of physiotherapy. Restriction of squatting, sitting
crossed-legged, climbing stairs and competitive sports were
advised to them. Except for the 2 patients having a complete tear of
the reconstructed ACL, others patients presenting with laxity were
managed conservatively by physiotherapy (muscle strengthening
exercises, proprioceptive training) and temporary supportive
braces. Two patients who came with torn ACL were advised revi-
sion surgery. One among them refused to undergo further surgical
intervention; the other was later operated and did well with revi-
sion ACL reconstruction. Among the 6 patients with stiffness, all
were initially subjected to conservative management with phys-
iotherapy. Four among them improved well, remaining 2 were
subjected to manipulation under anesthesia but ultimately
required arthroscopic arthrolysis for adequate release of intra-
articular adhesions Table 1.

It has been found that among various radiological tunnel posi-
tion parameters, position in the femur in the sagittal plane has a
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Fig. 6. Medial tibial Tunnel(MTT) distribution.
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Fig. 9. Clinical Results in not-ideal outcome group.

Table 2
p values obtained by applying Mann Whitney U test
(<0.05 was taken as significant).

Clinical outcome PFT ATT MTT LFT GI

Pain 0.144 0.395 0.171 0.116 0.184
Laxity 0.131 0.276 0.095 0.093 0.055
Stiffness 0.059 0.430 0.749 0.369 0.562
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significant association with the clinical outcome. In the ideal clin-
ical result group, the femoral tunnel was 84.6% (mean value) pos-
teriorly placed along the Blumensaat's line. The same in the non-
ideal outcome group was at 86.3% posteriorly placed (mean
value). This difference was statistically significant (Mann-Whitney
U test, p¼ 0.007). The association between clinical outcome and
the other parameters are not significant statistically.

3.7. Relationship between tunnel placement and different non-ideal
clinical results

Patients presenting with chronic pain, laxity, and stiffness dur-
ing the two years follow up were analyzed. Various tunnel position
parameters in these patients were taken into consideration and any
statistically significant relationship between each of these param-
eters and any of these conditions was sought. The relationship
between tunnel parameters and the outcome of tear of recon-
structed ACL could not be tested due to the very small sample size
(n¼ 2). Mann Whitney U test was applied in each of them. P-value
<0.05 was taken to be significant. No statistically significant rela-
tionship was established between any of the tunnel position pa-
rameters and any of the outcome types mentioned Table 2.

4. Discussion

The position of the tunnels is a matter of concern in arthro-
scopic ACL reconstruction. The consensus is now towards
anatomical reconstruction by transportal technique. Incorrect
Table 1
Comparison between 2 groups of patients
(Ideal outcome* vs non-ideal outcomey patient groups).

Parameter Mean value in Ideal Outcome cases Mean v

PFT 84.6 86.3
ATT 46.8 47.2
MTT 45.5 46.3
LFT 43.1 44.2
GI Angle 19.5 20.6

*Defined as having normal or nearly normal subjective knee function; grade A IKDC rang
assessment i.e., grade 0 pivot and <3 mm laxity clinically and no evidence of radiologica
yAll other cases that didn't fit in the above definition.
zSignificant if< 0.05.
positioning of tunnels has been reported in various proportions.
While it was in as high as 50% of cases in earlier studies21,22; a
recent study documented less incidence (23%).23 Erroneous
placement of either tibial or femoral tunnel or both together have
been associated with various poor outcomes.2,21 Among these, the
erroneous position of the femoral tunnel is the most commonly
reported cause of failure.4

In our study, we attempted to assess average tunnel positions
and to see if any statistically significant relationship is there be-
tween tunnel position parameters and the outcome. Observed
overall average positions were PFT: 84.8%, ATT 46.8%, MTT 45.6%
and LFT 43.2%. Graft inclination anglewas 19.6�. This is similar to an
earlier study by Pinczewski et al.11 (PFT: 86%, ATT 48%, MTT 47%, LFT
43% and graft inclination angle 19�).

Studies have shown that excessive anterior placement of the
femoral tunnel can have various adverse outcomes. The tension in
such graft can be high enough to restrict the movement. The
consequencemay either be elongation or, the ultimate failure of the
graft.21,24 A too posterior position of femoral tunnel can cause
impingement and loss of movement or rupture.21,24

Tibial tunnel placed >50% posteriorly along the tibial plateau
can result in loss of flexion and a significant increase in the rupture
rate as compared to the <50% group.11 Anterior placement of the
tibial tunnel can cause roof impingement in extension.25 Medial
placement of tibial tunnel causes PCL impingement.25 A medially
placed femoral tunnel can cause PCL impingement of the ACL graft.5

Vertically placed grafts are less stable rotationally. This was more
frequently encountered in the transtibial drilling of the femoral
tunnel than the transportal technique.26,27

Our study showed a statistically significant association between
femoral tunnel position in the sagittal plane and the clinical
outcome; whereas it failed to demonstrate the same between other
position parameters and such outcome. We could conclude that to
optimize clinical result femoral tunnels should be placed at around
85% posteriorly along the Blumensaat's line as more posteriorly
placed tunnels led to an unfavorable outcome and this association
was statistically significant. The rupture rate was relatively low
(n¼ 2) in our study as compared to other studies. Few of the rea-
sons could be the higher commitment towards anatomical graft
placement at our center and a well-planned and coordinated, yet
flexible rehabilitation program offered to the patients before
allowing them to return to competitive sports.
alue in Non-ideal Outcome cases Mann Whitney U test (p valuez)

0.008
0.542
0.285
0.129
0.093

e of movement i.e., <3� loss of extension and <5� loss of flexion; grade A IKDC laxity
l degenerative changes.
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There are a few shortcomings of our study. We have a follow up
of 2 years, while some of the important adverse outcomes (e.g.
early onset of osteoarthritis) cannot be monitored in such a short
span. Here we presented the data obtained from one single center
catering service to a less diversified ethnic population. A multi-
centric study with a longer follow up would be more adequate.

5. Conclusion

This study found that “ideal clinical outcome” was significantly
associated with the placement of the femoral tunnel along the
sagittal plane. The femoral tunnel should not be placed beyond the
85%mark along the Blumensaat's line from the anterior-most point.
The position of the femoral tunnel in the coronal plane showed no
statistically significant relationship with the clinical outcome. Same
was true between the tibial tunnel position in either of the coronal
and the sagittal planes and the clinical results.
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