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Abstract

The knee joint is the most commonly injured of all joints and the anterior cruciate ligament is the most
commonly injured ligament. Arthroscopic reconstruction of torn ACL has become the gold standard in
treating ACL tears. The primary aim of this prospective randomized comparative study was to investigate
whether an interference screw placed through the PT portal shows less divergence as compared with a
screw placed through the AM portal.

Materials and Methods: This is a randomized controlled study. 24 patients have been included in the
study. Femoral tunnel-interference screw divergence will be measured on postoperative digital lateral X-
rays. Ha's method will be used to grade divergence. The radiologist was blinded for the technique used
(AM or PT portal).The clinical outcome will be assessed by postoperative intervention knee
documentation committee grading (IKDC) and Lysholm score at two year follow up. The study shall be
of two and half years duration with effect from May 2015 to October 2017.

Results: In our series of 24 patients, mean age was 30.6 years.With respect to the IKDC scoring, 95.83
% patients had normal or nearly normal outcome and 4.16% had abnormal outcomes. We had 95.83 %
excellent and good results with respect to Lysholm score, 4.16 % had fair outcome and we did not have
any poor outcomes. In our study we had 12 patients in each group (AM and PT). The mean divergence in
group 1 (AM portal) is 13.15°. Mean angle of divergence in group 2 (PT portal) is 7.24°

Conclusion: Arthroscopic ACL reconstruction using bone-patellar tendon-bone autograft provides a
stable knee with minimal complications. The short term results of femoral interference screw placement
through the patellar tendon portal for arthroscopic ACL reconstruction using bone patellar tendon bone
graft are encouraging with minimal screw divergence with a good clinical outcome.

Keywords: Interference screw, screw divergence, Anteromedial portal, Patellar tendon portal

Introduction

The knee joint is the most commonly injured of all joints and the anterior cruciate ligament is
the most commonly injured ligament [, The anterior cruciate ligament forms the pivot in the
functional congruence and stability of the knee in association with other ligaments, capsule,
muscles and bone 2 3. The anterior cruciate ligament is the primary stabilizer of the knee and
prevents the knee against anterior translation 4. It is also important in counteracting rotational
and valgus stress 1. ACL tears have been termed as the “beginning of the end of the knee”.
Whilst some patients can be managed nonoperatively with intense physiotherapy, bracing and
modification of activity, severe symptoms require reconstruction. Arthroscopic reconstruction
of torn ACL has become the gold standard in treating ACL tears [%. The surgical
reconstruction of the anterior cruciate ligament with Bone-Patellar tendon-Bone autograft
represents an attempt to re-establish knee kinematics. It has the added advantage of bone to
bone healing and it does not sacrifice the knee stabilizers 1. Various factors affect the pullout
strength of the graft: bone block size, quality of bone, gap between bone block and tunnel,
screw diameter and length and the angle between screw and bone block (parallel or divergent)
[30-36], Parallel placement of the screw with respect to femoral and tibial tunnel is desired as it
is one of the factors which affect the pullout strength of the graft 321,
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Biomechanical and clinical ramifications of a divergent
interference screw in the bone tunnel (tibial or femoral) is
now well established and is one of the key factors in the
success of the B-PT-B graft %2, It is easy to place the
interference screw parallel to the bone block in the tibial
tunnel as direction of drilling and placement of the
interference screw are same. Commonly, the interference
screw in a transtibially drilled femoral tunnel is usually placed
through the anteromedial (AM) portal or accessory AM portal
over a guide wire. However, this is not-in-line with the
transtibially drilled femoral tunnel and can lead to screw
divergence. If the divergence is more than 15° between
interference screw and bone block, the pullout strength of the
graft decreases sharply affecting the graft-tunnel healing,
pullout strength, and the clinical outcome [3% 32 37-40],

Materials and Methods

In patients who are undergoing arthroscopic anterior cruciate
ligament reconstruction using bone-patellar tendon-bone
graft, the femoral tunnel fixation was done by either of the
following techniques. One is through Anteromedial AM
portal (group 1) and other through Patellar Tendon PT portal
— donor defect (group 2). Femoral tunnel-interference screw
divergence will be measured on postoperative digital lateral
X-rays. Ha's method will be used to grade divergence. Angle
was measured in degrees between the longitudinal axis of
tunnel and interference screw by an experienced radiologist
on two separate occasions. The radiologist was blinded for the
technique used (AM or PT portal).

Screw divergence was classified into four grades, as described
by Kwon Ick Ha et al. ®1 Grade 1 (no divergence) were
patients with 0° to 5° divergence; grade 2 were 5° to 10°
(Mild); grade 3 were 10° to 15° (moderate); and grade 4 were
greater than 15 ° (severe).

The clinical outcome will be assessed by postoperative
intervention knee documentation committee grading (IKDC)
and Lysholm score at two year follow up.

The study shall be of two and half years duration with effect
from May 2015 to October 2017.

Operative Procedure

Under spinal or epidural anaesthesia the patient was put
supine in the fracture table with the affected leg in hanging
positon and the other leg in lithotomy position. The knee is
examined for ligament injury using Lachman test, anterior
drawer test, pivot shift test, valgus and varus stress test and
posterior drawer test. After applying tourniquet the knee was
extended over leg holder. Parts were cleaned and draped and a
diagnostic arthroscopy was performed using standard
anterolateral and anteromedial portals. The diagnosis of ACL
tear confirmed arthroscopically and associated chondral
lesions and meniscal tears diagnosed and treated. All patients
underwent single incision ACL reconstruction using B-PT-B
graft.

The middle third of the patellar tendon measured
approximately 10 mm and harvested along with patellar and
tibial bone plugs upto 25 mm long. The bone plugs are
trimmed to the desired width (8mm - 11 mm). The width
checked using appropriate sizer templates. The graft edges are
smoothened and sutures passed through the drill holes.

Notchplasty was done using a specialized curette and
automated shaver. The tibial tunnel is made using the
'TIBIAL JIG’. The angle of the guide is usually adjusted with
the calculation 'N + 10" where N stands for the length of the
patellar tendon. The tibial tunnel was prepared by serial
drilling from 6 to 9 mm cannulated reamers over a guide wire
exiting 6 mm anterior to the anterior fibers of posterior
cruciate ligament, just medial to medial tibial spine in the
posterior footprint of torn ACL fibers.

With the knee at 80 to 90° of flexion, femoral tunnel was
drilled over a guide wire which was kept 7 mm anterior to
posterior edge of lateral femoral condyle at 10:30 o'clock in
right knee and 1:30 o'clock in left knee using a femoral offset
of 6 mm. Bicortical drilling was done with 4-mm cannulated
reamer. Then, 30 mm long femoral tunnel was drilled serially
with 7- to 9-mm cannulated reamers. The posterior cortex is
checked for any breach of the back wall.

Graft Passage: The sutures are passed through the eye of the
Beath pin and the proximal end of the pin is pulled to pass the
graft through the tibial and femoral tunnel from bottom to the
top. The cancellous portion of graft was facing anterolateral.
Care is taken that no bone is allowed to protrude into the joint
cavity at both tibial and femoral ends

Graft Fixation: Knee was flexed to 110 ° and a guide wire
advanced into the notched portion of tunnel to minimize
divergence through the selected portal, i.e., AM (group 1) or
PT (group 2) portal (through the donor defect). To achieve
graft fixation in femoral tunnel, titanium interference screw of
appropriate length and diameter was inserted over the guide
wire using the selected portal (according to randomization)
into the femoral tunnel. Care is taken for the screw not to pro-
trude into articular area.

Again, guide wire was kept parallel to graft in tibial tunnel
and graft was fixed with interference screw keeping the knee
at 30° flexion with force directed posteriorly onto the shin of
tibia. Interference screws are placed at the cancellous side of
the bone plug in tibial tunnel with the graft sutures pulled
firmly under tension.

After the ACL reconstruction, Lachman and Pivot shift test
were performed to assess the adequacy of fixation.

Post-Op Rehabilitation

Rehabilitation was started on the day after surgery under the
direct supervision of the surgeon. Drain removed at 24-48
hours. The knee was immobilized in knee brace. The
accelerated rehabilitation program includes the following.
Closed chain exercises started on day one. Active SLR and
static quadriceps strengthening exercises were started. Two
crutch ambulation was allowed with the knee immobilized,
with weight bearing as tolerated. Sutures were removed on the
14" post op day. Intermittent passive range of motion was
encouraged. Weight bearing was allowed with knee brace up
to 6 weeks. Active flexion was started at the end of 6 weeks.
Patient was allowed active and active-assisted knee
mobilization and gradual quadriceps strengthening exercises.
Crutches were discontinued when quadriceps control is
acquired. Physiotherapy is continued up to 9 months post-
surgery.

Time Motion

Muscles Training

Phase - | Preoperative

Aim to prevent muscle atrophy

Good quadriceps setting.
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Prepare patient for procedure

Heel slides/ SLR
Normal gait pattern emphasized

Stage - Il Upto 2 weeks

Aim to decrease pain & swelling Starts on day of surgery|

Knee immobilized Quadriceps exercise
Foot ankle pump

Stage 111
2 - 6 weeks

Emphasis on increasing ROM Increasing weight bearing

Brace continued Full weight bearing
No active flexion

Stage IV After 6 weeks

Aim in improving muscular control and proprioception

Closed chain Kinetic exercise
Active knee flexion

Evaluation

Postoperatively X rays (Standard Antero-posterior and Lateral
views) were taken on the operated limb. The tunnel
positioning and screw placement were documented. All
patients were reviewed periodically at 6 weeks, 3 months, 6
months and 1 year for assessment.

The patients were evaluated using the International Knee
Documentation 2000 Score (IKDC) and Lysholm & Gillquist
Knee Scoring Scale.

Result Analysis

All the 24 patients were available for follow-up and they were
followed up every month during the first 4 months and every
2 months during the first year. The minimum follow-up was 6
months and maximum was 25 months, mean follow-up being
15.75 months. Twelve patients underwent femoral tunnel
fixation by titanium interference screw through AM portal
(group 1) and other 12 patients through PT portal (group 2).
The mean age was 30.6 years. It ranged from 19 years to 47
years. 45.83 % of the cases were between 21-30 years.There
were 20 males and 4 females in this study. There were 2
females and 10 males in each group. 12 out of 24 cases were
because of sports injury. Of the 24 patients, right knee was
affected in 14 cases and in 10 cases left knee was involved.
Of these 6 left knees and 6 right knees, the femoral
interference screw was placed through the patellar tendon
portal (PT). 4 left knees and 8 right knees, the femoral
interference screw was placed through the anteromedial portal
(AM). Of the 24 patients, majority of patients i.e., 10 patients
had interval of >3months to 6 months, between the date of
injury and date of surgery. Of the 10 patients 4 patients were

in group 1 and 6 patients in group 2. Overall 13 patients had
knee pain, 6 patients had instability, 1 patient had locking
episodes, and 4 patients had both knee pain and instability. Of
the 13 patients, who had knee pain 7 patients were in group 1
and 6 patients in group 2.

All the patients at the end of 1 year follow up were
functionally evaluated based on IKDC SCORE. Of the 24
patients, 15 patients had normal outcome, 8 patients had
nearly normal outcome and 1 patient had abnormal outcome.
Of the 15 normal outcomes, 6 patients belonged to group 1
(AM) and 9 patients belonged to group 2 (PT). Of the 8 nearly
normal outcomes, 5 patients belonged to group 1 (AM) and 3
patients belonged to group 2 (PT). 1 patient who had an
abnormal outcome belonged to group 1 (AM) attributed to
poor preoperative IKDC score.Of the patients taken up for the
study 15 patients had improved by one grade and 9 patients
had improved by 2 grades.

Table 1: Ikdc grading of knees at two-year follow-up in two
different groups with respect to the grade of interference screw-
tunnel divergence

Ha grade

Gl G2 G3 G4

IKDC SCORE A|B|A|B|A|B|A|B

AM (no. of cases) 0|02 |1 |4]2]|0]2

PT (no. of cases) 210|621 ]1]0]0

We had 75% of the patients in the AM portal group with divergence
in either grade 3 or 4 category, where as in PT portal group, 83.33 %
of the patients were in grade 1 or 2 category. Chi square test applied
between the two groups was statistically significant (P<0.0001).

Table 2: Grades of interference screw-femoral tunnel divergence between two groups

Grade 1 (0°-59)

Grade 2 (5°-10°)

Grade 3 (10°-15°) | Grade 4 (>15°)

Group 1(AM) (% within portal) 0

(3)25% (7) 58.33% (2)16.67 %

Group 2 (PT) (% within portal) (2) 16.67 %

(8) 66.67 % (2)16.67 % 0

Table 3: lysholm score charted groupwise

No. of Cases Percentage
Excellent 15 62.50 %
Good 8 33.33%
Fair 1 4.16 %
Poor 0 0%

The Lysholm and Gillquist knee scoring scale was also
used to evaluate the functional status of our patients. We had
15 patients with Excellent outcome, 7 patients with good

outcome and 1 patient had a fair outcome.

Of the 15 patients with excellent outcomes, 6 patients belong
to group 1 (AM) and 9 patients belong to group 2 (PT). Of 8
patients with good outcome, 5 patients belong to group 1
(AM) and 3 patients belong to group 2 (PT). The fair outcome
belonged to group 1 (AM). Both groups had average
postoperative Lysholm score of 91.6 (group 1) and 95.4

(group 2).

Screw Divergence

Table 4: Mean Angle of interference screw- femoral tunnel divergence between two groups

Mean angle of tunnel screw divergence (degrees)

Percentage Of patients

Group 1 anteromedial portal n=12

13.15° 50 %

Group 2 patellar tendon portal n=12

7.24° 50 %

The mean tunnel-screw divergence in sagittal plane through AM portal was 13.15° and through PT portal through donor defect was

7.24°.
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Discussion

Over the past several decades, development in arthroscopic
techniques and improvement in technology and research have
allowed anterior cruciate reconstruction to become one of the
most successful surgical techniques in sports medicine. At
present the most commonly used grafts for ACL
reconstructions are bone-patellar tendon-bone autograft and
hamstring tendon grafts. The central one third of the bone-
patellar tendon-bone graft was used because of its excellent
biomechanical properties. It is the strongest of the
immediately available substitute. The graft can be placed
accurately during the surgery for it to act isometrically both in
its location and tension. Bone to bone healing is more secure
and rapid when compared to other grafts. It does not sacrifice
the knee stabilizers. The bone-patellar tendon-bone graft is
time tested and has lesser complications and less significant
morbidity.

We have made the following observations from our study.
Males sustained this injury more than the females, the ratio
being 5:1. Sports injury are the most common mode of injury
and it accounted for about 50% of the cases. Right knee was
involved in more number of cases i.e., in about 58.33% cases.
About 11 out of 24 cases were between 21 - 30 years i.e,
(45.83 %). The mean age is 30.6 years. Majority of patients
i.e., 10 patients had interval of more than 3months to 6
months, between the date of injury and date of surgery.
Overall 13 patients had knee pain, 6 patients had instability, 1
patient had locking episodes, and 4 patients had both knee
pain and instability. Of the 24 patients, 15 patients had normal
outcomes, 8 patients had nearly normal outcome and 1 patient
had abnormal outcome. We had 75% of the patients in the
AM portal group with divergence in either grade 3 or 4
category, where as in PT portal group, 83.33 % of the patients
were in grade 1 or 2 category. Of the 15 patients with
excellent outcomes, 6 patients belong to group 1 (AM) and 9
patients belong to group 2 (PT). Of 8 patients with good
outcome, 5 patients belong to group 1 (AM) and 3 patients
belong to group 2 (PT).Both groups had average
postoperative Lysholm score of 91.6 (group 1) and 95.4
(group 2).The mean tunnel-screw divergence in sagittal plane
through AM portal was 13.15%nd through PT portal through
donor defect was 7.24°. 12 patients out of our 24 patients had
associated chondral lesions. Meniscal injuries were present in
13 patients. 9 patients had medial meniscal tear. 4 patients had
lateral meniscal tear.

Conclusion

Anterior cruciate ligament injuries are common in younger
age group individuals. Males are more prone for anterior
cruciate ligament injuries. Sports injuries are the commonest
cause for anterior cruciate ligament injuries. Associated
meniscal and chondral lesions increase with duration of the
injury. Arthroscopic anterior cruciate ligament reconstruction
with bone- patellar tendon-bone graft is an excellent treatment
option for anterior cruciate ligament deficient knees.

Meniscal injuries do not affect the final outcome in anterior
cruciate ligament reconstructed patients in short term follow
up. Arthroscopic ACL reconstruction using bone-patellar
tendon-bone autograft provides a stable knee with minimal
complications.  Arthroscopic anterior cruciate ligament
reconstruction reduces postoperative morbidity and enables
early rehabilitation.

Femoral interference screw placement through the PT defect
provides significantly less screw divergence as compared with
screw placement through the AM portal.

The limitation of this study is that only sagittal plane
divergence has been evaluated. It is difficult to accurately
outline the femoral tunnel in the coronal plane in AP view of
X-ray. However, a randomized study with larger sample size
with long follow up is desired to study the relation between
multiplanar divergence (using computed tomography scan)
and clinical outcome using these two portals.

The short term results of femoral interference screw
placement through the patellar tendon portal for arthroscopic
ACL reconstruction using bone patellar tendon bone graft are
encouraging with minimal screw divergence with a good
clinical outcome. There is a clear need for prospective long
term follow up studies.
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