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Abstract: Several arthroscopic repairs and fixation for tibial intercondylar eminence fracture have been developed for
restoring anterior cruciate ligament function. Repairing the avulsion fragment with multiple-point fixation provides some
benefits over a single-point fixation. It provides multidirectional force control, especially on the posterior part of the
fragment, and produces area of compression. We propose a 3-point fixation technique for providing proper reduction and
compression in large fragment anterior cruciate ligament avulsion fracture. This includes using hybrid intra-articular and
tunnel pull-out suture fixation to provide good posterior reduction and fixation. The number of tunnels is decreased by

using a suture anchor.

ibial intercondylar eminence fracture is an osseous
failure caused by avulsion from anterior cruciate
ligament (ACL). This type of injury is more common in
children and adolescents, which peaks during ages of 8
to 13 years. However, it can occur in adults and cause
anterolateral instability to the injured knee.'”
Originally, Meyers and McKeever® classified this
injury based on the severity of displacement. There has
been a strong agreement of treating displaced fracture
with operative procedures, which are fragment reduc-
tion and fixation to restore the ACL function.' ™
Recently, the arthroscopic pull-out suture technique
has become popular for the reduction and fixation of
avulsion fragment. Several techniques, including using
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1 to 4 tunnels for fixation, have been reported.”'' In

the single-tunnel fixation technique, it may not be
able to completely control the adequate reduction
multidirectionally. The tunnel is often placed anteriorly
to the fracture. During fixation, the posterior gap of the
fracture is usually remained unreduced or becomes
wider. To correct multidirectionally, a multiple-tunnel
technique is needed. However, there are many con-
cerning issues with the multiple-tunnel technique, such
as tunnel convergence during their creation,'” as well
as the insecure horizontal and vertical motion of the
suture in the tunnel due to the long distance of the
tunnel, known as the “windshield wiper” and “bungee
jump” effect, respectively.'” ">

In this article, we report an arthroscopic 3-point fix-
ation technique using the hybrid tunnel pull-out suture
fixation and intra-articular fixation. The aim of using
intra-articular fixation is to minimize the number of
tunnels for the ACL avulsion fracture fixation. This
technique aims to achieve proper reduction, especially
at the posterior portion of the fracture, and adequate
compression in fixation area between the fragment and
its bone base.

Surgical Intervention (With Video
lllustration)

General preparation of the patient is performed with
the patient in a supine position with the injured knee
hanging over the side of the operating table. A pneu-
matic tourniquet is applied at the proximal thigh. After
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Fig 1. (A-B) The intermeniscal ligament (yellow arrows) is the potential obstacle during fragment reduction. (A) Viewing portal:

anterolateral portal; (B) Working portal: anteromedial portal.

sterile preparation and draping, standard anterolateral
and anteromedial portals are created. Arthroscopic
examination is performed. The concomitant lesions can
be managed in this step.

For the fixation of the ACL avulsion fracture, there
are 2 main parts. The first part aims to reduce the
fragment posteriorly and maintain the reduction. The
second part is to close the anterior gap by pulling the
ACL toward an anterior tunnel (Video 1).

First, tibial eminence fracture is identified, then fibrin
clot and scaring tissue beneath the fragment are
removed by a motorized shaver to allow the mobility of
the fragment. Cleaning of the clot and scar beneath the
posterior portion of fragment is important for adequate
mobilization. Then, a reduction of the fragment is
attempted. One of the potential obstacles for reduction
is the intermeniscal ligament (Fig 1), which can be
managed by anterior retraction intermeniscal ligament
or sliding the ACL fragment posteriorly. In this tech-
nique, we use the advantage of the 3-point control to

Table 1. Aftercare and Rehabilitation Program

Postoperative Timeline Aftercare and Rehabilitation Program

0-6 weeks e Protective range of motion exercise using
a hinge knee brace

Isometric quadriceps exercise
Hamstring curl

Hip muscle exercise

Remove the hinge knee brace
Aggressive range of motion exercise
Squatting exercise

Proprioceptive exercise

Jogging and running

Plyometric exercise

Sports specific exercise

Return to play if indicated

6-12 weeks

12 weeks-6 months

After 6 months

slide the fragment posteriorly away from the inter-
meniscal ligament (Table 1).

In details of the technique, initially, double-loaded
soft suture anchor (2.8-mm Y-knot Flex; Conmed,
Largo, FL) is applied at posteromedial side of the frag-
ment for the first point of fixation (Fig 2). We use the
suture anchor to minimize the use of the tunnel pull-
out suture fixation, as well as to minimize the inse-
cure “windshield wiper” and “bungee jump” effects.
The second point of fixation is the posterolateral edge of
the fragment. The posterolateral point is drilled from
anterolateral tibial cortex to the area posterolateral edge
of the fragment by using ACL-aiming-guide instrument
(Fig 3). All-inside suture passer is used to pass 2 of the 4
ends (blue suture, Fig 4A), from the soft suture anchor
through the ACL medially to laterally. The passed su-
tures are then retrieved to the posterolateral tunnel.
Next, the remaining 2 suture ends from the soft anchor
(black striped suture, Fig 4B) are passed across the ACL
anteriorly and then retrieved to the posterolateral
tunnel. Both points of fixation provide the reduction of
posterior portion of the fracture fragment and act as the
fulcrum during anterior portion reduction after tight-
ening with a suspension button. Alternatively, all-
inside fixation method can be adapted to this step by
using knotless suture anchor applied to the posterolat-
eral point of fixation. However, only 2 strands of suture
can be loaded in the small-size suture anchor and the
suture tension adjustment is not allowed after the
knotless anchor is locked. In patients with osteoporosis,
we do recommend the use of a transtibial pull-out
fixation with a suspension button or suture to the post.

In the next step, the third point of fixation is created
for closing the anterior gap. An anterior tunnel is drilled
using ACL-guide instrument from anteromedial tibial
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Fig 2. (A-B) To create the posteromedial point, a soft anchor is applied at the posteromedial side of the fracture (yellow circle).

cortex to the anterior portion of fracture fragment
(Fig 5A). If there is enough bone in the anterior portion
of tibial eminence fragment, we recommend to drill
through the anterior portion of the fragment for pre-
venting suture slipping during tightening sutures. Two
nonabsorbable sutures (No. 2 Hifi; Conmed) are passed
through the ACL substance, separately, by all-inside
suture passer and tied with cinch stitch fashion
(Fig 5B). Both sutures are retrieved through the
anterior tunnel (Fig 5C and Fig 6).

Finally, all sutures from the posterolateral tunnel are
tied using suspension button above the tunnel aperture.
The reduction of posterior portion is observed via
arthroscopy during tightening. The fragment can be slid
posteriorly, and the posterior gap can be compressed
with this fixation. Next, suture from the anterior tunnel

is then tied using another suspension button for ante-
rior portion reduction and fixation (Fig 7A and Fig 8).
Anterior impingement should be checked under
arthroscopic inspection during full knee extension
(Fig 7B). The laxity of the ACL and the anterolateral
stability of the knee are tested with Lachman test,
anterior drawer test, and pivot-shift test the after
fixation.

Postoperatively, active range of motion exercise is
allowed while using hinge knee brace to protect knee
from any accidental deforming force. The isometric
quadriceps exercise, hamstring curl, and hip
muscle—strengthening exercise are advised. At post-
operative 6 weeks, the hinge knee brace is removed.
Low angle squat, weighted or rubber band—resisted
hamstring curl, and more aggressive range of motion

Fig 3. (A-B) A bone tunnel at posterolateral point is created at the posterolateral edge of ACL fragment. (C) Spinal needle with
PDS is passed through the bone tunnel. The PDS is later used for shuttling Hifi suture. (A) Viewing portal: anterolateral portal;
(B) Working portal: anteromedial portal. (ACL, anterior cruciate ligament; LM, lateral meniscus; PDS, polydioxanone suture)
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Fig 4. There are 2 pairs of sutures in the posteromedial anchor. All-inside suture passer is used to pass the blue suture’s ends (A)
from the posteromedial anchor through the ACL medially to laterally then retrieved to the posterolateral tunnel. Next, the
remaining 2 black striped suture’s ends from the posteromedial anchor (B) are passed across the ACL anteriorly and then
retrieved to the posterolateral tunnel. Both points of fixation provide the reduction of posterior portion of the fracture fragment
and act as the fulcrum during anterior portion reduction after tightening with a suspension button.

Fig 5. (A) Anterior point of fixation is created. (B) Two sutures (black arrowheads) are passed through the ACL substance and
tied with cinch stitch fashion. (C) The sutures are passed into the anterior tunnel.

Fig 6. The illustrations show the location of the 3 fixation points (A) and the suture configuration of the 4 sutures from soft
anchor and the 2 cinch stitches and their fixation (B-C).
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Fig 7. The pictures show the reduction of ACL avulsion fragment without entrapped intermeniscal ligament (black arrows) (A)
and no anterior impingement of the fragment during full extension of the knee (B).

exercise for reducing the remaining range of motion
deficit are advised. Proprioceptive exercise, such as the
use of a balance board, is also necessary. Jogging
and more aggressive strengthening, such as plyometric
exercises, are allowed after 12 weeks” postoperatively.
Sports-specific exercises are allowed after 6 months’
postoperatively. Timing for return to play is allowed
after completing the indications in each sport
(Table 1).

Discussion

Meyers and McKeever® described the first classifica-
tion of tibial intercondylar eminence fracture in 1959.
This fracture involves the ACL insertion, and its oper-
ative treatment should be concerned with the fracture
displacement. Historically, open reduction and internal
fixation with screw were widely used.'* However,
there was evidence that open reduction with screw
fixation had weaker ultimate load-to-failure,'®'” a

Fig 8. (A-B) The postoperative radiographs reveal the suspension buttons placed over the tunnels’ apertures in different di-
rections (A). The fragment is reduced after fixation (B, yellow arrowhead), comparing to preoperative radiograph (C, yellow

arrowhead).
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Table 2. Pearls and Pitfalls
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1. The intermeniscal ligament is a potential obstacle that needs to be evaluated during fragment reduction. To avoid entrapment, posterior sliding
can be used. Moreover, placing and pulling the suture around the intermeniscal ligament can be used to retract this structure anteriorly during

fragment fixation.

2. The soft suture anchor is suggested to avoid placing a hard or metal anchor intra-articularly.

Table 3. Advantages and Disadvantages

Advantages

Disadvantages

- Provides multidirectional control and secure fixation of large
ACL avulsion fragment.

Provides a compression area, to allow healing, between bone
fragment and its base at tibia.

Reduces the number of transtibial tunnels.

No metallic implant in the joint

- The distance between tunnels should be examined in cases with
small avulsion fragment. An adequate distance is needed to
avoid bone bridge fracture.

- Windshield wiper and bungee jump effects still are risk factors in
transtibial pull-out fixation.

ACL, anterior cruciate ligament.

greater infection rate and stiffness,'® and greater
reoperative rate for removing the implants'® than
arthroscopic reduction with pulled-out suture fixation.

Different techniques among the arthroscopic fixations
had been reported. However, there has been a question
of the number of tunnels or points of fixation that
would be adequate for providing the proper reduction
and fixation. Single tunnel pull-out suture fixation
cannot hold the multidirectional force, especially in a
large avulsion fragment, and provides only single-point
fixation. For example, in using single tunnel, reduction
at anterior area may result in the posterior gap between
fragment and its bone.’””

The 3- or 4-tunnel fixation techniques were
developed to increase the quality of reduction and
fixation.””” The multidirectional control can provide the
proper reduction, especially at the posterior gap of the
fracture site that is usually ignored in single-tunnel
fixation. In our technique, posteromedial anchor and
lateral tunnel play role for the posterior gap closure.
Moreover, they can be used to slide the fragment pos-
teriorly to avoid the intermeniscal ligament interposi-
tion. After anterior fixation, the area of compression is
created between the 3 points of fixation. Among these
reasons, this technique is useful for adequate reduction
and secure fixation in large avulsion fragment and in
chronic situation.

Moreover, the 3-point fixation using the hybrid fix-
ation of intra-articular and tunnel pull-out suture fix-
ations can ease the concerning of the “windshield
wiper” and “bungee jump” effects. The length of the
tunnel and the mismatched diameter between sutures
and bone tunnel allow insecure horizontal (windshield
wiper effect) and vertical motions (bungee jump effect)
of the suture causing some laxity of the fixation."' "’
Therefore, we wused intra-articular fixation to
minimize the problem from these phenomena.

Furthermore, in our technique, there was no metallic
implant intra-articularly (Table 2).

In summary, our technique aims to gain the
maximum benefit in multidirectional control and
maintain reduction of large fragment in ACL avulsion.
The hybrid 3-point fixation by combination of intra-
articular fixation and tunnel pull-out suture fixation
can gain these benefits (Table 3). In this technique, only
1 or 2 bone tunnels from different directions can be
combined with intra-articular fixation, the sutured
anchors. The anterior fixation is formed by drilling the
anteromedial tibial cortex to anterior portion of fracture
site. The posteromedial fixation is fixed by the anchor,
and the posterolateral fixation can be used as a knotless
anchor or tunnel pull-out fixation. In case of tunnel
pull-out fixation, it was drilled from anterolateral tibial
cortex to exit the most posterolateral footprint of ACL
fragment. These are the easy ways to create the 3-point
area fixation.

To conclude, the displaced tibial intercondylar
eminence fracture should receive a proper reduction
and fixation to provide the anterolateral stability of the
knee. We recommend using the 3-point fixation for
proper posterior reduction and creation of compressive
area between the fragment and its base.
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