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Arthroscopic Single-Tunnel Pullout Suture Fixation
for Tibial Eminence Avulsion Fracture
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Abstract: Various arthroscopic techniques have been devised for fixation of tibial eminence avulsions, namely percu-
taneous K-wires, arthroscopy-guided screw fixation, staples, TightRope (Arthrex)esuture button fixation, and trans-
osseous suture fixation. Such techniques provide well-pronounced advantages including less postoperative pain, a
reduced hospital stay, and minimal scar with resultant earlier and more compliant rehabilitation. As for transosseous
suture fixation, the standard technique comprises the creation of 2 tibial tunnels exiting on both sides of the footprint of
the avulsion fracture using an anterior cruciate ligament tibial guide with the angle set at 45�. Our technique entails the
creation of a single tibial tunnel directed from the proximal anteromedial tibia to the center of the tibial eminence. The
technique uses Ethibond suture (No. 5) and/or FiberWire suture (Arthrex) to fix the tibial eminence by pulling the
anterior cruciate ligament fibers and tightening the pullout suture at the tibial exit of the tunnel with a 4-hole button. This
modified single-tunnel pullout suture technique is an appealing option that has proved to be effective and economical
with a shorter operative time. Moreover, it provides a less invasive option for skeletally immature patients.
vulsion of the tibial eminence was first described
1
Aby Poncet in 1875. This injury represents 2% to

5% of knee and 14% of anterior cruciate ligament
(ACL) injuries in skeletally immature patients,2-4 with a
higher prevalence in those aged 8 to 14 years.5 This
injury in this age group was first described by Pringle
et al.6 in 1907.7 The high incidence of occurrence
among children could be explained by the weaker
incompletely ossified tibial plateau compared with the
ACL, which makes it easier for avulsion of the footprint
of the ACL to occur than for ACL rupture to occur.5,8

However, in fact, the fibers of the ACL become
e Orthopedic Surgery and Traumatology Department, Minia
Minia, Egypt.
ors report that they have no conflicts of interest in the authorship
ation of this article. Full ICMJE author disclosure forms are
r this article online, as supplementary material.
September 26, 2017; accepted November 1, 2017.
orrespondence to Ahmed Nady Saleh Elsaid, M.D., Department of
Surgery and Traumatology, Minia University, Abrag Elgmaa
ird Floor, Flat No. 9 Ard Sltan Taha Hessen Street, Minia, Egypt.
hwakh@yahoo.com
by the Arthroscopy Association of North America. Published by
is is an open access article under the CC BY-NC-ND license (http://
mons.org/licenses/by-nc-nd/4.0/).
7/171185
i.org/10.1016/j.eats.2017.11.004

Arthroscopy Techniques, Vol 7, No
stretched before the onset of the avulsion, resulting in
ACL laxity even after anatomic reduction of the
fracture.9-11

A widely used system for classification of this type of
fracture was published by Meyers and McKeever12 in
1959. Recently, the incidence of this injury within the
adult population has seemed higher than previously
thought.13 However, in such a population, tibial
eminence avulsion is usually associated with meniscal,
capsular, or collateral ligament injuries. This represents
a different mode of injury than in the pediatric group,
which exhibits a higher incidence of isolated injuries.14

The epiphyseal growth plates around the knee
dominantly participate in the growth of the lower limb,
with annual distal femoral growth of about 10 mm and
proximal tibial growth of 6 mm until the age of
13 years. Tibial tuberosity growth plate fusion is ach-
ieved later, at 16 years of age in girls and 18 years in
boys, and represents final lower-limb bone maturity.15

With the progress and recent advances and re-
finements in arthroscopic techniques, various tech-
niques have been advocated for the management of
such injuries, including Kirschner wires,16 metal
screws,17,18 stainless steel wires,19 sutures,14,20 suture
anchors,21,22 and TightRope (Arthrex)esuture button
fixation.23 Of course, each method has its merits and
demerits, but the clear fact is that many studies have
5 (May), 2018: pp e443-e452 e443
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Fig 1. Right knee in 90� of flexion viewed from anterolateral portal. (A) Lavage is performed to evacuate any hemarthrosis or loose
chondral or osteochondral fragments with debridement of the fat pad to improve visualization. A probe is introduced from the
anteromedial portal and under the eminence fragment. (ACL, anterior cruciate ligament; frx, fracture.) (B) Trial reduction is
performed with the probe with the knee in 90� of flexion; the fracture (frx) is then reduced by slowly extending the knee until
reaching 40�.

Fig 2. (A) Right knee
viewed from anterolateral
portal. A K-wire is used to
temporarily fix the avulsed
fragment in its bed. (B)
Right knee viewed from
anterolateral portal. A su-
ture hook (45� Sutur-
eLasso) loaded with a closed
steel wire is introduced
through the anteromedial
portal and then through the
fibers of the anterior cruci-
ate ligament (ACL), close to
its tibial bony insertion,
posterior to its mid-coronal
plane, from medial to
lateral. (C) The right knee is
shown with introduction of
the arthroscope from the
lateral portal, transfixing
the K-wire just lateral to the
patellar tendon; a suture
hook (45� SutureLasso) is
introduced from the medial
portal. (Frx, fracture.)
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Fig 3. Right knee viewed from anterolateral portal. (A) The closed steel wire is advanced while the suture hook is simultaneously
withdrawn; a grasper forceps is then used to deliver the steel wire through the anteromedial portal. (B) Both ends of the steel
wire, which have already captured the anterior cruciate ligament fibers, are now going outside the knee through the ante-
romedial portal. (C) Both ends of the steel wire are outside of the knee from the anteromedial portal.

TIBIAL EMINENCE AVULSION FIXATION e445
emphasized the clear advantages of arthroscopic tech-
niques.24,25 The aim of this work is to describe a
modified arthroscopic single-tunnel pullout suture
technique for fixation of tibial eminence avulsions.
Surgical Technique
All patients receive spinal anesthesia except those

younger than 12 years and those who are agitated or
refuse this type of anesthesia, in which case they
receive a general form of anesthesia. The first step after
anesthesia is to thoroughly examine the involved knee.
Most of the cases show anterior knee instability with
Lachman grade II or III. Patients are positioned supine
with thigh support, and a nonsterile pneumatic
tourniquet is applied at the mid thigh. After scrubbing
and draping, the pressure of the tourniquet is elevated
to 100 mm Hg above patients’ systolic blood pressure.
Standard anterolateral and anteromedial portals are
used. Thorough lavage is performed to evacuate any
hemarthrosis or loose chondral or osteochondral
fragments with debridement of the fat pad to improve
visualization. Routine knee arthroscopic examination is
performed for assessment of associated injuries.
Treatment of the avulsion fracture is recommended
first, before treatment of associated pathology.
An ACL tibial tunnel C-guide is adjusted to 55� and

applied through the anteromedial portal with its tip
lying on the tibial eminence. In our technique, we do
not use a 4-mm guidewire. Alternatively, we use an
ACL TightRope 4-mm drill pin wire (Arthrex). This has
2 benefits: a shorter surgical time and minimization of
physeal morbidity through a single penetration. A
probe is used to retract the anterior horn of the medial
or lateral meniscus or the transverse meniscal ligament,
which is frequently entrapped within the fracture site,



Fig 4. (A) The right knee is shown with introduction of the arthroscope from the lateral portal. A nonabsorbable FiberWire
suture loop is shuttled through the anterior cruciate ligament fibers from the anteromedial portal. (B) Right knee viewed from
anterolateral portal. Passage of the FiberWire loop is performed through the anterior cruciate ligament from the anteromedial
portal.
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preventing accurate reduction. Trial reduction is
performed with the probe with the knee in 90� of
flexion; the fracture is then reduced by slowly extend-
ing the knee until reaching 40� (Fig 1).
After confirmation of reduction, a K-wire is used to

temporarily fix the avulsed fragment in its bed.
Fig 5. (A) Right knee viewed from anterolateral portal showin
anterolateral portal showing tight neckwear knot. (C) Left knee w
of FiberWire are now outside the knee from the anteromedial po
Thereafter, a suture hook (45� SutureLasso; Arthrex)
loaded with a closed steel wire is introduced through
the anteromedial portal and then through the fibers of
the ACL, close to its tibial bony insertion, posterior to its
mid-coronal plane, from medial to lateral (Fig 2). The
closed steel wire is advanced while the suture hook is
g neckwear knot loop ligature. (B) Right knee viewed from
ith introduction of arthroscope from lateral portal. Both limbs
rtal. (D) Neckwear knot loop ligature technique.



Fig 6. (A) Right knee viewed from anterolateral portal. First suture (neckwear knot). This step is exactly repeated with the suture
hook (SutureLasso) introduced from anteromedial but anterior to the mid-coronal plane of the anterior cruciate ligament (ACL)
fibers by use of No. 5 Ethibond suture. (B) Right knee viewed fromanterolateral portal. Anonabsorbable No. 5 Ethibond suture loop
is shuttled through the ACL fibers from the anteromedial portal. (C) The left knee is shown with the 4 resultant limbs of sutures, 2
FiberWire limbs and 2 Ethibond limbs, passing through the ACL and being delivered from the anteromedial portal.

Fig 7. (A) In the right knee, a 3-cm oblique incision is made over the mid-proximal anteromedial tibia at the level of the tibial
tuberosity and a cruciate ligament tibial guide (Arthrex) is used to place a single 4-mm tibial bony tunnel. (B) Right knee viewed
from anterolateral portal. A TightRope 4-mm drill pin wire is placed, aiming at the mid-coronal plane of the fragment. (ACL,
anterior cruciate ligament.)
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Fig 8. (A) Right knee viewed from anterolateral portal. A malleable steel wire loop (tension-band wire) is introduced through the
tibial tunnel, and the ties are passed through the anterior cruciate ligament (ACL). (B) Right knee viewed from anterolateral portal.
The articular end is grasped with a grasper, which is introduced through the anteromedial portal; this is used to retrieve the loop
outside the knee. (C) Passage of a malleable steel wire loop (tension-band wire) and 4 limbs of FiberWire and Ethibond from the
anteromedial portal in the right knee. (D) The loop outside the knee captures the 4 limbs of FiberWire and Ethibond. Bywithdrawing
the tension-band loop through the tunnel, the terminal ends of the 4 limbs are retrieved at the tibial end of the tunnel.
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simultaneously withdrawn. A grasper forceps is then
used to deliver the steel wire through the anteromedial
portal so that both ends of the steel wire, which have
already captured the ACL fibers, are now outside the
knee through the anteromedial portal (Fig 3).
The steel wire at its closed end (intra-articular end) is

used to shuttle a nonabsorbable FiberWire suture loop
(Arthrex) through the ACL fibers (Fig 4). A neckwear
knot loop ligature technique is used, and now both limbs
of FiberWire are outside the knee from the anteromedial
portal (Fig 5). The 2 ends of the suture limbs are captured
with a hemostat for future identification. This step is
exactly repeated with the suture hook (SutureLasso) but
anterior to the mid-coronal plane of the ACL fibers by
use of No. 5 Ethibond suture. Thus, there are now 4
resultant limbs of sutures, 2 FiberWire limbs and 2
Ethibond limbs, passing through the ACL and being
delivered from the anteromedial portal (Fig 6).
A 3-cm oblique incision is made over the mid-

proximal anteromedial tibia at the level of the tibial
tuberosity. A cruciate ligament tibial guide is used to
place 1 ACL TightRope 4-mm drill pin wire aiming at
the mid-coronal plane of the fragment under direct
arthroscopic visualization. A single 4-mm tibial bony
tunnel is now drilled toward the fragment (Fig 7).
A malleable steel wire loop (tension-band wire) is

introduced through the tibial tunnel, and its articular
end is grasped with a grasper, which is introduced
through the anteromedial portal; this is used to retrieve
the loop outside the knee, capturing the 4 limbs of
FiberWire and Ethibond. By withdrawing the tension-
band loop through the tunnel, the terminal ends of
the 4 limbs are retrieved at the tibial end of the tunnel.
While the arthroscope is inside the joint, the fracture
reduction is checked and anatomic reduction is ach-
ieved (Fig 8).
The assistant holds the reduction firmly by probe

while the 4 limbs of the sutures are passed through the
4 holes of the button. This button is fixed to the prox-
imal tibia with No. 0 Vicryl suture (Ethicon) passed



Fig 9. Right knee. (A) The assistant holds the reduction firmly by probe while the 4 limbs of the sutures are passed through the 4
holes of the button. (B) The button is fixed to the proximal tibia by No. 0 Vicryl suture passed through the lateral hole of the
button and sutured to the periosteum. (C) The 2 limbs of the same suture loop are tied together over the button with the knee in
30� of flexion, with the assistant performing a reverse Lachman maneuver.
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through the lateral hole of the button and sutured to
the periosteum. Then, the 2 limbs of the same suture
loop are tied together over the button with the knee in
30� of flexion, with the assistant performing a reverse
Lachman maneuver, and the ACL is assessed for sta-
bility and tension (Figs 9 and 10A, Video 1).

Postoperative Management
All patients recruited for this study followed a stan-

dard postoperative protocol composed of (1) knee
immobilization in a static ACL knee brace in extension
for 3 weeks, together with isometric quadriceps
strengthening and straight legeraising exercises
without weight bearing; (2) partial weight bearing for
another 3 weeks with a hinged knee brace with gradual
flexion; and (3) full weight bearing and a gradual
return to activity starting after the end of the second
postoperative month. At the end of the third
postoperative month, radiographs showed good
reduction with solid union (Fig 10B-D).
Discussion
A variety of arthroscopic techniques have been

described for fixation of tibial eminence fractures.
Cannulated screws, Herbert screws,17,18 and TightRope
devices23 are examples of such methods of fixation,
which entail the presence of intra-articular hardware.
Such devices may lead to impingement or an extension
deficit; as such, their removal is sometimes mandatory.
Arthroscopic-assisted reduction with suture fixation

has progressed to become the preferred method of
treatment for displaced avulsion fractures of the tibial
eminence.24 Koukoulias et al.20 reported effective
treatment through arthroscopic suture fixation of tibial
eminence fractures in adults. Vega et al.22 described a



Fig 10. (A) Right knee viewed from anterolateral portal. The anterior cruciate ligament (ACL) is assessed for stability and
tension. (B) Plain radiographs (anteroposterior and lateral views) show good reduction of the tibial eminence with appearance of
the button on the proximal tibia. (C) Plain radiographs (anteroposterior and lateral views) show a grade II (Meyers and
McKeever12) fracture (Frx) of the eminence in a 10-year-old girl. (D) At the end of the third postoperative month, radiographs
showed good reduction with solid union.
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physis-sparing technique using a preloaded suture
anchor with sutures through the substance of the ACL to
achieve accurate reduction and secure fixation. Sawyer
et al.21 reported that a suture bridge technique using
multiple suture anchors provided effective compression
of the fracture fragment and rigid fixation in the treat-
ment of tibial eminence fractures.
Traditionally, for the suture technique, two 2.5-mm-

diameter tibial tunnels were created on both sides of the
fracture by use of the Acufex ACL tibial guide (Smith &
Nephew) with the angle set at 45�. The internal exits of
the 2 tunnels in the joint were located at the ante-
romedial and anterolateral margins of the fracture site.26

It is important to consider the size and fragmentation
of the avulsed eminence: If the avulsion is sufficiently
large, screw fixation is recommended because it is the
most stable fixation method27; if the fragment size is
small or if the avulsed eminence is fragmented, fixation
can be performed using intraosseous sutures or thin steel
wire looped through the cruciate ligament and then
threaded through holes drilled in the proximal end of
the tibia.19,28 In a study of 17 patients with type II or III
tibial intercondylar eminence fractures, arthroscopically
treated with either screws or sutures, Hunter and
Willis29 found no significant difference between these
2 methods in terms of results. In a retrospective study,
Senekovic and Veselko30 showed good therapeutic re-
sults for tibial intercondylar eminence fractures under-
going arthroscopic treatment using cannulated screws
with washers, which allowed immediate weight bearing.
However, countersunk screws could cause problems if
revision surgery is required, as well as in ACL recon-
struction. However, it is not impossible to insert an
interference screw next to the original screw.
Another point of consideration for tibial spine fracture

repair is the number of fixation points, because there is
no definitive guideline about the optimal number; it
depends on the suture device and the overall tech-
nique. It ranges from 1 to 4 points31,32; however,
Gamboa et al.33 reported that using 3 points gives an
excellent and anatomic reduction.
We use a modified single-tunnel pullout suture

technique, which can be considered to have 2 points of
fixation; it represents an appealing option that has
proved effective and economical with a shorter opera-
tive time. This technique is feasible for both large and
small fracture fragments. Moreover, it provides a less
invasive option for skeletally immature patients
(Table 1). In the trial of our technique, we noted some
risk factors, one of which is migration of the button



Table 1. Advantage and Limitations of Technique

Advantages
Arthroscopy shows associated intra-articular injury such as a
meniscal tear.

TightRope 4-mm drill pin wire is used.
The technique provides a less invasive option for skeletally
immature patients.

The technique is feasible for both large and small fracture
fragments.

Use of a tension-band wire loop facilitates suture retrieval through
the tunnel.

No intra-articular hardware is used.
The technique is effective and economical with a shorter operative
time.

Limitations
Penetration of the eminence fragment may fracture it.
Sliding of the button through the tunnel is possible.
The technique is technically demanding.
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through the tunnel; to overcome this, we fixed the
button to the periosteum of the proximal tibia. Another
limitation is the possibility of an iatrogenic fracture of
the eminence fragment (Table 1).
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