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Implant-Free, Transtibial, Bone Bridge Fixation for
Knee Surgery Including Tibial Spine and Meniscal

Root Fixation

Amit Joshi, M.S.(Orth), Bibek Basukala, M.S.(Orth), Nagmani Singh, M.S.(Orth),
Rohit Bista, M.S.(Orth), Navin Tripathi, M.S.(Orth), and Ishor Pradhan, M.S.(Orth)
Abstract: Fixation over bone bridge is commonly performed during transosseous pullout knee surgeries. This technique
requires the drilling of 2 bony tunnels separately. Herein, we describe our technique in which bone bridge fixation is
performed with a single bony tunnel. Our technique is described in 4 simple steps. Step 1: A short accessory tunnel is
created from a point at least 1 cm away from the aperture of primary bone tunnel and opening into the lumen of the
primary tunnel. Step 2: A shuttle suture (PROLENE) loop is passed from the accessory tunnel to the primary tunnel, and
the loop is retrieved out of the primary tunnel using an 18-G epidural needle and arthroscopy probe. Step 3: Compli-
mentary limbs of the pullout suture is then shuttled through the accessory tunnel using shuttle suture loop. Step 4: The
knots are tied over the intervening bone bridge. Since the sutures are tied over the bone bridge, it has to be strong enough
to provide support. This method of fixation is contraindicated when there is severe osteoporosis or if the tunnels are
located in metaphysis. A supplemental video demonstration of the technique is included with this article.
Introduction (With Video Illustration)
he transosseous suture pullout technique is a
Tcommonly performed procedure for various knee

surgeries, such as tibial spine fixation,1 root repair,2 and
meniscal repairs.3-5 Once these transosseous sutures are
pulled out through the bone tunnel, they can be
secured over a screw, washer, or an endobutton.6

However, these fixation techniques of transosseous
sutures require an implant, which adds to the cost of
surgery. In addition, cases in which these implants are
located on the anteromedial aspect of proximal leg, it
may be prominent and may require second surgery for
their removal. Furthermore, the chances of tissue
AKB Center for Arthroscopy, Sports Injury and Regenerative
litpur, Nepal.
rs report that they have no conflicts of interest in the authorship
tion of this article. Full ICMJE author disclosure forms are
this article online, as supplementary material.
ay 15, 2020; accepted August 7, 2020.

orrespondence to Prof. Amit Joshi, M.S.(Orth), Consultant Or-
rgeon, Sports Injuries and Regenerative Medicine, AKB Center
py, Kathmandu 44600 Nepal. E-mail: dramitjoshi7@gmail.com
y the Arthroscopy Association of North America. Published by
s is an open access article under the CC BY-NC-ND license (http://
ons.org/licenses/by-nc-nd/4.0/).
/20961
.org/10.1016/j.eats.2020.08.008

Arthroscopy Techniques, Vol 9, No 11 (
irritation and foreign body reaction might be a possi-
bility due to these implants. Tying sutures over a bone
bridge is a technique in which there is no need of the
fixation implants, but it requires 2 bone tunnels
through which the sutures are passed and tied over the
bone bridge formed in between 3 tunnels.5,7

Our technique of bone bridge fixation is a modifi-
cation of the aforementioned bone bridge technique
that can be performed even in cases in which only a
single tunnel is made. In this technique, an accessory
short adjacent tunnel is created from the cortex at least
1 cm away from the primary tunnel aperture. The
accessory tunnel is directed toward the primary tunnel
and opens into its interior. Once the connection be-
tween the 2 tunnels is established, a loop of stiff suture
(no. 1 PROLENE; Ethicon, J&J Medical Devices,
Somerville, NJ) is passed using an epidural needle into
the primary tunnel through the accessory tunnel, and
the loop is retrieved out of the primary tunnel to the
exterior. This is followed by shuttling of the sutures to
be used for fixation from the primary tunnel with the
help of the PROLENE loop. The loop is then retrieved
out through the accessory tunnel to bring the pullout
sutures through the accessary tunnel. Finally, the su-
ture strands exiting from the primary and accessory
tunnel are tied over the bone bridge between the 2
tunnels (Video 1).
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Table 1. Instrument and Materials Required for Bone Bridge
Technique

Instrument and Materials Manufacturer

1.8-mm drill bit DePuy Synthes, J&J Medical
Devices, West Chester, PA

18-G Tuohy epidural needle B. Braun Medical Inc., Irvine, CA
No. 1 PROLENE Ethicon, J&J Medical Devices,

Somerville, NJ
Arthroscopy probe ACUFEX; Smith & Nephew,

Andover, MA

Fig 1. Instruments and materials required for bone bridge
fixation in implant-free, transtibial bone bridge fixation for
knee surgeries. (A) 1.8-mm drill bit (DePuy Synthes, J&J
Medical Devices, West Chester, PA). (B) 18-G Tuohy epidural
needle (B. BraunMedical Inc., Irvine, CA). (C) No. 1 PROLENE
(Ethicon, J&J Medical Devices, Somerville, NJ). (D) Arthros-
copy probe (ACUFEX; Smith & Nephew, Andover, MA).
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This technique is easy, reproducible, and does not
require any extra implant for suture fixation. This
technique can be used in all surgeries that require single-
tunnel transosseous suture pullout technique for fixa-
tion. The relative contraindication of this technique is
osteoporotic bones, where there is a possibility of the
bone bridge cut out by the sutures. Instruments and
materials required for this procedure are listed in Table 1
and are depicted in Fig 1. Indications and contraindica-
tions of this technique are summarized in Table 2.

Surgical Technique
In the indicated cases, the structure to be repaired is

initially secured with high-strength sutures. This is
followed by the free ends of sutures being pulled out
through a single primary transosseous tunnel con-
necting the interior of joint to the aperture at the bone
surface. Once the sutures are retrieved out through the
primary tunnel, the skin incision previously made
might be required to be extended to expose the aper-
ture of primary tunnel and adjacent 1.5 cm of cortex.
The bone bridge fixation is performed by executing the
following 4 sequential steps:

1. Creating an accessory tunnel;
2. Passage of shuttle suture (PROLENE) from accessory

tunnel to the primary tunnel;
3. Shuttling of pull-out sutures through the accessory

tunnel using shuttle suture loop; and
4. Knot tying over the bone bridge.

Step 1: Creating an Accessory Tunnel
After adequate exposure of the aperture and its

adjacent cortex, a point 1 cm away from the aperture is
marked (usually medial or lateral and sometimes
proximal if it is not in soft metaphyseal bone). An
accessory tunnel is then created from the marked spot
using a 1.8-mm drill bit, aiming toward the primary
tunnel and exiting to the interior of the primary tunnel
(Fig 2A). The tunnel is created with a minimum of 1-cm
bone bridge between the 2 apertures (Fig 2 A and B).
Once the accessory tunnel merges with the primary
tunnel, the drill bit is removed and the aperture of
accessory tunnel is cleaned to facilitate the passage of
sutures.
Step 2: Passage of Shuttle Suture From the
Accessory Tunnel to the Primary Tunnel
An 18-G Tuohy epidural needle is taken and its stylet

is removed. The free end of a no. 1 PROLENE suture is
passed through the lumen of the needle and the limb
exiting from the tip is pulled back to form a loop at the
tip of needle (Fig 3 A and B ). The epidural needle along
with the looped PROLENE is then inserted through the
aperture of accessory tunnel pointing the curve of
needle toward the primary tunnel (Fig 3C). Once the
tip of needle is inside the primary tunnel, the loop of
PROLENE is created by carefully pushing the PROLENE
suture to the interior of primary tunnel and simulta-
neously withdrawing the epidural needle by a few
millimeters (Fig 3D). An arthroscopy probe is then
advanced into the primary tunnel until it reaches the
needle tip, which is confirmed by the feel of the probe
touching the needle tip. The hook of probe is then
manipulated to hook the PROLENE loop (achieved by
back and forth movement and rotational movement of
the probe) (Fig 3 E and F). Once the loop is captured by
the probe, it is retrieved to the exterior through the
aperture of primary tunnel (Fig 3 G and H). Occasion-
ally, the maneuvers of step 2 have to be repeated
several times if the hook of probe does not catch the
PROLENE loop.

Step 3: Shuttling of Pull-Out Sutures Through the
Accessory Tunnel Using the Shuttle Suture Loop
Once the PROLENE loop is out of primary tunnel

aperture, the epidural needle is withdrawn, exercising
caution to avoid pulling out the PROLENE suture loop
(Fig 4 A and B). One limb of each pair of the pull-out



Table 2. Indications and Contraindications of Bone Bridge
Fixation

Indications Contraindications

1. Meniscal root tears
2. Repair of meniscal tears

requiring transosseous tunnel
3. ACL avulsion injuries treated

with suture pullout technique
4. PCL avulsion injuries managed

with single-tunnel trans-
osseous pullout technique

1. Osteoporotic bone
2. Primary tunnel of diameter

smaller than 4 mm

ACL, anterior cruciate ligament; PCL, posterior cruciate ligament.
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suture is then passed through the loop of PROLENE
(Fig 4 C and D) and pulled out through the accessory
tunnel (Fig 4 E-G). If there is more than one pair of
pullout sutures, complimentary limbs of each pair are
shuttled through the accessory tunnel to have equal
and complimentary suture strands in each tunnel. If
multiple sutures are used, it is advised to use different-
colored sutures or differently marked sutures for easy
identification. Fig 4 (A-G) depicts the steps of suture
shuttling.

Step 4: Knot Tying Over the Bone Bridge
Once the complimentary strands of sutures have been

pulled out through the 2 tunnels, a knot is made by
using 2 complimentary limbs of pull-out sutures exiting
from each of the tunnels and tied over the bone bridge.
If there are multiple sutures, complimentary strands of
each marked/same colored sutures exiting from 2
tunnels are identified and tied one by one over the
bone bridge. Fig 5 (A-D) depicts steps of knot tying over
the bone bridge.
After all knots are tied and cut, subcutaneous

absorbable sutures are used to close the soft tissue
incision over lying both tunnels. The wound then is
closed in layers and sterile dressing is applied.
Fig 2. The creation of an accessory tunnel. (A) Diagrammatic r
sutures exiting from the aperture of primary tunnel. (Note: This d
elaboration of the technique). (B) Patient is supine and the su
demonstrating the primary tunnel and a point which is 1 cm proxi
will be made. Note the direction of drill bit which is angled towa
Discussion
Transosseous suture pull-out technique is a commonly

used technique applied to several surgical procedures for
various pathologies of knee.5,7-9 Once the sutures are
pulled out of the transosseous tunnel, there are various
ways by which the sutures can be secured. Some
commonly used methods being screw post, washer and
endobutton fixation.6 Although use of these implants
for fixation is relatively easy, there are some disadvan-
tages. They may become prominent once postoperative
edema subsides and can cause discomfort, especially if
they are used on anterior-medial aspect of shin bone in
skinny patients. These implants have to be compatible
with magnetic resonance imaging (MRI), since some
patients might require an MRI scan during the follow-up
period. The issue of affordability might be a concern in
resource-strained settings, as MRI-compatible implants
are expensive. The bone bridge fixation method is a
commonly used procedure for securing sutures in
transosseous pull-out surgeries. However, it requires 2
separate bone tunnels with an intervening cortical bone
between them.5 Since creating 2 separate bone tunnels is
cumbersome, repair using a single tunnel pull-out and
implant fixation is commonly used nowadays. Here, we
describe our technique of securing the sutures of a single
tunnel transosseous pull-out technique over the bone
bridge without the use of implants to secure fixation
(Figs 2-5).
Our technique can be used for all the surgeries of knee

joint, which is performed by the single-tunnel trans-
osseous suture pull-out technique (Table 1). However, it
may be risky to tie over an extremely osteoporotic bone
due to fear of bone bridge cut-out. In such cases, an
endobutton can be added to secure the fixation by
passing the sutures coming out of different tunnels
through the lateral holes of the endobutton and the
knots being tied over it to protect the bone bridge.8

Chahla et al.8 used an endobutton to protect the bone
epresentation of primary and accessory tunnels and pullout
iagram, with tunnels and sutures, will be used for subsequent
rgical picture shows anteromedial aspect of the right knee
mal to the aperture (blue dot) from which the accessory tunnel
rd the primary tunnel.



Fig 3. The steps of shuttle suture passage
from the accessory tunnel to the primary
tunnel. (A) Picture showing passage of
PROLENE through the epidural needle to
create a loop at the tip of needle. (B) Preop-
erative picture of the suture being passed
through the lumen of epidural needle to
create loop at the tip. (C) Intraoperative pic-
ture of the right proximal tibia with patient in
supine position, showing the epidural needle
along with the PROLENE loop inserted
through the accessory tunnel and directed
towards the primary tunnel. (D) Diagram-
matic representation of the right proximal
tibia depicting insertion of epidural needle
through the accessary tunnel toward the
primary tunnel. (E) Intraoperative picture of
right knee in a supine patient showing an
arthroscopy probe inserted into the primary
tunnel up to the tip of epidural needle to
hook the loop of PROLENE. (F) Diagram-
matic representation of proximal tibia
showing the PROLENE loop caught in to the
hook of arthroscopy probe. (G) Intra-
operative picture of right knee showing probe
being pulled of primary tunnel to deliver the
loop of PROLENE out through the aperture of
primary tunnel. (H) Diagrammatic represen-
tation of right proximal tibia depicting the
process of the loop being pulled out through
the primary tunnel.
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bridge cut out even in 2 tunnel transosseous suture
pullout technique. Despite the concern of cut-out,
several authors have mentioned tying of the sutures
directly over the bone bridge without any implant and
have reported no bone bridge cut out and recommend
bone bridge fixation for all their cases.5,9 This technique



Fig 4. Pictures demonstrating
steps of shuttling of pull-out su-
tures from the primary tunnel to
the accessory tunnel. (A) Surgical
picture of right knee showing the
anteromedial part of the right
knee and proximal tibia with the
PROLENE (Ethicon, J&J Medical
Devices, Somerville, NJ) loop be-
ing pulled out through the tibial
aperture of primary tunnel. (B)
Diagrammatic representation of
right proximal tibia with tunnels
demonstrating the loop of PRO-
LENE being pulled out of the pri-
mary tunnel. (C) Intraoperative
picture of anteromedial aspect of
right knee showing the pull-out
suture being passed through the
loop of PROLENE. (D) Schematic
diagram of right proximal tibia
showing the pull-out suture being
passed through the PROLENE
loop. (E) Diagrammatic represen-
tation of right proximal tibia
demonstrating the step of suture
shuttling when the sutures are
inside the accessory tunnel. (F)
Intraoperative picture of right
anteromedial part of tibia
demonstrating strands of pull-out
sutures exiting from the acces-
sory tunnel. (G) Diagrammatic
representation of right proximal
tibia depicting the pull-out suture
being shuttled through the acces-
sory tunnel.
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requires a transosseous primary tunnel with a minimum
diameter of 4.2 mm to pass an arthroscopy probe
retrogradely from aperture to retrieve the loop of PRO-
LENE. We have used our technique for the single-tunnel
transosseous technique where the minimum diameter of
primary tunnel is less than 4.2 mm. In such cases, we
over-ream from the cortex to the point where the tunnel
meets the accessory tunnel, which is usually 1 to 1.5 cm
from the aperture of the tunnel, and perform the same
steps of bone bridge fixation as described previously. If
the cortical bone edges are very sharp, it can also cut the
sutures. Care should be taken to smoothen the margin of
the aperture before tying the knots. Also, the use of
tapes instead of sutures may prevent cutting of pullout
sutures by sharp edges of bone tunnels.
Shuttling the sutures from one tunnel to another is

usually difficult, especially when there are 2 tunnels at
some angle and meeting inside the bone. Our technique
of shuttling the sutures from the primary tunnel to the
accessory tunnel is very simple and reproducible.
Creating a loop of suture and pulling with the help of
an arthroscopy probe is often successful. Because of
inherent stiffness of PROLENE, the suture can be
advanced and a suture loop can easily be formed.



Fig 5. Pictures demonstrating
steps of knot tying. (A) Intra-
operative picture of right knee
with proximal tibia showing half
of pullout sutures coming out of
the accessory tunnel and the
other half remaining in the pri-
mary tunnel. (B) Diagram of right
proximal tibia demonstrating su-
tures in primary and accessory
tunnel. (C) Peroperative picture
of anteromedial aspect of right
proximal tibia showing knots be-
ing tied over the bone bridge. (D)
Diagrammatic representation of
final step where knot is tied over
the bone bridge.

Table 4. Risks and Tips to Avoid in Our Technique

Risks Tips to Avoid

Pullout suture abrasion and A slow and gradual and slow
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Occasionally, repetition of steps by keeping the hook of
probe in different direction may be required. Occa-
sionally, an arthroscope can be inserted from the
primary tunnel to visualize the location of the PRO-
LENE loop, which aids in directing the tip of probe
accordingly to retrieve the loop. The advantages and
disadvantages and pearls and pitfalls are summarized in
Tables 3 and 4.
Bone bridge fixation is an accepted method of

securing sutures of transosseous suture pull-out
Table 3. Advantages and Disadvantages of Our Technique

Advantages Disadvantages

Low costeincurring procedure
that can be performed with
materials and equipment
readily available in all operation
theaters.

Additional accessory tunnel is
required.

Does not require any implants like
suture fixation post, button, or
discs.

Caution is required if the tunnel is
in soft metaphyseal bone and if
procedure is performed on
severely osteoporotic bone.

Can be performed even if pull-out
suture surgery is performed
with a single tunnel.

Fetching the loop by the hook of
the probe is a blind procedure
and occasionally may require
repeated attempts.
technique. It avoids additional implants used for fixa-
tion and thus, reduces the overall cost of surgery and
complications associated with these implants.9 Our
technique has made bone bridge fixation possible even
in single tunnel transosseous suture pull-out surgeries.
wrapping around the drill bit
while making the accessory
tunnel.

drilling has to be done to avoid
wrapping of pullout sutures
around the drill bit.

Small bone bridge may lead to
bone bridge collapse and tunnel
coalition.

A bone bridge of at least 1 cm has
to be created. This can be done
by keeping the accessory tunnel
at least 1 cm away from the
aperture of primary tunnel.

Bone bridge cut out in
osteoporotic bones.

In such cases the suture can be
passed through the endobutton
holes and tied over it.

Suture cut out with sharp cortical
edge.

Once the tunnels are made, the
edges have to be smoothed to
avoid suture cut out.

Instead of a suture
(ULTRABRAID, Smith &
Nephew), FiberTape (Arthrex,
Naples, FL) can be used.
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It is technically less demanding and does not require
any special equipment.

References
1. Wagih AM. Arthroscopic treatment of avulsed tibial spine

fractures using a transosseous sutures technique. Acta
Orthop Belg 2015;81:141-146.

2. Chahla J, LaPrade RF. Meniscal root tears. Arthroscopy
2019;35:1304-1305.

3. Lavender CD, Hanzlik SR, Caldwell PE 3rd, Pearson SE.
Transosseous medial meniscal root repair using a modified
Mason-Allen suture configuration. Arthrosc Tech 2015;4:
e781-e784.

4. Beaufils P, Pujol N. Meniscal repair: Technique. Orthop
Traumatol Surg Res 2018;104:S137-S145.

5. Ahn JH, Wang JH, Lim HC, et al. Double transosseous
pull out suture technique for transection of posterior
horn of medial meniscus. Arch Orthop Trauma Surg
2009;129:387-392.

6. Patel JM, Brzezinski A, Raole DA, Dunn MG, Gatt CJ.
Interference screw versus suture endobutton fixation of a
fiber-reinforced meniscus replacement device in a human
cadaveric knee model. Am J Sports Med 2018;46:2133-2141.

7. Okimura S, Mae T, Tachibana Y, et al. Biomechanical
comparison of meniscus-suture constructs for pullout
repair of medial meniscus posterior root tears. J Exp Orthop
2019;6:17.

8. Chahla J, Moulton SG, LaPrade CM, Dean CS, LaPrade RF.
Posterior meniscal root repair: The transtibial double tun-
nel pullout technique. Arthrosc Tech 2016;5:e291-e296.

9. Frank JM, Liechti DJ, Anavian J, Hackett TR.
A Transosseous bone bridge repair for posterior horn
meniscal root tears during anterior cruciate ligament
reconstruction. Arthrosc Tech 2017;6:e239-e243.

http://refhub.elsevier.com/S2212-6287(20)30207-3/sref1
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref1
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref1
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref2
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref2
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref3
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref3
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref3
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref3
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref4
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref4
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref5
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref5
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref5
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref5
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref6
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref6
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref6
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref6
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref7
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref7
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref7
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref7
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref8
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref8
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref8
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref9
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref9
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref9
http://refhub.elsevier.com/S2212-6287(20)30207-3/sref9

	Implant-Free, Transtibial, Bone Bridge Fixation for Knee Surgery Including Tibial Spine and Meniscal Root Fixation
	Introduction (With Video Illustration)
	Surgical Technique
	Step 1: Creating an Accessory Tunnel
	Step 2: Passage of Shuttle Suture From the Accessory Tunnel to the Primary Tunnel
	Step 3: Shuttling of Pull-Out Sutures Through the Accessory Tunnel Using the Shuttle Suture Loop
	Step 4: Knot Tying Over the Bone Bridge

	Discussion
	References


