resatspatonds
Artroscopia, -
Cirugia Articular

REVISTA ESPANOLA DE
ARTROSCOPIA

Y CIRUGIA ARTICULAR

“Uap e

Asociacion Espanola de Artroscopia

V) = \d
#IRosco?

Vol. 31. Issue 2. No. 82. December 2024

ISSN: 2386-3129 (printed)
2443-9754 (online)

Monograph: New or current surgical techniques

Direct reattachment in anterior cruciate ligament

ruptures

D. Garcia-German Vazquez'? J. Ruiz-Diaz?, J. Dalla Rosa-Nogales*, P. Crespo-Hernandez®

! Clinica DKF. Madrid

2 Hospital HM-Torrelodones. Madrid

3 Ibermutua. Oviedo

“Hospital Quirénsalud. Mdlaga

® Hospital Universitario Ramény Cajal. Madrid

Correspondence:

Dr. Diego Garcia-German Vazquez
E-mail: diego@drgarciagerman.com

ABSTRACT

The therapeutic approach to anterior cruciate ligament (ACL)
tears has evolved over the past 50 years. The publication of
poor results with the direct repair technique (popularized in the
1970s) led to its abandonment in favour of plasty reconstruction
techniques, although interest in ACL reattachment has recently
been rekindled by the development of new surgical techniques
and improved instruments and implants.

The advantages of direct repair over reconstruction include the
absence of donor site morbidity, less surgical aggressiveness,
preservation of native tissue, an apparently shorter recovery
time, and the ease of performing revision surgery in case of
re-rupture. Reattachment techniques may be indicated in the
case of proximal ligament ruptures (types 1 or 2 of the Sherman-
classification) with good tissue quality, provided that surgery is
performed in the acute or short term in older adults who do not
play contact sports.

The present study describes the direct femoral reattachment
technique with a knotless implant and the cortical suspension
technique. In both cases, repair is accompanied by synthetic
reinforcement, and the addition of anterolateral extra-articular
reinforcement may also be considered.

The direct suture technique is gaining popularity, and may be an
additional tool in the surgery of ACL injuries. While the results
are encouraging, the indications are not yet well established in
terms of chronology and activity level, patient age and sporting
demands. Well-designed clinical trials, including conservative
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RESUMEN
Reinsercion directa en roturas del ligamento cruzado anterior

El enfoque terapéutico de las roturas del ligamento cruzado an-
terior (LCA) ha evolucionado en los dltimos 50 afios. La publica-
cion de malos resultados con la técnica de reparacion directa
(popularizada en los afos setenta) motivo su abandono en favor
de técnicas de reconstruccion con plastias, aunque el interés
por la reinsercion del LCA se ha reavivado recientemente por el
desarrollo de nuevas técnicas quirirgicas y la mejora del instru-
mental y los implantes empleados en ellas.

Las ventajas de la reparacion directa frente a la reconstruccion
incluyen la ausencia de morbilidad en la zona donante, una
menor agresividad quirdrgica, la preservacion del tejido nati-
VO, un aparente menor tiempo de recuperacion y la facilidad
para realizar una cirugia de revision en caso de rerrotura. Las
técnicas de reinsercion podrian estar indicadas en el caso de
roturas proximales del ligamento (tipos 10 2 de la clasificacion
de Sherman) con buena calidad de tejido, siempre y cuando
se trate de cirugia en agudo o con poco tiempo de evolucion
sobre adultos de mayor edad que no practiquen deportes de
contacto.

En esta publicacion se describen la técnica de reinsercion direc-
ta al fémur con un implante sin nudos y la técnica de suspen-
sion cortical. En ambos casos, la reparacion se acompana de un
refuerzo sintético, pudiendo valorarse ademas la asociacion de
un refuerzo extraarticular anterolateral.
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treatment, are needed to help in decision-making. Proper selec-
tion of the tear and of the patient is essential to secure the best
possible result.

Key words: Anterior cruciate ligament. Direct repair. Surgical
technique. New techniques.

Introduction

The therapeutic approach to anterior cruciate ligament
(ACL) tears has evolved over the last 50 years and, as is
often the case in our speciality, some techniques that
had been abandoned due to poor results are revived
with improved materials and instruments. In the case
of ACL surgery, we are witnessing a growing interest in
direct ACL repair as an alternative to reconstructive sur-
gery.

In the 1970s, the technique described by Feagin® in-
volving direct reattachment of the ACL via arthrotomy
followed by prolonged immobilization, became popular.
The treatment of meniscal disorders and other associated
injuries was obviously not the same as it is today. The ini-
tial results were good, but mid-term review evidenced dis-
appointing outcomes, with a high incidence of pain (71%)
and residual instability (94%)?. These poor results led to
the abandonment of direct reattachment in favor of plasty
reconstruction techniques.

We now know from the histological study of ACL rem-
nants after rupture that the ligament has some intrinsic
capacity for spontaneous healing, as evidenced by the
presence of vascular buds, nerve endings and cells with
healing capacity in the remnant tissue®. Further evidence
of this self-repairing capacity can be found in the good
functional results published in some patients treated on a
conservative basis, especially older individuals with lesser
physical demands® (Figure 1).

Despite this, it is true that complete healing of the ACL
without surgical treatment after rupture is rare. Among
other reasons, this is because of the presence of syno-
vial fluid inside the joint, which hinders the formation of
a contained hematoma between the two extremities of
the torn ligament (a necessary preliminary step for tis-
sue healing). To overcome this adverse joint environment
and improve the results of ACL reconstruction, a number
of authors® have for some years recommended preserv-
ing the remains of the torn ligament, taking advantage of
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La técnica de sutura directa se esta popularizando y puede ser
una herramienta mas en la cirugia de las lesiones del LCA. Si
bien los resultados son esperanzadores, todavia no estan bien
definidas las indicaciones en cuanto a la cronologia y el grado
de actividad, la edad y la demanda deportiva de los pacientes.
Son necesarios ensayos clinicos bien disenados, incluyendo el
tratamiento conservador, que ayuden en la toma de decisiones.
Es fundamental seleccionar adecuadamente la rotura y el pa-
ciente para obtener el mejor resultado posible.

Palabras clave: Ligamento cruzado anterior. Reparacion directa.
Técnica quirdrgica. Nuevas técnicas.

Figure 1. Tearing of the anterior cruciate ligament (ACL). A: sag-
ittal magnetic resonance imaging (MRI) view of an acute tear
at diagnosis; B: MRI control after 12 months with conservative
treatment, showing evident improvement in the image of the
ligament.

its biological capacity to facilitate its integration into the
bone tunnels and improve proprioception.

The present study describes two techniques for ACL
repair that maximize the idea of preserving the remnant
tissue, taking full advantage of its healing potential in or-
der to heal it in its femoral footprint.
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Figure 2. Image of a Sherman type 1 anterior cruciate ligament
(ACL) tear with good tissue quality. Right knee, view from the an-
terolateral portal.

Indications

The advantages of direct repair over ligament reconstruc-
tion include the absence of donor site morbidity, reduced
surgical aggressiveness, the preservation of native tis-
sue, a shorter recovery time, and a reduced complexity of
eventual revision surgery in case of failure®.

The main indication for primary ACL repair is in pa-
tients with high-grade complete or partial tears corre-
sponding to types 1 or 2 of the original Shermanclassifi-
cation?”, i.e. in avulsions of the femoral insertion (type 1)
or in proximal tears leaving 75-90% of the distal ligament
intact (type 2). In any case, good quality of the remaining
tissue is essential. It should be noted that the incidence
of tears of this kind appears to be greater in individuals
over 35 years of age?”. This is not a problem, given that the
incidence of re-rupture following ACL repair is higher in
younger patients under 21 years of age®?.

With regard to the timing of surgery, the operation
is ideally performed within 6 weeks of the injury™?, al-
though good results have also been published repairing
chronic tears in which the torn ACL stump heals over the
posterior cruciate ligament (PCL)%14),

It is also important to add that the results of ACL re-
pair seem to be improved by combining other techniques,
such as reinforcement with a synthetic suture tape (Inter-
nalBrace®), which has shown better biomechanical results
in studies on cadavers™, or anterolateral reinforcement
procedures (extra-articular tenodesis, anterolateral liga-
ment repair)51),
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Direct femoral fixation technique
Instruments

The technique requires two closed loop sutures(Fiber-
Link® from Arthrex, Naples, FL, USA;UltraLloop® from Smith
& Nephew, Andover, MA, USA), a suture passer(Scorpion®
from Arthrex; FirstPassMini® from Smith & Nephew), two
threaded 4.75 mm knotless implants with their respec-
tive punches(SwivelLock® 4.75 mm from Arthrex,HealiCoil®
from Smith & Nephew), a tape(FiberTape® from Arthrex-
JUltraTape® from Smith & Nephew), and a 2.4 mm drill. The
procedure should be performed by a surgeon experienced
in knee arthroscopy.

Surgical technique

The patient is placed in the supine position and the leg is
draped and prepared for knee arthroscopy at the surgeon's
discretion, as if an ACL plasty were to be performed. The
anterolateral and anteromedial portals are established as
usual, and the joint is explored. On exploring the central
compartment, it should be confirmed by direct vision and
also palpation that the lesion is proximal and that the tis-
sue quality is good; if the tissue is friable and tears easily,
repair is not indicated. If the ACL remnant is attached to
the PCL, it must be dissected so that the ACL is free and
can be manipulated to its insertion site. A blunt shoulder
arthroscopy periosteotome is best used for this, although
a synoviotome, vaporizer or plasma applicator could also
be used, as long as care is taken not to break or burn the
tissue and render it non-viable. If there are concomitant
meniscal or cartilage lesions, they should be treated earli-
erin order to avoid forced varus and valgus positions after
the repair is completed.

After having confirmed the proximal lesion of the ACL
and the good quality of the remnant ligament tissue, and
having treated any accompanying injuries in the other
compartments, an accessory anteromedial portal is pre-
pared. It is important to widely resect Hoffa's fat pad to
improve vision, facilitate passage of the threads, and pre-
vent the latter from adhering to soft tissues. A cannula,
ideally flexible (PassPort® from Arthrex), should be used
to prevent the threads from adhering to the soft tissues,
although this is not essential. The use of long cannulas,
such as shoulder cannulas, is not ideal, as they extend
too far outside the skin and greatly restrict use of the in-
struments.

Once a good view of the central compartment is ob-
tained, the area of the femoral footprint of the ACL is pre-
pared to leave exposed bone, and microperforations are
made in the medial wall of the lateral condyle to leave
a bleeding bed to favor healing of the ligament (Figure
3). These microperforations can be made using specific
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Figure 3. Microperforations in the medial wall of the external
femoral condyle, adjacent to the insertion of the anterior cruci-
ate ligament (ACL), to stimulate reattachment healing. Left knee,
view from the anteromedial portal.

instruments or with the implant punch. The advantage of
using the punch is that the implant insertion site can be
prepared at the same time, and only one instrument is
used for the entire process (Figure 4). This step can be
done after the suture has been prepared in the ligament,
although doing it beforehand avoids the threads from
standing in the way. The ideal point for fixation is just an-
terior to the native ACL footprint, although if the tear is
partial or corresponds to Sherman |, it can be taken to the
anatomical footprint without difficulty.

The anteromedial and posterolateral fascicles of the
ACL are then identified for suturing separately. Using a su-
ture passer, a closed loop suture is passed through the an-
teromedial fascicle at its most distal zone, and the loopless
extremity is carried alternately (medial to lateral, lateral to
medial and so on) to the most proximal zone, usually in-
volving 3 or 4 passes of the suture. The thread may knot on
itself during suturing if we are not attentive to it on entry
and exit. To solve this problem, we simply undo the knot
with retrieval forceps and repeat the step if necessary.

On completion, the thread is retrieved through the ac-
cessory anteromedial portal. The process is then repeat-
ed, this time with the posterolateral fascicle. To prevent
the first thread from breaking with passage of the second
thread, it must be ensured that entry and exit in the lig-
ament are very posterior and ideally somewhat proximal
to those used for the anteromedial fascicle. Once having
reached the most proximal zone after 3 or 4 passes, re-
trieval is carried out in the same way through the acces-
sory anteromedial portal.
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Figure 4. Punch perforation of the medial wall of the external
femoral condyle for subsequent knotless implant placement in
the femoral fixation with implant technique. Left knee, view from
the anterolateral portal.

Outside the knee, the threads are loaded into a knot-
less anchor implant with a tape that will act as anterior
reinforcement of the ACL when attached to the tibia. Once
the implant has been loaded, it is inserted into the previ-
ously prepared site. This step is facilitated when viewing is
made from the anteromedial portal, as it affords a better

Figure 5. Suture fixation of the external femoral condyle using a
knotless implant (SwiveLock®, Arthrex). Left knee, view from the
anterolateral portal.
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Figure 6. Final view of the repair after placement of the Internal-
Brace® with high strength tape. Left knee, view from the antero-
lateral portal.

perspective of the zone (Figure 5). Once the implant has
been inserted, the suture threads are cut at the level of
the condylar wall.

With vision through the anterolateral portal, the tibial
guide of the ACL is placed in the central zone of its distal
insertion, and a tunnel is made with a 2.4 mm cannulated
drill through which a loop-ended nitinol is passed and
retrieved through the accessory anteromedial portal. The
nitinol serves as a retriever, to load the tape through it
and pass it through the tibial tunnel. Once the tape is re-
trieved, it is secured to the tibial cortex with a knotless
anchor implant or button, tightening the tape with the
knee in near full extension. If a threaded implant is used,
it is important to check that no implant threads protrude
at the cortex, as this could cause discomfort in the future.

Under arthroscopic vision, it is important to confirm
tension of the ACL both in the full range of motion and
with the use of a palpator and the Lachman and anterior
drawer maneuvers (Figure 6).

Cortical suspension technique
Instruments

This technique requires a short arthroscopy cannula
(PassPort®, Arthrex), femoral and tibial drill guides for
the ACL, 45 mm and 2.4 mm drills, two retriever sutures
(EthiBondLoop® #5, Johnson & Johnson, NJ, USA), a suture
passer (KneeScorpion®, Arthrex; FirstPass Mini, Smith &
Nephew), specific sutures (FiberRing®, Arthrex), a cortical
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suspension system(ACL RepairTightRope®, Arthrex), a bi-
otenodesis implant (SwiveLock® 475 mm, Arthrex; Heal-
iCoil, Smith & Nephew), and the instruments needed to
perform bone marrow stimulation techniques. As an al-
ternative to the Arthrex cortical suspension device, we can
use the LigaBrace® system from Smith & Nephew, which
involves some technical differences with respect to the
procedure described below.

Surgical technique

The patient can be placed in the position each surgeon
prefers for ACL reconstruction surgery. As with the direct
fixation technique, this procedure begins by using the
usual anterior portals in knee arthroscopy: a high, ante-
rolateral portal and a standard anteromedial portal. Sim-
ilarly, the ACL is examined with a palpator to confirm the
tear and its suitability for repair.

The next step consists of introducing the necessary
instruments through the anteromedial portal to make
several perforations approximately 1 mm deep in the fem-
oral insertional footprint, with the aforementioned aim of
obtaining a bleeding bed to facilitate healing of the ACL.
Such drilling can be done manually (with micro- or na-
nofracture punches) or motorized (PowerPick®, Arthrex),
and this step is usually made easier by flexing the knee
at about 100°.

Once the bone marrow is stimulated, a short silicone
cannula (PassPort®) is placed in the anteromedial portal
with the help of vascular forceps. This cannula will help
us to organize the suture threads and will make it difficult
for Hoffa's fat pad and other soft tissues to get in the way.
With the same aim of facilitating suture management (and
drilling of the femoral tunnel), an accessory medial portal
is now added, in a position medial to the anteromedial
portal.

The femoral tunnel is made from this accessory medi-
al portal using a 4.5 mm diameter spear point drill, from
the most anterior portion of the insertional footprint of
the ACL through the lateral cortex of the femur. Once the
tunnel has been completed, the same drill is used to leave
a retriever thread through the femoral tunnel, as it is
equipped with an eyelet. It is important to secure the two
ends of this thread together outside of the knee in order
to avoid losing either of them during surgery.

The tibial tunnel is prepared with a guide inserted
through the cannula of the anteromedial portal, passing
a 24 mm cannulated drill from the medial cortex of the
tibia to the most anterior region of the tibial footprint of
the ACL, taking care to damage the ligament fibers as little
as possible during this step.

Once the tunnel has been drilled, the guide is re-
moved from the inside of the drill and another retriever
thread is inserted through it. This thread is extracted using

Rev Esp Artrosc Cir Articul En. 2024;31(2):104-13
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Figure 7. Tibial tunneling with a 2.4 mm cannulated drill for
nitinol passing and placement of the InternalBrace® with high
strength tape. Right knee, view from the anterolateral portal.

grasping forceps inserted through the cannula from the
anteromedial portal to outside the knee (Figure 7), where
it is likewise secured, as was already done with the femo-
ral retriever thread.

Then, and also through the cannula, arthroscopic su-
ture forceps (KneeScorpion®, FirstPass® Mini) loaded with
an ultra-high strength suture specific for this technique
(FiberRing®) is introduced. Using the forceps, the suture
thread is passed through the distal third of the stump of
the ACL, with both ends exiting through the cannula after
removal of the instrument from the joint. After removing
this first thread, the steps are repeated in identical fash-
ion with a second suture, which now passes through the
ligament in a more proximal position. It is very important
that these two sutures pass completely through the full
thickness of the ACL.

Our attention now turns to outside the knee, where
the loop of the cortical suspension system (ACL Repair
TightRope®) is secured to the ACL using the FiberRing®
sutures. This device is a cortical suspension button with
a loop of variable length, which also incorporates a high
strength tape. To secure it, the suture marked as "1" on
the card is first passed through the retriever thread of one
of the FiberRing® sutures, and then the step is repeated
through the retriever thread of the remaining FiberRing®
suture. Next, this thread passing through the rings of the
FiberRing® system is passed through the closed loop
marked as "2" Finally, this thread is passed through the
nitinol marked "3"; the card is held firmly and the nitinol
is pulled so that the TightRope® thread passes through
the cortical plate. At this point, part of the loop, the but-
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Figure 8. Insertion of the cortical fixation system including the
high strength tape for InternalBrace®reinforcement. Right knee.

Figure 9. Passing of the cortical fixation system after joining with
the sutures passed through the anterior cruciate ligament (ACL).
Right knee, view from the anterolateral portal.

ton and the threads connected to it (loop traction sutures,
button lift sutures and high strength tape) remain outside
the knee, waiting to be inserted into the joint (Figure 8).
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Figure 10. Final result of direct anterior cruciate ligament (ACL) re-
pair with the cortical fixation system and InternalBrace® with high
strength tape. Right knee, view from the anterolateral portal.

The next step is to remove the femoral retriever thread
through the cannula of the anteromedial portal, loading
it with the traction and flipping sutures, but not with the
high strength tape. By pulling on the retriever thread, the
ACL RepairTightRope® sutures will pass through the fem-
oral tunnel (Figure 9), exiting through the skin. Using the
lift sutures, the button is then likewise advanced through
the tunnel until it is flipped over the lateral femoral cor-
tex (which can be checked by pulling firmly on the high
strength tape, which still exits through the cannula). At this
point, all that remains is to pull alternately on both loop
traction sutures to shorten the loop and reduce the stump
of the ACL until contact is made with its native footprint.

As the last step of the procedure, the high strength tape
connected to the cortical button is retrieved through the an-
teromedial portal, where the tibial tunnel retriever thread is
located. By loading the tape onto the thread and pulling on
it, the tape now lies in front of the repaired ligament and
exits through the anteromedial cortex of the tibia, where it is
fixed with the knee fully extended with a tenodesis implant
(SwiveLock®, HealiCoil®). After completing the procedure, it
is advisable to check the tension of the ligament and the
InternalBrace®, as well as the absence of impingements and
limitations in mobility of the knee (Figure 10).

Postoperative management

Both free mobility and immediate support with an artic-
ulated orthosis locked in extension for weight bearing is
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allowed, unless there is some concomitant injury prevent-
ing full support or early mobilization™ - although not all
authors suggest the use of the orthosis™. From the out-
set, the patient can perform isometric quadriceps exercis-
es and mobility exercises to regain full range of motion.
If used, the orthosis can be gradually removed once the
protective function of the quadriceps is restored. Progres-
sive impact exercises are allowed from three months, and
unrestricted activities (including sports activities) are al-
lowed once full neuromuscular control is achieved, ap-
proximately 4-6 months after surgery®.

Discussion

The direct suture technique is gaining popularity, and
may be an additional tool in the surgery of ACL injuries.
At present, this treatment option is indicated for proximal
ACL tears (types 1 and 2 of the Shermanclassification)?,
with good quality remnant tissue, and performed ideally
within the first 6 weeks after injury. Some aspects that are
still not entirely clear are, precisely, the surgical window of
opportunity (some authors have published good results
repairing chronic ruptures)®™ patient age (at present,
caution is advised on indicating the procedure in younger
patients, due to their greater risk of failure)®?, and the
level of activity of the patient.

It is true that the results published to date are en-
couraging, but it is no less true that most of the publi-
cations are from working groups with a special interest
in this technique (involving small samples and shortfol-
low-up periods)™, and have not necessarily been widely
reproduced®?. More studies are needed on the results
and re-rupture rates between standard reconstruction
and direct suturing, but also compared to conservative
treatment groups, in order to be able to generalize this
technique.

While it may be a surgically less aggressive technique,
the systematic combination of anterolateral extra-artic-
ular tenodesis with direct repair, as proposed by some
authors, may make the surgery less conservative™®. The
justification that in the event of failure, revision surgery is
simpler (comparing more to primary reconstruction rath-
er than revision surgery), should not make us forget that
the patient has already undergone a lengthy surgery and
postoperative period.

The ACL possesses healing capacity. The fundamental
problem may be the formation of a space between the
proximal stump and the wall of the lateral condyle in the
insertion footprint. This space, occupied by synovial fluid,
may inhibit the formation of an organized hematoma and
proper healing of the ligament. The problem may be more
mechanical than biological®. The development of specific
techniques such as those described above can improve
this situation (Figure 11), but does not guarantee healing
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Figure 11. Pre- (image at left) and postoperative appearance (image at right) of an anterior

cruciate ligament (ACL) tear subjected to direct repair.

or the absence of a separating gap between the extremi-
ties that would hinder healing®.

The possibility of repairing an ACL tear depends on the
characteristics of the tear itself and of the patient. With
regard to the tear, according to the Sherman classification
, 22% of all ACL tears are considered to correspond to type
1 (avulsions of the femoral insertion), 90% of which pres-
ent sufficient tissue quality to indicate repair®.

The likelihood of a good outcome following ACL re-
pair decreases as the time between injury and surgery in-
creases, due to progressive deterioration of the histology
of the remnant®. Fortunately, however, it is not necessary
to wait for the knee to regain full mobility after ligament
rupture before repair can be carried out.

Although according to some studies, early surgical
treatment is associated with an increased risk of postoper-
ative stiffness following ACL reconstruction®), this is not a
concern when using repair techniques, as in fact, patients
undergoing ACL repair have a greater range of motion in
the immediate postoperative period than those undergo-
ing ligament reconstruction, since the surgery is less ag-
gressive and avoids the drilling of large diameter tunnels
and the morbidity associated with autograft harvesting.
The only factor that has been associated with a decrease
in postoperative range of motion is the repair of associat-
ed meniscal lesions (as also occurs with reconstructions),
whereas, interestingly, the presence of chondral lesions
does not appear to affect the range of motion®.

In addition to the characteristics of the lesion, men-
tion also must be made of characteristics referred to the
patient: younger and more active patients may have a
higher risk of re-rupture after direct repair??. Proper se-
lection of the tear and of the patient is essential to secure
the best possible result.

Conclusions

Direct ACL repair techniques are becoming popular de-
spite the fact that the indications are not clearly es-
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tablished, given the absence
of well-designed clinical trials
that include conservative man-
agement and help in decision
making®. Direct reattachment
is a safe technique and can
be a less surgically aggressive
option, with shorter recovery
times and good results in old-
er, non-high demand patients
with proximal Sherman type 1
tears and good tissue quality,
treated on an acute basis, com-
bining the use of an Internal-
Brace® and assessing the need
to add an anterolateral extra-articular reinforcement
technique.

The surgeon's attitude towards innovations in our
speciality requires an open mind, but also a critical view.
Generalization of the use of these techniques should be
based on comparative studies with proven reconstruction
techniques.

Supplementary material

The video of the technique accompanying this article can
be seen at (Video 1):

https://fondoscience.s3.eu-west-1.amazonaws.com/
fs-reaca-videos/reaca.fs2402006-reparacion-lca-tecnica
-quirurgica.mp4

Video 1. Detailed description of the direct reattachment tech-
nique for anterior cruciate ligament tears.
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