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ACL injury is about 36.9 per 100.000 person-
year, and there are something like 80.000-100.000
ACL repairs each year in the United States alone
(1-3). It generally occurs in the twenties — thirties
age group, in young athletes and most often with
associated lesions. Women have an increased risk of
ACL tears 2-3 times higher compared to males (4-5).
So it is easy to understand how a lot of economical
and social interests revolve around this type of injury
(6). This has led, over the past twenty years, to an
impressive increase in surgical techniques compared
to the past, quickly evolving from a complicated
surgery to a safe and highly recommended surgery
(7), from a non anatomical and extra-articular
reconstruction to an anatomical and isometric
reconstruction that better restores knee function (8).
Despite this, most of the techniques for ligament
reconstruction have unresolved issues: type of graft,
how to make the tunnels, the difficulty of performing
the technique, donor site morbidity, infection of the
surgical wounds and chronic sequels such as anterior
knee pain and instability of the system (9-10).

To solve these problems, biomechanical studies
and personal experience induced Cerulli and his
équipe in to identifying the best technique that
would be an easy to perform procedure combined
with low cost, and excellent results at both short
and long term follow-up. Therefore we decided
to write this volume to illustrate all the ideas and
experimental studies that led to the development and
clinical application of the “All-Inside” technique,
from the nineties to today. The aim of this volume is
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to retrace the steps to the origin of the original “All-
Inside” Surgical Technique.
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As far back as 1845, Bonnet, a French surgeon
from the Lyon school described acute Anterior
Cruciate Ligament (ACL) rupture based only on his
clinical experience (1-2). The first to describe the
role of the ACL and how its integrity should be tested
was Noulis in 1875 (3). In 1895 Robson successfully
performed the first cruciate ligament repair in a 41-yr
old miner. In fact the patient did not miss a single day
of work because of his knee and over six years later
he described it as very stable (4).

In 1903, Lange of Munich performed the first
ACL replacement using braided silk attached to the
semitendinosus as a ligament substitute (5). As an
alternative in 1917, Groves performed the first ACL
reconstruction using an iliotibial band graft through
an anterior curve incision involving tibial osteotomy
for good joint exposure. The graft was detached from
the tibia and passed through the femoral and tibial
tunnel then sutured to the tibial periosteum and the
tibialis anterior muscolaris fascia. The tibial tubercle
was then anchored with ivory nails (6).

In 1935 Campbell reported the first use of a tibia-
based graft of the medial third of the patellar tendon.
The technique involved drilling two tunnels, one in
the tibia and one in the femur. The graft was stitched
to the periosteum at the femoral tunnel exit. The
operation was followed by posterior-splint fixation
for a period of 3 weeks. He described 17 cases of
ACL reconstruction, most of whom were athletes.
Nine patients had an excellent outcome, and were
able to return to playing football from 6 to 10 months
after the operation (7). Jones in the sixties modified

this technique, which took his name when it became
popular in the nineties (8).

In 1939 Harry B. Macey, of Rochester,
Minnesota, described the first technique using
the semitendinosus tendon. The tendon was left
attached to the tibia, then passed through a tibial
and a femoral tunnel, and sutured to the periosteum.
The joint was approached via an anterior oblique
parapatellar incision. Only the tendinous portion of
the semitendinosus was harvested, stopping short of
the musculotendinous junction. The tunnels were
4.7 mm in diameter, and the graft was attached
with the knee in full extension. A cast was applied
for 4 weeks; full activity was permitted at the end
of 8 weeks (9). A similar procedure, using the
semitendinosus tendon alone was proposed in 1975
by K. O. Cho (10).

Although the techniques were changed and
improved, ligament reconstruction surgery was
very invasive and destabilizing for the patient. The
greatest innovation occurred in the eighties with the
introduction of arthroscopy (Fig. 1).

During those years the failure of synthetic
ligaments was still too raw: there had been an
unacceptably high rate of rupture, synovitis and
subsequent reintervention. The autograft as a
substitute became the only viable alternative for the
reconstruction of the ACL.

The international community was divided
between the French school of Out-In reconstruction
(11) and Rosenberg’s American school with the In-
Out reconstruction (12).
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The authors propose a new ACL reconstruction only inside technigue with
double half tunnel that unifics itself the advantages of the technique bi-
tunnel out-in and of the femoral half tunnel technique, eliminating the
disadvantages of both. Using percutaneous k-wires introduced free
handed, under arthroscopic control the direction of the tunnels are chosen,
following precise angular parameters already consolidated. The half
tunnels are prepared with a specific device in-out direction. The new
ligament (semitendinosus or gracilis, triplicated) is tensed using
synthetic traction wires. It is introduced in the joint by the antero-medial
arthroscopic portal and then towards the both half tunnels. Finally, the
graft is fixated with specific cannulated interference screws with an out-
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Fig. 2. Reykjavik 2001 : first presentation of the All-Inside Technique

The Jones procedure became the gold standard,
although much modified from the original, because
of its simplicity and excellent results.

Kurosaka et al in 1987 demonstrated that the
mechanically weak point of the reconstructed graft
was its fixation, suture of the graft to the soft tissues;
it did not have the required strength, it lengthened

recovery time and was the cause of most failures.
He performed a study in young human cadavers
and proved clearly that 9-mm diameter screws were
much better than other fixation systems (13). Over
the years many clinical studies have shown how
metal interference screws brought excellent sealing
results of the graft; solving one of the most important
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weak points until then. A few years later these screws lead to some stiffness and, above all, extensor
were to be made of resorbable materials. mechanism problems (patellar and patellar tendon)
Jones’ procedure had its disadvantages. It could (14). In 1982 Lipscomb started using semitendinosus
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Fig. 5. Timeline of ACL Reconstruction

and gracilis tendons for ACL reconstruction (14).

Tom Rosenberg, drilling the femur only half-way,
devised fixation with the so-called Endo-Button that
locked itself against the lateral side of the femoral
condyle (12) (Fig. 5).

Studies conducted in Italy (Perugia) and in U.S.A
(Pittsburgh) have led to the design and improvement
of a technique for the reconstruction of the ACL: the
“All-Inside” Technique.

These experimental studies began in the late
nineties and led to small changes being made to
traditional techniques which resulted in quicker
and more effective ACL reconstructions, with less
scarring, and greater sparing of the anatomical
structures. These advantages added to the satisfaction
of patients and the excellent results obtained in terms
of recovery even of top-level athletes. The traditional
set of instruments lacked the essential element that
would guarantee the least possible sacrifice of bone:
the manual drill first invented by Cerulli.

An example of a motor drilling instrument was

Introduction of arthroscopy

Lipscomb started
using GR-3T
tendons

Rosenberg devised
fixation with Endo-Button
drilling femur only half-
way

developed by Puddu et al in 2004 (16): however, this
technique was difficult to perform due to the risk of
the drill breaking as it was assembled inside the joint
space.

The “All-Inside” Technique was designed to be
used with all types of grafts, biological and synthetic,
so as to be as versatile and adaptable as possible to
every kind of patient and orthopedic surgeon.

The collaboration with several international
experts, biomechanical studies carried out in
Pittsburgh and Ottawa, cadaveric studies combined
with advances in the field of rehabilitation led to
the improvement of the technique and its final
consolidation.

It was presented for the first time to the world in
August 2001, at Reykjavik, during the First Icelandic
Conference on Arthroscopy & Sport Medicine (17)
(Fig. 2).

Since then the technique has been explained
at numerous conferences and meetings so that
everyone would know the revolutionary technique
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(see the chapter on “Proceedings Around the World”)
(18-20).

In April 2002, in collaboration with LARS, the
first surgical instrumentation was made based on
Cerulli’s method (Fig. 3).

During a very important conference in Assisi
(Italy) in 2002, it was finally codified, described
and qualified with the presentation of the absolutely
encouraging, first short term follow-up (21) (Fig. 4).

Longer follow-ups have been described in articles
published in national and international journals (22-
25).
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Reconstruction using the bone-patellar tendon-bone graft has many disadvantages compared to that
using the hamstrings tendon including inferior patellar contracture, quadriceps weakness, extension
deficits, anterior knee pain, as well as donor site morbidity such as patellar fractures. The “All-Inside”
technique is based on the Rosenberg technique using half tunnels and quadrupled hamstrings. To solve the
problem of the slow integration of the graft, animal studies were carried out which showed that integration
is much more effective when manual versus motorized drilling is used. The technique was not meant to be
limited by the use of special instrumentation or the choice of graft. The use of GR-ST autograft presents
new issues. Hamstrings have the role of protecting the ACL in elongation during jumping, stopping and
cutting movements. The peculiarity of the half tunnels in the “All-Inside” technique allows the surgeon to

use only one hamstring thus restoring strength and function to the ACL.

BIOLOGICAL RATIONALE

The techniques developed for ACL reconstruction
have unresolved problems from the biological point
of view: type of graft, donor site morbidity, surgical
wound infections and chronic sequels.

Until the nineties the bone-patellar tendon-
bone (BPTB) had the highest consensus as graft
for ACL reconstruction. However as extensively
demonstrated in literature it has many disadvantages
compared with reconstruction using the hamstrings
tendon (GR-ST) in terms of reducing inferior patellar
contracture, quadriceps weakness, extension deficits,
anterior knee pain besides donor site morbidity such
as patellar fractures and deficiency of the extensor
mechanism (essential in some sports) (1-7). Even

the greatest advantages that it was supposed to
have were challenged in many meta-analyses which
compared the use of BPTB and GR-ST. It is not true
that BPTB offers better long term stability (8-9); it
is not true that it has a better rate of return to full
activity (10) and it is not true that it has better long
term integration.

In factlong term integration depends on the contact
surfaces of the tunnel and graft: the quadrupled
hamstring positioned press fit has a contact surface
greater than 35% compared with BPTB. This makes
it well integrated with results comparable to those
obtained with bone grafts, especially in the long
term, with the formation of Sharpey’s fibers and
type I collagen which fix the graft to the tunnel (11).
This in turn gives rise to the important process called

Key words: hamstrings, manual drilling, biomechanics, strain gauge
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Fig. 1. Histologic study in the rabbit model.

Fig. 2. Osteoblastic activity at the transplant/tunnel
interface.

“ligamentization” about which little is known as yet
despite the numerous on going studies, especially
regarding the enthesis (12).

Furthermore the use of the hamstring permits a
more cosmetic wound (significant for some patients)
and more importantly consents a decrease of wound
complications.

Finally, it must be underlined that in case of
recurrence, the use of only one hamstring allows
alternative surgery to be performed. Furthermore,
besides there being no benefits in using BPTB, the
cost of surgery with the BPTB graft is higher than
that with the hamstrings (13).

For these reasons the “All-Inside” technique was
based on Rosenberg’s studies on ACL reconstruction

which provides half tunnels and quadrupled
hamstring (14), which is bone sparing on the tibial
and femur side. This is very important for several
reasons: it reduces pain and bleeding with a faster
recovery and less downtime; it makes it possible
to operate on young people without affecting the
growth plates; it makes it possible to operate on older
people (> 40 yrs) preserving as much as possible of
the cortical bone which is an important structure for
those who have thin spongy bones.

This does not solve the problem of the prolonged
tendon-to-bone healing process that excludes the
possibility of early loading using soft tissue grafts,
a problem that does not occur using bone-to-bone
healing (15). The link between tendon and bone
is further delayed by the presence of necrosis and
inflammation at the surgical site.

Motorized drilling increases the temperature ofthe
bone in correlation to the speed and force of drilling,
and bone quality, leading to thermo-necrosis; thus
compromising tissue viability. A histological animal
study performed by Cerulli et al. on 20 healthy,
skeletally mature Giant Gray rabbits weighing 4.8
+ 0.7 kg under general anesthesia showed important
results. A leg was chosen randomly to drill manually
and as a control, motorized drilling was performed
on the contralateral leg. The manual drilling was
performed with the “All-Inside” manual drill, the
rabbit was returned to the cage after surgery and
no immobilization of the leg was performed. At 6
weeks after surgery the rabbits were sacrificed, soft
tissues were removed leaving only the tibia and the
transplanted tendon (Fig. 1).

The specimens were fixed in a 10% buffered
formalin solution immediately after harvesting from
each limb. The specimens were then decalcified and
embedded in paraffin blocks, and examined under
light microscopy. The control group had an interface
between tendon and bone filled with fibrous tissue,
there was no continuity nor any cartilaginous
component (Fig. 2).

In the manually drilled specimens there was a
statistically significant (p<0.001) lower percentage
of necrosis and fibrosis and a higher osteoblastic
activity at the transplant/tunnel interface. These
histological studies demonstrated that the use of
manual drilling increases vascularization of the bone
and graft attachment.
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Fig. 3. Protective mechanism of hamstring muscle to the ACL elongation in jumping and cutting movements.

BIOMECHANICAL RATIONALE

As several authors have demonstrated the best
method for ACL reconstruction depends on many
different factors. Factors that could determine the
outcome of an ACL reconstruction include graft
selection, tunnel placement, initial graft tension,
graft fixation, graft tunnel motion, and rate of graft
healing (16).

The “All-Inside” technique was designed to
combine the best elements of different techniques:
no special instrumentation (except for the retrograde
tunnel cutter), both the In-Out or the Out-In
technique, and above all with no limits to graft
choice. It has been practiced successfully with all
types of grafts: (BPTB) grafts and ST-GR graft,
allograft and artificial ligaments without technical
problems and good long-term results.

Asmentioned above the use of the GR-ST autograft
is the gold standard for biological reconstruction, but
it presents some problems including the laxity of
active knee flexion at deeper flexion angles, lower
internal tibial torque and muscle weakness (17-19).
This is damaging to athletic performance especially
in those sports where extensive use of the muscles is
required (20-21).

Furthermore the semitendinosus tendon is needed
to prevent excessive anterior tibial translation when
the knee is near the full extension (22). Hamstrings

muscles also have the key role of protecting ACL as
demonstrated in an in vivo study by Cerulli et al in
2003 (23).

The study consisted of the surgical implantation
of a calibrated strain gauge device (DVRT) via
arthroscopy in the anteromedial band of the intact ACL
of three healthy participants (mean age: 23.2 yrs; mean
weight: 72 kg) while they were under local anesthesia
following informed consent. They had no history of
musculoskeletal disease or injury. The participants
were transported from the surgery room at the hospital
to the biomechanical laboratory for data collection.
The zero strain position of the ACL was determined
using the slack-taut technique (24). The subjects were
asked to perform three types of movement: jumping,
stopping and cutting. All movements consisted in
jumping from a distance of about 1.5m to the centre of
a force plate, landing on the instrumented left leg. The
entire collection window was 8 seconds at 1000Hz
for electromyography and force plate, and DVRT
signals were 50 Hz for the kinematic data. A total of
three to five trials were collected and averaged over a
jump, stop or cut cycle of less than one second. After
the experimental testing, the participant returned to
the hospital in order to remove the DVRT. In test
conditions with less space for cutting, the subject’s
neuromuscular strategy does anticipate the impact by
contracting the hamstrings and gastrocnemius muscles
with high intensity whereas the quadriceps muscles
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Fig. 4. Cadaveric Study in human knee with ACL-deficient and ACL reconstruction with the “All-inside” technique using
the single semitendinosus tendon graft or single gracilis tendon graft.

contracted right after impact with the ground. This
shows that the hamstrings and gastrocnemius muscles
have a protective mechanism on the ACL elongation
as occurs in jumping and cutting conditions (24) (Fig.
3).

Therefore it would be desirable to preserve the
hamstrings tendon as much as possible for ACL
reconstruction, particularly in young and the more
athletic patients (25).

The original “All-Inside” technique with manually
drilled half tunnels requires a significantly shorter
length of graft than the traditional full tunnel methods.
This means that only one hamstring tendon (either
Semitendinosus or Gracilis) is needed, folded in triple
or quadruple strands as an ACL replacement autograft.

The question was is one tendon sufficient for
a good ACL reconstruction? Zamarra et al. in
2010 published a human cadaver study using one
hamstring tendon for ACL reconstruction (25). In
the study ten human cadaver knees were tested in
the following conditions: intact, ACL-deficient, and
ACL reconstruction with the “All-inside” technique
using the single semitendinosus tendon graft, or
single gracilis tendon graft. Using a robotic testing
system, two, external loads on anterior tibial load of
134-N and combined rotatory loads of 10-Nm valgus
and 5-Nm internal tibial torques, were applied. The

multiple degrees of freedom of knee kinematics and
the in situ forces in the ACL and ACL grafts were
determined. In response to a 134-N anterior tibial
load, the use of either graft could restore anterior
tibial translation to within 1.3 mm of the intact knee
(Fig. 4). The in situ forces in the two grafts were not
significantly different from those of the intact ACL.
Under the combined rotatory loads, both grafts could
restore knee kinematics as well as the in situ force
in the grafts to the level of the intact ACL. Using
either the semitendinosus or gracilis tendon for ACL
reconstruction could satisfactorily restore time-zero
knee kinematics and the in situ forces in either graft
to those of the intact ACL.

The“All-Inside” technique has strongbiomechanical
foundations that make it one of the most versatile and
safe techniques for ACL reconstruction.
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The “All-Inside” technique for ACL reconstruction is a technique based on two half-tunnels, one
tibial and one femoral. The tunnels are drilled manually in-out using a special instrument with a two-
incision technique. The short length of the tunnels minimizes post-operative blood loss, damage to soft
tissues, bone mass loss (54 to 64 % reduction of bone loss), and reduces post-operative pain. These
improvements make it a one day surgery, easier for the patient. The technique is particularly versatile
and can be used with auto/allografts, Semitendinosus/Gracilis grafts or bone-patellar tendon-bone
grafts. It offers the possibility to adapt the half tunnels to the graft length and offers the advantage of
harvesting only one hamstring tendon tripled or quadrupled. A specific set of instruments has been
designed to make the operation reliable and highly repeatable. The set includes an adjustable tibial
guide and femoral guide designed to identify the isometric point and to preserve a linear alignment. The
instrument set is not mandatory; the surgeon can choose the preferred tunnel placement and creation
techniques. The set can be used: to introduce the guide pin for either the in-out or the out-in approach;
to drill the femoral tunnel and tibial tunnel separately; or for the single tibial-femoral or femoral-tibial
tunnel technique. The important thing is to be isometric and that the tunnels are in as much of a linear

direction as possible at 50° of flexion to avoid a mismatch between the graft and the tunnel.

DESCRIPTION

Surgery is performed in local or general anesthesia
with tourniquet. Using a lateral infrapatellar access
and a standard anteromedial access, chondral and
meniscal lesions are treated if indicated. The notch
is debrided and when possible we leave the ACL
remnant as suggested by Georgoulis et al (1).

2.4mm guide wires are introduced out-in, to
guide the drill for both femoral and tibial tunnels. It
can be introduced by free hand or using an aimer as
the surgeon prefers. The out-in technique means the
neo ACL can be implanted exactly in the isometric
point chosen by the surgeon as seen via arthroscopy;

moreover the femoral and tibial tunnels can be drilled
in 2 different axes giving the graft greater resistance.
The introduction point of the tibial pin-guide is 2cm
medial to the tibial tubercle with the knee flexed at
80 degrees. The angle of introduction is 20° from
the frontal plane and 45° from the tibial plateau.
The femoral pin-guide is introduced out-in having
the access 2cm proximal and 1cm anterior from the
lateral femoral epicondyle. Angulation is 40° lateral
to the femoral axis and 45° laterally without using
guides (Fig. 1).

Following the pin-guide direction, initial
femoral and tibial tunnels, 4mm wide are drilled
out-in. The cannulated groove probe is advanced

Key words: All inside technique, ACL reconstruction, surgical indications, half tunnel.
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Fig. 1. Set of first instruments (L.A.R.S. 2002) including: (1) Aimer, (2) 2.4 mm guide wires, (3) guide wires sleeve, (4)
cannulated drill sleeve, (5) 4mm cannulated drill, (6) cannulated groove probe, (7) T-handle fore retro drill, (8-10) 3
measure retro drills, (11) passing cannula (12) metal wire, (13) ligament pull handle, (14) screwdriver, (15) passing pin.

Fig. 2. Retro drill with length indicators every 0.5 mm and wings open (Smith & Nephew 2010)

into the femoral tunnel and both pin and drill are
removed; it is not necessary for the tibial tunnel as
the primary tunnel is easy to find. In order to decide
the endobutton loop length and prepare the graft, we
take all the measurements: tibial and femoral hole
length, intra-articular distance between the two holes
and the distance of the external femoral cortex-skin.
The graft is then prepared with an endobutton at its
femoral end. Two polyester braided sutures (number

5 and number 2) are passed through the outside holes
of the endobutton in order to pass the graft and flip
the endobutton. A suture is placed on the graft to
mark the femoral half tunnel length.

Using a specific device, the tibial and femoral
half tunnels are manually drilled in-out. The device
consists of a drill guide 4mm wide with length
indicators every 0.5cm (Fig. 2) and drill wings that
can be turned out inside the joint (Fig. 3). There
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Fig. 3. The retro drill wing movements are made possible inside the joint by using an arthroscopic probe.

Fig. 4. Half-tunnel made through the femoral bone (Smith and Nephew, 2010).

is a choice of 5 different drill guides and drill
wings ranging from 6mm to 10mm in diameter. A
cannulated groove probe is helpful to maintain the
position and the direction on the external femoral
cortex. The retro reamer is inserted in the joint
through the probe with the blade closed. Once in the
joint, the reamer is advanced 10 mm past the end of
the tunnel, the reamer’s blade is unlocked and using
an arthroscopic probe the reamer’s blade is move to

open, in a perpendicular position. Using a T-handle
fixed to the reamer, perform a counterclockwise pull
back rotation with the reamer and widen the tunnel
until the indicator on the reamer reaches the chosen
tunnel length (approximately 25 mm) based on the
graft (Fig. 4). The reamer is then moved forward
back into the joint space, unlocking, closing and
relocking the blade before removing the reamer
from the tunnel.
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Fig. 5. Half-tunnel made through the tibial bone (Smith
and Nephew, 2010)

Use the same technique used for the femoral
tunnel to widen the tibial tunnel to the selected
diameter (Fig. 5). The cannulated groove probe is
not necessary here as the primary tunnel is easy to
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find.

The graft is introduced through the anteromedial
portal. Insert by passing the cannula, a pin and a
loop of metallic wire through the femoral tunnel,
leaving the loop of suture outside the medial portal.
Pass the pre-loaded endobutton sutures through the
loop and pull them through the femoral tunnel (Fig.
6). The endobutton polyester braided sutures are
passed through the loop of the femoral wire and
then pulled out from the tunnel. The sutures at the
tibial side of the graft are then passed through the
loop of the tibial wire to insert the graft into the two
half-tunnels. The graft is tensioned and tested with
a probe. Tibial fixation is achieved using the Cobra
Ligament Fixation Device or a 6 mm base diameter
Interference screw out-in following guide-wire (Tab.

D.
INDICATIONS

The possibility that this technique gives the
surgeon is to be able to vary the length of the half-
tunnels so all types of grafts can be used: hamstrings,
bone-patellar tendon-bone, quadriceps tendon or
synthetic grafts. When hamstrings are used as a
graft, only one tendon needs to be harvested for the
“All Inside” technique, in fact as the tunnels are so

Fig. 6. Introducing the graft through the anteromedial portal (Smith and Nephew, 2010)
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much shorter than those used in other techniques, the
final graft length needed is about 7-8cm. Therefore
either the triplicated or quadruplicated Gracilis or
Semitendinosus can be used alone. After preparation
the graft is pretensioned at the workstation and
then introduced pressfit into the femoral and tibial
tunnels. This technique is particularly suitable for
young and active patients as it guarantees a faster
return to activity, hamstring sparing, bone sparing
and good results. Furthermore bone sparing as a
feature should not be underestimated: in skeletally
immature patients, the low rate of growth disturbance
could be lower with the all inside technique since the
half-tunnels do not interfere with the open physis;
in elderly patients the technique assures greater
stability to the tibial bone because it does not weaken
the cortical bone.

Either a biologic or a synthetic graft can be used,
however we suggest that a synthetic graft implanted
using the “All-Inside” technique should be done in
very few selected cases: mainly in subjects over the age
of 45, symptomatic and motivated and who need a fast
recovery. We must be sure that the patients understand
that a synthetic ligament is only an Intra Articular Brace
(Cerulli G, 2001). In selected cases it can be used in

professional athletes if they are at an important moment
in the sport season, at the end of their career or they risk
missing a chance of their (sport) lifetime. From 2001
to 2005 we treated 15 professional soccer players with
the “All-Inside” technique using the synthetic graft. We
achieved good functional and biomechanical results,
high patient satisfaction, rapid return to sport activities,
good muscle strength and no synovitis or reaction to
graft material. Only one failure occurred due to the
fixation (2).
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Table I

2.4 mm guide wires are
introduced out-in having the
access 2 cm proximal and 1
cm anterior from the lateral
femoral epicondyle.
Angulation is 40 degrees
lateral to the femoral axis and
45 degrees laterally.

Initial tunnel 4 mm wide is
drilled out-in.

e orea erisinserted in
the joint through the initial
tunnel with the blade in
closed position.
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Using the T-handle fixed to
the reamer, perform a
counterclockwise rotation
pull back on the reamer and
widen the tunnel.

Use the same technique used
for the femoral tunnel to
widen the tibial tunnel to the
selected diameter.
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Insert with the passing
cannula a passing pin and a
loop of metal wire through
the tunnel, bond the graft to
the metal wire and pull it
through the tunnel.
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The aim of surgery is to achieve better functional recovery. This is why rehabilitation is as
important as the surgery itself. Correct rehabilitation starts preoperatively with a program, as much
as possible, patient-specific. For patients that undergo the “All-Inside” technique we have introduced
a program of personal Adjuvant Rehabilitation that will take patients to surgery in the best possible
muscular condition. This ensures quick functional recovery and an early return to exercise and sport-
specific activities. The post-op rehabilitation program begins a few hours after surgery. Following the
rehabilitation program meticulously allows the patient to return to daily activities in 28 days and sport

in 5 months.

ADJUVANT EXERCISES

The “All-Inside” technique enhances faster
rehabilitation by reducing pain and entailing smaller
surgical wounds. The choice of a single hamstring
tendon as a graft is a winning choice for rehabilitation
as it allows a faster and easier recovery (1).

ACL rupture leads to muscular structure deficit
of the entire kinetic chain of the affected limb. This
is particularly evident in the femoral quadriceps and
knee flexors (2); but the altered stance also involves
alterations in the contralateral limb (3).

The cross-sectional area in the injured limb
decreases by 2-3% per week of inactivity (4).

This suggests the need of an Adjuvant
Rehabilitation Program to minimize the negative
effects of the preoperative period on muscle
trophism.

The wide wvariability among patients who
require ACL reconstruction, and the differences
in reduction of the volume between the various
muscular structures (quadriceps femoris between 8-

17%, leg flexor 2-6%, hip adductor 7%) means that
the Adjuvant Program must, as far as possible, be
tapered to each individual patient (5-6).

This is why when surgery is not performed in
the immediate post-trauma period, we perform
biomechanical tests including gait analysis,
stabilometry, isokinetic and arthrometry evaluations
that enable us to decide which exercises the patient
needs, how many repetitions and how long the
Adjuvant Program should take.

A decrease in quadriceps strength and contraction
of the flexors are the main findings in the
biomechanical tests. That is why in the overwhelming
majority of cases the Adjuvant Exercise scheme
includes isometrics for the quadriceps femoris,
mono- and bipodalic squats, stretching for flexors
muscles and 0-90° flexor reinforcement.

The results of Adjuvant Rehabilitation Program
are evident in patients with a faster recovery of the
cross-sectional area and greater stability in the pre-
op period; less pain and better muscular recovery in
the immediate post-op period.

Key words: rehabilitation, biomechanical evaluation, kinetic chains
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POST-OPERATIVE EXERCISES

All therapy should be tailored to the patient,
especially a rehabilitation program which must
carefully meet the needs of each individual.

Staying in bed for more than three days results
in a decrease of more than 10% of the maximum
force of the quadriceps femoris and rises above
20% if the days of rest are seven, with an average
of 3% per day (7). Among the factors that accelerate
muscle weakness even more than immobility
are inflammatory processes (8); so immediately
after surgery the patient begins with ice packs,
compression and elevation.

Post-operative rehabilitation starts a few hours
after surgery as soon as the anesthesia allows the
leg to move. The patient leaves the operating room
with a brace locked at 0° ROM (the straps are not
tight, used only for restraint) or negative degrees (-5°,
-10°), if the degree of hyperextension of the patient’s
normal knee is higher to prevent extension deficits.
This is highly important especially for top-level
athletes, in whom even a small extension deficit is
very dangerous and leads to prolonged rehabilitation.
When patients suffer an extension defect, their
patella takes the load thus increasing the amount of
anterior knee pain. Therefore the patient must begin
the isometric exercise for quadriceps femoris: the
patient is in a semi-sitting position on the bed, at a
20 cm slope, 90° ankle flexion, contralateral knee
at 90°, he pushes the knee into hyperextension for
10 seconds, after rising the leg by flexing the hip to
45° and remains in that position for 10 seconds, then
goes down slowly stopping midway for another 10
seconds and finally rests for 10 seconds, placing the
foot on the slope. The exercise must be repeated for
15 minutes 6 times a day.

The second exercise is the venous pump, it must
be repeated 5 minutes every hour to prevent the
ankle pitting.

One week after surgery the knee flexion exercises
are added to the program; the first exercise is done in
the prone position, helping the operated leg in flexion
with the contralateral one, this should be repeated for
20 min 6 times a day. In addiction the patient can sit
on the edge of the bed and let the operated leg drop
to 90°, helping to extend it with the contralateral leg.
If necessary: mobilization of the patella.

The partial load then begins using two crutches
and then after the 23rd day using one while
continuing to do all the exercises described above.
In the 28th day the stick is removed, walking with
a correct gait pattern is begun and the patient can
resume daily activities including driving and work.

At this point muscle strengthening starts: femoral
quadriceps isometric exercises with increasing
weights, starting from 1kg and active flexion of the
knee increasing the weight too.

From the 40th day bipodalic squat exercises
begin: series of maximum flexion and a series of 90°
knee flexion.

As of the seventh week the patient begins the
monopodalic leg squat exercises 0-30° in the neutral
position and in external rotation of the foot in
order to strengthen the vastus medialis; and begin
bipodalic and monopodalic proprioceptive exercises
and stretching exercises.

A crucial point in the rehabilitation is reached
at the tenth-twelfth week after surgery. It is known
that the recovery of isometric strength reaches
preoperative levels after three months (9) and clinical
evidence shows that in order to achieve a rapid
recovery, open kinetic chain exercises (10) must start
as soon as possible; so it will be necessary to perform
a biomechanical evaluation. The biomechanical
criteria for returning to sport are: arthrometric,
stabilometric and isokinetic analysis. Arthrometry
is useful to evaluate the residual instability of the
knee: side to side differences must be less than
2mm for an excellent result, less than 4 for a good
result. Stabilometric analysis with force plates is
a functional test of the proprioceptive system; in
our experience often better results are achieved in
the operated knee than in the contralateral healthy
knee. Isokinetic analysis evaluates knee flexors and
extensors: for a safe return to sport the operated
knee should not present a deficit greater than 15%
compared to the contralateral knee; both the peak
and the resistance are important to prevent re-injury
and injury. These evaluations enable the specialist
to decide if the functional recovery is sufficient
to begin jogging on an even surface and changing
direction.

From the fourth month, jogging on an uneven
surface, 90°, 180° and 360° turns, 45°changes
of direction, acceleration and deceleration and
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PRE-OPERATIVE ADJUVANT EXERCISES

Isometric exercise for quadriceps femoris
Mono- and bipodalic squats

Stretching for flexor muscles
Reinforcement of flexors 0-90°

POST-OPERATIVE EXERCISES

1st week

40th day

10th-12th week

5th month

Flexion in prone position
Flexion in sitting position
Partial load on operated limb

Bipodalic squats

BIOMECHANICAL EVALUATION

BIOMECHANICAL EVALUATION
Sport-specific exercises

plyometric training can all begin.

From the fifth month, after a careful clinical
evaluation, sports specific exercises are allowed.

Return to competitive sport must be gradual
and can be done if the results of the biomechanical
evaluation of sport-specific movements demonstrate
that a complete functional recovery has been
achieved; i.e. when the patient has regained
preoperative knee ROM, when the thigh muscle
strength is more than 85% of the contralateral leg,
if balance and proprioception are good, and when all
functional tests can be performed without pain and
swelling.

Once competitive training has begun, it is crucial
to practice proprioceptive training programs and
plyometric exercises to decrease the latency of
activation and contraction of the hamstrings and to

increase proprioceptive capacity. As seen in several
studies proprioceptive training and the protective
role of hamstrings are essential to reduce injuries in
top-level athletes, this can be achieved by performing
unplanned movements during training (11-12).
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We consecutively evaluated 622 patents that
underwent ACL reconstruction with the original
“All-Inside” technique using only one triplicated or
quadruplicated gracilis or semitendinosus tendon.
After the clinical tests, we performed the functional
biomechanical evaluation including arthrometry,
stabilometry, isokinetic and gait analysis; in order to
examine joint stability, postural control and finally
to evaluate the recovery of strength in the flexor and
extensor muscles of the knee and the recovery of
the normal gait pattern. The clinical and functional
biomechanical outcome shows that satisfactory
results were achieved in more than 96% of the cases.
The kinematics of the knee muscle strength was
restored, compared to preoperative values. Finally
this has a positive effect on the recovery of the sports
activities as well as gait pattern.

MATERIALS AND METHODS

Between March 2000 and March 2005 we performed
more than 1500 ACL reconstructions. Surgery was
performed under local or general anesthesia, with
the tourniquet at the base of the thigh. We used the
arthroscope at 30°-4 mm through the anteromedial and
the antero-lateral portals. Joint distension was obtained by
gravity with physiological solution.

After an initial arthroscopic evaluation we harvest
the gracilis or semitendinosus and then we prepare
small (3-4 mm) out-in tibial and femoral tunnels, then
we measure the length of the tunnels, the intra-articular

distance between the two holes and the external cortex-
skin distance. The final harvesting of the tendon is based
on the measurements and the tendon is triplicated or
quadruplicated.

We performed the two half-tunnels, in an out-in
direction using a special manual drilling device. This
allowed us to enlarge the half-tunnel (2-3 cm) from 3 mm
to 9 mm depending on the type of graft that we intended to
use. We introduced the graft from the anteromedial portal,
fixing it with special interference screws. Finally the graft
was evaluated during flexion and complete extension, and
with the palpation hook.

We consecutively evaluated 622 patients that
underwent ACL reconstruction with the original “All-
Inside” technique using only one tendon gracilis or
semitendinosus, triplicated or quadruplicated. The
patients were 395 male and 227 female of an average age
of 23 years and 8 months (min 17, max 43). The follow-up
was 7 years.

For the clinical evaluation we used the IKDC knee
form. After the clinical tests, we performed functional
biomechanical tests including arthrometry, stabilometry,
isokinetic and gait analysis to evaluate joint stability,
postural control and the recovery of the knee’s flexor and
extensor muscle strength as well as the recovery of the
normal gait pattern.

These evaluations were performed in Perugia at the
Let People Move Biomechanical Laboratory.

Arthrometric evaluation was performed to analyze
the stability of the knee joint compared to the healthy
contralateral side. The test was performed by the same
operator using the KT-1000 taking into consideration the
difference side to side, to the Maximum Manual. Each
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test was repeated 3 times, then the average of 3 tests was
taken. For the purpose of evaluation 3 groups based on the
differential values were established: group 1, differences
less than or equal to 2mm (excellent result), 2nd group
differences of more than 2 mm and less than or equal to
4mm (good result), 3rd group differences greater than
4mm (failure).

The stabilometric examination was performed with
Bertec force platforms to measure the ability to control
the position. The patient using one foot with the knee
flexed to 30° tries to maintain balance for 10 seconds.
Using a computerized data acquisition system, graphical
(ellipses) and numerical representations of the sway area
are obtained. Larger the area of the ellipse, less is the
ability to control the position and hence the final outcome
is worse. The comparison is between the operated side
and the healthy one. The isokinetic evaluation to measure
the strength of the flexor and extensor muscles was
performed with the Kin Com isokinetic machine. It ran
the test on the two sides in concentric and eccentric at
90°/sec and 180°/sec with an excursion of the knee joint
between 10° and 90°. The values of the peak force of
the knee flexors and extensors muscles on the operated
side were compared with each other and the ratio was
expressed as a percentage. The data of the operated side
were compared with those of the contralateral healthy
joint and even then expressed as a percentage. The gait
analysis was performed using a system consisting of
synchronized force plates, a 3D motion analysis system
and a 16 channel surface electromyography system. The
force plates measured the ground reaction forces, the 3D
Simi Motion analysis system performed the kinematic
analysis of the lower limbs with measurements of the
average velocity of the gait, the joint range of motion
and angular velocity and the surface electromyography
measured the electrical activity of the muscles. The values
of the operated side were compared with those of the
contralateral healthy one.

RESULTS

On the basis of individual needs and expectations,
96% of the treated patients said that they were
generally satisfied with the outcome of the surgery.

The IKDC form scores recorded an average of
84.3, moreover the knee was considered normal or
nearly normal in 94% of cases.

The KT 1000 arthrometric evaluation showed
differences in anterior tibial displacement values at
the Maximum Manual, side to side, less than 2mm
in 91% of the cases (excellent result), between 2mm
and 4mm in 6% of cases (good result) and in only

3% of the cases, differences of more than 4mm
(failure).

The stabilometric evaluation showed that the
average values of the ellipse was in the operated
side, 250.00 mm?, with non-significant differences
compared with the contralateral healthy joint
(260.00 mm?).

The Kin Com isokinetic evaluation measured
on the strength peak of the flexor and extensors
in concentric at 90°/sec and 180°/sec, as well as
in eccentric at 90°/sec showed a less than 10%
difference in the two sides therefore within the limits
of physiological values. The eccentric evaluation at
180°/sec showed a 14% decrease in the strength of
the quadriceps on the operated side compared to the
contralateral healthy one.

The gait analysis showed a normal gait pattern
compared with the preoperative values.

DISCUSSION

The original “All-Inside” technique was designed
to respect anatomy as much as possible and be as less
invasive as possible (using only the semitendinosus
or gracilis tendon). During the past years the use of
the hamstrings as a graft in ACL reconstruction has
become the main choice of many surgeons (1-2).

The hamstring graft offers many advantages
compared to others and in particular to the patellar
tendon, which until a few years ago was considered
the gold standard (3-4). The hamstring tendon
grafts provide security from the point of view of
the resistance and load at failure resistance (5). The
biggest advantage compared to the patellar tendon is
that it preserves the extensor mechanism minimizing
post-operative complications such as, fracture of the
patella, patellar tendon injuries, patellar-femoral
pain, tendonitis, muscle weakness and flexion
contracture (6). However, the use of the tendons
of the hamstrings has limitations, mainly related to
the harvest of both the semitendinosus and gracilis
tendons, with repercussions on knee function and
stability (7-8).

Numerous studies have demonstrated the
protective role of the hamstring on the reconstructed
ACL (9). Our previous in vivo study analyzed the
tension forces of the ACL using a strain-gauge
(DVRT) and motion analysis measurements,
associated with the evaluation of the kinetic reaction
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Fig. 1. and 2. X-Ray of one of the first patients treated in 2001 with the “All-Inside” technique for ACL reconstruction.

ground forces and superficial EMG of the muscle.
These results show, that there is a contraction peak of
the hamstring just before the peak ground reaction.
This suggests that the hamstring anticipate impact
with the ground and hence they have a protective role
on the ACL or ACL graft. This study shows that the
use of both hamstring tendons in ACL reconstruction
is not a good solution. Moreover we should preserve,
if possible, one of the tendons: This is an important
factor in ACL reconstruction as was demonstrated
by biomechanical studies of ACL reconstruction in
cadavers using either the semitendinosus or gracilis
tendon. This procedure is comparable in terms
of biomechanical reconstruction with both grafts
quadruplicated (10).

The original “All-Inside” technique of
reconstruction using the hamstring tendon is
reliable and easily reproducible. It offers significant
advantages such as adjusting the length of the tunnel
to the graft thus reducing bone loss; using a single
tripled or quadrupled hamstring (semitendinosus or

gracilis) tendon; drilling manually the half-tunnel
which may improve the integration of graft at bone
in turn reducing the necrosis caused by standard
techniques with motorized drills (11).

The clinical and functional biomechanical outcome
shows that satisfactory results were achieved in over
96% of the cases. The kinematics of the knee muscle
strength was restored compared to preoperative
values. Finally this had a positive effect on the return
to sports activities as well as gait pattern.

REFERENCES

1. Dandy DIJ. Historical overview of operations for
anterior cruciate ligament rupture. Knee Surg Sports
Traumatol Arthrosc 1996; 3:256-61.

2. McDaniel W] Jr, Dameron TB Jr. Untreated ruptures
of the anterior cruciate ligament: a follow-up study. J
Bone Joint Surg Am 1980; 62:696-705.

3.  Armold JA, Coker TP, Heaton LM, Park JP, Harris
WD. Natural history of anterior cruciate tears. Am J



108

G. CERULLIET AL.

Sports Med 1979; 7:305-13.

Arnold JA, Coker TP, Heaton LM, Park JP, Harris
WD. Natural history of anterior cruciate tears. Am J
Sports Med 1979; 7:305-13.

Winge S, Dunn P, Engstrom BK: Equal tension in
all four strands of a semitendinosus graft with a low
profile tibial fixation device (Cobra LFD). Knee Surg
Sports Traumatol Arthrosc 2006; 14:287-90.

Aglietti P, Buzzi R, D’Andria S. Patellofemoral
problems after intraarticular anterior cruciate
ligament reconstruction. Clin Orthop Relat Res
1993; 288:195-203.

Goradia V, Rochat M, Grana W. Tendon-to-bone
healing of a semitendinosus tendon autograft used
for ACL reconstruction in a sheep model. Am J Knee
Surg 2000; 13:143-51.

Pinczewski L, Clingeleffer A, Otto D. Integration of

10.

11.

hamstring tendon graft with bone in reconstruction
of the anterior cruciate ligament. Arthroscopy 1997;
13:641-3.

Georgoulis AD, Pappa L, Moebius U, Malamou-
Mitsi V, Pappa S, Papageorgiou CO, Agnantis
NI, Soucacos PN. The presence of proprioceptive
mechanoreceptors in the remnants of the ruptured
ACL as a possible source of re-innervation of
the ACL autograft. Knee Surg Sports Traumatol
Arthrosc 2001; 9:364-8.

Zamarra G, Fisher MB, Woo SL-Y: Biomechanical
evaluation of using one hamstrings tendon for ACL
reconstruction: a human cadaveric study. Knee
Surgery, Sport Traumatol Arthosc 2010; 8(1):11-9.
Bartlett R, Clatworthy M, Nguyen T. Graft selection
in reconstruction of the anterior cruciate ligament. J
Bone Joint Surg Br 2001; 83:625-34.



JOURNAL OF ORTHOPEDICS

CHAPTER VI

Vol. 3, no. 2, 109-113 (2011)

PROCEEDINGS AROUND THE WORLD
G. CERULLI"*?
Nicola's Foundation Onlus, Arezzo,;'Let People Move Research Institute, Perugia-Arezzo,

International Orthopedics and Traumatology Institute, Arezzo,; Residency Program of Orthopedics
and Traumatology, University of Perugia, Perugia, Italy

Since its ideation the “All-Inside” technique
has been presented to the scientific community via
proceedings and papers. The technique has been
described, the results have been discussed, movies and
pictures have been shown all over the world in the past
10 years.

This section is a resumé of the proceedings and
papers presented by Cerulli et al. about the “All-
Inside” technique.

“ACL reconstruction only inside technique”
G. Cerulli, A. Caraffa, G. Favilli, P. Antinolfi
Proceedings 1% Icelandic Conference on Arthroscopy
& Sports Medicine Reykjavik, Iceland, August 16-
20, 2001, (Fig 2 of Chapter 1)

“ACL reconstruction with an inside only
technique” A. Cerulli, A. Caraffa, C. Senni, P.
Antinolfi Proceedings of the 10" Congress European
Society of Sports Traumatology, Knee Surgery and
Arthroscopy. Rome, Italy, 23-27 April 2002, pag.
232 (Fig. 1)

“All-inside technique for ACL reconstruction” A.
Cerulli, A. Caraffa, C. Senni, S. Bru¢, P. Antinolfi
Procedings of the 3™ International Symposium
Medicine and Sport, Opatija, Croatia, September
26-27 2002 (Fig. 2)

“All-inside technique for ACL Reconstruction”
A. Cerulli, A. Caraffa, C. Senni, S. Bru¢ Proceedings
of 6° Corso Internazionale Ortopedia, Biomeccanica,
Riabilitazione Sportiva, Assisi, Italy, November
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22-24 2002 (Fig. 4 of Chapter 1)

“I.LA.B.” G. Cerulli, C. Senni, A. Caraffa, S.
Bru¢ Proceedings of the 6° Corso Internazionale
Ortopedia, Biomeccanica, Riabilitazione Sportiva,
Assisi, Italy November 22 — 24 2002

“All-Inside technique for ACL reconstruction” G.
Cerulli, A. Caraffa, C. Senni, S. Bru¢ Proceedings of
the First Libanese Sports Medicine Congress Beirut,
Lebanon, May 29—June 1 2003 (Fig. 3)

“All-Inside technique for ACL reconstruction” G.
Cerulli, A. Caraffa, P. Antinolfi, C. Senni, S. Bru¢
Proceedings of the 6th congress of the European
Federation of National Associations of Orthopaedics
and Traumatology Helsinki, Finland June 4-10 2003

(Fig. 4)

“All-inside technique for ACL reconstruction:
clinical and histological study” G. Cerulli, E. Trinchese,
A. Caraffa, H. Alfredson, R. Lorentzon Proceedings of
the 29th Annual Meeting of the Japan Knee Society
Hiroshima, 12-14 February 2004 (Fig. 5)

“All-inside technique for ACL reconstruction”
G. Cerulli, A. Caraffa, S. Bru¢ Proceedings of the
3° Corso di Artroscopia Bormio, Italy Sep 28. — Oct
2.2004

“Tecnica All-Inside di ricostruzione del legamento
crociato anteriore” G. Cerulli, A. Caraffa, C. Senni, S.
Bru¢ Chapter G 7, pag 1-4, “Chirurgia artroscopica
dell’arto inferiore” Mattioli 1885 Editore, 2005
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“Tecnica All-inside per la ricostruzione del
LCA: studio istologico, biomeccanico e clinico” G.
Cerulli, A. Caraffa, S. Bru¢,F. Vercillo, G. De Trana
Proceedings of the 90° Congresso SIOT, pag. 60
Florence, Italy 2005

“All-inside technique for ACL reconstruction:
clinical and biomechanical study” G. Cerulli,
A. Caraffa Abstracts: American Academy of
Orthopaedic Surgeons, Annual Meeting, Chicago
[linois, USA March 2006, (Fig. 6)

“Mid-term follow-up of ACL reconstruction
with All-inside technique” G. Cerulli, A. Caraffa, G.
Zamarra, P. Antinolfi, F. Vercillo Abstract:12th ESSKA
2000 Congress. Innsbruck, Austria, May 2006

The “All-Inside Technique” G. Cerulli, A.

Fig. 1. Rome 2002.

Caraffa, S. Brué¢ 3rd International Symposium
“Sport and Medicine”, Book of Abstracts pp. 35-37
Opatija, Croatia, 2007 (Fig. 7)

“ACL reconstruction with the All-Inside
technique” G. Cerulli, F. Vercillo, C. Senni, A.
Amanti, P. Antinolfi J Orthopaed Traumatol 2008;
9(1):S87

“Biomechanical evaluation of using one
hamstrings tendon for ACL reconstruction: a human
cadaveric study” Zamarra G, Fisher MB, Woo SL,
Cerulli G. Knee Surg Sports Traumatol Arthrosc.
2010;18(1):11-9.

“ACL reconstruction with “the original all-inside
technique” G. Cerulli, G. Zamarra, F. Vercillo, F.
Pelosi KSSTA 2011; 19(5): 829-831
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Fig. 3. Beirut 2003.
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= Anterior Cruciate Ligament (ACL) injury is a common problem.
BOOk Ol abstracts especially in sport active persons. For these reasons ACL

reconstruction is today a common surgical procedure. The goal of *
ACL reconstruction is to restore normal anterior knee stability.

The success of reconstruction depends on 3 major factors:
hiological. mechanical and rehabilitative ones.

We describe a new technique called “all-inside”™ technique for
ACL reconstruction. It is a double half tunnel technique, one tibial
and one femoral manually drilled tunnel in an in-out way using a
special instrament with a two incision technique.

METHODS

Between March 2000 and April 2005 we performed 622 ACL
mmmnmmnﬂ-mndrw
Technical note, After an arthroscop ion and of
possible inted lesions the semitendi or the gracilis are

harvested through a small incision (usually 1.5 em) placed 2 em
medial to the tibial tubercle. Based om the length the tendon s
tripled or quadruplicated over a temporary suture loop and the size
is measured,

Using a lateral infrapatellar access and a standard antero-medial
. 7 access chondral and meniscal lesions are treated if indicated. The
Orthopedic Clinic Lovran notch is debrided and when it is possible we leave the ACL
remnant. The introduction point of the tibial pin-guide is Zem
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Fig. 7. Opatija 2007.
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After over 10 years of clinical experience and
follow-up, biological and biomechanical research
we can conclude that the “All-Inside” technique
is a reliable, easy to perform and reproducible
surgery procedure. To date reconstructing and
restoring an injured ACL is still a challenge due to
the important role it plays in knee biomechanics, its
complex anatomy and biological behavior. For these
reasons our original “All-Inside” technique has been
developed based on biological and biomechanical
rationale that must not be ignored if our aim is to
obtain a biomechanically stable and well integrated
to bone surface neo-ACL.

In our opinion respecting the anatomy and the
biomechanics of the ACL, made possible with this
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06128 Perugia, Italy

Tel: ++39 075 5003956

Fax: ++39 075 5010921
e-mail: g_cerulli@tin.it

technique first developed by us, enables a reduction in
the time required for ligamentization; in the damage
from the incision and a better functional outcome.
Manual drilling represents a fundamental concept
for graft integration, it is the practical application
of biological concepts to mechanics. Furthermore,
the out-in technique plus drilling femoral and tibial
tunnels without constraints, allows the surgeon
to identify the ACL’s isometric points and reduce
complications in eventual revision surgery.

The results achieved by applying biological
and biomechanical concepts, our documented
experience, ongoing research and the careful analysis
of the variables that influence outcome; all suggest
the right way the technique should evolve to obtain a
neo-ACL as close as possible to the native ACL.
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