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ABSTRACT

Anterior cruciate ligament injuries are common seen in active and young patients. The ACL
reconstruction technique in skeletally immature patients tries to minimize the growth disturbance. All physeal
sparing technique is technically demanding. In this paper, we described physeal sparing technique of ACL
reconstruction in skeletally immature patient. This is an all-epiphyseal all-inside ACL reconstruction with
retrodrill of the femoral and the tibial sockets. Both sockets are within epiphysis. This technique used free loop
system. This free loop system allows us to make a socket with length 15 mm, that is safe from the physis. This
socket also allows us to tension the graft adequately with minimum sockets length. We present a case of 16
years old male who underwent all-epiphyseal all inside reconstruction with our rehabilitation protocol.
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INTRODUCTION

Anterior cruciate ligament injuries are
commonly seen in active and young
patients (1,2). Nowadays, the incidence of
ACL injuryin skeletallyimmature patients is
increased (1,3,4,5). This is caused by
multifactorial, including increased sports
participation, increased competitive sports
at younger ages, as well as the
improvement of recognition of this injury,
and the use of Magnetic resonance imaging
MRI (1,2). The incidence was 1/10.000 in
2005-2008 at age 8 to 14 years old, but this
gradually increases with age (6). However,
surgical techniques are still controversial.
The goal is to preserve physeal plate. The
traditional surgical technique, which drills
the tunnel across the physis, might damage
the physis and cause growth disturbance.

There are some options of surgical
techniques for ACL reconstruction in
prepubescent, including physeal sparing
reconstruction, partial transphyseal
reconstruction, or transphyseal
reconstruction. The physeal sparing using
iliotibial band can minimize the risk of
iatrogenic physeal injury and is indicated
for Tanner stage | or Il (7). All ACL
reconstruction in prepubescent tried to
minimize the risk of iatrogenic injury of
physeal plate, but none of those techniques
provide the reconstruction at the footprint

of the ACL (1,3).

The all-epiphyseal technique by Lawrence
is also another option for physeal sparing
reconstruction. This technique tries to
reconstruct ACL as adult ACL
reconstruction  principles but also

minimizes the risk of iatrogenic physeal
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injury. There is still a possibility of injuring
the physeal plate in this technique,
although it is minimal (3) Another physeal
sparing technique is all-inside all
epiphyseal technique. In this technique, no
drill at all at the tibial physeal plate.

We describe the all-inside all-epiphyseal
technique for ACL reconstruction in
prepubescent patients. This technique
minimizes physeal injury and restores intra-
articular anatomy of ACL.

PRESENTATION OF CASE

Male, Mr. R, 16 years old, complained of
pain and unstable of his right knee during
walking. He got an injury while he was
playing football. His knee was swollen after
the injury and felt pain afterward. From
physical examination was found no
swollen. He was able to fully flex his right
knee with pain and fully extend his right
knee without pain. No abnormality was
found during walking. From the specific
test, we found anterior drawer test +3,
Lachman test +3, no pivot shift test, and
McMurray was negative.

From the conventional knee radiograph, we
found the opening of physeal plate on the
distal femoral, proximal tibial, and proximal
fibular. The magnetic resonance imaging
(MRI) study confirmed the presence of an
acute, complete rupture of the ACL. The
patient completed preoperative physical
therapy and underwent all inside all
epiphyseal ACL reconstruction with
hamstring autograft. Postoperatively, no
pivot shift test with negative Lachman test
and anterior drawer were found. The
postoperative physical therapy was as
described earlier.
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Figure 3. (A) The tibial tunnel, as viewed
through anterolateral portal with a 30°
arthroscope, was drilled at the ACL
footprint (B) The tibialtunnelwas confirmed
under fluoroscopy.

Figure 1. MRI of the right knee (A) Sagittal
view of the right knee shows no ACL was
seen (B) Sagittal view shows elongation of
PCL (C) Axial view shows diminished ACL at
femoral insertion (D) Coronal view shows
no ACL was seen with hyperintense of the
femoral insertion, while PCL was seen at
the femoralinsertion.

Figure 2. (A) The femoral guide, as viewed
through anteromedial portal with a 30°

arthroscope, was placed at the ACL (B) (C)

footprint that was cleaned previously (B) Figure 4. (A) Fluoroscopy postoperative (B)

Postoperative radiograph AP view of the
right knee (C) Postoperative radiograph

The femoral tunnel was confirmed under
fluoroscopy.
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lateral view of the right knee of all-
epiphyseal all-inside ACL reconstruction
and fixation with Infinity knee system
(Conmed).

Standard diagnostic knee arthroscopy is
performed through standard anteromedial
working and anterolateral viewing portals.
Check for the chondral and meniscal
pathology and address it appropriately.
Diagnosis of complete tear of ACL is
confirmed (Figure 1). The residual ACL is
removed as needed, only to make it easy to
identify the tibial and femoral footprints. All
soft tissue excess is removed. A 30°
arthroscope is routinely used (Figure 2).

The autologous quadrupled hamstring graft
is prepared. Using standard technique,
semitendinosus is harvested and prepared
by whipstitching the ends of the tendon and
then looping them over an Etibond suture
number 2. The femoral side of the graft is
marked 15 mm or 20 mm, depending on the
length of the femoral socket. The length of
the intraarticular graft is 2 cm, and a
minimum 8 mm graft diameter is preferred.
If the graft diameter is insufficient, gracillis
is harvested as well. The graft length
minimum is 6 cm. The looped end also is
whipstitched, preventing the graft from
rolling intraruminal. The tibial side of the
graft is also marked 15 mm or 20 mm,
depending on the length of the tibial socket.
The graft is prepared using the infinity knee
system (Conmed), where the infinity
adjustable loop button is on the femoral
side and the infinity tibial button is on the
tibial side. The graft is sized, pretensioned
to 20 b for 5 minutes, and then wrapped in
damp gauze.
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The femoral tunnel is prepared first. The
outside in femoral ACL guide (Arthrex), set
at 95 o is placed through the anterolateral
portal, onto the center of the femoral
footprint, 3 mm from the back of the wall.
The placement is checked by the 30°
arthroscope through the anteromedial
portal (Figure 3). 1.5-2 cm incision is made
over the lateral femur, followed by
dissection, and put the guide just anterior
and distalto the lateral epicondyle. The wire
is drilled through the femoral guide from the
lateral cortex to the footprint.

It should be parallel to the physis in the
epiphysis to the center of the femoral
footprint. This position should be checked
by fluoroscopy. Once the position is
confirmed, the femoral guide is removed,
leaving the wire in place. The flipcutter with
the appropriate diameter is introduced into
the articular. The flipcutter is deployed and
isusedtodrillthe femoral socket retrograde
approximately 15to 20 mm. The flipcutteris
then advanced to the joint, straightened,
and removed through the lateral cortex of
femur. A FiberStick is advanced through the
guide, delivered out through the
anteromedial portal, and tagged for graft
passage.

The tibial ACL guide is set at 50° and
advanced through anteromedial portal,
placed over the center of the anatomic
footprint of ACL. The tibial guide is placed in
diving direction to avoid the physeal plate.
The position of the tibial guide is checked by
fluoroscopy. Once the position s
confirmed, the flipcutter is drilled
retrograde within tibial epiphysis. The
flipcutter is deployed and used to drill the
tibial socket approximately 15-20 mm. A
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Fiberstick is advanced through the socket
and retrieved through the anteromedial
portal and tagged for graft passage (Figure
4).

The sockets are evaluated and checked for
the placement and the soft tissue in the
sockets. Make sure no soft tissue entered
the socket. Pass the graft through the
anteromedial portal. The graft enters the
femoral socket first using the previously
passed Fiberstick. The button is engaged to
the lateral cortex and flipped. The graft is
pulled until the marked justinto the edge of
the socket. The tibial side of the graftis also
advanced into articular through the
anteromedial portal. Using the previous
Fiberstick, the graft entered the tibial
socket and tensioned until the marked side
of the tibial graft side entered the socket.
While holding and tensioning the graft, the
knee is cycled numerous times.

Checked the graft arthroscopically. If the
graft position is confirmed, the graft is
tensioned in knee flexed 30° neutral
rotation, and posterior drawer at the same
time. The tibial button is flipped and
tightened. After tensioning, the graft is
rechecked again in flexion and extension, to
make sure there is noimpingement, and the
graft is tension. Irrigated and closed the
wounds in layers. The knee is dressed in
sterile dressings and a knee brace locked in
maximum extension. Physical therapy
begins on postoperative day 1. The patient
is weight-bearing as tolerated. Formal
physical therapy with an accelerated ACL
protocol is initiated 2 weeks
postoperatively and continued until 4
months.
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DISCUSSION

Treating immature patients with ACL total
rupture is challenging. Several techniques
were found, including physeal sparing
reconstruction, partial transphyseal
reconstruction, or transphyseal
reconstruction. The first physeal sparing
technique was introduced by Micheli (8)
and Kocher et al (4). They modified the
combination of intraarticular and
extraarticular ACL reconstruction
described by Macintosh and Darby. This
technique used lliotibial band strip as a
graft. They cut the proximal part and
brought it into the knee in over-the-top
position and bought it under the inter

meniscal ligament anteriorly.

The graft was sutured to the intermuscular
septum on the femoral side and to the
periosteum on the tibial side. (4) This
technique did not put the graft on the native
ACL; therefore, it distorted the native ACL
function. Besides, a lot of pitfalls are also
seen in this technique, which was a very
technically demanding technique (1). This
technique gave 13.6% reoperation rate (9),
while the revision rate of transphyseal
technique in immature patients is 3.1%
(10). which is lower than transphyseal
technique, 10.4% (11). But the latest
research by Patel et al showed no
difference in graft failure between all-
epiphyseal and transphyseal techniques,
with graft failure rates 9.8% and 10.4%
respectively (11).

Guzzanti et al described the new all-
epiphyseal technique. This technique used
hamstring and gracilis as graft sources,
detached the proximal, and left the distal
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side attached to its insertion. A hole was
then drilled from the space between the
physis and cartilage of the proximal tibia to
tibial eminence. Passed the graft through
the tibial tunnel into the intra-articular. For
the femoral attachment, a staple was
inserted into the femoral epiphysis, and the
hamstring was looped and entered the
tibial tunnel again, and sutured side to side
(12). This technique did not make tunnel on
the femoral, only a small part of the
femoral, which is centrally and vertically
placement of the femoral staple. The tibial
tunnel is eccentric.

Another physeal sparing technique is by
Anderson. He used free hamstring graft. He
drilled the femoral tunnel in line with the
physeal plate, inside the epiphysis. The
tibial tunnel was drilled at the free edge of
the lateral meniscus and the posterior
footprint of the ACL, in the same fashion as
Guzzanti technique on the tibial side and
used post-screw on the tibial side (7,13)
Either Guzzani or Anderson technique
showed good postoperative results (12,13).

The surgical technique we used here is the
same as Anderson. The difference is we
used all-inside technique with retrodrill and
the Infinity knee system, which s a free loop
system. Using this technique, we were able
to tension the graft adequately with only
minimum graft length. By using this system,
we only made sockets for the femoral and
the tibial side with a minimum of 15 mm.
This technique will preserve the tibial
physis. We also used femoral guide to make
sure that the transphyseal reconstruction.
The first physeal sparing technique was
introduced by Micheli (8) and Kocher et al
(4). They modified the combination of
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intraarticular and extraarticular ACL
reconstruction described by MaclIntosh and
Darby.

This technique used lliotibial band strip as
a graft. They cut the proximal part and
brought it into the knee in over-the-top
position and bought it under the inter
meniscal ligament anteriorly. The graft was
sutured to the intermuscular septum on the
femoral side and to the periosteum on the
tibial side (4). This technique did not put the
graft on the guide wire was parallel to the
physeal plate and entered the one-fourth
posterior part along the Blumensaat line
and one-fourth proximal of the distance
from the Blumensaat line down to the edge
of the condyle. The placement of the tibial
tunnel is crucial. As we know, the obliquity
of the tibial drill hole will result in the
placement of the tibial tunnel. The more
vertical the tibial guide will result in the
more anterior position of the tibial tunnel.
This will be technically demanding. But in
the end, all the fixation methods using this
technique are entirely within the epiphyseal
area.

Different from the technique described by
Lawrence et al. They drilled the tibial tunnel
through the physis to the ACL footprint and
used retrodrill (Arthrex). This technique will
result in a more anatomic location of the
tibial tunnel, rather than the technique
described by Anderson, Guzzanti, or our
technique. But Lawrence technique needs
at least 20 mm length of the tibial tunnel to
be able to enter the retroscrew. 1 Using the
retroscrew in a small knee will be difficult
and can injure the graft or might cause
growth disturbance if the placement is too
close to the physis or across the physis.
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This Lawrence technique also needs
intraoperative computed tomography scan,
as recommended by Lawrence (3)

The rehabilitation protocol for ACL
reconstruction in skeletally immature
patients is different than the adult patients.
Limited early weight-bearing and ROM are
advised in ACL reconstruction skeletally
immature (14,15). In physeal-sparing
technique, the tibial tunnel placement is
eccentric and less anatomic if we compare
it with transphyseal technique. We should
choose the rehabilitation protocol that
gives less adverse load with immediate
loads. Controversial also seen in deciding
return to sport after ACL reconstruction in
skeletally immature patients. A study done
by Boyle et al showed that adolescent
patients do not recover consistently to
adequate functional movement patterns
after 9 months postoperative to be able to
return-to-sport (16).

Greenberg et al showed that even at 1 year
after the surgery, some pediatrics have
significant strength and functional deficits.
Only 38% can achieve satisfactory
performance on functional hop test at 12
months postoperative, and 25% were able
to achieve satisfactory limb symmetry
index. These patients required prolonged
rehabilitation programs. 17 The main goal of
ACL reconstruction is to return to sport.
Restoration of symmetric quadriceps
strength should be achieved to be able to
return-to-sport in young athletes (18).
regarding
rehabilitation protocol due to lack of study

Controversial is seen

focusing on rehabilitation protocol after
ACL reconstruction in skeletally immature
patients. Therefore, no guidelines have
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been established in rehabilitation protocol.
Another important postoperative care after
ACL reconstruction in pediatric patients is
postoperative pain control. Femoral nerve
block (FNB) is an option, but some patients
might have weaker quadriceps and
hamstring muscles. A study done by Luo et
al found that patients without FNB can
meet the criteria to return-tosport 4 times
higher than patients with FNB 6 months
after the ACL reconstruction (19)

CONCLUSIONS

The number of ACL injuries in prepubescent
and young athletes is increasing. Therefore,
every effort must be made to minimize
physeal injury that might cause growth
arrest. The improvement of technology and
instrumentation allows us to use the
physeal sparing technique with adequate
results. But choosing the ideal
rehabilitation protocol is also important to
meet the criteria return-to-sport 6 months
postoperative. This technique gave good
results and no injury on the physeal plate
was found. We believe this technique can
be used as one of the options for physeal
sparing techniques for ACL reconstruction
in skeletally immature patients.
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