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Objective: To evaluate a series of patients who underwent surgery for reconstruction of the

anterior cruciate ligament with flexor tendons, by means of the anteromedial transportal

technique using Rigidfix for femoral fixation, and to analyze the positioning of the pins by

means of tomography.

Methods: Thirty-two patients were included in the study. The clinical evaluation was done

using the Lysholm, subjective IKDC and Rolimeter. All of them underwent computed tomo-

graphy with 3D reconstruction in order to evaluate the entry point and positioning of the

Rigidfix pins in relation to the joint cartilage of the lateral condyle of the femur.

Results: The mean Lysholm score obtained was 87.81 and the subjective IKDC was 83.72.

Among the 32 patients evaluated, 43% returned to activities that were considered to be

very vigorous, 9% vigorous, 37.5% moderate and 12.5% light. In 16 patients (50%), the distal

entry point of the Rigidfix pin was located outside of the cartilage (extracartilage); in seven

(21.87%), the distal pin injured the joint cartilage (intracartilage); and in nine (28.12%), it was

at  the border of the lateral condyle of the femur.

Conclusion: The patients who underwent ACL reconstruction by means of the anteromedial

transportal using the Rigidfix system presented satisfactory clinical results over the length

of  follow-up evaluated. However, the risk of lesions of the joint cartilage from the distal

Rigidfix pin needs to be taken into consideration when the technique via an anteromedial

portal is used. Further studies with larger numbers of patients and longer follow-up times
should be conducted for better evaluation.
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Reconstrução do  ligamento  cruzado  anterior  pelo  portal  anteromedial  e
fixação  femoral  com  Rigidfix

Palavras-chave:

Joelho/cirurgia

Ligamento cruzado anterior

Reconstrução

r  e  s  u  m  o

Objetivo: Avaliar uma série de pacientes submetidos à cirurgia de reconstrução do ligamento

cruzado anterior com tendões flexores pela técnica transportal anteromedial com o uso de

Rigidfix para fixação femoral e analisar o posicionamento dos pinos por meio de tomografia.

Métodos: Foram incluídos no estudo 32 pacientes. A avaliação clínica foi feita com os escores

de  Lysholm, IKDC subjetivo e Rolimeter. Todos foram submetidos a tomografia computa-

dorizada com reconstrução em 3D para avaliação do ponto de entrada e do posicionamento

dos  pinos do Rigidfix em relação à cartilagem articular do côndilo lateral do fêmur.

Resultados: A média do escore de Lysholm obtido foi de 87,81 e do IKDC subjetivo, de 83,72.

Dos 32 pacientes avaliados, 43% retornaram a atividades consideradas muito vigorosas, 9%

a  vigorosas, 37,5% a moderadas e 12,5% a leves. Em 16 pacientes (50%), o ponto de entrada do

pino distal do Rigidfix foi localizado fora da cartilagem (extracartilagem), em sete (21,87%) o

pino distal lesou a cartilagem articular (intracartilagem) e em nove (28,12%) ficou na borda

da  cartilagem articular do côndilo lateral do fêmur.

Conclusão: Os pacientes submetidos à reconstrução do LCA com o sistema Rigidfix pela

técnica transportal anteromedial apresentaram um resultado clínico satisfatório no tempo

de  seguimento avaliado. Entretanto, o risco de lesão da cartilagem articular pelo pino distal

do  Rigidfix deve ser considerado quando a técnica via portal anteromedial é usada. Outros

estudos com maior número de pacientes e com um tempo de seguimento mais longo devem

ser  feitos para melhor avaliação.

© 2014 Sociedade Brasileira de Ortopedia e Traumatologia. Publicado por Elsevier

Editora Ltda. Todos os direitos reservados.
Introduction

Anterior cruciate ligament (ACL) injuries are among the com-
monest ligament injuries of the knee. Different techniques
with different types of graft and different fixation meth-
ods have been described for surgical treatment, all with
satisfactory clinical results. Today, ACL reconstruction using
autologous grafts from the tendons of the gracilis and semi-
tendinosus muscles has gained popularity because of the
lower morbidity at the graft donor site, lower incidence of
femoropatellar symptoms and lower incidence of contractures
in flexion.1,2

The success of ACL reconstruction surgery is related to
various preoperative, transoperative and postoperative fac-
tors. Among these, the positioning of the bone tunnels in
ACL reconstruction surgery, and consequently the position-
ing of the tendon graft, is considered to be one of the single
most important factors. Recent studies have shown that when
the femoral tunnel is positioned more  anatomically in rela-
tion to the femoral insertion of the ACL, it provides better
rotational control of the knee, better knee mobility and less
chance of impact of the ACL on the posterior cruciate liga-
ment (PCL) during flexion.3 There are three techniques for
constructing the femoral tunnel: the transtibial technique,
the outside-to-inside or two-incision technique and the trans-
portal technique (anteromedial or accessory medial portal).

Some studies have shown that with the transtibial technique,
in which the femoral tunnel is constructed through the tibial
tunnel, it is more  difficult to achieve anatomical positioning
of the femoral tunnel.4,5 For this reason, the anteromedial
transportal technique, with tunnels constructed indepen-
dently and without the need for an additional incision in
the lateral face of the femur, is a constant focus of discus-
sion.

The different types of tendon graft and the pursuit of
femoral tunnel positioning that is more  horizontal in the
lateral femoral condyle have given rise to adaptation of the fix-
ation methods traditionally used in ACL reconstruction with
flexor tendons. Thus, transverse fixation methods with fixed
angles of implant entry in the lateral face of the femur have
been reassessed, because they may put the posterolateral and
intra-articular structures of the knee at risk.4

The Rigidfix system (Mytek, Norwood, MA)  consists of two
pins made of polylactic acid, diameter 2.7 mm,  for femoral fix-
ation of the graft in the femoral tunnel. The system transfixes
the graft at two points, which produces compression against
the tunnel wall and enables a wide bone-graft contact area.6 In
an anatomical study, Castoldi et al.7 evaluated the positioning
of the entry of Rigidfix pins in the lateral condyle in relation
to the technique via an anteromedial portal. These authors
concluded that the risk of chondral lesions resulting from the
entry of the implant varied according to the angle of the pin
insertion guides and also according to the size of the femoral
condyles.

The present study had the objective of evaluating a series
of patients who underwent ACL reconstruction surgery using

flexor tendons by means of the anteromedial transportal tech-
nique, with the Rigidfix system for femoral fixation. This study
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Fig. 1 – Tomographic image of the knee with 3D
reconstruction, showing the references used for defining
the points of entry of the Rigidfix pins in the lateral condyle
of the femur, in relation to the joint cartilage. Green spot –
extracartilage; yellow spot – border of cartilage; and red
r e v b r a s o r t o p . 2

lso had the secondary objective of evaluating the positioning
f the entry of the Rigidfix pins, by means of 3D tomography.

aterials  and  methods

hirty-two patients were selected for this study. All of them
ere operated by the same surgical team between January

009 and July 2010. The patients included underwent ACL
econstruction surgery using a quadruple autologous graft
rom the flexor tendons (gracilis and semitendinosus), using
igidfix for femoral fixation and Biointrafix (Mitek, Norwood,
A,  USA) for tibial fixation. The operations were performed

y means of the anteromedial transportal technique,8 with
t least 24 months of postoperative follow-up. We  excluded
atients from the study in the following situations: if
nother type of graft was used for ACL reconstruction (patel-
ar tendon, quadriceps tendon or an allograft); if a route
ther than the anteromedial transportal route was used
or constructing the femoral tunnel; if the follow-up was
ess than 24 months; or if another method was used for
emoral fixation of the graft. This study was approved by
ur institution’s research bioethics committee and all the

ndividuals evaluated signed a free and informed consent
tatement.

To evaluate the positioning of the point of entry and the
igidfix pins, all the patients underwent multislice computed
omography examination with 3D reconstruction (Toshiba;
quilion TSX-101 model with 64 channels) within six weeks
fter the surgery. The positioning of the point of entry of the
roximal and distal Rigidfix pins in the lateral face of the lat-
ral femoral condyle was classified as “intracartilage” (IC), “on
he border of the cartilage” (BC) or “extracartilage” (EC) (Fig. 1).

For the clinical evaluation, the patients underwent objec-
ive measurements on the pre and postoperative anterior
nd functional translation using the Lysholm scale9,10 and
he subjective IKDC scale.11 The Lysholm scale uses ordinal
ssessment scores and these are defined as “excellent” if they
re between 95 and 100 points, “good” if between 84 and 94
oints, “fair” if between 65 and 83 points and “poor” if 64 points
nd under.9,10 The scores obtained using the subjective IKDC
cale can vary from zero to 100 and the higher the score is,
he better the function is considered to be. The objective eval-
ation of tibial translation was performed using a Rolimeter

Aircast).12 The clinical assessment was performed by an inde-
endent evaluator without knowledge of the positioning of the
ins obtained in the tomography examination.

All the patients underwent the same postoperative reha-
ilitation protocol. Partial weight-bearing using crutches was
llowed after the first day after the surgery and this was main-
ained for two weeks. No type of brace was used. Exercises for
chieving complete range of motion of the joint were allowed
s tolerated. Closed kinetic chain exercises were started four
eeks after the surgery. Running and open kinetic chain exer-

ises were started three months after the operation and the
atients were allowed to return to contact sports after eight

onths had passed.
The statistical evaluation was performed using the Excel

oftware (Microsoft) and consisted of descriptive statistics and
requency distributions.
spot – intracartilage.

Surgical  technique

The patient was positioned in dorsal decubitus under spinal
anesthesia used in association with peripheral block of the
ipsilateral femoral nerve. A pneumatic tourniquet was used
on the proximal third of the thigh of the leg involved. After
performing asepsis and antisepsis and placing sterile fields,
the leg was positioned with hip flexion of 45◦ and knee flexion
of 90◦.

The graft from the tendons of the gracilis and semi-
tendinosus muscles was harvested in the usual manner. A
quadruple graft was prepared using Krackow stitches.13 The
joint was then inspected and debridement of the ACL stumps
was performed, along with arthroscopic treatment for the
other lesions present. A guidewire was inserted through the
anteromedial portal and was introduced into the femoral
insertion of the ACL with the knee flexed at 120◦, seeking the
location of the insertion of the anteromedial band of the ACL.
The femoral tunnel was constructed through the anterome-
dial portal, with a length of 30 mm.  This measurement was
marked on the proximal extremity of the tendon graft. The
tibial tunnel was constructed with the aid of a tibial guide

angled at 45◦ and placed at the center of the tibial insertion of
the ACL. The Rigidfix femoral guide was introduced through
the anteromedial portal into the femoral tunnel. By means of
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Proximal pin

Distal pin

Fig. 2 – Tomographic image demonstrating the point of
entry of the proximal Rigidfix pin outside of the joint
cartilage and the point of entry of the distal Rigidfix pin at
the border of the joint cartilage of the lateral face of the
lateral femoral condyle.
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the femoral guide, two guide cannulae for introducing Rigidfix
were fixed to the lateral face of the lateral condyle by means of
accessory incisions. The quadruple tendon graft was passed
through the bone tunnels under arthroscopic guidance. The
femoral fixation of the tendon graft was performed using the
Rigidfix system (2.7 mm).  The tibial fixation was performed
with the knee flexed at 30◦, using the Biointrafix system.

Results

For this study, 32 patients with a mean postoperative follow-
up of 30 months (range: 24–36 months) were selected. There
were 28 males and four females. Their mean age was 33.1
years (range: 16–56) at the time of the surgery. Twenty-nine
patients presented meniscal lesions (90.6%), among which 20
were lesions of the medial meniscus alone (68.9%), five were
lesions of the lateral meniscus alone (17.2%) and four were
lesions of both menisci (13.8%). Partial meniscectomy was per-
formed on the lesions in all cases.

Regarding the functional evaluation, the mean preopera-
tive Lysholm score was 74.53 (range: 43–83) and the mean
postoperative score was 87.81 (range: 53–95), and this result
can be considered good.9,10 The mean subjective IKDC was
74.16 (range: 37.93–91.95) before the operation and 83.72
(57.5–100) after the operation.

Regarding the return to physical activity, 14 patients
(43.75%) reported that they were regularly doing activities that
can be considered to be very vigorous, such as soccer or bas-
ketball; three (9.3%) cited vigorous activities such as volleyball
and tennis; 12 (37.5%) reported doing moderate activities, such
as gym training or running; and four (12.5%) mentioned light
activities such as walking and domestic work.

In relation to symptoms, 11 of the 32 patients reported
pain on making effort (34.4%) and six reported sporadic edema
(18.75%). In the physical examination, atrophy of the quadri-
ceps muscle of the thigh was found in 20 patients (62.5%), but
the atrophy was only considered severe in one patient (>2 cm
difference in relation to the opposite side).

Regarding the evaluation of the positioning of the point of
entry of the Rigidfix pins, the point of entry of the proximal pin
was outside of the cartilage in all the patients (Fig. 2). The point
of entry of the distal pin was in the peripheral region of the
joint cartilage in seven patients (21.87%) (Fig. 3), at the border
of the cartilage in nine (28.12%) and outside the cartilage in 16
(50%) (Table 1).

Combined analysis on the pin positions in relation to the

joint cartilage and the results from the Lysholm and subjective
IKDC scores showed that in the patients in whom the dis-
tal Rigidfix pin was positioned within the cartilage, the mean

Table 1 – Position of the Rigidfix pins in the lateral
condyle in relation to the joint cartilage.

Position of distal
Rigidfix pin

Position of proximal
Rigidfix pin

Extracartilage 16 32
Border of cartilage 9 –
Intracartilage 7 –
Lysholm score was 89.85 (range: 89–93) and the mean IKDC
score was 79.95 (range: 65.5–95.4); in those in whom the distal
pin was at the border of the cartilage, the mean was 88.33 for
the Lysholm score (range: 53–95) and 86.2 for the IKDC score
(range: 69–100), while in those in whom the distal pin was pos-
itioned outside of the cartilage, the mean Lysholm score was
87.2 (range: 68–95) and the mean IKDC score was 83.82 (range:
62–98.9) (Table 2).

The anterior translation of the tibia in relation to the femur
was found to be a mean of 2.09 mm in relation to the con-
tralateral side (1–6 mm).  One patient presented an increase in
translation of 6 mm,  relating to repeated tearing of the ACL,
and underwent revision surgery after assessment and inclu-

sion of the data for analysis.

Table 2 – Relationship between the position of the distal
Rigidfix pin and the mean Lysholm and subjective IKDC
scores.

Lysholm Subjective IKDC

Intracartilage (n = 7) 89.85 79.95
Border of cartilage (n = 9) 88.33 89.28
Extracartilage (n = 16) 87.20 83.82
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Distal pin

Proximal pin

Fig. 3 – Tomographic image demonstrating the point of
entry of the distal Rigidfix in the joint cartilage of the lateral
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iscussion

here are several surgical techniques and different fixation
ethods for ACL reconstruction surgery. However, none of

hese recreates the anatomy and tensional behavior of the
bers that make up the native ACL.14 The surgeon’s objective

n carrying out the ACL reconstruction procedure is simply to
ecreate the functional pattern of the ligament.15

The ideal positioning of the bone tunnels in ACL recon-
truction surgery has been a subject of constant discussion
n the literature. Some studies have shown that changes to
he positioning of the femoral tunnel have a greater effect
n the tensional behavior of the graft than do changes to the
ositioning of the tibial tunnel.15,16 Few fibers of the ACL are

sometric throughout the range of motion of the knee.14 When
 more  isometric graft is desired, the femoral tunnel should be
ositioned as close as possible to the femoral insertion of the
nteromedial band of the ACL.17,18

There are three techniques that can be used for construc-
ing the femoral tunnel within arthroscopic reconstruction of
he ACL: the transtibial and anteromedial transportal tech-
iques and use of both of these incisions, or the outside-in

echnique. In the transtibial technique, the femoral tunnel is
onstructed through the tibial tunnel and thus the position-
ng of the femoral tunnel is restricted by the positioning of
he tibial tunnel. The tensional behavior of the neoligament is

ore  isometric. However, there is a greater tendency toward

osteriorization of the tibial tunnel and verticalization of the
emoral tunnel, which does not seem to be a position that can
e considered to be more  anatomical.19 In the two-incision
;4 9(6):619–624 623

technique, the bone tunnels are positioned independently,
but an additional incision is needed in the lateral face of the
femoral tunnel, with a femoral tunnel made along the entire
lateral femoral condyle.8

The anteromedial transportal technique provides femoral
tunnel positioning that is more  anatomical and thus better
rotational control and less chance of impact on the PCL during
knee flexion.8 There is no need for additional incisions and the
femoral tunnel is shorter than in the two-incision technique.
With new concepts for femoral tunnel positioning, there is
a need for new adaptation of the femoral fixation methods
used and for graft fixation in a femoral tunnel that is more
anatomical and lower and which has a point of entry in the
medial wall of the lateral condyle.20–26 According to Chang
et al.,27 the current efforts for horizontalizing the femoral
tunnel in the medial wall of the lateral condyle may compro-
mise fixation using transverse-pin methods such as Rigidfix
and lead to protrusion of these pins. The transverse fixa-
tion methods traditionally used were developed to be used by
means of the anteromedial portal technique and they present
a fixed angle of entry, which may put the lateral structures
of the knee at risk, along with the joint surface of the lat-
eral femoral condyle.4,20 In the present study, we  chose to
evaluate a series of patients in whom Rigidfix was used for
fixation of a quadruple graft from the flexor tendons in a
femoral tunnel, performed by means of an anteromedial por-
tal. The Rigidfix system theoretically provides fixation that
is more  juxta-articular because of the presence of a second
pin closer to the intra-articular opening of the femoral tun-
nel, in comparison with other transverse fixation methods.
Moreover, it enables a greater area of bone-graft contact than
do intratunnel fixation methods such as use of interference
screws.7,20 Initially, Rigidfix was developed to provide fixation
by means of the transtibial technique.6 According to Castoldi
et al.,7 from a study on cadavers, the risk of chondral lesions
through using this technique is high (between 80% and 100%),
with at least one pin within the joint cartilage of the lateral
femoral condyle. They therefore did not recommend using
Rigidfix by means of the transportal technique for ACL recon-
struction.

The present study was the first to have the objective of
clinically evaluating patients who underwent ACL reconstruc-
tion by means of Rigidfix, used via an anteromedial portal.
We observed that most of the patients presented satisfactory
functional results within the short follow-up period evaluated.
However, the risk of joint cartilage lesions needs to be taken
into consideration. In 50% of the patients evaluated in this
series, the point of entry of the distal Rigidfix pin was pos-
itioned outside of the cartilage. On the other hand, even in the
patients in whom this point of entry was located on the border
of the cartilage (Fig. 2) or within the cartilage (Fig. 3), the results
from the functional clinical scores were considered to be sat-
isfactory. In the other 50% of the patients, the distal pin was
inserted at the border or within the joint cartilage, with some
chondral lesions. This gives rise to the concern that, over the
long term, knee arthrosis might be produced. Further studies
with longer follow-up periods and large numbers of patients

might be able to assess whether the presence of iatrogenic
chondral lesions at the border of the joint cartilage interferes
with the functional results.
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This study presents some limitations. It was a descrip-
tive study on preliminary results from a case series. A longer
follow-up period and a larger number of patients, in a prospec-
tive study with a better design, are needed in order to obtain
information of greater precision, with regard to whether the
presence of chondral lesions in some patients is responsible
for worsening of the clinical results.

Conclusion

The patients who underwent ACL reconstruction by means of
the Rigidfix system with the anteromedial transportal tech-
nique presented a satisfactory clinical result. The risk of joint
cartilage lesions due to the distal Rigidfix pin needs to be taken
into consideration but, in the present study, the presence of
chondral lesions did not interfere with the results over the
short follow-up time evaluated.
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