Knee Surg Sports Traumatol Arthrosc (2017) 25:1591-1597
DOI 10.1007/s00167-015-3888-x

CrossMark

@

KNEE

Femoral tunnel enlargement after anterior cruciate ligament
reconstruction using RigidFix compared with extracortical

fixation

Osmar Valadao Lopes Jr.! - Leandro de Freitas Spinelli' -

Luiz Henrique Cunha Leite' - Bruce Quatrin Buzzeto! -
Paulo Renato Fernades Saggin' - André Kuhn'

Received: 28 April 2014 / Accepted: 17 November 2015 / Published online: 27 November 2015
© European Society of Sports Traumatology, Knee Surgery, Arthroscopy (ESSKA) 2015

Abstract

Purpose The aim of this study was to compare femoral
tunnel enlargement after anterior cruciate ligament (ACL)
reconstruction surgery using hamstring autograft tendons
fixed by bioabsorbable femoral trans-tunnel pins with that
in patients in which the graft was fixed with extracortical
fixation.

Methods Forty-three patients were randomly selected
from our database and included in the study. Femoral tun-
nel diameter was measured by computed tomography
in 20 patients who underwent ACL reconstruction via
anteromedial portal technique using autologous quadru-
ple hamstrings, fixed with two bioabsorbable trans-tunnel
pins, RigidFix, on the femoral side and compared with 23
patients in whom extracortical fixation, EndoButton CL,
was used. The diameter of the femoral tunnel was measured
at a distance of 5 mm from the tunnel entrance and at the
largest diameter along the tunnel axis. Data were compared
with the diameter of the drill used during surgery. Clinical
evaluation was performed using the Lysholm score, IKDC
subjective score and anterior knee laxity measurements.
Results Femoral tunnel enlargement 5 mm from the
entrance and at the largest diameter was greater in the
RigidFix group than the EndoButton group. There were no
significant differences between the two groups regarding
age, gender, post-operative Lysholm score, IKDC subjec-
tive score or knee laxity measurements.

Conclusion The present study showed greater enlarge-
ment of the femoral bone tunnel when a bioabsorbable
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trans-tunnel pin system was used with the medial portal
technique when compared to extracortical fixation. These
findings confirm that femoral tunnel widening should be
considered when RigidFix was used in ACL reconstruction
by anteromedial portal technique.

Level of evidence 111.

Keywords Autologous - Hamstrings tendons - ACL
reconstruction - Bone tunnel enlargement - Surgical
treatment

Introduction

The intra-articular reconstruction of the anterior cruciate
ligament (ACL) is a well-established surgical procedure for
treatment of anterior instability of the knee [2]. Ligament
reconstruction with hamstrings is a technique with advan-
tages such as preservation of the extensor mechanism, a
lower rate of patellofemoral symptoms when compared to
patellar grafts and the minimization of flexion contractures
[9, 10, 16, 18, 20]. With the increasing number of ACL
reconstructions being performed, surgeons should consider
the potential complications of this technique, which can
be preoperative, intra-operative or post-operative. Among
the post-operative complications, the most frequent are the
recurrence of instability, pain, limitation of motion, patel-
lofemoral complications and bone tunnel enlargement [4, 8].

Bone tunnel enlargement is a common complica-
tion observed up to 1 year after ACL reconstruction with
hamstrings [1, 11-36]. Some studies have suggested that
bone tunnel widening stabilizes by 6 months after sur-
gery [11-15]. The aetiology of such enlargement remains
unknown. Several explanations, based on possible mechan-
ical and biological factors, have been postulated. Among
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the mechanical factors are the unwanted mobility of the
graft within the tunnel, the non-anatomical location of the
tunnels and accelerated post-operative rehabilitation [1].
Inflammatory reactions in response to the presence of bio-
logical material inside the bone tunnel may also be associ-
ated with enlargement [15].

Although bone tunnel widening is a frequent compli-
cation seen in ACL reconstructions using hamstrings, it
remains unclear whether the enlargement of bone tunnels
is correlated with poor clinical results [11-37]. The main
impact of bone tunnel widening is on patients requiring
revision surgery. A large bone tunnel may hinder the revi-
sion surgery, and bone grafting in a staged procedure may
be required [13].

Regarding fixation methods, the RigidFix system (Mitek,
Norwood, MA) consists of two bioabsorbable trans-tunnel
pins of polylactic acid used to fix the graft into the femo-
ral tunnel. One of the two pins in the RigidFix system is
positioned close to the intra-articular opening of the tunnel,
which theoretically could decrease the mobility of the graft
in the bone tunnel [14, 18]. On the other hand, extracortical
fixation using EndoButton CL (Smith & Nephew, Andover,
MA) is a very popular method of fixation due to its stability
[5]. The extracortical fixation allows for greater movement
of the graft within the bone tunnel [19].

This study aimed to compare femoral tunnel enlarge-
ment in ACL reconstruction using hamstring autograft ten-
dons fixed by two bioabsorbable trans-tunnel pins with that
in patients in which the graft was fixed with extracortical
fixation. The hypothesis was that less enlargement of the
femoral tunnel occurs when bioabsorbable trans-tunnel
pins are used compared with extracortical fixation.

Materials and methods

Forty-three patients were randomly selected from our data-
base and included in the study. For selection process, the
authors identified in the IOT Hospital of Trauma database
a total of 63 patients who met the inclusion criteria of the
study. Thirty-three patients underwent ACL reconstruction
using EndoButton CL (EndoButton group) and 30 using
RigidFix (RigidFix group) for femoral fixation. In each
group, all subjects were numbered and sorted according to
the date of surgery in descending order of follow-up (1-33,
1-30). A random sequence was created using a random
sequence generator (www.random.org). The first 20 and 23
subjects from each randomized list were evaluated.
Femoral tunnel diameter was measured in 20 patients
who underwent ACL reconstruction via anteromedial por-
tal technique using autologous quadruple hamstrings, fixed
with RigidFix (Mitek, Norwood, MA) on the femoral side,
RigidFix group, and compared with 23 patients in who
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extracortical fixation, EndoButton CL (Smith & Nephew,
Andover, MA), was used. On the tibial side, all grafts were
fixed with a bioabsorbable interference screw. The median of
the follow-up time was 12 months (range 12—-18) in the Rigid-
Fix group and 13 months (range 12-20) in the EndoButton
group. There were 21 men and 2 women in the EndoButton
group with a median of age 40 years (range 16-57), while the
RigidFix group included 18 men and 2 women with a median
of age 29 years (range 16-48). Surgeries took place between
2010 and 2012, and the same team of surgeons operated on
all patients at a referral and teaching hospital.

The femoral tunnel diameters were measured using com-
puted tomography (CT) images in patients with at least
1 year after surgery. Two independent radiologists recorded
the measurements, considering the diameter of the femoral
tunnel at 5 mm inside the entrance and the greatest diameter
along the longitudinal axis of the femoral tunnel (Figs. 1,
2). Tunnel enlargement was defined decreasing the data
obtained with the diameter of the drill used to create the
femoral tunnel during surgery. By measuring the diameter of
the tunnel at a distance of 5 mm from the entrance, errors
in measuring the diameter of the tunnel due to obliquity
of entrance, on the medial side of the femoral condyle, are
eliminated. All examinations were performed using the same
equipment (64-channel multislice computed tomography
model Toshiba Aquilion TSX-101A). Multislice CT allows
an assessment of the tunnels in a reliable manner without the
amplification commonly found on radiographs [12] and thus
the measurement of the three-dimensional bone tunnel with
precise definition of the axis. The accuracy of the method
used is 0.1 mm. Intra- and interobserver reproducibility of
measurements was assessed by interclass coefficients.

Clinical evaluation of the outcome was conducted using
the Lysholm score, the International Knee Documentation
Committee (IKDC) subjective score and an objective meas-
urement of knee laxity using a Rolimeter (Aircast, Florida,
USA).

There were no significant differences between the two
groups regarding gender, post-operative Lysholm score,
IKDC subjective score and knee laxity measurements. Age
differed significantly between groups, being the parameter
adjusted to groups (Table 1).

The CT scan was performed exclusively for the study.
All patients underwent the same protocol of post-operative
rehabilitation. The Bioethics’ Committee of the University
of Passo Fundo approved the study (#216/2010), and all
patients signed an informed consent form.

Surgical technique for ACL reconstruction using
EndoButton

The patient is positioned supine with spinal anaesthesia
associated with ipsilateral femoral nerve anaesthesia. After
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Fig. 1 Measurements of
femoral tunnel diameter, using
multislice CT images for corti-
cal fixation (EndoButton) group

greater diameter

Fig. 2 Measurements of
femoral tunnel diameter, using
Multislice CT images cortical
for RigidFix group

]

i

Smm greater diameter
Table 1 Demographic data in RigidFix group (n = 20) EndoButton group (n = 23) p value?
both groups
Sex* n.s.
Male 18 (90.0) 21 (91.3)
Female 2 (10.0) 2(8.7)
Age (years)** 30.6 £ 7.7 37.6 £10.3 0.017
Follow-up (months)** 13.1 1.5 13.8 £ 3.0 n.s.
Side* n.s.
Right 12 (60.0) 12 (52.2)
Left 8 (40.0) 11 (47.8)
Lysholm score** 90.4 £ 6.5 909 £5.5 n.s.
IKDC** 86 £ 9.8 85.9 £ 10.6 n.s.
Rolimeter** 234+0.8 2.0+09 n.s.

n.s. non-significant

* 1 (%); ** mean + SD; ¥ student’s ¢ test
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Table 2 Femoral tunnel measurements

RigidFix group (n = 20) EndoButton group (n = 23) p value p value™
Diameter at 5 mm from inlet (mm)* 11.6 £ 1.1 103 +24 0.025 0.001
Enlargement (mm)** 3.8 (3.2-4.9) 1.8 (0.6-3.5) 0.001 <0.001
Enlargement (%)** 50.7 (40.3-63.2) 22.5(7.5-43.8) <0.001 <0.001
Largest diameter (mm)* 121 +1.2 10.8 2.2 0.017 <0.001
Enlargement (mm)** 4.7 (3.5-5.4) 2.1(1.3-44) <0.001 <0.001
Enlargement (%)** 61.9 (45.3-71.4) 26.3 (16.3-55.0) <0.001 <0.001

* Mean =+ SD; ** median (Q1-Q3); # student’s ¢ test; #* adjusted for age

routine procedures for surgery being performed, the gracilis
and semitendinosus tendons are identified and withdrawn.
Krackow sutures using Ethibond 2-0 are performed at the
end of the grafts. The tendons are folded to form a quadru-
ple graft. Arthroscopy of the knee joint through the anter-
omedial and anterolateral portals is performed. A guide
wire is introduced via the anteromedial portal placed in the
centre of the femoral insertion of the ACL with the knee
in 120° of flexion. Via the anteromedial portal and guided
by the wire, a femoral tunnel is made measuring 30 mm in
length and the same diameter as the proximal tendon graft
prepared earlier. The tibial tunnel is made using the tibial
guide with 45° of angulation, positioned in the centre of the
ACL tibial insertion site. The graft is passed through the
tibial and femoral tunnels under arthroscopic guidance.
The graft is fixed on the femoral side using EndoButton CL
with 15 mm of loop. After that, the knee is positioned in
30° of knee flexion and the graft is fixed on the tibial side
using a bioabsorbable interference screw (Fig. 1).

Surgical technique for ACL reconstruction using
RigidFix system

Patient positioning, anaesthesia, graft harvesting and their
preparation, the tibial and femoral tunnels and tibial fixa-
tion are as described above. However, when using Rigid-
Fix, the femoral guide is introduced via the anteromedial
portal and positioned within the femoral tunnel. Using
the guide, two cannulated guides for the introduction of
RigidFix are fixed at the lateral condyle through accessory
incisions. The graft is passed through bone tunnels under
guidance, and graft femoral fixation is performed using the
RigidFix system (Fig. 2).

Statistical analysis
Statistical analysis was performed using SPSS version
21.0. Quantitative variables were described using the mean

and standard deviation or median and interquartile range.
Categorical variables were described using absolute and
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Fig. 3 Proportion of femoral tunnel enlargement at 5 mm from inlet
considering cutting-off points

relative frequencies. To compare means between groups,
Student’s ¢ test was applied. In cases of non-normality, the
Mann—-Whitney test was used. Comparison of proportions
was made using the Pearson’s Chi-square test or Fisher’s
exact. The level of significance was set at 5 % (p < 0.05).
Sample size calculation was based on the difference
between two means. With a standard deviation of 2.4 mm, a
difference of 2.0 mm to be detected, 5 % significance level,
80 % statistical power and a two-tailed test, the minimum
sample size necessary for each group was estimated to be
18. Intra- and interobserver reproducibility of the continu-
ous variables was assessed by intra-class coefficients.

Results

The data of tunnel diameter measurements and enlargement
are summarized in Table 2. A significant difference was
found between groups in all variables analysed (p < 0.01)
The RigidFix group showed the widest femoral tunnel
enlargement (Figs. 3, 4).

The intra-class and interclass coefficients were 0.99 and
0.98 for all measurements.
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Fig. 4 Proportion of femoral tunnel enlargement at largest diameter
considering cutting-off points

Discussion

The main finding of the present study was that greater
enlargement of the femoral tunnel was observed in patients
in which RigidFix was used for femoral fixation after ham-
string ACL reconstruction via anteromedial portal tech-
nique. The exact aetiology of tunnel widening remains
unknown. Many mechanical and biological factors have
been associated with tunnel enlargement in ACL recon-
struction including graft choice, graft fixation methods,
improper tunnel placement, cytokine levels in the synovial
fluid and accelerated rehabilitation [10-21].

In the present study, the authors compared femoral tun-
nel widening in a group of patients that underwent ACL
reconstruction with hamstrings using RigidFix for femoral
fixation with that in patients in whom EndoButton fixation
was used. Theoretically, a double bioabsorbable trans-tun-
nel pin system promotes rigid fixation due to the presence
of the second pin near the joint, which may decrease graft
motion at the entrance of the tunnel [14, 18]. As a control
group, we also analysed and quantified tunnel widening
in patients who underwent ACL reconstruction with ham-
strings using extracortical fixation. The use of extracorti-
cal fixation as the control group was considered because it
hypothetically represents the worst scenario for the devel-
opment of tunnel enlargement as it involves fixation outside
the tunnel aperture [37]. Contrary to our hypothesis, the
results showed a high incidence of tunnel enlargement on
the femur side when RigidFix was used.

The method of graft fixation may be an important fac-
tor underlying bone tunnel widening. Some authors have
demonstrated that extracortical graft fixation increases
the movement of the graft inside the bone tunnel and at
the intra-articular aperture (bungee cord effect and wind-
shield wiper effect, respectively) [37]. In a prospective

randomized study, Fauno et al. [19] evaluated the incidence
of tunnel widening in patients who underwent ACL recon-
struction with hamstring grafts using trans-femoral fixation
associated with an interference screw in the tibia and com-
pared this to widening in patients in whom cortical fixation
in the femoral and tibia was used. The authors concluded
that there was a reduction in tunnel enlargement in patients
in which fixation was closer to the joint. Iorio et al. [22]
performed computed tomography to evaluate bone tunnel
enlargement in 25 patients who underwent two-incision
arthroscopic ACL reconstruction with a quadruple ham-
string autograft using very strong graft fixation close to the
joint line. They observed that the rate of tunnel widening
seemed to be minimized when anatomical, stiff and strong
fixation was combined with a less aggressive rehabilita-
tion program [22]. Ma et al. [26] found no significant dif-
ference in bone tunnel enlargement between patients who
underwent hamstring ACL reconstruction with aperture
graft fixation using a bioabsorbable interference screw
compared with patients in whom extracortical fixation was
achieved using EndoButton, with the exception of the fem-
oral tunnel in the sagittal plane, in which tunnel expansion
was higher in the bioabsorbable screw group. In a recent
prospective randomized study comparing femoral tunnel
widening evaluated by CT scan in patients who had under-
gone ACL reconstruction with hamstring grafts, Sabat et al.
concluded that femoral tunnel widening was significantly
lower in patients that used TransFix (Arthrex, Naples, FL)
compared to that in patients in whom EndoButton CL
(Smith & Nephew Endoscopy, Andover, MA) was used. In
the present study, the RigidFix group showed significantly
higher values in all analyses compared with the EndoBut-
ton group. Recently, new adjustable-length loop device
for lateral cortical fixation became very popular aiming to
decrease the elasticity of the system with the graft filling
the entire length of the femoral tunnel. However, a con-
trolled laboratory study [6] has shown that the suspensory
cortical fixation of the graft using adjustable-length loop
devices allowed more cyclic and initial displacement.
Therefore, there were no data about tunnel widening when
these adjustable-length loop devices were used [6, 30].
Although many studies have examined bone tunnel
widening in ACL reconstruction, only a few studies have
addressed the enlargement of the femoral tunnel when the
RigidFix system was used [3, 7-14]. Arce et al. [3] evalu-
ated the enlargement of the femoral tunnel by radiographs
in 66 patients who underwent trans-tibial ACL reconstruc-
tions using hamstrings with two bioabsorbable crossed
pins (RigidFix, Mitek) or titanium cross pinning (TransFix,
Arthrex). They found an enlargement of 62 and 49 % in the
6 months after surgery and 24 and 21 %, respectively, at
the end of 1 year post-operatively. The authors concluded

@ Springer



1596

Knee Surg Sports Traumatol Arthrosc (2017) 25:1591-1597

that bone tunnel widening appears to be lower when fixa-
tion takes place closer to the joint.

Cinar et al. [14] used multislice computed tomography
to evaluate the enlargement of the femoral and tibial tun-
nels in patients after ACL reconstruction using hamstrings
fixed with RigidFix or EndoButton and correlated the
results with the anatomical and non-anatomical position
of the tunnels. They found marked and excessive tunnel
enlargement in 77.8 % of patients in the RigidFix group
and 88.2 % in the EndoButton group. There was no dif-
ference in enlargement according to the positioning of the
tunnels, regardless of the fixation method. In our study,
the femoral tunnel showed an average increase of 61.9 %
compared to the initial tunnel in the RigidFix group and
a 26.3 % increase in the EndoButton group. The differ-
ence between the two groups was significant. Basad et al.
[7] used MRI to compare the enlargement of the femoral
tunnel after RigidFix or EndoButton had been used for
femoral fixation. Contrary to the results presented, they
found no bone tunnel widening associated with any type
of fixation.

It is also important to point out that besides the mechani-
cal factors related to fixation devices, chemical and biologi-
cal factors might contribute to bone tunnel widening. The
degradation of absorbable material could create a chemical
osmotic effect inside the bone tunnel that could promote
widening. A foreign body response, thermal necrosis after
drilling and synovial fluid propagation into the bone tun-
nel could also be additional causes [29, 34]. The present
authors suggest that the absorbable material that composes
the RigidFix and the soft tissue graft used may contribute
to the development of femoral tunnel enlargement.

Some studies have reported a higher rate of bone tun-
nel enlargement after ACL reconstruction using hamstrings
[18, 24, 32, 33, 36] when compared to patellar tendon.
Webster et al. [36] published a randomized comparison of
tunnel widening among 65 patients who had undergone
ACL reconstructions using either a hamstring or bone—
patellar tendon-bone autograft with EndoButton fixation
on the femoral side and metal interference screw on the
tibial side. The authors concluded that tunnel widening was
higher in patients that used a hamstring graft.

The strength of this study is that all patients were evalu-
ated by computed tomography images. In a recent study,
Marchant et al. [27] concluded that computed tomogra-
phy is more reliable and superior to radiographs and MRI
regarding both tunnel identification and quantification.

This study did not evaluate tibial tunnel widening. A
bioabsorbable interference screw was used for tibial fixa-
tion in all patients. The diameter of the drill used at the time
of surgery does not provide reliable baseline data because
when interference screws are used, they may mechanically
enlarge the tunnel diameter during the fixation step.
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The main limitations of the present study include being
a small retrospective cohort, no measurement of the femo-
ral tunnel immediately after surgery and short follow-up.
Although both groups of individuals differ in age, there are
no studies that clearly link enlargement of the bone tunnels
with age. Because of this, the authors do not consider the
difference in age as a limitation of the study.

In a recent study, Sabat et al. [31] found no difference
between the diameter of the femoral tunnel measured by
CT scan 2 weeks post-operatively and the intra-operative
drill diameters used. Thus, no excess radiation exposure
is justified at the baseline for femoral tunnel evaluation.
Likewise, in the present study, there was no need for expo-
sure of a greater number of individuals to radiation. The
authors aimed to measure the diameter of the femoral tun-
nel regardless of the success of the clinical outcomes as the
endpoint. The short duration of follow-up and the small
number of patients evaluated do not allow conclusions to be
made about differences in clinical outcomes. Both groups,
in general, showed good clinical outcomes despite the pres-
ence of bone tunnel widening.

The findings of the present study confirm that femoral
tunnel widening should be considered when RigidFix was
used in ACL reconstruction by anteromedial portal tech-
nique, and it should be carefully evaluated before revision
ACL reconstruction.

Conclusions

The present study showed greater enlargement of the femo-
ral bone tunnel when using a RigidFix for hamstring ACL
reconstruction via the anteromedial portal technique when
compared to extracortical fixation method. Femoral tun-
nel enlargement was also greater when compared with the
EndoButton fixation method.
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