Knee Surgery, Sports Traumatology, Arthroscopy (2022) 30:2251-2258
https://doi.org/10.1007/500167-021-06758-7

KNEE q

Check for
updates

Arthroscopic confirmation of femoral button deployment prevents
soft tissue interposition in ACL reconstruction

Sylvain Guy' - Alessandro Carrozzo' - Alexandre Ferreira' - Thais Dutra Vieira' @ - Benjamin Freychet' -

Mathieu Thaunat' - Bertrand Sonnery-Cottet’

Received: 17 May 2021/ Accepted: 27 September 2021 / Published online: 19 October 2021
© European Society of Sports Traumatology, Knee Surgery, Arthroscopy (ESSKA) 2021

Abstract

Purpose The purpose of this study was to determine whether direct arthroscopic control of femoral buttons can prevent
improper deployment and soft tissue interposition in anterior cruciate ligament (ACL) reconstruction.

Methods A retrospective analysis of prospectively collected data from the SANTI study group database was performed. All
patients who underwent ACL reconstruction using suspensive femoral fixation between 01/01/2017 and 31/12/2019 were
included. Patient assessment included demographics, sports metrics, reoperations performed and femoral button-related
specific complications such as iliotibial band (ITB) irritation and/or septic arthritis. Proper deployment of the button and
soft tissue interposition were assessed on postoperative radiographs.

Results A total of 307 patients underwent ACL reconstruction using adjustable femoral button fixation and were analyzed
after a mean follow-up of 35.2 + 11.0 months (14.3-50.2). The mean age was 39.5 + 10.9-years old (range 13.3-70.6). Post-
operative radiographs showed a correctly deployed femoral button without soft tissue interposition for all patients. No septic
arthritis was reported. Nine patients (2.9%) suffered from lateral pain related to ITB irritation due to the button. Five of
them had their symptoms resolve during rehabilitation. Ultrasound-guided corticosteroid infiltration was necessary for four
patients after an average delay of 14.5+4.8 months (11.7-21.7). Three patients were then symptom-free, but one required
surgical removal of the implant 27.5 months after the surgery. Regarding unrelated femoral button complications, 15 patients
(4.9%) underwent secondary arthroscopic procedures, including meniscectomy (1.6%), surgery for cyclops syndrome (2.6%)
and revision ACLR (0.7%).

Conclusion Arthroscopic confirmation of femoral button deployment prevents soft tissue interposition without specific
complications.

Level of evidence Level IV.

Keywords ACL - ACL reconstruction - Femoral button - Button deployment - Tissue interposition - Ilio-tibial Band
Irritation

Introduction

Graft fixation during anterior cruciate ligament reconstruc-
tion (ACLR) is a hotly debated topic [1, 2]. Since the study
by Kurosaka et al.[3] in 1987, several hundred studies based
mainly on in vitro biomechanical experiments have been
devoted to this subject [1]. Given the lack of clinical studies
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demonstrating the superiority of one method over another,
no gold standard has been recommended to date. Easy and
fast to use while providing excellent clinical outcomes, sus-
pensive femoral fixation has become a popular technique
over the last fifteen years [4—7].

Anterior cruciate ligament (ACL) graft fixation using
a femoral button presents specific complications, such as
improper deployment of the implant [8, 9], widening of the
tunnel [10-12], and iliotibial band (ITB) irritation [13, 14].
Occurring in 15-25.2% of cases, soft tissue interposition
is, however, the most frequent complication [9, 15-17]. A
degradation of postoperative clinical scores is also directly
related to implant migration over time [15, 18]. As suggested
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by Mae et al.[15], this could decrease femoral fixation qual-
ity and alter graft integration. The increased rate of graft
rupture in cases of ACL reconstruction with a femoral button
compared to other fixation modes, as reported by the Danish
and Norwegian registries, could then be explained [4, 6].

Various techniques have been described to prevent these
complications, such as intraoperative fluoroscopy or acces-
sory approaches allowing direct visualization of the implant
[9, 19]. Although effective, these methods are time consum-
ing and either irradiating or invasive. Intra-articular posi-
tioning of the femoral tunnel exit point, made possible with
outside-in drilling, allows direct arthroscopic visualization
of the femoral button in the lateral glutter [20, 21]. The pur-
pose of this study was to determine whether soft tissue inter-
position and improper button deployment can be prevented
using direct arthroscopic control. The hypothesis was that
direct arthroscopic visualization of femoral button deploy-
ment decreases specific complications related to femoral
fixation during ACLR.

Materials and methods

Institutional Review Board approval (COS-
RGDS-2021-01-004) was granted for this study, and all
participants gave valid consent to participate. A retro-
spective analysis of prospectively collected data from the
SANTTI study group database was performed. All patients
who underwent arthroscopic ACLR (primary or revision)
or ACL repairs performed by a single surgeon (BSC) from
01/01/2017 to 31/12/2019 were assessed for eligibility. The
diagnosis of ACL tears was based on magnetic resonance
imaging (MRI) and a complete clinical examination. Surgi-
cal management was decided upon when the patient's sub-
jective instability restricted him in his sports or daily activi-
ties. From this group, all patients whose ACL graft was fixed
to the femur using suspensive fixation (TightRope®, Arthrex,
Naples, Florida) were identified and included. Patients who
underwent ACL repairs or major concomitant surgery (e.g.,
multiligament reconstructions) were excluded.

Data extraction

Demographic data (age, sex, weight, height and body mass
index (BMI)) and the characteristics of the index surgi-
cal procedures (whether a LEAP or associated high tibial
osteotomy was performed or meniscal and chondral lesions
were observed during arthroscopy) were extracted from the
SANTI study group database. Preoperative sports practice
was reported, and sports levels were evaluated by the Tegner
activity scale.

Knee radiographs were systematically performed post-
operatively. Each radiograph was analyzed by a trained
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orthopedic surgeon who attested to the correct deployment
of the button on the lateral side of the femur. The distance
between the cortex and the implant was measured on frontal
radiographs. If the latter distance was less than one millime-
ter, soft tissue interposition was considered nonexistent [15].

Data regarding subsequent arthroscopy and its indications
were provided. Any postoperative complications that did not
require surgical management were also indicated, as was
the resulting treatment. Potentially femoral button-related
complications were given particular attention: lateral knee
pain (requiring corticosteroid infiltration or not), surgical
removal of the implant, and septic arthritis.

Surgical technique

All ACLRs were performed according to the Single-Antero-
Medial Bundle Biological Augmentation (SAMBBA) tech-
nique described previously [20]. The semitendinosus (ST)
was harvested using an open-ended tendon stripper and then
quadrupled. The tibial insertion was preserved to improve fixa-
tion and vascularity [22]. An outside-in femoral guide was
used, and its exit point was positioned intraarticularly under
arthroscopic control. A 20-mm femoral bone socket was cre-
ated using a FlipCutter II (Arthrex, Naples, Florida) according
to the graft diameter [23]. Soft tissues were shaved along the
lateral end of the femoral tunnel. The ACL graft was passed
from the tibia to the femur. The arthroscope was introduced
into the lateral gutter, allowing direct visualization of the but-
ton deployment (Fig. 1). The graft was secured on the femoral

Fig. 1 Arthroscopic confirmation of correct Button deployment in
the lateral gutter. Process of flipping the TightRope button on the lat-
eral cortex of the femur under arthroscopic visualization in the right
knee. While the arthroscope is in the lateral gutter, the blue suture is
tensioned to pull the graft into the joint. a The button is visualized
while exiting the tunnel. b, ¢ A probe is used to help seat the button.
(Reprinted with permission from Arthroscopy Techniques)



Knee Surgery, Sports Traumatology, Arthroscopy (2022) 30:2251-2258

2253

side with the TightRope® tensioning device (Arthrex, Naples,
Florida) and then fixed on the tibial side at 30° of flexion using
a bioabsorbable screw (Arthrex, Naples, Florida). The but-
ton sutures were cut flush with the implant under arthroscopic
control without additional safety knots.

For patients who underwent an additional lateral extra-artic-
ular procedure (LEAP), a modified deep Lemaire procedure
[24] or independent reconstruction of the anterolateral liga-
ment using the gracilis tendon was performed.

Rehabilitation

Weight bearing was allowed in the immediate postoperative
period and while protected by crutches until the fourth week.
Mobilization of the knee was brace free, except in the presence
of meniscal repairs; weight bearing was progressive. Early
rehabilitation focused on the restoration of full extension.
Open-chain muscle strengthening was contraindicated until
3 months postoperatively. Cycling was allowed at one month,
running at three months, nonpivoting sports at 4 months, pivot-
ing noncontact sports at 6 months and pivoting contact sports
at 8 to 9 months.

Follow-up

Postoperative follow-up was undertaken either by a sport
physician or the senior surgeon at 3 and 6 weeks and then at
3, 6, 12 and 24 months. Anteroposterior side-to-side laxity
(Rolimeter®, Aircast, Europe) and pivot shift examinations
were performed at each consultation, and the occurrence
of femoral button-related lateral pain was assessed. If the
patient’s pain did not improve through functional rehabilita-
tion, echo-guided corticosteroid infiltration was performed
around the implant by a trained radiologist. In case of failure,
surgical removal of the button was then proposed.

Statistical analysis

Descriptive statistics were calculated to characterize demo-
graphics, surgical characteristics, and radiographs analysis,
including proper button deployment and soft tissue interposi-
tion. Additional descriptive statistics were obtained regard-
ing postoperative complications, stratified by their potential
connection to the femoral button. Quantitative variables are
expressed as the mean values, standard deviation, and range.
For qualitative variables, the number of observations and the
percentage are presented.

Results

A total of 1773 ACLRs and ACL repairs were performed by
the same senior surgeon between 01/01/2017 and 12/31/2019.
Among these, 374 grafts were fixed to the femur using sus-
pensive fixation (TightRope®, Arthrex, Naples, Florida). One
patient was excluded because of concomitant multiligament
reconstruction. Sixty-six ACL repairs were also excluded.
Therefore, the results of 307 ACLRs performed according
to the SAMBBA technique on 302 patients were retained for
analysis. The study flow chart is shown in Fig. 2.

The demographics of the study population are presented in
Table 1. The mean age was 39.5+ 10.9-years old (13.3-70.6),
with a mean follow-up of 35.2+11.0 months (14.3-50.2). A
majority of patients were involved in pivoting or pivoting-
contact sports (n=239, 77.9%) before surgery, with a mean
Tegner activity scale score of 6.0+ 1.2 (3-9). The surgical
characteristics are presented in Table 2. Twenty-six patients
(8.5%) had a concomitant lateral extra-articular procedure
(LEAP), either modified Lemaire (n=14, 4.6%) or anterolat-
eral ligament reconstruction (ALLR, n=12, 3.9%). Meniscal
lesions were identified and treated in 143 patients (46.5%),
most of which involved the medial meniscus (n=103, 33.5%).

The mean side-to-side laxity (Rolimeter®, Aircast, Europe)
was 0.51+0.89 mm (- 4 to 3). Postoperative radiographs
showed a correctly deployed femoral button without soft tis-
sue interposition in all patients (Fig. 3). Regarding potentially
button-related complications, nine patients (2.9%) suffered
from lateral pain related to ITB irritation (Table 3). Five of
them had their symptoms resolve during rehabilitation. Ultra-
sound-guided corticosteroid infiltration was necessary for four
patients after an average delay of 14.5 months. Three patients
were then symptom free. Nevertheless, one 45-year-old female
patient, a sports education teacher, had persistent pain. She
underwent ACLR in January 2019 following a work-related
accident and experienced I'TB irritation during follow-up. Cor-
ticosteroid infiltration was performed in January 2020. Due to
ineffective medical treatment, surgical removal of the femoral
implant was scheduled in March 2020 but could not be per-
formed until May 2021, 27.5 months after surgery, due to the
coronavirus disease 2019 (COVID-19) pandemic. Regarding
other complications, 15 patients (4.9%) underwent secondary
arthroscopic procedures, including meniscectomy (1.6%), sur-
gery for cyclops syndrome (2.6%) and revision ACLR (0.7%)
(Table 4).
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Fig.2 Study flow chart. Study
flow chart in line with the
Strengthening the Reporting of
Observational Studies in Epide-
miology (STROBE) statement
[40]. *ACL anterior cruciate

ACL? reconstructions and
repairs performed between
01/01/2017 - 31/12/2019

(Blinded for review) database

ligament, ACLR anterior cruci-
ate ligament reconstruction

Included:
e Use of suspensive femoral
fixation (TightRope®)
(n=374)

Discussion

The main finding of this study was that intra-articular
positioning of the femoral button in ACLR, allowing
direct arthroscopic visualization of the implant, prevented
improper deployment and soft tissue interposition. Prevent-
ing these complications was not achieved at the expense of
other complications. No septic arthritis was reported in our
cohort. Only 9 patients (2.9%) experienced lateral knee pain
related to ITB irritation, and one (0.3%) required implant
removal. Our initial hypothesis, is therefore, validated.
Suspensory femoral fixation has become increasingly
attractive to surgeons over the last fifteen years [4—7, 25].
Pitfalls have, however, been reported, one of the most criti-
cized being postoperative widening of the tunnels [10—-12,
26, 27]. No study has yet demonstrated an unfavorable clini-
cal impact on either subjective scores or objective stabil-
ity [10, 11, 26, 27]. The hypothesis that this phenomenon
is related to the distance between the graft and its fixation
was questioned by Choi et al. as no correlation was found
between the adjustable femoral button loop length and tun-
nel widening [28]. Ma et al. even reported greater widen-
ing when bioabsorbable interference screws were used [29].
Finally, Pioger et al. showed no influence of tunnel wid-
ening on the surgical management of revision ACLR [30].

@ Springer

Assessed for eligibility
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e ACLR? as part of multi-
ligament reconstruction
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e ACL repairs
(n = 66)
v
Kept for analysis
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Single-stage management has always been possible using
an outside-in femoral guide, and excellent clinical outcomes
have thus been obtained independently of preoperative tun-
nel position and width. This potential complication of the
femoral button should not then call its use into question.

Other complications have been reported, such as improper
deployment of the button in the femoral tunnel or its intra-
articular migration over time [8, 31, 32]. These complica-
tions were mentioned in case reports and had no clinical
consequences. More detrimental from a functional point of
view, ITB irritation related to the implant has been reported
[13, 14]. Both Taketomi et al. and Kawaguchi et al. per-
formed surgical removal of femoral buttons in all patients
with disabling lateral pain. [13, 14] Implant positioning too
close to the lateral epicondyle or soft tissue interposition
were identified as potential risk factors. In the present study,
the use of an outside-in femoral guide allowed us to set the
button distant from the epicondyle, and systematic shaving
of soft tissues along the lateral end of the femoral tunnel
limited the interposition of soft tissue beneath the implant.
Moreover, no additional safety knot was performed on the
button, thus limiting its volume beneath the ITB. We nev-
ertheless, observed nine patients with ITB irritation (2.9%),
but only one required removal of the material (0.3%).
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Table 1 Demographics of the study population and sport practice
metrics

SAMBBA n=307

Sex n (%)

Male 181 (59.0)

Female 126 (41.0)
Age 39.5+10.9 (13.3-70.6)
mean =+ SD (range), y
BMI* 24.5+3.6 (16.6-36.8)
mean + SD (range), kg/m>
Side n (%)

Left 153 (49.8)

Right 154 (50.2)

Delay accident—ACLR?*
mean + SD (range), month

Preoperative side-to-side laxity (Rolimeter®) 6.0+ 1.6 (4—14)
mean + SD (range), mm

12.5+38.1 (0.2-329.6)

Preoperative sport practice n (%)

Pivoting 105 (34.2)

Pivoting—contact 134 (43.7)

Non-pivoting 68 (22.1)
Preoperative Tegner activity scale score 6.0+1.2 (3-9)

mean + SD (range)

Follow-up 35.2+11.0 (14.3-50.2)

mean + SD (range), month

4BMI body mass index, ACLR anterior cruciate ligament reconstruc-
tion. SAMBBA single-anteromedial bundle biological augmentation

The most frequent specific femoral button complication is
soft tissue interposition, which is reported in 15 to 24.2% of
patients [9, 15—17]. Mae et al. demonstrated a direct correla-
tion with implant migration over time, however, this had no
adverse clinical repercussions [15, 33]. Nevertheless, Giirpi-
nar et al. pointed out that an interposition of soft tissues
exceeding 3 mm increased the risk of implant migration and
significantly decreased postoperative clinical scores [18].
These findings are, however, open to discussion, as they
were based on the results of eight patients out of a cohort of
156. Positioning of the button posterior and distal to the epi-
condyle has also been identified as a risk factor for migration
[33]. Given their frequency and potential clinical impact,
any means of preventing these complications is welcome.

Intraoperative fluoroscopic control of the femoral button
is the most frequently reported solution in the literature [9,
34, 35]. In the event of soft tissue interposition or improper
deployment, a new attempt to correctly flip the implant can
be attempted after the interposed tissue is bypassed [9]. A
larger lateral surgical approach could also be performed over
the guide pin to obtain direct visual control of the button
[34]. Some authors have used this approach as an acces-
sory arthroscopic portal, allowing its size to be limited while
keeping the implant deployment visualized [19, 35]. Mis-
tovitch et al. suggested using this portal routinely without

Table 2 Surgical characteristics

SAMBBA n=307

Indication n (%)

Primary ACLR* 302 (98.4)
Revision ACLR? 5(1.6)
LEAP n (%)
Modified lemaire 14 (4.6)
ALLR? 12 (3.9)
Associated high tibial osteotomy n (%)
Medial opening 1(0.3)
Anterior closing 1(0.3)
Native ACL remnant preservation 48.3+27.4 (0-90)
mean + SD (range), %
Meniscal tears n (%)
Total 143 (46.5)
Medial meniscus (MM) 79 (25.7)
Lateral meniscus (LM) 40 (13.0)
MM +LM 24 (7.8)
Cartilaginous lesions, ICRS? grading, n (%)
MC?
1-2 13 (4.2)
34 7(2.3)
LC?
1-2 2 (0.6)
34 2 (0.6)
FPC?
1-2 17 (5.5)
34 4(1.3)

Tourniquet time
mean + SD (range), min

30.2+8.2 (0-81)

#ACLR anterior cruciate ligament reconstruction, LEAP lateral extra-
articular procedure, allr antero-lateral ligament reconstruction, /CRS
International Cartilage Repair Society, MC medial compartment, LC
lateral compartment, FPC femoro-patellar compartment, SAMBBA
single-anteromedial bundle biological augmentation

prior fluoroscopic control [19]. According to Kang and Lee,
using an outside-in femoral guide would allow the button
to be easily found through this portal, in contrast with the
transtibial or inside-out procedure [36].

These techniques are efficient and can limit potential
complications related to the femoral button [9, 19, 34,
35]. However, intraoperative fluoroscopy is irradiating for
both the patient and the surgeon and requires the involve-
ment of trained personnel [37, 38]. Moreover, the use of an
additional surgical approach is invasive and could increase
the risk of sepsis. Both increase the overall surgical time.
Checking the correct deployment of the implant by manual
testing alone would prevent these pitfalls, but O'Brien et al.
demonstrated the poor reliability of manual testing, with
only 74.5% of femoral buttons having correct positioning
[9]. Another option would be to check for proper passage of
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Fig. 3 Frontal, lateral and
Schuss view radiographs fol-
lowing ACLR according to the
SAMBBA technique. Female,
47-years old. Frontal, lateral
and Schuss view radiographs at
the nine-month follow-up (right
knee). Correct deployment of
the femoral button on the lateral
cortex was verified on all radio-
graphs. No soft tissue interposi-
tion was noticed

Table 3 Potentially femoral button-related complications

SAMBBA n=307

Femoral button-related lateral pain n (%) 9 (2.9)
4 (1.3)
14.52+4.80 (11.73-21.70)

Lateral corticosteroid infiltration 7 (%)

Delay ACLR*—infiltration
mean + SD (range), month

Femoral button removal n (%) 1(0.3)
Septic arthritis n (%) 0

SAMBBA single-anteromedial bundle biological augmentation

# Anterior cruciate ligament reconstruction

Table 4 Reoperations performed after ACLR (all reoperations were
performed arthroscopically)

SAMBBA n=307

Secondary arthroscopy: total n (%) 15 (4.9)
Meniscectomy n (%)
Medial meniscus 4 (1.3)
Lateral meniscus 1(0.3)
Surgery for cyclops syndrome 8 (2.6)
n (%)
Revision ACLR? 2(0.7)
n (%)

SAMBBA single-anteromedial bundle biological augmentation

? Anterior cruciate ligament reconstruction

the button through the femoral tunnel under intra-articular
arthroscopic control. Nag and Gupta proposed pushing the
implant through the tunnel using a guide pin under visual
control until a loss of resistance occurred, indicating the
passage of the femoral cortex [39]. However, this technique
does not allow direct visualization of button deployment.
The present technique allows for this through direct
arthroscopic control in the lateral gutter. It also prevents
soft tissue interposition by systematic shaving of tissues
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along the lateral end of the femoral tunnel. Easy to handle
and reproducible, it is both a nonirradiating and nonin-
vasive solution. The main concern, although rare (nine
patients, 2.9%), was I'TB irritation related to the implant.
Most symptomatic patients (eight out of nine, 88.9%) were
successfully treated with medical treatment consisting of
well-managed rehabilitation and ultrasound-guided cor-
ticosteroid infiltration in patients where symptoms per-
sisted. Only one patient (0.3%) required surgical removal
of the implant, providing immediate relief of pain.

The retrospective design is the main limitation of the
present study. However, a large sample size was obtained,
and this is, to our knowledge, the largest cohort on the sub-
ject in the literature. Second, all data were collected from
the SANTI study group database. Complications managed
in other institutions were therefore not taken into account.
However, all patients involved in the present study were
followed up for at least 14.27 months after ACLR. The
most feared complications, namely, septic arthritis and
ITB irritation, would have occurred before this time. This
also explains why a minimum of one year of follow-up
seemed sufficient to us. Finally, the present study did not
include a control group. The objective of this study was
to demonstrate the reliability of intra-articular positioning
of the femoral button. Therefore, comparison with another
technique did not seem relevant, as only complications of
this specific device were being examined.

Conclusions

Arthroscopic confirmation of femoral button deployment
prevents soft tissue interposition without specific compli-
cations. This technique is reproducible, non-irradiating
and non-invasive.
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