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Abstract

Objective: Our objective was to evaluate the contribution of the use of intra-operative
fluoroscopy on tunnels positioning during the Anterior Cruciate Ligament (ACL)
reconstruction.

Methods: Between January 2020 and June 2022, a total of 8 ACL reconstructions by the
Kenneth Jones (KJ) technique were performed by the same young orthopedic surgeon.
Fluoroscopy was used intraoperatively to control the position of the guidewire before bone
tunnels reaming. It was available for use in 4 cases who constituting the Fluoroscopy Assisted
Reconstruction Group (FARG). Post operatively, we assessed on plane radiographs the
interference screws position of the four patients constituting the Fluoroscopy Free
Reconstruction Group (FFRG). The measurements of the two groups were compared and
analyzed using a Wilcoxon matched-pairs signed-ranks test.

Results: Of the 4 patients operated on using intra operative fluoroscopy, imaging allowed us to
reposition the tibial and femoral guide wires before reaming in all cases (100%). In the second
group (FFRG) of patients (n=4), operated without fluoroscopy, post-operative screw positions
were in all patients (100%), more anterior in the tibia and more posterior in the femur than the
usual position of bone tunnels of ACL reconstruction.
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Conclusion: In order to increase the precision of the bone tunnels placement during ACL
ligamentoplasty in the hands of novice orthopedic surgeon, intraoperative fluoroscopy
constitutes a considerable aid tool.
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Introduction

The precision in the placement of the bone tunnels in isometric position is essential for the
clinical and functional success of the ACL ligamentoplasty [1-3]. This necessarily involves a
long learning curve and is acquired with practice. On this subject, the literature review
highlights significant variations in the placement of the bone tunnels without there being any
correlation with expertise level of the surgeons [4-6].

In our Moroccan context, where ACL ligamentoplasty is burgeoning with the increased number
of sports and public road accidents, the acceleration of learning this procedure with the
necessary mastery for optimal bone tunnels positioning can pass, in the absence of veritable
simulation exercise in the residency curriculum, through the use of intra-operative fluoroscopy.

Patients and Methods

Between January 2020 and June 2022, eight patients were followed prospectively for ACL
injury operated by the same novice orthopedic surgeon by the Kenneth Jones technique. The
brilliance amplifier was used in 4 patients. The procedure was performed using a standard
patellar tendon graft. In lateral imaging, the brilliance amplifier allows instantaneous control
of the paths of the guide wires both at the tibial and femoral level. Thus, the guide wires
trajectories are corrected if necessary before reaming. The comparison was made between
reamers position in the patients (n=4) controlled intraoperatively with the brilliance amplifier
and that of the interference screws in the patients (n=4) operated without recourse to
fluoroscopy. Clinically, patients were assessed at different times (6 weeks, 3 and 6 months) by
the International Knee Documentation Committee (IKDC) knee evaluation score [7] and
Tegner activity score [8]. Our demographic characteristics and imaging measurements were
reported as mean and compared using a Wilcoxon matched-pairs signed-ranks test. A p-value
< 0.05 was considered statistically significant. This study respected ethical requirements in
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clinical research. All patients were asked to give informed consent and confidentiality was
ensured. The electronic data has been stored in a password-protected computer.

Results

The Fluoroscopy Assisted Reconstruction Group (FARG) comprised 4 patients (3 men and 1
woman) whose average age was 34 years (22 to 50). In the same way, the Fluoroscopy Free

Reconstruction Group (FFRG) comprised 4 patients who were all men and whose average age
was 33 years (21 to 48).

The mean tourniquet time was 68 minutes (55 to 80) and 62 minutes (50 to 72) for the
fluoroscopy assisted reconstruction group and the fluoroscopy free reconstruction group
respectively.

At functional level, the four patients of the FARG were satisfied with a mean IKDC score and
mean Tegner activity score of 82 and 6.2 respectively. The results for the patients of FFRG
were also good. Their IKDC and Tegner scores were 80 and 5.8 respectively (Table 1).

Under brilliance amplifier, the tibial and femoral guide wires positions were unsatisfactory in
the 4 patients (100%) of the FARG. Thereby, the wires were re-positioned before bone tunnels
reaming. In this cases, the tibial tunnel was a mean of 41% along the tibial plateau (Fig. 1) and
the femoral tunnel was a mean of 80% along Blumensaat's line (Fig. 2).

Concerning the FFRG, the mean position of interference screws on postoperative radiographs
was respectively 28% along the tibial plateau and 88% along Blumensaat's line. The screws
were more posterior at the femoral level and more anterior at the tibial level than the usual

tunnels position. The difference between the two groups was significant concerning tunnels
position (p = 0.032) (Table 2).

Figure 1: Intra-operative fluoroscopic image showing the guide wire re-positioning followed
by the tibial tunnel reaming.
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Figure 2: Intra-operative fluoroscopic image showing the guide wire re-positioning followed

by the femoral tunnel reaming.

Fluoroscopy Assisted
Reconstruction
Group (n=4)

Fluoroscopy Free
Reconstruction
Group (n=4)

Age Mean (years)

34

33

Gender-(Female/Male)

Body Mass Index
kg/m?; Mean

Follow-up Duration
Month; Mean

10

9.3

IKDC Score (Postop);
Mean

82

80

Tegner Activity Score;
Mean

6.2

5.8

Table 1: Demographic and clinical characteristics of the patients.
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Fluoroscopy Assisted Reconstruction Fluoroscopy Free Reconstruction P-value
Group (n=4) Group (n=4)

Reamer position in | Reamer position in | Screw position in | Screw position in 0.032
the tibia (mean) the femur (mean) the tibia (mean) | the femur (mean)

41% 80% 28% 88%

Table 2: Intra-operative and post-operative measurements of reamer and screws positions.

Discussion

In the United States of America (USA), the annual incidence of the ACL injury turns around
100000-200000 cases. This implies approximatively 400000 ACL ligamentoplasty in
worldwide. Generally, this procedure aims to restore the normal knee anatomy and kinesiology
[9,10].

The tibial and femoral tunnel placements are of primordial importance in achieving this
outcome. Bone tunnels should be positioned as anatomically as possible to prevent many
complications which were descripted in previous studies namely impingement, graft stretching
or restriction of motion of the knee [10].

Anatomically, The ACL whose center is located around 9 mm posterior to the intermeniscal
ligament, extends from the posteromedial aspect of the lateral femoral condyle to the anterior
aspect of the tibial plateau. It is characterized by an average intra-articular length and width of
33 mm and 11 mm respectively. The cross sectional area varies according to gender, it is an
average 47 mm in males and 37 mm in females [11-14].

In practice, the failure of the ACL ligamentoplasty and bone tunnel-related complications are
often related to the incorrect placement of the latters. Posterior placement of femoral tunnel
exposes to the risk of posterior wall blow-out during femoral tunnel drilling. Anterior
placement of the tibial tunnel often generates a graft impingement [1,2,15].

In the literature, many authors report the absence of correlation between tunnel positioning and
surgical expertise. About that, Behrend, et al., noted in their study including 50 patients, correct
placement in only 64% of knees [16]. However, recent studies have particularly studied tunnel
placement after the ACL reconstruction in relation to surgeon’s practice of this procedure and

demonstrated that high surgical volume and experience promote an anatomic tunnels placement
[17].

To address issues with tunnel positioning, several techniques and procedures have been
developed. The navigational system and orthopedic surgical robot constitute the top of the
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technological advances in the matter. They allow to increase the bone tunnels positioning
precision in an indisputable way [18].

In developing countries as in our case, the brilliance amplifier can be a real therapeutic
alternative. During ACL ligamentoplasty, using the brilliance amplifier intra-operatively
influences the course of the surgery. On this point, Mehta, et al., were brought to change in
their series, the femoral tunnel entry point in 15% of 407 procedures [19]. In the same context,
Hughes, et al., corrected in also 15% of their patients thanks to intra-operative brilliance
amplifier the unsatisfactory tibial tunnel position [20].

The present study, which is intended for novice orthopedic surgeons shows the technical and
pedagogical interest of intra-operative fluoroscopy in the optimization of femoral and tibial
bone tunnels positioning during ACL reconstruction surgery. This finding, although approved
by other previous studies, should be considered with caution because of our small number of
patients.

Conclusion

Intra-operative fluoroscopy used for optimizing bone tunnels placement in ACL reconstruction
is a real and reproducible pedagogic tool that we intend to systematically integrate into the
residency training curriculum while waiting to develop our simulation teaching programs.
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