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Abstract

Purpose To evaluate the feedback from post-operative
three-dimensional computed tomography (3D-CT) on fem-
oral tunnel placement in the learning process, to obtain an
anatomic anterior cruciate ligament (ACL) reconstruction.
Methods A series of 60 consecutive patients undergoing
primary ACL reconstruction using autologous hamstrings
single-bundle outside-in technique were prospectively
included in the study. ACL reconstructions were performed
by the same trainee-surgeon during his learning phase of
anatomic ACL femoral tunnel placement. A CT scan with
dedicated tunnel study was performed in all patients within
48 h after surgery. The data obtained from the CT scan
were processed into a three-dimensional surface model,
and a true medial view of the lateral femoral condyle was
used for the femoral tunnel placement analysis. Two inde-
pendent examiners analysed the tunnel placements. The
centre of femoral tunnel was measured using a quadrant
method as described by Bernard and Hertel. The coordi-
nates measured were compared with anatomic coordinates
values described in the literature [deep-to-shallow distance
(X-axis) 28.5%; high-to-low distance (Y-axis) 35.2%]. Tun-
nel placement was evaluated in terms of accuracy and pre-
cision. After each ACL reconstruction, results were shown
to the surgeon to receive an instant feedback in order to
achieve accurate correction and improve tunnel placement
for the next surgery. Complications and arthroscopic time
were also recorded.
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Results Results were divided into three consecutive series
(1, 2, 3) of 20 patients each. A trend to placing femoral
tunnel slightly shallow in deep-to-shallow distance and
slightly high in high-to-low distance was observed in the
first and the second series. A progressive improvement in
tunnel position was recorded from the first to second series
and from the second to the third series. Both accuracy
(+52.4%) and precision (+55.7%) increased from the first
to the third series (p < 0.001). Arthroscopic time decreased
from a mean of 105 min in the first series to 57 min in the
third series (p < 0.001). After 50 ACL reconstructions, a
satisfactory anatomic femoral tunnel was reached.
Conclusion Feedback from post-operative 3D-CT is effec-
tive in the learning process to improve accuracy and pre-
cision of femoral tunnel placement in order to obtain
anatomic ACL reconstruction and helps to reduce also
arthroscopic time and learning curve. For clinical rel-
evance, trainee-surgeons should use feedback from post-
operative 3DCT to learn anatomic ACL femoral tunnel
placement and apply it appropriately.

Level of evidence Consecutive case series, Level IV.

Keywords ACL reconstruction - Anterior cruciate
ligament - 3D-CT - Feedback - Learning curve - Outside-in
technique - Femoral tunnel - Quadrant method - Accuracy -
Precision

Introduction

The restoration of native anatomy is one of the fundamental
principles of orthopaedics. Surgeons have learned that this
principle is of crucial importance to any reconstructive pro-
cedure [29]. Tunnel placement is one of the most important
factors in anterior cruciate ligament (ACL) reconstruction
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[16, 18, 21, 30, 36]. Recent studies affirm that anatomic
ACL reconstruction is better than isometric reconstruction
in restoring knee function [22, 36]. In particular, these stud-
ies state that anatomic femoral placement is crucial to rep-
licate normal anatomy and restore native knee kinematics
and it may help to decrease the incidence of joint degenera-
tion after ACL reconstruction [1, 8]. Other studies explain
that the femoral tunnel placement is more complicated and
more challenging than the tibial one [15, 27].

The use of arthroscopic and radiological landmarks can
help surgeons to be more precise during their personal
learning phase [29]. Several intra-operative aids are avail-
able to help femoral tunnel placement. Anatomic aids as
femoral ACL footprint or femoral bony landmarks (lateral
intercondylar ridge-residents ridge, lateral bifurcate ridge)
undergo inter-individual variability [4, 7, 31, 32] or are
influenced by injury-surgery delay [4]. Instrumental aids
are represented by arthroscopic ruler, intra-operative fluor-
oscopy or ACL computer-assisted surgery. Arthroscopic
ruler also requires femoral bony landmarks, but the tech-
nique described is accurate and precise [3]. Intra-operative
fluoroscopy or ACL computer-assisted surgery is still under
investigation, and further studies should be performed [4,
13, 20].

The use of post-operative three-dimensional computed
tomography (3D-CT) feedback in anatomic antero-medial
ACL reconstruction has been evaluated in a recent study
[13].

To the best of our knowledge, no studies explore the
effects of feedback from post-operative 3D-CT in the learn-
ing phase of femoral tunnel placement in anatomic outside-
in ACL reconstruction.

The purpose of the current study was to evaluate
the effects of feedback from post-operative 3D-CT on
improvement of accuracy and precision of femoral tun-
nel placement [A] and reduction of learning curve [B] and
arthroscopic time [C] in the learning process of anatomic
outside-in ACL reconstruction.

The hypothesis was that the post-operative 3D-CT
would help to place the femoral tunnel into the anatomic
centre and would reduce learning curve and arthroscopic
time.

Materials and methods

A consecutive case series in vivo study was conducted to
evaluate the feedback from post-operative 3D-CT in the
learning curve of anatomic femoral tunnel placement in
ACL reconstruction. A trainee-surgeon (FM) in the tran-
sitional phase of switching his approach of drilling the
femoral tunnel from an isometric technique—transtibial

(TT)—to an anatomic technique—outside-in (OUT-IN)—
has been assisted by a post-operative 3D-CT feedback.

Study design

All patients, undergoing primary ACL reconstruction per-
formed by the same trainee-surgeon (FM), were evaluated
by a CT scan with dedicated tunnel study within 48 h
after surgery. The data obtained from the CT scan were
processed into a 3D surface model, and a true medial
view of the lateral femoral condyle was used for the fem-
oral tunnel placement analysis. Two independent examin-
ers (LS, Mtl) analysed the tunnel placements. The centre
of femoral tunnel was measured using a quadrant method
as described by Bernard and Hertel [2]. The coordinates
measured were compared with anatomic coordinates val-
ues described by Piefer et al. [25]. Tunnel placement was
evaluated in terms of accuracy and reproducibility. After
each ACL reconstruction, results were shown to the sur-
geon to receive an instant feedback in order to achieve
accurate correction and improve tunnel placement for the
next surgery (Fig. 1).

Patient selection

Between January 2014 and March 2016, a total of 60
consecutive patients with primary isolated ACL tears,
screened for an arthroscopically assisted reconstruc-
tion, were included in the study. Inclusion criteria were
as follows: primary isolated ACL tears, ACL chronic
injury (>3 weeks following injury), skeletal maturity
(>18 years) and 3D-CT follow-up guaranteed. A flow
chart describing patient selection in shown in Fig. 2.
For a better analysis of trainee-surgeon’s progression,
patients were divided into three consecutive series (1, 2,

FEEDBACK

Fig. 1 Study design
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January 2014 to March 2016
ACL Tears
(N=211)

Patients who underwent
ACL reconstruction
(N=174)

107 ACL Tears PRIMARY EXCLUDED

- 7 3D-CT follow-up refusing

-4 <18 years old

- 66 meniscal and/or chondral lesion associated with ACL tear
- 11 Multi-igament knee injury

- 16 previous surgery

- 3 ACL awllsion fracture

INCLUSION CRITERIA
- primary isolated ACL Tears
- ACL chronic injury

(= 3 weeks following injury)
- 218 years old
- 3D-CT follow-up guaranteed

A.
ACL Tears
assessed for eligibility
(N=67)

7 ACL Tears SECONDARY EXCLUDED

| | (identified at arthroscopy)

- 3 partial ACL tears

- 4 meniscal and/or chondral lesion associated with ACL tear

A. A 4 A.
Total ACL Reconstructions ACL Reconstructions
excluded from the study performed by "trainee-surgeon"”
= (N=60)

Fig. 2 Flow chart describing patient selection. ACL anterior cruciate ligament

Table 1 Demographic data of the study®

Patient characteristics Series p value
1 2 3
Patients 1-20 (n = 20) Patients 2140 (n = 20) Patients 41-60 (n = 20)
Age (years) 28.0 (18-41) 30.8 (18-39) 29.2 (20-44) n.s.
Gender” n.s.4
Male 13 (65%) 11 (55%) 15 (75%)
Female 7 (35%) 9 (45%) 5 (25%)
Body mass index (BMI) 20.5 (19.5-22.7) 21.2 (19.6-24.2) 20.2 (18.5-22.8) n.s.c
Injury/surgery delay (days) 49.6 (32-86) 50.1 (28-91) 46.1 (33-80) n.s.c

# Values are expressed as mean (range) unless otherwise specified
b Values are expressed as number of patients (percentage)

¢ Repeated-measures analysis of variance (ANOVA)

4 Fisher’s exact Chi-squared test

3) of 20 patients each. The series covered the same time  Surgical technique

laps in order to avoid any bias on the speed of learn-

ing curve. Patient characteristics (age, gender, BMI and  All ACL reconstructions were performed using the same
injury/surgery delay) are reported in Table 1. surgical technique: antero-medial (AM) and antero-lateral
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(AL) arthroscopic portals, OUT-IN technique, single bun-
dle and duplicated autologous hamstrings.

After joint debridement, the aimer of the tibial drill guide
(Arthrex® Inc, Naples, FL, USA) set on 55° was introduced
through AM portal and the tip of this guide placed into the
ideal centre of ACL tibial insertion. Extra-articularly, the
guide sleeve was placed 1 cm above the insertion of the pes
anserinus and 1.5 cm medial to the tibial tubercle. After the
guide-wire was inserted, a tibial tunnel was created using a
cannulated drill bit matching the graft diameter [28].

ACL main bulk and additional soft tissue were removed
from the medial wall of the lateral femoral condyle. Femo-
ral tunnel was realized using the outside-in FlipCutter®
RetroConstruction™ technique (Arthrex®). The aimer of
the femoral RetroConstruction™ drill guide (Arthrex®) set
on 110° was introduced through AL portal [6]. The arthro-
scopic calibrated femoral aimer of RetroConstruction™
drill guide (Arthrex®) was the unique intra-operative refer-
ence permitted to place the tunnel. As described by Wilson
et al. [33], the guide was used to identify and mark the cen-
tre of the ACL femoral footprint. Two measurements were
made: the “deep distance” and the “height distance” of the
ACL femoral footprint centre. The distance between the
deep and shallow articular cartilage (deep-to-shallow dis-
tance) was obtained using the ruler marked on the long axis
of the guide (Fig. 3a). The “deep distance” was the mid-
point-line of the deep-to-shallow distance measured from
the shallow articular cartilage (Fig. 3b); instead the “height
distance” was 2 mm plus the radius of the graft measured
from the low articular cartilage (Fig. 3c). The centre of the
femoral RetroConstruction™ drill guide (Arthrex®) was
positioned in the centre of the ACL femoral footprint iden-
tified, with an extra-articular visual angle of 45° relative to
the frontal and sagittal axes of the femur [6]. Extra-articu-
larly, the guide sleeve was placed proximal and anterior to
the lateral epicondyle to avoid injury to lateral soft tissue
structures and to maximize tunnel length. The FlipCutter®
(Arthrex®), matching the graft diameter, was than advanced
as anterograde drilling until it reached the tip of the femo-
ral aimer. After blade flipping, the retrograde reamer was

pulled back until femoral socket was created at 25 mm of
depth. Autologus hamstring graft was fixed using ACL
TightRope® RT (Arthrex®), an adjustable loop cortical fixa-
tion device, on femoral side, and Bio-Intrafix™ (DePuy-
Mitek©, Raynham, MA, USA), a bioabsorbable interfer-
ence screw, on tibial side, with 40-N tension applied to
graft using the ACL Tie Tensioner (DePuy-Mitek©) at 30°
of knee flexion [5].

Radiological evaluation

All patients underwent dedicate CT scan using Siemens
SOMATOM® Sensation 16 CT scanner (Siemens AGO,
Munich, Germany) on fully extended knee, within 48 h
after surgery. The images were obtained at 120 kV and
450 mA, with a slice thickness of 1.25 mm and a pitch of
0.5 mm/rev. The data from the CT scans were exported to
an image analysis software syngo® VRT (Siemens AGO,
Munich, Germany) and processed into 3D surface model.
The models were co-registered with properly scaled male
or female base models, which had been pre-aligned to an
anatomic coordinate system based on the femoral head and
tibial malleoli centre as recommended by the International
Society of Biomechanics [9, 34].

In order to evaluate the femoral tunnel placement, the
3D surface model was oriented in a true lateral view and
the medial condyle was progressively digitally subtracted
until the roof of the inter-condyle notch was reached.

The analysis was performed using a true medial view
of the lateral femoral condyle. The centre of the femoral
tunnel was measured using a 10 x 10 grid as described by
Bernard and Hertel quadrant method [2]. The parallel and
the perpendicular to the Blumensaat’s line positions were
used to determine femoral tunnel coordinates. Parallel to
the Blumensaat’s line position was calculated as percentage
of the total sagittal diameter of the lateral condyle meas-
ured along Blumensaat’s line [deep-to-shallow distance
(X-axis)]. Perpendicular to the Blumensaat’s line position
was calculated as percentage of the maximum intercondy-
lar notch height [high-to-low distance (Y-axis)] (Fig. 4).

Fig. 3 Arthroscopic view of direct measurement and mark of ACL femoral footprint centre (see text for details). Measuring the “deep-to-shal-

low distance” (a), “deep distance” (b) and “height distance” (c)
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@ post-operative femoral tunnel center  (TC)

Fig. 4 Femoral tunnel centre measurements
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Fig. 5 Anatomical ACL origin centre and femoral tunnel centre com-
parison

The coordinates measured were compared with anatomic
coordinates values described by Piefer et al. [deep-to-shal-
low distance (X-axis), normal value = 28.5%; high-to-low
distance (Y-axis), normal value = 35.2%] [25] (Fig. 5).

All measurements were performed by two other inde-
pendent and blinded surgeons (LS, Mtl) not participating
in the surgical procedures. To examine the reproducibil-
ity of this method, we randomly selected ten knees from
the 3D-CT surface models and repeated all measurements

@ Springer

three times by three other independent surgeons (MI, RC,
CC), not participating in the surgical procedure, who were
blinded to the results reported by the other observers (LS,
Mtl). The intra-observer and inter-observer reliabilities
were analysed both for the deep-to-shallow distance and
for the high-to-low distance and assessed by determining
the intraclass/interclass correlation coefficient (ICCs).

Outcome measures

The differences in positions between anatomic ACL origin
centre (AC) and post-operative femoral tunnel centre (TC)
for each distance were recorded for each patient. Tunnel
placement was evaluated in terms of accuracy and preci-
sion as described by Luites and colleagues [16]. The accu-
racy (the agreement between the positions) was calculated
using the mean of all the individual absolute differences
(Euclidean distance). The Euclidean distance (AXY) from
the anatomic ACL origin centre (AC) to the post-operative
femoral tunnel centre (TC) was measured with the follow-
ing formula AXY = vV/(Xyc — X70)> + (Yac — Yc)* [16].
The precision (the reproducibility of the procedure) was
defined by means of the standard deviation (SD) of the
absolute differences [16]. Complications and arthroscopic
time were also recorded.

According to Sadoghi et al. [26], femoral tunnel was
rated as “anatomic” if it was placed inside anatomic coordi-
nates values with a range of 1.0 units of the grid.

Feedback

After each ACL reconstruction, results recorded from a sin-
gle patient were shown to the surgeon in order to assess the
previous tunnel performed, to achieve the accurate correc-
tion and improve tunnel placement in the following surgery.
As a result, the surgeon obtained a feedback every time.

Ethical standards

All patients accepted the proposed treatment and follow-
up after an adequate information and written consent. The
study and follow-up, respecting the criteria of the Decla-
ration of Helsinki, have been approved by Institutional
Review Board of Azienda Ospedaliera-Universitaria Car-
eggi—Department of Surgery and Translational Medi-
cine. The IRB number was DCMT2012/DIC/STUDI.
SPER/2012.009.0RT.

Statistical analysis
Statistical analysis was performed using SPSS® statis-

tics software (IBM®, Armonk, New York, USA). The
demographic data of the study were examined using
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repeated-measures ANOVA (age, BMI, injury/surgery
delay) and Fisher’s exact Chi-squared test (gender). The
outcome measures between the three series were compared
using repeated-measures ANOVA (accuracy, arthroscopic
time, complication) and Levene’s test equality of variance
(precision). A p level of 0.05 was considered significant.
When statistically significant effects were found, pair-wise
comparisons were performed using the Bonferroni post
hoc test to determine the exact location of the group dif-
ference. A repeated one-way analysis of variance (ANOVA)
was performed to calculate the intra-observer reliability of
the data recorded for the three measurements. The inter-
observer reliability was calculated using an unrepeated
two-way ANOVA of the averages of the three measurements
obtained by each of the three observers. A time period of
4 weeks elapsed between test and retest measurements.
Sample sizes were based on predicted power to detect a dif-
ference of 5% between series with an alpha 0.05 and 80%
power. A difference of 5% was considered clinically rel-
evant. Considering the means and the standard deviations
(SD) of the absolute differences, minimal sample size of 16
subjects per series was calculated from our pilot study of
five patients per series.

Results
Patient characteristics

No significant differences (n.s.) were recorded between the
three series in age, gender, BMI and injury/surgery delay,
and values are shown in Table 1.

Femoral tunnel placement

A trend to placing femoral tunnel slightly shallow in deep-
to-shallow distance and slightly high in high-to-low dis-
tance was observed in the first and the second series. Femo-
ral tunnel placements, divided in corresponding series, are
all presented in Fig. 6.

Great reliability of the measurement method used in
the 3D-CT surface model was obtained. The intraclass/
interclass correlation coefficient (ICCs) values were
0.986/0.987 and 0.992/0.962 for the deep-to-shallow and
high-to-low distance, respectively.

Accuracy and precision of femoral tunnel placement

Both accuracy (452.4%) and precision (4+55.7%) increased
from the first to the third series.

Reverse trend was observed for all the individual abso-
lute differences and the SD of the absolute differences. The
continuous improvement of ACL femoral tunnel placement

is presented in Fig. 7. A significant difference between the
three series was observed in accuracy (<0.001) and preci-
sion (<0.001) (Table 2). In particular, pair-wise compari-
sons revealed no significant difference (n.s.) between first
and second series among accuracy and precision, whereas
accuracy and precision in third series were significantly
higher than first and second series (0.001 and <0.001,
respectively) (Table 3).

Learning curve effect

After 50 ACL reconstructions, femoral tunnels were placed
inside anatomic coordinates values with a range of 1.0 units
of the grid and, according to Sadoghi et al. [26], a satisfac-
tory anatomic femoral tunnel placement was reached.

Arthroscopic time

Arthroscopic time decreased from a mean of 105 min in the
first series to 57 min in the third series. A significant differ-
ence was recorded comparing arthroscopic time (<0.001)
between the three series (Table 2). Pair-wise comparisons
showed a significant difference between first, second and
third series (<0.001) (Table 3).

Discussion

The most important findings of the current study are pro-
gressive improvement of femoral tunnel placement to ana-
tomic ACL centre [A], reduction of arthroscopic time [B]
and learning curve [C] as effects of feedback from post-
operative 3D-CT.

Regarding surgical technique, a ruler marked on femo-
ral tunnel drill guide is the unique intra-operative aid used
by surgeon in this study. According to Wilson et al. [33],
arthroscopic ruler helps the surgeon to identify and mark
ACL footprint better. Anatomic aids as femoral bony land-
marks (lateral intercondylar ridge-residents ridge, lateral
bifurcate ridge) or femoral ACL residual often undergo
inter-individual [7, 31, 32] or time variability [4]. Instru-
mental aids as intra-operative fluoroscopy and computer-
assisted surgery use methods not jet validated; reference
studies are poor with opposite results [4, 13, 20].

Focusing on radiological evaluation, the quadrant
method described by Bernard and Hertel [2] is used to
obtain standardized results on ACL tunnel placements
analysis. Quadrant method can be realized on traditional
radiograph as well as on CT scans [2, 3, 12, 14, 19, 23,
35]. Bernard and Hertel grid can be created on 3D-CT
reconstructions to evaluate tunnel placements after ACL
reconstruction [18, 24]. Tunnel coordinates obtained are
compared to anatomic ACL coordinates described by a
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Fig. 6 Femoral tunnel place- 1t SERIES

ments

(patient 1 to 20)

21 SERTES

(patient 21 to 40)

3" SERIES

systematic review of ACL femoral footprint anatomy per-
formed by Piefer et al. [25]. These “ideal” coordinates
result from 7 cadaveric studies and 1 radiological in vivo
study that evaluate ACL femoral footprint anatomy using
Bernard and Hertel grid. In a recent study, Parkar et al. [23]
suggest the CT as “gold standard” for evaluation of tunnel
placements after ACL reconstruction. In that study, tradi-
tional radiographs, MRI and CT were compared for meas-
urements of graft tunnel placements using Bernard and
Hertel grid. Authors define CT consistently reliable in tun-
nel measurements and 3D-CT the only image modality and
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(patient 41 to 60)

@ post-operative femoral tunnel center  (TC)
anatomical ACL origin center (AC)

image type able to depict both deep-to-shallow and high-to-
low directions [23]. According to Heckel et al. [10], knee
CT radiation dose can be reduced by adjusting the technical
parameter of CT machine to the same level as three views
of knee traditional radiographs. In that way, post-operative
3D-CT advantages can be extended from clinical studies to
routine clinical practices [23].

About learning curve, an anatomic femoral placement
was reached after about 50 ACL reconstructions using
post-operative 3D-CT feedback in the current study.
Hohmann et al. [11] described that approximately 100
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= Second series
. Third series
—Mean accuracy

——Anatomical ACLorigin center
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Progressive case

Fig. 7 Improvement of ACL femoral tunnel placement

ACL reconstructions were required to complete learn-
ing curve performing repeated surgery without radiologi-
cal feedback. That study describes learning process of
single-bundle transtibial technique, a type of ACL recon-
struction easier than single-bundle outside-in technique.
In a retrospective review, Luthringer et al. [17] explained
that a number of cases between 32 and 64 were needed to
complete learning curve of femoral tunnel placement in
single-bundle antero-medial ACL reconstruction. Litera-
ture is poor of studies that explain clearly the number of
ACL reconstructions required to complete learning curve.

The current study has several limitations.

Firstly, a control study group without radiological
feedback was not included. Femoral tunnel placement
improvements can be the result of feedback from post-
operative 3D-CT as well as repeated surgery. The current
study can be compared to a similar study explained by
Inderhaug et al. [13] that evaluates femoral tunnel place-
ments performed using antero-medial technique without
radiological feedback and antero-medial technique with
post-operative 3D-CT feedback. Authors underline the

Table 2 Outcome measures®

Table 3 Pair-wise comparisons

Pair-wise comparisons Series p value®
Femoral tunnel placement
Accuracy 1 - 2 n.s.
- 3 <0.001
2 - 1 n.s.
- 3 0.001
3 - 1 <0.001
- 2 0.001
Precision 1 - 2 n.s.
- 3 <0.001
2 - 1 n.s.
- 3 <0.001
3 - 1 <0.001
- 2 <0.001
Arthroscopic time 1 - 2 <0.001
- 3 <0.001
2 - 1 <0.001
- 3 <0.001
3 - 1 <0.001
- 2 <0.001

4 Bonferroni corrected

importance of both radiological feedback and repeated
surgery to improve femoral tunnel placements in learning
process.

Secondly, this study does not analyse the clinical
effects of outliers in femoral tunnel position during learn-
ing process of anatomic femoral tunnel placement recon-
struction. Many recent studies underline the importance
of anatomic femoral position to obtain better clinical
results. The clinical effects of different femoral tunnel
placements were not object of the current study; however,
they could become a topic of future and follow-up study.

Outcome measures Series p value
1 2 3
Patients 1-20 (n = 20) Patients 2140 (n = 20) Patients 41-60 (n = 20)
Femoral tunnel placement
Accuracy® 16.4 (3.1-26.3) 11.5 (4.1-18.9) 7.8 (3.5-12.9) <0.001°
Precision” 7.0 4.1 3.1 <0.001¢
Arthroscopic time (min) 105 (92-119) 74 (69-98) 57 (51-72) <0.001°¢
Complication 1 0 0 n.s.c

# Values are expressed as mean (range) unless otherwise specified
® Values are expressed as percentage of improvement from first series
¢ Repeated-measures analysis of variance (ANOVA)

4 Levene’s test equality of variance
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Thirdly, ACL reconstructions are performed by a
unique trainee-surgeon in this study. Inter-surgeon
variability can influence learning process and tunnel
placements.

The lack of a control study group, the absence of a clini-
cal evaluation and the presence of a unique trainee-surgeon
performing the ACL reconstructions are all limitations.

The “instant feedback” from post-operative 3D-CT
provided to the trainee-surgeon is the strength of the cur-
rent study. In contrast to Inderhaug et al. [13], that per-
formed post-operative 3D-CT between 6 and 12 weeks
after surgery, in the current study 3D-CT scans and
related measurements were conducted within 48 h after
surgery. In that way after each ACL reconstruction,
results recorded from a single patient were shown to the
surgeon in order to assess the previous tunnel performed,
to achieve the accurate correction and improve tunnel
placement in the following surgery. As a result, the sur-
geon obtained a true feedback every time.

For clinical relevance, as shown by the results of
this study, trainee-surgeons should use feedback from
post-operative 3D-CT to learn anatomic ACL femoral
tunnel placement and apply it appropriately. As a mat-
ter of fact, we recommend the use of post-operative
low-dose radiation 3D-CT in daily practice during the
learning phase of a surgeon approaching an anatomic
technique to reduce the number of surgical procedures
required to perform a quick high-quality anatomic ACL
reconstruction.

Conclusion

Feedback from post-operative 3D-CT is effective in the
learning process to improve accuracy and precision of
femoral tunnel placement in order to obtain anatomic ACL
reconstruction. This study does not evaluate any clinical
result, but it underlines the importance of post-operative
3D-CT feedback in helping a trainee-surgeon to reduce
arthroscopic time and accelerate the learning curve.
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