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Novice Surgeon Portal Preference to Visualize the
Femoral Anterior Cruciate Ligament Footprint: The

Accessory Medial Portal Offers
Improved Visualization
Mehmet Burtaç Eren, M.D., and Erkal Bilgiç, M.D.
Purpose: To evaluate participant opinions on the appropriateness of different viewing angles by asking 8 questions, using
visual content techniques. Methods: Survey information from participants was used in this study. We used images of a
patient who was operated on for symptomatic knee instability. Participants were asked whether the visual angle could
determine the femoral tunnel entry point or evaluate anterior cruciate ligament (ACL) integrity. Results: Questionnaires
were completed by 40 participants. When all responses were evaluated, participant opinions on the accessory medial
portal (AMP) were more positive than opinions on images taken from the anterolateral portal (ALP). These observations
were statistically significant (P < .005). Both ACL integrity assessments and femoral tunnel entry site questions were
evaluated, we observed that participant opinions on the AMP for both types of evaluation were more positive than
opinions on the ALP. This observation was statistically significant (P < .005). When evaluations with photos and video
transcripts were compared, no significant differences in terms of participant opinions were observed (P < .005).
Conclusions: AMP use may be a valuable tool for assistant and postgraduate education, as it offers a more suitable view
angle for ACL reconstruction. Level of evidence: Level V, survey study.
ifferent imaging and portal combinations serve
Ddifferent needs during arthroscopic surgery,
where portal selection is defined according to the
display area and the procedure. In recent years, major
developments and changes have been implemented in
arthroscopic surgery training. Computer simulations
and models that provide feedback, suture stations, and
laboratories have become widespread training
approaches. Both in vivo and in vitro methods have
been described for arthroscopic training in the knee,1-6

shoulder,7-9 ankle,10 hip,11 and wrist.12,13 Advanced
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Arthroscopy, Sports Medicine, and Rehabilitation
courses now focus on specific skillsets.14,15 In addition
to these developments, the simultaneous monitoring of
arthroscopic screens and the re-evaluation of arthros-
copy records continue to form a vital basis for education
in this subject area.
The concept that education should be reformed ac-

cording to surgical needs is not new. Indeed, it is 25 years
since Folse stated this issue.16 In surgical clinics, educa-
tion has evolved from a mastereapprentice relationship
to a multidimensional and technological state. The ulti-
mate goal of a surgeon’s education is to perform surgery,
and although surgical methods have changed, the goals
have not. Arthroscopic images are vitally important for
both arthroscopic teaching and dissemination, as the area
is primarily screen based. In addition to theoretical
knowledge, being able to obtain and interpret arthro-
scopic images is a primary educational goal. In adult ed-
ucation, the cognitive apprenticeship method attributes
mutual roles to the educator and the trainee. The model,
which provide a full qualification, is generally evaluated
across 5 phases.17-21 The first 3 phases, modeling,
approximating, and fading, are required for the trainer to
exchange ideas via video photography (Fig 1).
In operations comprising different technical diffi-

culties, step-by-step narration and technical tricks are
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Fig 1. Cognitive apprentice-
ship phases.
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important training points. Performance metric systems
have been developed especially for specific shoulder
arthroscopy procedures. These systems were created by
the Delphi panel,22-25 from advanced experienced
shoulder arthroscopist feedback to video recordings,
and have contributed greatly to arthroscopy
training.14,26 Arthroscopic videoephoto recordings are
greatly important for creating and implementing the
metric system, which is required for the development of
standard education approaches across arthroscopy.
Internalizing surgical techniques, step by step, is useful
preparation for forthcoming procedures.
Different technical aspects have been described for

anterior cruciate ligament (ACL) reconstruction, which is
a common arthroscopic procedure. Surgeon graft donor
sites, graft preparations, graft fixation, bone tunnel tech-
niques, and imaging portals all may differ. The surgeons’
understanding of the techniques used in ACL recon-
struction may differ. This difference may be important in
terms of training novice surgeons and assistants.
Technical discussions for ACL reconstruction have

been ongoing for years. Despite recent developments,
there are still differences in surgical techniques. It is
known that femoral tunnel placement affects clinical
outcomes,27-30 and improper femoral tunnel placement
is the most common cause of surgical failure.31

Many different techniques have been described in
arthroscopic ACL reconstruction, and there is no
common consensus for the placement of the portals. In
the early years of arthroscopic ACL reconstruction, the
transtibial technique became prominent for femoral
tunnel opening; however, later it was avoided because
it complicated horizontal tunnel placement. After this
technique, the anteromedial portal technique32-35 and
3-portal technique were defined.36,37

In all techniques, it is important to display the lateral
notch wall to determine the femoral tunnel entry site.
When performing arthroscopy in patients suspected of
ACL damage, it is difficult to decide on essential
reconstruction, especially in patients with posterior
cruciate ligament adhesions. In such cases, a figure of 4
position examination is recommended. In assessing
femoral footprint integrity, the lateral notch wall should
be clearly displayed.38 Therefore, viewing this structure
at a wide and appropriate angle is especially important
for the initial evaluation of ACL integrity.
Training techniques that facilitate both lateral notch

wall visualization and ACL integrity assessments may
benefit assistant and postgraduate training. We aim to
evaluate participant opinions on the appropriateness of
different viewing angles, by asking 8 survey questions,
using visual content techniques.
After evaluating answers of participant, we posed the

following questions:

1. Are there significant differences in participant
opinion between the 2 techniques in determining
the femoral tunnel entry site?



Fig 2. Images used in ques-
tions. (A) Screenshot 1, (B)
Screenshot 2, (C) Screenshot
3, (D) Screenshot 4.
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2. Are there significant differences in participant
opinion between the 2 techniques in terms of ACL
integrity assessment?

3. When the answers are evaluated together, are there
significant differences between 2 techniques?

4. Are there differences when video sections and
screenshots are compared?
We hypothesized that the images obtained from the

accessory medial portal would be more acceptable for
the participants’ views.
Methods
Patients who had surgery for symptomatic knee

instability by authors (M.B.E., E.B.) between December
2017 and December 2019 were identified through a
search of our hospital information management system.
Inclusion criteria were being operated with the
diagnosis of isolated ACL rupture, well-documented
adhesions of ruptured ACL during surgery, and being
between the ages of 15 and 45 years. Exclusion criteria
were patients with insufficient video recording, having
concomitant knee surgery, and having a cyclops lesion
on the residual ACL footprint. There were 5 of 22
patients who met the criteria. The images of the patient
who had the longest arthroscopy record were used
(Fig 2).
When images were acquired, Cohen et al.,36 3 portal

techniques were used. In addition to a standard ante-
rolateral portal (ALP), the central medial portal was
opened immediately adjacent to the patellar tendon.
Then, for imaging, an accessory medial portal (AMP)
was created using an 18-gauge spinal needle using the
outside-in technique from 2 cm medial to the patellar
tendon. During routine surgical procedures, imaging
was performed via different portals for 5 minutes before
and after footprint resection. The images obtained
when evaluating the notch lateral wall and ACL
integrity using AMP were processed and prepared for
use in questions (visualization A).
Then, images taken from the ALP were processed

before the accessory medial portal was created. Images
were prepared for use in the questionnaire (visualiza-
tion B).
The arthroscopy film was processed using a video-

editing program, and 4 snapshots and 4 video sec-
tions, ranging from 52 to 112 seconds, were prepared.
The images were added to the 8 question images to
provide equal numbers of video sections and
screenshots, from both ALP and AMP.



Table 1. Question Distribution

Question Number Used Image Viewing Portal Criteria Evaluated

1 Screenshot 1 Visualization A Femoral tunnel entry site determination
2 Screenshot 2 Visualization B Femoral tunnel entry site determination
3 Screenshot 3 Visualization B ACL integrity assessment
4 Screenshot 4 Visualization A ACL integrity assessment
5 Video 1 Visualization B ACL integrity assessment
6 Video 2 Visualization A ACL integrity assessment
7 Video 3 Visualization B Femoral tunnel entry site determination
8 Video 4 Visualization A Femoral tunnel entry site determination

ACL, anterior ligament reconstruction.
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Survey information from participants was used in this
study.
All images showed the left knee from the same

patient, with a 30� scope and the knee at 90� flexion.
Questionnaires were prepared by placing an equal
number of both portal techniques in the case. A case
was chosen that was ruptured and adhered to posterior
cruciate ligament. A questionnaire with 8 questions in
total was prepared to question both techniques equally
(Table 1).
Participant inclusion criteria was in the last 3 years of

being orthopaedic and traumatology assistant training
and having arthroscopic ACL reconstruction experience
of fewer than 100 cases. Participant exclusion criteria
were having orthopaedic expertise of 10 years or
greater.
After the survey was prepared, orthopaedics assistants

and experts who met the criteria were contacted and
the survey link was shared. The survey statistics were
checked daily and the questionnaire was terminated
when 40 participants were reached. Participants were
asked whether the visual angle could determine the
Table 2. Distribution of Response Variables

Questions

Q 1 Is the angle of view appropriate for the evaluation of the femora
tunnel in the case of an anatomic single-bundle ACL reconstruction?

Q 2 Is the angle of view appropriate for the evaluation of the femora
tunnel in this case where an anatomic single bundle ACL
reconstruction will be performed?

Q 3 Is this angle of view appropriate for the examination of the patien
who has been operated on suspicion of ACL rupture?

Q 4 Is this angle of view suitable for evaluating whether the patient wh
has been operated on suspicion of ACL rupture is intact?

Q 5 Is the angle of view appropriate for the arthroscopic examination
performed to evaluate the suspicion of ACL rupture?

Q 6 Is the angle of view suitable for the arthroscopic examination t
evaluate suspicion of ACL rupture?

Q 7 Is the angle of view suitable for the determination of the starting poin
of the femoral tunnel in the case where the anatomical single-bundl
ACL reconstruction is planned?

Q 8 Is the angle of view suitable for determining the starting point of th
femoral tunnel in the patient who is planned to undergo anatomical
single bundle ACL reconstruction?

ACL, anterior ligament reconstruction.
femoral tunnel entry point, or evaluate ACL integrity.
In the photo questions, the lateral femoral condyle was
marked with an asterisk, and given as a reference point.
Participants were informed the knee was in 90� of
flexion, and used with a 30� scope.
For ACL integrity evaluation, images taken before the

footprint were debrided and used, whereas images
taken after debridement were used to evaluate the
femoral tunnel entry site.
The femoral tunnel evaluation question was: “does the

viewing angle determine the femoral tunnel entry point,
where ACL reconstruction will be performed?” The ACL
integrity assessment question was: “is the viewing angle
suitable to askwhether the patient, whowas operated on
for suspicious ACL rupture, displays ACL integrity?”
Answers were evaluated in 5 categories, according to the
Likert scale: (1) strongly disagree; (2) disagree; (3) un-
decided; (4) agree; and (5) strongly agree.
The survey was conducted via Google Forms (Google,

Mountain View, CA; the full survey is available online
as an Appendix Supplement 1, available at www.
arthroscopyjournal.org). Whereas images were
Strongly
Disagree Disagree Undecided Agree

Strongly
Agree

l 1 (2.5) 3 (7.5) 12 (30) 19 (47.5) 5 (12.5)

l 21 (52.5) 5 (12.5) 8 (20) 4 (10) 2 (5)

t 8 (20) 12 (30) 15 (37.5) 4 (10) 1 (2.5)

o 0 (0) 3 (7.5) 7 (17.5) 17 (42.5) 13 (32.5)

5 (12.5) 14 (35) 14 (35) 7 (17.5) 0 (0)

o 0 (0) 1 (2.5) 10 (25) 16 (40) 13 (32.5)

t
e

20 (50) 11 (27.5) 5 (12.5) 4 (10) 0 (0)

e 0 (0) 2 (5) 6 (15) 16 (40) 16 (40)

http://www.arthroscopyjournal.org
http://www.arthroscopyjournal.org


Table 3. Distribution of Answers by Technique

Answers

Technique

c2 P

Visualization
A

Visualization
B

n (%) n (%)

Strongly disagree 1 (0.6)* 54 (33.8)y 139,380 < .001
Disagree 9 (5.6)* 42 (26.3)y

Undecided 35 (21.9)* 42 (26.3)*

Agree 68 (42.5)* 19 (11.9)y

Strongly agree 47 (29.4)* 3 (1.9)y

NOTE. The c2 test was also used.
*The line letter is statistically insignificant in terms of expression.
yThe line letter is statistically insignificant in terms of expression.
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included in the online survey (Fig 2), videos were
uploaded to 2 different video sharing sites (Yandex
Disk, Moscow, Russia; and YouTube [Google, D/B/A
YouTube, San Bruno, CA]), and video links were
processed into the survey form.
In terms of ACL examination and determination of

femoral tunnel entry point, we evaluated whether
significant difference existed between the AMP and
ALP images. In addition, using images from the same
portals, we evaluated whether participants observed
significant differences between evaluations made by
video imaging or photo images.

Statistical Analysis
Data are expressed as mean � standard deviation or

frequency and percent. An independent sample t test
was used to compare the continuous normal data be-
tween groups. c2 test or Yates Correction c2 test was
used to compare the categorical data between/among
groups. P value <.05 was considered significant.
Analyses were performed using SPSS 19 (IBM SPSS
Statistics 19, an IBM Co., Armonk, NY).

Results
Questionnaires were completed by 40 participants.

Variable distribution was created by evaluating
participant responses to questions (Table 2).
Table 4. Distribution of Answers by Femoral Tunnel Entry Point

Answer

Femoral Tunnel Entry Point

c2 P

Visualization A Visualization B

n (%) n (%)

Strongly disagree 1 (1.3)* 41 (51.3)y 77,313
Disagree 5 (6.3)* 16 (20)y

Undecided 18 (22.5)* 13 (16.3)*

Agree 35 (43.8)* 8 (10)y

Strongly agree 21 (26.3)* 2 (2.5)y

NOTE. The c2 test was also used.
*The line letter is statistically insignificant.
yThe line letter is statistically insignificant.
When all responses were evaluated, participant
opinions on the visualization A were more positive than
visualization B. These observations were statistically
significant (P < .001) (Table 3). According to the visu-
alization technique, the distribution of the answers
given to the questions was compared and analyzed
(Table 3).
When ACL integrity assessments and femoral tunnel

entry site questions were evaluated, we observed that
participant opinions on the visualization A for both
types of evaluation were more positive than
visualization B. This observation was statistically
significant (P < .001) (Table 4).
When evaluations with photos and video transcripts

were compared, no significant differences in terms of
participant opinions were observed (P ¼ .579)
(Table 5).

Discussion
Our study participants preferred the AMP, suggesting

this modality may be more appropriate for those who
wish to continue their training/learning. We also
observed that in determining the entry point of the
femoral tunnel, our participants significantly favored
images from the AMP. Sommer et al.39 evaluated
femoral tunnel entry points in patients with ACL
reconstruction due to persistent knee instability and
demonstrated that the most common misplacement
error was anterior malposition. Similarly, Morgan
et al.31 in their Multicenter ACL Revision Study
(MARS), identified technical problems in 276 of 460
revision ACL cases. In 117 cases, the failure was
evaluated as femoral tunnel malposition.
Improving lateral notch wall imaging may contribute

to long-term outcomes in preventing femoral tunnel
malposition, leading to revision ACL surgery. Intra-
operative fluoroscopic radiologic evaluations that
determine clinically correct femoral entry points have
also been cited in the literature. Sven et al.40 detected
and corrected 34 cases that would cause erroneous
placement in femoral and tibial tunnels, by using
fluoroscopy in 112 ACL reconstruction cases.
and ACL Integrity Assessment

Value

ACL Integrity Assessment

c2 P Value

Visualization A Visualization B

n (%) n (%)

<.001 0 (0)* 13 (16.3)y 66,412 <.001
4 (5)* 26 (32.5)y

17 (21.3)* 29 (36.3)y

33 (41.3)* 11 (13.8)y

26 (32.5)* 1 (1.3)y



Table 5. Distribution of Responses Based on Screen Shots and
Video Sections

Answers

Screenshot Video Section

c2 P Valuen (%) n (%)

Strongly disagree 30 (18.8) 25 (15.6) 2.873 .579
Disagree 23 (14.4) 28 (17.5)
Undecided 42 (26.3) 35 (21.9)
Agree 44 (27.5) 43 (26.9)
Strongly agree 21 (13.1) 29 (18.1)

NOTE. The c2 test was used.
*P < .005 was significant.
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Of course, our study is not designed to test the clinical
effects of AMP use. However, the fact that the
participants found the images taken from this portal
more understandable in terms of evaluating the femoral
tunnel entrance, made us think that the training
materials obtained from this portal imaging could be
more valuable.
While the AMP femoral tunnel is being created, it

cannot be used as an imaging portal. However, it may
give novice surgeons a final check-up after the entry
point is gently marked.
In our study, we did not perform any clinical or

cadaveric studies. Nevertheless, objectively demon-
strating that the AMP provides a more appropriate view
in terms of participants’ opinions may be a valuable
finding in terms of ACL reconstruction surgery training.
Another important result from our study was that

AMP images were more appropriate for participants in
evaluating ACL integrity. Siebold and Fu41 stated that
isolated anteromedial bundle or posterolateral bundle
tears are difficult to detect, even using magnetic
resonance imaging, and emphasized that isolated
reconstructions also required advanced experience.
They reiterated a correct diagnosis could be arrived at
arthroscopically with advanced arthroscopic experi-
ence. For this reason, the images obtained from the
AMP can be helpful when presenting educational ma-
terial to novice surgeons especially about ACL integrity
assessment and femoral tunnel entry point conformity
check
We also observed no differences between participant

opinions in terms of screen shots and video sections.
Ceponis et al.,42 in teaching shoulder arthroscopy to
surgical assistants, compared composite video models
and cadaveric shoulder arthroscopy training. They
suggested that composite models were at least as
effective as cadaver methods. It is not possible to teach
arthroscopy without video sections and screenshot
support. After evaluations were made with multimedia
types, i.e., video-screen imaging, we observed no
significant differences between participants, suggesting
that both techniques can be used for ACL
reconstruction training.
Limitations
This study is not without limitations. Participants did

not express their opinions using a cadaver approach or
a simulator. By focusing on a very specific issue, this
limitation was partially resolved by only evaluating the
angle of view, ACL integrity and the femoral tunnel
entry site. However, these parts that have been evalu-
ated constitute only a few stages of ACL reconstruction
and cannot represent the understandability of the
entire surgical procedure.
Another limitation of our study is that we routinely

chose a portal not used for viewing during tunneling.
We think that this limitation is not incompatible with
the main idea of the study, since we have used this
portal for final control of the femoral tunnel entry site
and ACL integrity evaluation instead of using it as a
viewing portal while opening the femoral tunnel.

Conclusions
AMP use may be a valuable tool for assistant and

postgraduate education, as it offers a more suitable view
angle for ACL reconstruction.
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