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Abstract

Introduction
In order to be used naturally and widely, an artificial intelligence algorithm of phase
detection in surgical videos presupposes an expert consensus defining phases.

Objectives
The aim of the present study was to seek consensus in defining the various phases of
a surgical technique in wrist traumatology.

Methods

3,229 surgeons were sent a video showing anterior plate fixation of the distal radius
and a questionnaire on the number of phases they distinguished and the visual cues signaling
the beginning of each phase. Three experimenters predefined the number of phases (5:
installation, approach, fixation, verification, closure) and sub-phases (3a: introduction of plate;
3b: positioning distal screws; 3c: positioning proximal screws) and the cues signaling the
beginning of each. The numbers of the responses per item were collected.

Results

Only 216 (6.7%) surgeons opened the questionnaire, and 100 answered all questions
(3.1%). Most respondents claimed 5/5 expertise. Number of phases identified ranged
between 3 and 10. More than two-thirds of respondents identified the same phase cue as
defined by the 3 experimenters in most cases, except for “verification” and “positioning
proximal screws”.

Discussion

Surgical procedures comprise a succession of phases, the beginning or end of which
can be defined by a precise visual cue on video, either beginning with the appearance of the
cue or the disappearance of the cue defining the preceding phase.

Conclusion
These cues need to be defined very precisely before attempting manual annotation of surgical
videos in order to develop an artificial intelligence algorithm.

Level of evidence: Il

Keywords: phase detection, surgical video, algorithm, artificial intelligence, distal radius
fracture



Introduction

One of the very first applications of artificial intelligence (Al) in medicine, in the 1970s,
concerned patient-specific antibiotic therapy [1]. Since then, many other applications have
been developed, such as algorithms for diagnosis of fractures on standard radiographs [2].
Other algorithms were developed for surgical planning and navigation, especially in
neurosurgery, maxillofacial surgery and orthopedic and traumatologic surgery [3]. More
recently, studies focused on videos of soft-tissue surgery for phase detection in
cholecystectomy [4], sleeve gastrectomy [5], laparoscopic sigmoidectomy [6] and endoscopic
myotomy [7]. The precondition for developing this kind of algorithm is to precisely define the
phases to be detected. If the algorithms are to be widely used, expert consensus here is
indispensable. To our knowledge, there are no phase detection algorithms in orthopedic and
traumatologic surgery. In contrast to soft-tissue surgery, techniques here are relatively
heterogeneous, making phase definition more difficult. Precise definition of phases and the
visual cues marking their start and end enables a protocol to be drawn up for annotation of
videos in an annotated database which is essential for machine learning for a specific task.

The present study therefore sought consensus in a panel of surgeons regarding the
exact number of phases comprising a wrist trauma procedure and the visual cues marking
their boundaries.

The main study hypothesis was that at least two-thirds of the panel would agree on
the number of phases seen in a video of internal fixation of wrist fracture. The secondary
hypotheses were that at least two-thirds of the panel would agree on the visual cue marking
the start of each phase and subphase defined by the experimenters.

Material and methods

A patient provided written consent for the use of a video of his internal wrist fracture
fixation.

The material comprised surgeons, a video and a questionnaire. The surgeons were
either traumatologists or hand surgeons, with expertise ranging from 1 (non-specialized) to 5
(expert) [8]. The video (video 1) of minimally invasive anterior plate fixation of a distal radius
fracture [9] was downloaded from a dedicated platform (qvident®, Caresyntax™, Boston,
Massachusetts, United States). It had been recorded using an HD video camera built into the
surgical lighting (TruVidia™ Wireless®, TRUMPF Medizin Systeme GmbH + Co. KG™, Saalfeld,
Germany) and accelerated at double speed so as to last 850”’. Three experimenters (2 level 3
and 5 surgeons and 1 Al researcher) decided on a consensual division of the video into 5
phases (figure 1), with 3 subphases in the third. The questionnaire (Table I) concerned the
characteristics of the procedure, with 8 single-choice questions on, firstly, the number of
phases, and then the visual cues marking the start of each phase (phase beginning either with
the appearance of a cue or with the disappearance of the cue defining the previous phase).
The questionnaire was progressive, in the sense that it was not possible to go back to a
guestion once the response had been validated. After question 1 (number of phases), the 5
phases determined by the experimenters were made known to the participants. In questions
6, 7 and 8, the 3 subphases determined by the experimenters were made known. The phases



and subphases were made known to ensure that the participants all identified cues at the
same time-points in the video.

The method consisted in e-mailing the video and questionnaire to 3,229 surgeons:
2,402 members of a French national orthopedic and traumatologic surgery society, and 827
members of a French national hand surgery society. They were asked to view the video as
often as they liked, and to fill out the questionnaire. The questionnaire was sent out on April
1, 2022 and closed on May 20. Analysis consisted in collecting the number of responses to
each item of the 8 questions and expressing it as a percentage.

Results

216 of the 3,229 recipients (6.7%) opened the questionnaire; 116 responded partially
(3.6%) and 100 completely (3.1%). To avoid bias, only fully completed questionnaires were
included for analysis. Table 2 shows the expertise level of the 100 surgeons; most (53%)
claimed to be level 5.

The number of phases identified by the respondents ranged from 3 to 10 (figure 2), 10
being the most frequent.

The approach phase began with the “appearance of the knife” for 72% of participants;
“appearance of the dermographic pen” came second (22%). Fixation began with “appearance
of the plate + drill guide” for 75% of participants; “appearance of the first K-wire” came second
(16%). Verification began with “last appearance of the fluoroscope” for 48% of participants;
“disappearance of the screwdriver after positioning the last proximal screw” came second
(24%). Closure began with “appearance of the needle holder” for 62% of participants;
“appearance of the physiological saline cup” came second (37%). Plate introduction began
with “appearance of the plate + drill guide” for 80% of participants; “appearance of the
rongeur” came second (14%). Distal screw positioning began with “appearance of the first K-
wire” for 68% of participants; “appearance of the first screw” came second (22%). Proximal
screw positioning began with “appearance of the first proximal drill guide” for 68% of
participants; “appearance of the rongeur at the first proximal orifice” came second (14%); the
response predefined by the experimenters came in 4" place, at 6%.

Discussion

Surgery phase detection may be applied in Al contexts or not. In Al, it serves for
developing algorithms. Elsewhere, it makes surgeons aware of the fact that the procedure is
not experienced in the same way by all. The present study demonstrated this.

The present results need to be discussed quantitatively and qualitatively. Quantitatively, the
mean response rates for health professionals in online surveys is 45.8% * 25.0% [10 Meyer].
In the present study, the rate was 6.7%. This may have been because, while the hand surgery
society is obviously interested in wrist fracture, the more general orthopedic and
traumatologic surgery society is less involved. Another reason could be surgeons’ poor
knowledge of Al. Slightly less than half of those who opened the questionnaire (46.3%)



responded to all the questions. This may have been due to more than half giving up at the first
guestion because the video was too long. Originally, it lasted 17°40”’; although speeded up 2-
fold, it was still long, especially if it was to be viewed more than once. Accelerating more than
2-fold was not feasible because of the risk of overlooking short but important sequences.
Qualitatively, questionnaire response reliability depended on 2 factors: the participant’s
expertise and concentration. For 53% of participants, expertise was unquestionable, at level
5; but as much could not be said of the other 47%. Concentration could not be assessed, but
might not necessarily match expertise. For all these reasons, the results are to be taken with
caution. There were also other study limitations. The response rate was very low (6.7%) and
the full-response rate even lower (3.1%). Participants answered questions based on a single
video, and it is not sure that our video-1 was representative of this type of surgery, in which
there are many variants. And lastly, the definition of the start or end of a phase may differ
between individuals: a surgeon has a conceptual point of view, while an Al researcher will
select more precise visual cues.

Developing an Al algorithm based on supervised learning includes an indispensable
step of manual annotation of data (images, videos, sounds, etc.) with relevant labels (name,
type, shape, color, number, etc.) [11]. Expert consensus is essential for homogeneous
annotation enhancing the robustness and generalizability of the algorithm [12]. It is therefore
essential to define the labels precisely. In the present study of the means of developing an
algorithm that could be used by all surgeons, the data in question were the video and the
labels were the phases and subphases defined by the experimenters.

Participants varied in their perception of the number of phases. This may have been
because no definition of “phase” was provided, and also due to how fine-grained the concept
was meant to be, with the idea of “subphases”. This goes to show that, before beginning to
annotate surgical videos in order to develop an Al algorithm, the phases of the technique need
to be defined precisely.

Three type of questionnaire response emerged: identical to the experimenters’;
different, but valid in terms of the video; and different and not valid.

About two-thirds of respondents identified the same cues as the experimenters to
define the exact start of the approach, fixation, plate introduction, distal screw positioning,
and closure.

Some responses differed from the experimenters’ but seemed valid in terms of the
video. For the approach, a quarter of the respondents chose the appearance of the
dermographic pen. It is not obvious whether tracing the incision is part of the installation or
of the approach; moreover, not all surgeons trace the approach before incising, while others
trace it before inflating the tourniquet. The appearance of the knife is thus the ideal cue for
the start of the approach. For closure, a little over a third chose the appearance of the cup of
physiological saline. Saline is used just before the needle holder, but not all surgeons use it at
end of procedure and some use it rather during the verification phase. The appearance of the
needle holder is thus the ideal cue for the start of closure. For proximal screw positioning,
more than two-thirds chose the appearance of the first proximal drill guide. The
disappearance of the screwdriver after positioning the last distal screw is followed by the
appearance of the first proximal drill guide. However, this sequence does not apply to all
procedures, as some surgeons go without any drill guide. The disappearance of the



screwdriver after positioning the last distal screw is thus the ideal cue for the start of proximal
screw positioning; the end of one phase may cue the start of the next.

Some deviant responses could not be considered valid. The exact start of the
verification phase was variously identified. Oddly enough, although they knew that
verification involved fluoroscopy, almost half the respondents chose the last appearance of
the fluoroscope. Even so, a quarter chose the disappearance of the screwdriver after proximal
screw positioning, in agreement with the experimenters. The start of distal screw positioning
was wrongly identified as the appearance of the first screw in slightly less than a quarter of
cases; this response cannot be deemed valid, as positioning the first screw is systematically
preceded by use of the first K-wire.

Most surgical phase detection algorithms concern non-urgent well-codified
procedures such as sleeve gastrectomy [5], laparoscopic sigmoidectomy [6], endoscopic
myotomy [7] or cataract [13]. The most widely studied is laparoscopic cholecystectomy, as
there are several open-access databases and it is a common procedure with fairly well-defined
phases, although some authors report discrepancies in phase number (from 5 to 20) [11]. The
present study had the originality of concerning an emergency procedure that is less well
codified: distal radius fixation can be performed using many and varied techniques [14-18].

The main study hypothesis, that at least two-thirds of a panel of surgeons would
identify the same number of phases in a video of internal fixation of a wrist fracture, was not
confirmed. The secondary hypotheses, that at least two-thirds of the panel would identify the
start of each phase and subphase identically to the experimenters was confirmed in 5 out of
7 cases, but not for the verification phase or the proximal screw positioning subphase.

From these results, only partly confirming the study hypotheses, it emerges that a
surgical procedure comprises successive phases, the start and end of which can be defined by
a precise visual cue identifiable on a video. A phase begins either with the appearance of the
cue or with the disappearance of the cue defining the previous phase. In conclusion, it is
essential to define these cues very precisely before beginning manual annotation in order to
develop an Al algorithm in surgery.
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Legends of tables, figures and video

Table 1. Questionnaire sent to 3,229 surgeons: perception of phases in video-1.
Table 2. Level of expertise of the 100 respondents (according to Tang & Giddins).

Figure 1. Phases and subphases according to the 3 experimenters. 1: Installation (incision
trace, positioning drill guide on plate, limb cleansing). 2: Approach (from incision to exposure
of the distal radius). 3: Fixation (3a: Introduction of plate; 3b: Distal fixation (distal screws); 3c:
Proximal fixation (proximal screws)). 4: Verification (reduction under fluoroscopy, range of
motion, absence of impingement with flexor pollicis longus). 5: Closure (intradermal suture,
dressing). Only these definitions (without the images of phase start) were communicated to
the participants.

Figure 2. Reponses to the 8 questions by the 100 surgeons completely filling out the
questionnaire.

Video 1. Minimally invasive anterior plate fixation of distal radius fracture.
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Table 1. Questionnaire sent to 3,229 surgeons: perception of phases in video-1.

\ 1. How many phases do you see in the video? \
1,2,3,4,5,6,7,8,9,10

\ 2. When exactly does the approach start? \
Appearance of the operator’s hand
Appearance of the dermographic pen
Appearance of the Velpeau strip
Appearance of the knife
Appearance of the rongeur

3. When exactly does fixation start?

Appearance of the rongeur

Appearance of the plate + drill guide
Appearance of the first K-wire

Appearance of the first screw

Appearance of the fluoroscope for the first time

4. When exactly does verification start?
Disappearance of the screwdriver after positioning the last
proximal screw
Appearance of range of motion verification
Appearance of the fluoroscope for the last time
Appearance of the surgeon’s hand moving the thumb
Appearance of the needle holder

5. When exactly does closure start?
Appearance of the fluoroscope for the last time
Appearance of the cup with the physiological saline
Appearance of the needle holder
Appearance of the ruler
Appearance of the compresses

6. When exactly does plate introduction start? ‘
Appearance of the rongeur
Appearance of the plate + drill guided
Appearance of the first K-wire
Appearance of the first screw
Appearance of the fluoroscope for the first time

7. When exactly does distal fixation start? ‘
Appearance of the first K-wire
Appearance of the first screw
Disappearance of the screwdriver after positioning the first distal
screw
Disappearance of the drill guide
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Appearance of the fluoroscope for the first time

8. When exactly does proximal fixation start? \
Appearance of the first proximal drill guided
Disappearance of the screwdriver after positioning the second
proximal drill guide
Appearance of the rongeur at the first proximal orifice
Disappearance of the screwdriver after positioning the last distal
screw
Appearance of the first proximal screw

Responses predetermined by the 3 experimenters (see text) in bold. NB: only the
questions/responses and not the images were shown to the participants.
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Table 2. Level of expertise of the 100 respondents (according to Tang & Giddins).

Level Number Percentage
1-5 N %

1 15 15

2 13 13

3 8 8

4 11 11

5 53 53
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Figure 1. Phases and subphases according to the 3 experimenters. 1: Installation (incision
trace, positioning drill guide on plate, limb cleansing). 2: Approach (from incision to exposure
of the distal radius). 3: Fixation (3a: Introduction of plate; 3b: Distal fixation (distal screws); 3c:
Proximal fixation (proximal screws)). 4: Verification (reduction under fluoroscopy, range of
motion, absence of impingement with flexor pollicis longus). 5: Closure (intradermal suture,
dressing). Only these definitions (without the images of phase start) were communicated to
the participants.

14



HOW MANY PHASES DO YOU SEE IN THE VIDEO? WHEN EXACTLY DOES THE APPROACH START?
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Figure 2. Reponses to the 8 questions by the 100 surgeons completely filling out the
questionnaire.
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