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A B S T R A C T   

Background: Currently, surgical education utilizes a combination of the apprentice model, wet-lab training, and 
simulation, but due to reliance on subjective data, the quality of teaching and assessment can be variable. The 
“language of surgery,” an established concept in engineering literature whose incorporation into surgical edu
cation has been limited, is defined as the description of each surgical maneuver using quantifiable metrics. This 
concept is different from the traditional notion of surgical language, generally thought of as the qualitative 
definitions and terminology used by surgeons. 
Methods: A literature search was conducted through April 2023 using MEDLINE/PubMed using search terms to 
investigate wet-lab, virtual simulators, and robotics in ophthalmology, along with the language of surgery and 
surgical education. Articles published before 2005 were mostly excluded, although a few were included on a 
case-by-case basis. 
Results: Surgical maneuvers can be quantified by leveraging technological advances in virtual simulators, video 
recordings, and surgical robots to create a language of surgery. By measuring and describing maneuver metrics, 
the learning surgeon can adjust surgical movements in an appropriately graded fashion that is based on objective 
and standardized data. The main contribution is outlining a structured education framework that details how 
surgical education could be improved by incorporating the language of surgery, using ophthalmology surgical 
education as an example. 
Conclusion: By describing each surgical maneuver in quantifiable, objective, and standardized terminology, a 
language of surgery can be created that can be used to learn, teach, and assess surgical technical skill with an 
approach that minimizes bias. 
Key message: The “language of surgery,” defined as the quantification of each surgical movement's characteristics, 
is an established concept in the engineering literature. Using ophthalmology surgical education as an example, 
we describe a structured education framework based on the language of surgery to improve surgical education. 
Classifications: Surgical education, robotic surgery, ophthalmology, education standardization, computerized 
assessment, simulations in teaching. 
Competencies: Practice-Based Learning and Improvement.   

Introduction 

Surgical education has traditionally relied on an apprenticeship 
teaching model that recently integrated new modalities, including wet- 
lab practice and virtual simulation [1–3]. While successful, the quality 
of teaching is highly dependent on the mentor's surgical and teaching 
abilities, which leads to variability in how trainees learn and acquire 
surgical skills. To improve surgical education, strategies that utilize 

standardized descriptions of surgical maneuvers have emerged. These 
approaches include graded simulator modules, analysis of video- 
recorded operations, and robotic surgery platforms. While various 
assessment tools have been created to standardize surgical skills evalu
ation, these modalities are subjective given that the grading is per
formed by humans [4,5]. Moreover, use of these tools remains limited in 
clinical practice and surgical curricula, partially due to resource limi
tations requiring an expert observer for grading [6,7]. Quantifiable, 
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objective, and standardized methods to teach and assess surgical skill, 
especially between mentors and across institutions, is lacking in current 
surgical education. 

Surgical skill can be divided into two components: technical per
formance, defined as the appropriate execution of each step, and 
cognitive decision-making, which comes with surgical experience. In 
this review, we will focus on technical performance, which is charac
terized by instrument-tissue interactions of each individual surgical 
maneuver. We propose that technical performance in surgical education 
will be improved by describing each surgical maneuver of a procedure 
using quantified metrics, and offering specific feedback for improve
ment that is based on these quantified metrics. Competently completing 
each surgical maneuver will lead to successful technical performance of 
the entire procedure. 

We describe an established platform developed by the Hager lab, the 
“language of surgery,” which is a communication framework for surgical 
skill assessment that characterizes each surgical maneuver with quan
tified metrics [8]. We note that this concept is distinctly separate from 
the traditional notion of surgical language, which is the qualitative 
definitions and terminology used by surgeons on a daily basis. Using 
Hager's language of surgery framework, a library of quantified de
scriptions for each surgical maneuver is created and these objective 
descriptions are used to teach how each surgical maneuver is performed, 
and how each maneuver is analyzed for competency [9]. We explain 
how technology such as virtual simulators, video recordings, and robotic 
surgery can be utilized to measure each surgical movement in order to 
define quantified metrics that will be used to create a language of 
surgery. 

Available data indicate that the “language of surgery” framework has 
not been incorporated into surgical curricula, as indicated by the lack of 
standardized assessment tools in surgical education today [7]. Its 
absence is also reflected by the absence of articles in the surgical liter
ature including ophthalmology. Despite the compelling concept, the 
language of surgery approach is relatively unknown to surgical educa
tors in part, because the concept appears in the engineering and not 
surgical literature. To raise awareness, we provide a review of the cur
rent state of surgical education and define the language of surgery. With 
the current array of available technological resources, we emphasize 
how the language of surgery, by providing specific, quantified, and 
objective data for each surgical maneuver, should be revisited to teach 
learning surgeons each surgical movement. Importantly, we describe a 
structured education framework for how the language of surgery can be 
incorporated into current ophthalmology teaching and help improve 
ophthalmology surgical education, with broader implications for its use 
in surgical education overall. 

Methods – literature search 

Literature search was conducted through April 2023 using MED
LINE/PubMed. Search terms, used in various combinations, included the 
following: “ophthalmology,” “wetlab” or “wet-lab,” “virtual” and 
“simulator,” “satisfaction,” and “robot” to investigate wet-lab, virtual 
simulators, and robotics in ophthalmology. Various combinations of the 
terms “surgery,” “training,” “program,” “course,” “education,” “lan
guage,” “apprentice,” and “Education, Medical”[Mesh] were used to 
investigate the language of surgery and surgical education. Multiple 
forms of the words “robot,” “surgery”, and “ophthalmology” were 
searched for using the truncation function (“*”) in PubMed. The litera
ture search examined reference lists of relevant articles as well. Specific 
inclusion criteria varied depending on relevance to the topic of interest, 
which were the language of surgery, surgical education, video recording 
analysis, and robotic surgery. Broadly, the majority of included articles 
focused on these topics of interest and were published in 2005 or later, 
although the literature search was not restricted to this timeframe. Ar
ticles published before 2005 were mostly excluded, although a few of 
these articles were included on a case-by-case basis. 

Results 

Overview of the language of surgery 

Surgery reflects a set of technical skills integrated to complete a 
specific medical objective. A surgical procedure can therefore be 
considered as a complex task composed of a series of individual ma
neuvers, and each maneuver is comprised of individual “gestures” [10]. 
While much of the literature on the “language of surgery” describes 
segmenting procedures into gestures, the terms “maneuver” or “move
ment” reflects the accepted terminology to clinicians. Herein, we will 
use “maneuver” or “movement” when discussing steps of a procedure 
with the hope that the use of these terms will encourage clinicians to 
accept the “language of surgery.” Each successful surgical maneuver 
must be completed within a competency framework, and a successful 
surgical procedure requires the skilled completion of each individual 
maneuver. 

The “language of surgery” concept was first described in 2005 by the 
Hager lab as a communication framework that systematically describes 
each surgical maneuver using quantifiable metrics [8]. This concept 
analyzes and quantifies the motions of a surgical procedure using video 
recordings and surgical robots. The surgical movements can similarly be 
analyzed using virtual simulators, which have recently become a pop
ular educational tool in ophthalmologic surgery. Examples of quantifi
able descriptions of a surgical maneuver include, but are not limited to, 
the time it takes to complete a movement, number of contacts an in
strument has with tissue, instrument force, velocity, rotation, and po
sition in the surgical field. Each surgical maneuver is defined by multiple 
quantifiable metrics, which can be thought of as a “word.” A library of 
surgical maneuvers, similar to a “dictionary,” can then be created, 
forming the basis of a “language” in the “language of surgery.” 

Research over the past 20 years on objective computer-aided tech
nical skill evaluation (OCASE-T) has been integral to the evolution of the 
“language of surgery” [6]. Computer models have been extensively 
employed in open, laparoscopic, and robotic simulations of surgical 
maneuvers (i.e. cholecystectomy, suturing, knot tying) to describe 
quantifiable metrics, segment maneuvers into gestures/movements, and 
differentiate between novices and expert surgeons [10–19]. In addition 
to the da Vinci Surgical System, the Imperial College Surgical Assess
ment Device (ICSAD), comprised of an electromagnetic tracking system 
with a tracker on each hand and a computer software program, is one 
such technology that has been used for OCASE-T [12]. A study investi
gating the use of ICSAD to evaluate suturing of an artificial cornea found 
significant differences in dexterity measures (time taken, number of 
hand movements, and path length of hand movements) between novice, 
trainee, and expert surgeons [15]. 

Furthermore, use of these computer models has been applied to 
analyze operations on humans, mainly through video recordings to 
identify instruments (Fig. 1, Supplemental Video 1), describe quantifi
able metrics, segment procedures into maneuvers and gestures/move
ments, and assess technical skill by differentiating between novice and 
expert surgeons [20–27]. This approach has been utilized to some extent 
in ophthalmologic surgery [22,24–27]. Kim et al. used time to complete 
a maneuver, number of movements, and instrument trajectories to assess 
cataract surgical technique from video recordings of human operations 
[25]. Additional advancements in the “language of surgery” concept 
include the creation of a public dataset of video and kinematic data from 
robotic surgical tasks for consistent benchmarking, and the imple
mentation of real-time teaching cues as a virtual coach during a needle- 
passing simulation using the da Vinci Skills Simulator [28,29]. Much of 
this work has been spearheaded by the Computational Interaction and 
Robotics Laboratory at Johns Hopkins University. 

Using the language of surgery to define each surgical maneuver with 
quantifiable, precise, and accurate language can optimize how each 
surgical procedure is taught, which will clarify and simplify the learning 
objectives needed to gain competency by the learning surgeon. While 
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the concept of the “language of surgery” is not new, especially to engi
neers, and the value of a universal language for surgical procedures has 
been emphasized, the language of surgery has not been integrated in 
surgical education, including in ophthalmology surgical education [30]. 

Current state of ophthalmology surgical education – the need for the 
language of surgery 

Focusing on ophthalmology surgical education, training programs 
employ a variety of teaching strategies, but standardized methods to 
evaluate and teach surgical skill are lacking. This shortcoming highlights 
the need for the language of surgery. Current teaching strategies include 
the apprenticeship model, wet-lab practice, and virtual simulation, 
which each have strengths, but also limitations that can be mitigated by 
incorporating them into the language of surgery framework. 

Apprenticeship model of education 
The apprenticeship model remains a key element of ophthalmology 

surgical education for developing technical competence. In the spirit of 
“see one, do one,” the learning surgeon acquires individual surgical 
skills by observing an experienced surgeon that is followed by repeated 
trials of the new skill or procedure [1]. The apprenticeship model is now 
supplemented with access to wet-labs and virtual simulators, especially 
before the learning surgeon begins operating on patients. While 
remarkably effective, the apprentice model relies on the commitment 
and expertise of the teacher. The learning surgeon's educational expe
rience is dependent upon what specific aspects the teacher chooses to 
emphasize, and how performance is assessed is based on the teacher's 
subjective observations. Using the language of surgery, trainees would 
learn a surgical maneuver using quantifiable, objective data that defines 
competence. This approach would help to standardize teaching and 
evaluation among different teachers. 

Wet-lab training 
Preprocedural training on structures such as animal or artificial eyes 

in the wet lab has become standard among US-based ophthalmology 
training programs [31]. A large, retrospective, cross-sectional study 
found that residents who had wet-lab training had better cataract sur
gery outcomes, including better vision one day after the operation and a 
lower frequency of complications compared to residents without wet-lab 
training [32]. A number of other studies have assessed the effectiveness 
of wet-lab models, but a systematic review by Lee et al. found that these 
studies did not demonstrate sufficient improved translational outcomes 
and model validity [33]. These studies were assessed using Messick's 
concept of validity, which examines the interpretation, relevance, value 
implications, and functional worth of test scores for their given purpose 
[33,34]. Consequently, it is difficult to assess outcomes within each 
study or compare outcomes across studies, in part because a standard
ized, quantifiable definition of success for each surgical maneuver is 

lacking. This omission highlights the need for developing a language of 
surgery that is based on objective, quantified data for surgical 
maneuvers. 

Virtual simulators 
Virtual simulators are a relatively new teaching platform for learning 

cataract and vitreoretinal surgery. Currently, the Eyesi Surgical (Haag- 
Streit Simulation) machine is used in 75 % of ophthalmology training 
programs in North America according to Haag-Streit Simulation, and is 
the most evaluated simulator in ophthalmology [33]. Eyesi includes 
both cataract and vitreoretinal modules, and incorporates a model head 
and model eye connected to a microscope (Fig. 2) [35]. A multi-center, 
retrospective study of 265 ophthalmology trainees in the United 
Kingdom showed that learning surgeons who received Eyesi training 
had a greater reduction in posterior capsule rupture rate for cataract 
surgery compared to those without Eyesi training [36]. However, cost 
has been a major barrier to virtual simulator adoption because an Eyesi 
simulator with both cataract and vitreoretinal modules can cost up to 
$270,000 USD [37]. Studies vary widely on how long it would take to 
recuperate the cost of an Eyesi simulator [33,36,38,39]. Some data 
support improved surgical performance and lower complications, but 
concerns remain regarding how well virtual simulators mimic the live 
human eye and their cost effectiveness. 

Eyesi's quantitative scoring system is based on five domains: effi
ciency, target achievement, tissue treatment, instrument handling, and 
microscope handling [40]. While the machine's ability to track the 
movements and positions of virtual surgical instruments helps deter
mine the final score, the algorithms used to evaluate performance 
remain proprietary information [33]. As a result, it is unclear what exact 
metrics are used in the simulator scoring system, and how well they 
assess performance. On some modules, but not all, Eyesi demonstrated 
construct validity, defined as the ability to distinguish between novice 
and experienced surgeons [33,41–44]. In contrast, the language of sur
gery is intended to be open source and will be most useful with surgical 
systems and tools that can quantify maneuvers to provide learners with 
objective sources of feedback. 

Other teaching modalities 
Other teaching innovations offer different strategies to enhance 

surgical education in both the wet-lab and operating room. Virtual re
ality headsets can provide hands-on learning in a low-risk environment 
and are portable, cheap options compared to virtual simulator machines 
like Eyesi [45]. Standardized evaluation assessments have been created 
to decrease grading variability between mentors. Examples include the 
Objective Assessment of Skills in Intraocular Surgery (OASIS), which 
uses objective criteria to assess cataract surgery technical skill when 
operating on humans, and the Ophthalmology Surgical Competency 
Assessment Rubrics (ICO-OSCAR), which has been modified to assess 
wet-lab performance [46–48]. These assessments are a step towards 

Fig. 1. Surgical instrument annotation during video recording analysis following cataract surgery. Images of (A) cystotome and (B) forceps annotation, indicated by 
the bright green dots, using artificial intelligence algorithms on a video recording of cataract surgery. Time and tool velocities can be measured following instrument 
annotation. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 
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more objective and standardized evaluation, but they remain subjective 
since humans grade the surgery. By using an expanded number of 
objective, quantified parameters to describe each surgical maneuver, the 
language of surgery framework could address this concern. 

Discussion 

Developing the language of surgery 

Developing the language of surgery requires technologies that 
quantify essential metrics of each surgical maneuver during a procedure, 
and include the analysis of video recordings and robotic surgery. 

Video recordings in ophthalmology 
As described earlier, surgical video recordings can be utilized for 

OCASE-T. Some technical limitations of video recordings include the 
difficulty and cost of recording operations that do not require a surgical 
microscope (i.e. oculoplastic, orbital, and strabismus procedures in 
ophthalmology), and that video-based assessments can only grade sur
gical maneuvers within the camera's field of view [49]. In addition to 
using artificial intelligence for OCASE-T, other efforts have been made to 
reduce bias when using video recordings for formal assessment, 
including anonymizing recordings before grading by a panel of expert 
surgeons and using crowdsourcing from lay people to rate performance 
[49,50]. 

Fig. 2. Eyesi surgical virtual simulator. (A) Eyesi setup for cataract modules. Sample Eyesi simulator environment for (B) capsulorhexis and (C) phacoemulsification 
divide-and-conquer in the cataract module, and for (D) internal limiting membrane peeling in the vitreoretinal module. 

Fig. 3. Steady-hand eye robot from Johns Hopkins University. (A) Computer aided design model of the steady-hand eye robot with various components including a 
smart instrument (force-sensing surgical hook). (B) Image of the robotic system with a model eye and head. (C) Both the surgeon and the robot hold the smart 
instrument in a cooperative robotic surgical system. RCM = remote center-of-motion. 
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Robotic surgery in ophthalmology 
Robotic surgery is a novel technology in ophthalmology and en

compasses four different modalities: robot assisted tools, cooperative, 
teleoperated or telemanipulation, and automated systems [51]. In a 
cooperative system, as explained by Gerber et al., the surgeon and robot 
hold the surgical instruments together (Fig. 3). The surgeon initiates and 
performs surgical movements while the robot controls the movements. 
In ophthalmology, robotic surgery can be used for epiretinal membrane 
peeling, capsulorhexis and other cataract surgery maneuvers, retinal 
vein cannulation, and deep anterior lamellar keratoplasty [51–59]. 
Robot assisted tools, cooperative systems, and telemanipulation systems 
have been tested in vitro, for example on membrane peeling phantoms, 
and in vivo in animal eyes [53,60–65]. Recently, robotic surgery was 
used to operate on human eyes in 2 small-scale clinical trials for epi
retinal membrane peeling and retinal vein cannulation with ocriplasmin 
infusion [55,59]. Drawbacks of robotic surgery include high upfront 
costs, the need for stable high speed internet connections that may play a 
role in the seamless communication required in some robotic systems, 
and the learning curve for surgeons and training programs who have 
limited experience with these platforms. Robotic surgeries have longer 
operation times compared to manual surgeries, which is likely more 
pronounced with telemanipulation systems where the surgeon is not 
directly operating on the eye or eye phantom [40,55,66]. Some tele
manipulation machines may require segmented movements due to the 
specific robotic motion controller, prolonging the time to complete the 
task [40]. Cooperative robotic systems, where the surgeon holds the 
surgical instrument, may be less likely to constrain movement. Overall, 
robotic surgery is a new development in ophthalmology with promise to 
improve patient outcomes, especially if longer procedure times and costs 
are reduced in the future. 

Importantly, the robot can be used to quantify movement metrics, 
including forces and position of surgical instruments to ocular struc
tures, and can be guided with real-time intraoperative optical coherence 
tomography [57,60,67–71]. The computers in robotic surgery systems 
can collect and analyze data on movement metrics to incorporate virtual 
fixtures, which are defined as mechanisms designed to limit high risk 
movements that will lead to a surgical complication. The Steady-Hand 
Eye Robot (Fig. 3), a cooperative robotic surgical system from Johns 
Hopkins University, has a global force limiting feature that prevents 
surgeons from exceeding a certain force or velocity threshold [60,65]. 
These thresholds are adjustable and enable virtual fixtures to serve as a 
safeguard for surgeons in real time, and for trainees as they learn and 
practice technical surgical skills. 

“Smart” robotic instruments and auditory feedback are additional 
features of robotic surgical systems that can quantify movements and 
deliver quantitative feedback. Smart instruments, defined as tools that 
provide physiological feedback, can be used as robots themselves or as 
part of more complex robotic systems. They have been developed to 
measure tool position and applied forces, including those below tactile 
sensation, which is a characteristic of ophthalmology surgical move
ments [53,68]. Feedback from smart instruments can be delivered 
audibly or visually during the operation. For example, auditory force 
feedback uses beeps in real time when the measured force exceeds a 
certain threshold during the maneuver. A small study using an epiretinal 
membrane peeling phantom showed that compared to no auditory force 
feedback training, training with auditory force feedback improved 
peeling performance during the training period, which persisted after 
training without use of auditory feedback [66]. Overall, robotic surgery 
systems are equipped to provide quantifiable feedback that can be 
incorporated into the language of surgery approach. These data will 
guide the learning surgeon with objective data in real time during an 
operation. 

Using video recordings and robotic surgery to develop the language of 
surgery 

During a procedure, video recordings could be used to capture 

multiple measures of each surgical maneuver including time, instrument 
velocity and angle, and record the number of times the instrument and 
tissue have interacted. The computer within a robotic surgery platform 
could further collect, analyze, and quantify these interactions, such as 
measuring force vectors as well as the tissue's physiology including ox
ygen saturation or duration of light exposure [9,60,72]. This informa
tion would be acquired in real time during an operation. 

Capsulorhexis is a maneuver in cataract surgery where the surgeon 
removes the anterior capsule of the lens in order to gain access to the 
lens cortex and nucleus, which are removed by phacoemulsification. 
Capsulorhexis is performed by first incising the capsule and then using a 
specialized forceps to tear the anterior capsule in a continuous circular 
fashion [73]. This maneuver is technically challenging to the learning 
surgeon and will be used as an example of how the language of surgery 
can facilitate educating the novice surgeon. Analysis of surgical videos 
and data from the robot of initial incision of capsulorhexis could 
determine the type of instrument, the location of incision, the incision 
size, and the downward and tangential velocity needed to make the 
incision. Instrument location, velocity, and hand trajectory needed to 
complete this maneuver could also be quantified [70]. Additional in
formation could be collected from “smart” instruments, such as force 
sensors incorporated at the instrument tip, which would measure 
downward and tangential forces throughout the capsulorhexis [60,67]. 

Data from the robotic system and video recording analysis would be 
combined to determine movement metrics that lead to successful end
points. These would be compared to those metrics that cause compli
cations, creating a comprehensive definition for the surgical maneuver. 
Since a range of performance based on objective, quantified data is 
likely to emerge, a competency “score” for each maneuver could be 
calculated and incorporated into the definition. The definition for each 
surgical maneuver could then be organized into a library. Surgeries 
performed by a range of surgeons, from expert to novice, could be 
assessed first to establish the initial definition and competency ranges 
for each surgical maneuver of a procedure. 

How to implement the language of surgery 

Implementing the language of surgery would provide trainees with 
clear, specific, quantifiable feedback that can be used to provide exact 
information on how to improve performance. After establishing a library 
of surgical maneuver definitions, objective feedback using the language 
of surgery can be delivered before, during, and after a procedure with 
robotic surgery systems and video analysis, respectively. An integrated 
language of surgery approach of pre-, intra-, and post-procedure is 
advocated (Fig. 4). While robotic systems may be expensive and com
plex, robots for surgical education do not require full functionality such 
as complete automation because they only need to quantify movements. 
At baseline, this simplified robot would be able to track position and 
velocity through sensors or computational methods that analyze image 
captures of the surgery, and measure force with a smart instrument [67]. 
The use of a simplified robot designed for surgical education would 
minimize cost and could be used throughout the training of surgical 
technical skills. 

Pre-procedure, trainees would be provided with quantifiable data on 
how each surgical maneuver is performed based on the description and 
competency ranges defined by the language of surgery. If applicable, 
trainees would review data collected from the robot and video re
cordings from a previous session, which can guide their learning in the 
upcoming session. The key advantage is that the learning surgeon can 
make adjustments for each maneuver in a quantitative manner to ach
ieve the metrics that define competency. Taking capsulorhexis as an 
example, trainees would pay attention to metrics described using the 
language of surgery, such as hand arc/trajectory, velocity, force, and 
time to complete the maneuver. 

During surgery, objective feedback would be provided by the sur
gical robot. Trainees would be informed in real time how the maneuver 
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was performed relative to the established maneuver definition. For 
example, if the learning surgeon moved the instrument at a velocity of 
2.5 mm/s instead of 1.5 mm/s during capsulorhexis, the surgeon would 
receive instant feedback informing them to reduce the instrument speed 
by 1.0 mm/s. This approach provides guidance based on validated data 
rather than being given qualitative feedback to “slow down.” Feedback 
on other maneuver metrics would be provided in a similar manner, and 
could be delivered in real time through auditory rather than visual 
feedback so as to not distract the surgeon's view of the surgical field so 
that immediate adjustments can be made. 

Post-procedure, OCASE-T algorithms would use data collected from 
the robot and through video recording analysis from the procedure, and 
compare these metrics to established metrics that comprise the ma
neuver definition for the trainee to analyze. For example, at a specific 
time point during capsulorhexis, the surgeon could learn that the in
strument velocity should have been decreased, i.e. from 2.5 mm/s to 1.5 
mm/s, to fall within the established range of competency. This infor
mation would be used to modify the instrument velocity with a very 
measured fashion in a subsequent procedure. Feedback on other ma
neuver metrics would be provided in a similar manner. Lastly, OCASE-T 
could be used to generate a cumulative technical skill score for the 
procedure, which the trainee can use to compare to established com
petency ranges. 

New trainees would first apply the integrated language of surgery 
approach with robotic surgery platforms and video analysis during wet- 
lab sessions on phantoms, which are practice models used to replicate 
the sensation of performing a surgical maneuver, and then on animal 
eyes. During this time, the learning surgeon could use virtual simulators, 
like Eyesi, as additional practice. Ideally, the metrics used to evaluate 
virtual simulator performance would match the language of surgery 
metrics that make up the established maneuver definition. It is possible 
that a set of core competency scores could be used to determine when a 
learning surgeon can appropriately transition to surgery on patients. 
Additional practice in the wet-lab could follow, providing an opportu
nity for the learning surgeon to improve their technique on maneuvers 
that have low competency scores in a low-stakes environment. With this 
structured approach, trainees would be able to demonstrate quantifiable 
improvement of their surgical technical skills with practice. Ultimately, 
utilizing the integrated language of surgery approach would assist 

trainees to better understand what to improve on and help standardize 
training and assessment of surgical skills. 

Additional applications for the language of surgery 

By instituting quantifiable definitions of surgical movements, the 
language of surgery can be used to enhance surgical education in a va
riety of contexts. As discussed previously, trainees can better compare 
their surgical technical skills to those of an experienced surgeon and to 
an established range of competency. Quantifiable metrics from maneu
ver definitions can be used to establish virtual fixture settings, creating 
safeguards for trainees. Residency programs could incorporate maneu
ver descriptions and ranges of competency when assessing trainees on 
their technical performance, making evaluations more objective and less 
dependent on the individual grader. Experienced surgeons could also 
use the language of surgery to compare aspects of their technical per
formance with an established standard or with one another [67]. 

The language of surgery could also be employed in situations outside 
of surgical education. Metrics from maneuver definitions can help 
establish and assess surgical competence when delineating hospital 
privileges to newly hired surgeons and during medicolegal cases. The 
language of surgery could also be implemented to standardize surgical 
procedures, by setting desired ranges of maneuver metrics for surgeons 
to follow, during clinical trials and with the introduction of new surgical 
techniques or devices. 

Conclusion 

Strategies to teach surgical technical skills are evolving and we 
emphasize that the language of surgery has substantial potential to 
improve how trainees learn and master these skills. While the concept 
has been readily described in engineering literature, the language of 
surgery has not been widely implemented in surgical training. This 
points to a possible need for improved communication between engi
neers and clinicians. Video recording analysis and robotic surgery 
platforms can be utilized to create and leverage the language of surgery 
for training purposes, providing a standardized, quantifiable framework 
to evaluate individuals. Standardized metrics of surgical maneuvers 
could help to compare the technical skills of both trainees and expert 

Fig. 4. Schematic detailing how the language of surgery would be implemented in surgical education. Trainees can use the language of surgery pre-procedure, intra- 
procedure, and post-procedure. It can be used for both wet-lab and operating room procedures. Lessons learned in wet-lab training can be used to improve per
formance in the operating room, and vice versa. 
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surgeons to an established competency range and to one another. Here, 
we provide a structured framework for incorporating the language of 
surgery into ophthalmology surgical education, although this approach 
could be applied broadly to improve education across all disciplines of 
surgery. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.sopen.2023.07.002. 
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