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Abstract
Background: Expectations towards surgeons in modern surgical practice are extremely high
with minimal complication rates and maximal patient safety as paramount objectives. Both of
these aims are highly dependent on individual technical skills that require sustained, focused,
and efficient training outside the clinical environment. At the same time, there is an increas-
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ing moral and ethical pressure to reduce the use of animals in research and training, which
has fundamentally changed the practice of microsurgical training and research. Various animal models were introduced and widely used during the mid-20th century, the pioneering era
of experimental microsurgery. Since then, high numbers of ex vivo training concepts and quality control measures have been proposed, all aiming to reduce the number of animals without
compromising quality and outcome of training. Summary: Numerous microsurgical training
courses are available worldwide, but there is no general agreement concerning the standardization of microsurgical training. The major aim of this literature review and recommendation
is to give an overview of various aspects of microsurgical training. We introduce here the findings of a previous survey-based analysis of microsurgical courses within our network. Basic
principles behind microsurgical training (3Rs, good laboratory practice, 3Cs), considerations
around various microsurgical training models, as well as several skill assessment tools are discussed. Recommendations are formulated following intense discussions within the European
Society for Surgical Research (ESSR) and the International Society for Experimental Microsurgery (ISEM), based on scientific literature as well as on several decades of experience in the
field of experimental (micro)surgery and preclinical research, represented by the contributing
authors. Key Messages: Although ex vivo models are crucial for the replacement and reduction of live animal use, living animals are still indispensable at every level of training which
aims at more than just a basic introduction to microsurgical techniques. Modern, competency-based microsurgical training is multi-level, implementing different objective assessment
tools as outcome measures. A clear consensus on fundamental principles of microsurgical
training and more active international collaboration for the sake of standardization are urgently needed.
© 2017 S. Karger AG, Basel

The main purpose of using animal models is to reproduce disease processes, to test
biomedical devices or compounds, and to help provide answers concerning issues of disease
pathogenesis, prevention, and treatment in human and veterinary medicine. However, animal
models are also fundamental in the training of biomedical scientists and even more important
for the preclinical training of future surgeons. While training in large animals is similar to the
surgical technique used in humans, experimental microsurgery is substantially different from
macrosurgery; it requires specific surgical (micro-)instruments, very fine suture materials,
optical magnification, and perfect hand-eye coordination in a very small, indirect field of view.
Microsurgical courses are organized in various parts of the world in order to help scientists and surgeons acquire the necessary microsurgical skills. Due to ethical and scientific
issues and new legislation on animal research, leading centers developed nonliving training
models allowing simulation of the key procedures as well as structured microsurgical training
guidelines, integrating the modern principles of quality control. However, besides positive
developments in some centers, there is still no international consensus on microsurgical
training. Most of the teams are still using their “well-established” in-house protocols often
without any objective validation. There are also no competency-defined criteria available
which could be followed when marking a threshold for progression between different levels
of training [1].
In June 2015 a joint round table discussion of the European Society for Surgical
Research (ESSR) and the International Society for Experimental Microsurgery (ISEM), at
the 50th Golden Anniversary Congress of the ESSR in Liverpool, aimed to issue a focused
document on microsurgical research and training as a recommendation of these two societies. These endeavors are embodied in the present work, which offers an overview of
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state-of-the-art microsurgical training. Basic principles of experimental research and
microsurgery are summarized. Current microsurgical training models and training
concepts as well as issues concerning quality assessment and the translation of skills to
clinical practice are discussed.
Basic Principles Driving Experimental Microsurgery and Training

Over the past decades, the following 3 basic principles have been developed: 3Rs
(replacement, reduction, refinement), GLP (good laboratory practice), and 3Cs (curriculum,
competence, clinical performance). The implementation of these has substantially contributed
to modern research and training practice in experimental and clinical microsurgery.

3Rs
A driving force behind many developments in preclinical research during the late 20th
century was the principle of the 3Rs, postulated by Russell and Burch [2] in 1959. Their claims
provided the basis for humane procedures in experimental biology and have directed new
laws and regulations in many countries around the world. In most western nations, scientists
are required by law to work along its lines. [3] The 3Rs stand for the well-known replacement,
reduction, and refinement. Some authors have discussed the improved concept of the 4Rs
which implements the rehabilitation of animals (mostly large animals) used in experimental
research [4].
In the case of experimental microsurgery, full replacement of animals is implausible;
hence, the importance of measures to refine techniques and reduce the number of animals
needed is obvious. High-quality, standardized training will also contribute to improved data
quality in preclinical research. Compliance to social and biological requirements of animals
might currently represent a challenge to some institutions; however, going forward, infrastructural, educational, and organizational planning should aim at meeting these standards.

3Cs
The classical “learning by doing” approach is still widely used. However, it is considered
inappropriate for microsurgical training due to the caused frustration, the high number of
animals used, and valuable time spent. The basics of modern competency-based microsurgical education can also be summarized in the principle of the 3Cs, suggested for the first time
by Kobayashi [6] in 2015 (originally published by Kobayashi and Lefor in Japanese). The 3Cs
stand for curriculum, competence, and clinical performance.
Curriculum: In the microsurgical learning process a well-designed curriculum is essential.
This usually consists of several different training models and approaches (see chapter 3).
Competence: Learning a microsurgical procedure has several components. Competency-based learning is learner centered [7]. Competency-based learning allows the trainees
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Good Laboratory Practice
In the 1970s, the US authorities observed several deficiencies in planning, performing,
documenting, and reporting of preclinical studies [5]. The political answer to these scandalous cases was the implementation of the GLP guidelines. GLP principles were initially
developed for experimental studies in the field of substance toxicity, pharmacodynamics, and
kinetics. However, the widespread acceptance of these guidelines also contributed to general
improvements in laboratory standards and, therefore, in microsurgical research and training
as well. These developments resulted in a claim for international standards, monitoring, and
quality assurance.
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to learn procedures at their individual pace, targeting predefined goals. In this phase the
introduction of objective assessment tools is also essential to assess the different needs of
trainees.
Clinical performance: This term was defined for clinical microsurgeons. For this group of
trainees, the clinical translation of time spent and skills obtained in the training laboratory is
highly relevant. However, it can also be adapted for biomedical researchers, where performance is manifested in data quality, the reduced number of animals needed, and improved
animal welfare within the frameworks of research projects. Performance in research or in the
clinical setting is one of the most important factors when evaluating the reason of existence
of our microsurgical training programs.
All microsurgical training programs should follow these basic principles of animal
welfare, laboratory research practice, and education.
Considerations on Microsurgical Training Concepts

Thoughts on Instrumental Background
Regarding the microsurgical instruments, we consider 3 issues to be of importance:
quality, standardization, and maintenance.
We recommend the use of high-quality instruments from the very beginning of training
(Table 1). The minimum equipment required to teach different levels of microvascular
surgery to a trainee are shown. Although high-quality instruments are essential for microsurgery, in many laboratories beginner trainees often use damaged or low-quality “training”
instruments for practicing. Inadequate equipment can force candidates to compensate the
deficit within the inferior instruments with unnecessary, awkward movements. This strategy
can be very detrimental as it may cause unnecessary frustration due to a high failure rate and
promote the acquisition of incorrect handling techniques. Once learned, incorrect techniques
are difficult to “reprogram” in a later phase of training, and will hinder the development of
delicate and reliable microsurgical skills.
We recommend the use of a standardized set of instruments for training. However,
there are also arguments for a diverse training setup. Many centers operate with similar
“workstations” with standard microscopes and instrument setups for all candidates to
avoid any differences in training due to instrumental reasons. However, a rotation of
participants between workstations to try various types of microscopes from the simple
tabletop settings to the complex clinically used standing microscopes, as well as the testing
of less frequently used instruments (e.g., various forceps with or without platforms,
bayonet instruments, needle holders with or without catch) could help in developing more
confidence in instrument handling [8]. Further describing the basic instrumental needs for
microsurgical training are beyond the scope of this review and can be found in previous
publications [9, 10].
We also recommend the inclusion of instrument care in the training curriculum. Educating
the trainee on the proper care, handling, and cleaning of these delicate instruments must also
be part of the pretraining phase in order to reduce the risk of damages and costs [11].
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Typing the keywords “microsurgical training” and “microsurgical models” into the search
engine of the MEDLINE database will result in several hundreds of hits, showing the high
number of training approaches which have been established for different levels of microsurgical training. In this section of our article we give an overview of the prerequisites in organized institutional microsurgical training as well as a summary of the in silico, ex vivo, and in
vivo models used in the different microsurgical education concepts.
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Table 1. Instrumental prerequisites of microsurgical training

Ex vivo training
Surgical microscope

Straight microforceps
Curved microforceps
Needle holder

Straight microscissors
Curved microscissors

In vivo training
Vessel-dilating forceps
Irrigation tips
Microvessel clamps/clips double
(approximator)
Microvessel clamps/clips single
Microvessel clip applicator

General
Microsurgical suture materials
Instrument demagnetizer
Background material
Coagulator
Heparin
Lidocaine
Table
Chair
Operation surface
Cotton swabs

Further surgical instruments
and material

Description

Focal length of 250–350 mm, different magnifications (4–25×) to be
switched manually or using footswitch, double eyepiece or a camera
and monitor output allowing the tutor to control the procedure, light
source providing strong and homogeneous illumination for the
operation field (halogen, xenon, fiber optic, LED), color temperature
of 3,500–6,000 K
Jeweler’s forceps with delicate tip, tying forceps with tying platform,
round body to ease rotating movements
Jeweler’s forceps with delicate tip, tying forceps with tying platform,
round body to ease rotating movements, can be used as needle
holder as well
Fine, slightly curved tip, spring handled without catch, round body to
ease rotation movement, as preferred by most surgeons
Adventitia scissors, spring handled, straight blade, sharp tips
Dissection scissors, gently curved, spring handled, rounded tips
Extremely delicate tip
Metal or plastic, blunt tip, straight or angled
Atraumatic, with sliding approximator, with or without suture
holding frame, corresponding tension (vessel size, type, pressure),
plastic or metal
Atraumatic, corresponding tension (vessel size, type, pressure),
plastic or metal
Corresponding applicator for the clamps

Taper point, flat body needles, 8-0 to 12-0 sutures nylon or
polypropylene (monofilament)
Demagnetizer in case of unwanted magnetization
Colored plastic material providing contrast when suturing
Bipolar forceps for microsurgery or portable cautery pen device
Rinse vessel ends
In 1–10% solution to prevent spasm, alternatively papaverine
Appropriate height, preferentially adjustable, adequate size to
eventually enable the tutor to follow procedure from opposite or
lateral side of the table ( in case of a microscope with double
eyepiece)
Easily adjustable height, without backrest
Flat operation surface with heating pad
Cotton swabs with fine (for blunt preparation) and bigger tips (for
hemostasis and removal of fluid, blood)
Trimmer/clippers, disinfection solution, scalpel or surgical scissors
for opening the skin, fine scissors for preparation, surgical forceps,
fine forceps for preparation, gauze material 5×5 and 10×10 cm, selfretaining retractors

Supervision and Trainee/Tutor Ratio
Microsurgical training requires intense supervision. In general, individual supervision is
highly recommended during microsurgical training with the lowest possible trainee/tutor
ratio [12–14], while “mass training” should be avoided [13].
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Teaching Concepts
Surgical education was long based on the apprenticeship model. In this model training is
based on the subjective opinion of senior faculty members. The length of the training is not
strictly defined, but is rather dependent on the randomly occurring suitable learning situation, the subjective assessment of skill level, and skill acquisition through the senior faculty
[15]. Increasing hospital costs, patient safety concerns, and structural changes in education
made the reappraisal of this training concept necessary [16, 17].
Consequently, alternative training methods were developed to attain the required
dexterity skills outside the clinical situation. In the beginning, classical ex vivo models were
used. Nowadays, computer technology, virtual reality, and the development of microsurgical
simulators using real surgical instruments and visual – as well as haptic – feedback (in silico
training) offer valuable alternatives besides classical ex vivo models [18–20]. However, the
exact role of this training modality in routine surgical education is still uncertain.
The following basic sequence gains increasing acceptance: acquisition of theoretical
knowledge, acquisition of basic skills using surrogate plastic and biomaterials and, as the last
step, training of complex procedures using living animals. Over the past years, several comprehensive studies have been published on novel strategies for reducing the use of animals and
training candidates on theoretical and practical levels without living subjects [21–23].
Before – or parallel with – training in the laboratory, the candidate has to develop a solid
theoretical knowledge about microsurgical techniques [24]. Besides surgical aspects, theoretical training must integrate the basics of veterinary anesthesia, analgesia and pain recognition, animal welfare, and basic understanding of animal behavior and handling.
This can be achieved the conventional way, by lectures, providing textbooks, comprehensive reviews, and course booklets or other kind of course material. To reduce time and
high costs of teaching in the form of seminars and attendance blocks, we advocate the use of
a blended learning concept, incorporating e-learning. Establishing e-learning materials not
only contributes to easier and better standardization on an international and national level,
but, in the long term, it can radically reduce costs for candidates (travel and accommodation)
and training centers (providing lecturers, venue) as well. Blended learning can also help to
avoid fatigue and a drop in cognitive capacities during long attendance blocks. Messaoudi et
al. [25] has published their experience in 2015 with the first e-learning program for microsurgery in France. They showed a high satisfaction, especially among students residing far
from their training centers. Today, free-of-charge video platforms are widely available and
even scientific video journals are gaining ground; therefore, the role of quality and didactic
training videos in surgical training and in its international standardization is highly emphasized [23, 26, 27].
Basic practical microsurgical training should start using nonliving models for ex vivo
training. The selection of nonliving models spans from the very simple – but not very realis-
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The number of trainees per supervisor depends on 2 factors: quality of training curriculum
and didactic expertise of the tutors. The highest acceptable trainee/tutor ratio is very much
dependent on the training curriculum. In the case of a well-designed training with an established step-by-step protocol and strong supporting material for learning outside the laboratory
(e.g., training videos, e-learning, illustrated course booklets), a higher ratio can be tolerated.
Supervisors should have considerable teaching experience but also undergo didactic
training. Tutors for microsurgical training should have several years of experience in the field
in order to have developed an appropriate sense for recognizing problematic steps and help
candidates to keep their motivation and overcome difficulties. Accordingly, the significance
of appropriate and continuous training of the tutor to obtain and maintain the aforementioned skills is also essential, but often underestimated.
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tic – rubber glove or rubber membrane suturing to the sophisticated computer simulators,
but also includes exercises such as anastomoses on biomaterials [18, 21, 28–30]. A major aim
of this training phase is to teach depth and hand-eye coordination, and gentle handling of the
instruments and microscope. Furthermore, the candidates have to develop the appropriate
feeling of movements under the microscope, and to understand their personal ergonomics
(the basic body and hand position to avoid tremor and fatigue), without sacrificing living
animals. In this stage it is recommended to break down all movements to very simple elements
(e.g., analyzing and practicing all single steps of taking a bite or tying a knot).
Establishing an institutional biobank or organ sharing system may further reduce the use
of living animals for training purposes. In most research facilities, due to specific research
projects, numerous undamaged animal organs are discarded daily. These could be retrieved
and used for educational purposes (e.g., rat cryopreserved vessel samples, pig hearts with
intact coronary arteries).
In the modern multistep approach, trainees can usually start in vivo training after
obtaining the basic knowledge and skills [31]. The use of in vivo models has been explored in
detail, resulting in vast literature introducing different techniques to improve training
protocols and reduce the use of living subjects [32, 33]. In vivo training has one key advantage:
the experience of living tissue properties where mishandling and technical mistakes will lead
to bleeding, thrombosis, or other complications. However, working with living animals might
also be very stressful for novices. Large vessels might be damaged even before performing
microvascular anastomosis, and even worse, animals can unexpectedly die due to bleeding or
also during long anesthesia.
Training on living animals requires a strict ethical assessment process and may require
additional qualification (FELASA B or similar) even within the framework of a course [22].
Several systematic reviews are available on this topic, dealing with different microsurgical
training elements and selectively testing the validity of these models [1, 16, 34, 35].

The lack of standards regarding the structure and content of microsurgical courses
available worldwide has led to enormous heterogeneity. This was concluded by several
groups after performing analyses on microsurgical courses on national or international levels
[36–42]. Similarly, it has already been declared by several groups that an ideal training tool
or concept does not exist.
Theoretically, the ideal training should reproduce the preclinical or clinical situation in a
realistic way. It must be generally recognized, reproducible, and free of ethical issues and any
risk of hazards [34]. Furthermore, it has to be cost-efficient and require low-maintenance
efforts. Although such an “ideal tool” does not exist, a theoretically ideal training might be
approximated by means of well-designed concepts, individually customized for training
groups, levels, and purposes. Certain diversity is necessary to reach the specific predefined
goals. The choice concerning the use of well-established traditional training models should
stay in the hands of the training centers. Despite leaving this freedom to the training centers,
there is an increasing need for standardization of skill assessment in surgical training [36].
In 2013, the ISEM performed a survey-based analysis within its international network
(Nemeth et al., unpubl. data). A query was designed and sent out electronically to the ISEM
centers in Brazil, Canada, PR China, Germany, Hungary, Italy, Japan, South Korea, Romania,
Sweden, Spain, Taiwan, and the USA. Participants were asked to provide a general description
of the course (size, frequency, duration) as well as its academic and professional credentials.
In addition, information on course funding was requested.
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The survey resulted in a 90% response rate. A total of 12/13 centers completed the questionnaire. This study revealed a substantial heterogeneity regarding program, frequency, and
time frame of the courses offered by the different institutions. Course duration was between
24 and 40 h with a participant/tutor ratio varying between 1:1 and 5:1. The curriculum of
most programs included classical elements of basic microsurgical techniques, e.g., proper
handling of microsurgical instruments, atraumatic tissue preparation, suture techniques on
various models and biological surrogate materials (e.g., pig foot, chicken wing), end-to-end
vascular anastomosis on isolated vessels and/or anesthetized rat abdominal aorta or femoral
artery, and epi/perineural suturing. However, few departments (mostly those offering a
maximum of 2–4 courses per year) considered personalized, custom-tailored programs as
their most important merit.
Most programs considered it important to keep the participant/tutor ratio at a low level.
The key purpose was to ensure sufficient individual training time with intense supervision.
However, our survey revealed a considerable diversity in the courses offered.
Funding for the courses was mostly ensured by the participation fee. However, based on
our findings, it can be concluded that purely from an economical point of view these courses
could not survive. Most of the organizing groups mentioned the support of the host institutions as a very important prerequisite. Concretely, institutional support consisted in providing
venues and/or equipment (e.g., microscopes, instruments) or other type of supports according
to departmental/university strategies. The added value, vocation and attitude of the tutors,
prestige of the department and university, and special skills obtained altogether result in a
quantitatively hardly measurable value that makes these courses engaging and keeps them
alive. Although this survey was only a cross-section of our training for the given time within
our peers in the ISEM, the abovementioned findings correlate well with the international
literature [36–42].

Microsurgery training is an essential part of surgical training programs for numerous
specialties (e.g., hand surgeons, orthopedics, plastic surgeons, ENT specialists, ophthalmologists, experimental researchers) [32, 36]. The most important question is whether or not
previous training on prosthetic models or living animals can really improve clinical surgical
skills. In other words, how can we make sure that the predictive validity [34] (relationship
between the performance on models and the clinical microsurgical skills) of the used training
concept is satisfactory?
Most of the microsurgical programs do not evaluate the achieved competence, but
confirm participation. Leung et al. [36] reviewed 39 different microsurgical courses offered
worldwide. They reported that 75% (18/24) of the basic microsurgical courses did not
include any evaluation method to test surgical performance and improvement. Only 1 center
used a formal validation method (global rating scale, GRS) and calculated a final grade for the
trainees.
Recent reports regarding the gain in competence after participating in a microsurgical
class revealed controversial results. Studinger et al. [43] evaluated whether residents and
fellows who completed various microsurgical courses were able to perform simple end-toend anastomoses of rat femoral artery and vein. Interestingly, a high rate of failure was
observed. Only 64% of participants could perform a patent arterial or venous anastomosis.
The authors concluded that the duration of the previously attended training courses had no
significant effect on performance and was not a predictive value for successfully performing
microsurgery [43]. Nevertheless, this was not confirmed in a recent study of Christensen et
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al. [44] analyzing data from a larger group consisting of 61 participants of laboratory microsurgical training. According to their experience, patency rates in training and days spent in
laboratory were fair predictors of later clinical outcome of free flap and replant surgeries. In
a further work, Atkins et al. [45] investigated the effects of a 5-day microsurgical skills course
in a group of 30 surgeons. Among these candidates, 60% (18/30) managed to improve their
performance, and 10% (3/30) maintained their skill levels. However, 30% (9/30) even
decreased their score regarding outcomes in a conventional rat femoral artery end-to-end
anastomosis exercise.
These findings raise questions regarding the long-term clinical translatability of skills
(learned via sacrificing living animals) and urge us to improve the competency criteria of our
training methods and develop a way to assess our success or failure as a training center.
Various assessment tools – most of which were developed for general surgery training
– were modified to adapt to the special demands of microsurgical training [1, 35, 46].

Elementary Assessment Tools
Elementary assessment tools are based on (external or self) observation and on the evaluation of the process and result quality.

Process Quality
The most frequently used qualitative tool to assess process quality is the direct observation by senior surgeons [36]. However, this approach has a poor validity; it is merely
subjective and assessor dependent as well as time consuming [46]. Satterwhite et al. [47]
used a self-evaluation tool, where trainees had to assess their own confidence in performing
microsurgical anastomoses.

Objective Structured Practical Examination, Checklists, and Global Rating Scales
The objective structured practical examination (OSPE) is an assessment tool in which the
components of a certain competence are tested using checklists at different stations. The
concept of the OSPE was first described in 1975 by Harden et al. [50] from Dundee. Since then,
the OSPE has revolutionized clinical and practical examination and was adopted worldwide
for assessing skill acquisition [51].
In microsurgery, Grober et al. [52] used a detailed, dichotomous, and task-specific 30-item
evaluation checklist, whereby 1 mark was awarded for each correctly performed step in the
procedure in parallel with a GRS. Regehr et al. [53] demonstrated the superiority in reliability
and validity of a global rating scale compared to a task-specific checklist in a general surgical
bench-training situation. Moulton et al. [17] tested 2 different microsurgical training concepts
using various assessment tools. They concluded that global ratings seemed to be a more
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Result Quality
Assessing the macroscopic appearance of the anastomosis after transection or use of
other visualization methods (photos, angiography, electron microscopy) has been mentioned
in various reports [21, 48]. Further elementary assessment tools such as vessel patency
(using physical patency tests, e.g., “empty and refill,” transit time flow probes, dye injections,
strip tests, angiographic methods), vessel bleeding, physiological function of the vessel
following anastomosis (nor-adrenaline or potassium chloride-induced contraction) were
reviewed by others [1]. Ghanem et al. [49] recently established and validated the anastomosis
lapse index (ALI). ALI is a pool of 10 typical errors potentially leading to anastomosis failure
based on the analyses of photos of longitudinally opened anastomoses. ALI showed significant differences between novice and expert surgeons and was also suitable for detecting the
improvement of skills with time in a setting of a 5-day microsurgical course.
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Table 2. Global rating scale and its main modifications
First author

Year

Grober

Ref.
No.

Tool

Model

Sample group

Assessment

2003 57

GRS

50 surgical residents

Ezra

2009 58

OSATS

Standard suturing
exercise (Penrose drain),
2 interrupted sutures and
knot tying

Expert rating of
videos by blinded
microsurgeons

Temple

2009 59

UWOMSA
– knot tying
– anastomosis
modules

Chan

2010 60

Chicken leg model and
practice card in a 3-h
session, knot tying,
sutures, end-to-end and
end-to-side anastomoses

Satterwhite

2014 62

Clinical venous
SAMS
anastomoses
– GRS
– error list
– comments
– overall performance
– indicative skill

37 videos were reviewed,
including 20 knot-tying
sessions and 17
anastomoses; different
specialties and training
levels

SMaRT
– with 9 categories
it represents an
extension compared
to the GRS

Placing a suture into a
model eye

Latex glove model,
Penrose drain, and dorsal
vessel of a chicken foot

14 ophthalmology
residents

10 clinical
microanastomosis cases
performed by trainees
and 5 by a consultant
microsurgeon
A total of 17 residents
were included in this
study, representing all
years of the program.

2 blinded observers
scored video
recordings
Blinded assessment
by 2 surgeons

Video assessment by
3 consultants in a
blinded fashion
Videos were assessed
by expert evaluators
in a blinded fashion

accurate measure of surgical performance than checklists. Improvements in checklist scores
did not seem to follow any consistent pattern.
The introduction of GRSs eliminated several drawbacks of the checklists. Checklists are
breaking down a complex procedure to the most fundamental steps and assessing these in a
rigid system. Surgeons usually proceed with a certain task in a synthesizing manner and
cannot stick to the rigid construct of a checklist [1]. Furthermore, checklists usually do not
have any internal weighting for the different steps of a procedure and only use a binary
system (procedure performed or not, correctly or incorrectly) [1, 46, 54].
GRSs were initially developed for general surgical procedure but they were later adapted
for microsurgery and modified by several authors [1, 35, 46, 55–57] (Table 2). These tools are
making the parallel assessment of various details – believed to determine microsurgical
outcome – possible (respect for tissue handling, time, flow of surgery, dexterity). A scale with
well-defined categories is usually implemented for scoring [1]. Ezra et al. [58] slightly modified
the GRS in a study recruiting ophthalmology residents (Table 2). Temple and Ross [59] introduced knot tying and anastomosis modules to create the UWOMSA (University of Western
Ontario Microsurgical Skills Acquisition/Assessment Instrument). In their study, measures of
criterion validity demonstrated strong agreement between UWOMSA and the GRS (Table 2).
The SAMS (Structured Assessment of Microsurgery) tool, introduced by Chan et al. [60, 61],
is a complex assessment approach. It consists of a GRS and further novel elements such as an
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Technical Assessment Tools
Nowadays, a very convenient and easy-to-use technical tool to support the assessment of
process and result quality is the use of digital video recording and imaging. These records can
be analyzed to visualize learning curves, e.g., time, suture placement, handling, survival, and
complication rates in more complex surgical models such as transplantation [23, 24, 63–65].
Within our group we used microscopic video recordings to evaluate the process of skill acquisition during the training of rat orthotopic liver transplantation [23]. Recordings were
assessed by trainees to identify unnecessary movements or false techniques with the help of
the supervisors. This guided analysis can and should represent the basis for trainees to understand their own errors and to develop strategies on how to prevent these errors. This can be
extended by the application of the so-called PDCA cycles (plan – do – check the results –
action). This instrument, which is utilized frequently in quality control and management, calls
for the definition of a specific goal for a given procedure followed by the subsequent performance analysis. Each round of performance is assessed carefully in respect to the predefined
goal and is intended to set the goal for the next training round [65]. Performed consequently,
this approach can help to set defined technical goals for each repetition and limit the number
of repetitions needed until a technique is mastered [65].
Video-based learning can be further supported by an automated analysis algorithm.
Motion tracking, like other measures mentioned in the present section of our manuscript,
became popular thanks to the attempts for the assessment of skill acquisition in general
surgery [66, 67]. To date, there are a handful of studies available using motion-tracking
devices also in microsurgical scenarios (Table 3) [17, 57, 58, 68–70]. According to the conclusions of these works, hand motion analysis might be a valuable and valid quantitative tool for
the assessment of microsurgical skill acquisition. However, the major drawback of the
complex system is the price of software and devices, especially if simultaneous assessment of
several candidates is necessary.
Conventional hand motion tracking is based on electromagnetic sensors placed on the
hand of the surgeon. However, this is not the only way for motion analysis in microsurgical
research. Shah et al. [71] have recently reported their preliminary experience with the use of
UberSense, a free-of-charge smartphone application. This tool is a slow-motion video analysis
application mostly used by athletes. The authors adopted this method for analysis of video
recordings of microsurgical interventions performed by a trainee or by a consultant. They
designated several target parameters, which can be quantitatively measured using UberSense (Table 3). The validity and usefulness of this interesting and cost-effective tool needs
to be further assessed with higher sample sizes.
McGoldrick et al. [72] proposed a novel video instrument motion analysis tool to objectively measure movements during microsurgical tasks (Table 3). They report that motion
analysis performance scores correlated well with the SMaRT scale scores. The authors cited
the high initial costs (USD 5,000 for the software) as a disadvantage of this approach.
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error list, comments, overall performance scale, and an indicative skill for next performance
scale (Table 2). The SAMS tool has the ability to measure skills on different axes; however, it
is rather complex and time consuming. Recently, a refined GRS has been reported by Satterwhite et al. [62] (Table 2). They introduced an online curriculum for microsurgical training
combined with different prosthetic and ex vivo training models (latex glove model, Penrose
drain, dorsal vessel of a chicken foot). Trainees were assessed with the novel SMaRT (Stanford
Microsurgery and Resident Training Scale) tool, which is a GRS with 9 categories (instrument
handling, respect for tissue, efficiency, suture handling, suturing technique, quality of knot,
final product, operation flow, overall performance) and a scale ranging between 1 and 5.

2006

2008

2009

2010

2015

Saleh

Saleh

Ezra

Grober

Harada

73

70

58

69

Combination of infrared
optical motion tracking
markers, an inertial
measurement unit, and
strain gauges

ICSAD

ICSAD

Qualisys ProReflex 500
motion caption system

ICSAD

ICSAD

ICSAD

Path length
Total hand movements
Time

The task was an end-to-end anastomosis
of 0.7-mm silicone tube with 3 stitches

Clinical cases
1. Microsurgical suturing and knot tying
in the outer muscular layer of the vas
deferens using 3 interrupted 9-0 nylon
sutures
2. Complete no-scalpel vasectomy
performed under local anesthesia

Placing a suture into a model eye

23 neurosurgeons

1 novice and 1 experienced surgeon

14 residents

Time
Tool path
Needle gripping force

Total hand movements
Hand travel distance

Path length
Total hand movements
Time

Path length
Total hand movements
Time

Novice surgeons (n = 10) with <5
previously performed procedures,
trainee surgeons (n = 10) with
5–100, and expert surgeons (n = 10)
with more than 100 previously
performed procedures

Novice surgeons (n = 10) with <5
previously performed corneal
sutures, trainee surgeons (n = 10)
with 5–100, and expert surgeons
(n = 10) with more than 100
previously performed procedures

1. Insertion of a deep suture around a
metallic hook surrounded by a plastic
cylinder
2. Insertion of a continuous suture using
6-0 polypropylene in a preformed skin
wound

Placing a suture into a model eye

The number of dominant hand
movements

Economy of hand motion (the
number of hand movements)
Hand travel distance
Direction and acceleration
changes

Assessment

38 junior residents in postgraduate
training years 1 (n = 16), 2 (n = 15),
and 3 (n = 7)

50 residents

Sample group

As above: 2 interrupted sutures had to be
placed into a Penrose drain and then tied

2 interrupted sutures had to be placed
into a Penrose drain and then tied

Model
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17

2006

Moulton

68

57

Hand motion analysis
Grober
2003

Ref. Tool
No.

Year

First author

Table 3. Studies implementing motion analysis
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Year

2014

71

UberSense smartphone
slow motion analysis
application

Placing microsurgical sutures (not
detailed)

Residents were recorded performing an
anastomosis of a divided dorsal artery on
a chicken foot model using a 10-0 nylon
suture

Model

1 senior surgeon and 1 trainee

85 microsurgical anastomoses from
16 residents ranging from
postgraduate years 1 to 6 were
analyzed

Sample group

Needle-to-needle driver angle
Needle tip-to-needle driver
distance
The distance of suture entry and
exit in relationship to the vessel
edge
Needle-to-vessel wall angle
Suture tail length
Number of ancillary movements
Time to completion

Time
Tremor
Extreme movements
Overall pattern of movements

Assessment
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ICSAD, Imperial College Surgical Assessment Device.

Shah

ProAnalyst video motion
analysis software

Ref. Tool
No.

Instrument motion analysis
McGoldrick
2015
72

First author

Table 3 (continued)
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Harada et al. [73] published their experience with a novel complex motion analysis device
consisting of infrared optical motion tracking, a Bluetooth-based inertial measurement unit,
and strain gauges (the device was fixed to the end of a microforceps) (Table 3). With this
method not only the hand movements and times can be analyzed, but the needle gripping
force as well. They demonstrated a slightly lower needle gripping force applied by expert
surgeons compared to less skilled trainees; however, the difference did not reach the level of
significance.
Using a computer program and electronic shutter goggles, various authors attempted to
demonstrate the role of visual spatial ability (ability of the brain to manipulate 2-dimensional
and 3-dimensional images) in skill acquisition during complex surgical and microsurgical interventions [57, 74, 75]. The validity of stereoscopic visual acuity (SVA) was assessed by Grober et
al [57]. The aim of these measurements was to determine the stereoscopic depth, which can just
still be detected by the candidate. Performance of the candidate in the SVA test was compared
with the result of GRS scores. The authors concluded that SVA did not correlate significantly with
global rating scores. Horváth et al. [76] used PAM tremorometry developed for Parkinson diagnostics to analyze microsurgical skills with 2 different instrument handling approaches.

Several new principles of experimental research have been introduced during the last
decades (3Rs, GLP, 3Cs), representing major driving forces in developing microsurgical
research and training. Taking into account that no perfect training models are available,
microsurgical training always has to be a well-designed multistep program including different
kinds of models from the very simple dry models to demanding living models.
The history of microsurgical training and the traditional aim for better standardization
goes back several decades [33]. The increasing use of modern objective assessment tools (e.g.,
OSPE, check lists, GRSs, motion analysis) has emerged in the last few years.
The authors recommend the combined use of assessment tools and devices. In the
beginning of training when the presence of an experienced tutor is highly emphasized [13],
tools of direct observation by an expert surgeon, GRSs, and elementary assessment approaches
such as patency tests can provide effective reliable feedback about our training. In more
advanced stages (besides GRSs, learning curves, self-evaluation using videos or checklist), the
introduction of more complex measures (e.g., hand and instrument motion analysis, needle
grip force) should be considered. Other factors, such as manpower and resources of the laboratory, as well as comfort and expectations of the students, also need to be considered when
selecting assessment tools for training courses.
Great pioneers of experimental microsurgical training, e.g., Sun Lee or Robert D. Acland,
have not based their work on the use of sophisticated assessment tools. Their models and
training concepts became legendary due to their extraordinary surgical skills and personalities as teachers and academics. This nonmeasurable “humane” aspect of training has to be
appreciated in the era of objective skill assessment as well.
The survey study demonstrated in the present paper, and confirmed by others, showed
a huge demand for microsurgical training opportunities. However, accessibility and “service”
are very heterogeneous in different countries. In our opinion, for learning the basics of microsurgery, 1- or 2-day courses cannot be effective. These short courses are too long for an introduction but not satisfactory for an effective skill acquisition. Courses offering 40 h or more
might be suitable for basic training. Since there is an increased globalization and mobility,
people may search for the best service for their money within a widening geographical range,
which frequently results in “course tourism.”
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As with previous authors, we also suggest abandoning the obsolete concept of “certificate
of attendance” at the end of the microsurgical training courses and to introduce a new “certificate of attendance and competence” [43]. This certificate must contain a grade of competence, assessed throughout the training using the aforementioned objective assessment tools.
An online register keeping all relevant courses and institutions, as well as microsurgeons
and tutors, in one place would significantly increase transparency and standards in this field.
It would also bring simplicity for institutions to promote their programs and for scientists to
build their microsurgical network. Higher standards and better transparency in experimental
microsurgery could also result in improved clinical outcomes as well as in better data quality
in research. There is a strong need worldwide for better communication between working
groups as well as for improvements in standardizing microsurgical research and training. We
believe that active collaboration between our societies can provide a solid basis for these
endeavors in the future.
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