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Using Engineering Methods (Kaizen and Micromovements Science) to Improve and

Provide Evidence Regarding Microsurgical Hand Skills
Pablo Javier Villanueva1, Taku Sugiyama2, Bárbara Magdalena Villanueva3, Hector Ivan Rodriguez3,

Antonio Arciénaga3, Iype Cherian4
-OBJECTIVE: Microsurgical interventions involve the
interaction of numerous variables, making objective anal-
ysis of skill proficiency challenging. This difficulty is even
more pronounced in low-resource contexts. Continuous
improvement methodologies such as Kaizen-planning, do-
ing, checking, acting (PDCA) and micromovements science
(MMS) can address this issue. This study aimed to
demonstrate the advantages of designing and implementing
microsurgical training programs using these
methodologies.

-METHODS: Following an extensive literature review of
Kaizen-PDCA and MMS, and under the guidance of expe-
rienced neurosurgeons and engineers, a microvascular
bypass training program was developed using the human
placenta. Subsequently, the training program was used to
analyze and describe the process of a trainee neurosur-
geon in Argentina with no prior experience in microvas-
cular anastomosis, as the operator gained proficiency.

-RESULTS: The trainee required 12 attempts to achieve
the program goals. The longest procedural time was during
the first attempt (1 hour 49 minutes 05 seconds with 2
mistakes), while the shortest time was during the fourth
attempt (53 minutes 29 seconds with 3 mistakes). After 12
attempts, the trainee made no mistakes, and the procedural
time was reduced to 57 minutes 37 seconds. The final
learning curve demonstrated a regular pattern and reached
a plateau after 7 attempts.
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Abbreviations and Acronyms
CD: Coefficient of determination
MMS: Micromovements study
PDCA: Planning, doing, checking, acting
SD: Standard deviation
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-CONCLUSIONS: The training program and methodology
effectively assessed, facilitated, and demonstrated the
acquisition of microsurgical skills. Kaizen-PDCA and MMS
enabled the effective use of expert experience, detailed
evaluation of microsurgical procedures, and integration
into a continuous improvement cycle. The program struc-
ture could also be valuable for teaching, evaluating, and
enhancing similar surgical procedures.
INTRODUCTION
he core concept of a procedure can be defined as a “logical
sequence of actions leading to a goal.” In the surgical
T field, a procedure consists of a series of surgical maneu-

vers (logical sequences of actions) aimed at solving a problem
caused by a disease (goal).
Surgical procedures integrate heterogeneous variables from

different fields such as anatomy, technique, pathology, clinical
situation, and operating room team/infrastructure. These variables
must be categorized according to urgency, type, body system
involved, degree of invasiveness, and special instrumentation.1

When evaluating results, surgical procedures should aim to be
better, faster, easier, safer, and cheaper. In other words, the
procedure should evolve into a more effective version, and when
possible, continue this improvement pathway by adapting to new
ideas, technologies, and knowledge.
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Although achieving this goal is challenging owing to regular
variability (which means that the same procedure has numerous
regular variations, making standardization difficult), selected
methodologies such as Kaizen-planning, doing, checking, acting
(PDCA) allow effective integration of different components. In the
following paragraphs, a brief but comprehensive justification is
presented regarding the inclusion of engineering tools and
methods combined with microsurgical procedures and their
constant and rapid evolution.

The Kaizen-PDCA Method
After World War II, a theory was presented with the publication of
“Kaizen: The Key to Japan’s Competitive Success” by Masaaki Imai
(1986) to the scientific community.2 The core of this new
perspective, oriented to properly diagnose and accurately solve
problems, is known as the PDCA cycle (an acronym for
Planning, Doing, Checking, Acting) (Figure 1). Sometimes, as
mentioned by Gabran and Swartz, “Acting” is replaced by
“Adjusting.”3 By using this cycle, data and practical experience
are processed, allowing procedures to be standardized
dynamically and always aimed at a fundamental concept:
continuous improvement.
Figure 1. Kaizen PDCA cycle applied to a micros
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The Japanese experience has demonstrated its effectiveness in
many areas,4-6 promoting the use of this method in Western
countries. The first documented applications of Kaizen in the
health care sector were reported in the 1990s.7,8 This approach has
been widely used by numerous hospitals aiming for
standardization or quality improvement.3

Some of the current applications can be reviewed using the
references of this article: operating room functioning,9

equipment utilization,10 surgical equipment manufacturing,11

and general health care.12,13 Kaizen-PDCA has local in-
stitutions that provide professional counseling.14 Recently, the
National Institute for Industrial Technology (INTI, Argentina)
and the Argentinian Society for Continuous Improvement
(SAMECO, Argentina) found the method suitable to assess
microsurgical procedures.15

The implementation of Kaizen in the health care sector can be
very challenging.12,16,17 However, when applying this method to
microsurgical procedures, early and strong benefits were
observed.

a) Effective use of the operator’s cumulative experience (maxi-
mizing expert operator expertise).
urgical situation. Source: own elaboration.
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b) Deep process analysis, identifying significant variables.

c) Objective selection (sometimes even creation) of measurement
tools.

d) Accurate stratification of procedure tasks and steps.

e) Creation of a “procedure dashboard” to obtain live data during
procedure performance.

f) Ability to adapt to new strategies, devices, instruments, etc.
The Micromovements Study Theory
In the engineering field, micromovements study (MMS) theory
and techniques have helped improve the efficiency of hand-skill-
related procedures. Professors Lillian and Frank Gilbreth refer to
this branch of science as the art of eliminating wastefulness due to
unnecessary motions.18 Further studies in this area have linked
micromotions analysis with reduced fatigue, better posture, and
time standardization for known procedures.19

Studying micromovements is optimal for evaluating small hand
movements that are repeated several times during a procedure and
also requires segmental analytics (from complex gestures to
fundamental moves). These elemental micromovements (later
called “Therbligs”) become the nucleus of study for MMS and
explain why an experienced operator achieves better results in
terms of time and quality. MMS not only applies to movement
evaluation, but also to how the training of a procedure should be
divided into 3 main parts synchronized with the different cate-
gories of Bloom’s taxonomy.20,21

It is important to mention that all the information from this
area was used to analyze microsurgical gestures, enrich the “op-
erator’s manual,” and design the task program. At the time of this
study, we could not find any records linking MMS to microsurgical
procedures.
The Relevance of Hand Skills Training at Higher Levels
“Serendipity or not, these surgeons (at a training laboratory)
realized a marked improvement in their overall surgical technique
and finesse once back in the operating room. A short time away
from the patient spent in the laboratory enhanced and expedited
the journey towards mastery of microsurgical techniques. This
introduced the art of the paucity of undesired motion in the
performance of surgery, and thus, the philosophy of ideal force
and tool motion.” (Prof. Dr. G. Sutherland, “Mastering intracra-
nial microvascular anastomose” prologue).22

The surgical field has been evolving since the very beginning,
with significant milestones such as the 1950s introduction of the
operating microscope by Jacobson and Suarez to solve complex
blood vessel anastomosis,23 which defined microsurgery as a
distinct surgical branch for many specialties.24 For
neurosurgeons, professor Yasargil and others set some of the
core concepts of microneurosurgery 5 null decades ago.25

The expertise and skills gained during this period are now being
challenged by advanced levels of visual magnification and digital
imaging devices,26-28 pushing hand-eye coordination to its limits.
Thus, improvements in “hand skills at high levels of magnifica-
tion” have a significant correlation with improvements in surgical
outcomes.
e382 www.SCIENCEDIRECT.com WORLD NE
In Argentina, the first author’s country, there are few resources
(such as devices, training institutions, artificial simulators, text-
books, and instruments), and there is an increasing need for
skilled microsurgical operators. Therefore, mastering and
educating microsurgical skills is both a significant challenge and a
crucial area for improvement. Based on this background, we
propose embedding the Kaizen-PDCA and MMS concepts into a
microsurgical skill training program to find the minimum infra-
structure needed for efficient surgical education. We analyzed and
described the entire process of gaining proficiency during the
program (in the hands of a neurosurgeon trainee), thereby vali-
dating its utility.
MATERIALS AND METHODS

Development of Kaizen-MMS Based Microsurgical Training
Program
The Kaizen-PDCA system provides a start point and infrastructure
to design, run, and evaluate a program as follows:15
Planning
a. Background information: Books and papers were reviewed

using specific keywords: “surgical training,” “surgical learning
curves,” “microsurgical techniques,” “microsurgical devices,”
“Kaizen in surgery,” “microsurgical simulators,” “continuous
improvement methods,” and “micromovements evaluation.”

b. Improvement points detection: Experts at microsurgical in-
terventions (members of the Neurosurgical Department at
KIMS Karad University, India) discussed the information and
selected “the need for skilled surgeons at complex microsur-
gery” as the main point to improve.

c. Precise problem definition: “The need for continuous
improvement of microsurgical skills at a high level of magni-
fication” was then analyzed to find possible causes, using a
Brainstorming technique; results were organized using Ishi-
kawa cause-effect diagram, and finally weighed by Pareto’s
diagram to identify the most important variables to be focused
on. Later, using 5W1H technique (what, why, where, who,
when, how) for every principal cause, an action plan was
depicted with the following directives:

- To use a surgical simulator.

- To build a precise step-by-step program to standardize the
procedure.

- To use the experience of most experts (building an operator
manual).

- To identify variables that properly evaluate dexterity (hand
skills assessment).

- To choose or generate tools for precise measurements
(scores tables).

- To verify effectiveness of the proposed plan (statistical
evaluation).

d. Main program goal: Hand skill improvement using a dedicated
program (step-by-step evaluation of specially designed tasks),
UROSURGERY, https://doi.org/10.1016/j.wneu.2024.06.075
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with objective quality assessment (less time used and fewer
mistakes committed) in a controlled scenario.

- Doing (sequential logical tasks): The starting point was
learning from the accumulative experience of experts in the
field using an operator’s manual (specially written for this
purpose, Appendix 1), where specific strategies, gestures,
and tips were offered to the operator. The MMS enriched
this analysis and teaching stage. The program was then
performed, following tasks and goals designed to develop
high dexterity levels for tissue interaction, instrument
manipulation, and device application.

- Checking: Selected hand skill-focused variables (elapsed
time, mistake score, and level of magnification) allowed for
the construction of a control panel with real-time informa-
tion, offering the opportunity to supervise strategies and
technical issues.

- Action/Adjusting: Real-time reading and interpretation of
information from the control panel allowed early decision-
making when the results displayed significant variations. In
addition, the operator’s manual was constantly evaluated to
enrich the content for other operators and/or future samples
for the same operator (this last adjustment assured fluency
and practice-update of the procedure’s basis).
Table 1. Mistakes Scores, Explanation, and Nomenclature

Mistake Abbreviation,
Name and Value Description

“M” ¼ Major
mistake ¼ 4pts

Selected vessel for dissection is damaged
(bleeding from a wall break).

Sutured vessel appears nonpermeable while
testing it. Patency verification tests show nonflux
or nonsignificant flux along though the suture

line.

“m” ¼ minor
mistake ¼ 1pt

Small braches coming from the parental vessel
are cut, intentionally or not, instead of being

avoided by fine dissection.

Laminar chorionic membrane, the deeper layer
under the vessel bottom, is breached. Bleeding

from decidua levels appears.

Sutured vessel shows a leak along the suture line
(either between stitches, and/or, because a stitch
started coming loose during the patency test).

This table summarizes all the possible mistakes committed during the task’s performance,
giving a numeric value to be objectivized, aiming to formal database building. Mis-
takes will appear at the surgical field as “bleeding” (during dissection), “leak,” or
“occlusion” (the last 2 come from patency test observation).
Task Program Design
A step-by-step progressive complexity task program modality was
adopted for better engagement in hand skills training. Full
comprehension of the operator’s manual was assessed as a sine-
qua-non requirement for initiating the program. The task and step
details are given in Appendix 2.
The human placenta was selected as the biological simulator

owing to its known benefits, academic background, and inex-
pensive accessibility (Appendix 2).29-38 The simulator was carefully
preserved39,40 until being used. Then, it was placed on a flat
surface under a microscope to achieve optimal lighting
conditions and minimize any potential bias related to angle,
position, or comfort.
The operation scenario was set under a surgical microscope

with standard features (working distance 25 cm, hand positioning,
6X-10X-16X-25X-40X optical magnification changer, LED light,
10X ocular pieces). A classical instrument set was consistently
used (2 microforceps, 1 vessel dilator forceps, 1 curved needle
holder, 2 microscissors, and rulers) for all procedures. The su-
tures, as required by the task, were a Mononylon 10/0, vascular
6 mm - 3/8 circled needle (always the same brand provider). The
same operating conditions were used for all samples. Stopwatches
and digital online annotations were also used.
The task complexity was increased progressively according to

the smaller size of the elements to be manipulated, requested
maneuver difficulty, and magnification level required. The
magnification level should be selected to achieve a balance be-
tween comfort and proper tissue visualization and handling.
Suggested levels were defined as low-level magnification (up to
10X), midlevel magnification (10-20X), or high level magnification
(>20X) following the descriptions and specially made recom-
mendations in the operator’s manual.
WORLD NEUROSURGERY 189: e380-e390, SEPTEMBER 2024
Each task was repeated as many times as necessary to complete
it without any mistakes before advancing to the next difficulty
level. Tasks 1e4 were planned to serve as “warming-up” tasks,
aiming to: be comfortable while working with the anatomy and
particularities of the surgical simulator, being familiar with the
program, and having a smooth interaction with the working unit
(microscope features, instrument set). In these tasks (1e4), time
registries were allowed to provide feedback to the operator, but
they did not participate in building the final database.
Assessment of Surgical Skill and Feedback
Focused variables were measured using specific tools and rules.

1. Time elapsed: The clock (stopwatch showing minutes and
seconds) was started and stopped following each task indica-
tion. No stopping was allowed for any reason. Time was
interpreted as having a close inverse relationship with perfor-
mance dexterity (better skill, less time used).

2. Mistakes made: A mistake scoring system was proposed and
followed for all tasks (dissecting and suturing steps) in the
program. Quick notes, such as “m” (minor mistake) or “M”
(major mistake) were taken during task performance. Later,
these notes were replaced by a numeric correlation system,
aiming to further mathematically interpret and represent a
quality evaluation for each step of the program.

A thorough description of each major and minor mistake was
built (Table 1).
The vessel patency test was performed at the end of the suturing

stage. This test consisted of cannulation of the proximal end of the
www.journals.elsevier.com/world-neurosurgery e383
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sutured vessel using an insulin (G30) needle with a 1 mL syringe
filled with saline. Pressure was then slowly and manually applied
to the syringe to look for 1) vessel patency through the suture line
and 2) suture line stability and sealing. This allowed the operator
to properly classify the suture quality and annotate the mistake
score for this step of the task.
Only Task 5 was used for database building and further analysis,

particularly for time records (mandatory for this task). To set the
working scenario under the same conditions for all the samples
(so that the evaluation focus could be placed on hand skills only),
only 1 operator (surgeon) performed the entire program.
A registration form was proposed for this task to facilitate the

subsequent database building (Table 2).
Inclusion and exclusion criteria should be evaluated to filter

low-quality data, prioritizing the quality of the procedure.

Inclusion Criteria. Every task performed, accomplishing goals, and
not matching any of the exclusion criteria (see below).

Exclusion Criteria. Any task performed, reaching the maximum
mistake level, AND/OR, any interruption made between steps, and
demanding to stop the clock before each step indication.
After completing the full-task program, the neurosurgeon

trainee’s data from these forms were collected in a digital online
spreadsheet, as planned.

Statistical Analysis
While studying the program-focused variables, a descriptive sta-
tistical method was used to summarize and better observe the
acquired data.
Time-elapsed values and consequent slopes were studied in

detail using multiple data segregations (by expertise and steps of
the task). The average time was calculated and an exponentially
shaped learning curve was generated. The variability in the ex-
pected results was analyzed. Nonparametric proofs accompanied
each interpretation owing to the heterogeneous variance origin.
Table 2. Registration Form for Data Registration

Date Placenta n�

Step Name Time Elapsed (Mm-
ss)

Mistakes Made (M or m)

Vein
dissection

Artery 1
dissection

Artery 2
dissection

Suture

This table aims to collect all possible variables during the task’s data registration. Step-
by-step segregation aims to determine each partial goal achievement and detect
where the mistake was committed. Besides its main goal (serving as a data source for
a computed database system), a quick view of this form allows a supervisor to know
about the task performance results, quality and need for technical assistance or
strategy modification.
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A regression analysis was performed. A nonconstant variance
was identified, making the analysis of variance test inappropriate
for this instance (in this respect, see further comments in the
Discussion section).
RESULTS

Full raw data registers were collected and are presented in Table 3.
Twelve placentas or procedures were required to perform Task 5

without any mistakes. One procedure (between placentas 4 and 5)
was excluded because it met the exclusion criteria. Each placental
sample was subjected to a single procedure. Therefore, different
attempts corresponded to different placentas.
Every sample that met the inclusion criteria but not the exclu-

sion criteria (n¼ 11) were used to represent the evolution of “time
elapsed” variable.
The longest attempt was the first 1, accounting 1 hour 49 mi-

nutes 05 seconds. The shortest attempt was the fourth one, ac-
counting 53 minutes 29 seconds (3 mistakes [M þ m þ m] for a 6-
points mistake value). The time required to perform this task with
no mistakes was 57 minutes 37 seconds (last attempt). The total
time spent working on Task 5 was 13 hour 47 minutes 03 seconds
(12 placentas). The average time required for this task was 1 hour
15 minutes 11 seconds.
Mixing elapsed time and mistake level variables in Figure 2 is

showing how the time and mistake variables interacted. After 3
attempts, there was a significant decrease in time (shortest time
of the series, placenta number 4); however, mistakes also
reached a maximum level, showing a peak at the same point.
The next sample was followed by 1 attempt with even more
mistakes; thus, it was discarded as it met the exclusion criteria
(between placenta numbers 4 and 5; further details in the
Discussion section).
Similar proportions can be observed in the steps of different

attempts of Task 5 (Table 3).
Low dispersion levels were obtained for each attempt by

calculating the trend line (Figure 3).
The time required to accomplish the task was significantly

shorter for the more experienced operator (Figures 4e6).
The final goal of achieving the zero mistake level for Task 5 was

achieved after 12 attempts.
DISCUSSION

The surgical procedures and training have always been a chal-
lenging topic. The surgeon’s skills and his/her learning process
(represented by learning curves)41-44 are crucial features to analyze
and evaluate when looking for a good procedure/operator
relationship.
Aiming for minacious and renewed evaluation, a multidisci-

plinary group (engineers and health care providers) was recruited
from the Argentinian Society of Continuous Improvement,
‘SAMECO’, Salta city National University e Argentina, Hokkaido
University Hospital e Japan, Krishna Institute of Medical Science
e India, and National Institute of Industrial Technology ‘INTI’ -
Argentina. At this point, mixed knowledge and methods from
microsurgery and continuous improvement science started to
work as the main engine of this program.15,38
UROSURGERY, https://doi.org/10.1016/j.wneu.2024.06.075

www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2024.06.075


Ta
bl
e
3.

Fu
ll
Ra

w
-D
at
a
Co

lle
ct
ed

Fr
om

th
e
Re

gi
st
ra
tio
n
Fo
rm

(fo
r
Ta
sk

5
Pe

rf
or
m
an

ce
)

ST
EP

Pl
ac

en
ta

1
Pl
ac

en
ta

2
Pl
ac

en
ta

3
Pl
ac

en
ta

4
Pl
ac

en
ta

5
Pl
ac

en
ta

6
Pl
ac

en
ta

7
Pl
ac

en
ta

8
Pl
ac

en
ta

9
Pl
ac

en
ta

10
Pl
ac

en
ta

11

T
X

T
X

T
X

T
X

T
X

T
X

T
X

T
X

T
X

T
X

T
X

Ve
in
di
ss
ec
tio
n

0:
43
:2
9

1
0:
33
:2
9

0
0:
27
:3
7

0
0:
10
:2
7

1M
00
:3
2:
01

0
00
:2
3:
40

1
00
:2
3:
26

1
00
:2
3:
28

0
00
:1
4:
00

0
00
:1
5:
30

1
00
:1
5:
37

0

Ar
te
ry
1
di
ss
ec
tio
n

0:
19
:1
9

1
0:
24
:1
5

0
0:
16
:1
8

0
0:
10
:3
1

0
0:
13
:3
0

0
0:
12
:3
5

0
0:
13
:0
7

1M
0:
10
:5
3

0
0:
13
:1
6

0
0:
08
:0
5

0
0:
09
:5
6

0

Ar
te
ry
2
di
ss
ec
tio
n

0:
16
:0
1

0
0:
17
:1
8

0
0:
06
:2
6

0
0:
10
:2
7

0
0:
13
:0
5

0
0:
12
:1
9

0
0:
10
:5
2

0
0:
07
:1
4

0
0:
10
:5
5

0
0:
06
:4
0

0
0:
04
:5
0

0

Su
tu
re

0:
30
:1
5

2
0:
25
:2
5

2
0:
38
:3
8

2
0:
22
:0
4

2
0:
26
:1
2

2
0:
33
:1
5

2
0:
25
:5
4

1
0:
18
:2
3

2
0:
23
:3
7

1
0:
25
:3
0

2
0:
27
:1
4

0

To
ta
l

1:
49
:0
4

4
1:
40
:2
7

2
1:
28
:5
9

2
0:
53
:2
9

6
1:
24
:4
8

2
1:
21
:4
9

3
1:
13
:1
9

5
0:
59
:5
8

2
1:
01
:4
8

1
0:
55
:4
5

3
0:
57
:3
7

0

(T
)c
ol
um

n
¼

tim
e.
(X
)c
ol
um

n
¼

m
is
ta
ke
’s
sc
or
e
qu
al
ifi
ca
tio
n.

M
in
or

m
is
ta
ke
s
w
ill
ap
pe
ar

as
a
nu
m
be
r
in
di
ca
tin
g
ho
w
m
an
y
tim

es
a
m
in
or

m
is
ta
ke

w
as

co
m
m
itt
ed
.W

he
n
a
M
aj
or

m
is
ta
ke

ne
ed
s
to

be
re
gi
st
er
ed
,t
he

nu
m
be
rw

ill
be

fo
llo
w
ed

by
an

“M
”
le
tte

r.
Th
e
TO
TA
L
ro
w
sh
ow

s
th
e
to
ta
lt
as
k
tim

e
(h
ou
rs
:m
in
ut
es
:s
ec
on
ds
)a
nd

th
e
to
ta
lm

is
ta
ke

sc
or
e
(M
aj
or
m
is
ta
ke
s
ac
co
un
tin
g
4
pt
s/
M
in
or
m
is
ta
ke
s
ac
co
un
tin
g
1
pt
).
Sp
ec
ia
lm

en
tio
n:
1
sa
m
pl
e
w
as

di
sc
ar
de
d
(b
et
w
ee
n
pl
ac
en
ta
4
an
d
5)
be
ca
us
e
th
e
pr
oc
ed
ur
e
m
et
th
e
ex
cl
us
io
n
cr
ite
ria

(to
o
m
an
y
m
is
ta
ke
s
co
m
m
itt
ed
,s
co
re

>
6p
ts
).

WORLD NEUROSURGERY 189: e380-e390, SEPTEMBER 2024

ORIGINAL ARTICLE

PABLO JAVIER VILLANUEVA ET AL. ENGINEERING METHODS IN MICRONEUROSURGERY
The continuous improvement science is already being used for
many medical care-related topics45-47; however, no previous re-
cords of Kaizen for surgical procedures were found.
The mentioned Kaizen-PDCA and MMS methodologies, while

performing this program, made it easy to.

- Choose the most significant and sensible variables to better
show performance evolution (serving as live feedback and
helping decide strategy changes; see Figure 2 and
interpretation).

- Take precise/objective measures by generating dedicated tools
(i.e., “mistake score” e Table 1).

- Detect and clarify poorly defined concepts, such as “magnifi-
cation level” (see “operator manual”).

- Concentrate experts’ operator experience by generating and
using a procedure-specific “operator manual”, enriched with
MMS analysis, and placing it in a continuous improvement
pathway.

- Maintain objectiveness and structure, as well as flexibility to
interact with new concepts (changing strategies, new ideas,
updated information, new evidence, etc.).

- Precisely isolate and resume valuable information from a com-
plex situation and show it on a live dashboard.

- Select an indispensable infrastructure to design and perform a
training program, with special care to be accessible and useful in
a low-resource scenario.

Statistical Analysis and Interpretation
The first observation shows an objective relationship between the
time elapsed and expertise; the time elapsed significantly dimin-
ished in later attempts. This situation was interpreted as
“learning” or “gaining skills” while performing the program
(Figure 2).
The mistake level showed alternating changes, with a general

tendency to lower mistake scores (reaching zero level as the final
goal). Reading mistake values, an alert was inferred on the live-
dashboard, detecting a particular situation: a mistake peaked at
the fastest sample (sample 4 in Figure 2), followed by an excluded
sample to reach the maximum mistake level. This data
interpretation suggests the need for strategy modification by
performing technical revisions and special care to avoid
mistakes. This review resulted in an increase in time in the next
attempt but with a plummeted mistake level (sample 5 in
Figure 2).
A trend line was built using all trial’s time-data, showing a

“learning-curve” pattern,41-43 with a plateau level after 7 attempts.
The values for “time” show a mild and variable dispersion (blue
dots above or below the line - Figure 3), probably caused by small
technical differences (magnification level used, initial warming-up
needed at the beginning of a task) or other external causes
(sample differences, comfort while working, selected working
position, selected vessel details like tortuosity, or the presence of
small branches hindering dissection).
Next, full dataset was segregated by steps and variance

behavior.
www.journals.elsevier.com/world-neurosurgery e385
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Figure 2. Time elapsed and mistakes for Task 5. Blue
bars reveal the total time registered for each task

attempt; red line is showing mistakes made in each
attempt.
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Segregation by step (Table 3) showed that artery dissection had
a similar dissection time for artery 1 (orange) versus artery 2 (gray),
but the dissection time for artery 2 was always shorter. Vein
dissection (blue) was significantly more time consuming than
arterial dissection and generated more mistakes. This last
finding indicated that the vessel wall type was the main difficulty.
Segregation by variance behavior showed marked differences

between the first 3 steps (with ‘dissection’ as the main goal e
Figure 4) versus the fourth step (with a ‘suture’ goal e Figure 5),
being interpreted as follows.
Figure 3. Calculated trend line (exponential). Blue dots
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a) The 3 initial steps (dissecting steps) showed a more stable and
favorable evolution (initial standard deviation [SD] value:
757.35; final SD value: 5.66).

b) The last step (suturing step) was the most time-consuming,
unsettled, and the main source of mistakes. These features
make this step the most challenging. Despite this, the per-
formance still improved and the variance decreased in the
last samples (initial SD: 327.61; final SD: 73.54), but pre-
sumably more attempts were needed to reach the desired
levels.
for every attempt are showing dispersion level.

UROSURGERY, https://doi.org/10.1016/j.wneu.2024.06.075
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Figure 4. Variance in time to perform step 1e3, for
grouped categories: beginner (samples 1e3), novice

(samples 4e6), intermediate (7e9), advanced (10 and
11). Time is shown in seconds.
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The evidenced differences between dissecting and suturing
steps represent different situations and different skills. Particularly
at this point, MMS knowledge could be further investigated:
microsurgical therbligs could play a definitive role in this situation
(suturing steps requested more complex movements, or
“advanced therbligs,” than dissecting steps). Some of the so called
“advanced therbligs” could be those that include rotational mo-
ments (i.e., while passing the needle through the vessel wall),
indirect tissue interaction (i.e., when the operator’s hand ma-
nipulates an instrument [needle-holder] which holds a second
element [needle] to finally interact with tissues), and/or both hand
instruments interaction (i.e., taking the suture line through a
loop, while making a knot). Although interesting, going deeper
Figure 5. Variance in time to perform step 4, for
grouped categories: beginner (samples 1e3), novice

WORLD NEUROSURGERY 189: e380-e390, SEPTEMBER 2024
into this analysis requires further investigation and clearly exceeds
the scope of this study.
It was interesting to see how the “Novice” took more average

time than “Beginner,” but this scenario corresponded to a high
demand in quality after strategic revision (Figures 4 and 5). This
situation, rather than confusing, could mean good sensitivity
detecting significant variations, and good efficacy to show
changes that require “strategic changes” during performance.
In Figure 6, an average line is constructed for the dissection

steps. The dots for each average time are shown, with small
dispersion (SD 5.66; coefficient of determination [CD] 0.92),
showing a possible effect of training and supporting the
expected results of the learning curve. The 0.92 CD value could
(samples 4e6), intermediate (7e9), advanced (10 and
11). Time is shown in seconds.
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Figure 6. Average time for grouped categories.
Beginner (samples 1e3), novice (samples 4e6),
intermediate (7e9), and advanced (10 and 11). Time is

shown in seconds. Trend line is shown as a dotted line
(R2 ¼ 0.92).
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also be interpreted as a good model to predict changes (a
confident program to obtain the proposed goals).
In summary, statistical analysis proved good sensitivity while

detecting technical changes (Figure 2, rise in time and lowering
mistakes after strategy modification), good confidence levels for
predicting evolution (represented in Figure 6 - CD 0.92), and
good results while evaluating progress after a training period for
the same operator (Figures 4 and 5, showing significant skill
improvement between early/beginner vs. later/advanced
operators).
Interestingly, each step with doubts or questions immediately

became an “improvement situation” itself. Thus, beginning its
own method of continuous improvement (PDCA cycle). This
method acted as a self-improving point detector. Microsurgical
hand skills were objectively assessed, improved, and evidenced by
performing this program.
The structure of this training program may also be suitable for

the evaluation and improvement of other surgical procedures, its
effectiveness, comparison, instrument/strategy testing, operator’s
skills, etc. The method showed good data flow, with a live
dashboard allowing the identification of critical situations. This is
a valuable feature for teaching, research, and surgical supervision.
In addition, this program established a renewed/accurate view

to assess surgical procedures, which could lead to further evolu-
tion (i.e., using proven procedure-evaluation methods, computed
databases for the procedure’s live data representation, augmented
reality, technological demands, etc.).
Overall, good results were obtained using minimal infrastruc-

ture and an easy-to-access biological simulator. This feature is
especially important in places where training centers are not easily
accessible (e.g., high costs, lack of cadaveric samples, lack of
biolaboratories, absence of facilities, and low-income
environments).
Finally, continuous improvement of microsurgical quality could

also indicate a continuous improvement in patient outcomes.
e388 www.SCIENCEDIRECT.com WORLD NE
Program Limitations

- The “only 1 operator” situation was good for focusing on hand
skills, but diminished extra corroboration for effectivity and
confidence levels. The statistics team advised the need for
bigger data volume and collecting data from more than 1 sur-
geon/operator as a way to be able to set an analysis of variance
test.

- The “suturing stage” offered suboptimal results; however, these
findings settled a base for a new “point of improvement”
(beginning of a new Kaizen’s cycle), especially involving MMS
analysis and microsurgical teaching.

- Continuous improvement methods (such as Kaizen and MMS)
were found to be suitable for microsurgical evaluation but
required extra resources and formation.

- Important concepts like “microsurgical therbligs” and “surgi-
cal-data management” need further investigation and increased
volumes of data to match the requested levels in this respect.
CONCLUSIONS

This training program promoted a significant decrease in time and
controlled mistake levels in a microsurgical scenario, meeting the
goal “assessing, training, and improving hand skills at high levels
of magnification”.
Building a dedicated, technically specific, and expert-updated

operator manual represented a cornerstone for this program.
This is in accordance with Kaizen’s core recommendations for
continuous improvement.
The resulting trend lines narrowly correspond to the classic

“learning curve” effect for one-person progression (the first vali-
dation parameter for our program). The CD at the dissecting steps
showed a good confidence rate (0.92), indicating the efficiency of
the program in predicting changes (second validation parameter).
UROSURGERY, https://doi.org/10.1016/j.wneu.2024.06.075
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Similar results were obtained at the last stage, suturing vessels,
but further practice/investigation is required to obtain the same
confidence level.
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