Manual Accuracy in Comparison with a
Miniature Master Slave Device- Preclinical
Evaluation for Ear Surgery

RUNGE, A.%;HOFER, M. *:DITTRICH, E. >, NEUMUTH, T. *; HAASE, R. %
STRAUSS, M. ; DIETZ, A. *%; LUTH, T. ¢; STRAUSS, G. *
®BMBF-Innovation Ceter Computer Assisted Surgery ICCAS, University of Leipzig
PMIMED, Department of Micro Technology and Medical Device Engineering,
Prof. Dr. Tim C. Lueth, Technische UniversitSt MYnchen

‘IMETUM, Central Institute for Medical Engineering, Technische Unit&r$1Ynchen

dUniversity Hospital, ENT Department / Plastic Surgery, University of Leipzig
*Phacon GmbH, Leipzig

Abstract. Manual accuracy in microsurgery is reduced by tremor and limited
access. A surgical approach through the middle ear also puts delicate structures at
risk, while the surgeon is often working at an unergonomic position. At this point a
micromanipulator could have a positive influence. A system was developed to
measure “working accuracy”, time and precision during manipulation in the
middle ear. 10 ENT- surgeons simulated a perforation of the stapedial footplate on
a modified 3D print of a human skull in a mock OR. Each trial was repeated more
than 200 times aiming manually and using a micro-manipulator. Data of over 4000
measurements was tested and graphically processed. Work strain was evaluated
with a questionnaire.

Accuracy for manual and micromanipulator perforation revealed a small
difference. Learning curves showed a stronger decrease both in deviation and time
when the micromanipulator was used. Also a lower work strain was apparent. The
micromanipulator has the potential as an aiding device in ear surgery.
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Introduction

Surgery of the middle or inner ear requires accuracy at a sub-millimeter level and must
therefore be classified as micro-surgery. A high level of surgical accuracy and
precision is required to gain optimal postoperative results. However, there are several
factors bearing a risk of inaccuracy: the working area is limited to a radius of
approximately 1 cm.The movement range of the surgeon’s hand is further reduced by
the use of microsurgical instruments and few possible ways of preparation (mainly
anterograde). Ergonomics -the interaction between humans and another complete
system, in this case the surgical setup- in an otologic intervention are rather poor: the
high shoulder of the patient is an impediment, since it makes direct ergonomic access
impossible and the surgeon has to perform with fully extended arms (Fig.1). Under
these circumstances physiological tremor (an involuntary oscillatory movement



coherent in all human motion) puts another negative influence on microsurgical
accuracy and precision. Miirbe et al. proved that its ampitude correlates directly with
the muscular tension the weight of the instrument as well as physical exertion. [1] A
resulting deviation might cause damage of delicate structures and disturb the regular
surgical procedure (such as fixing a protheses or implant properly)[2] Of course the
surgical experience, commonly illustrated as a learning curve, also has to be regarded
[3]. One can find several studies on physiological tremor and its impact on accuracy
[4,5,6,7]. In ear surgery, however, the exactness of manual pointing accuracy with a
surgical instrument has not yet been evaluated and in addition has not yet been
compared to that of a micro-manipulator. It eliminates increased physiological tremor
and could improve ergonomics as it is remote- controlled.[8] It is the goal of this study

1. to create a suitable and realistic model in order to measure positioning
accuracy of a surgical instrument regularly used in middle ear surgery.

2. to determine positioning accuracy in manual performance as compared to that
of the micromanipulator. The results shall be visualized as learning curves and
serve as a basis for an illustration of an individual surgical signature.

3. to determine the time-span of execution for manual performance as compared
to that of the micro-manipulator. The results shall be displayed as learning
curves.

4. to determine a possible reduction of physical work strain by using the
micromanipulator.

1. Materials and Methods

Surgical tasklIn this study, the perforation of the stapedial footplate with a perforator
of 0.6 mm in diameter (Karl Storz, Germany) was simulated in a strongly simplified
and thus easily repeatable manner. This procedure is a step of a stapedotomy, a routine
intervention in the event of otosclerosis.

Simulation Model ad Set UpThe simulation took place in vitro using a 3D Rapid
Prototyping print as a phantom.The module included the bony external hearing canal
and the tympanic cavity, the latter being openly accessible. The boundary to the inner
ear was replaced by a glass plate. The outline of the stapes footplate (surface area:
3.2mm?) [5] was schematically represented on it and provided with a central target
point. In place of the inner ear, a miniature camera was installed and connected to an
image processing application, through which any movement in the middle ear could be
registered.The phantom was positioned in a clinically realistic environment. The
stapedial footplate was viewed through a microscope (Zeiss, OPMI 1, Oberkochen,
Germany). An upper-body model simulated the “high shoulder” of the patient.

Performancel0 otosurgeons were assigned to guide the perforator from a defined
starting point to the center of the stapedial footplate via a transmeatal approach. The
test-surgeons were asked to execute the procedure as precisely as possible and at an
efficient pace with more than 200 repetitions.

Additionally, the same assignment was carried out with the aid of a miniature
masterslave device (TUM Manipulator, Prof. Tim Lueth, Technische Universitaet
Muenchen). The manipulator is a surgical assistant device with bimodular structure. It
contains a motor, through which an instrument-conveying carriage can be manipulated
in three different degrees of freedom (x-, y- and z-directions) (Fig. 3). A movement
clearance of about 10mm at each axis is possible. An operating console serves as the



interface with two joysticks (Fig. 2 and Fig. 3), whereby the movements of the
surgeon’s hand are scaled and translated to the motor via cable. Also postural tremor is
not transferred to the instrument’s tip. A large movement of the hand is translated into
a small motion of the device (scaling 3.5:1). Rotatable clamps enable regulation of the
miniature master-slave device in a relaxed seating position during microscopic viewing
(Fig. 2). Within the groups data was divided into experts (n=5, specialists in otosurgery)
and novices (n=5, residency in ENT) and again time and accuracy values were
compared.

Automatic evaluationWith the aid of image-processing software (Phacon, Leipzig,
Germany) in combination with workflow-analysis software (ICCAS Surgical
Workflow Editor, ICCAS, Leipzig, Germany), the time-span of the experiment,
positioning deviation and a movement signature were automatically registered.
Departure from the starting point and arriving at the end-point were detected through
contact readings,all of them being set off by a touch with the tip of the perforator. The
release of the starting point within the external hearing canal immediately started time
measurement. The trial was concluded automatically as soon as the surgeon touched
the glass plate firmly.

Statistical method€or analysis of the collected data, Microsoft Office Excel 2007
and SPSS 17.0 were used. Plain descriptive analysis provided a general overview. The
Wilcoxon test was used to investigate significant differences for the manual and
micromanipulator group regarding time and accuracy. Also, differences between
experts and novices were considered. In order to determine the learning effect of each
test-person, the mean values of the first and last 50 pointing attempts for both manual
and manipulator assisted test series were placed in a percentage ratio.

Graphic displays such as scatter plots, learning and plateau curves were generated
for visual feedback on surgical precision and improvement of measuring results.

Assessment of the stress lewkfter execution of the manual and manipulator
assisted measurements, the surgeons had to evaluate perceived physical work-strain
(stress levels) using a ratio scale from the “NASA- TLX score for evaluation of
physical work strain “[9,10].

Figure 1 Unergonomic position Figure 2 Ergonomic position



Figure 3 Set Up with model skull, PC with software and micromanipulator

2. Results
Table 1 Overall results

Distance |Time Distance Time

Manual |[Manual (Micromanipulator |Micromanipulator

[mm] [s] [mm] [s]
Mean value 22 .65 29 3.69
Median .20 1.28 26 2.59
Standard deviation .10 1.87 .19 4.96
Variance .01 3.49 .04 24.64
Maximum 1.22 31.38 1.73 88.70
N 2206 2206 2286 2286

Table 2 Accuracy and time: Experts vs. novices; all values refer to the mean value of each group

Manual rziltll;;:llator
Experts
Accuracy [mm] 21+.86 24+ 14
Time [s] 1.14+£1.97 2.773 +£3.66
Novices
Accuracy [mm] 20+ .11 28+.23
Time [s] 1.45+1.76 2.48 £5.92




Table 3 Improvement on accuracy and time depending on manual and micro-manipulator preparation, mean
values

Avg. 1% 50| Avg. last 50 | Avg. 1" 50 Micro- | Avg. last 50 Micro-
manual trials | manual trials | manipulator trials manipulator trials
Accuracy
[mm] .26 21 .38 .26
Relative
improvement 21,2% 32,4%
Time [s] 1.83 1.76 5.58 2.71
Relative
improvement 3,9% 51,5%

Overall. (Table 1)A total of 4492 measurements were carried out. The measuring
values did not refer to a Gaussian distribution.The mean accuracy measured during
manual performances was 0.22 mm and the application of the micromanipulator lead to
deviations smaller than 0.29 mm on average. For manual perforation, 0.65 s were
required, and using the micromanipulator, each pointing attempt took 3.69 s on average.
Only few values exceed the majority of the measurements considerably explaining the
difference between mean values and the median in measurements of accuracy and time.

Experts vs. Novices. (Table @ymparing mean values of accuracy in manual
performance (.21 mm experts vs. .20 mm novices), no significant difference between
the two groups were found. It took the more experienced test persons less time to reach
the target (1.14 s experts vs. 1.45 s novices). Looking at the micromanipulator
performance, the novice group did not meet with the accuracy level of the expert group
(.24 mm experts vs. .28 mm novices), but pointed significantly faster (2.77 s experts vs.
2.48 s novices).

Learning curvesLearning curves were generated to display results of each test
person. These graphs regard accuracy achieved and time required for both manual and
manipulator aided pointing (Fig. 4 and Fig. 5). A total of 40 learning curves could thus
be generated. (For reasons of capacity, there are only two examples provided at this
point.)

Comparison of the percentage ratios shows an improvement by 32.4% on average
in manipulator aided accuracy while the mean manual accuracy was increased by
21.2% (Table 3). The time required for a targeting attempt at the end of the
manipulator-assisted series of measurements was on average 51.5% shorter than in the
beginning, the duration for manual simulation decreased by 3.9%.

Movement signature¥he measured values around the target point were arranged
in scatter plots, again regarding manual performance (Fig. 6) and application of the
micro-manipulator separately (Fig. 7). A total of 20 individual movement signatures
were thus recorded. In 7/10 cases, a higher density of the measuring points is
recognisable when the micromanipulator was applied, indicating a higher precision.
(For reasons of capacity, there are only two examples provided at this point.)

Stress levelThe overall physical exhaustion when using the micro-manipulator
reached a score of 8.7 (max. score 21, with 0 showing no exertion and 21 indicating
high exerction) compared to 12.4 for the manual pointing.
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3. Conclusion

1. It was possible to develop a suitable and realistic phantom for measuring
positioning accuracy of a perforator. Thus automatic measuring of the manual
accuracy in comparison to that of the micromanipulator was possible.

2. It was possible to display each series of accuracy measurements as a learning
curve, showing interindividual differences. Evaluation of the average first and
last fifty results showed a clearly more steeply descending course when the
micromanipulator was used. Individual movement signatures were visualized.

3. For the time length of pointing attempts, inter-individual differences were
evidenced for all 10 test surgeons displayed in the learning curves. Regarding
time for master slave supported pointing attempts, the learning curves showed
an even stronger decrease.

4. The NASA-TLX score was lower with deployment of the micromanipulator
which indicates improved ergonomics.

Applying the micromanipulator revealed no improvement in accuracy as compared

to that of pure manual performance; here the accuracy was even slightly higher. This
might be due to rather poor manipulator assisted accuracy especially in the beginning
of the measuring trials. However, the steep learning curves show a strong learning
effect in decreasing values as test persons became more familiar with the device. The
manipulator used in this study is an approach to provide the surgeon with a compact,
remote controlled instrument without limiting his manual performance range.
Repeated usage as well as clinical evaluation may eventually show the manipulator’s
potential as an assisting device in middle ear surgery or approach to the cochlea as in
compensating for poor ergonomics or as an additional steady holding function (e.g. the
positioning of a prothesis) without prolonging the standard surgical procedure.
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