
 
 

 

  

Abstract— Accuracy in manual manipulation in a simulated 
craniotomy environment has been studied. Eighty-eight 
neurosurgeons with varying amounts of surgical experience 
were tested in two tasks: attempting to hold an instrument still, 
and trying to trace a line. Results for RMS and maximum 
linear and angular motion were measured in the static task. 
RMS and maximum error were measured in the dynamic task. 
Spectral analysis was also performed for both tasks. The 
median RMS amplitude of the position vector in three 
dimensions was 526 µm in the stationary task, and the median 
RMS amplitude of the error vector was 289 µm in the tracing 
task. 

 

I. INTRODUCTION 
naccuracy in manipulation is a well-known problem in 
microsurgery. Physiological tremor [1] is the most 
familiar component of erroneous motion, though it is not 

the only significant component; drift is also a factor [2]. 
These components limit not only the quality of 
microsurgery, but also the types of procedures that can 
feasibly be performed [3]. 

Several types of engineered accuracy-enhancement 
devices have been or are being developed in order to 
improve the manipulation accuracy of the microsurgeon, 
including telerobotic systems [4], the “steady-hand” robotic 
system [5], and a handheld micromanipulator with active 
tremor canceling [6].  There is a lack of data in the literature 
dealing with the positioning accuracy of neurosurgeons.  
Such data are useful for proper design specification of 
accuracy-enhancement systems, and also provide a baseline 
for evaluation.  The present paper presents results of an 
ongoing study quantifying the performance of 
neurosurgeons in static and dynamic tasks in 3-D. 

II. METHODOLOGY 
Eighty-eight neurosurgery residents and neurosurgeons 

attending a national conference completed this experiment 
under a board-approved protocol. The experiment was 
conducted using the ASAP optical tracking system [7], built 
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in our laboratory, to record the three-dimensional position of 
two points of the handheld instrument.  ASAP tracks the 
location of two infrared (875nm) light-emitting diodes 
(LEDs) with 3.2 mm diameter white Delrin ball diffusers 
that are attached to the shaft of the instrument as shown in 
Fig. 1(a). The 3-D position of each ball is found using two 
2-D position-sensitive detectors (lateral-effect photodiodes) 
that receive the infrared illumination. The LEDs are 
modulated at 2 and 3 kHz, and frequency domain 
multiplexing is used to resolve the independent light 
positions.  The noise for ASAP is about 0.5 µm RMS (root 
mean square), and the workspace is roughly 27 cm3 [7]. 

A Styrofoam head model, shown in Fig. 1(b), was placed 
around the illuminated workspace of ASAP.  The location of 
the hole was chosen to simulate arachnoid dissection.  The 
inner surface of the head was painted with black paint to 
minimize indirect reflected paths to the sensor.  The test 
target (a 12.5-cm square of graph paper) was mounted on 
the bottom of the workspace (Fig. 2).  The grasp used by 
subjects was a pencil-type or precision grasp as is common 
for this type of instrument. 

Two types of tests were conducted: 
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Fig. 1.  (a) The instrument with the ASAP probe.  Each of the 2 
LED’s is mounted inside a small Delrin ball that diffuses the light.  
(b) The experimental setup, showing the head model and the 2 optical 
sensor modules (top right and top left). 

 
Fig. 2.  Paper target for the experiment.  Subjects held the instrument 
still at the lower front corner, then traced the entire exposed edge once 
in each direction.  

Proceedings of the 29th Annual International
Conference of the IEEE EMBS
Cité Internationale, Lyon, France
August 23-26, 2007.

ThB09.5

1-4244-0788-5/07/$20.00 ©2007 IEEE 206



 
 

 

Stationary task.  Subjects held the closed scissor 
motionless at the lower corner of the free edge of the paper 
for 5 seconds. This task was performed freehand, with 
subjects instructed not to brace the hand or scissor in any 
way. 
Tracing task.  Subjects traced the edge of the paper from 
bottom to top and back again.  In this task subjects were 
instructed to brace the tool however they wanted. 

Before analysis, all position data recorded during both 
tasks were transformed to the average orientation of the tool. 
A transformation matrix was computed based on the mean 
position and orientation of the instrument, with the z axis of 
the tool coordinate system being set parallel to the average 
direction vector of the long axis of the instrument.  The 
position of one of the two Delrin balls attached to the tool 
(Fig. 1) was defined as the origin of the tool coordinate 
system. 

For the tracing task, principal components analysis [8] 
was used to fit a line that minimized the perpendicular 
distances from the recorded positions.  For each 
measurement, the error was computed as the vector distance 

from the mean position (stationary task) or the distance from 
the closest point on the line (tracing task).  For each subject, 
rms and maximum values of error were computed.  

III. RESULTS 
All results are reported in the local (averaged) coordinate 

system of the handheld tool.  Table I shows the number of 
subjects for each level of experience. 

Data recorded for a single subject during the stationary 
and tracing tasks are displayed in Figs. 3 and 4. Fig. 4 also 
shows the best-fit line for the trajectory traced by the 
subject. 

0 1 2 3 4 5
-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5
di

sp
la

ce
m

en
t X

 a
xi

s 
(m

m
)

time (seconds)  
Fig. 3.  Typical data recorded during the stationary task (holding still). 
The length of the trial was the same for all the subjects. 
 

-4 -3.5 -3 -2.5 -2 -1.5 -1
-38

-37

-36

-35

-34

-33

-32

-31

X axis (mm)

Y
 a

xi
s 

(m
m

)

 

 

Real trace
Fitted line

 
Fig. 4.  Typical data recorded during the tracing task and the fitted 
line obtained by the PCA. Subject were allowed as much time as they 
needed. This plot only shows the XY plane; Z data also were included 
in the computation. 
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Fig. 5.  Distribution of RMS error for the stationary task. 

TABLE I 
NUMBER OF SUBJECTS IN EACH LEVEL OF EXPERIENCE 

Years of surgical experience Subjects 
0 3 
1 10 
2 10 
3 9 
4 12 
5 17 
6 10 
7 5 
8 6 

> 8 6 
all subjects 88 
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Fig. 6.  RMS and maximum error for the stationary task as a function 
of years of experience. 
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Fig. 5 shows the distribution of rms error among the 
subjects in the stationary task.  The non-Gaussian nature of 
the error distribution can be seen.  

The average rms and maximum error for the stationary 
task are shown in Fig 6.  Fig. 7 shows the rms and maximum 
angular motion during the stationary task. (The angular 
motion was computed as the angle between the mean 
direction vector and the instantaneous direction.)  The rms 
and maximum error for the tracing task are presented in Fig. 
8.  The averaged spectrum across all subjects is displayed in 
Fig. 9 for both tasks.  

The percentile distribution of the RMS error for both 
tasks is shown in Fig. 10.  This format for presentation of 
the variability of performance between subjects (instead of 
plotting error bars in the earlier graphs) was chosen because 
of the non-Gaussian distribution of the data.  Fig. 10 can be 
regarded as the cumulative density function of the 
distribution.  The logarithm of error is plotted on the X axis, 
and the percentage of surgeons achieving that performance 
or better is plotted on the Y axis. The value of each curve at 
the 50% line is the median.  

IV. DISCUSSION 
The reported data will serve as an important part of a 

database of performance of surgeons, which will be used to 
improve designs and validation procedures for devices 
currently being developed to eliminate surgeons’ tremor [9].  
More careful study is needed with regard to the effect of 
hand posture, including bracing techniques used clinically 
by many surgeons.   

The spectral results (Fig. 9) show that the lower-
frequency components exceed the 10-Hz peak by an order of 
magnitude.  This is consistent with results from eye 
surgeons [2]. 
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Fig. 7.  RMS and maximum angle variation for the stationary task as a 
function of years of experience. 
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Fig. 8.  RMS and maximum error variation for the tracing task as a 
function of years of experience.  

 
Fig. 9.  Spectra for both tasks, averaged across all subjects. 

102 103 1040

10

20

30

40

50

60

70

80

90

100

%
 s

ub
je

ct
s

RMS (micrometers)

 

 

RMS hold
RMS trace

 
Fig. 10.  Percentiles distribution for stationary and tracing tasks for 
all subjects. The solid line represents the distribution for the 
stationary (“hold”) task, and the dotted line the distribution for the 
tracing task.  The line indicating 50% of subjects is the median. 
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