
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Education in wrist arthroscopy

Obdeijn, M.C.

Publication date
2014
Document Version
Final published version

Link to publication

Citation for published version (APA):
Obdeijn, M. C. (2014). Education in wrist arthroscopy. [Thesis, fully internal, Universiteit van
Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/education-in-wrist-arthroscopy(47d9dfcd-57d5-482e-8851-2f50b5580b9c).html


Chapter 6
Navigation forces during wrist 
arthroscopy: Assessment 
of expert levels

Miryam C. Obdeijn, Tim Horeman, Lisanne L. de Boer, 
Sophie J. van Baalen, Philippe Liverneaux, Gabrielle J.M. Tuijthof

First submission KSSTA August 2013 , Resubmission April 2014



102 Chapter 6

abstract

Purpose

Training in a skills laboratory offers opportunities for monitoring training progress by 
using objective metrics. Forces exerted on the tissues can be a measure of safe tissue 
manipulation. To provide feedback on the exertion of navigation forces, expert thresh-
old levels need to be determined. The purpose of this study was to define the amount 
and the direction of navigation force used during routine arthroscopic inspection of the 
wrist.

methods

We developed a device in which a cadaver wrist was mounted in a vertical position, 
combined with a 3D force platform that allowed measurement of the forces exerted on 
the wrist.

Six experts in wrist arthroscopy were invited to perform two tasks: 
- Introduction of the camera and visualization of the hook. 
- Navigation through the wrist with visualisation of five pre-defined anatomic struc-

tures. 

The amount (Fabs) and direction of force were recorded (vertical plane (α) and horizontal 
plane (β).

results 

The results show distinct force patterns for each of the anatomic landmarks. Median 
Fabs of the navigation task is 3.8 N (1.8 – 7.3), α is 3.60 (-54 to 44) and β is 260 (0 to 72). 
The angle α remains fairly constant during the navigation through the wrist, indicating 
a smooth movement by the experts. 

conclusion

This study delivered unique expert data on navigation forces during wrist arthroscopy, 
sufficient to indicate threshold levels for maximum allowable navigation force. This force 
is 7.3 N (90th percentile). 

These data contribute to the determination of objective threshold levels to provide 
feedback on performance for skills training. 
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introduction

Good clinical care start with good education of the physicians. In surgical education one 
of the most difficult tasks is to teach the optimal application of instrument handling 
necessary to conduct an operation (10). This is especially problematic in the field of 
minimally invasive surgery (MIS), where the teacher is one step removed from actual 
tissue contact (10).

To provide efficient surgical education, feedback on performance is crucial. In the clini-
cal setting, tools such as the Objective Structured Assessment of Technical Skill (OSATS) 
are used for assessment of skills. In skills labs, it is possible to measure the skills and pro-
gression of skills of the trainees objectively. This requires the definition of metrics that 
represent the learning curve of the trainee. Such work has been done in laparoscopy 
where metrics were defined that represent the performance of delicate tasks such as 
tissue handling and suturing (7,11). The defined metrics were the needle driving force, 
the amount of movement of dummy skin and the maximum tractive force on tissues. 
Tracking of the instrument pathways and forces measurements during knee arthroscopy 
have been used as a tool for objective assessment of the improvement of skills (2,3,6,12), 
as well as time to task completion. However, it should be noted that some metrics relate 
to task efficiency performance, whereas others focus on safe task performance. 

The prerequisite for a safe wrist arthroscopy is gentle introduction of the scope and 
secondary instruments, as well as smooth and gentle manoeuvring of the instruments 
during the arthroscopic manipulation through the wrist. Especially the cartilage needs 
to be respected during arthroscopy, as it is a tissue with poor healing potential (13). 

The forces used by experts during a wrist arthroscopy could be a valuable indicator 
of a safely performed procedure, as they are presumably at the end of their learning 
curve. To the best of the authors’ knowledge, these forces have not yet been determined. 
Knowing them would be useful to offer an adequate training environment. Our research 
questions were: 
- Can we determine the forces exerted on the wrist by a panel of experts during a 

diagnostic wrist arthroscopy? 
- Do the measured forces demonstrate only a small variation, indicating their reliabil-

ity as an objective measure of skills?
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mEtHods

Experimental set-up

One left-hand cadaver wrist was mounted in a custom-made distraction device (Fig. 1D) 
that loaded the wrist via a set of ‘traction fingers’ and a spring to 5 kg. The cadaver wrist 
with the distraction device was mounted in front of a special force platform (ForceTRAP) 
(Fig. 1E)(8). A vertically oriented base platform (Fig. 1F) was used to fix both the force 
platform and the mounted cadaver wrist in a vertical position to mimic the clinical set-
ting closely.

The ForceTRAP force platform was developed for accurate 3D force measurements of 
surgical actions in box or cadaver training settings, which allows monitoring of safe 
tissue manipulation (7,8). This version of the ForceTRAP contains three parallelogram 
mechanisms each built from two stiff elements and two spring blades that decouple the 

figure 1 Experimental set up. A: Three digital cameras that record the execution of the tasks. Together 
with the arthroscopic view, these video streams were recorded in split screen (up right) for reference. B: 
Left-handed cadaveric wrist. C: Tripod. D: Custom-made distraction device that loaded the wrist with 50 
N via a pre-tensioned spring. E: Force platform. F: Base plate to which all items were mounted. G: Data-
acquisition electronics and video grabber that recorded all video streams and force data in a Notebook 
PC. Finally, the two angles α and β that defined the direction of the forces are indicate relative to a 
coordinate system that is aligned with the cadaver wrist in vertical direction.
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applied forces from the moments (8). This is needed to measure pure forces independent 
of the location of the applied force. 

A single magnetic Hall sensor (SS49E, Honeywell, Morristown, NJ, USA) and a magnet, 
which is transformed to a force upon calibration, measures the deformation of each of 
the three parallelogram mechanisms. The ForceTRAP measures forces from 0 to 20 N in 
three dimensions, with an accuracy of 0.1 N and a sample frequency of 100 Hz. In the 
process of assembling the wrist and ForceTRAP and attaching them to the base plate, 
initialization was performed such that the weight of the cadaver wrist and the distrac-
tion device were compensated for. This set-up allowed the recording of the combined 
forces exerted on the cadaver wrist by the arthroscope and an instrument that performs 
direct (e.g. probing) or indirect (e.g. force on the portal) tissue manipulation.

In addition to the recording of the forces, two CCD cameras (Bullet CCD Camera model 
DV-2301CW360, Shenzen D-Vitec Industrial Co. Ltd., Shenzhen Guangdong, China) and 
one digital video camera with audio capability (GRD77, JVC, Kanawaga-ku Yokohama, 
Japan) were used to record the arthroscopic tasks from both sides and above the hand 
(Fig. 1A). The arthroscopic view was simultaneously recorded in a split screen using a 
colour quad processor (QC-904R, Przedsiębiorstwo Wielobranzowe, Poznań, Poland) and 
an analogue-to-digital converter (Canopus® ADVC 110, GrassValley Thomson, San José, 
USA) (Fig. 1G). 

To perform the arthroscopic tasks, an instrument set and a 30o angled - Ø2.4 mm ar-
throscope from Karl Storz (Germany) were used. Before the start of the experiment MO 
created the 3-4 portal and the 6R portal.

Participants

Six experts were recruited during the wrist arthroscopy course organized in the IRCAD 
training centre (Strasbourg, France). The experts filled in a questionnaire regarding 
their surgical background and their level of expertise in wrist arthroscopy and general 
arthroscopy (Table 1). 

study design

Two tasks were defined that were found to be most relevant as they reflect the important 
steps in learning wrist arthroscopy. Insertion of the arthroscope and probe is difficult be-
cause this task is performed predominantly using haptic feedback (proprioception) and 
the wrist bones have a complex curvature in two planes. In addition, safe and adequate 
navigation through the wrist is important to inspect the joint and confirm diagnosis. 
Again this is a difficult task due to the confined complex shapes in the wrists. Each of the 
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participants was asked to perform these two tasks, which were more specifically defined 
as follows:

Task 1 Insertion
This task consisted of two separate steps. Insert the arthroscope through the 3-4 portal 
and visualize the central part of the radio-carpal joint (RC). Subsequently, insert the 
arthroscopic hook through the 6R portal and visualize the tip of the hook in the centre of 
the arthroscopic image (PC). The portals were used as described in various papers (1,5).

Task 2 Navigation and probe
This task consisted of five separate steps. With the instruments in the above-described 
portals, navigation through the wrist from the radial to the ulnar side and probing of five 
predefined anatomic landmarks: radial styloid process (RSP), scaphoid (SC), scapholu-
nate ligament (SL), lunate (LU) and triquetrum (TR). Every structure had to be touched by 
the hook and visualized in the centre of the arthroscopic image (Fig. 2). For this purpose 
a white circle with a diameter of 18 cm was glued to the screen. 

Each participant performed the insertion task once. The time needed to insert the arthro-
scope and the time needed to visualize the hook in the centre of the arthroscopic image 
were documented separately. Subsequently, each participant repeated the navigation 

table 1: Demographic data and experience of the six participants

Expert 1 2 3 4 5 6 

Age (years) 43 47 47 55 47 43

Education Ortho Ortho Ortho Ortho Plastic Ortho

Expert hand surgery 
(years)

14 15 20 27 15 13

Expertise WA (years) 8 13 15 26 15 12

Nr WA (month) 5-10 5-10 5-10 >10 5-10 5-10

General arthroscopy Yes No No No No Yes

Nr knee/shoulder 
(years)

5-10 >10

NR = number, WA = wrist arthroscopy, Ortho = Orthopaedic surgeon, Plastic = Plastic surgeon

figure 2 Arthroscopic images of the pre-defined structures to be identified
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task five times. One of researchers standing next to the participant verified visually 
whether each of the structures had been visualized according to the protocol. Once the 
structure had been visualized correctly, the participant was allowed to proceed to the 
next anatomic landmark. There was no urging to perform the tasks as fast as possible. 
The participants were asked to perform the tasks as if they would be operating on a real 
patient. Again the time to visualize each of the five structures was recorded separately. 
The complete time for each task was defined as the summation of the individual times. 
All tasks were performed on a single cadaver wrist using the same instruments. Only the 
forces that were exerted within the indicated timeframes were used for further analysis.

In our institution Ethical Review Board approval is not necessary for experimental work 
with human cadaver specimens. 

data processing 

The data were processed using Matlab (version R2011b, The Mathworks Inc., Natick MA, 
USA) and IBM SPSS Statistics (version 19, SPSS Inc., Chicago, IL, USA). The task times for 
all seven steps were determined and used to select the force trajectories for further 
processing. Using the force signals in the x-, y- and z-directions the total absolute force 
(Fabs) per sample was calculated; these forces were filtered with a second-order Butter-
worth filter with a normalized cut-off frequency of 0.1 to suppress high-frequency noise. 
In addition to the magnitude of the force, its direction was expressed by two angles. 
The first angle (α) is defined in the vertical plane, which is aligned with the cadaver wrist 
mounted in the set-up (Fig. 1). A positive angle implies upward rotation and a nega-
tive angle implies downward rotation. The second angle (β) is defined in the horizontal 
plane, where a positive angle implies rotation to the ulnar side and a negative angle 
implies rotation to the radial side. 

Statistical analysis
The presence of normal distributions for Fabs, α and β was determined with the Kol-
mogorov-Smirnov test for the seven individual steps and both complete Tasks 1 and 2. 
As the data were not normally distributed, Fabs, α and β were expressed in terms of the 
median (min-max). The presence of a significant difference for Fabs, α and β for each of 
the seven steps was determined using the Kruskal-Wallis test. When we detected signifi-
cant differences, pair-wise comparisons between the steps were performed separately 
using Mann-Whitney U-tests. The significance level was corrected for multiple testing 
and set at 0.01. In order to indicate threshold levels that could be used during training 
for the navigation task, we propose to use the 10th and 90th percentile of Fabs as a 
safe-manipulation load range. The same strategy was used to indicate preferred levels 
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figure 3 A) Histogram of all absolute force data points (Fabs) of 6 experts who performed 5 repetitions of 
Task 2, the navigation task. 
B) Histogram of all angles in vertical plane of the same dataset (α), where positive angle implies upward 
rotation and a negative angle implies downward rotation. 
C) Histogram of all angles in the horizontal plane of the same dataset (β), where positive angle implies 
rotation to the left and a negative angle implies rotation to the right. 
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for the direction of the entire force when performing such a task, and for each of the 
seven steps individually.

rEsults

The histograms of Fabs, α and β for Task 2 are presented in Fig. 3. Due to the relatively 
high sampling frequency, over 20,000 force data points were measured, which explains 
the high frequencies in certain bins. The median values are marked, as well as 10th and 
90th percentiles. Fabs indicates outliers up to 67N, which were exerted when probing 
the lunate (LU). The rotation in the vertical plane is performed primarily in one quarter 
of a circle from the horizontal plane up to 90°. The rotation in the horizontal plane takes 
place in approximately half a circle from 90°to the ulnar side to 90° to the radial side. 
The values for each of the seven steps are presented in Table 2. The median Fabs shows 
a constant value of approximately 3.5 N for PSR, SC, SL and LU, with a higher value for 
TR. Insertion of the arthroscope (IT) requires almost no force, and also visualization of 
the probe (PC) requires less force than probing the landmarks. Similar to the results of 
the entire Task 2, there is a fairly large difference between the range of min-max values 

table 2 : Summary of median [min-max] of Fabs, α and β, and the 10th-90th percentiles for each of the 
seven steps

IT PC PSR SC SL LU TR

fabs [n]

Median 0.4 2.2 3.8 3.3 3.6 3.7 4.8

Range 0.2-9.3 0.1-11.4 0.3-17.9 0.2-21.9 0.2-19.4 0.3-67.4 0.2-59.4

10th-90th 
percentile

0.2-1.9 0.9-3.8 1.8-7.1 1.7-5.8 1.7-5.7 1.9-8.1 2.6-9.5

α [deg.]

Median 47 38 25 25 28 28 24

Range -21-196 -57 - 260 * -77-260 -86-194 * -47-243

10th-90th 
percentile

20-86 9-70 -2-73 0-65 4-70 3-106 0-67

β [deg.]

Median 0 16 -17 -2 4 12 32

Range * * * * * * *

10th-90th 
percentile

-84-38 -37-47 -74-16 -41-30 -37-70 -125-47 -11-54

Insert arthroscope (IT), visualize probe in centre (PC), processus styloideus of the radius (PSR), scaphoid 
(SC), scapholunate ligament (SL), lunate (LU) and triquetrum (TR). 
* Implies that for these steps the angular range was between -180° to 180°, thus 360°
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of Fabs and the range of the 10th - 90th percentile. The median angle α remains fairly 
constant for Task 1 and constant for Task 2 (approximately 27°). Also the 10th - 90th 
percentile range is constant for all steps, except for arthroscope insertion (IT) and prob-
ing of the lunate (LU), which are extended in upwards. As expected the median β angles 
of the five anatomic landmarks shift from the radial side, where the PSR is located to 
the ulnar side, where the TR is located (Fig. 4). The 10th - 90th percentile range remains 
constant (approximately 70°), except for the lunate (LU), which shows a percentile range 
that is approximately twice that of the other ranges. This shift in angular orientation of 
the force in the horizontal plane implies that threshold levels in this plane per landmark 
would reflect the force patterns more precisely than the use of the overall range for Task 
2. The threshold levels as defined by the 10th - 90th percentile range for Fabs, α and β are 
graphically presented in Fig.4 for the five anatomic landmarks with the aim of relating 
the direction of the total force to the vertical orientation of the cadaver wrist and the 
anatomic landmarks. 

figure 4 Graphical representation of the median values of the magnitude and direction of Fabs for each 
of the five anatomic landmarks (PSR, SC, SL, LU en TR). The grey boxes indicate the combined boundaries 
of the 10th and 90th percentiles for Fabs, α andβ. The positive direction of both angles is indicated in the 
coordinate system and for reference the schematic orientation of the left-handed cadaver wrist is printed 
as well.
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Statistical analysis:
The Kruskal-Wallis tests indicated significant differences for Fabs, α and β between the 
seven steps (p < 0.01). The Mann-Whitney U-tests highlighted that all conditions were 
significantly different from each other for Fabs, α and β (p < 0.01). 

discussion

The forces exerted by experts performing key tasks of wrist arthroscopy can be deter-
mined with the proposed experimental set-up. The results show distinct force patterns 
for each of the seven steps (Fig.4). As the number of data points that were recorded 
was substantial, the 95% confidence intervals of the median values were small. This also 
explains the significant differences found between the values for Fabs, α and β for each 
of the seven steps, although their actual values do not differ all that much. This small 
variation in data supports our decision to select the 10th - 90th percentile range to set 
threshold levels for safe tissue manipulation, and implies that data points outside this 
range are true outliers. These outliers are sometimes caused by a slippage of the probe 
or an attempt to push away fibrous tissue that is blocking the view of the arthroscope. 
Such actions were performed within short periods of a couple of seconds. 

The median Fabs of approximately 3.5N is indicative of a gentle and smooth movement 
through the wrist. The visualization of the triquetrum (TR) requires a slightly higher 
amount of force probably due to the position of TR on the ulnar side of the wrist and 
slightly around the corner from the lunate. 

The median Fabs for the insertion of the arthroscope is 0.4N. This represents the force 
used to insert the scope into the pre-existing portal. It is probably so low because the 
experts have, as result of their experience, an extensive mental picture of the anatomi-
cal configuration of the wrist. The dorso-volar and radio-ulnar inclination is respected 
while introducing the scope. This aspect is more complicated for novices as they have to 
search for the proper angle using solely their sense of touch, which creates a higher risk 
of cartilage damage during this phase of the procedure. 

The angle α remains fairly constant during the navigation through the wrist, which 
indicates a smooth movement without many changes in an upward or downward 
direction. The median direction of force application is in line with the curvature of the 
carpal bones in the sagittal plane and the 30 degree view angle of the arthroscope (Fig. 
5). Apparently, experts are used to this configuration and have little trouble following 
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the radiocarpal joint space. As the novices will not have a perfect mental picture of the 
carpal bones, we would expect them to use a larger range of angle α direction. 

The angle β in the radio-ulnar direction shifts from a negative to a positive value, which 
is in accordance with its definition. The angular range that is used per anatomic land-
mark is approximately 70°. This range is required to visualize the anatomic landmark in 
the centre of the arthroscopic view and to place the hook neatly touching that particular 
landmark. Noticeably, the lunate shows a range that is twice that of other landmark 
ranges. An explanation for this finding could be that at that location in this particular 
cadaver specimen, a rather substantial volume of synovial tissue was blocking the view. 
Moving around in the joint space while being hindered by synovial tissue is a challenge 
for these experienced wrist arthroscopists, but would be an even bigger challenge for 
novices. 

We chose to measure the navigation forces used by faculty members of the wrist ar-
throscopy course of the EWAS. These faculty members all have more than 8 (range 8-26 
years) years of experience in wrist arthroscopy and have performed more than five wrist 
arthroscopies per month. We can thus assume that these experts are at the end of the 
learning curve for wrist arthroscopy. The forces they use can be considered to be safe 
forces for wrist arthroscopy. 

The limitations of the study include the fact that we used only one wrist to measure 
all the forces. Also the group of experts was quite small. However, the number of data 
points per surgeon was high. The median values of Fabs, α and β demonstrate a narrow 
95% confidence interval. 

figure 5 Schematic representation of the scope in the radiocarpal joint illustrating the direction of Fabs 
and the angle α
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As stated in the introduction, the objective assessment of residents’ skills remains a chal-
lenge (12). To date, there is no single widely used method for the automatic assessment 
of these basic, minimally invasive surgical skills. Commonly, assessment relies heavily 
on the expert surgeons and, therefore, is not always objective (4). Other authors have 
looked at the use of forces during surgical procedures. Richards et al. studied the forces 
and torques applied at the hand-tool interval (F/T) and distinguished between experts 
and novices dissecting on the MIS simulator. They concluded that using the F/T informa-
tion in real time during the course of learning as feedback information to the novices 
may improve the learning process, reduce soft tissue injury and increase efficiency dur-
ing endoscopic surgery (10). Horeman et al. assessed the forces used during a needle-
driving task and concluded that a set-up that measures forces can provide students and 
instructors with objective information about interaction forces and torques for more 
effective training and assessment (9). Besides measurement of the forces used, motion 
analysis through tracking of instruments can be a valuable tool in skills assessment (4). 

This study aimed at defining the use of force measurements for an arthroscopic proce-
dure. Such a set of data can be useful in different ways during the training of novices. 
It can be used as one of the metrics to give feedback to residents during their training. 
The amount of force can be visually represented on the screen during performance to 
provide direct feedback (7). 

Furthermore, the progress of the resident can be monitored by recording the forces 
used during every exercise. A learning curve can thus be made clear for the trainee and 
the supervisor. 

Lastly these forces can also be used to show an improvement in skills after training on a 
simulator. Pre- and post-training forces can be compared to validate the learning curve 
from training on a simulator. Although this study uses a wrist arthroscopy model, the 
same principles could apply to other arthroscopic procedures.

Acknowledgment: The authors would like to thank the experts who participated in this 
study. Furthermore, we would like to thank Storz for supplying the instruments and tower for 
the measurements, and the personnel of the IRCAD laboratories for their kind cooperation 
during the study.
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