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Abstract

Background Not much is known about the exact role of

force feedback in laparoscopy. This study aimed to deter-

mine whether force feedback influences movements of

instruments during training in laparoscopic tasks and

whether force feedback is required for training in basic

laparoscopic force application tasks.

Methods A group of 19 gynecologic residents, randomly

divided into two groups, performed three laparoscopic

tasks in both the box trainer and the virtual reality (VR)

trainer. The box-VR group began with the box trainer,

whereas the VR-box group began with the VR trainer. The

three selected tasks included different levels of force

application. The box trainer provides natural force feed-

back, whereas the VR trainer does not provide force

feedback. The performance of the two groups was com-

pared with regard to time, path length, and depth

perception.

Results For the tasks in which force plays hardly a role,

no differences between box-VR group and the VR-box

group were found. During a task in which force application

(pulling and pushing forces) plays a role, the box-VR group

outperformed VR-box group in the box trainer. Moreover,

training with the box trainer had a positive effect on sub-

sequent performance of the task with the VR trainer. This

was not found the other way around. No differences were

found between box-VR and the VR-box group in tasks not

requiring force application.

Conclusion Force feedback influences basic laparoscopic

skills during tasks in which pulling and pushing forces are

applied. For these tasks, the switch from the trainer without

force feedback to the one with natural force feedback has a

detrimental effect on performance. Therefore, training for

tasks in which forces play an important role (e.g.,

stretching, grasping) should be done using systems with

natural force feedback, whereas eye–hand coordination can

be trained without force feedback.

Keywords Laparoscopy � Training � Force feedback �
Basic laparoscopic skills � Motion analysis

Laparoscopic surgery has evolved into a major surgical

technique used currently for therapeutic purposes in

gynecology. The implementation of laparoscopy in daily

gynecologic practice and residency, however, has not been

done easily [1–3]. One reason may be that instruments used

during laparoscopic surgery have distorted and reduced

force feedback [4–6]. Such feedback is essential when

accurate control of grasping and pulling forces is required.

Current training in basic laparoscopic skills outside the

operating room involves, for example, the use of box and

virtual reality (VR) trainers. Only a few studies have com-

pared the effectiveness of the box trainer and the VR trainer

in the training of laparoscopic psychomotor skills [7–10].

These studies show very different results. For example,

Youngblood et al. [9] found that surgeons trained on the VR

trainer performed better on an animal model than surgeons

trained on a traditional box trainer. In contrast, the study of

Munz et al. [7] showed no significant advantage of the one

trainer over the other. Tanoue et al. [10] found that each
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method of training achieved its own characteristic results,

concluding that training should therefore involve a combi-

nation of both training models [10].

Currently, not much is known about the role of force

feedback during the training of basic laparoscopic skills.

With box trainers, an environment with natural force

feedback is obtained due to the use of real laparoscopic

instruments. Only a few of the current VR trainers for

laparoscopy are equipped with force feedback [11, 12].

However, one of the issues in validating the benefits of VR

trainers is that no study has investigated whether providing

force feedback is essential in the learning of basic laparo-

scopic skills. Moreover, force feedback in VR trainers is

costly and, until now, not very similar to the feedback

obtained with the use of real laparoscopic instruments.

In the literature, it is demonstrated that time, path length,

and depth perception can distinguish between different

levels of performance, based on the instrument movements

[13, 14]. Moreover, these three parameters are commonly

used to (automatically) assess the performance of laparo-

scopic training tasks. To our knowledge, no study has

investigated whether there is a difference in instrument

movements between performing a laparoscopic task with

and without natural force feedback. Furthermore, it also is

not known whether force feedback should be used during the

training of laparoscopic skills. Therefore, this study aimed to

determine whether force feedback influences the movements

of instruments during training tasks in laparoscopy and

whether force feedback should be used during the training of

basic laparoscopic skills. Time, path length, and depth per-

ception were used to investigate this during three basic

laparoscopic tasks in both a box trainer and a VR trainer.

Methods

Participants

Gynecologic residents from various hospitals in the Neth-

erlands who attended the 1-day mandatory course in

laparoscopic skills at the Leiden University Medical Center

in November 2006 were invited to participate in this study.

Consequently, 19 residents voluntarily enrolled in the study

and completed a short questionnaire detailing demographic

information and prior experience in laparoscopic surgery.

Tasks

In this study, three tasks were used:

1. Balls task: The task required putting three balls in

three holes in a specified order (Fig. 1A). Balls B1, B2,

and B3 were placed in holes H1, H2, and H3,

respectively. The B1 and B3 balls were placed with

the right hand, whereas ball B2 was placed with the

left hand.

2. Ring task: The task required passing a needle through

two rings (Fig. 1B). First, the needle was passed from

the right hand to the left hand through ring R1. Then

the needle had to be passed from the left hand to the

right hand through ring R2. No restrictions were

imposed in relation to touching the rings with the

instruments.

3. Elastic band task: The task required stretching an

elastic band between two rings (Fig. 1C). First, one

hook of the elastic band was placed on ring R1. Then

the other hook was placed on ring R2. The first

movement was performed with the right hand, and the

second movement had to be performed with the left

hand. Stretching the elastic band between the rings

required application of about 4 N of pulling force.

The three selected tasks represent regularly used tasks used

to train eye–hand coordination in VR trainers [15]. These

tasks are included in the software package SimSoft Basic

1.0 of the SIMENDO (Rotterdam, the Netherlands)

(Fig. 2), a VR trainer used in this study. The tasks for

the box trainer were specially designed according to the

tasks provided in the SIMENDO. The box trainer was used

to perform the tasks with natural force feedback, whereas

the SIMENDO was used to perform the tasks without force

feedback. In both trainers, the image of a 0� laparoscope

was presented on a monitor.

Experimental protocol

The participants were randomly divided into two groups:

the box-VR group and the VR-box group. The box-VR

group performed the tasks in the box trainer before per-

forming them in the VR trainer, whereas the VR-box group

performed the tasks in the VR trainer before performing

them in the box trainer. The order of the tasks to be per-

formed was the first the balls task, then the ring task, and

finally the elastic band task for each participant.

Before the participants performed the tasks, the way they

were to be performed was presented to them in a movie

together with a verbal explanation by the researcher. All the

participants performed each task one time in each trainer.

Parameters

The SIMENDO allows the movements of the instruments to

be measured and recorded. The movements of the instru-

ments in the box trainer were recorded with the TrEndo

tracking system (Delft, the Netherlands) (Fig. 3) [16]. The

data were analyzed using three parameters [13, 14]:
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1. Time: The total time (T) required to perform the task

(in seconds for both training systems)

2. Path length: The length (PL) of the curve described by

the tip of the instrument during performance of the

task (in millimeters for the box trainer and in arbitrary

units for the VR trainer)

3. Depth perception (manipulation in depth): The total

distance (DP) traveled by the instrument along its axis

(in millimeters for the box trainer and in arbitrary units

for the VR trainer).

Because the tasks required the use of two instruments, the

path length and the depth perception were analyzed

separately for the left and right hands.

Statistical analysis

Recorded data from the questionnaire and the tasks were

analyzed using the Statistics Toolbox of MATLAB 7 (The

MathWorks, Inc., Natick, MA, USA). Differences between

the two groups were tested for statistical significance using

the Wilcoxon test. A p value less than 0.05 was considered

statistically significant.

Results

Participants

The box-VR group consisted of 9 participants (3 men and 6

women), and the VR-box group consisted of 10 partici-

pants (3 men and 7 women). No significant difference in

experience performing laparoscopic surgery existed

between the two groups (median, 20; range, 3–60 vs

median, 15; range, 0–50 laparoscopic procedures).

Balls

The movements of the instrument tips were analyzed for

each participant. Figure 4 presents an example of typical

trajectories for two participants (from the box-VR and VR-

box groups, respectively) performing the balls task in the

box trainer and VR trainer. As shown, the movements of a

participant from the box-VR group (left) look similar to the

movements of a participant from the VR-box group (right).

Figure 5 shows the differences between the two groups.

These differences are not significant in terms of time, path

Fig. 1 The three laparoscopic

tasks used in this study. (A) The

balls task required placing three

balls in three holes. B, ball; H,

hole. (B) The ring task required

passing a needle from one hand

to the other one through two

rings (R1, R2). (C) The elastic

task required stretching elastic

between two rings (R1, R2).

VR, virtual reality
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length right, path length left, depth perception right, or

depth perception left between the box-VR group and the

VR-box group performing the task in the box trainer. The

same was found for the task performed in the VR trainer.

Ring

Figure 6 shows that as with the balls task, there was no

significant difference in terms of time, path length right,

path length left, depth perception right, and depth percep-

tion left between the box-VR and VR-box groups

performing the task in both the box trainer and the VR

trainer (Fig. 6).

Elastic band

Figure 7 presents an example of typical trajectories for two

participants (from the box-VR group and VR-box group,

respectively) performing the elastic band task in the box

and VR trainers. It can be seen that the motions of a par-

ticipant from the box-VR group (left) are very different

from those of a participant from VR-box group (right).

Figure 8 and Table 1 present the results for the elastic

band task performed in the box trainer. A significant dif-

ference can be observed between the box-VR and VR-box

groups in performance of the task in the box trainer. The

box-VR group performed the task 50% faster than the

VR-box group (p \ 0.01). The path length described by the

tip of the left instrument was 60% shorter for the box-VR

group than for the VR-box group (p \ 0.01), and the path

length of the right instrument was 55% shorter for the box-

VR group than for the VR-box group (p \ 0.01). The depth

perception measured for the left instrument was 65%

shorter for the box-VR group than for the VR-box group

(p \ 0.01), and the depth perception measured for the right

instrument was 50% shorter for the box-VR group than for

the VR-box group (p \ 0.01).

Table 2 presents the results for the elastic band task

performed in the VR trainer. There was a significant dif-

ference in the performance of the task in the VR trainer

between the box-VR group and the VR-box group. How-

ever, the difference was observed only for movements of

the right instrument. The path length of the right instrument

was almost 70% shorter for the box-VR group than for the

VR-box group (p \ 0.01). The depth perception measured

for the right instrument was 65% shorter for the box-VR

group than for the VR-box group (p \ 0.02).

Discussion

This study confirms that force feedback, although distorted

and limited, influences basic laparoscopic skills, especially

when pulling and pushing forces are applied (e.g., during

grasping). To investigate this, we used three tasks that

provide the user with various types of force feedback in the

box trainer. The balls task, for example, offers a ‘‘simple’’

force feedback obtained due to a pinching force applied to

the ball by the jaws of the laparoscopic instrument. The

ring task supplies the user with a more complex force

feedback, which involves a combination of the pinching

force and the force obtained when the laparoscopic

instrument comes across the objects (e.g., the rings, the

needle). The elastic band task offers the user the most

Fig. 2 The SIMENDO, a virtual reality (VR) trainer produced by

DelltaTech (courtesy of DelltaTech)

Fig. 3 The TrEndo tracking system designed to measure movements

of laparoscopic instruments in training setups

Surg Endosc (2008) 22:2140–2148 2143

123



Fig. 5 Results for the balls task

performed by the box-VR and

VR-box groups. Left: Results

obtained in the box trainer.

Right: Results obtained in the

VR trainer. The results are

presented as notched box and

whisker plots in which every

box has a line for every quartile,

median, and upper quartile

value. The whiskers are

presented as lines that extend

from each end of the box to

show the extent of the

remaining data. The notches

represent the 95% confidence

interval for the median. Boxes

whose notches do not overlap

are significantly different

(p \ 0.05). VR, virtual reality;

PLleft, path length of the left

instrument; PLright, path length

of the right instrument; DPleft,

depth perception measured for

the left instrument; DPright,

depth perception measured for

the right instrument; AU,

arbitrary unit

Fig. 4 Typical trajectories of

the right instrument movements

of two participants performing

the balls task. Left: A participant

from the box-VR group. Right:
A participant from the VR-box

group. Top: Trajectories of the

movements performed in the

box trainer. Bottom:

Trajectories of the movements

performed in the VR trainer.

VR, virtual reality; AU,

arbitrary unit
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Fig. 7 Typical trajectories of

left and right instrument

movements of two participants

performing the elastic band

task. Left: A participant from

the box-VR group. Right: A

participant from the VR-box

group. Top: Trajectories of the

movements performed in the

box trainer. Bottom:

Trajectories of the movements

performed in the VR trainer.

VR, virtual reality; AU,

arbitrary unit

Fig. 6 Results for the ring task

performed by the box-VR and

VR-box groups. Left: Results

obtained in the box trainer.

Right: Results obtained in the

VR trainer. VR, virtual reality;

PLleft, path length of the left

instrument; PLright, path length

of the right instrument; DPleft,

depth perception measured for

the left instrument; DPright,

depth perception measured for

the right instrument; AU,

arbitrary unit
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complex force feedback. With the elastic band, the

pinching force and the force obtained due to the contact of

the instrument with the objects are combined with the

feedback obtained from the pulling and pushing forces

during stretching of the elastic.

For tasks in which pulling and pushing forces hardly

play a role (balls and ring tasks), no difference between the

box-VR and VR-box groups was observed with the box and

the VR trainers. During a task in which pulling and pushing

forces play an important role (elastic band), the switch

from the trainer with natural force feedback to the one

without force feedback had a positive effect on the per-

formance. A switch the other way, however, did not have

positive effect. This indicates that the training for advanced

tasks in which pulling and pushing forces play an important

role should use trainers with natural force feedback.

Currently, companies that provide tracking systems, VR

trainers, or both for laparoscopic training tend to include

force feedback in their products [11, 12, 17]. To our

knowledge, no studies have measured the actual force

feedback during laparoscopic surgery and its effect on the

performance of the surgeon. Without such measurements,

it is difficult to implement accurate force feedback in VR

trainers.

De Visser et al. [18] measured pulling forces applied to

stretch (e.g., the mesocolon for dissection of a pig’s colon).

The results of that study showed that surgeons applied an

average force of 2.5 N and a maximum force of 5 N to the

Fig. 8 Results for the elastic

task performed by the box-VR

and VR-box groups. Left:
Results obtained in the box

trainer. Right: Results obtained

in the VR trainer. VR, virtual

reality; PLleft, path length of the

left instrument; PLright, path

length of the right instrument;

DPleft, depth perception

measured for the left

instrument; DPright, depth

perception measured for the

right instrument; AU, arbitrary

unit **p \ 0.01, *p \ 0.05

Table 1 Results for the elastic band task performed in the box trainer

Box-VR median

(range)

VR-box median

(range)

Time (s)a 112 (21–158) 228 (106–576)

Path length left (mm)a 2061 (858–2966) 5621 (1983–12067)

Path length right (mm)a 3390 (577–4585) 7796 (2305–21637)

Depth perception left (mm)a 986 (459–1170) 2761 (757–5835)

Depth perception right

(mm)a
1433 (323–2229) 2999 (960–9437)

VR, virtual reality
a p \ 0.01

Table 2 Results for the elastic band task performed in the VR trainer

Box-VR median

(range)

VR-box median

(range)

Time (s) 87 (19–140) 90 (38–405)

Path length left (AU) 33 (23–64) 30 (22–217)

Path length right (AU)a 29 (20–72) 88 (18–484)

Depth perception left (AU) 25 (15–40) 27 (14–140)

Depth perception right (AU)b 19 (16–38) 54 (12–310)

VR, virtual reality; AU, arbitrary units
a p \ 0.01
b p \ 0.02
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colon. In our study, the elastic band task required 4 N of

pulling force. The pulling forces in the elastic band task

were, therefore, comparable with the forces used in lapa-

roscopic surgery.

There are several causes of force distortion in laparos-

copy (e.g., instrument, trocar, stiffness of the abdominal

wall). Some of these causes have already been investigated

[19, 20]. Sjoerdsma et al. [19] focused on the mechanical

transmission characteristics of four types of graspers. He

measured a ratio between forces in the jaw and forces in the

handgrip of the instrument at different opening angles. The

results of that study showed that mechanical transfer

functions were very inconstant and differed greatly among

the graspers.

Van den Dobbelsteen et al. [20] measured friction

characteristics of six commonly used trocars in laparos-

copy. He found that friction between instrument and trocar

differed greatly among various designs of trocars.

According to this study, the friction in the trocar varies

between 0.25 and 3.0 N [20].

In our study, the TrEndo tracking system was used to

guide the movements of the laparoscopic instruments in the

box trainer. The inherent friction in the box trainer aver-

aged 0.45 N for the left instrument and 0.74 N for the right

instrument. In the VR trainer, the inherent friction averaged

1.11 N for the left instrument and 1.01 N for the right

instrument. The friction in both the box and VR trainers

was, therefore, comparable with the friction in trocars.

Studies conducted by Sjoerdsma et al. [19] and van den

Dobbelsteen et al. [20] showed that instruments and trocars

influence force feedback during surgery. Moreover, they

showed that force feedback is not constant even when the

same instruments and trocars are used (e.g., due to inconstant

friction in a trocar). It is thus important to consider these

findings not only when force feedback is incorporated into

training systems, but also in the future development of new

laparoscopic instruments, such as those for robotic surgery.

There is a difference between what the user actually

feels while performing laparoscopic tasks in the box trainer

and what is felt in current VR trainers. We showed that this

difference in force feedback influences the performance of

basic laparoscopic tasks in training models. To our

knowledge, this study showed for the first time that it is

possible to measure how performance is influenced by

force feedback. Particularly, this was found in the elastic

band task, which required application of pulling and

pushing forces.

The fact that both trainers have different characteristics

should be carefully taken into account when a training

curriculum is designed because training with one of the

training models can influence performance of the surgeon

with the other type of trainer and vice versa. Moreover,

different factors make both trainers attractive for the user.

For example, the VR trainer offers a unique environment in

which basic laparoscopic skills can be learned repeatedly

and assessed automatically using exactly the same task.

The box trainer, on the other hand, offers an environment

with natural force feedback, which plays an important role

in the learning of basic laparoscopic skills that require the

application of pulling and pushing forces. The current

study shows that the order in which box and/or VR trainers

are used to learn laparoscopic skills may influence the

performance of the surgeon.

This study shows that no difference exists between box

and VR trainers in the performance of tasks in which pulling

and pushing forces hardly play a role. In contrast to box

trainers, VR trainers provide a scoring system based on

information about the movements of the instruments. Such a

scoring system can be used to motivate surgeons to train and

test their basic laparoscopic skills. Therefore, it is advised

that surgeons should train initially with the VR trainer to

overcome eye–hand coordination problems. After reaching

a certain level of skill with the VR trainer, surgeons should

continue their training with a box trainer, in which the

training will involve the application of pulling and pushing

forces [8]. Therefore, both the VR and the box trainer have

their place in the training of basic laparoscopic skills.

Conclusion

Force feedback influences basic skills in laparoscopic sur-

gery. The reduced performance of tasks that normally

involve force application after those tasks have been per-

formed on a system without force feedback indicates that

trainers without force feedback should preferably focus on

the training of eye–hand coordination. Training for tasks in

which forces play an important role should use systems with

natural force feedback. Therefore, both box and VR trainers

have their place in the training of laparoscopic skills.
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