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Abstract 

Purpose The aim ofthis study is to present the construct and 

concurrent validity of a motion-tracking method of laparo-

scopic instruments based on an optical pose tracker and 

determine its feasibility as an objective assessment tool of 

psychomotor skills during laparoscopic suturing. 

Methods A group of novice (< 10 laparoscopic procedures), 

intermediate (11-100 laparoscopic procedures) and experi-

enced (> 100 laparoscopic procedures) surgeons performed 

three intracorporeal sutures on an ex vivo porcine stomach. 

Motion analysis metrics were recorded using the proposed 

tracking method, which employs an optical pose tracker to 

determine the laparoscopic instruments' position. Construct 

validation was measured for all 10 metrics across the three 

groups and between pairs of groups. Concurrent validation 

was measured against a previously validated suturing check-

list. Checklists were completed by two independent surgeons 

over blinded video recordings of the task. 

Results Eighteen novices, 15 intermediates and 11 experi-

enced surgeons took part in this study. Execution time and 

path length travelled by the laparoscopic dissector presented 

construct validity. Experienced surgeons required signifi-

cantly less time (p < 0.008), travelled less distance using 

both laparoscopic instruments (p < 0.013) and made more 

efficient use of the work space (p < 0.018) compared 

with novice and intermediate surgeons. Concurrent valida-

tion showed strong correlation between both the execution 

time and path length and the checklist score (r = -0.712 

andr = -0.731, p < 0.001). 

Conclusions The suturing performance was successfully 

assessed by the motion analysis method. Construct and con-

current validity of the motion-based assessment method has 

been demonstrated for the execution time and path length 

metrics. This study demonstrates the efficacy of the pre-

sented method for objective evaluation of psychomotor skills 

in laparoscopic suturing. However, this method does not take 

into account the quality of the suture. Thus, future works will 

focus on developing new methods combining motion analy-

sis and qualitative outcome evaluation to provide a complete 

performance assessment to trainees. 
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suturing • Suturing checklist 

Introduction 

Laparoscopic surgery is a high demanding surgical approach 

concerning technical requirements for surgeons [1]. This 

presents some challenges for surgeons caused by insuffi-

cient ergonomic criteria, reduced degrees of freedom and 

decreased tactile feedback, which may provide suboptimal 

operating conditions. These aspects require new surgical 

skills for the surgeon, who must be trained and assessed 

in order to become proficient, enabling him/her to perform 

safe surgical interventions. Traditional subjective assessment 



methods of trainees are no longer adequate for surgical train-

ing [2,3]. Besides, reduced working hours [4] and demands 

from surgeons and medical associations [5,6] mean that more 

objective assessment tools able to accredit surgeons as tech-

nically competent are required. 

Evaluation of surgeons' technical skills during their train-

ing program is an essential part of a comprehensive assess-

ment of their surgical proficiency. Surgical simulators are 

effective tools for training and assessment, mainly during the 

early phases of the training curricula. They offer a pressure-

free environment and avoid putting patients at risk. They 

have the potential to provide a reproducible setup for all 

trainees to objectively assess surgical performance. Studies 

have shown that skills acquired during simulation training 

could be transferred to the operating room [7]. A number 

of objective assessment tools for surgical skills, including 

motion analysis, have been developed for use with surgical 

simulators [8,9]. Most of these systems are based on scoring 

methods [10], carousel of tasks with sensors for monitoring 

metrics [11] and instrument motion tracking [12-15]. A sim-

ulator can be considered an effective educational tool only if 

the metrics associated with its use provide meaningful and 

accurate information to the trainee [16]. 

Evidence exists to validate motion analysis for use in 

laparoscopic skills assessment [17]. Indicative of its grow-

ing validity is that most available virtual reality simulators 

and hybrid models have incorporated motion metrics into 

the measurements reported to the user [8,9]. Motion analy-

sis methods compute metrics to quantify motion information 

concerning the use of the surgical instruments to establish the 

surgical dexterity level of surgeons. They seek to determine 

aspects that indicate the difference between performances 

at various levels of proficiency. Despite the increasing avail-

ability of simulators that include instrument motion analysis, 

they usually provide traditional metrics such as path length, 

motion smoothness and number of movements. Therefore, 

new metrics should be explored and validated, which can 

provide additional assessment information. 

Laparoscopic suturing and knot tying is a potentially dif-

ficult task that demands intensive practice to master the 

required skills. Quality of technical performance in laparo-

scopic suturing can be assessed using scoring systems such 

as checklists [18]. Other evaluation methods use motion 

analysis metrics [12,19] or computerized systems [20] for 

psychomotor skills assessment. However, studies that ana-

lyze the relationship of these motion analysis metrics with 

the assessment of quality in laparoscopic technical perfor-

mance are scarce. 

In previous studies, a method for motion analysis of 

laparoscopic instruments based on an optical pose tracker 

was presented and technically validated [21,22]. This 

approach tries to addresses certain limitations of other 

solutions for motion tracking of laparoscopic instruments 

such as ferromagnetic interferences, the need of wires or 

major internal modifications of the instruments. The pur-

pose of this work is to establish the construct and concurrent 

validity of this motion analysis method and determine its 

feasibility as an objective assessment tool of psychomotor 

skills during laparoscopic suturing. Besides, the relationship 

between motion-related metrics and the technical assessment 

of intracorporeal suturing performance using a checklist is 

presented. 

Material and methods 

Participants 

Surgeons from different training courses in urological and 

gynecological minimally invasive surgical techniques held at 

the Jesús Usón Minimally Invasive Surgery Centre (JUMISC, 

Cáceres, Spain) were asked to participate in this study. All 

participants completed a short questionnaire detailing demo-

graphic information, dominant hand and prior experience 

in laparoscopic surgery. Subjects were classified accord-

ing to their laparoscopic experience as experienced (E, 

>100 laparoscopic procedures), intermediates (I, 10-100 

laparoscopic procedures) and novices (N, <10 laparoscopic 

procedures). 

System description 

Training tasks were performed on a laparoscopic box trainer 

(Simulap®; JUMISC, Cáceres, Spain) [23,24]. Ergonomic 

conditions were standardized for all subjects. The height 

of the surgical table was adjusted according to that of 

the subject, and the monitor was placed at eye level for 

each surgeon. Entry ports for both instruments were set in 

identical spatial configuration and with the camera system 

focused on the work area. In order to record the move-

ments of the instruments during suturing performance, a 

motion analysis method for laparoscopic instruments based 

on a third-generation optical pose tracker (MicronTracker® 

3 Hx60; Ciaron Technology Inc., Toronto, Canada) was used 

(Fig.2a) [21]. This tracking method works in the visible 

spectrum and uses custom-made artificial markers on the 

laparoscopic instrument handle as reference points (Fig. 2b). 

Technical validation of this tracking method for laparoscopic 

instruments has been presented in a previous study [22]. 

Tasks 

Surgeons were asked to perform three intracorporeal sutures 

on a 30-mm incision on an ex vivo porcine stomach placed 

into a box trainer (Figs. 1, 2c). The suturing task consisted 

of four steps: passing the needle through the top and then 



Fig. 1 Intracorporeal suturing task on an ex vivo model 

Fig. 2 Experimental setup: (a) camera system of the optical pose 

tracker; (b) laparoscopic instruments with artificial markers; (c) cov-

ered box trainer with the exercise displayed on the monitor 

the bottom of the incision (in two steps); a double knot; and 

two single knots in opposite directions. For this task, subjects 

used a laparoscopic needle holder (Karl Storz GmbH & Co. 

KG, Tuttlingen, Germany) with the dominant hand and a 

laparoscopic dissector (Richard Wolf GmbH, Knittlingen, 

Germany) with the non-dominant hand. Suture material (2-0 

26 mm Safil®, B. Braun Medical Ltd, Melsungen, Germany) 

was standardized for all tasks. 

Assessment 

Ten metrics of psychomotor skills were computed, derived 

from the motion of the laparoscopic instruments' tip. Some of 

them such as time, path length, depth, speed, acceleration and 

motion smoothness have been extensively used [14,15,25]. 

Other metrics such as idle time, economy of area, econ-

omy of volume and bimanual dexterity have been introduced 

recently and thus still require further validation [14,26]. The 

economy of area is the relationship between the maximum 

surface area occupied by the instrument in the task plane and 

the total path length. Similarly, economy of volume is the 

relationship between the maximum volume occupied by the 

instrument in the setting and the total path length [14]. Both 

metrics measure the space-usage efficiency in the box trainer. 

The bimanual dexterity is the surgeon's ability to control 

two instruments at the same time. It is found by calculat-

ing the correlation between the velocity of the instrument tip 

controlled by the left and the right hand [26]. The analyzed 

motion metrics were organized into two categories: time-

related metrics and space-related metrics. Performance of 

each task was videotaped and synchronized with the instru-

ments motion recordings. 

In addition, the performance of the suturing task was rated 

using a previously validated suturing checklist [18,27]. This 

checklist scores technical features of the task such as needle 

position and driving, pulling through of the suture and the 

technique and quality of the intracorporeal knots. This study 

does not include slip knots, and therefore items 25 (knot left 

loose to slip) and 26 (knot slippage attempts 3 or <3) of 

the checklist have not been considered, resulting in a maxi-

mum final score of 27. Two experienced surgeons scored the 

recorded tasks of each subject. Both surgeons were blinded 

to their respective findings, as well as to the identity and 

experience level of each subject. 

Statistical analysis 

For statistical analysis, nonparametric tests of significance 

were used. All statistical analyses were carried out using 

the software SPSS version 19.0 (SPSS Inc., Chicago, IL). 

Construct validation was measured for each motion analysis 

metric. Significant differences in performance were sought 

along the three groups by Kruskal-Wallis analysis. If the 

groups differed significantly, the Mann-Whitney U test was 

used for pairwise comparison to test the difference between 

each study group. 

Concurrent validation was established between metrics 

calculated by the system and the scores given by the sur-

geons using the checklists. Cronbach's alpha test was used 

to measure the extent of agreement between the two raters 

(inter-examiner reliability). A value of alpha equal to 0.8 

was accepted as a threshold for good reliability [2]. Correla-

tion between motion-based assessment metrics and the mean 

score of each suturing technical feature was analyzed using 

Spearman's rank correlation coefficient (rho, p). Correlation 

values between 0.4 and 0.7 were considered as moderately 

good, whilst values >0.7 were considered to indicate a strong 

correlation between the two modalities of assessment [28]. 

For all tests, p < 0.05 was considered statistically signifi-

cant. 



Results 

Forty-four surgeons took part in the study: 11 experienced 

surgeons, 15 intermediates and 18 novices. The average 

age of the participants was 35.2 years (SD = 9.37) and the 

male/female ratio 29/15. Two participants were left-handed 

and therefore performed the suturing task holding the laparo-

scopic needle holder on their left hand. All participants were 

able to complete the tasks, without imposing time restric-

tions. 

Construct validation 

All time-related assessment metrics except bimanual dex-

terity presented statistically signiflcant differences between 

the group of novice and intermediate surgeons for the use 

of both instruments (p < 0.031) and between the group 

of novice and experienced surgeons for the needle holder 

(p < 0.007; Fig. 3). Execution time showed signiflcant dif-

ferences between the three groups of surgeons (p < 0.008). 

With respect to space-related metrics, all metrics except 

depth showed signiflcant differences between novices and 

experienced surgeons (p < 0.008), as well as between 

intermediates and experienced surgeons for the use of both 

instruments (p < 0.049; Fig. 4). Experienced surgeons 

travelled significantly less distance using both laparoscopic 

instruments and made more efficient use of the work space. 

Path length travelled by the laparoscopic dissector presented 

statistically signiflcant differences between the three groups 

of surgeons (p < 0.023). 

Concurrent validation 

The inter-examiner reliability was 0.974 for the evaluation 

using the suturing checklist. Both experienced and inter-

mediate surgeons scored significantly higher than novice 

surgeons (N: 16.50 ± 1.60,1:21.55 ± 1.87, E: 23.25 ± 2.20; 

p < 0.001). However, there were no statistically signifl-

cant differences between the experienced and intermediate 

groups. 

All technical features rated by the suturing checklist were 

related to time and path length showing a strong correlation 

with needle position (Tables 1, 2). Needle positioning and 

driving were also related to economy of area and economy 

of volume. The pulling maneuver correlated with all time-

related metrics, except bimanual dexterity. 

Discussion 

The presented motion analysis method for laparoscopic 

instruments has been demonstrated to be a valid tool for 

objective assessment of psychomotor skills in laparoscopic 

suturing. Results showed that execution time and path length 

travelled by the laparoscopic dissector are good predictors 

for the experience level of a surgeon. These metrics showed a 

good correlation between them and the technical parameters 

evaluated by the suturing checklist, making them potential 

useful indicators of the quality of the technical performance 

in laparoscopic suturing. Moreover, unlike motion analysis, 

the suturing checklist was not able to distinguish between 

intermediate and expert surgeons. Therefore, motion analy-

sis of surgical instruments could be considered as a valuable 

complementary objective assessment tool to the suturing 

checklist for laparoscopic suturing tasks. 

The time taken to perform a surgical task has usually been 

one of the most widely validated assessment metrics [17]. In 

fact, the speed in performing the task has been used tradition-

ally as an objective measure of surgical dexterity, considering 

that an expert surgeon should perform a task more swiftly. 

Results of this study support these findings for the laparo-

scopic suturing task. Construct validity of execution time in 

intracorporeal suturing has also been reported in other studies 

[12,19,25,27]. 

A similar correlation study in laparoscopic suturing was 

presented by Moorthy et al. [27] using an electromagnetic 

tracker attached to the surgeon's hands. They obtained sig-

niflcant differences for execution time and total path length 

travelled by both instruments. Our results also showed con-

struct validity for these metrics, but only for the path length 

travelled by the laparoscopic dissector, similarly to what was 

reported by Yamaguchi et al. [19]. However, the latter study 

only included two experience groups, novice and experienced 

surgeons. They used an electromagnetic tracking system with 

a sensor attached to the tip of each laparoscopic instrument. 

Results showed that dexterity using the laparoscopic dissec-

tor rather than the needle holder is a good indicator of the 

level of expertise in intracorporeal suturing. This seems to 

indicate that surgical experience can affect surgical dexterity 

of each hand differently in laparoscopic suturing. 

Within the group of time-related metrics, bimanual dex-

terity had no signiflcant differences between any of the 

experience groups. However, other studies found signiflcant 

differences during the performance of hand coordination and 

suturing exercises [12,26]. A possible reason of this may 

reside in the post-Altering stage to the data, which could have 

slightly reduced the motion information about each instru-

ment and thus the correlation between them. Apart from 

bimanual dexterity, no statistically differences were found 

for the depth metric between any of the groups of surgeons. 

Since a defined workspace inside the simulator was estab-

lished for all tasks, depth of movements for the instruments 

tip may not vary significantly. 

Intermediate surgeons used both laparoscopic instruments 

with higher speed, higher acceleration and jerkier move-

ments than the other two groups, but with no signiflcant 
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Fig. 3 Construct validation results for time-related metrics: scores for 

time, bimanual dexterity, idle time, speed, acceleration and motion 

smoothness. Results are presented as notched box plots, in which every 

notched box has a line marking the lower quartile, median and upper 

quartile value. Whiskers represent the extent of the remaining data, with 

dots showing the outliers. The boxes whose notches do not overlap are 

significantly different (p < 0.05). Dom dominant hand, Non-Dom non-

dominant hand 
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Fig. 4 Construct validation results for the space-related metrics: scores 

for path length, depth, economy of area and economy of volume. Results 

are presented as notched box plots, in which every notched box has a line 

marking the lower quartile, median and upper quartile value. Whiskers 

represent the extent of the remaining data, with dots showing the out-

liers. The boxes whose notches do not overlap are significantly different 

(p < 0.05). Dom dominant hand, non-dom non-dominant hand 

Table 1 Correlations between technical features rated by the suturing checklist and time-related motion metrics 

Needle position 

Needle driving 

Pulling 

Technique 

Quality 

Total 

Time 

-0.705** 

-0.661** 

-0.491* 

-0.536** 

-0.457* 

-0.712** 

Idle time 

-0.295 

-0.351 

-0.429* 

-0.191 

-0.290 

-0.324 

Speed 

0.290 

0.295 

0.412* 

0.302 

0.142 

0.309 

Acceleration 

0.349 

0.279 

0.522* 

0.352 

0.194 

0.397 

Motion smoothness 

0.314 

0.196 

0.600** 

0.279 

0.086 

0.361 

Bimanual dexterity 

-0.029 

0.020 

-0.007 

-0.091 

0.141 

-0.033 

Correlation values are presented as Spearman's rho (r) and its significance (p) 

Statistically significant values are marked in bold face. * p < 0.05; ** p < 0.001 

differences with regard to the experienced group of surgeons. 

However, the group of intermediate surgeons travelled signif-

icantly more distance with both instruments and obtained less 

economy of covered area and volume than the group of expe-

rienced surgeons, which leads to less efficient movements. 

It could be expected that more experienced surgeons would 

make smoother movements than less experienced ones, but 

results showed that novice surgeons performed the intracor-



Table 2 Correlations between 

technical features rated by the 

suturing checklist and 

space-related motion metrics 
Needle position 

Needle driving 

Pulling 

Technique 

Quality 

Total 

Path length 

-0.740** 

-0.677** 

-0.424* 

-0.508* 

-0.506* 

-0.731** 

Depth 

-0.206 

-0.242 

-0.155 

-0.211 

-0.112 

-0.228 

Economy of area 

0.523* 

0.473* 

0.285 

0.374 

0.369 

0.532* 

Economy of volume 

0.452* 

0.419* 

0.127 

0.371 

0.229 

0.429* 

Correlation values are presented as Spearman's rho (r) and its significance (p) 

Statistically significant values are marked in bold face. * p < 0.05; ** p < 0.001 

poreal suture with the lowest rate of jerky movements, as 

reported by [26]. We hypothesize that lower experience of 

the novice group may make them execute the maneuvers in 

a more careful manner. 

Regarding the assessment of suturing performance by 

means of the suturing checklist, as in the study of Kroeze 

et al. [18], there were no statistically significant differences 

between intermediate and expert surgeons, in contrast to [27] 

who obtained significant difference across the three ana-

lyzed groups. These conflicting results may be because the 

suturing checklist only takes into account technical features, 

overlooking other parameters such as efficiency or depth per-

ception, which are evaluated by other assessment methods 

such as the Global Operative Assessment of Laparoscopic 

Skills (GOALS) scoring system [29]. Moreover, both groups 

of intermediate and expert surgeons had a prior experience 

in laparoscopic suturing and therefore were familiar with the 

technical steps of this task. 

Concurrent validity of the motion-based assessment 

method has been demonstrated for the execution time and 

path length metrics. A strong correlation between the check-

list score and the distance travelled by both laparoscopic 

instruments has been also reported by [27], but not for the 

execution time. This may be due to the fact that in said 

study, needle positioning was not considered for assessment. 

Results showed that better technique regarding the placement 

of the needle and total score for the suturing checklist led to a 

lower execution time and path travelled by the laparoscopic 

instruments during laparoscopic suturing. Both an adequate 

positioning of the needle and an accurate driving of the needle 

involved fewer and more focused movements of the instru-

ments, and therefore a better economy of the area and volume 

occupied by both instruments. In addition, a proper execu-

tion of the technique to pull the suture through the incision 

was related to a decrease in the total execution time and idle 

times during the task performance, but also to an increase in 

speed and acceleration of both instruments as well as jerky 

movements. 

One of the main challenges in the presented method of 

laparoscopic technical skills assessment based on instrument 

motion analysis is transferring it to an actual clinical set-

ting. This would involve analyzing the most suitable position 

of the tracking camera system inside the operating room 

in order to avoid occlusions in a potential crowded surgi-

cal environment. Additionally, easily sterilizable, tough and 

lightweight material for the artificial markers placed on the 

surgical instruments should be sought. On the other hand, 

the presented motion-based assessment method provides a 

quantitative measure of technical skills, but no information 

on the outcome of the completed task. The quality of the out-

come is a fundamental part for a comprehensive evaluation 

of the intracorporeal suturing performance, and we consider 

this as the next step in the evaluation process and as a com-

plement to the evaluation of psychomotor skills and technical 

performance presented in this study. 

In conclusion, this study has demonstrated the feasibility 

of using the presented motion analysis method for assessing 

psychomotor skills of surgeons during laparoscopic suturing. 

Results have established the validity of execution time and 

path length travelled by laparoscopic instruments as objective 

assessment metrics for this task. 
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