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Abstract: As an alternative to the surgical robot, some medical companies have engineered new 

steerable devices that mimic the robot’s capacities. This study aimed to assess how steerable 

instruments ameliorate the efficacy of suturing in comparison with the traditional instrument, and 

a combination instruments, performed by experienced and novice surgeons. The study was 

performed by three experienced surgeons and three novice surgeons. The instruments employed 

were divided into three surgical sets: two steerable dissectors; one steerable dissector and one 

straight needle; two straight needle holders. The study supervisor recorded the total time for the 

procedure, the number of bites completed, the time for each bite, and the quality of the procedure. 

In our study, we found consistent data demonstrating that experienced laparoscopists completed 

the prescribed suture pattern with more bites in less time than novices. The use of two steerable 

instruments was more time consuming than standard straight instruments, but a combination of 

instruments was significantly less time consuming, as was the use of two straight needle holders. 

This result was even observed in novice surgeons. Combining a steerable instrument with a 

traditional straight needle holder provided more advantages in this study.  

Keywords: laparoscopy; steerable instruments; learning curve 

 

1. Introduction 

Surgical robots were introduced into human surgical procedures in the late 1990s to overcome 

the limits of conventional laparoscopy, including difficulties with dexterity and challenges [1]. 

Among the various features of robotic surgical systems, the stereoscopic vision, wristed 

instruments, and tremor filtration are considered to improve performance on laparoscopic tasks [2]. 

Robotic surgery was currently largely employed in many surgical specialties, in particular in 

urologic procedures [3]. Robotic surgery offers a faster learning curve, especially regarding suture 

techniques [4–6], with the presumably shared benefits of laparoscopy including less perioperative 

morbidity, improved visibility and precision, and faster recovery. The disadvantages of the robotic 

approach include the cost of the device [7] and the fact that they are not currently available in 

veterinary medicine. 
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In the last fifteen years, there has been substantial interest in creating devices that can provide 

some of the advantages of surgical robots, but at a lower cost. For example, steering devices include 

the articulated tip of an instrument that mimics a traditional laparoscopic instrument and is less like 

a robot [8]. The steerable tip enlarges the instrument’s workspace and allows the surgeon to reach 

structures that were otherwise inaccessible before [9]. Many studies have demonstrated the feasibility 

and advantages of steerable devices in clinical applications [2,4,8–16]. Such instruments are also 

beneficial for single-port laparoscopic surgery, which seeks to reduce invasiveness and trauma to the 

patient. Steerable instruments are listed as an essential method for reducing instrument crowding 

and providing triangulation at the surgical site [17]. 

The aim of this study was to assess potential benefits of the steerable instruments alone and in 

combination with a traditional straight needle holder in basic suture tasks executed by experienced 

and novice veterinary surgeons. Our hypothesis was that steerable tools could shorten learning 

curves and improve the quality of the suturing. 

2. Materials and Methods  

2.1. Operators 

The study was performed by 3 experienced veterinary surgeons (Group Expert) with at least 50 

laparoscopic procedures performed per year and 3 novice veterinary surgeons (Group Novice) with 

no experience in laparoscopic surgery.  

2.2. Surgical Setting 

A Customised Phantom consisting in Polyurethane foam covered by elastic bandage tape was 

introduced into a laparoscopic trainer box (Ethicon, Cincinnati, OH, USA). With an n° 23 scalpel 

blade, a 6 cm cut was performed on the bandage layer of the phantom, at 90° to the operator. The 

laparoscopic trainer was covered with a towel to avoid the view inside the box. Three 5 mm trocars 

were used to access the box. A 30° angle of vision laparoscope (HOPKINS II, Karl Storz GMBH & Co. 

KG, Tuttlingen, Germany) was introduced into the central portal, and two instruments were 

introduced into the right and left portals. 

The Instruments employed were divided into three surgical sets: two 5 mm Laproflex dissectors 

(DEAM, Amsterdam, The Netherlands) (Laproflex Group) (Figures 1A–D; Figure 2A), of which one 

was used as needle holder (off-label use as it is not intended for that purpose); 2 Straight needle 

holders (Straight Group; Ethicon, Cincinnati, OH, USA; Figure 2B); 1 Laproflex dissector + 1 Straight 

needle holder (Mix Group; Figure 2C). The suture material employed for the suturing task was 3-0 

USP polyglactin 910), with a 26 mm 3/8 circle reverse cutting needle. 
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Figure 1. Laproflex dissector. (A) Instrument handpiece (yellow arrow). Jaw’s opening/closing 

activator (black arrow). Long axis 360° rotation roll (red arrow). (B) Laproflex dissector grip design. 

(C) Handling Laproflex. (D) Steering Laproflex is activated by the wrist. 

 

Figure 2. Surgical sets. (A) Laproflex. (B) Straight needle holder. (C) Combination of Laproflex and 

straight needle holder. 

A prerecorded instruction video of all the exercises was shown at the start of the program, and 

all participants were allowed to manipulate the instruments for 10 min in order to familiarize 

themselves with the handling and activation of the instruments’ movements. Each operator 

performed a simple continuous pattern suture with one surgical knot at the first bite and then a 

maximum of 8 loops 4–5 mm apart from each other, starting on the left of the cutting line. Each session 

was repeated (one session per day) 3 times for the experts, and 5 times for the novices. A maximum 

of 45 min was allowed for each operator to complete the suturing task. 

All procedures were video recorded, and the study supervisor, blinded to the operator, recorded 

the total time for the procedure and the number of bites completed. The time for each bite (including 

the knot tying time) was obtained by dividing the total time by the total number of bites performed. 

The quality of the procedure was quantified by applying a modified Objective Structure 

Assessment of Technical Skills (mOSATS) laparoscopic skills evaluation scale, considering the 

followings parameters: (1) load needle perpendicular to needle driver; (2) choke needle 1/2 to 2/3 

from needle tip; (3) place needle at a 90 degree angle to tissue; (4) pull the suture through to establish 

short free end; (5) suture placed accurately on target. The surgeon’s knot quality was evaluated 

according to the following requirements: (6) knot laid flat without air knots; (7) short free end 

maintained; (8) appropriate tissue reapproximation without strangulation; (9) good use of both hands 

to facilitate knot tying. The supervisor assigned 1 for positive evaluation and 0 for negative; the sum 

of the previous score assigned was registered for each trial (max 9 points). 

  



Vet. Sci. 2020, 7, 135 4 of 10 

 

2.3. Statistical Analysis 

Minitab® 19 Statistical Software (Suturentry, UK) Data were summarized as the mean ± standard 

deviation (SD), Inerquartile range (IQR), and 95% confidence interval (95%CI). The Shapiro–Wilk test 

was used to assess normality before evaluation. One-way analysis of variance was used to test for 

differences between the groups for normal distributed data. A Tukey–Kramer test was used for post 

hoc analysis. A Wilcoxon signed-rank/Kruskal–Wallis test was used to test nonparametric data. Power 

analysis was calculated posthoc for time x bite. To evaluate the learning curve, the R2 was calculated on 

the basis of time x bite vs. the number of attempts. Values of p < 0.05 were considered significant. 

3. Results 

The expert group completed all procedures in the prescribed time. Conversely, the novice 

surgeons completed the procedures only five times, abandoning the procedure before completing the 

minimum number of bites planned or exceeding the maximum time available. The actual power 

analysis for time per bite vs. the operator group was >90%. 

The mean number of bites in the expert group was 6.6 ± 1.6 (IQR 5.00–8.00; 95% CI 5.43–7.76) bites 

for the Laproflex instruments, 8 ± 0.00 (IQR 8.00–8.00; 95% CI 6.7–9.29) bites for the combination of 

instruments, and 7.667 ± 0.577 (IQR 7.00–8.00; 95% CI 6.16–9.16) for the straight instruments. In the 

novice group, the number of bites completed with the Laproflex instruments was 3.71 ± 1.60 (IQR 4.00–

5.00; 95% CI 2.22–5.20), 5.75 ± 1,83 (IQR 4.225–7.75; 95% CI 4.35–7.14) with the combination of 

instruments, and 4.45 ± 2,11 (IQR 3.00–6.00; 95% CI 3.35–5.73) for the straight instruments. The 

difference was statistically significant (p < 0.05) between the surgeons’ groups (considering all surgical 

sets together), but specific comparison analysis performed between the groups of surgeons for each 

surgical set was not significant (p > 0.05) for the type of instruments employed (Figure 3). 

 

Figure 3. Number of bites. The difference was statistically significant (p < 0.05) between the surgeons’ 

groups but not for the type of instruments employed. 

The mean total time elapsed by the experienced surgeons was 16.80 ± 3 min (IQR 14.00–19.50; 

95% CI 14.68–18.92) with the Laproflex instruments, 7 ± 0.81 (IQR 6.25–7.75; 95%CI 4.63–9.36) with 

the combination of instruments, and 6.33 ± 0.577 (IQR 6.00–7.00; 95%CI 3.59–9.06) with the straight 

instruments. Conversely, for the novice surgeons group, the mean total time was 28.00 ± 11.60 min 

(IQR 23.00–30.00; 95%CI 21.73–34.27) with the Laproflex instruments, 12.13 ± 4.73 (IQR 9.00–16.50; 

95% CI 6.26–17.99) with the combination of instruments, and 13.64 ± 7.16 (IQR 10.00–15.00; 95% CI 

8.64–18.64) with the straight instruments. The Laproflex instruments were significantly (p < 0.05) 

more time consuming than the other instrument sets in both the expert and novice group. The 
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comparison of the level of experience (although with a lower tendency in the expert group) did not 

influence the total time significantly (p> 0.05) (Figure 4). 

 

Figure 4. Total time. The Laproflex instruments were significantly more time consuming than the 

other instrument sets in both the expert and novice group. The level of experience (although with a 

lower tendency in the expert group) did not influence the total time. 

In the expert group, the calculated time elapsed to complete a single bite, including the knot 

tying, was 2.72 ± 1.04 min (IQR 1.91–3.56; 95% CI 2.01–3.42) with the Laproflex instruments, 0.87 ± 0.1 

min (IQR 0.78–0.96; 95% CI 0.08–1.66) with the combination of instruments, and 0.82 ± 0.06 min (IQR 

0.75–0.87; 95% CI −0.08–1.73) with the straight instruments. The Laproflex instrument set was 

significantly higher (p < 0.05) in both the surgeons’ groups. In the novice group, sutures performed 

with Laproflex instruments took 9.11 ± 5.24 min (IQR 4.80–15.00; 95% CI 5.98–12.25), 2.093 ± 0.32 min 

(IQR 1.85–2.43; 95% CI −0.81–5.02) with the combination of instruments, and 4.41 ± 4.53 min (IQR 

2.00–6.20; 95% CI 1.91–6.91) with the straight instruments. In this group, the combination of 

instruments was significantly less time consuming than the other instrument sets. Experienced 

surgeons had significantly lower time x bite with all instrument sets (Figure 5). 

 

Figure 5. Time x bite. Experienced surgeons had significantly lower time x bite with all instrument sets. 
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Regression analysis for time × bite vs. the order of procedures fitted the curve at 66.2% 

significance in the novice surgeons’ group with Laproflex instruments. No other regression analysis 

demonstrated significant levels (p > 0.05).  

The modified OSATS score was 8.8 ± 0.44 (IQR 8.5–9; 95% CI 8.49–9.1) in the expert group with 

Laproflex instruments, 9 ± 0 (IQR 9.0–9.0; 95%CI 8.66–9.33) with the straight instruments, and 9 ± 0 

(IQR 9.0–9.0; 95% CI 8.61–9.38) with the combination of instruments. In the novice group, the mean 

score was 4.8 ± 2.4 (IQR 2.0–7.0; 95% CI 3.5–6.2) with the Laproflex instruments, 7.1 ± 1.6 (IQR 7.0–

8.0; 95%CI 7.23–9.76) with the straight instruments, and 8.5 ± 1.06 (IQR 8.2–9.0; 95% CI 6.1–8.25) with 

the combination of instruments. The modified OSATS score was statistically significantly lower (p < 0.05) 

in the novice group using Laproflex instruments but not with the straight instruments or the combination 

of instruments, while in the experienced surgeons, no differences were detected. (Figure 6). 

 

Figure 6. Modified OSATS score. Statistically significant differences were detected in the novice group 

using Laproflex instruments but not with the straight instruments or the combination of instruments. 

Statistically significant differences (p < 0.05). 

4. Discussion 

This study aimed to assess the role of steerable laparoscopic instruments in performing basic 

suture tasks by experienced laparoscopists and novice surgeons, comparing straight instruments and 

a combination of a steerable instrument and a straight needle holder.  

In our study, we found consistent data demonstrating that experienced laparoscopists 

completed the prescribed suture pattern with more bites in less time than the novices. Despite our 

hypothesis, the use of two steerable instruments was more time consuming than the standard straight 

instruments, but a combination of instruments was significantly less time consuming, as was the use 

of two straight needle holders. This result was even observed in novice surgeons, who performed 

each bite in less time than with straight and two steerable instruments. 

We found that the off-label use of the Laproflex instrument as a needle holder, although it is 

ergonomic and designed for intuitive movement, was cumbersome. The Laproflex dissector jaw does 

not have a grip designed for holding the needle and does not have a locking system to block the 

needle into the jaws during movements. We observed needle drops during bite deployments and 

slippage of the suture during knot tying, in particular in the novice group, but also in the first trials 

in the expert group. Moreover, for both operator groups enrolled in this study, accurate suture 

placement on the target was difficult, because the instrument bent at the shaft during the maneuvers 

and the force applied was not efficient in terms of completing bites or passing the needle through the 

tissue. It is likely that the stiffness of the distal bending section should be improved to avoid loss of 

energy through the shaft; in fact, when using rigid instruments, the distance from the handle to the 
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tip is constant, improving the transmission of the force needed to place the needle [18]. Moreover, a 

rigid shaft follows the wrist supination, improving the efficacy of forces.  

In this study, both surgeons’ groups found the Laproflex surgical set difficult to pass the needle 

through the phantom material. In particular, the main exertion was in maintaining the jaws closed to 

hold the needle, but needle rotation, slipping, and dropping were not avoided. Even during this off-

label use, in one attempt, the handle of the instrument was broken by a novice surgeon. In our study, 

the number of bites performed was significantly higher in experienced surgeons compared to 

novices. This result was mainly attributed to the abandonment of the procedure by novices. Loss of 

instrumental control provided fatigue and disappointment leading to the abandonment of 

procedures in the novices [19]. The physical and mental workload for laparoscopic surgeons might 

be counterproductive for the operative time and quality of hand-sewn anastomoses or other 

demanding procedures [20]. 

The use of two Laproflex instruments was significantly more time consuming than the other 

instrument sets in both the expert and novice group. However, analyzing the time elapsed to 

complete a bite, we found that regardless of the instrument set used to perform tasks, experienced 

surgeons had a significantly lower time to complete a single bite.  

The mOSATS score assessed the quality of the tasks performed [21] and represents an objective 

tool to evaluate surgical skills acquired by surgeons in training [22–24]. In this study, combining a 

steerable instrument with a traditional straight needle holder provided more advantages. In fact, 

experienced and novice laparoscopists improved as regards the time and quality of the suture. The 

main benefit when employing the steerable instruments was during knot tying, because the steerable 

instrument facilitated the creation of the loops for making the surgical knot. Moreover, because they 

allow for more degrees of freedom, steerable instruments provided help in needle positioning on the 

straight needle holder jaws and also in grasping the edge of the tissue for a proper and precise bite. 

With steerable instruments, the distal part is mostly positioned perpendicular to the viewing 

direction [18]. The two additional degrees of freedom of tip deflection and rotation were useful for 

difficult access angles to the operative field [13].  

The regression analysis showed that the experience level influenced the learning curve. 

Interestingly, Novice surgeons improved in terms of the time and quality of the suture more quickly 

than the experienced surgeons, but the skilled surgeons were more efficient with any technique 

performed. We can speculate that experienced surgeons were more familiar with the traditional 

techniques and developed less adaption in changing suture techniques. In fact, in a laparoscopic 

gastro-jejunal anastomosis study, the use of a novel deflectable instrument in an ex vivo model 

demonstrated a fast learning curve for all participants, but the learning curve of novices was even 

more rapid [20]. In that study, even though the anastomosis time of the novices came closer to that 

of trained surgeons after a number of trials, the statistical analysis revealed that the average suturing 

times and the complete anastomosis times were still expectably different when comparing the fifth 

trial of the untrained to experienced participants. 

We suppose that a more extended period of training combining these two instruments could 

provide evidence of better results. 

A limitation of this study was the artificial environment of the suture phantom used. We 

suppose that a cadaveric study would provide a better assessment of the tissue and feedback 

sensation, more closely mimicking the in vivo condition. However, an accurate simulation should 

provide an environment as close as possible to the reality, mimic visual-space and real-time 

characteristics of the procedure, and provide realistic haptic feedback [25]. From dedicated studies, 

it is known that robotic surgery requires a distinct learning curve different from laparoscopic and 

open surgery [26]. As this might be similar for steerable instruments, a comparison between steerable 

hand-held instruments and robotic instruments should be conducted on validated tasks to identify 

accurate differences in learning curves [27]. Training was demonstrated to be useful for trained and 

untrained subjects as only a limited number of tasks were necessary to improve both quality and time 

[28–30]. This experimental study showed a decrease in the required suturing time in both groups, 

which clearly indicates a fast learning effect when switching from standard laparoscopic instruments 
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to a combination with steerable instruments. In this study, only three experienced surgeons and five 

novices were recruited to perform surgical tasks. We are aware that this could represent a limitation 

of the study, and enlarging the number of investigators will improve the power of the study. 

Competent handling of Laproflex instruments can be acquired quickly even if with no previous 

experience in laparoscopic suturing, but the use of the dissector as a needle holder influenced our 

results. We suggest re-engineering the steerable instruments in terms of grip design, locking system, 

and the shaft stiffness of the instruments for needle holder function.  

In conclusion, although the steerable instrument has more functions to be actuated as compared 

to conventional instruments, it required more training to learn to control those additional functions 

in this study. More studies should be performed in cadavers or in vivo in a full laparoscopic 

environment to confirm the results of this study and study real advantages of the steerable 

laparoscopic instruments. 

Author Contributions: Conceptualization, L.L.; methodology, L.L.; formal analysis, L.L.; investigation, L.L., F.S., 

A.M.C., R.T., L.F., A.I.; data curation, L.L.; writing—original draft preparation, L.L.; writing—review and 

editing, L.L., F.S.; supervision, L.L. All authors have read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Acknowledgments: The authors thank the DEAM Steerable Medical Devices, (DEAM, Oosteinde 18, 9301 ZP 

Roden, The Netherlands, www.deam.com) for providing instruments for this research. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Chandra, V.; Nehra, D.; Parent, R.; Woo, R.; Reyes, R.; Hernandez-Boussard, T.; Dutta, S. A comparison of 

laparoscopic and robotic assisted suturing performance by experts and novices. Surgery 2010, 147, 830–839, 

doi:10.1016/j.surg.2009.11.002. 

2. Lanfranco, A.R.; Castellanos, A.E.; Desai, J.P.; Meyers, W.C. Robotic Surgery. Ann. Surg. 2004, 239, 14–21, 

doi:10.1097/01.sla.0000103020.19595.7d. 

3. Sotelo, R.; Clavijo, R.; Carmona, O.; Garcia, A.; Banda, E.; Miranda, M.; Fagin, R. Robotic Simple 

Prostatectomy. J. Urol. 2008, 179, 513–515, doi:10.1016/j.juro.2007.09.065. 

4. Yohannes, P.; Rotariu, P.; Pinto, P.; Smith, A.D.; Lee, B.R. Comparison of robotic versus laparoscopic skills: 

Is there a difference in the learning curve? Urology 2002, 60, 39–45, doi:10.1016/s0090-4295(02)01717-x. 

5. Leijte, E.; De Blaauw, I.; Van Workum, F.; Rosman, C.; Botden, S. Robot assisted versus laparoscopic 

suturing learning curve in a simulated setting. Surg. Endosc. 2019, 34, 1–11, doi:10.1007/s00464-019-07263-2. 

6. Moore, L.J.; Wilson, M.R.; Waine, E.; Masters, R.S.; McGrath, J.S.; Vine, S.J. Robotic technology results in 

faster and more robust surgical skill acquisition than traditional laparoscopy. J. Robot. Surg. 2014, 9, 67–73, 

doi:10.1007/s11701-014-0493-9. 

7. Sutherland, D.E.; Perez, D.S.; Weeks, D.C. Robot-Assisted Simple Prostatectomy for Severe Benign Prostatic 

Hyperplasia. J. Endourol. 2011, 25, 641–644, doi:10.1089/end.2010.0528. 

8. Trejo, A.; Donè, K.; DiMartino, A.; Oleynikov, D.; Hallbeck, M. Articulating vs. conventional laparoscopic 

grasping toolì surgeonì opinions. Int. J. Ind. Ergon. 2006, 36, 25–35. 

9. Anderson, P.L.; Lathrop, R.; Herrell, S.D.; Webster, R.J. Comparing a Mechanical Analogue with the Da 

Vinci User Interface: Suturing at Challenging Angles. IEEE Robot. Autom. Lett. 2016, 1, 1060–1065, 

doi:10.1109/LRA.2016.2528302. 

10. Di Lorenzo, N.; Camperchioli, I.; Gaspari, A. Radius surgical system and conventional laparoscopic 

instruments in abdominal surgery: Application, learning curve and ergonomy. Surg. Oncol. 2007, 16, 69–72, 

doi:10.1016/j.suronc.2007.10.028. 

11. Frede, T.; Hammady, A.; Klein, J.; Teber, D.; Inaki, N.; Waseda, M.; Buess, G.; Rassweiler, J. The Radius 

Surgical System—A New Device for Complex Minimally Invasive Procedures in Urology? Eur. Urol. 2007, 

51, 1015–1022, doi:10.1016/j.eururo.2006.11.046. 

12. Hirano, Y.; Inaki, N.; Ishikawa, N.; Watanabe, G. Laparoscopic Treatment for Esophageal Achalasia and 

Gastro-Esophago-reflex Disease Using Radius Surgical System. Indian J. Surg. 2012, 75, 160–162, 

doi:10.1007/s12262-012-0559-8. 



Vet. Sci. 2020, 7, 135 9 of 10 

 

13. Inaki, N.; Waseda, M.; Schurr, M.O.; Braun, M.; Buess, G.F. Experimental results of mesh fixation by a 

manual manipulator in a laparoscopic inguinal hernia repair model. Surg. Endosc. 2007, 21, 197–201, 

doi:10.1007/s00464-006-0065-9. 

14. Ishikawa, N.; Kawaguchi, M.; Shimizu, S.; Matsunoki, A.; Inaki, N.; Watanabe, G. Single-incision 

laparoscopic hernioplasty with the assistance of the Radius Surgical System. Surg. Endosc. 2009, 24, 730–

731, doi:10.1007/s00464-009-0633-x. 

15. Bermudez, J.R.T.; Buess, G.; Waseda, M.; Gacek, I.; Garcia, F.B.; Manukyan, G.A.; Inaky, N. Laparoscopic 

intracorporal colorectal sutured anastomosis using the Radius Surgical System in a phantom model. Surg. 

Endosc. 2008, 23, 1624–1632, doi:10.1007/s00464-008-9992-y. 

16. Waseda, M.; Inaki, N.; Bermudez, J.R.T.; Manukyan, G.; Gacek, I.A.; Schurr, M.O.; Braun, M.; Buess, G.F. 

Precision in stitches: Radius Surgical System. Surg. Endosc. 2007, 21, 2056–2062, doi:10.1007/s00464-007-

9289-6. 

17. Anderson, P.L.; Lathrop, R.A.; Webster, R.J. Robot-like dexterity without computers and motors: A review 

of hand-held laparoscopic instruments with wrist-like tip articulation. Expert Rev. Med. Devices 2016, 13, 

661–672, doi:10.1586/17434440.2016.1146585. 

18. Dewaele, F.; De Pauw, T.; Lumen, N.; Van Daele, E.; Hamerlynck, T.; Weyers, S.; Strubbe, I.; Broeck, F.V.D.; 

Van Zele, T.; Van Roost, D.; et al. Articulated Instruments and 3D Visualization: A Synergy? Evaluation of 

Execution Time, Errors, and Visual Fatigue. Surg. Innov. 2019, 26, 456–463, doi:10.1177/1553350618822077. 

19. Passerotti, C.C.; Franco, F.; Bissoli, J.C.C.; Tiseo, B.; Oliveira, C.M.; Buchalla, C.A.O.; Inoue, G.N.C.; Şencan, 

A.; Şencan, A.; Pardo, R.R.D.; et al. Comparison of the learning curves and frustration level in performing 

laparoscopic and robotic training skills by experts and novices. Int. Urol. Nephrol. 2015, 47, 1075–1084, 

doi:10.1007/s11255-015-0991-3. 

20. Zdichavsky, M.; Krautwald, M.; Feilitzsch, M.V.; Wichmann, D.; Königsrainer, A.; Schurr, M.O. 

Laparoscopic gastro-jejunal anastomosis using novel r2 deflectable instruments in an ex vivo model. Minim. 

Invasive Ther. Allied Technol. 2015, 25, 1–8, doi:10.3109/13645706.2015.1117494. 

21. Møller, S.G.; Dohrn, N.; Brisling, S.K.; Larsen, J.C.; Klein, M. Laparoscopic Versus Robotic-assisted Suturing 

Performance Among Novice Surgeons. Surg. Laparosc. Endosc. Percutaneous Tech. 2020, 30, 117–122, 

doi:10.1097/sle.0000000000000766. 

22. Hiemstra, E.; Kolkman, W.; Wolterbeek, R.; Trimbos, B.; Jansen, F.W. Value of an objective assessment tool 

in the operating room. Can. J. Surg. 2011, 54, 116–122, doi:10.1503/cjs.032909. 

23. Niitsu, H.; Hirabayashi, N.; Yoshimitsu, M.; Mimura, T.; Taomoto, J.; Sugiyama, Y.; Murakami, S.; Saeki, S.; 

Mukaida, H.; Takiyama, W. Using the Objective Structured Assessment of Technical Skills (OSATS) global 

rating scale to evaluate the skills of surgical trainees in the operating room. Surg. Today 2012, 43, 271–275, 

doi:10.1007/s00595-012-0313-7. 

24. Kramp, K.H.; Van Det, M.J.; Veeger, N.J.G.M.; Pierie, J.-P.E.N. Validity, reliability and support for 

implementation of independence-scaled procedural assessment in laparoscopic surgery. Surg. Endosc. 2015, 

30, 2288–2300, doi:10.1007/s00464-015-4254-2. 

25. Schijven, M.P.; Jakimowicz, J. Construct validity. Surg. Endosc. 2003, 17, 803–810, doi:10.1007/s00464-002-

9151-9. 

26. Kowalewski, K.-F.; Schmidt, M.W.; Proctor, T.; Pohl, M.; Wennberg, E.; Karadza, E.; Romero, P.; Kenngott, 

H.G.; Müller-Stich, B.P.; Nickel, F. Skills in minimally invasive and open surgery show limited 

transferability to robotic surgery: Results from a prospective study. Surg. Endosc. 2018, 32, 1656–1667, 

doi:10.1007/s00464-018-6109-0. 

27. Hardon, S.F.; Schilder, F.; Bonjer, J.; Dankelman, J.; Horeman, T. A new modular mechanism that allows 

full detachability and cleaning of steerable laparoscopic instruments. Surg. Endosc. 2019, 33, 3484–3493, 

doi:10.1007/s00464-019-06849-0. 

28. Eddib, A.; Jain, N.; Aalto, M.; Hughes, S.; Eswar, A.; Erk, M.; Michalik, C.; Krovi, V.; Singhal, P. An analysis 

of the impact of previous laparoscopic hysterectomy experience on the learning curve for robotic 

hysterectomy. J. Robot. Surg. 2013, 7, 295–299, doi:10.1007/s11701-012-0388-6. 

  



Vet. Sci. 2020, 7, 135 10 of 10 

 

29. Kilic, G.S.; Walsh, T.M.; Borahay, M.A.; Zeybek, B.; Wen, M.; Breitkopf, D.M. Effect of Residents’ Previous 

Laparoscopic Surgery Experience on Initial Robotic Suturing Experience. ISRN Obstet. Gynecol. 2012, 2012, 

1–4, doi:10.5402/2012/569456. 

30. Aydin, A.; Raison, N.; Khan, M.S.; Dasgupta, P.; Ahmed, K. Simulation-based training and assessment in 

urological surgery. Nat. Rev. Urol. 2016, 13, 503–519, doi:10.1038/nrurol.2016.147. 

 

© 2020 by the authors. Submitted for possible open access publication under the terms 

and conditions of the Creative Commons Attribution (CC BY) license 

(http://creativecommons.org/licenses/by/4.0/). 

 


