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Introduction: 
 
My cis-2 project aims at developing a system which can be used to distinguish between 
experts and novices with the help of visual feedback and help train them for real operations.  
 
Paper 1: 
Kinematic Analysis of Surgical Dexterityin Intraocular Surgery 
George M. Saleh, FRCS, FRCOphth; Dan Lindfield, MRCOphth; Dawn Sim, MRCOphth; 
Elena Tsesmetzoglou, MRCOphth; Vinod Gauba, FRCOphth; David S. Gartry, FRCOphth; 
Salim Ghoussayni, PhD 
 
Motivation: 
 
Surgical training and assessment is becoming increasingly better with better computing 
systems and smaller tracking systems and utilities. Several useful techniques exist but most 
of them retain a degree of subjectivity[1-6]. This paper discusses a technique which involves 
evaluation of the movements of the surgeon’s hands, using various parameters leading to a 
purely objective and numerical outcome. This paper uses highly sensitive optoelectronic 
motion capture system to certain steps of phacoemulsification procedure. 
 
Technical Approach: 
 
Experimental Setup: 
 
To track the motion of the hands, a 6-camera Qualisys ProReflex system (Fig.1) was setup 
with motion capture units carefully positioned to cover the measurement volume and 
minimize occlusion due to body parts, tools, and instruments in the environment.   
 



 
 

Fig. 1 Qualisys ProReflex camera 
 

Each motion capture system had a low-noise high-speed sensor, built in microprocessor and a 
250 infrared light emmiting diodes. Retrospective markers (Fig. 2) are attached to the body 
segment namely, hands to track their motion (Fig. 3). The marker locations were selected to 
track both finger and hand 
segment motion in 3 dimensions. Size and placement of markers were determined following 
extensive pilot laboratory work calibrating the instrument for ophthalmic use. 
 
 
 
 
 

    
(Fig.2 Retrospective markers) (Fig. 3 a test subject performing phacoemulsification 

with handmarkers in situ) 
 
 
Simulated Surgical Tasks: 
 
The idea is to simulate parts of phacoemulsion. The following three tasks were performed by 
the people participating in the test: 
 

• Task 1: Construction of a standard 2-step incision using a 3.2-mm keratome blade. 
• Task 2: Anterior chamber reformation of the artificial eye through the previously 

formed incision and constructing a curvilinear capsulorrexis (CCC) 



• Task 3: Complete removal of the nucleus using the “divide and conquer technique” 
 
All subjects undertook each of the tasks in a standardized wet laboratory environment with 
the same prepositioned instruments and artificial eyes. 
 
 
Participants: 
 
The procedure consisted of twenty-four participants recruited from ophthalmic training 
hospitals in the greater London area. Participants were divided into 3 groups based on their 
experience: 
 

• Novice (performed less than 10 independent procedures) 
• Intermediate (10-150 procedures) 
• Expert (more than 150 procedures) 

 
 
 
 
Data Processing:  
 
The 3 dimensional co-ordinates of individual markers were recorded in high detail at a 
sampling rate of 100Hz. The data was then filtered to remove lag. Three parameters were 
analyzed to evaluate surgical dexterity: 
 

• The time taken, 
• The total path length covered, 
• The total number of movements taken to complete the surgical task. 

 
 
Results: 
 
The table (Fig 4.) summarizes the results for time, number of movements and total path 
length covered. The results demonstrate significant differences in path length, number of 
movements, and time taken, with the more experienced surgeons demonstrating greater 
efficiency in completing the given tasks. 
 
 



 
   Fig. 4 Tabulation of Surgical Task Performance per group 
 
 
 
 
Also Fig. 5, Fig. 6 and Fig. 7 show a graphical representation for the three tasks given. Fig. 8 
shows the whole result in a short table. 
 

 
Fig. 5 Box plot showing the overall number of movements used by each of the 3 groups to 

complete the 3 tasks. 



 
 
Fig. 6 Box plot showing the overall path length (in meters) covered by each of the 3 groups to 

complete the 3 tasks. The circle indicates an outlier 
 
 

 
Fig. 7 Box plot showing the time taken (in minutes) by each of the 3 groups to complete the 3 

tasks. 
 



 
 
 

 
Fig. 8 P values for each criteria 

 
 
 
 
Conclusion: 
 
Authors of the paper do a really good job in recording data. The paper summarizes that as 
surgeon’s expertise increased, less surgical time, shorter path lengths and fewer hand 
movements were required to complete the given task. This suggests an increasing efficiency 
in task execution with greater surgical experience.  
 
References: 
 
[1]	Cremers SL, Lora AN, Ferrufino-Ponce ZK. Global rating assessment of skills in 
intraocular surgery (GRASIS). Ophthalmology. 2005;112(10):1655-1660. 
 
[2] Saleh GM, Gauba V, Mitra A, Litwin AS, Chung AK, Benjamin L. Objective structured 
assessment of cataract surgical skill. Arch Ophthalmol.  2007;125(3):363-366. 
 
[3] Fisher JB, Binenbaum G, Tapino P, Volpe NJ. Development and face and content validity 
of an eye surgical skills assessment test for ophthalmology residents. Ophthalmology. 
2006;113(12):2364-2370. 
 
[4] Martin JA, Regehr G, Reznick R, et al. Objective structured assessment of technical skill 
(OSATS) for surgical residents. Br J Surg. 1997;84(2):273-278. 
 
[5] Cremers SL, Ciolino JB, Ferrufino-Ponce ZK, Henderson BA. Objective assessment of 
skills in intraocular surgery (OASIS). Ophthalmology. 2005;112(7): 
1236-1241. 
 
[6] Gauba V, Saleh GM, Goel S. Ophthalmic plastic surgical skills assessment tool. Ophthal 
Plast Reconstr Surg. 2008;24(1):43-46. 
 
 
 
 
 
 



Paper 2:   
“PhacoTracking” 
An Evolving Paradigm in Ophthalmic Surgical Training 
Phillip Smith, BSci; Lilian Tang, BEng, MEng, PhD (Cantab); Vassilis Balntas, MSc, MEng; 
Karen Young, PhD, CStat; Yannis Athanasiadis, MD, MRCSEd; Paul Sullivan, FRCS, 
FRCOphth; 
Badrul Hussain, FRCSEd, MRCOphth; George M. Saleh, FRCSEd, FRCOphth 
 
 
Background:  
 
Evaluation of skill is essential for training of surgeons. Previous studies have shown that a 
good surgeon will display a quick, economic and precise movements [1]. Using metrics such 
as path length, time of procedure, and number of movements, others have shown that the 
level of surgical skill could be discriminated for cataract surgical tasks in a wet laboratory 
environment. [2-4]. Surgical recording devices are already installed in ophthalmic operating 
rooms and data is generally collected. This paper aims at using these video data collected to 
estimate parameters which can aid in discriminating experts from novices and also guide in 
skill acquisition. 
 
 
Technical Approach: 
 
Phacotracking: “PhacoTracking” is defined as the application of tracking methodology to 
phacoemulsification cataract surgery with the purpose of analysis of instrument movement 
during the procedure. (Fig. 9). 

 
Fig. 9 Output from instrument tracking system. The top portion of the output shows the input 
video and the result of computer vision tracking. The lower portion shows the metrics that are 

measured by the system. 
 



 
 
Method: 
 
To perform the procedure, a cohort of 2 groups of surgeons was formed- one group of expert 
and other of novices. The surgeons were classified based on the number of cases they have 
operated on. Novice was less than 200 cases and experts were more than 1000 cases. 10 
videos were recorded from each group. Each surgeon contributed one video in their cohort. 
The authors of the paper included only those videos of procedures performed under regular 
conditions namely: patients whose pupils dilate fully, mild to moderate cataract, were able to 
lie fully flat and stable during the duration of the surgery. The authors have claimed to have 
recorded the whole procedure in contrast to the previous paper which just focuses on some 
key steps in the procedure. 
 
 
Parameters compared: 
 
This paper compares the same parameters between experts and novices. 
 

• Time, 
• Path length,  
• Number of Movements 

 
 
 
 
 
Object Tracking:  
 
The authors of the paper do not go into the details of how the performed tracking of the tool. 
They have mentioned that they used a combination Speeded Up Robust Features [5] and 
optical flow (Luccas Kannade) [6]. They have also mentioned that the application of feature 
detection with motion analysis enabled them to measure instrument motion without 
initialization.  
 
 
 
Results: 
 
The results showed that novice surgeons used a greater path length to complete the procedure 
compared to experts. In addition, the variance of the path length among novices was far 
gretater than experts. (Fig. 10). Similar patterns were observed for number of movements and 
time taken to complete the procedure. (Fig. 11, Fig.12). The P values are summarized in the 
table (Fig. 13). 
 



 
Fig. 10 Box and whisker plot showing the total path length for novice andexpert surgeons. 
The horizontal line within each box is the median value, and the top and bottom borders of 

the box are ±1 SD with limit lines showing 95% CIs (±2 SDs). 
 
 

 
Fig. 11 Box and whisker plot showing the total number of movements for novice and expert 
surgeons. The horizontal line within each box is the median value, and the top and bottom 
borders of the box are ±1 SD with limit lines showing 95% CIs (±2 SDs). The plus signs 



beyond the whiskers are outliers. 
 
 

 
Fig. 12 Box and whisker plot showing the total time taken by novice and expert surgeons. 
The horizontal line within each box is the median value, and the top and bottom borders of 

the box are ±1 SD with limit lines showing 95% CIs (±2 SDs). 
 
 
 
 

 

 
Fig. 13 Summary of P values 

 
 
Conclusion: 
 
In short, the paper confirms the fact that expert surgeons have lower path length, time of 
operation and lower movements.  
 
 
 
 



Revelance of both papers with my project: 
 
Both these papers discuss on comparing certain metrics to distinguish between expert 
surgeons and novices. They also talk about using these metrics as a feddback technique to 
analyse and improve existing techniques. This is the core idea of my CIS-2 project. However 
instead of using time, path length or amount of movements, I focus on using tool force 
patterns to judge expertise.  
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