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Abstract

Introduction While prior studies have evaluated surgical skills simulation and retention in highly resourced envi-

ronments, there is paucity of data on the retention of surgical skills taught in simulation laboratory to undergraduate

students, and virtually none from low-resource settings. We aimed to evaluate the trends in retention/decay of

surgical skills among medical students in Ethiopia and determine whether regular intervention in the form of

intermittent skills testing can aid retention.

Methods Forty-four final year medical students were randomly divided into two cohorts of 22 students each. All 44

were trained in surgical instrument identification, simple interrupted suturing and one-handed knot tying. A previ-

ously validated, standardized assessment was performed before training, immediately after training, and then at

6 weeks, 3 months, 6 months and 1 year for cohort 1, and before training, immediately after training, and at

6 months and 1 year for cohort 2. All areas learned were tested for general decay.

Results The baseline mean scores of surgical skills were 3.8/30 for instrument identification, 3.3/15 for one-handed

knot tying, and 1.35/15 for suturing. At the end of the training, mean scores improved to 26.6/30, 11.2/15 and 11.1/15

(instrument identification ?599% and ?772%, knot tying ?447% and ?417%, suturing ?237% and ?260%,

respectively, for Cohort I and II). At 6 months and 1 year, there was a significant drop in all the three areas tested,

especially in knot tying and suturing. There was no statistically significant difference between the two cohorts.

Conclusions While our surgical skills course is an effective means to teach surgical skills to medical students, there

is significant decay in abilities after 6 months. Conducting regular assessments does not appear to have any effect in

helping students retain these skills. We recommend such surgical skills training be conducted at appropriate intervals,

such as just before internship, to prepare student for active surgical practice.
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Abbreviations

OSATS Objective structured assessment of technical

skills

ANOVA Analysis of variance

Introduction

Surgical training programs have dealt with an increase in

the number of trainees and an overall decrease in exposure

to surgical practice by increasing simulation and skills

laboratory teaching. Controlled, standardized surgical skills

teaching is one instructional strategy used to teach tech-

nical skills, procedures, and operations [1, 2]. Its main

objective is to present trainees with situations that resemble

reality and provide unrestricted access to repetitive and

controlled practice. However, it has been argued that it

cannot be a replacement to the actual practical teaching at

operation rooms. Simulation is also time and resource

intensive and needs dedicated staff [1–3].

Like many low- and middle-income countries, Ethiopia

has expanded the number of undergraduate students with little

or no matching increase in operating room experience. It has

further coupled this with the ambitious expansion of post-

graduate programs throughout the country, but without a

corresponding increase in consultants who can provide

oversight or dedicated training [4, 5]. The Addis Ababa

University School of Medicine established a skills laboratory

in 2006 and has been teaching essential clinical skills to its

undergraduates and basic surgical skills to its residents [5, 6].

Retention and appropriate demonstration of surgical skills

is one of the most important aspects of surgical competency,

particularity where simulation-based skills are concerned. It is

assumed that most motor skills are lost over time, or at least

the level of performance deteriorates after a period without

practice [6, 7]. The studies done so far seem to agree that

certain advanced surgical skills such as laparoscopic suturing

and knot tying last for about 6 months. Better retention was

seen when participants received ongoing training compared

with participants with only one training period. Other studies

have also shown that when not used, skill loss begins less than

1 day after training stops [8–10].

To our knowledge, there are few studies that looked into the

retention and decay of surgical skills taught to senior medical

students [6, 11], none from low-income countries. In addition,

there is a gap in understanding the utility of periodic assess-

ment in the retention of surgical skills over time.

The objective of this study was to determine whether, in

the context of a low-resource environment, periodic skills

assessment improves retention of basic surgical skills taught

to final year medical students at the Addis Ababa University.

Materials and methods

This prospective comparative cohort study was undertaken by

the Department of Surgery, School of Medicine of the Addis

Ababa University from February 2015 to February 2016. The

School of Medicine is the first medical school in Ethiopia and

its surgical residency program accommodated more than 75%

of the surgical trainees in the country during the study period.

Its roster of surgical residents has increased from 10 in 2005 to

30 in 2014, while the total intake of undergraduate medical

students also increased from 120 to 320 per year.

The study received ethical clearance and written per-

mission from the Department of Surgery, research and

publication committee. A group of 44 final year medical

students were enrolled into the study after each of the

participants gave informed verbal consent to participate.

For the purpose of this study, retention was defined as

preservation of the effects of experience and learning that

makes recall or recognition possible. If the performance on

the retention test is unchanged from performance measured

immediately after the end of the original learning, one

would conclude that no loss has occurred and learning has

been fully retained.

A panel of three expert surgeons (authors of the article)

convened as a panel and systematically went through the list

of procedures covered during the training and identified three

skills as key indicator skills. The fourth author was respon-

sible for handling the data and computation of the statistical

figures. These three skills were recommended since they were

considered to be universally important for medical students in

their routine practice. These were instrument identification,

one-handed knot tying and simple interrupted suturing. A

standard curriculum was developed using the Fitts and Posner

learning model of skill acquisition as a guiding principle [12],

which states that performance is characterized by sequential

cognitive, associative, and autonomous stages. First, task

goals are established and used to determine the appropriate

sequence of actions using explicit knowledge (cognitive).

Next, attention is focused on specific details of the sequence to

determine the appropriate subparts and transitions (associa-

tive). Finally, the action is practiced to hone performance into

an automatized routine (autonomous). The curriculum uti-

lized lectures, reading reference materials, videos, face-to-

face hands-on training and independent practice as modes of

skills transfer. During the training, the trainees had unre-

stricted access to the skills laboratory to practice the skills.

The curriculum consisted of a lot of skills sets including the

ones mentioned above, intestinal skills such as perforation

repair and anastomosis, abdominal wall incision and closure,

catheterization, chest tube insertion and basics of air way

management. The curriculum is now an integral part of the

general surgery curriculum and is publicly available.
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At the beginning of the study, all 44 students that were

doing their mandatory clerkship rotation at the department

of surgery completed a pre-training assessment. After the

1-week hands-on skills training course, identical assess-

ment was performed by the same assessors. For the com-

parative study, the students were randomly divided in half,

with a specific attempt to keep the gender balance equal:

Cohort A (22 students) underwent periodic assessment by

the same assessors at weeks 6 and 12 weeks, 6 months, and

1 year following the original training; Cohort B (22 stu-

dents) were assessed only at 6 months and 1 year following

the training. Over this time, the students had progressed

through their final year, sat for their qualifying exams, and

started their first week of internship.

We used the objective structured assessment of technical

skills (OSATS) evaluation format, an internationally accep-

ted, validated tool, which we modified slightly to match the

three key domains of assessment (Appendix). This tool was

selected as a reliable and valid mechanism for assessing

technical skills [13, 14]. Data were entered after checking for

completeness, cleaning and coding using EPI-INFO soft-

ware. Analysis was performed, and results were presented in

the form of tables, graphs, percentage and mean. Statistical

analysis was made for selected variables. Analysis of vari-

ance (ANOVA) was conducted to examine the difference

between group means. Regression analysis was carried out to

determine the relationship between variables. A p value of

\0.05 was considered significant. EPI-INFO for Windows

(version 16.0) was used for statistical analysis.

Results

The two groups of students were demographically similar

regarding age, sex and year of training, as well as pre- or

post-training surgical exposure. Results of the pre-training

assessment using the OSATS were 3.82/30, 1.32/15 and

3.32/15 for cohort 1 and 3.86/30, 1.29/15 and 3.14/15 for

cohort 2, with no difference significant difference between

them (Fig. 1). Following the 5-day training, the same tests

were administered to both cohorts by the same assessors

with substantial improvements noted in both cohorts—

26.64/30 versus 26.67/30 for instrument identification, 7.18/

15 versus 6.67/15 for suturing, and 11.18/15 versus 11.29/15

for knot tying for Cohorts 1 versus 2, respectively (Fig. 1).

All students in cohort 1 underwent this same skill

assessment at 6 and 12 weeks after the training, and all the

cohorts underwent assessment at 6 and 12 months; these

results are demonstrated in Fig. 1. The mean scores of

cohort 1 at 6 and 12 weeks were relatively maintained at

26.82 and 25.91 for instrument identification, 9.18 and 8.86

for knot tying and 5.86 and 4.86 for suturing. The mean

scores of the two cohorts at 6 months were 20.27 versus

20.91, 7.00 versus 8.68 and 2.27 versus 2.73 (Fig. 1). At

12 months (just following the start of internship), the mean

scores for cohort 1 were 20.17/30, 6.91/15 and 4.09/15,

while cohort 2 scored 18.82/30, 6.01/15 and 2.18/15

(Fig. 1). There was no statistically significant difference

between the scores of the two Cohorts (p value = 1.1).
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Fig. 1 Surgical skills pattern of medical students of Addis Ababa University, Ethiopia: 2015–2016 (cohort I and II)
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Discussion

In Ethiopia, as in many settings, interns are expected to

handle minor emergency surgical conditions like suturing

and repair of traumatic lacerations. It is, therefore, necessary

that they have the knowledge of relevant surgical instru-

ments and simple suturing techniques among other compe-

tencies, and are taught these skills in medical school. In the

curriculum for our undergraduate medical students, we

incorporated a 1 week of intensive basic surgical skills

training designed to achieve this during the final year of

medical school. Depending on the time of their attachment

to the department of surgery, the training will take place

6 months to a year before they start their internship rotation.

Our skills training demonstrated significant improvement in

surgical skills as measured by the increase in mean scores

following standardized assessment. Students retained

knowledge of instruments; technical skills declined over

time, but also did not increase as dramatically following the

training. Incorporating more frequent assessments of skills

during the year did not improve retention of knowledge or

technical skills compared to more infrequent assessments.

Following the training, the students proceeded with

placement in other clinical departments hence did not have

any opportunity to practice the skills they were taught.

Discussion with the students and review of their rotation

also revealed that almost all of them had no practice of

these skills in any rotations. It is, however, important to

note that despite the decay in basic surgical skills over

time, the students still had a much higher skill levels when

they started their internship compared to their pre-training

skills; this highlights the advantage of the training.

The initial training session was a success regarding

learning the names of instruments (instrument identifica-

tion) and to a lesser extent one-handed knot tying. These

lessons were fairly well maintained. Their skills with

suturing degraded over time nearly back to baseline, likely

from lack of practice, and intermediate assessments did not

help them maintain it. Thus, memorization was fine, but

complex technical skills such as suturing with instruments

seem to be something that requires ongoing practice. That

is a meaningful finding as it highlights the idea that tech-

nical skills require ongoing practice and cannot be easily

taught in a single session. Simulation can thus help as long

as there is a way to continually practice the skill. The role

of simulation is to recreate a clinical scenario that is rep-

resentative of a true life situation. Refresher courses and

frequent, ‘‘low-dose’’ training sessions have been demon-

strated to aid skills retention [15]. Multiple studies have

shown that skills learned at the bench using simulators are

translated into the operating room [16]. This allows trai-

nees to focus more on operative strategy and managing

operative complications rather than wasting valuable and

expensive operating room time on the initial refinement of

psychomotor skills.

The rationale for timing the ‘‘assessments’’ at 6 and

12 weeks was based on the completion of the trainees

6-week surgery rotation and completion of their major

clinical rotations. The assessment schedule at 6 and

12 weeks is also supported by other studies [6, 7]. How-

ever, one might argue that a single assessment performed at

intervals—just an assessment, not continuous practice—

would not be beneficial. And hence such ‘‘assessments’’

need to be considered as ‘‘single episode of practice of the

acquired skills’’. It is established that skills that are prac-

ticed are maintained and that those that are not practiced

are lost over time.

One of the imitations of the study is the limited number of

students in the two cohorts. Another may be the fact that

students may be practicing the skills on their own time and this

may not be known to the investigators. The random selection

of the cohorts, and not randomizing the selection should also

be taken as a limitation. Demographic information and the

medical student’s proposed career path that can potentially

cause bias are not used during the cohort allocation.

Conclusions

Surgical skills training is very important for senior medical

students to equip them with necessary skills required to handle

surgical cases during their internship. However, given the fact

that skills can be lost as time passes after the training, it is

important to provide refresher training at the beginning of

internship. Periodic skill assessments do not appear to add

value or improve retention of certain skills sets.

Acknowledgements We would like to acknowledge the medical stu-

dents who participated in the study. We would also like to pass our

gratitude the faculty in FAIMER who helped us in the actual imple-

mentation of the study. We thank the Department of Surgery for allowing

us to use the skills laboratory. We would like to thank Dr. Thomas Weiser

from Stanford University Department of Surgery for his help reviewing

the final manuscript and his assistance preparing it for publication.

Author contributions AB designed the study as part of his FAIMER

project. He participated in questioner preparation, data collection, write

up and approval of the final manuscript. SW participated in questioner

preparation, data collection, write up and approval of the final manu-

script. NF was involved in the statistical analysis, interpretation of

results and write up. AT participated in questioner preparation, data

collection, write up and approval of the final manuscript.

Compliance with ethical standards

Conflict of interest The authors would like to disclose that they have

no conflict of interest.

12 World J Surg (2019) 43:9–15

123



Availability of data and materials The datasets used and/or ana-

lyzed during the current study are available from the corresponding

author on reasonable request.

Consent for publication Not Applicable.

Ethical approval Ethical approval was obtained from the Research

committee of Department of Surgery, School of Medicine, Addis

Ababa University.

Appendix

Skills Session Assessment Form

Facilitator: ________________________________ Date: ________________________

Learner: ________________________

INSTRUMENT IDENTIFICATION AND
HANDLING

Incorrect
Iden�fica�on

(0)

Incorrect
Handling (0)

Correct
Iden�fica�on (1)

Correct Handling
(1)

1. #10 Scalpel

2. Scalpel Holder

3. Toothed forceps

4. Non-toothed Forceps

5. Tissue Scissors

6. Needle Drivers

7. Retractors

8. Kocker clamps

9. Artery forceps

10. Allice Forceps

11. Babkok Forceps

12. Roux retractors

13. Deaver retractor

14. Currate

15. Silk suture material

TOTAL SCORE (30%)
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Complete
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Completed
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Error
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First A�empt

without
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Quickly and
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without
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Quickly and
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