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Correlation of basic motor skills with arthroscopic experience

Temel motor becerilerin artroskopik deneyim ile iliskisi
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Amac: Motor beceri egitimi igerisinde yer alan yontem-
lerden biri, hedef islemi olugturan bireysel becerileri 68-
renciye ayri ayr1 6gretmektir. Bu egitim yontemi hedef
islemin parcalarinin tanimlanmasini gerektirir. Bu ¢alig-
mada, artroskopik girisimi olusturan temel motor beceri-
lerin tanimlanmasi amaglandi.

Calisma plami: Calismaya toplam 42 ortopedist (ort. yas
38+8) katildi. Calisma grubuna, en az 10 yildir uzman
olarak caligmakta olan ve yillik artroskopi sayilar1 50’nin
iizerinde olan 17 deneyimli ortopedist; kontrol grubuna
ise deneyimi li¢ yildan daha az olan 25 genc¢ ortopedist
ve asistan alindi. Tiim katilimcilar ayn1 zamanda ve ayni
egitim ortaminda degerlendirildi. Laboratuvar ortaminda,
temel motor becerileri simiile eden aletler her katilimciya
tek tek tanitildi ve her katilimeinin asil degerlendirme 6n-
cesinde bir kez deneme yaparak iglemi tanimasi saglandi.

Sonuclar: Deneyimli grupta, kontrol grubuna gére orta-
lama yas (42 ve 34.4), artroskopi deneyimi stiresi (12.4
ve 1.6 yil) ve yillik ortalama artroskopi sayist (93.9 ve
26.9) anlaml1 derecede fazla bulundu (p=0.000). Dene-
yimli grupta, ortalama onceleme zamani (p=0.028) ve
iki kol koordinasyon zamani (p=0.043) anlaml: derecede
kisaydi. Korelasyon analizinde, artroskopi deneyim sii-
resi ile ortalama onceleme zamani (r=-0.41, p=0.008) ve
iki kol koordinasyon zamani (r=-0.33, p=0.033) arasinda
anlamli iligki saptandi. Yapilan artroskopi sayisi1 arttikca
ortalama 6nceleme zamani anlamli olarak kisalmaktaydi
(r=-0.446, p=0.003).

Cikarmmlar: Bazi temel motor beceriler artroskopik be-
ceriklilik ile iligkilidir. Motor becerileri gelistiren bu arac-
larin artroskopi egitiminde kullanilmasinin artroskopik
beceri gelistirilmesini kolaylastiracagi soylenebilir.
Anahtar sozciikler: Artroskopi/egitim; klinik ustalik; kinestezi;
motor beceri; psikomotor performans; gorev performans ve ana-
lizi; zaman algilamasi.

Objectives: One of the methods in motor skill teaching
is to furnish the students with the individual skills drawn
from the target procedure. This method requires identifi-
cation and defining of all components of the target proce-
dure. This study aimed to define basic motor skills com-
posing arthroscopic skillfulness.

Methods: A total of 42 orthopedists (mean age 38+8 years)
were enrolled. The study group was comprised of 17 experi-
enced orthopedists working at least for 10 years as a special-
ist and performing more than 50 arthroscopic procedures per
year. The control group included 25 young orthopedists or
residents having an arthroscopic experience of less than three
years. All the participants were assessed simultaneously and
in the same experimental setting. Each participant was tested
after having been shown to use in vitro skill development in-
struments simulating arthroscopic basic motor skills.

Results: Compared to the control group, the experienced
group had significantly higher mean age (42 vs. 34.4 years),
longer duration of arthroscopic experience (12.4 vs. 1.6 years),
and greater number of the arthroscopies performed per
year (93.9 vs. 26.9) (p=0.000). The mean anticipation time
(p=0.028) and two-arm coordination time (p=0.043) were
significantly shorter in the experienced group. In correlation
analysis, duration of arthroscopic experience was correlated
with the mean anticipation time (r=-0.41, p=0.008) and two-
arm coordination time (r=-0.33, p=0.033). In addition, the
mean anticipation time decreased significantly as the number
of arthroscopies increased (r=-0.446, p=0.003).
Conclusion: Some basic motor skills correlate with ar-
throscopic competence. The use of these motor skill in-
struments in arthroscopy training may aid to improve ar-
throscopic skills.

Key words: Arthroscopy/education; clinical competence; kinesthe-
sis; motor skills; psychomotor performance; task performance and
analysis; time perception.

Correspondence / Yazisma adresi: Dr. Mustafa Karahan. Marmara University School of Medicine, Department of Orthopedics and Traumatology,
34662 Altunizade, Istanbul. Phone: 0216 - 363 46 56 e-mail: mustafa@Xkarahan.dr.tr

Submitted / Basvuru tarihi: 19.10.2008 Accepted / Kabul tarihi: 29.12.2008
©2009 Tiirk Ortopedi ve Travmatoloji Dernegi / © 2009 Turkish Association of Orthopaedics and Traumatology



50

Acta Orthop Traumatol Turc

Arthroscopic procedures are one of the leading
procedures and have shown enormous growth over
the years according to one study.!! Importance of tra-
ining for arthroscopic surgery is well recognized and
exclusive training programs are present in teaching
hospitals throughout the world. Less teaching time
in the clinical setting imposed by major changes in
the medical practice has forced the teaching surge-
ons to search for newer methods of teaching. Search
for effective teaching methods has extended to non-
surgical disciplines such as kinesiology and included
the science of learning.

Surgical technical skills are considered a subset of
motor skills.”! Basic motor skill acquisition concept
which is present in every activity requiring motor
action could be applied to teaching surgical skills as
well.**1 Skill identification and complex task training
has been proved to be of value in motor skill teac-
hing.[67!

Beginners do not learn basketball while a game is
going on. They are allowed to play a full court only
after they have learned how to dribble, pass and shoot
among other skills. Similarly, systematic training of re-
petitive combinations of basic movements such as con-
tinuous and punctuated, circular and linear movements
has facilitated young music students to acquire basic
motor skills essential for conducting."

Existence of basic components of a whole surgical
procedure was shown in a study.”

In this study, learning of the basic component has
enabled the surgeon to perform better in a different
surgical procedure containing some of the basic com-
ponents of the initial procedure. The study has shown
that the basic components are learned distinctively
and may be transferred.

The aim of this study is to try to define basic motor
skills that make up the whole of the arthroscopic pro-
cedures. Through a crude eye’s observation during an
arthroscopic procedure 2 upper limbs are simultane-
ously used, hand and eye coordination is performed,
prompt and judicious reaction is executed.

We hypothesized that higher scores on instruments
simulating basic motor skills obtained by the experi-
enced surgeons will show the basic motor skills that
are developed throughout the years. If identified, the
basic motor skills could then be used for the training
of the beginners.

Materials and methods

Forty-two physicians 42 + (25- 60 yrs) were inclu-
ded in the study. There were 17 experienced orthope-
dic surgeons in the study group who were an expert in
orthopedics for more than 10 years and whose yearly
number of performed arthroscopies were more than
50. The control group consisted of 25 surgeons in tra-
ining and junior orthopedic surgeons whose expertise
was less than 3 years in the discipline. Subjects were
tested at the 15th Basic Arthroscopic Course orga-
nized by the Antalya Branch of Turkish Society of
Sports Traumatology, Arthroscopy and Knee Surgery
Society and results were evaluated at Dr. Veli Lok
Motor Skill Development Laboratory at Marmara
University Sports Sciences and Sports Health Re-
search and Application Center. All physicians were
tested at a training course site where the experienced
surgeons (study group) and non-experienced surge-
ons (control group) were at the same site. Tests were
individually introduced to each surgeon and allowed
to try a single time prior to index test.

Basic motor skills that constitute arthroscopy as
a final task is listed in table 1 and the names of the
instruments that simulates a basic figure is shown in
fig 1. The names of the instruments were; standard
rotary pursuit, visual choice reaction, two-arm coor-
dination test, hydraulic hand dynamometer and basin
anticipation timer. (Lafayette Instrument Company,
Lafayette, Indiana).

Statistical analysis

Descriptive statistics are presented as arithmetic
means =+ standard deviations (SD) and medians. To test
the hypothesis we used a study and a control group,
determining the duration that they had begun to per-
form arthroscopy and the number of the arthroscopic

Table 1. Basic motor skills presented in the task analysis
of arthroscopy

Triangulation Procedures peformed by using two
hands

Depth perception Ability to differentiate the position
of objects in two dimensional images
Response orientation  Ability to rapidly select a response from
a number of alternatives, as in choice
reaction time (RT) situations

Reaction time Ability to rapidly initiate a response
to a stimulus

Grip strength Strength of hand muscles
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Figure 1. Instruments used to assess the basic motor skills of the surgeons (included with permission from Lafayette

Instrument Company, Lafayette, Indiana)

procedures they performed in a year. The statistical
significance of a difference in mean fold of each group
was evaluated by using student t-test or non-parametric
Mann-Whitney U test when means of categorical va-
riables were analysed. Correlations between the va-
rious motor skill measurements and the frequency of
the performed arthroscopic surgeries were tested for
significance by Spearman rank correlation test. A re-
sult was considered to be significant if p was less than
0.05. All statistical analysis was performed using SPSS
version 11.5.

Results

The general characteristics of the participants and
of both the study and control groups are summari-
zed in Table 2. Average number of the arthroscopies
in a year was 55.3. Three of the participants had no
arthroscopy experience. The experience period of the
participants ranged from 0 to 26 years (mean + SD;
6.0 + 6.8). Mean number of the yearly performed art-
hroscopies (more than 50 in a year) and the duration
that they had begun to perform arthroscopy was sig-
nificantly higher that the control group. Arthroscopic
experience period in the control group was 0 to 3 ye-
ars only.

There was a significant difference in mean antici-
pation time scores and double arm coordination time
between the study and the control groups (p=0.028,

p=0.043) Mean anticipation time was getting shorter
in the experienced (study) group. There was a signifi-
cant correlation between the experience years of the
surgeons’ and mean anticipation time and bilateral
arms coordination time scores were respectively r=
-0.41; p=0.008 r= -0.33; p=0.033. As the surgeons
were getting more experienced, mean anticipation
and coordination times were getting shorter (Table 3).
The mean anticipation time decreased significantly
as the number of arthroscopies increased (r=-0.446,
p=0.003)

The measurements (tests that we used to assess
the basic motor skills) show significant correlations
among each other that correlation coefficients show
the reliability of the measurements. Mean anticipa-
tion time scores correlated with anticipation time at
a speed of 40 mph scores (r=0.53; p=.000) and mean
reaction time (r=0.40; p=0.009), hand grip scores
correlated with “two arm coordination” (r= -0.32;
p=0.042), rotary pursuit off scores correlated with
mean anticipation time scores (r=0.34; p =0.026) and
rotary pursuit on (r=-0.70: p=.000).

Discussion

Skill refers to expert performance at a particular
task with maximum certainty and minimal use of
energy or time."! Skills are commonly categorized as
cognitive or motor. Cognitive skills are those invol-

Table 2. Characteristics of the participants (N=42) and the differences between the study and the control groups

Minimum-Maximum Mean+ SD Study Group Control Group )4
(N=42) (Experienced) (Inexperienced) (T-Test)
Age (year) 25.0-60.0 37.5+8.2 42.0+8.5 34.4+6.5 0.000
Number of yearly performed arthroscopies (n) 0.0-225.0 55.3+59.5" 93.9+60.2 26.9+41.3" 0.000
Number of years performing arthroscopy (year) 0.0-26.0 6.0+6.8 12.4£6.5 1.6x1.1 0.000
Anticipation time (sec) 47.7-200.7 104.3+35.7 90.7+33.0 113.6£35.2 0.028
Bilateral arm coordination time (sec) 17.0-62.0 35.3x11.9 31.7+12.1 37.7+11.3 0.043

“Median 35.9; “"Median: 10.0.
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Table 3. Results of Spearman Correlations between the items

Age Number of years Number of performed  Average no of
performed (year) arthroscopy  arthroscopy per year
r p r p r p r p

Mean reaction time 0.243  0.121 0.093  0.559 -0.032  0.842 -0.131  0.409
Anticipation time at a speed of 40mph-0.104  0.511 -0.265  0.090 -0.366  0.017 -0.343  0.026
Mean anticipation time -0.147  0.353 -0.405  0.008 -0.446  0.003 -0.264 0.091
Hand grip total -0.312  0.045 -0.091  0.567 -0.056  0.726 -0.006 0.971
Mirror error time 0.058 0.715 -0.034  0.832 -0.102  0.521 -0.077  0.630
Double arm coordination time -0.057  0.720 -0.330  0.033 -0.192  0.223 0.006 0.970
Rotary pursuit on -0.105  0.507 0.081 0.610 0.056 0.723 -0.137 0.386
Rotary pursuit off 0.244  0.119 -0.041  0.798 -0.048  0.762 0.225 0.152

*Spearman’s rho,

#4p<0.03

ving proficiency with mental functions, such as de-
cision making and problem solving. Motor skills are
concerned with proficiency in physical performance
and co-ordination of physical actions. Surgical tech-
nical skills are considered a subset of motor skills.®
The experienced surgeon’s performance, like that of
any expert in an area requiring sophisticated motor
skills, appears simple, graceful, smooth, and incre-
dibly efficient; the novice’s performance in the same
surgical situation may be clumsy, ineeffective, and
highly inefficient.!!

What differentiates an experienced arthroscopic
surgeon and a non-experienced surgeon in terms of
motor skills is unclear. We tried to look into what
experience promotes in the surgeon in terms of mo-
tor skills when arthroscopic surgical procedures are
involved. This study is the first of its kind in the
English and Turkisn literature in dissecting arthros-
copic procedures into basic motor skills. In a previ-
ous study done by Neequaye et al, a group of surge-
ons in residency has been assigned to two surgical
procedure groups which they were asked to switch
upon completion. It was shown that the surgeons did
better in their secondary performances which sho-
wed that they were able to transfer some of the skills
that existed in both procedures. The results of the
study provoke us to think that exercising basic skills
may help in achieving excellence in the “ultimate
surgical procedure”.

We were unable to refer to a study when trying
to determine the basic motor skills regarding art-

hroscopic performance. An objective observation
will disclose that when arthroscopic procedures are
performed 2 upper limbs are simultaneously used,
hand and eye coordination is performed prompt and
judicious reaction is executed. We therefore used
instruments that will measure us the above menti-
oned basic skills which are standard rotary pursuit,
visual choice reaction, two-arm coordination test,
hydraulic hand dynamometer and basin anticipation
timer (figure 1).

Both the correlation tests and mean comparing
tests show that with advancing year of experience
and number of arthroscopic surgeries performed,
bilateral arm coordination time significantly decrea-
ses favorably. This result may be interpreted in a ge-
neral observation as “experienced surgeons can use
both of their arms simultaneously in harmony”’.

Our results reveal that experienced surgeons re-
act faster and more judiciously compared to inexpe-
rienced. The experienced surgeons anticipated the
time to act and acted significantly better than the
non-experienced surgeons. Anticipation was shown
to be a factor of importance when experience is con-
cerned in a previous study.”” Experienced surgeons
drilled a bone with less penetration into the soft tis-
sue than non-experienced .Our study has confirmed
that experienced surgeons have better anticipation
skills.

Evidence suggests that a well structured curri-
culum for surgical skills improves performance ®
contributing to the belief that motor skill training
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is necessary and will create a difference in skill le-
arning. However the relation between basic motor
skills and related procedural experience emphasizes
that if two mentioned basic motor skills are addres-
sed early on in training, it may positively influence
surgical performance later on in practice. That kind
of training will let the teacher to promote arthros-
copic skills in a shorter and safer way. The develop-
ment of basic motor skills and visual-spatial skills
will be more efficient and trainees will become rea-
sonably automatic before proceeding with the surgi-
cal arthroscopy with real patients.®*

We are unable to conclude whether the applica-
tion of a new teaching concept (skill identification)
will make a difference in performance of the traine-
es or not. We are also unable to compare if it is more
effective than the traditional surgical training ba-
sed on master-apprentice model since Hippocrates.
However, the study shows that there are differences
regarding basic motor skills between the groups
which traditionally have similar backgrounds where
only age and experience are the differing factors. A
further case control or randomized controlled edu-
cational trial study such as “measuring performance
before and after the skills training” will be able to
validate this assumption and to evaluate the effects
of basic motor training in the last product which is
gaining of arthroscopic skill.

In conclusion, surgeons who are more experien-
ced seem to be more skillful in certain basic motor

skills. Experienced surgeons can use both of their
arms simultaneously in harmony. Experienced sur-
geons react faster and more judiciously. These motor
skills may be considered as teaching tools to be used
in arthroscopic surgery teaching for the beginners.

References

1. Rutkow IM. Surgical operations in the United States. Then
(1983) and now (1994). Arch Surg 1997;132:983-90.

2. Dubrowski A, Backstein D. The contributions of kinesiol-
ogy to surgical education. J Bone Joint Surg [Am] 2004;86:
2778-81.

3. Straub RO, Terrace HS. Generalization of serial learning in
the pigeon. Animal Learning & Behavior 1981;9:454-68.

4. Neiman Z. Teaching specific motor skills for conducting to
young music students. Percept Mot Skills 1989;68:847-58.

5. Neequaye SK, Aggarwal R, Brightwell R, Van Herzeele I,
Darzi A, Cheshire NJ. Identification of skills common to re-
nal and iliac endovascular procedures performed on a virtual
reality simulator. Eur J Vasc Endovasc Surg 2007;33:525-32.

6. Magill RA. Motor learning: concepts and applications. 5th
ed. Boston: McGraw-Hill; 1998.

7. Spencer FC. Deductive reasoning in the lifelong continu-
ing education of a cardiovascular surgeon. Arch Surg 1976;
111:1177-83.

8. Dion YM, Gaillard F. Visual integration of data and basic
motor skills under laparoscopy. Influence of 2-D and 3-D
video-camera systems. Surg Endosc 1997;11:995-1000.

9. Newmark J, Dandolu V, Milner R, Grewal H, Harbison S,
Hernandez E. Correlating virtual reality and box trainer
tasks in the assessment of laparoscopic surgical skills. Am
J Obstet Gynecol 2007;197:546.e1-4.



