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Assessing Vaginal Surgical Skills Using Video

Motion Analysis

Gouri B. Diwadkar, mp, Antonie van den Bogert, pp, Matthew D. Barber, Mp, MHS,

and J. Eric_Jelovsek, mMD

OBJECTIVE: To demonstrate the feasibility of using video
motion analysis to quantitate a key step of vaginal hyster-
ectomy and define measurable differences between novice
and experienced surgical trainees during vaginal hysterec-
tomy.

METHODS: Analyses focused on clamping, transecting,
and suturing the left uterosacral ligament. Using a cutoff
of 25, trainees were grouped as experienced (n=14) and
novice (n=9) based on the total number of vaginal
hysterectomies performed by each trainee. Contrasting-
groups analysis was used to determine cutoff values that
separated novices from experts.

RESULTS: Novice trainees took longer (112 seconds
compared with 84 seconds) and had greater cumulative
translational motion (92 cm compared with 49 cm, P=.05)
while performing the task. Experienced trainees placed
the Heaney clamp closer to a right angle to the vertical
axis (experienced 96° compared with novice 109°, P=.03)
while passing the needle through the uterosacral ligament.
Trainees move from novice to experts when the steps occur
in 112 or fewer seconds, cumulative translational motion is
at or less than 75 cm, and the angle between the clamp to
bladder retractor is at or below 105°.

CONCLUSION: Video motion analysis is a feasible tech-
nique to quantify and compare surgical skills objectively
during vaginal surgery. There are measurable differences
between novice and more experienced surgical trainees

performing vaginal hysterectomy that can be quantified
using motion analysis.
(

LEVEL OF EVIDENCE: 11l

bstetrics and gynecology trainees in the United

States are deemed surgically competent if they
pass the written and oral examinations of the Amer-
ican Board of Obstetrics and Gynecology.' As part of
the validity of the testing process, it is assumed that
volume of surgery along with adequate sampling of a
trainee’s knowledge using case log scenarios can
reassure surgical competency. This cognitive assess-
ment is very different from direct observation of a
trainee’s ability to operate in practice because com-
petency in performing a surgical skill requires dem-
onstration of both cognitive and motor skills. Defining
surgical competency begins with identifying key skills
that are required to perform a procedure. This unique
approach in assessing clinical decision-making is re-
ferred to as the key-feature approach.? A key-feature
is a focused step in which trainees are likely to make
errors in the resolution of a problem.

Vaginal hysterectomy is a good example of a
procedure gynecologists should be able to demon-
strate competently in training. For the more than
500,000 hysterectomies performed each year for be-
nign disease,’ the vaginal approach is preferred owing
to lower postoperative pain, quicker recovery, and
fewer complications than either the laparoscopic or
abdominal approaches.* Despite increased safety, the
number of vaginal hysterectomies performed in the
United States is decreasing, and, as case volume
decreases, some training programs may find it diffi-
cult to reassure the public that trainees are becoming
competent in this procedure. During the initial stages
of learning vaginal hysterectomy, one of the key skills
involves three simple, discrete steps that are repeated:
placing a clamp, cutting the tissue, and suturing the



vascular pedicle. These three steps are linked together
to form a more complex skill, one that usually is
assessed globally as a single, fluid movement. At our
institution, we have observed trainees struggle while
performing this skill. More importantly, difficulty
performing these steps appears to be indicative of
overall performance during the procedure.

Until recently, assessment of technical skills has
included the use of case logs, time taken to perform a
procedure, and global assessment by a teacher
through observation.>® Case logs lack content validity
because they document only participation in a proce-
dure and do not assess technical ability of the indi-
vidual performing the procedure. They are a surro-
gate measure, implying that volume alone equates
with how well one performs a technical skill. Time
taken to perform a procedure depends on multiple
factors and therefore lacks reliability, and most forms
of global assessment have poor reliability and un-
known validity.>

One method to improve learning and assessment
of surgical skills is through video. Coaches have
successfully analyzed motion captured on video to
refine an athlete’s performance.” Motion analysis also
has been used during surgery to measure a surgeon’s
dexterity, spatial orientation, and operative flow
along with formal assessment.® In fact, surgeons in
Canada, the United Kingdom, and Japan use video as a
formal assessment tool in general surgery, urology, and
vascular surgery to verify technical competency.®!!

The objective of this study was to determine the
feasibility of using video motion analysis to quantify a
key step of vaginal hysterectomy. We hypothesized
that there would be measurable differences between
novice and experienced trainees. If identified, these
differences could not only be used by teaching sur-
geons to improve teaching of vaginal hysterectomy
but potentially used as defined values that could
support future competency-based assessment of this
procedure.

MATERIALS AND METHODS

After institutional review board exemption status was
assigned, appropriate cases of vaginal hysterectomy
procedures were collected. These procedures were
performed by obstetrics and gynecology residents
and female pelvic medicine and reconstructive sur-
gery fellows (postgraduate years 1 through 7) from
our institution between May 2007 and June 2008, and
they had been video recorded in a standardized
fashion for a previously conducted study validating a
new intraoperative surgical scale for vaginal surgery.
All videos had been filmed with an effort to blind

reviewers to the identity of the operating surgeon. All
videos were collected and reviewed by a single inves-
tigator (G.D.) who was blinded to the identity and
training level of the operating trainee. Scores from
two valid and reliable rating scales, the Vaginal
Surgical Skills Index and the Global Rating Scale!*!?
had been completed by the staff gynecologist imme-
diately after each surgery.

For purposes of this study, the skill of clamping,
cutting, and suturing the left uterosacral ligament was
selected to demonstrate the feasibility of video motion
analysis. This skill was chosen because it encompasses
a discrete set of tasks that are easily captured on film
and incorporates important procedural skills such as
flow, planning, and dexterity. Videos were excluded
if footage of this step was not captured clearly during
the entire task or if the surgeon’s hands or instruments
were not visualized clearly.

Video analyses were performed using two mo-
tion-tracking software programs, LoggerPro (Vernier
Software and Technology, Beaverton, OR) and Silicon-
Coach Pro (SiliconCoach, Dunedin, New Zealand).
LoggerPro allowed measurements of hand-motion tra-
jectory, distance, and velocity. After the video clip was
imported into the program, the software allowed an
object to be tracked while simultaneously extracting
X and Y position data as a function of time. A
standard point at the center of the clamp was identi-
fied and tracked during performance of suturing.
Hand-motion trajectory was measured during inser-
tion of the needle into the tissue pedicle until removal
of the needle at the conclusion of suture placement.
SiliconCoach Pro software was used to measure total
time to complete the entire task and angles between
instruments. The bladder retractor represented the
vertical Y axis, and, therefore, all angle measurements
originated from the bladder retractor (0°). Angles
were measured between the vertical Y axis and clamp
on the left uterosacral ligament and vertical Y axis
and needle-driver (Fig. 1). Subtracting these two
angles determined the angle between the clamp and
needle-driver. Angles were measured immediately
before insertion of the needle into the pedicle and
then at removal of the needle from the pedicle. Total
time was measured from placement of the clamp until
the last knot was placed.

Cumulative translational motion was calculated
using the X and Y data points generated by the
LoggerPro analysis of hand trajectory. Cumulative
translational motion reflects efficiency and smooth-
ness of movement. A novice trainee is expected to
have a greater frequency of unnecessary movements,
resulting in greater cumulative motion. This is re-



Fig. 1. Angle measurements taken during video analysis. Measurements included the angle between the vertical axis
(represented by the bladder retractor) and needle-driver, vertical axis and Heaney clamp, and needle-driver and Heaney
clamp. Reprinted with the permission of The Cleveland Clinic Center for Medical Art & Photography, Copyright 2009. All

rights reserved.
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flected in the additional X and Y points and greater
differences between X and Y points compared with
an experienced trainee with smoother, more efficient
movement. The Pythagorean theorem was used to
calculate the change in distance between two consec-
utive frames. The hypotenuse, Z, was calculated from
the change in distance between consecutive X and Y
points using the formula [(X,-X,)?+(Y,~Y ). The
absolute values of the change in distance, or Z values,
were summed to calculate total change in motion.
Maximum and mean velocities (cm/sec) of hand
motion also were calculated from the velocity data
generated by LoggerPro analysis.

Trainees were separated into novice (n=9) and
more experienced (n=14) trainees based on the total
number of career vaginal hysterectomies performed.
A minimum cutoff of 25 vaginal hysterectomies was

used to separate the groups (novice, fewer than 25;
experienced, 25 or more). This cutoff was determined
by Jelovsek et al as the volume of cases needed to
reach minimum competency scores on the Vaginal
Surgical Skills Index and the Global Rating Scale
while performing a vaginal hysterectomy.

The population for this study was a convenience
sample of obstetrics and gynecology trainees who
underwent a standardized videotaping while perform-
ing vaginal hysterectomy for another purpose. Given
this fixed sample size and the fact that no preliminary
data were available on the use of video motion
analysis in gynecologic surgery, no a priori sample
size estimate was performed for this feasibility study.
Motion-analysis data were compared between the
novice and experienced trainees using the Wilcoxon
rank-sum test. Multivariate linear regression was used



Table 1. Summary of Results for Novice and Expert Surgeons

Parameter Novice Surgeon* (n=9) Experienced Surgeon® (n=14) P
Total time for task (s) 112 (88-136) 84 (65-102) 07
Angles at start of suturing (°)

Retractor to clamp 109 (100-118) 96 (89-104) .03

Retractor to needle-driver 82 (75-90) 81 (75-87) 7

Clamp to needle-driver 46 (31-61) 31 (19-42) 11
Angles at end of suturing (°)

Retractor to clamp 108 (88-129) 85 (68-101) .07

Retractor to needle-driver 70 (51-89) 84 (69-100) 2

Clamp to needle-driver 46 (31-61) 31 (18-42) 11

Cumulative translational motion (cm) 92 (58-125) 49 (22-76) .05
Velocity (cm/s)

Maximum 56 (21-91) 53 (24-81) .87

Mean 6 (3-9) 6 (4-9) 81
VSSI score

Total global rating score 17 (15-19) 24 (22-26) <.001

VSSI, Vaginal Surgical Skills Index.
Data are mean (95% confidence interval).

*Distribution for the novice group included one postgraduate year 1, one postgraduate year 2, three postgraduate year 3, and four

postgraduate year 4 trainees.

Distribution for the experienced group included seven postgraduate year 4, three postgraduate year 5, three postgraduate year 6, and one

postgraduate year 7 trainees.

to control for level of difficulty of the hysterectomy.
P<.05 was considered statistically significant. The
level of difficulty was assigned by the staff surgeon
immediately after completing the hysterectomy by
answering the question, “Compared with the average
level of difficulty for your operations, would you say
this operation was:” using a Likert scale ranging from
0 (“much more difficult than my average operation”)
to 4 (“much easier than my average operation”). The
Contrasting Groups method was used to determine
competency cutoff values for measurements that were
significantly different between experienced and nov-
ice trainees.!* Contrasting Groups is an accepted
standard-setting method in which a distribution of
trainees are divided into noncompetent and compe-
tent groups by an external criterion (in this case, 25
vaginal hysterectomies), the distribution of scores are
plotted, and passing scores are set at the intersection
of the distributions, with false-positives and false-
negatives having equal weight. Statistical analyses
were performed using JMP 7.0 (SAS Institute, Inc.,
Cary, NC).

RESULTS

Of the 43 procedures that were evaluated on video,
the selected skill of clamping, cutting, and suturing the
left uterosacral ligament was demonstrated ade-
quately and allowed video motion analysis in 23
(53%). Although a trainee often was videotaped mul-
tiple times during the course of study, only a single
tape demonstrating the selected skill from each indi-

vidual was included in the analysis. These 23 videos
included novice (n=9) and experienced trainees
(n=14). Table 1 demonstrates findings from video
motion analysis. Novice trainees took longer than did
experienced trainees to clamp, transect, and suture
the uterosacral ligament (112 seconds, 95% confi-
dence interval [CI] 95-143, compared with 84 sec-
onds, CI 65-102, P=.07, respectively). Novice train-
ees also had greater cumulative translational motion
compared with experienced trainees (92 cm CI 58-
125 compared with 49 cm CI 22-76, P=.05, respec-
tively) (Fig. 2). At the start of suturing the uterosacral
ligament, experienced trainees placed the Heaney
clamp closer to a right angle to the vertical axis
compared with novice trainees (experienced 96°, 95%
CI 89-104, compared with novice 109°, 95% CI
100-118, P=.03) (Fig. 3). All findings persisted after
controlling for level of difficulty of the hysterectomy.
The angle between the vertical axis and needle-driver
and angles (vertical axis to needle-driver and vertical
axis to clamp) at removal of the needle from the
pedicle were not significantly different between the
groups. Furthermore, maximum and mean velocities
were not significantly different between groups.
Contrasting Groups analysis demonstrates mini-
mum values that separate more experienced trainees
from novice trainees when performing a skill (Table
2). Using this method, the experienced-trainee
group’s total time to perform clamping, transecting,
and suturing the uterosacral ligament was 112 sec-
onds or less, and the angle between the vertical axis
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Fig. 2. Hand trajectories of a novice trainee and an expe-
rienced trainee. Video motion analysis was used to plot
hand trajectory while placing a Heaney stitch into the left
uterosacral ligament. This figure demonstrates the trajectory
using the X and Y points of (A) a novice trainee and (B) an
experienced trainee. Overall, the hand trajectory of an
experienced trainee is smoother. At the start of suturing, the
novice trainee has increased movement in both the X and Y
directions compared with the experienced trainee owing to
difficulty inserting the needle into the tissue. There is also
increased movement toward the middle of the step owing
to difficulty visualizing the needle when removing it from
the tissue.

Diwadkar. Video Motion Analysis of Vaginal Surgery. Obstet
Gynecol 2009.

and clamp while suturing was 105° or less. If future
assessment instruments such as video analysis or
simulation are able to quantitate motion, a surgeon
who has performed 25 or more vaginal hysterecto-
mies would be expected to have an average cumula-
tive translational motion of 75 cm or less.

DISCUSSION

Accurate and reliable evaluation of surgical perfor-
mance is essential for teaching surgery and to reassure
the public that a surgeon is competent to operate. In
this study, we have demonstrated that video motion
analysis is a feasible technique for objectively quanti-

fying vaginal surgical skills. Through video motion
analysis, we were able to measure and compare
objectively cumulative hand motion, hand velocity,
instrument angles, and time taken to complete a
discrete set of surgical tasks used during vaginal
hysterectomy in obstetrics and gynecology trainees.
Although most assessments of surgical skill are sub-
jective and qualitative, video motion analysis has the
potential for providing an objective and quantifiable
assessment of a trainee’s surgical skills, which should
prove valuable for surgical teaching. Moreover, we
were able to identify quantifiable differences between
novice and more experienced trainees, with experi-
enced trainees demonstrating more efficient hand
movement (less cumulative motion) and consequently
quicker time to complete the discrete surgical task
evaluated in this study. This suggests that video
motion analysis may be able to provide objective data
that could be used along with case logs and evalua-
tions by attending surgeons to document the compe-
tency of a particular trainee to perform a specific
procedure. Although there are a wide range of costs
associated with the use of the motion analysis software
and videotaping equipment, and additional personnel
are required in the operating room, an advantage of
this method is that analysis of a surgery may be
performed by a single evaluator an unlimited number
of times after completing the procedure. The software
can be used efficiently by any surgical educator after
understanding how to navigate through the functions
of the software. Now that we have demonstrated that
video motion analysis is feasible for a specific step in
the performance of vaginal hysterectomy, our next
goal is to break down the entire procedure into a
number of clinically relevant, discrete surgical steps
that can be analyzed using video motion analysis. This
process, referred to as cognitive task analysis, identifies
procedural steps, critical intraoperative decision-making
points, and human-factor-related error information.
This method has been shown to be effective in identi-
fying relevant steps and decision points of an operative
procedure that might otherwise be omitted during tra-
ditional teaching because of difficulties associated with
expert knowledge automation.!®

One of the more interesting findings of this study
was that experienced trainees consistently held the
Heaney clamp at a more horizontal angle than did
novices, who held their clamp below the horizontal.
This finding was not anticipated and not something
the teaching surgeons in this study had recognized
previously by casual observation. Careful evaluation
of the data provided by the video motion analysis
revealed that the decreased angle between the clamp
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Fig. 3. Bladder retractor to Heaney clamp angle measurements for novices and more experienced surgeons. At the start of
suturing the left uterosacral ligament, the mean angle between the bladder retractor and Heaney clamp is (A) 96° (95%
confidence interval [Cl] 89-104) for experienced trainees and (B) 109° (95% Cl 100-118) for novice trainees. Reprinted
with the permission of The Cleveland Clinic Center for Medical Art & Photography, Copyright 2009. All rights reserved.

Diwadkar. Video Motion Analysis of Vaginal Surgery. Obstet Gynecol 2009.

and the vertical axis allows the surgeon to visualize
the needle tip easily after it is driven through the
uterosacral pedicle. Novice trainees were less likely to
visualize the needle tip with a greater clamp angle,
resulting in excessive, unnecessary attempts to visual-
ize the needle. This was demonstrated by an in-
creased total time and cumulative motion in the
novice surgeons. Thus, the objective analysis pro-
vided by video motion analysis helped us identify a
critical aspect of the set of skills under study that
separated novice from experienced trainees. Since
discovering this, we have made a conscious effort
when teaching vaginal hysterectomy to correct this
“error” in clamp angle during suturing that was
encountered in novice surgeons. Our hope is that, by
applying video motion analysis to other steps of
vaginal hysterectomy, we will identify other critical
differences between novice and experienced surgeons
that will aid in teaching.

Table 2. Cutoff Values Separating Novices From

Experts
Cutoff Value
Total time to perform task* (s) 112
Cumulative translational motion (cm) 75
Angle between vertical axis and 105

Heaney clamp (°)

*Task includes clamping, transecting, and suturing the uterosacral
ligament.

The findings of this study have several implica-
tions for teaching trainees how to perform vaginal
hysterectomy. The measurements obtained can pro-
vide a gynecologic trainee specific learning goals that
must be reached when performing the task of clamp-
ing, transecting, and suturing the uterosacral liga-
ment. The data also provide the surgical instructor
with the means to convey objective, quick feedback
when teaching this step. This feedback can be in the
form of a narrative comment such as, “Your efficiency
may improve by holding the clamp as close to 90° to
the bladder retractor as possible.” These data also
demonstrate that competency cutoff values can be
determined to separate trainees, potentially providing
a method to assess competency in this single task.
Motion analysis also may be useful for teaching other
steps of vaginal hysterectomy, such as anterior or
posterior entry into the peritoneal cavity, or in im-
proving overall operative efficiency. Once the re-
maining critical steps required to perform vaginal
hysterectomy are evaluated, we envision that mea-
surements and cutoff scores could be obtained for
each key step to aid in creating competency-based
learning objectives for vaginal hysterectomy that sur-
gical trainees could use as benchmarks that eventually
lead to performing this procedure in a competent, safe
manner.

This study was performed as part of a previously
conducted study validating a new intraoperative sur-



gical scale for vaginal surgery. The objective of this
study was to demonstrate the feasibility of performing
video motion analysis to assess a trainee while per-
forming vaginal hysterectomy. Therefore, our sample
size was limited to the videos available for analysis
from the primary study and was not predetermined.
We were able to demonstrate statistical differences in
operating time, cumulative translational motion, and
clamp angle between experienced and novice train-
ees during the step of suture ligation of the right
uterosacral ligament. Variables for which we did not
demonstrate a statistical difference between experi-
enced and novice trainees, such as minimum and
maximum velocity, should be interpreted with cau-
tion because of the risk of type II error given our small
sample size.

Another limitation includes the potential error
introduced by the investigator’s measurements, which
entailed manual placement of computer cursors on a
particular object (clamp) for each video frame. The
placement may have been altered as the frames
advanced. Also, the placement likely varied slightly
between different videos. This error was minimized
by a single investigator performing all measurements.
All 23 videos included in the study were similarly
videotaped with regard to camera angles and distance
from the surgical field. For every analysis, the mea-
surements were calibrated against a stationary object
present throughout the footage being analyzed. The
width of the bladder retractor was used in this cali-
bration. Therefore, it is unlikely that measurements
differed between videos owing to slight variations in
the distance between the video camera and surgical
field. However, the degree of error that may be
introduced by different assessors (interrater reliability)
is currently unknown but could be determined easily.
Recently, devices have been developed to measure
motion during surgery with an effort to reduce these
errors and provide motion in a three-dimensional
space. These devices include electromagnetic motion
tracking systems, hand sensors, and motion acquisi-
tion software and have been reported in laparoscopic
and open general surgical procedures.!® Software can
extrapolate the positional data to number and speed
of hand movement, distance traveled, and total time
taken to perform the task.'” However, such instru-
ments can be associated with increased costs and
setup and may not be feasible for most training sites.
Second, it is not currently feasible to apply video
motion analysis of surgical footage to determine com-
petency in a procedure. Although software programs
may be able to perform this function in the future,
motion analysis could have a more immediate effect

by providing useful data for high-fidelity surgical
simulators. By incorporating standard setting data on
key features of the vaginal hysterectomy, computerized
simulators could improve their content validity and
come closer to developing useful models for use in
competency assessment in addition to repetitive
practice.

In conclusion, video motion analysis is a feasible
technique to quantify and compare objectively surgical
skills during vaginal surgery. There are measurable
differences between novice and more experienced sur-
gical trainees performing vaginal hysterectomy that can
be quantified using motion analysis and that may aid
in surgical teaching. Ongoing research currently is
being conducted to determine whether video motion
analysis can be applied to other key steps of vaginal
hysterectomy. The use of video motion analysis for
the evaluation of laparoscopic or open procedures is
also of interest and should be investigated. As in
competitive athletics, video motion analysis holds
promise as a tool to improve surgical teaching and
refine surgical technique.
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