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Abstract
Background

Clinical education in the operating room for complex orthopedic procedures such as dynamic hip screw
(DHS) fixation is challenging due to limited visibility and high technical demands. This pilot study
evaluated the effect of motion graphic video-based training on the performance of operating room
technology students during proximal femur fracture surgery.

Methods

This pilot randomized controlled trial was conducted at Valiasr Hospital, Arak University of Medical
Sciences, Iran, from December 2024 to July 2025. A total of 30 operating room technology students in
their 6th or 8th semester were randomly assigned to intervention (n = 15) and control (n = 15) groups
using block randomization. Both groups received routine clinical training from the same instructor. The
intervention group additionally viewed a 15-minute motion graphic video demonstrating DHS surgical
steps. Students' performance as first scrub nurse was assessed before and after a 15-day training
period by a blinded evaluator using a validated 43-item checklist (CVI =1, CVR =0.95, Cronbach's a =
0.90). Data were analyzed using paired and independent t-tests in SPSS version 22. Effect sizes (Cohen's
d) were calculated for between-group comparisons.

Results

Both groups showed significant improvement from pre-test to post-test (control: 62.00 + 9.6 to 79.30 +
2.45; intervention: 62.5+ 6.45t0 77.8 £ 3.88; P <0.001). No significant differences were found between
groups in pre-test (P = 0.893) or post-test (P = 0.685) scores. The between-group effect size for post-test
scores was Cohen's d =0.34 (95% Cl: 0.38 to -1.06).

Conclusion

This pilot study provides preliminary evidence that motion graphic-based training improves students'
skills but was not superior to routine instruction. The observed effect size (Cohen's d = 0.34) suggests
that a definitive trial with approximately 150 participants (75 per group) would be adequately powered to
detect clinically meaningful differences. Direct clinical experience and real-time feedback appear to play
a dominant role in developing psychomotor competence. The feasibility of the intervention, recruitment,
and outcome measurement was successfully demonstrated, supporting progression to a larger-scale
trial.

Trial registration:
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clinicaltrials.gov, NCT07701564 (retrospectively registered; first submitted on July 1, 2026.

Background

Clinical education in the operating room is a key component in the training of operating room technology
students. The OR environment is not only a place for performing complex therapeutic interventions, but
also provides a setting for practical learning, clinical decision-making, and interdisciplinary interaction
[1]. Students face challenges in learning surgical procedures, such as limited direct observation of
surgical steps and psychological pressure due to the stressful OR atmosphere [2]. Studies have shown
that most errors in the OR occur during the early stages of learning, primarily due to learners' insufficient
knowledge [3].

Proximal femur fractures, especially in the elderly, are common and costly injuries in the healthcare
system, with a rising global incidence. Estimates suggest that the annual number of these fractures will
exceed 4.5 million cases by 2050 [4]. Proximal femur fractures are classified anatomically into femoral
neck, intertrochanteric, and subtrochanteric types, each with different clinical features, surgical methods,
and prognoses [5]. Intertrochanteric fractures are typically treated with internal fixation, with the most
common techniques being dynamic hip screw (DHS) or intramedullary nailing. DHS is considered a cost-
effective and reliable option due to its lower cost and greater surgeon familiarity with the technique [6].

Inappropriate technique and failure to adhere to aseptic principles in DHS surgery can lead to
complications such as infection, nonunion, or screw cut-out [7]. Proper training in surgical technique and
aseptic principles to reduce postoperative complications is a priority for the healthcare system [8].
However, students in orthopedic internships have limited understanding of this procedure due to the
complexity of hip anatomy, limited surgical opportunities, and the need for high precision in implant
placement. Studies indicate that the use of surgical simulators, step-by-step training, and structured
feedback can significantly enhance the quality of learning for hip surgical techniques such as DHS [9].

Motion graphics, as a modern visual communication tool combining graphic design, animation, and
sound, play an important role in conveying complex concepts in a simple and engaging manner. The use
of this combination in educational settings increases concentration, understanding of abstract concepts,
and more active student interaction with content [10]. Research has shown that using motion graphic
videos in education, particularly in medical sciences, improves conceptual learning and enhances
information retention in students. This method, by activating multisensory learning, can be an effective
alternative to traditional theoretical teaching methods [11].

Objectives

The present study aimed to determine the effect of motion graphic video-based training on the
performance of operating room technology students as scrub nurses in proximal femur fracture surgery
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using DHS at Arak University of Medical Sciences. The hypothesis was that using motion graphic videos
as an educational tool would improve students' clinical skills.

Methods
Study design

This was a pilot randomized controlled trial designed and reported in accordance with the CONSORT
guidelines for pilot and feasibility trials. Given the exploratory nature of this study and the limited number
of eligible students during the study period, a sample size of 30 participants (15 per group) was
considered sufficient for a pilot study to estimate effect sizes and inform future definitive trials. After
meeting the inclusion criteria, participants were assigned to intervention and control groups using block
randomization with a computer-generated random numbers table. Allocation was performed by a
researcher not involved in outcome assessment. The primary outcome was students' performance
scores based on the skills checklist before and after the intervention. The CONSORT checklist for pilot
trials is provided as Additional file 1. The trial was retrospectively registered at ClinicalTrials.gov(
NCT07701564 ); first submitted on July 1, 2026.

Setting

This study included a pre-test and post-test design with a control group. It began on December 21, 2024,
and concluded on July 22, 2025, at Valiasr Teaching Hospital, Arak University of Medical Sciences.

Participants

Participants were all 6th- and 8th-semester undergraduate operating room technology students at Arak
University of Medical Sciences in the 2024-2025 academic year.

Inclusion criteria were: being a 6th- or 8th-semester undergraduate operating room technology student,
having completed the theoretical course (orthopedic operating room technology and care), and
willingness to participate.

Exclusion criteria were: withdrawal or unwillingness to continue cooperation at any stage, prior clinical
experience in orthopedics that could affect results, and absenteeism or insufficient presence during the
internship.

Interventions

Students were randomly assigned to intervention and control groups. Both groups received routine
training on the proximal femur fracture surgery procedure using DHS from a single instructor at the
beginning of the course.

Page 4/16



In the control group, students' practical skills as first scrub nurse were assessed twice: the first
assessment on the first day of internship after performing the scrub role, and the second assessment at
the end of the 15-day internship. These assessments were conducted using a researcher-made checklist
by an independent evaluator blinded to group allocation.

In the intervention group, on the first day after receiving routine training similar to the control group, an
initial assessment was performed by the same blinded evaluator. Then, a 15-minute motion graphic
video was provided to students, which they could watch unlimited times. This video, combining film and
animation, visually taught the steps of proximal femur fracture surgery using the DHS technique. Video
content included introduction of surgical instruments, anatomy review, surgical table setup, patient
preparation and draping, and instrument delivery to the surgeon.

After watching the video, students in the intervention group attended the OR and performed the role of
first scrub nurse. At the end of the 15-day internship, their performance was reassessed by the same
blinded evaluator.

To prevent contamination between groups, the control group was enrolled first. Intervention group
students were asked not to discuss the educational video with other students. To ensure educational
equity, the video was provided to the control group after study completion.

Outcomes

In this study, the following outcomes were investigated: demographic characteristics and the
intervention and control groups' scores for performance as operating room nurse students in proximal
femur fracture surgery with a checklist.

Data sources/measurement

To assess students' performance as first scrub nurse during DHS surgery, a researcher-made checklist
was developed. This instrument included 43 items distributed across three clinical phases:

* Preoperative phase (13 items): evaluating proper gowning and gloving (closed-gloving technique),
identification of basic orthopedic and DHS-specific instruments, arrangement of surgical table
supplies, accurate counting of gauze/needles/instruments, awareness of table and scrub nurse
positioning, skin preparation with green povidone-iodine, surgical draping, application of adhesive
sterile drape, donning of the second pair of gloves (open-gloving), fixation of suction tubing and
electrocautery pencil, and draping of the C-arm machine.

* Intraoperative phase (24 items): assessing the correct handover of surgical instruments including
scalpel blades (No. 1 and No. 2), Farabeuf retractors, Metzenbaum scissors, Roux and Bent
retractors, DHS angle guide, guide pin and drill for guidewire insertion, instruments for measuring
Lag Screw length, Triple Reamer preparation, nail and Side Plate handover with appropriate size,
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Thamp and mallet, drill with 3.2 mm bit, Depth Gauge, identification and selection of screws (Side
Plate screws, Compression Screw), appropriate screwdrivers, drain (Hemovac) selection, and
sutures for fascial (Vicryl round needle), subcutaneous (Vicryl cutting needle), and drain fixation
(Silk cutting needle).

» Postoperative phase (6 items): covering drain fixation, selection of appropriate suture for skin
closure (Nylon cutting needle) and skin suturing technique, proper dressing of the skin and drain
site, disposal of sharp instruments in the safety box, and correct handover of instruments to the
Central Sterile Supply Department (CSSD).

Each item was scored on a 3-point scale: 0 = does not perform, 1 = performs incompletely, and 2 =
performs correctly. Thus, total scores ranged from 0 to 86.

For content validity, the initial version was reviewed by 10 faculty members of operating room
departments from various Iranian universities of medical sciences. After applying suggested
modifications, content validity was confirmed with a Content Validity Index (CVI) of 1.0 and a Content
Validity Ratio (CVR) of 0.95. Reliability was confirmed with Cronbach's a of 0.90, indicating excellent
internal consistency. The checklist was also pilot-tested before the main study to assess clarity and
feasibility.

Study size

Due to the limited number of eligible operating room technology students during the study period and
the exploratory nature of this investigation, a conventional sample size of 30 participants (15 per group)
was determined for this pilot study. This sample size is consistent with recommendations for pilot
randomized controlled trials in educational interventions, which typically require 10-15 participants per
group to estimate effect sizes, assess feasibility, and inform sample size calculations for future larger-
scale studies [12]. After data collection, a post-hoc power analysis based on the primary outcome
demonstrated a statistical power of 0.80 for detecting within-group changes. However, the small sample
size remains a limitation and may reduce the ability to detect small between-group differences. The
results of this pilot study should be interpreted with caution and will inform the design of future definitive
trials with adequate statistical power. Based on the observed effect size (Cohen's d = 0.34 from the
between-group comparison), a power calculation (a = 0.05, power = 0.80, two-tailed) indicates that a
future definitive trial would require approximately 150 participants (75 per group) to detect a statistically
significant difference between groups.

Randomization

For allocation to intervention and control groups, block randomization with a computer-generated
random numbers list was used. The list was prepared by a statistical consultant, and participants were
allocated in pairs randomly to minimize selection bias. Of the 30 eligible students, 15 were allocated to
each group.
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Blinding

The outcome assessor was blinded to group allocation. However, due to the nature of the educational
intervention, participants and the instructor could not be blinded.

Statistical methods

Descriptive and inferential statistics were used for data analysis. Descriptive indices including mean,
standard deviation, minimum, maximum, and frequency described participant characteristics and
performance scores. Before comparative tests, normality of score distribution was assessed using the
Kolmogorov—Smirnov test. Results showed that pre-test and post-test score distributions in both groups
followed a normal pattern (p > 0.05).

Paired t-tests were used to compare performance within each group before and after intervention.
Independent t-tests were used to compare mean scores between groups. Before independent t-tests,
homogeneity of variances was assessed using Levene's test, which confirmed equality of variances (p >
0.05). Significance level for all analyses was set at 0.05. All statistical analyses were performed using
SPSS version 22.

In addition to null hypothesis significance testing, effect sizes (Cohen's d) were calculated for between-
group comparisons to provide a meaningful measure of the magnitude of the intervention effect, which
is particularly important for this pilot study. Cohen's d was interpreted as: 0.2 = small, 0.5 = medium, and
0.8 = large effect. The 95% confidence intervals for Cohen's d were also reported to indicate the precision
of the estimates.

Results

Participant flow

A total of 30 students participated in this pilot study. Of these, 24 (80%) were female and 6 (20%) male.
Semester distribution was equal between 6th and 8th semesters (15 students each, 50%). Mean age was
22.5 years (range 21-31). Chi-square tests showed no significant differences between groups in gender,
marital status, or semester. Independent t-tests showed no significant differences in mean age or grade
point average between groups. Thus, groups were homogeneous in baseline characteristics (Table 1).
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Table 1
Demographic characteristics of the research samples in the control and intervention

groups
Characteristic Total Group P-value
Intervention(n =15) Control(n = 15)
Gender 0.674
Female 24(80%) 12(80%) 12(80%)
Male 6(20%) 3(20%) 3(20%)
Total 30 15 15
Semester 1.00
6 15 8(53.3%) 7(46.7%)
8 15 7(46.7%) 8(53.3%)
Total 15 15
Age(year) 22.3+2.81 22.7+2.45 0.802
Grade point average 16.93+1.18 17.03+1.07 0.798

*Values are presented as number (%) or meantstandard deviation.

Main results

Intra-group comparison:

The Kolmogorov—Smirnov test confirmed normal distribution of pre-test and post-test scores in both
groups (p > 0.05).

Intervention group: Mean performance scores increased from 62.5 + 6.45 at pre-test to 77.8 + 3.88 at
post-test. Paired t-test showed this increase was statistically significant (t =-7.347, p<0.001).

Control group: Mean performance scores increased from 62.00 + 9.6 at pre-test to 79.30 + 2.45 at post-
test. This change was also statistically significant (t =-6.108, p < 0.001).

These results indicate that both groups showed significant improvement during the internship (Table 2).

Table 2. Intra-group comparison of pre- and post-test performance scores of operating room nurse
students in DHS surgery between the control and intervention groups
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Group MeantSD? tvalue p_ygjye
Control -6.108  0.001
Pre-test 9.6+62.0

Post-test 2.45+79.30

Intervention

Pre-test 6.45+62.5 7.347-  0.001
Post-test 3.88+77.8

asD, standard deviation.

*Statistical significance was set at P-value < 0.0

Interroup comparison:

Pre-test: Independent t-test showed no significant difference in pre-test scores between groups (p =
0.852).

Post-test: Independent t-test for post-test scores also showed no significant difference between groups
(p=0.357).

Levene's test confirmed homogeneity of variances for both phases (p > 0.05). These findings indicate
that although both groups improved, motion graphic-based training did not show statistically significant
superiority over routine training (Table 3).

Table 3

Intergroup comparison of pre and post-test performance scores of operating room nurse students in
DHS surgery between the control and intervention groups

Phase Intervention  Control t-value(’df=28) P-value® Cohen's d (95% °Cl)

(Mean+SD?) (MeanzSD)

Pre-test 62.33 £6.52 61.80+8.95 -0.188 0.852 -0.07 (- 0.78 to 0.65)

Post-test 78.13 +3.60 79.47+3.60 0.934 0.357 0.34 (- 0.38 t0 1.06)

agD, standard deviation; °Cl, confidence interval, °df; degrees of freedom.

Statistical significance was set at P-value < 0.05*

Effect size analysis:

The between-group effect size (Cohen's d) for the post-test scores was 0.34 (95% Cl: -0.38 to 1.06),
indicating a small-to-moderate effect in favor of the control group, although this was not statistically
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significant (P = 0.357). The wide confidence interval reflects the uncertainty associated with the small
sample size and suggests that the true effect could range from a moderate effect favoring the control
group to a small effect favoring the intervention group. This effect size estimate will inform the sample
size calculation for a future definitive trial.

Discussion

Key results

This pilot study aimed to investigate the effect of motion graphic video-based training on the
performance of operating room technology students in proximal femur fracture surgery. Results showed
that both intervention and control groups significantly improved their performance after the orthopedic
internship, but the degree of improvement did not differ significantly between groups. As a pilot study
with a limited sample size, the findings of this investigation should be interpreted with caution. The
primary objective was to estimate the potential effect size and feasibility of motion graphic-based
training in this context, rather than to definitively establish superiority over routine training. Nevertheless,
the results provide valuable preliminary data that can inform the design of future adequately powered
randomized controlled trials.

The lack of statistically significant difference should not be interpreted as ineffectiveness of motion
graphic training; rather, it may reflect the dominant role of real clinical exposure, repeated practical
exercise, and direct instructor feedback in shaping students' psychomotor skills.

Interpretation

The absence of a significant difference between groups can be explained by the nature of the skills
assessed. DHS surgery involves a set of practical skills, motor coordination, real-time decision-making,
and mastery of multiple instruments—skills typically enhanced through active OR presence and direct
interaction with instructors. Therefore, watching an educational video alone cannot replace real clinical
experience. The improvement in the control group also indicates that repeated exposure to the surgical
environment, receiving feedback from instructors, and increased familiarity with procedures play
important roles in enhancing clinical skills. This highlights the importance of practical experience and
learning through observation and participation.

Feasibility assessment

This pilot study successfully demonstrated feasibility across several key domains. First, recruitment was
feasible, with 30 eligible students enrolled within the study period, representing 100% of the available
cohort. Second, intervention delivery was successfully implemented, with all students in the intervention
group watching the 15-minute motion graphic video and having unlimited access to it. Third, outcome
measurement was feasible, as the 43-item checklist demonstrated excellent psychometric properties
(CVI=1,CVR=0.95, Cronbach's a =0.90) and was completed for all participants at both time points.
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Fourth, no major barriers to implementation were identified, and contamination between groups was
successfully prevented through sequential enroliment.

Comparison with previous studies

Our findings are not consistent with some previous studies reporting positive effects of multimedia
education. For instance, Fatahi et al. showed that using motion graphics in cataract surgery training
significantly improved student performance and was superior to routine training [13]. Motamedzadeh et
al[14]. also reported that multimedia content can enhance learning and retention in operating room
students. International studies confirm this trend; for example, Kleftodimos emphasized the role of
animated videos in increasing attention and improving information retention [11].

In contrast, some studies have reported findings similar to ours. For example, De Boey et al. in hip
surgery education reported that although educational videos are useful for understanding surgical steps,
they are insufficient for acquiring practical skills, and students still need real practice [9]. Similarly, Rao et
al. emphasized that learning surgical skills depends primarily on practical interaction, teamwork, and
direct feedback [15]. Sonoda et al. also showed that operating room nurses' performance is more
influenced by real workplace experience than by theoretical or multimedia training [16].

The discrepancy between our results and studies reporting positive effects likely relates to the nature of
the skills assessed. Orthopedic skills, especially in DHS surgery, require motor coordination, speed, and
familiarity with multiple instruments—skills that cannot be replaced by video observation alone.
Additionally, the limited sample size and relative similarity between routine training content and video
content may have reduced the intervention effect in this pilot study.

Implications for future definitive trial

Based on the findings of this pilot study, proceeding to a full-scale randomized controlled trial is
warranted. The observed effect size for the between-group difference in post-test scores was Cohen's d
= 0.34, which is considered a small-to-moderate effect. Using this effect size, a power calculation (a =
0.05, power = 0.80, two-tailed) indicates that a future definitive trial would require approximately 150
participants (75 per group) to detect a statistically significant difference between groups.

Several modifications are recommended for the future trial:

* Enhanced intervention: Consider using interactive motion graphics with embedded questions or
combining the video with hands-on simulation sessions to potentially increase the intervention
effect.

* Longer follow-up: Add a follow-up assessment at 1-3 months post-intervention to evaluate skill
retention.

e Multi-center design: Involving multiple training centers would enhance generalizability.

» Blinding: Consider blinding of participants and instructors where feasible.
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Limitations

Several limitations should be acknowledged. First, the relatively small sample size (30 participants) is a
major limitation of this pilot study, which may have limited statistical power to detect small but clinically
meaningful differences between groups. The sample size was determined based on the feasibility and
availability of eligible students during the study period, and the results should be considered preliminary.
Second, the census sampling method may limit generalizability to other settings or populations. Third,
the short duration of the intervention (15 days) may not have been sufficient to fully capture the potential
benefits of motion graphic training, particularly for long-term skill retention. Fourth, the single-center
design limits external validity. Future multi-center studies with larger sample sizes and longer follow-up
periods are recommended to confirm these preliminary findings.

Generalizability

Despite limitations, these findings can be useful for educational planning in operating room technology
programs. In settings with limited surgical observation opportunities or large student numbers, motion
graphic videos can serve as a valuable supplementary tool. However, when students have the
opportunity for active OR participation and direct feedback from instructors, this method alone cannot
replace practical training.

Conclusion

This pilot randomized controlled trial provides preliminary evidence that motion graphic video-based
training improves the performance of operating room technology students as scrub nurses during DHS
surgery. However, it did not demonstrate statistically significant superiority over routine instructor-led
training.

Feasibility assessment

The study successfully demonstrated feasibility in terms of participant recruitment (30 students enrolled
within the study period), intervention delivery (15-minute motion graphic video with unlimited access),
and outcome measurement (validated 43-item checklist with excellent psychometric properties). No
major barriers to implementation were identified.

Progression decision

Based on these findings, proceeding to a definitive full-scale randomized controlled trial is warranted.
However, several modifications are recommended for the future trial

» Sample size: The observed effect size (Cohen's d = 0.46 for between-group difference) indicates that
a future study would require approximately 150 participants (75 per group) to achieve 80% power
with a = 0.05 for detecting a clinically meaningful difference. This calculation should inform the
sample size for the definitive trial.
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 Intervention enhancement: To potentially increase the intervention effect, future studies could
consider using interactive motion graphics with embedded questions, or combining the video with
hands-on simulation sessions.

* Longer follow-up: A follow-up assessment at 1-3 months post-intervention should be added to
evaluate skill retention.

e Multi-center design: Involving multiple training centers would enhance generalizability.
Final statement

The findings of this pilot study suggest that motion graphic videos can serve as a valuable
supplementary educational tool in settings with limited OR observation opportunities. However, they
cannot replace direct clinical experience and real-time feedback. The results of this pilot will inform the
design of a future definitive trial with adequate statistical power to confirm or refute these preliminary
findings.
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