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Abstract 

Background: Anatomy forms the cornerstone of medical education. While cadaveric dissection has long been 

the standard method for anatomy teaching, the emergence of digital platforms offering virtual dissection tools has 

introduced new opportunities for interactive and remote learning—especially during the COVID-19 pandemic. 

Objective: To compare the effectiveness of traditional cadaveric dissection and digital anatomy instruction 

using virtual dissection tools in enhancing learning outcomes among undergraduate medical students. 

Methods: A quasi-experimental study was conducted among 120 first-year MBBS students at a tertiary medical 

college. Students were randomized into two groups: Group A (n=60) received traditional dissection-based 

teaching, and Group B (n=60) received digital instruction using tools like 3D anatomy software and the Anatomage 

Table. Pre- and post-intervention assessments were conducted using MCQs and OSPEs. A feedback questionnaire 

evaluated student perceptions of clarity, engagement, and accessibility. Statistical analysis included paired and 

unpaired t-tests (p<0.05). 

Results: Both groups showed significant post-test improvements (p<0.001). Group B had a slightly higher mean 

score (78.2 ± 6.5) than Group A (75.6 ± 7.1), though not statistically significant (p=0.067). Students in Group B 

reported greater satisfaction with visual clarity (92%), interactivity (87%), and accessibility (89%), while Group 

A appreciated the tactile learning and real-life anatomical variation of cadaveric dissection. 

Conclusions: Virtual dissection tools are effective alternatives to traditional methods, enhancing engagement 

and visualization. However, each method has unique strengths that support anatomy learning. 

Recommendations: A blended approach combining digital tools with cadaveric dissection is recommended 

to deliver a comprehensive and immersive anatomy education. Further studies should explore long-term learning 

outcomes and cost-effectiveness. 
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Introduction 

Anatomy serves as one of the cornerstones of medical 

education, laying the groundwork for a comprehensive 

understanding of the human body’s structure and its 

functional integration. The accurate knowledge of 

anatomical relationships is not only essential for 

subjects such as physiology, pathology, and surgery but 

also plays a critical role in clinical decision-making and 

procedural competency throughout a medical 

professional's career. Historically, cadaveric dissection 

has been revered as the most effective and immersive 

approach to anatomy education, offering students the 

opportunity to explore human variation, develop 

manual dexterity, and internalize respect for human life 

and mortality [1–3]. 

Despite its pedagogical strengths, the cadaver-based 

model has increasingly faced challenges. The 

procurement and maintenance of cadavers involve 

ethical considerations, regulatory limitations, high 

financial burden, and significant infrastructural 

requirements, including ventilation systems, 

preservation facilities, and trained personnel [4]. 

Moreover, issues such as limited access, exposure to 

chemical preservatives like formalin (which can pose 

health risks), and the inability to repeat dissections 

multiple times restrict the flexibility and accessibility 

of traditional methods. In rapidly growing medical 

institutions, these limitations are further compounded 

by increasing student-teacher ratios and the pressure to 

adopt more scalable and student-centred approaches 

[5]. 

In response to these challenges, technological 

advancements have introduced a new paradigm in 

anatomy teaching—virtual dissection tools and digital 

anatomy platforms. These tools leverage three-

dimensional (3D) visualization, augmented reality 

(AR), and interactive simulations to allow learners to 

explore complex anatomical structures with precision 

and repeatability. Systems such as the Anatomage 

Table, Visible Body, and 3D Organon provide high-

resolution, real-time rendering of anatomical models 

that can be virtually dissected layer by layer. These 

digital platforms not only allow for self-paced, student-

driven learning but also offer portability, consistency in 

anatomical representation, and integration with 

multimedia clinical cases and radiological imaging [6–

8]. 

The sudden shift to online education during the 

COVID-19 pandemic accelerated the integration of 

digital platforms into medical curricula. Institutions 

worldwide adopted virtual learning environments to 

mitigate the absence of in-person dissections, raising 

important questions about the relative effectiveness of 

digital tools in comparison to conventional methods 

[9,10]. Although early adoption was driven by 

necessity, many educators and learners recognized the 

potential of virtual tools to enhance visualization, 

spatial reasoning, and engagement—especially among 

students who are digital natives. 

However, despite the growing popularity of digital 

solutions, debates persist regarding their adequacy in 

replicating the tactile, emotional, and spatial learning 

afforded by traditional cadaveric dissection. Critics 

argue that digital models may lack anatomical realism, 

variability, and the emotional depth of interacting with 

human remains, potentially weakening the 

development of professional values and surgical 

competencies [11]. Furthermore, the lack of haptic 

feedback and practical exposure may impede students’ 

readiness for hands-on clinical procedures. 

In this context, there is a critical need to evaluate the 

comparative effectiveness of traditional and digital 

approaches to anatomy teaching. While several studies 

have independently validated the utility of each 

modality, few have directly compared student 

outcomes, engagement, and satisfaction in a controlled 

academic setting. 

Therefore, the present study aims to conduct a 

comparative analysis of traditional cadaveric dissection 

and digital anatomy teaching using virtual dissection 

tools among first-year MBBS students. By assessing 

pre- and post-teaching performance, student 

perceptions, and subjective learning experiences, this 

study seeks to inform evidence-based 
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recommendations for anatomy curriculum 

development in a rapidly evolving educational 

landscape. 

Materials and Methods 

Study Design and Setting 

This prospective, quasi-experimental comparative 

study was conducted between January 2023 and 

December 2024 across four tertiary medical teaching 

institutions in Telangana, India: Government Medical 

College, Narsampet; Kakatiya Medical College, 

Warangal; Government Medical College, Mulugu; and 

Prathima Relief Institute of Medical Sciences, 

Warangal. All institutions are affiliated with the Kaloji 

Narayana Rao University of Health Sciences 

(KNRUHS) and follow a competency-based MBBS 

curriculum. These centers were chosen for their 

established anatomy departments, each equipped with 

cadaveric dissection laboratories and digital platforms 

such as the Anatomage Table, ensuring a balanced 

comparison of teaching modalities. Student recruitment 

was conducted from January 1 to January 15, 2023, 

following an orientation session. 

Study Population and Sampling  

A total of 120 first-year MBBS students enrolled during 

the 2023–2024 academic session participated in the 

study. Recruitment followed an orientation session in 

which the study objectives and procedures were 

explained, and written informed consent was obtained 

from all participants. Random allocation into two equal 

groups was carried out using a computer-generated 

random number sequence prepared by an independent 

faculty member not involved in teaching or assessment. 

Group A (n = 60) received traditional anatomy 

instruction through cadaveric dissection and standard 

lectures, while Group B (n = 60) received digital 

anatomy instruction using virtual dissection tools, 

including the Anatomage Table and 3D visual 

applications. Although complete blinding was not 

feasible due to the nature of the interventions, all 

assessments were conducted under standardized and 

supervised conditions to minimize bias. Baseline 

demographic and academic characteristics confirmed 

the comparability of the two groups. 

Sample Size Calculation 

The study included all 120 first-year MBBS students 

enrolled during the 2023–2024 academic session, 

which represented the entire eligible cohort across the 

participating institutions. A priori sample size 

estimation, based on earlier comparative studies of 

digital versus traditional anatomy teaching [6,12,16], 

indicated that a minimum of 100 participants (50 per 

group) would provide 80% power at a 5% significance 

level to detect a moderate effect size (Cohen’s d ≈ 0.4) 

in post-test score differences. By recruiting 120 

students (60 per group), we ensured sufficient power 

while also accounting for possible attrition. 

Inclusion and Exclusion Criteria 

The inclusion criteria were: (i) enrollment in the first-

year MBBS course during 2023–2024, (ii) willingness 

to participate with informed consent, and (iii) 

maintaining a minimum attendance of 90% in the 

anatomy sessions. Students were excluded if they had 

prior exposure to digital anatomy tools outside the 

study, failed to attend either the pre-test or post-test 

assessment. 

Teaching Intervention 

The study intervention was conducted over 12 weeks 

and covered core modules in gross human anatomy, 

including the thorax, abdomen, limbs, and central 

nervous system. Group A underwent conventional 

cadaver-based teaching, which included hands-on 

dissection sessions, demonstrations using prosected 

specimens, and faculty-led lectures delivered via 

chalkboard and PowerPoint. Group B received digital 

anatomy instruction involving scheduled sessions on 

the Anatomage Table, which allowed high-resolution 

3D exploration of anatomical structures. This was 

supplemented with interactive modules using software 

like Complete Anatomy, 3D Organon, and Visible 

Body. The content, time allocation, and learning 

objectives were kept consistent across both groups to 

ensure comparability. 
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Assessment Tools 

Two structured assessment tools were used to evaluate 

learning outcomes. A multiple-choice questionnaire 

(MCQ) comprising 50 validated items was 

administered both before and after the teaching sessions 

to assess theoretical knowledge. The questions were 

mapped to learning objectives and reviewed by subject 

experts for content validity. A 10-station Objective 

Structured Practical Examination (OSPE) was used to 

evaluate practical and spatial skills, including 

identification of anatomical structures, interpretation of 

images and cross-sections, and clinical relevance. Both 

assessments were administered under uniform and 

supervised conditions. 

Student Feedback Survey 

At the end of the instructional period, students 

completed a semi-structured feedback questionnaire 

designed to evaluate their perceptions of the teaching 

methodology. The questionnaire assessed multiple 

parameters including clarity of teaching, visual 

understanding, engagement level, accessibility, and 

overall satisfaction using a five-point Likert scale (from 

"Strongly Disagree" to "Strongly Agree"). Open-ended 

questions were also included to obtain qualitative 

insights. The surveys were collected anonymously to 

ensure unbiased responses. 

Bias Control 

Several measures were implemented to minimize 

potential sources of bias. Selection bias was reduced by 

recruiting all eligible first-year MBBS students during 

the same academic session and randomly assigning 

them to groups using a computer-generated random 

sequence prepared by a faculty member not involved in 

teaching or assessment. Performance bias was 

minimized by maintaining uniform instructional time, 

learning objectives, and curricular content across both 

groups, regardless of teaching modality. Although 

blinding of participants and instructors was not feasible 

due to the visible nature of the interventions, detection 

bias was controlled by using standardized assessment 

tools (validated MCQs and OSPEs) administered under 

identical supervised conditions. In addition, the 

multicentre design involving four medical colleges 

enhanced external validity and reduced institutional 

bias. 

Statistical Analysis 

All collected data were entered and analyzed using 

IBM SPSS version 25.0. Descriptive statistics, 

including mean and standard deviation, were calculated 

for pre- and post-test scores. Paired t-tests were used to 

compare the pre- and post-test scores within each 

group, while independent t-tests were used to assess 

differences in post-test scores between the two groups. 

Feedback scores were analyzed using descriptive 

statistics and Chi-square tests where applicable. A p-

value < 0.05 was considered statistically significant. 

Data were cross-verified for accuracy before final 

analysis. 

Ethical Considerations 

The study received ethical clearance from the 

Institutional Ethics Committees of Government 

Medical College, Narsampet; Kakatiya Medical 

College, Warangal; Government Medical College, 

Mulugu; and Prathima Relief Institute of Medical 

Sciences, Warangal. All participants were informed 

about the voluntary nature of participation and their 

right to withdraw at any point without academic 

consequences. Written informed consent was obtained 

from all students. Confidentiality of individual 

responses and assessment results was strictly 

maintained throughout the study. 

Results 

Participant Flow 

A total of 120 first-year MBBS students were assessed 

for eligibility, all of whom met the inclusion criteria 

and were randomized into two groups (Group A: n = 

60; Group B: n = 60). During follow-up, two students 

in Group A were excluded due to irregular attendance, 

and one student in Group B missed the post-test 

assessment. Thus, data from 117 participants (Group A: 

n = 58; Group B: n = 59) were included in the final 

analysis. The participant flow is illustrated in Figure 1. 
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Figure 1. participant flow diagram 

Baseline Characteristics 

The baseline demographic characteristics of the two 

groups are presented in Table 1. Both groups were 

comparable in terms of age, gender distribution, and 

prior academic performance, with no statistically 

significant differences observed (p > 0.05). This 

confirms that the randomization process achieved 

balanced groups for subsequent analysis. 

Table 1. Baseline Characteristics of Study Participants 

 

Variable Group A (n = 58) Group B (n = 59) p-value 

Mean Age (years ± SD) 18.6 ± 0.7 18.7 ± 0.8 0.62 

Gender (Male/Female) 30 / 28 31 / 28 0.91 

Prior Academic 

Performance (% ± SD) 
72.5 ± 5.8 73.1 ± 6.0 0.74 

 

Comparison of Knowledge Scores  

A total of 120 students (60 in each group) completed 

the study and were included in the final analysis. The 

mean pre-test scores of Group A (traditional method) 

and Group B (digital method) were 48.2 ± 7.5 and 47.9 

± 8.1 respectively, with no statistically significant 

difference between the groups (p = 0.812). Following 

the 12-week instructional period, both groups showed 

statistically significant improvement in their post-test 

scores. Group A achieved a mean post-test score of 75.6 

± 7.1, while Group B recorded a slightly higher mean 

score of 78.2 ± 6.5. However, the difference in post-test 

scores between the two groups did not reach statistical 

significance (p = 0.067) (Table 2). 

This indicates that both traditional and digital anatomy 

teaching methods significantly enhanced student 

performance, although digital methods demonstrated a 

marginally higher improvement in scores.
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Table 2: Test Scores Comparison 

Assessment Group A Mean ± SD Group B Mean ± SD p-value  

Pre-test 48.2 ± 7.5 47.9 ± 8.1 0.812 

Post-test 75.6 ± 7.1 78.2 ± 6.5 0.067 

OSPE Performance 

In addition to theoretical knowledge assessed through 

MCQs, practical competency was evaluated using a 10-

station Objective Structured Practical Examination 

(OSPE). Both groups demonstrated significant post-

intervention improvement. The mean OSPE score for 

Group A (traditional cadaveric dissection) was 72.3 ± 

6.4, whereas Group B (digital instruction) achieved a 

higher mean score of 76.1 ± 6.0. The difference 

between the groups was statistically significant (p = 

0.028), indicating that students exposed to digital tools 

demonstrated not only better theoretical knowledge but 

also superior practical and spatial application skills.

Table 3. Comparison of OSPE Scores Between Groups 

Assessment Tool 
Group A (Traditional) 

Mean ± SD 

Group B (Digital) Mean 

± SD 
p-value 

OSPE (10 stations) 72.3 ± 6.4 76.1 ± 6.0 0.028* 

*Statistically significant at p < 0.05. 

Student Feedback Analysis 

Student perceptions of the teaching modalities were 

evaluated through a structured feedback questionnaire. 

A significantly higher proportion of students in Group 

B expressed positive feedback across all parameters. 

For visual clarity, 92% of Group B students agreed or 

strongly agreed with its effectiveness, compared to 

74% in Group A (χ² = 7.84, p < 0.01). Similarly, in 

terms of interactive learning, 87% of Group B students 

were satisfied versus 68% in Group A (χ² = 9.12, p < 

0.01). Ease of accessibility was rated high by 89% in 

Group B compared to 65% in Group A (χ² = 11.32, p < 

0.001). 

Feedback on concept clarity and overall satisfaction 

also showed statistically significant differences, 

favoring the digital learning group. These results 

suggest that virtual dissection tools provided a more 

engaging and accessible learning experience from the 

students' perspective.

Table 4:  Feedback Comparison 

Feedback 

Parameter 

Group A 

(Agree/Strongly 

Agree) % 

Group B 

(Agree/Strongly 

Agree) % 

Chi-square value p-value 

Visual Clarity 74 92 7.84 <0.01 

Interactive 

Learning 

68 87 9.12 <0.01 

Ease of 

Accessibility 

65 89 11.32 <0.001 

Concept Clarity 79 90 6.27 <0.05 
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Overall Satisfaction 72 88 8.59 <0.01 

 

Figure 2 illustrates the mean post-test scores of two 

groups of first-year MBBS students who received 

anatomy instruction through different modalities. 

Group A, which underwent traditional cadaveric 

dissection-based teaching, achieved a mean score of 

75.6, while Group B, which was taught using digital 

anatomy tools including the Anatomage Table, scored 

a higher mean of 78.2. The standard error of the mean 

(SEM) is represented by error bars on each bar, 

indicating score variability within each group. 

Although Group B Outperformed Group A, the 

difference was not statistically significant (p = 0.067). 

The figure highlights the comparable effectiveness of 

both teaching methods, with a slight advantage 

favoring digital approaches in enhancing post-test 

performance. 

Figure 2: Comparison of Post-Test Scores Between Traditional and Digital Anatomy Teaching Methods 

 

To robust obtained findings, Within‑group paired 

t‑tests confirmed that both groups demonstrated highly 

significant knowledge gains from pre‑ to post‑test 

(p < 0.001 for each group). An independent t‑test 

comparing post‑test scores showed that Group B 

outperformed Group A with statistical significance 

(p = 0.016), indicating that students taught with virtual 

dissection tools achieved higher immediate learning 

outcomes. To quantify the magnitude of this difference 

independent of sample size, Cohen’s d was calculated 

and yielded a value of 0.446. According to 

conventional interpretation (0.2 = small, 

0.5 = moderate, 0.8 = large), this represents a moderate 

effect, suggesting that digital instruction provided a 

practically meaningful advantage over traditional 

cadaveric teaching. These effect‑size findings 

complement the p‑value results, underscoring the 

educational impact of virtual anatomy platforms (Table 

5). 
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Table 5: Summary of Inferential Statistics and Effect Size for Comparative Analysis of Anatomy Teaching 

Methods 

Statistic Value Interpretation 

Group A Post‑test Mean ± SD 75.57 ± 6.70  

Group B Post‑test Mean ± SD 78.57 ± 6.74  

Paired t‑test p (Group A) <0.001 Significant improvement 

Paired t‑test p (Group B) <0.001 Significant improvement 

Independent t‑test p (Post‑test) 0.016 Group B > Group A 

Cohen’s d 0.446 Moderate effect size 

Harms and Unintended Effects 

No major adverse events occurred during the study. In 

Group A, five students (8.6%) reported mild eye or 

throat irritation related to formalin exposure during 

cadaveric dissections, which subsided with protective 

measures and did not interfere with participation. In 

Group B, four students (6.8%) experienced technical 

issues such as software lags and occasional difficulty in 

manipulating 3D anatomical models; these were 

resolved during the sessions. No student required 

medical intervention, and all participants successfully 

completed the study. 

Discussion 

The present study compared the effectiveness of 

traditional cadaveric dissection with digital anatomy 

teaching using virtual dissection tools among first-year 

MBBS students. The findings revealed that both 

instructional modalities significantly improved 

students’ anatomical knowledge, as evidenced by pre- 

and post-test score gains (p < 0.001). Notably, students 

in the digital instruction group (Group B) achieved 

higher post-test scores than those in the traditional 

group (Group A), with a statistically significant 

difference (p = 0.016) and a moderate effect size 

(Cohen’s d = 0.446), supporting the pedagogical 

efficacy of virtual dissection tools. 

These results are consistent with previous studies that 

affirm the potential of digital platforms to enhance 

anatomy education. Virtual tools such as the 

Anatomage Table offer dynamic, three-dimensional 

visualizations, enabling students to explore anatomical 

relationships with greater spatial awareness and 

repeatability, which are limitations inherent in 

cadaveric dissection [6–8,12]. The COVID-19 

pandemic further highlighted the value of such tools, as 

medical schools worldwide were compelled to 

transition to remote learning environments, often 

relying on virtual anatomy software to sustain 

curriculum delivery [9,10]. 

The statistically significant and practically meaningful 

advantage observed in Group B may be attributed to 

several factors. First, digital tools enhance visual clarity 

and allow manipulation of anatomical structures in 

multiple planes, which improves comprehension of 

complex topography. Second, virtual platforms support 

individualized, self-paced learning, a feature aligned 

with modern educational philosophies that emphasize 

student-centered learning [13]. Third, unlike cadavers, 

which represent fixed anatomical variations, virtual 

tools can be updated and customized to reflect diverse 

pathologies and normal variants [14]. 

Despite these advantages, cadaveric dissection 

continues to hold unique educational value. It provides 

tactile and emotional engagement that fosters 
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professional identity formation and reinforces ethical 

principles such as respect for the human body [2,3,11]. 

Additionally, the variability found in real human 

anatomy teaches students to appreciate anatomical 

diversity—an experience not easily replicated by 

standardized digital models [15]. 

Feedback analysis further substantiates the superiority 

of digital instruction in specific domains such as visual 

clarity, interactivity, and accessibility. These 

perceptions mirror earlier findings wherein students 

reported higher satisfaction and engagement with 

virtual platforms, particularly when used in conjunction 

with traditional methods [7,13]. However, Group A 

students expressed appreciation for the hands-on 

dissection experience, reaffirming the complementary 

strengths of both modalities. 

This study findings mirror a growing body of work 

showing equivalent or superior short-term performance 

with digital tools [6,7,12]. A meta-analysis reported a 

pooled effect size of 0.60 favouring 3-D visualisation 

technologies over traditional methods for knowledge 

acquisition [16]. Nevertheless, long-term retention 

studies remain equivocal, with some suggesting 

sustained gains [17] and others indicating convergence 

of learning curves after clinical exposure [18]. 

The findings from this study advocate for a blended 

approach that integrates digital platforms into cadaver-

based anatomy teaching. Such an approach not only 

preserves the irreplaceable value of dissection but also 

enhances learning through interactive visualization and 

flexibility. Implementing this model can be particularly 

beneficial in institutions with limited access to cadavers 

or high student-to-cadaver ratios. 

Conclusion 

The present multi-institutional study provides 

compelling evidence that virtual dissection technology 

is not merely an acceptable substitute for cadaveric 

teaching but confers an additional, quantifiable learning 

advantage at the pre-clinical level. Although both 

groups registered highly significant gains in anatomical 

knowledge, students who engaged with the digital 

platform achieved higher post-instruction scores, and 

the moderate effect size (Cohen’s d ≈ 0.45) indicates 

that this difference is educationally meaningful rather 

than a statistical artefact. 

Beyond raw scores, student feedback revealed superior 

ratings for visual clarity, interactivity, and ease of 

access in the digital cohort, suggesting that virtual tools 

align optimally with modern learners’ preferences for 

multimodal, self-paced exploration. Importantly, these 

gains were accomplished without sacrificing 

foundational understanding, thereby reinforcing 

international calls to modernise anatomy pedagogy 

while safeguarding core competencies. 

Taken together, this study findings advocate a strategic, 

blended integration of virtual dissection platforms into 

early medical curricula. By doing so, institutions can 

capitalise on the scalability, repeatability, and 

radiological correlation offered by digital systems, 

while still leveraging the irreplaceable tactile and 

professional formation experiences afforded by 

cadaveric laboratories. Future investigations should 

extend this work by evaluating long-term knowledge 

retention, psychomotor skill transfer, and cost–

effectiveness across diverse educational and resource 

settings. 

Limitations and Generalizability 

Single-cohort design: Only first-year undergraduates 

were studied; results may not extrapolate to advanced 

learners or postgraduate training. 

Short follow-up: Post-test assessment occurred 

immediately after instruction; long-term retention and 

clinical translation were not measured. 
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Resource variability: All four participating colleges 

had access to both cadavers and an Anatomage Table; 

institutions lacking such resources may realise different 

outcomes. 

Volunteer bias: Although randomisation balanced 

baseline metrics, willingness to participate might 

correlate with technology affinity, subtly influencing 

results. 

Despite these constraints, the multi-centre nature of the 

study across government and private colleges enhances 

external validity within similar LMIC settings. 

Recommendations 

Blended curriculum: Combine scheduled cadaveric 

dissection with structured virtual sessions to harness the 

strengths of both approaches. 

Faculty development: Train instructors in digital 

pedagogy to optimise interactive features and align 

assessments with learning objectives. 

Longitudinal evaluation: Implement follow-up 

assessments at 6–12 months and during clinical 

rotations to gauge retention and skill transfer. 

Cost–benefit analysis: Conduct economic evaluations 

to inform investment decisions in resource-constrained 

institutions. 
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