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) . Background: Competence in physical examination is essential for medical
Orthopedic Surgery Consultant, ) ) ) i .
Faculty of Medicine, Mutah students, particularly in musculoskeletal assessment. Anterior Cruciate Ligament
University, Al-karak, Jordan (ACL) injuries are common and typically evaluated through a combination of
clinical history, imaging, and physical tests. This study aimed to assess the ability
of medical students from two medical schools to perform three commonly used

ACL tests: Lachman’s test, anterior drawer test, and Lever sign (Lelli’s test).

Methods: In this cross-sectional study, 200 fifth-year medical students from two
medical schools in Jordan participated during their orthopedic surgery rotations.
Each student performed the Lachman’s, anterior drawer, and Lever sign tests on

*Corresponding author: two patients with MRI-confirmed ACL tears and two healthy control subjects.
Student performance was evaluated based on correct execution of each test.

mnswerki@outlook.com Comparisons were made between institutions and against a senior resident

benchmark. A simulated learning curve model was also generated to illustrate
Received: March 20, 2025 progression across training levels.

. Results: A total of 200 fifth-year medical students were evaluated. Correct test
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performance was highest for the Lever sign (92.0%), followed by the anterior
drawer (85.5%) and Lachman’s test (81.5%). No significant differences were
observed between students from the two institutions (p = 0.192-0.731).
Performance was higher on control subjects compared to ACL-injured patients.
Senior residents demonstrated superior performance across all tests: Lachman’s
(p = 0.004), (p = 0.001), and Lever sign (p = 0.027). Simulated learning curves

indicated higher AULC values for the Lever sign (281.5) compared to the anterior
DOI:

) o drawer (270.8) and Lachman’s test (263.8), suggesting differences in the relative
https://doi.org/10.35516/jmj.v60i1.4405

ease of skill acquisition.

Conclusion: Medical students performed ACL special tests with varying success,
reflecting the differing technical demands of each maneuver. The Lever sign was
most consistently performed correctly, while the Lachman’s and anterior drawer
tests showed lower performance compared to senior residents. Simulated learning
curves emphasized skill acquisition differences, supporting the need for

structured, progressive training to improve orthopedic examination competency.

Keywords: Medical education, ACL injury, Orthopedic examination, Clinical skills,
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INTRODUCTION

Medical education is fundamental in
shaping competent healthcare professionals,
emphasizing the importance of
comprehensive training in history-taking and
physical examination skills [1]. These skills
serve as the cornerstone of clinical practice,
facilitating accurate diagnoses and informed
treatment decisions [2]. As such, medical
schools prioritize the development of
students' abilities to perform thorough
physical examinations as part of their training
regimen [3]. Mastery of physical
examination techniques not only enhances
students' clinical acumen but also cultivates
their capacity for critical thinking and
differential diagnosis formulation [4,5].

Anterior Cruciate Ligament (ACL)
injuries represent a prevalent
musculoskeletal ~ condition,  particularly

among athletes engaged in high-impact
sports activities [6,7]. These injuries occur
frequently during sudden changes in
direction, landing maneuvers, or direct
trauma to the knee joint [8]. Diagnosis of
ACL tears typically involves a combination
of patient history, clinical examination, and
imaging modalities such as magnetic
resonance imaging (MRI) [9]. Treatment
options range from conservative
management, including physical therapy and
bracing, to surgical intervention, such as
ACL reconstruction, depending on the
severity of the injury and the patient's activity

level [10].
Previous studies have assessed the
performance of medical students in

conducting physical examinations specific to
ACL injuries, recognizing the significance of
these tests in clinical practice [11,12]. These
evaluations aim to elucidate the proficiency
of medical students in accurately diagnosing
ACL tears through specialized orthopedic
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tests, such as the Lachman's test, anterior
drawer test, and Lever sign (Lelli's) test. By
examining medical students' competency in
ACL special tests, these studies underscore
the intersection between orthopedic clinical
skills and medical education, emphasizing

the importance of robust training in
musculoskeletal examination techniques
[13].

The aim of this study was to assess the
competence of fifth-year medical students
from two medical schools in Jordan in
performing three key ACL special tests:
Lachman’s test, anterior drawer test, and
Lever sign (Lelli’s test). By evaluating their
accuracy on patients with confirmed ACL
injuries, comparing performance across
institutions, and including healthy control
subjects, the study explored both technical
skill ~and  diagnostic  discrimination.
Performance is also compared to that of
senior orthopedic residents, serving as a
benchmark for clinical proficiency.

By incorporating multiple institutions,
control subjects, and experienced examiners,
this study provides a broader evaluation of
musculoskeletal clinical skills in
undergraduate education. It sought to identify
specific gaps 1in test execution and
interpretation, informing efforts to improve
orthopedic training in medical curricula.

PATIENTS AND METHODS

Study Design and Research Objectives:

This study employed a descriptive, cross-
sectional, comparative design conducted in
Jordan. The primary objective was to assess
the competence of fifth-year medical students
from two medical schools in performing
three commonly used physical examination
tests for diagnosing ACL tears: Lachman’s
test, anterior drawer test, and Lever sign
(Lelli’s test). Examinations were performed
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on patients with MRI-confirmed complete
ACL tears to evaluate technical accuracy. In
addition, healthy control subjects were
included to assess diagnostic discrimination.
A senior orthopedic resident group served as
a performance benchmark to contextualize
the students’ skill level.

Participants and Setting of the Study:

This study included 200 fifth-year medical
students from two different medical schools
in Jordan, all of whom were completing their
orthopedic surgery rotations. To ensure
adequate exposure to ACL special tests,
assessments were conducted at the end of
each rotation.

Data were collected over two separate
periods between 2022 and 2025 to
accommodate institutional schedules and
ensure full participation from both medical
schools. Each student performed the
Lachman’s, anterior drawer, and Lever sign
tests on patients with MRI-confirmed ACL
injuries as well as on healthy control subjects.
In addition, a group of senior orthopedic
residents performed the same tests to serve as
a benchmark for comparison.

All examinations were conducted at the
sports medicine clinic within the hospital
premises. Patient comfort and safety were

prioritized throughout the study, with
students instructed to perform all
examinations carefully and respectfully.
Informed consent was obtained from all
participants.

Study Population:

A total of 200 fifth-year medical students
(100 from each of two medical schools in
Jordan) were included in this study during
their orthopedic surgery rotations. To
establish a reference standard for clinical
proficiency, 20 senior orthopedic residents
(10 from each medical school’s affiliated
training hospital) were also included.
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Although the use of multiple institutions may
introduce some variation in teaching
exposure, it strengthens the generalizability
of the findings and offers a broader
perspective on student competence across
diverse training settings.

Study Protocol:

The study protocol consisted of two main
phases: a teaching and exposure phase,
followed by an evaluation and assessment
phase. This protocol was implemented at two
medical schools in Jordan, each contributing
100 fifth-year medical students, for a total
sample of 200 participants.

In the first phase, medical students
completed a one-month orthopedic surgery
rotation as part of their standard curriculum.
During this rotation, they received structured
instruction and clinical exposure to
musculoskeletal examination techniques,
including the performance of three special
tests for ACL injury: Lachman’s test, anterior
drawer test, and Lever sign (Lelli’s test).
Students had multiple opportunities to
observe and practice these tests in routine
clinical settings under faculty supervision.

The second phase took place at the end of
the orthopedic rotation and served as the
formal assessment period. Prior to
evaluation, students received a standardized
refresher session on the three ACL tests,

which included demonstration and
explanation by an orthopedic surgery
consultant to ensure consistent

understanding. Each student was then asked
to perform the three tests on two patients with
confirmed complete ACL tears and two
healthy control subjects. Performances were
independently evaluated by two orthopedic
consultants using a binary scoring system
(correct/incorrect) to reduce observer bias
and ensure objective assessment.

To establish a comparative standard, a
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control group of 20 senior orthopedic
residents (final year/board eligible) with
approximately 10 years of postgraduate
surgical training also performed the same set
of tests on the same patients and control
subjects.

All patient participants had previously
diagnosed complete ACL tears, confirmed by

both clinical examination and MRI reviewed
by a consultant radiologist. None had acute
symptoms, joint effusion, or comorbid
musculoskeletal conditions at the time of
testing. The control subjects were healthy
males with no history of knee injury or
ligamentous laxity. Patient and control
characteristics are summarized in Table 1.

Table 1. Baseline Characteristics of Examined Subjects

. Age BMI Mechanism of | ACL Tear e
Group Subject ID (yrgs) (kg/m?) Injury Confirmed Comorbidities
Patient 1 26 22.1 Sports injury Yes None
Patients Patient 2 25 29.2 Sports injury Yes Asthma
Patient 3 27 234 Direct trauma Yes None
Patient 4 22 25.1 Twisting injury Yes None
Control 1 28 23 - - None
Controls Control 2 27 24.8 - - None
Control 3 29 22.7 - - None
Control 4 26 23.5 - - None

Outcome Variable Definition:

The assessed outcome focused on the
students'  proficiency in  accurately
performing the physical examination
maneuvers. A test was considered correctly
performed if the student executed the
technique properly and elicited the
appropriate clinical finding—positive in
ACL-injured patients and negative in healthy
controls.

Positive Lachman's Test:

A positive Lachman's test indicates laxity
or instability in the ACL. During the test,
increased anterior translation of the tibia
relative to the femur is observed, suggesting
a lack of restraint in the ACL.

Technique: The patient lies supine with
the knee flexed to 20-30 degrees. The
examiner stabilizes the femur with one hand
while grasping the proximal tibia with the
other hand. Then, the examiner attempts to
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translate the tibia anteriorly. Excessive
anterior translation or a soft endpoint is
considered a positive result [14]. Figure 1 is
an illustration of Lachman’s test.

Positive Anterior Drawer Test:

A positive anterior drawer test indicates
laxity or instability in the ACL. It is
suggestive of an ACL tear or injury. During
the test, excessive anterior translation of the
tibia relative to the femur is observed,
indicating a lack of restraint in the ACL.

Technique: The patient is positioned
supine with the hip flexed to 45 degrees and
the knee flexed to 90 degrees. The examiner
sits at the edge of the examination table and
uses their thigh or buttock to stabilize the
patient's foot. Next, the examiner grasps the
proximal tibia with both hands and applies
anterior traction while the patient's knee
remains flexed and relaxed. A positive test is
indicated by anterior translation of the tibia in
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relation to the femur or the absence of an [15]. Figure 2 is an illustration of anterior
endpoint compared to the contralateral side drawer test.

Positive Lilli's Test: Technique: The patient lies supine with
Also known as Lever sign test. A positive both legs fully extended. The clinician
anterior drawer test indicates laxity or positions one fist under the proximal third of
instability in the ACL. It is suggestive of an the calf of one leg. Using the other hand, a
ACL tear or injury. downward force is applied over the distal
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third of the patient’s quadriceps of the same
leg. A positive test suggests ACL
incompetence, as applying downward force
causes anterior translation of the tibia relative

7 £

Inclusion and Exclusion Criteria:

The study included all fifth-year medical
students from two medical schools in Jordan
who were completing their orthopedic
surgery rotations during the designated study
periods. Students were excluded if they
declined to participate, had physical
limitations affecting their ability to perform
the tests, or were absent for a significant
portion of their orthopedic rotation.
Additional exclusion criteria included failure
to complete the standardized ACL
examination instruction provided during the
rotation.

Ethical Considerations:

The study was approved by the
Institutional Review Board of Mutah
University  (Approval No.  77/2022).

Informed consent was obtained from all
participating patients and control subjects.
Data  Collection and  Statistical
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to the femoral condyle. Consequently, the
heel does not rise in this scenario [11]. Figure
3 is an illustration of level sign test (Lilli’s
test).

Figure 3. Illustration of Lever sign test (Lilli’s test) technique.

Analysis:

Student performance in the three ACL
special tests was documented as a binary
outcome (correct or incorrect) based on
standardized criteria. Each test was
performed on both ACL-injured patients and
healthy control subjects. Data were organized
by test type, student group, and subject
category.

Descriptive  statistics were used to
summarize performance outcomes, and chi-
square tests were applied to compare accuracy
across institutions, test types, and between
students and senior residents. Statistical
significance was defined as p < 0.05.

To visually illustrate key findings, bar
graphs were used to compare correct
performance rates by group and test type.
Statistical analysis was done using the
Statistical Package for Social Sciences
(SPSS®) version 22.
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RESULTS

A total of 200 fifth-year medical students
participated (100 per medical school), along
with 20 senior orthopedic residents (10 per
institution) as a performance benchmark. All
performed Lachman’s, anterior drawer, and
Lever sign tests on 2 ACL-injured patients
and 2 healthy controls. University A vs.
University B students were 56% vs. 59%

male (p = 0.682), with mean ages of 23.4 vs.
23.7 years (p = 0.341), prior orthopedic
exposure in 40% vs. 46% (p = 0.312), and
prior ACL test training in 32% vs. 35% (p =
0.524). All baseline characteristics were
relatively similar between the two student
groups, with no statistically significant
differences observed, indicating that they
were comparable for analysis. Baseline
characteristics are summarized in Table 2.

Table 2. Student baseline characteristics across both universities.

. University A . . _
Variable (n=100) University B (n=100) | p-value
(Male %) 56 59
Gender (Female %) 44 41 0.682
Mean age (years) 23.4 23.7 0.341
Prior orthopedic exposure (%) 40 46 0.312
Previous ACL test training (%) 32 35 0.524
Across both institutions, the Lever sign test 0.011-0.043). These differences were
had the highest overall correct performance statistically ~ significant in all patient

among students, ranging from 89% to 94%
across all patients and control subjects. The
anterior drawer test followed, with correct
performance rates between 84% and 92%,
while the Lachman’s test showed the lowest
performance, ranging from 79% to 89%. In
contrast,  senior  orthopedic  residents
demonstrated consistently high accuracy
across all tests (99-100%). The largest
performance gaps between students and
residents were observed in the Lachman’s test
for patient cases, with absolute differences of
17-20% (e.g., 79% vs. 99%, p = 0.022; 83%
vs. 100%, p = 0.031). Anterior drawer tests
also showed notable student-resident
differences, ranging from 12% to 15% (p =
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comparisons for both Lachman’s and anterior
drawer tests.

For the Lever sign, performance
differences between students and residents
were smaller (6—11%) and not statistically
significant across any of the comparisons (p
= 0.091-0.724), suggesting greater ease of
use or intuitive execution. On control
subjects, student performance was generally
higher and more consistent, ranging from
89% to 94% across all tests, with no
significant differences from residents (p-
values: 0.137-0.724). Detailed comparisons
by institution, subject type, test, and group
are provided in Table 3.



Evaluating Medical Students' ...

Alswerki et al.

Table 3. Summary of Correct Performance of ACL Special Tests by Medical Students
and Senior Residents Across Two Universities. Comparison of correct performance
rates for ACL-injured patients and control subjects across two universities. Differences
(%) and p-values indicate statistical significance in performance between groups.
Bolded values marked with an asterisk (*) indicate statistically significant differences

(p <0.05).
Senior
. . Students’ .
University/ : Test performance resident’s Differences p-
Nedical | SUBJeCts | performed (n=100) per{gfl‘g”ce (%) value
Correct (%) Correct (%)
Lachman’s
Test 81 100 18 0.019*
Patient | Anterior
D drawer Test 87 99 12 0.021*
Lever Sign
Test 92 100 8 0.193
Lachman’s
Test 83 100 17 0.031*
Patient | Anterior
2 drawer Test 85 100 15 0.043*
Lever Sign
University Test 89 100 10 0.091
A Lachman’s
Test 89 99 10 0.371
Control | Anterior
(1) drawer Test 91 99 8 0.232
Lever Sign
Test 93 100 7 0.415
Lachman’s
Test 89 99 10 0.424
Control | Anterior
(2) drawer Test 90 99 9 0.393
Lever Sign
Test 92 100 8 0.593
Lachman’s
Test 79 99 20 0.022*
Patient | Anterior
3) drawer Test 84 99 15 0.034*
Lever Sign
Test 89 100 11 0.095
Lachman’s
University Test 82 99 17 0.018*
B Patient | Anterior
(G))] drawer Test 86 100 14 0.011*
Lever Sign
Test 91 100 9 0.365
Lachman’s
Control | Test 89 100 11 0.231
3) Anterior
drawer Test 92 99 7 0.412
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University/ Students’ ress(iacrl]ele(l)l:’s
: . Test performance Differences p-
Nedical | SUBJeCts | performed (n=100) per{gfl‘g”ce (%) value
Correct (%) Correct (%)
Lever Sign
Test 94 100 6 0.724
Lachman’s
Test 89 99 10 0.137
Control | Anterior
(C))] drawer Test 91 99 8 0.213
Lever Sign
Test 93 100 6 0.719

Student performance was comparable
between University A and University B across
all test types, with no statistically significant
differences observed: Lachman’s test (82.5%
vs. 80.5%, p = 0.521), anterior drawer test
(86% vs. 85%, p = 0.731), and Lever sign
(90.5% vs. 93.5%, p = 0.192). Senior residents

outperformed students in all tests with
statistically significant differences:
Lachman’s test (98.5% vs. 81.5%, p = 0.004),
anterior drawer (99.5% vs. 85.5%, p = 0.001),
and Lever sign (100% vs. 92.0%, p = 0.027).
Full performance comparisons are presented
in Table 4.

Table 4. Average Correct Performance by ACL Test Type Across Groups. Mean correct
performance percentages calculated by averaging results across all patient and control
subjects. Comparisons shown for students from two medical schools and senior residents.
Bolded values with an asterisk indicate statistically significant differences (p < 0.05).

University A | University B . Senior p-value
Test Type Students Students p-vzlue éUnl. Residents (Students vs
(%) (%) vs B) (%) Residents)
Lachman’s Test 82.5 80.5 0.521 98.5 0.004*
Anterior Drawer 86 85 0.731 99.5 0.001*
Lever Sign 90.5 93.5 0.192 100 0.027*

Inter-rater reliability between the two
orthopedic consultant evaluators was high
across all ACL tests. Cohen’s kappa values
indicated strong agreement for the
Lachman’s test (k = 0.81) and anterior drawer
test (x = 0.84), and very strong agreement for
the Lever sign (k = 0.90). These results
support the consistency and objectivity of the
performance assessments used in this study,
as detailed in Table 5.

A line graph provides a visual
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representation of performance differences
between students and senior residents across
the three ACL tests. The steepest slope is
seen in the Lachman’s test (p = 0.004),
indicating the largest gap, followed by
anterior drawer (p = 0.001). The Lever sign
shows the smallest difference, with a flatter
line and higher student performance (p =
0.027). Detailed comparisons are presented
in Figure 4.
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Performance Comparison: Students vs. Senior Residents

105
ACL Test

—e— Lachman's
—w— Anterior Drawer

100 Lever Sign

951

90F

851

Correct Performance (%)

80

75

Figure 4. Line Graph
Comparing Student and
Senior Resident Performance
Across ACL Tests. Visual
representation of average
correct performance rates for
Lachman’s, anterior drawer,
and Lever sign tests. Steeper
slopes indicate greater
performance differences
between groups, p-values less
than 0.05 indicate statistical
significance.

® p=0.004

Students

A line graph illustrates the comparative
performance of students from University A
and University B across all three ACL tests.
Correct performance rates were similar
between the two groups, with only slight
variations observed. Lever sign had the
highest scores in both universities (90.5% vs.

100
95

90

Senior Residents

93.5%, p = 0.192), followed by anterior
drawer (86% vs. 85%, p = 0.731) and
Lachman’s test (82.5% vs. 80.5%, p=10.521).
No statistically significant differences were
found between the two groups. A visual
summary is provided in Figure 5.

Performance Comparison: University A vs. University B Students

ACL Test
=4~ lachman's
—#— Anterior Drawer
Lever Sign

Figure 5. Line Graph Comparing
ACL Test Performance Between
University A and University B
Students. Visual representation of

85

Correct Performance (%)

80

75

»-
\ p=0.521
.

average correct performance
rates for Lachman’s, anterior
""" drawer, and Lever sign tests

across the two medical schools.
Differences between groups were

University A
Group

minimal and not statistically
significant (p > 0.05 for all
comparisons).

University B
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A simulated line graph illustrates the
projected learning curves for Lachman’s,
anterior drawer, and Lever sign tests across
four training stages: student, intern, junior
resident, and senior resident. These values
were estimated based on observed student
and senior resident performance, with
intermediate points added to reflect expected
improvement as  clinical  experience
increases. This model offers a hypothetical
view of skill development and serves as a
visual proxy for the relative learning
demands of each test.

The area under the learning curve (AULC)

1051

100

85 # .

Correct Performance (%)

801

51

.l /
.

was calculated using a step-by-step method
that adds up the space beneath each line
segment between training levels. It provides
a simple numerical summary of overall
learning progression, where a higher AULC
means the skill is learned more easily or
earlier. In this simulation, the Lever sign had
the highest AULC (281.5), followed by the
anterior drawer (270.8) and Lachman’s test
(263.8). These results suggest that the Lever
sign may be more intuitive and easier to
master than the other two tests. Full
visualization is shown in Figure 6.

Simulated Learning Curve for ACL Special Tests Across Training Stages

Lachman's AULC = 263.8

Anterior Drawer AULC = 270.8

ACL Test
—— Lachman's
—— Anterior Drawer
—— Lever Sign

70 Student Intern

Junior Resident
Training Stage

Senior Resident

Figure 6. Simulated Learning Curve for ACL Special Tests Across Training

Stages. Hypothetical line

graph

illustrating projected performance

improvement across four clinical stages—student, intern, junior resident, and
senior resident—for Lachman’s, anterior drawer, and Lever sign tests. Values
between student and resident levels were interpolated from observed data. Area
under the learning curve (AULC) reflects relative ease of test mastery.

DISCUSSION

This study evaluated the competence of
fifth-year medical students from two
Jordanian medical schools in performing
three physical examination tests for
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diagnosing ACL injuries: Lachman’s,
anterior drawer, and Lever sign tests. Among
all tests, the Lever sign demonstrated the
highest correct performance across both
institutions, while the Lachman’s test had the
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lowest accuracy and greatest variability.
Comparison with senior orthopedic residents
revealed statistically significant performance
gaps in the Lachman’s and anterior drawer
tests, but not in the Lever sign. No significant
differences were observed between the two
student groups, and performance on healthy
control subjects was generally higher and
more consistent. Together, these findings
highlight both the relative ease of learning the
Lever sign and the technical challenges
students face with more complex maneuvers.

Assessing the learning outcomes and
academic progression of medical students
during their training is a crucial aspect of
establishing high-quality learning and
teaching [29-31]. The educational objectives
of any medical school are to ensure the
capability of their graduate medical students
to comfortably perform physical
examinations and tests to aid them in the
process of proper patient diagnosis and
management [17]. Learning orthopedic
special examination tests can be challenging
and perhaps stressful to medical students due
to the detailed technique and position
required for the examined limb or joint, the

complexity of some tests, and the
unfamiliarity of the complex relevant
musculoskeletal —anatomy required to

comprehend these tests [16,17].

The superior performance of students in
the Lever sign test compared to the
Lachman’s and anterior drawer tests may be
attributed to its relative technical simplicity.
Unlike the other two tests, which require
coordinated bimanual handling, precise limb
positioning, and fine tactile perception of
tibial translation, the Lever sign relies on a
straightforward ~ unimanual =~ maneuver,
making it more intuitive for beginner
examiners. This finding aligns with prior
reports suggesting that test complexity
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directly affects learning and retention among
medical students [18,19].

Dr. Alessandro Lelli, who first described
the Lever sign in 2005 [20], emphasized its
simplicity and diagnostic reliability, noting
high sensitivity and specificity even in early
learners [21]. Jarbo et al. also found no
significant difference in Lever sign accuracy
between medical students and orthopedic
fellows (84% vs. 88%), supporting its
potential as an accessible diagnostic tool for
trainees [22]. Our findings reinforce this
evidence, as students demonstrated high
correct performance rates on the Lever sign
with only a small performance gap compared
to senior residents (92% vs. 100%). Given
these observations, the Lever sign appears to
offer both diagnostic utility and educational
value in early musculoskeletal training.

While the Lever sign demonstrated higher
performance among students in our study, the
overall differences between the three tests
were modest and should be interpreted within
context. The Lachman’s test, though
technically more demanding, remains the
most widely validated clinical test for
diagnosing ACL tears [23,24], with reported
sensitivities ranging from 77.7% to 94.4%
[25,26] and superior diagnostic utility
compared to the anterior drawer test,
particularly in acute injuries [27]. However,
its reliability is heavily influenced by
examiner experience, positioning, and patient
muscle tone [28]—factors that may explain
the lower student accuracy in our cohort
(81.5%).

Similarly, the anterior drawer test, though
generally easier to perform, has demonstrated
variable sensitivity in prior studies (18%—
94%) and is more susceptible to false
negatives in acute injuries, often due to
hamstring tension or joint effusion [29,30].
These limitations may influence how
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effectively students learn and apply the
technique, potentially contributing to the
moderate correct performance rate observed
in our study (85.5%). Nonetheless, our
findings align with existing literature,
reinforcing that even well-established
clinical tests can present varying levels of
difficulty in skill acquisition.

The observed differences in student
performance across the three ACL tests
highlight the need for medical education
programs to consider the varying technical
demands of each maneuver. While all tests
are clinically important, their complexity can
affect how easily they are learned by
students. Incorporating these differences into
musculoskeletal — curricula  may  help
educators structure skill acquisition more
effectively. For example, introducing
technically simpler tests like the Lever sign
early in training may build student
confidence and competence, while more
complex tests such as Lachman’s and
anterior drawer can be reinforced through
repeated supervised practice and targeted
feedback. This tiered approach may enhance
learning outcomes and better prepare
students for real-world clinical application.

To further explore the skill acquisition
process, we developed a hypothetical
learning model using a simulated Area Under
the Learning Curve (AULC) framework.
This visual model, based on interpolated
values between student and senior resident
performance, offered a  simplified
representation of how each test might be
learned over time. The Lever sign had the
highest AULC, indicating it may be mastered
earlier and more consistently, followed by the
anterior drawer and then the Lachman’s test.
While simulated, these curves support the
idea that some physical examination skills
follow a steeper trajectory and require more
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time and practice to develop. The AULC
concept may serve as a useful tool for
visualizing educational progression and
guiding the structure of procedural skills
training in undergraduate medical education.

This study has several limitations that
should be acknowledged. The evaluation was
limited to three ACL special tests, which,
while clinically relevant, may not fully
represent the breadth of musculoskeletal
examination  skills.  Additionally, the
assessments were conducted on a small
number of patients and controls, which may
limit the generalizability of certain findings.
The simulated AULC model, though useful
for illustrating learning progression, is
hypothetical and based on interpolated data
rather than longitudinal  observation.
Nonetheless, the study's multi-institutional
design, standardized assessment protocol,
and inclusion of a senior resident benchmark
strengthen the validity of the findings within
the scope of wundergraduate orthopedic
education.

CONCLUSION

This study examined the ability of medical
students to perform three physical
examination tests for ACL injuries and found
notable differences based on test complexity.
Students from both medical schools
performed similarly, suggesting consistent
educational outcomes across institutions. The
Lever sign was more commonly performed
correctly, while the Lachman’s and anterior
drawer tests posed greater challenges.
Performance was generally better when
examining healthy controls compared to
patients with ACL injuries, likely reflecting
the added difficulty of detecting abnormal
findings. These results highlight the
importance of emphasizing practical training,
particularly for more technically demanding
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tests, to strengthen musculoskeletal clinical
skills in undergraduate education.

Applicable Remarks

Given the results of our study, the author
would like to emphasize the following
applicable remarks.

1) Structured, Stepwise Training:

Due to the differing levels of difficulty
among ACL tests, medical education should
adopt a progressive, skills-based approach.
Introducing simpler maneuvers like the Lever
sign early, followed by more complex tests
such as Lachman’s and anterior drawer, may
help students build competence more
effectively.

2) Early Identification of Technical
Challenges:

The study highlights that student struggled
more with technically demanding tests such
as Lachman’s and anterior drawer. Early
identification of these challenges through
structured formative assessments can help
educators intervene with targeted support,

REFERENCES

1. H.S. Wald, “Professional identity (trans)formation
in medical education: reflection, relationship,
resilience.,” Acad. Med., vol. 90 6, no. 6, pp. 701—
6, Jun. 2015,
doi: 10.1097/ACM.0000000000000731.

2. P.Y.Luy,J. C. Tsai, and S. Y. H. Tseng, “Clinical
teachers’ perspectives on cultural competence in
medical education,” Med. Educ., vol. 48, no. 2, pp.
204-214, Feb. 2014, doi: 10.1111/MEDU.12305.

3. M. Elhassan, “Physical examination checklist for
medical students: can less be more?,” Int. J. Med.
Educ., vol. 8, pp. 227-228, Jun. 2017, doi:
10.5116/IIME.591B.3022.

4. M.D.F.L.deOliveira, W. B. Neto, A. R. S. Silva,
A. V.R. Verissimo, A. M. T. de S. Cavalcanti, and
E. M. L. M. Monteiro, “Perceptions of students on

the physical exams in clinical nursing practice,”

154

reducing the risk of carrying skill gaps into
clinical practice or residency training.

Declarations

Ethics approval and Consent

The approval for this study was obtained
from the institutional review board of Mutah
University Ethics Committee, IRB number
(772022). The Code of Ethics of the World
Medical  Association (Declaration of
Helsinki) was followed while conducting the
study. Informed written consent were
obtained from the patients.

Availability of Data and Materials

The data that support the findings of this
study are available upon appropriate request
from the corresponding author.

Competing interest

The author declares that they have no
competing interests.

Funding

This study received no specific funding
from public, commercial, or not-for-profit
funding agencies.

Northeast Netw. Nurs. J., vol. 17, no. 2, pp. 268—
277, May 2016, doi:  10.15253/2175-
6783.2016000200015.

5. T. Uchida, J. M. Farnan, J. E. Schwartz, and H. L.
Heiman, “Teaching the physical examination: a
longitudinal strategy for tomorrow’s physicians.,”
Acad. Med., vol. 89 3, no. 3, pp. 373-5, 2014, doi:
10.1097/ACM.0000000000000136.

6. L.P. Granan, M. C. S. Inacio, G. B. Maletis, T. T.
Funahashi, and L. Engebretsen, “Sport-Specific
Injury Pattern Recorded During Anterior Cruciate
Ligament Reconstruction,” Am. J. Sports Med.,
vol. 41, no. 12, pp. 2814-2818, Dec. 2013, doi:
10.1177/0363546513501791.

7. J.T.Bram, L. C. Magee, N. N. Mehta, N. M. Patel,
and T. J. Ganley, “Anterior Cruciate Ligament

Injury Incidence in Adolescent Athletes: A



Evaluating Medical Students' ...

Alswerki et al.

10.

11.

12.

13.

14.

15.

Systematic Review and Meta-analysis,” Am. J.
Sports Med., vol. 49, no. 7, pp. 1962—-1972, Jun.
2021, doi: 10.1177/0363546520959619.

C. R. LaBella et al., “Anterior cruciate ligament
injuries: diagnosis, treatment, and prevention,”
Pediatrics, 133, 2014, doi:
10.1542/PEDS.2014-0623.

J. T. Aoyama, J. Lowe, A. C. Capraro, and L.
Wells, “Clinical Evaluation of ACL Tear,”
Pediatr. Anterior Cruciate Ligament Eval. Manag.
Strateg., pp. 41-47, Jan. 2017, doi: 10.1007/978-
3-319-64771-5_6.

S. R. Filbay and H. Grindem, “Evidence-based

recommendations for the management of anterior

vol. no. 5,

cruciate ligament (ACL) rupture,” Best Pract. Res.
Clin. Rheumatol., vol. 33, no. 1, pp. 33-47, Feb.
2019, doi: 10.1016/J.BERH.2019.01.018.

K. A. Jarbo, D. E. Hartigan, K. L. Scott, K. A.
Patel, and A. Chhabra, “Accuracy of the Lever
Sign Test in the Diagnosis of Anterior Cruciate
Ligament Injuries,” Orthop. J. Sport. Med., vol. 5,
no. 10, Jan. 2017,

doi: 10.1177/2325967117729809.

A. C. Chong, C. Whitetree, M. C. Priddy, P. R.
Zimmerman, P. R. Haeder, and D. J. Prohaska,
of
Anterior Cruciate Ligament Ruptures In Providers

“Evaluating Different Clinical Diagnosis
with Different Training Backgrounds,” Jlowa
Orthop. J.,vol.37,p. 71,2017, Accessed: May 10,
2025. [Online]. Available:
https://pmc.ncbi.nlm.nih.gov/articles/PMC5508264/
N. Harris and F. Ali, “Examination Techniques in
Orthopaedics,” Exam. Tech. Orthop. Second Ed.,
pp. 1-205, Jan. 2013,

doi: 10.1017/CBO9781107053878.

M. Prins, “The Lachman test is the most sensitive
and the pivot shift the most specific test for the
diagnosis of ACL rupture.,” Aust. J. Physiother.,
vol. 52 1, no. 1, p. 66, 2006, doi: 10.1016/S0004-
9514(06)70069-1.

O. R. Ayeni, D. de Sa, J. Kay, and J. Karlsson,
“Diagnostic Accuracy of Physical Examinations

for ACL Injury,” Controv. Tech. Asp. ACL

155

16.

17.

18.

19.

20.

21.

22.

Reconstr. An Evidence-Based Med. Approach, pp.
35-43, Jan. 2017, doi: 10.1007/978-3-662-52742-

9 5.
J. C. Yu, M. Rashid, A. Davila-Cervantes, and C.
S.  Hodgson, “Difficulties with Learning

Musculoskeletal Physical Examination Skills:
Student Perspectives and General Lessons Learned

for Curricular Design,” Teach. Learn. Med., vol.

34, no. 2, pp. 123-134, 2022, doi:
10.1080/10401334.2021.1954930;PAGE:STRIN
G:ARTICLE/CHAPTER.

J. Menon and D. K. Patro, “Undergraduate
orthopedic education: Is it adequate,” Indian J.
Orthop., vol. 43, no. 1, pp. 82-86, Jan. 2009, doi:
10.4103/0019-5413.45328,.

E. M. Darwish et al., “The Effect of a Structured
Pre-Briefing Simulation Session on Medical
Students’ Competency,” Jordan Med. J., vol. 57,
no. 3, pp. 282-290, 2023, doi:
10.35516/IMJ.V5713.1680.

[19] R. Al-Taher et al., “Attending Operating
Rooms for Clinical-Years Medical Students:
Benefits and Barriers,” Jordan Med. J., vol. 57, no.
2, pp- 93-100, Jul. 2023,

doi: 10.35516/IMJ.V5712.1354.

A. Lelli, R. P. Di Turi, D. B. Spenciner, and M.
Domini, “The ‘Lever Sign’: a new clinical test for
the

rupture,”

Aug.

diagnosis of anterior cruciate ligament

Knee Surgery, Sport. Traumatol.
Arthrosc. 2014 249, vol. 24, no. 9, pp. 2794-2797,
Dec. 2014, doi: 10.1007/S00167-014-3490-7.

E. P. Mulligan, A. Anderson, S. Watson, and R. J.
Dimeff, “The Diagnostic Accuracy Of The Lever
Sign For Detecting Anterior Cruciate Ligament
Injury,” Int. J. Sports Phys. Ther., vol. 12, no. 7,
pp- 1057-1067, Dec. 2017, doi:
10.26603/1JSPT20171057.

K. A. Jarbo, D. E. Hartigan, K. L. Scott, K. A.
Patel, and A. Chhabra, “Accuracy of the Lever
Sign Test in the Diagnosis of Anterior Cruciate
Ligament Injuries,” Orthop. J. Sport. Med., vol. 5,
no. 10, Jan. 2017,

doi: 10.1177/2325967117729809.



Evaluating Medical Students' ...

Alswerki et al.

23.

24.

25.

26.

27.

S. Decary et al., “Clinical diagnosis of partial or
complete anterior cruciate ligament tears using
patients’  history elements and physical
examination tests,” PLoS One, vol. 13, no. 6, p.
e0198797, Jun. 2018, doi:
10.1371/JOURNAL.PONE.0198797.

A. Benjaminse, A. Gokeler, and C. P. Van Der
Schans, “Clinical Diagnosis of an Anterior
Cruciate Ligament Rupture: A Meta-analysis,”
https://doi.org/10.2519/jospt.2006.2011, vol. 36,
no. 5, pp. 267-288, May 2006, doi:
10.2519/JOSPT.2006.2011.

J. W. Katz and R. J. Fingeroth, “The diagnostic
accuracy of ruptures of the anterior cruciate
ligament comparing the Lachman test, the anterior
drawer sign, and the pivot shift test in acute and
chronic knee injuries,” Am. J. Sports Med., vol. 14,
no. 1, pp- 88-91, 1986, doi:
10.1177/036354658601400115;WGROUP:STRI
NG:PUBLICATION.

H. Makhmalbaf, A. Moradi, S. Ganji, and F.
Omidi-Kashani,

Anterior Drawer Tests for Anterior Cruciate

“Accuracy of Lachman and

Ligament Injuries,” Arch. Bone Jt. Surg., vol. 1,
no. 2, pp. 9497, Dec. 2013, doi:
10.22038/ABJS.2013.2081.

R. L. Kulwin, G. J. Schmidt, D. A. Snyder, and R.

156

28.

29.

30.

G. Klitzman, “Clinical Examination in the
Diagnosis of Anterior Cruciate Ligament Injury: A
Blinded, Cross-sectional Evaluation,” J. Am. Acad.
Orthop. Surg. Glob. Res. Rev., vol. 7, no. 2, Feb.
2023, doi:  10.5435/JAAOSGLOBAL-D-22-
00123.

E. P. Mulligan, J. L. Harwell, and W. J. Robertson,
“Reliability and diagnostic accuracy of the
Lachman test performed in a prone position.,” J.
Orthop. Sports Phys. Ther., vol. 41, no. 10, pp.
749-57, Oct. 2011, doi: 10.2519/jospt.2011.3761.
C. F.van Eck, M. P. J. van den Bekerom, F. H. Fu,
R. W. Poolman, and G. M. M. J. Kerkhoffs,
“Methods to diagnose acute anterior cruciate
ligament rupture: a meta-analysis of physical
examinations with and without anaesthesia,” Knee
Surgery, Sport. Traumatol. Arthrosc., vol. 21, no.
8, pp.- 1895-1903, Aug. 2013, dot:
10.1007/S00167-012-2250-9.

S. Tanaka, Y. Inoue, Y. Masuda, H. Tian, H. Jung,
and R. Tanaka, “Diagnostic Accuracy of Physical
Examination Tests for Suspected Acute Anterior
Cruciate Ligament Injury: A Systematic Review
and Meta-Analysis,” Int. J. Sports Phys. Ther., vol.
17, mno. 5, pp. 742-752, 2022, doi:
10.26603/001C.36434.



Evaluating Medical Students' ... Alswerki et al.

bl Bl clila) paniuily Lalddl clagadl) 3 ) 4 5l ands
alaal) da)a 3 (ACL) aldl)

# sl we FCidlsh alis pled S glal) saxa ay o Glagel) i I audel) S sas] I Spgudd] ana
Z4ggl dana £3la £¥T T _jalhl) pdle I aidel) Y jae I Gltan

sadlal) olee ¢din V) daalall adtiee !
a8 Lagead s ccalall Akl Ll §)lge (gl pandll 3 5oUSI) 38 1 ilaa¥ly Lali) oY)

o=t il dalal) Glla¥) e (el abiall Bl cilla) add L2000 Aliaall eV
‘_Jl 3\.«.‘4\)&3\ 0da Cadaa 3:1)3‘)»;}\ U'_ﬂ.aa‘sadb cgﬁ\.‘:ﬂ\ )f}*“:‘n “;.'a‘)d\ é\)\ﬂ\ %) C'-')A B)/EN %)
ahall LUl dxils Cleagad EDG el AN B Ofrals e ekl Al 508 A
: x=0 =l OV (B ORels e )2 and

(o Lbaa) Axdhl) lasly o el il Hlasls coleaY las) : alY)

LIS calaall daha (gl

Od‘f}“ ‘éj‘)s.“ ‘333,4 Euub sg_ﬂaj\

A paT 55 DS Lunaldl) L) b i U 200 e dadiie A canyal tdiagial
aball B Elal (5S5e Gilla le D) Glasadl Gl (S (gal Lalaall dals
Ol 35 o 3l oo a5 g el il ¢ oaplalinall il P& e aleY)
e € s b el ¢ piiealall o Ol M o Bkl Cudig cdasaia EHVM Accepted: Jun 12, 2025

ceal) (ggine pa hlgal) skt Bl plet inie 7 3gad ol o5 LS L gaage

Received: March 20, 2025

ol laa) 835 ¢(%92.0) Ldhl jladl 8 maaa ol daws el (O glal il
Ofinalall (B Lsine Cillg s Laadlh o1 L(%81.5) gl lasl & (%85.5) WY | DOL:
SVl Ak dadad) eV al) and die Juadl ¢laY) IS (0.731-0.192 ¢ Adla¥ ) | oo ore/10.35516/imi.v60i1 4
Blaal aletll cilinie el LS hLaa¥) muas b el 2ol sl oLLY1 ekl Aladl | 405

Bleall L) Gua e Jead) IS dadl las) o

(ol pulal) BLIL Lalall clagadl) elal 8 agieli€ 8 Gl ulall Ll el sz Lty
Lyl ) alad) ol 138 sy laagaall (Al Ligeaal) CDEAT ) Sl (giels
.?LL:J\ 3.:!); ‘?A L_i):“)““ ua;ﬂ\ ‘éﬁ AN ueui\j 39.;*\‘).\3‘5 dagiaa

R

157


https://doi.org/10.35516/jmj.v59i3.1888

