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Abstract
Purpose  Clinicians have different techniques and varying levels of experience with the pivot shift test, introducing variability 
into its performance. The purpose of this study was to evaluate the influence of teaching and repetition on the success rate 
and anterior translation of the lateral knee compartment during the pivot shift test in a cadaveric ACL injury model.
Methods  Twenty-five participants (five each of medical students, orthopaedic surgery residents, physical therapists, athletic 
trainers, sports medicine fellows) were recruited and a senior orthopaedic surgeon served as gold standard examiner. Each 
participant performed 20 pivot shift tests on lower extremity cadaveric specimens with ACL deficiency and lateral meniscec-
tomy: 5 prior to education (baseline), 10 after watching an instructional video (passive teaching), and 5 after an interactive 
education session (active teaching). The anterior translation of the lateral knee compartment was recorded during each pivot 
shift test using electromagnetic tracking system.
Results  For medical students and orthopaedic surgery residents, significant improvement in success rate was found when 
compared to baseline (12% and 24%, respectively) after both passive (36% and 60%, respectively) and active teaching (52% 
and 72%, respectively) (p < 0.5). Medical students and residents were the only participants that independently achieved sig-
nificant increases in anterior translation of the lateral knee compartment, each tripling the respective baseline value (p < 0.5). 
In the entire study population, significant increases in anterior translation of the lateral knee compartment and success rate 
of the pivot shift test were seen with continuous repetition (p < 0.5). However, the standard deviation of anterior translation 
of the lateral knee compartment was more than twice the gold standard examiner’s standard deviation, indicating a high 
degree of variability.
Conclusion  Teaching of the pivot shift test plays a major role in the development of a proper technique. However, variability 
persisted despite teaching and repetition. New methods may be needed to improve the teaching of the pivot shift test.
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Abbreviations
ACL	� Anterior cruciate ligament
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Introduction

The pivot shift test is a highly specific examination for rotatory 
knee laxity in patients with anterior cruciate ligament (ACL) 
deficiency and the grade of the pivot shift test is a commonly 
used outcome measure to evaluate knee function before and 
after ACL reconstruction [1–3]. During the pivot shift test, the 
knee is continuously flexed while internal torque and gentle 
valgus stress are applied by the examiner, leading to anterior 
subluxation of the lateral tibial plateau and a subsequent pal-
pable reduction [4, 5]. Traditionally, the laxity of the knee 
during the pivot shift test is graded subjectively based on the 
examiner’s perception of the translation during the reduction 
event as either a glide (grade 1), a clunk (grade 2), or a gross 
clunk (grade 3) [6–9]. Recently, this subjective grading has 
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been supplemented by methodologies that enable clinicians 
to objectively quantify the pivot shift test [10]. For example, 
some devices quantify the pivot shift test by measuring the 
acceleration of the tibia using an inertial sensor or measuring 
the magnitude of the anterior translation of the lateral knee 
compartment during the reduction event [11, 12].

Regardless of the methodology, all subjective and objective 
grading systems require a repeatable pivot shift test technique 
to compare knee laxity over time, across patients, and among 
clinicians. For proper grading, it is important to achieve an 
appropriate amount of anterior translation of the lateral knee 
compartment during the pivot shift test. However, the com-
plexity of the pivot shift test causes a high degree of intra- 
and inter-examiner variability and makes the pivot shift test 
dependent on the experience and technique of the examiner 
[13, 14]. Use of a standardized technique has been shown 
to help provide more consistent quantitative results among 
experienced senior orthopaedic surgeons, but there is a lack 
of literature regarding the ability of unexperienced clinicians 
to learn the pivot shift test [4].

In the clinical setting, people commonly learn this complex 
clinical examination through instructional videos or textbooks 
(passive teaching) or through hands-on teaching (active teach-
ing), which results in variability of techniques among different 
clinicians and limits comparisons between studies. Teaching 
this examination to other types of clinicians involved in the 
process of rehabilitation, such as physical therapists, could 
potentially enable a longitudinal monitoring of rotatory lax-
ity—pre-operatively, intraoperatively, and during the rehabili-
tation process. Thus, the objective of this study is to examine 
the effect of teaching and repetition on the success rate of the 
pivot shift test and on the amount of anterior translation of the 
lateral knee compartment during the pivot shift test. It was 
hypothesized that both teaching and repetition will lead to sig-
nificant increases of the success rate and anterior translation 
of the lateral knee compartment in all participating groups of 
clinicians due to use of the proper technique of the pivot shift 
test with additional instruction and practice. Furthermore, it 
was hypothesized that participants with less clinical experi-
ence will have significantly higher increases in success rate 
and anterior translation of the lateral compartment compared 
to more experienced examiners. The results of this study are of 
clinical significance as a reproducible pivot shift technique is 
essential for determining the type of surgical intervention (i.e. 
need for extra-articular lateral tenodesis) and the longitudinal 
assessment of rotatory laxity in the follow-up.

Materials and methods

Twenty-five subjects (five each of medical students, ortho-
paedic residents, physical therapists, athletic trainers, 
and sports medicine fellows) were recruited for the study 

protocol. Additionally, one senior orthopaedic surgeon 
served as the gold standard. Two cadaveric fresh-frozen full 
lower extremity specimens were utilized for the performance 
of the pivot shift tests. The specimens were thawed for 36 h 
at room temperature prior to starting the testing protocol. 
Subsequently, a thorough manual, radiographic, and arthro-
scopic examination was conducted to exclude specimens 
with bony or ligamentous abnormalities. After the comple-
tion of this evaluation, the ACL and the lateral meniscus 
were resected arthroscopically to enable a positive pivot shift 
test. Two specimens were used for this study to ensure con-
sistent biomechanical properties of the tissue since testing 
was completed over several consecutive days. Testing on 
each of the specimens was conducted within 48 h, on two 
consecutive testing days. In between data acquisition, the 
specimens were stored in a refrigerator to decelerate tissue 
degradation. Regular control of the ligamentous laxity was 
performed to rule out that the repetitive mechanical stress of 
the pivot shift negatively affected the biomechanical proper-
ties of the specimens. While the participants performed all 
of their trials on one of the specimens, the senior orthopae-
dic surgeon performed ten pivot shift tests on both full lower 
extremity specimens to establish the standard for compari-
son purposes.

The experimental protocol (Fig. 1) began with an evalu-
ation of each subject’s baseline knowledge about the pivot 
shift test using a questionnaire, consisting of four questions 
about the technique utilized during the pivot shift test:

•	 What are the three essential steps of the pivot shift test?
•	 Which compartment of the knee is mainly involved in the 

subluxation occurring during the pivot shift test?
•	 During the pivot shift test, what is happening at the joint 

surface when the “clunk” occurs? (indicating that the 
knee is unstable)

•	 If you are examining a left knee for instability with the 
pivot shift test, which hand do you hold the lower leg 
with?

Each subject performed five pivot shift tests using their 
baseline technique on the injured knee, while the six degrees 
of freedom kinematics were recorded. Then, each subject 
received passive teaching in the form of an instructional 
video about the pivot shift test [15]. After passive teach-
ing, each subject completed the same questionnaire again to 
assess if the participants expanded their knowledge about the 
pivot shift test through passive teaching. Additionally, each 
subject performed another ten pivot shift tests on the ACL 
deficient knee using the standardized technique shown in the 
instructional video, while six degrees of freedom kinematics 
were recorded. Afterwards, each subject was individually 
taught by two experienced examiners with expertise in the 
pivot shift test how his/her technique could be improved to 
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match the technique shown in the passive teaching video 
using a hands-on approach (active teaching). After active 
teaching, each subject performed another five pivot shift 
tests on the injured knee, while six degrees of freedom kin-
ematics were recorded.

An electromagnetic tracking system (Nest of Birds, 
Ascension Technology, Shelburne VT) was used to obtain 
the six degrees of freedom kinematics of the pivot shift test. 
This system utilized three electromagnetic sensors, one fixed 
on the femur, one on the tibia, and one on a stylus, to digitize 
anatomical landmarks on the femur and tibia. The accuracy 
of this system was 0.5 mm for translation and 0.5° for rota-
tion. The anterior translation of the lateral knee compart-
ment was measured using previously described methods 
[16–18].

To determine which pivot shift tests were successful, quan-
titative criteria were developed. For each time point, (t

i
, x

i
) an 

extended slope s
i
=

x
i+2−xi−1

t
i+2−ti−1

 was calculated to compensate for 
noise in the slope of the anterior translation of the lateral knee 
compartment as a function of time (see Fig. 2). The maximum 
anterior translation of lateral knee compartment, which marks 
the maximal subluxation of the tibia and the start of the reduc-
tion event, and the minimum anterior translation of lateral knee 
compartment, which marks the end of the reduction event and 
the pivot shift test, were automatically selected based on a 
conversion in the algebraic sign of the extended slope. The 
difference between maximum and minimum anterior transla-
tion of the lateral knee compartment, representing the transla-
tion of the lateral knee compartment during the reduction 
event, was calculated to quantify the pivot shift test. The pivot 

Fig. 1   Summary of the testing 
protocol. Flowchart of the test-
ing protocol for each participant

1. Baseline Data collected
◦ Answers to questionnaire about: 

→ Actions of examiner
→ Principle of subluxation

◦ 6 DOF kinematic data for 5 pivot shift tests

2. Passive Teaching Data collected
◦ Answers to questionnaire about:

→ Actions of examiner
→ Principle of subluxation

◦ 6 DOF kinematic data for 10 pivot shift tests

3. Active Teaching Data collected
◦ 6 DOF kinematic data for 5 pivot shift tests
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Fig. 2   Selection of the reduction event during the pivot shift test. 
First the slope of the anterior translation of the lateral compartment 
was calculated for each time point (t

i
, x

i
) (grey mark) based on the 

values (t
i−1, xi−1) and (t

i+2, xi+2) (white marks). The start of the reduc-
tion event of the pivot shift and the end of the reduction event of the 

pivot shift were determined using the conversion of the algebraic 
sign at the maximum and minimum of the curve as selection criteria. 
The difference in anterior translation of the lateral knee compartment 
between the start and the end of the reduction event was used for the 
quantification of the pivot shift test
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shift test was graded as negative if no conversion in the alge-
braic sign was present. Pivot shift tests were defined as positive 
if the recorded anterior translation of the lateral knee compart-
ment during the reduction event was higher than the minimum 
reduction translation, which was defined as the square root of 
the standard deviation of anterior translation of the lateral knee 
compartment during the reduction event across all subjects. 
The success rate was calculated to be the number of positive 
pivot shift tests as defined by the criteria above divided by total 
number of pivot shift tests performed. The anterior translation 
of the lateral knee compartment was normalized using the 
average anterior translation of the lateral knee compartment of 
the gold standard examiner on the corresponding specimen 
and reported as a percentage.

Approval for this study was obtained from the Institu-
tional Review Board of the University of Pittsburgh and the 
Committee for Oversight in Research Involving Decedents 
(CORID) in accordance with the ethical standards of the 
Declaration of Helsinki (1964) and its later amendments 
(PRO15060142).

Statistical analysis

Data analysis was performed using Microsoft Excel 2013 
and SPSS (version 20.0, SPSS Inc., Chicago, USA). T tests 
were used to analyze the results of the questionnaires before 
and after the instructional video. ANOVAs were used to 
compare the anterior translation of the lateral knee com-
partment within each group before and after each teach-
ing session. Fischer’s exact tests were applied to analyze 
each group’s success rates of the pivot shift test (positive 
vs. negative pivot shift tests) before and after each teach-
ing session. Pearson’s correlation coefficient was used to 
evaluate the effect of repetition on the success rate of the 
pivot shift test within each education and across the entire 
population. When comparing the trial-by-trial development 
of the entire study population, a one-sided t test was used to 
analyze the anterior translation of the lateral knee compart-
ment values before and after teaching. The sample size of 
five participants per discipline was calculated based on a 
preliminary test using an a priori power analysis (G*Power) 
to establish 80% power. As the pretest revealed a high degree 
of variability, 20 repetitions per participants were chosen to 
allow for unsuccessful attempts as well as simultaneously 
examine the effect of repetition on the pivot shift examina-
tion. Statistical significance was set at p < 0.05.

Results

Six degrees of freedom kinematics were recorded for the 
500 pivot shift tests performed by the participating clini-
cians (20 for each of the 25 participants) and the 20 pivot 

shift tests performed by the senior orthopaedic surgeon (10 
on each of the specimens). A total of 190 pivot shift tests 
were performed on the first specimen and 330 on the sec-
ond specimen. Of the 500 pivot shift tests performed, 319 
(61.3%) pivot shift tests were graded as negative pivot shift 
tests based on the exclusion criteria. The remaining success-
ful pivot shift tests were used for the analysis of the changes 
in anterior translation of the lateral knee compartment with 
teaching and repetition.

The results of the questionnaires showed that all sub-
groups had baseline knowledge about the pivot shift test 
with 75% correct answers on average across all subjects 
and at least 50% correct answers for each participant before 
watching the instructional video. Moreover, the second ques-
tionnaire showed the positive impact of passive teaching 
on theoretical knowledge about the pivot shift test with an 
increase in the percentage of correct answers in all groups. 
In the entire study population, a significant increase of the 
theoretical knowledge was noted with 89% correct answers 
after passive teaching compared to 75% correct answers at 
baseline (p < 0.05).

Significant improvements in success rate compared to 
baseline were noted after both passive and active teaching 
only for medical students and orthopaedic surgery residents 
(p < 0.05) (Fig. 3). The medical students had a baseline 
success rate of 12%, which increased to 36% after passive 
teaching and to 52% after active teaching, while the ortho-
paedic surgery residents had a baseline success rate of 24%, 
which increased to 60% after passive teaching and to 72% 
after active teaching. In addition, only medical students and 
orthopaedic surgery residents showed a significant increase 
in the success rate with continuous repetition (p < 0.05). 
Athletic trainers, physical therapists, and sports medicine 
fellows demonstrated no significant change in success rate 
after both passive and active teaching, and with continu-
ous repetition. Among all subjects, the success rate after 
passive and after active teaching (41%) was significantly 
higher than the baseline success rate (26%, p < 0.05). When 
looking at the overall success rate of the pivot shift test of 
all subjects in the study (Fig. 4), a continuous increase in 
the success rate with more repetitions was noted (r = 0.424, 
p < 0.05). However, variability persisted within all groups 
and throughout the entire study protocol as seen on the high 
percentage of negative pivot shift tests despite passive and 
active teaching.

All groups improved their anterior translation of the 
lateral knee compartment after passive and active teach-
ing by generating anterior translation values with similar 
magnitudes as the gold standard examiner’s average (illus-
trated by the dashed line in Fig. 5). Sports medicine fellows 
achieved anterior translation of the lateral knee compart-
ment values comparable to the gold standard examiner even 
before teaching. In the entire study population, incremental 
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increases in anterior translation of the lateral compartment 
were noted with the introduction of passive and active teach-
ing (p < 0.05) (Fig. 6). However, despite teaching, a large 

amount of variability persisted in the anterior translation of 
the lateral knee compartment within each group, recogniz-
able by the high standard deviation of anterior translation of 

Fig. 3   Success rate of the pivot 
shift test after teaching. Success 
rate of the pivot shift test in the 
different clinician groups after 
passive and active teaching. 
*p < 0.05
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the lateral knee compartment of all participants, being more 
than twice as high as the gold standard examiner’s standard 
deviation. As a result, only medical students and orthopaedic 
surgery residents achieved statistically significant increases 
in anterior translation of lateral knee compartment after 
teaching (p < 0.05). Variability of the anterior translation of 
the lateral knee compartment was only weakly associated 
with clinical experience, as an analysis of variance revealed 
that only 21.7% of the variability of the anterior transla-
tion of the lateral compartment was accounted for by group 
membership.

Discussion

An important finding of this study was that passive and 
active teaching effectively increased the anterior translation 
of the lateral knee compartment during the pivot shift test to 
values close to those of the gold standard examiner. In fact, 
after only passive teaching, all groups were able to generate 
anterior translation values comparable to those of the sen-
ior orthopaedic surgeon serving as gold standard examiner. 
Additionally, repetition seemed to influence the success rate 
of the pivot shift test, leading to a significant increase in 
the success rate with continuous repetition in only medical 
students and orthopaedic surgery residents.

The analysis within each group revealed that only the 
medical students and orthopaedic surgery residents had 
significant increases in success rate and anterior translation 
of the lateral knee compartment after teaching. Similar to 
medical students and orthopaedic surgery residents, athletic 
trainers and physical therapists also had low baseline values 
of anterior translation, but subsequently did not improve 
significantly. Sports medicine fellows had a higher base-
line value and achieved anterior translation of the lateral 
knee compartment values comparable to the gold standard 

examiner even before teaching. This suggests that level of 
training might have an effect on the degree of influence that 
teaching has on the success and technique of the pivot shift 
test. The fact that the study population is diverse, with clini-
cians who have varying levels of training with the pivot shift 
test, could be a potential explanation for the high variance 
of the anterior translation of the lateral knee compartment. 
However, only 21.7% of the overall variability in anterior 
translation of the lateral knee compartment was accounted 
for by group membership.

This study showed that passive teaching was able to 
improve the theoretical knowledge about the pivot shift test 
based on assessment through a questionnaire. A similar 
effect of written and video instruction (passive teaching) 
on the theoretical knowledge about a screening musculo-
skeletal examination has been shown in a previous study 
[19]. Additionally, small group teaching (active teaching) 
was evaluated and found to be superior to passive teaching 
in the actual performance of the clinical examination despite 
no differences in theoretical knowledge [19]. Contrary to 
these findings, active teaching with individualized feedback 
in this study did not significantly improve the variability of 
anterior translation of the lateral knee compartment or the 
success rate of the pivot shift test compared to the passive 
teaching group.

Continuous repetition led to a significant increase in the 
success rate when including all subjects of the study and, 
in particular, medical students and orthopaedic surgery 
residents. This finding indicates that beside passive and 
active teaching, a regular performance of the pivot shift 
test, each with a sufficient number of repetitions, might 
be needed to achieve a repeatable technique with a ade-
quate success rate. However, in terms of learning clinical 
examinations, there is a lack of literature examining the 
effect of repetition on the actual performance of the clini-
cian and further research is needed to evaluate how many 

Fig. 6   Magnitude of the reduc-
tion event pivot shift test with 
repetition and teaching in the 
entire study population. Influ-
ence of teaching and repetition 
on the percentage anterior 
translation of the lateral knee 
compartment. Each data point 
represents the average of all 25 
participants at that trial. Vertical 
lines illustrate the timing of 
passive and active teaching. 
Incremental improvements were 
noted after each of the teaching 
sessions as shown by the dashed 
line. Ant. anterior, Lat. lateral. 
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repetitions and how frequent clinicians need to perform 
this examination to effectively learn examining skills. 
Having the ability to perform a reproducible pivot shift is 
essential for determining the type of surgical intervention, 
for example, if an additional extra-articular lateral teno-
desis is needed, as well as for the longitudinal monitor-
ing of rotatory laxity in the follow-up process. This study 
constitutes a first step to optimize the learnability of the 
pivot shift examination to improve the diagnostic skills of 
prospective clinicians.

One limitation of this study design is that it does not 
allow for a direct comparison between the effects of pas-
sive and active teaching so it remains unclear if pas-
sive teaching was actually equivalent to active teaching. 
It would be an important comparison since there have 
been several studies that have found similar results to 
those of the aforementioned study [19]. For example, a 
recent study evaluating the education of critical care fel-
lows on mechanical ventilation by comparing a guided 
self-directed learning group with a group that addition-
ally received hands-on tutoring found significantly higher 
improvements when the fellows received hands-on tutor-
ing [20]. One possible reason for the lack of difference 
between active and passive teaching in this study could 
be the low number (five) of pivot shift tests performed 
after subjects underwent active teaching. This might not 
be a sufficient number of repetitions to improve the muscle 
memory for the complex manoeuvers after active teaching. 
The effectiveness of passive teaching compared to active 
teaching would be an area to explore further with a study 
design that directly compares the two methods indepen-
dently and provides a sufficient number of repetitions after 
each teaching session.

Conclusion

Both teaching and repetition contribute to slightly improv-
ing the success rate of the pivot shift test, but only teach-
ing contributes to increasing the magnitude of the anterior 
translation of the lateral knee compartment. Future studies 
will focus on determining the effects of passive and active 
teaching methods on learning of the proper technique of the 
pivot shift test.
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