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ABSTRACT: BACKGROUND: Pivot shift test has been in use as one of the diagnostic test for anterior
cruciate ligament injuries over the years. Change in position of the leg was found to produce variation
in appreciation of the test. In our observation we found doing the test with leg in external rotation
produces better appreciation of the test. AIM: Comparison of external and internal rotation of leg in
pivot shift test and quantitating it using image analysis in chronic anterior cruciate ligament injuries.
METHODS: Thirty patients with complaints of pain and instability in the knee joint for 2 or more
months following injury and having positive Lachman test were chosen randomly. The pivot shift test
was performed in all 30 patients first with leg in external rotation and then in internal rotation under
anesthesia. Movement of three bony points in relation to each other were captured using 12 mega
pixel digital camera and evaluated using image analysis software. RESULTS AND DISCUSSION: The
femoral Antero posterior (AP) translation from the Gerdy’s point suddenly decreased by 6.5+ 1.8 mm
(maximum 13mm, minimum 3mm) in all 30 patients on whom pivot shift was performed in external
rotation, whereas the femoral AP translation decreased by 2.9+ 1.17 mm (maximum 5mm, minimum
1mm) in 29 patients when the pivot shift test was done in internal rotation. Arthroscopic findings
correlated well with pivot shift test being done in external rotation than in internal rotation.
CONCLUSION: The results of this study shows higher diagnostic value of pivot shift test for chronic
anterior cruciate ligament (ACL) insufficiency when it is done with leg in external rotation.
KEYWORDS: Pivot Shift, Image Analysis, Anterior Cruciate Ligament, Injuries.

INTRODUCTION: Pivot shifting is a specific phenomenon which occurs in cruciate deficient knee
joints. The original pivot shift test was demonstrated by Galway and Mc Intosh in 1972.1 Since then
many modifications and grading systems are in practice.25 Many authors agree that the basic
prerequisite for demonstrating this clinical test is presence of intact medial collateral ligament to
apply a valgus force and appreciation of reduction or subluxation of tibial plateau from extension to
flexion at around 20-302.67

The effect of rotation of tibia while performing the maneuver in grading of this test has been
published by few authors with variable results and implications on treatment.8 None of them were
able to quantify it for routine clinical practice in a consistent manner. In spite of the enormous
research in this field, the exact biomechanism behind this clinical test has not been validated and no
objective quantification method for routine clinical use is available.

In our clinical observation, we found that performing the maneuver with leg in external
rotation in patients with chronic cruciate ligament injuries yielded better appreciation of the shift
phenomenon consistently in comparison to internal rotation. Hence, we proposed to conduct a
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prospective study to compare the effect of rotations of leg on the results of this test in patients with
chronic cruciate ligament injuries and to quantify it objectively using image analysis method.?

PATIENTS AND METHODS: Thirty patients with complaints of pain and instability in the knee joint
for two or more months following injury and having positive Lachman test with soft end point were
included in our study after excluding associated Postero Lateral Complex (PLC) and Posterior
cruciate ligament (PCL) injury. Twenty six were male and four were female. The mean duration after
injury was 4.6 months. One patient who underwent ACL reconstruction 18 months ago which has
failed was also included in the study (table-I).

All the patients were examined under anesthesia in supine position with hip in neutral
position. Three white circular stickers, each 10mm in diameter were applied on the skin over the
bony prominences over lateral aspect of the knee (lateral epicondyle of femur, Gerdy’s tubercle and
fibular head) as markers for assessing the movement of the lateral condyle of tibia in relation to the
lateral condyle of femur in sagittal plane. The distance between the centers of markers over Gerdy’s
tubercle and fibular head are preliminarily measured.

The pivot shift test performed in all thirty patients first with leg in external rotation of 202
and then in internal rotation of 202 with valgus force at knee from extension to 1002 of flexion. The
same examiner performed the test in all the thirty patients using no axial force and completing the
maneuver over 1-1.2seconds and thus avoiding subjective bias.

The movement of the three stickers were recorded in video using a 12 megapixel digital
camera (Nikon, coolpix). The same procedure was carried out on the opposite normal knee for all the
patients with 209 external rotation as a control. The background behind the knee was covered by a
monotone sheet to reduce noise during the image processing stage. The captured video recordings
was reformatted as avi file and made compatible with Image ] software. The video was trimmed to
have one sequence of pivot shift test. The avi file was opened as stacks of images.

The images were then cropped to capture only the three markers. Then 8-bit conversion was
done and now the image was edited to maximize the areas of the markers and to minimize the
unwanted area selection. The X-Y plots of the centroids of the detected areas and their outlines were
obtained by analyzing the particles. The X-Y plots of the centriods of the three markers were used to
calculate the antero-posterior translation of the lateral compartment.

Calculation of lateral compartment translation. In each frame, the X-Y plot of the intersection
point termed as “pivot point (P)” between the tibial horizontal line line (G-F) and a perpendicular line
from the centroid of lateral epicondyle marker (L) to the tibial horizontal line was calculated.

The ratio of the perpendicular offset length of lateral epicondyle point from Gerdy’s tubercle
point to the length of the tibial horizontal line was calculated from the X-Y plot data. The femoral AP
position from the Gerdy’s tubercle can then be calculated by multiplying the ratio by the distance of
the 2 tibial points from the preliminary measurements (fig-1).

RESULTS: First, the test was performed with leg in external rotation and clinically graded as grade B
in 2 patients, grade C in 25 patients and grade D in 3 patients according to IKDC scoring system. Then
the test was performed with leg in internal rotation and clinically graded as grade A in 4 patients,
grade B in 24 patients and grade C in 2 patients. (Table-II).

] of Evolution of Med and Dent Sci/ eISSN- 2278-4802, pISSN- 2278-4748/ Vol. 3/ Issue 32/Aug 04, 2014 Page 8847



DOI: 10.14260/jemds/2014/3133

ORIGINAL ARTICLE

Image analysis was conducted by an individual who was blinded to the clinical grade for the
pivot shift test. The femoral AP translation from the Gerdy’s point suddenly decreased on an average
by 6.5+ 1.8mm (Mean+ SD) in all 30 patients on whom pivot shift was performed in external rotation.
Whereas the femoral AP translation decreased on an average by 2.9+ 1.17mm in 29 patients with the
pivot shift test done in internal rotation.

In 1 patient with positive Lachman test, there is no sudden drop or peaking in the slope which
was performed with the leg in internal rotation. None of the patients opposite normal knee showed
such a drop or rise in the translation performed in external rotation. The anterior translation of the
distal femur in relation to the tibia typically occurred over a period of 0.2+0.1sec (graphs-1 to 3).
Arthroscopic findings correlate well with pivot shift test being done in external rotation than in
internal rotation (table-2).

All patients with complete tear in arthroscopy had a clinical grade of C or D when pivot shift
test done in external rotation, whereas, only 3 patients with complete tear showed grade C when
tested in internal rotation. Similarly all 5 patients who had partial tear in arthroscopy showed
positive pivot shift test (grade B in 2 patients and grade C in 3 patients) done in external rotation.

In contrast only 2 patients with partial tear showed positive pivot shift test (grade B) and 3 of
them were negative for the test (grade A) when done in internal rotation. This shows high sensitivity
of the test (100%) when performed with leg in external rotation as well as high positive predictive
value (83.3%). The unpaired “t” test showing extreme statistical significance (p<0.0001).

DISCUSSION: Though many clinical tests were described for diagnosing anterior cruciate ligament
deficient knees, none of them were proved 100% specific or sensitive in accurate diagnosis and for
assessing prognosis following surgical or conservative treatment. For ACL deficient knees, Lachman
test still remains the gold standard against which other tests were compared.l® But it has poor
prediction on prognosis after ACL reconstructive surgeries.!1

Pivot shift test on the other hand has more specificity than lachman test as well as better
predictor of prognosis after ACL reconstructive surgery.12 The pivot shift test has been in general use
since its introduction in 1972, but its character and magnitude can vary considerably as it is highly
subjective and precluded by patient’s complete cooperation. Hence, this test should be performed
only under anesthesia.

A couple of controversial points persist in conducting this test, in spite of lot of research over
the past three decades. The role of rotation of leg during performance of the test is still not been
validated though few studies concluded that external rotation augments the pivot shift
phenomenon.13 14

However, these studies have not graded or explained the exact patho-mechanism for the
augmentation. The IKDC scoring system and Jacob’s grading system are available to quantify the pivot
shift test, but these are clinical observation rather than objective scoring.

The purpose of our present study is to assess the effect of rotation of leg in pivot shift test and
to objectively quantify it using the recently introduced image analysis method. The results of our
study shows augmentation of the pivot shift test when it is done in external rotation of leg

We would like to propose the following biomechanical concept to support our findings. In
normal knee as the lateral tibial plateau and lateral femoral condylar articular surfaces are convex;
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they should be contoured properly during normal gait and during pivoting movements like jumping
or twisting of the knee.¢

The ACL remains the primary restraint for maintaining the conformity of the condyles during
these stresses. When the ACL is deficient, the secondary restraints like lateral meniscus, hamstrings,
ilio tibial band and postero-lateral ligament complex will try to maintain the conformity and prevent
anterior translation and internal rotation of tibia.16

But, When one of the secondary restraints also injured, like a tear in lateral meniscus, the
lateral tibial plateau tends to subluxate more anteriorly even during normal gait. This would clinically
produce marked instability of the knee joint. The pivot shift should be more appreciable in such a
patient; but doing the test in internal rotation of tibia would tighten the secondary restraints and
restricting its anterior translation thereby decreasing the appreciability of pivot shift test.

In contrary doing the test in external rotation eliminates the effect of most of the secondary
restraints to produce better appreciability of the test and higher grade of the test.

The most controversial question which arises in the mind of treating surgeon is whether to
reconstruct a partial ACL tear or not. In Patients with instability symptoms and arthroscopically
having a partial ACL injury or showing other instability lesions like meniscal or cartilage damage, a
positive pivot shift test would implicate that patient requires a reconstruction of ACL even if other
tests were negative or low grade.

Hence, even in partial ACL injury testing the pivot shift in external rotation would show
higher grade if the ACL is non-functioning, as observed in our study. If the patient fails to show
positive test results in both rotations, then conservative treatment would be sufficient. It is
understood that elimination of the pivot shift is necessary to achieve successful relief of symptoms
and functional outcome.

In order to quantify our findings objectively we used image analysis method as the tool®. This
new, easily applicable and reproducible method as described by Yuichi Hoshino et al (2012) is cost-
effective and seems clinically practicable. Though this method assesses the shift test in single plane
(2D), future innovation in this method may provide a way for 3D analysis of the shift test.

Few drawbacks in our study include relatively small sample size, non-homogeneity of the
demographic profile of the patients and 2D analysis.

CONCLUSION: This study shows increased AP translation of the femur in relation to tibia when the
pivot shift test is being performed in external rotation compared to internal rotation of leg using
image analysis and correlating well with arthroscopic findings. Hence, we would like to conclude that,
performing this test with leg in external rotation should increase the diagnostic value of this test in
chronic ACL insufficiency.
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Graph 1

Patient -2: complete ACL tear (ERIK-External Rotation Injured Knee, IRIK-Internal Rotation Injured
Knee, ERNL-External Rotation Normal Knee)
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Graph 2

Patient-1: complete ACL reconstruction failure(ERIK-External Rotation Injured Knee:IRIK-
Internal Rotation Injured Knee)
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Graph 3

Patient-3: partial ACL tear(ERIK-External Rotation Injured Knee:IRIK-Internal Rotation Injured
Knee)

PT Age _ Mode of Side of | Duration of Previous
Sex Occupation . . .. .
Sl.no | (yrs) injury injury injury reconstruction
1 | 3 | M Mason RTA R 18 months ves
(18 m ago)

2 25 M Driver RTA R 6 months Nil

3 48 M Teacher Sports L 3 months Nil

4 26 M Engineer Sports R 3 months Nil

5 20 M Student Sports R 2 months Nil

6 21 M Student Sports R 4 months Nil

7 25 M businessman RTA L 5 months Nil

8 39 F House wife Self fall L 6 months Nil

9 20 M Student Sports R 4 months Nil

10 30 M Shop keeper RTA R 2 months Nil

11 22 M Student RTA L 2 months Nil

12 16 M Student SPORTS L 6 months Nil

13 22 M Student RTA R 3 months Nil

14 34 M driver RTA R 5 months Nil

15 44 F Bank cashier RTA L 4 months Nil

16 35 F House wife Self fall L 3 months Nil

17 33 M | Marketing person RTA L 4 months Nil

18 27 M IT profession Sports R 6 months Nil

19 33 M painter Self fall L 8 months Nil

20 38 M Auto mechanic RTA L 3months Nil

21 39 M Businessman RTA R 12 months Nil
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22 29 M Farmer Sports R 4months Nil
23 29 M Engineer Sports R 3 months Nil
24 42 M Shop keeper RTA L 3 months Nil
25 18 M Student Sports R 2months Nil
26 25 M IT profession Sports L 3months Nil
27 34 M Doctor RTA L 4months Nil
28 20 M Student RTA L 2months Nil
29 30 F House wife Sports R 3months Nil
30 26 M AC mechanic RTA R 5 months Nil

TABLE-I: DEMOGRAPHIC PROFILE OF THE PATIENTS

Clinical pivot shift test | AP translation in image
PT Ant drawer ] .
5] Lachman test (IKDC grade) analysis (mm) Arthroscopic
" | test (grade) External Internal External Internal Finding
no (grade) ) . . .
rotation rotation rotation rotation
Complete
1 C C D C 13 3.5 failure of
ACL graft
5 B B C A 4 0 Complete ACL
tear
Partial ACL
3 B B C B 5.5 35 artial A
tear
lete ACL
4 C C C B 7 5 Complete AC
tear
c B B C B 5 1 Complete ACL
tear
lete ACL
6 C C C B 7 2 Complete AC
tear
lete ACL
7 C C C B 6 3 Complete AC
tear
8 B B C B 5 9 Complete ACL
tear
9 B A C A 6 1 Partial ACL
tear
lete ACL
10 C C C B 7.5 2.5 Complete AC
tear
11 B A B A 43 2 Partial ACL
tear
12 C B C B 6.2 3.6 Complete ACL
tear
lete ACL
13 C B C B 7 3 Complete AC
tear
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14 C C C B 6.5 2.9 Complete ACL
tear

15 C C C B 7.2 4 Complete ACL
tear

16 C B C B 6.5 3 Complete ACL
tear

17 c C D C 9 4 Complete ACL
tear

18 C B C B 5.6 2.7 Complete ACL
tear

19 C B C B 6 2.8 Complete ACL
tear

20 C C C B 7 3.6 Complete ACL
tear

21 B A B A 3 1 Partial ACL
tear

22 C C C B 6.9 41 Complete ACL
tear

93 C C C B 792 4 Complete ACL
tear

24 C B C B 6.6 3.1 Complete ACL
tear

25 B B C B 6 2.8 Complete ACL
tear

26 C C C B 7.6 3.6 Complete ACL
tear

97 C C C B 7 4 Complete ACL
tear

28 B B C B 42 2.2 Partial ACL
tear

29 B B C B 6.9 3.5 Complete ACL
tear

30 C C D C 10 5 Complete ACL
tear

TABLE-II:COMPARISON OF THE TEST RESULTS WITH ARTHROSCPY FINDING
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