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Abstract Objective: Rupture of the anterior cruciate ligament (ACL) is one of the most
common injuries in athletes and is often associated with damage to anterolateral
structures. This combination of injuries presents itself clinically as a high-grade pivot
shift test. The hypothesis of this study is that patients with ACL deficiency and high-
grade pivot shift test should have an increased internal knee rotation.
Methods: Twenty-two patients were tested. After effective spinal anesthesia, two
tests were performed with the patient in supine position. First, the bilateral pivot shift
test was performedmanually, and its grade was recorded. Then, with the knee flexed to
90 degrees, the examiner drew the projection of the foot in a neutral position and in
maximum internal rotation, and the angle of internal rotation was measured from the
axes built between the central point of the heel and the hallux.
Results: In the ACL-deficient knee, it was observed that there is a statistically
significant average internal rotation (IR) delta of 10.5 degrees between the groups
when not adjusted for age, and 10.6 degrees when adjusted for age.
Conclusions: Knees with ACL deficiency and with pivot shift test grade I do not show
increased internal rotation in relation to knees with intact ACL. Knees with ACL
deficiency and with pivot shift test grades II and III show increased internal rotation
in comparison to healthy knees.

Resumo Objetivo: A ruptura do ligamento cruzado anterior (LCA) é uma das lesões mais
comuns em atletas e está frequentemente associada a danos nas estruturas antero-
laterais. Esta combinação de lesões apresenta-se clinicamente como um teste de pivot
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Introduction

Rupture of the anterior cruciate ligament (ACL) is one of the
most common injuries in athletes.1 Its reconstruction has
been one of the most performed orthopedic procedures and
it has been showing some postoperative complications, such
as unsatisfactory rotational control, with a success rate
ranging from 69 to 95%.2,3 This inadequate restoration of
biomechanics results in a significant number of patients who
do not return to their previous level and/or type of physical
activity4 and have an increased risk of a new ligament
failure.5

As demonstrated by Terry et al.,6 in the vast majority of
knees with an ACL rupture, there is also injury to lateral
structures associated with the iliotibial tract (ITT). The
anterolateral ligament (ALL) acts on the rotational stability
of the knee with an ACL injury7; therefore, the associated
injury of these ligaments leads to an increase in the internal
rotation (IR) of the knee and the degree of the pivot shift
(PS),8 and it is also pointed out as a cause of ACL reconstruc-
tion failures.8

The positive PS test is an important indicator of rotational
instability in the knee.9 Some meta-analyses have shown a
high rate of patients with a persistently positive result in the
PS test in the postoperative period.10–12 In a systematic
review, Mohtadi suggests a 19% prevalence of grade-II or
higher PS after an ACL reconstruction11; other studies show
that this test remains positive in more than 30% of the cases
and that this instability leads to secondary lesions of the
meniscus and cartilage.13,14

Several cadaver studies have shown that, if there is a
concomitant ACL injury and anterolateral structures, there
will be an increase in the PS degree and passive IR of the knee
at flexion angles greater than 30°;8 however, there is a lackof
clinical studies that explore these two tests together. The
present studyaims at correlating the degree of PS and knee IR
in patients with an ACL injury. The PS test is subjective and

does not have good accuracy or reproducibility.15 The mea-
surement of knee IR at 90° of flexion is an objective test of the
physical examination and, therefore, has a probable low intra
and interobserver variability. Thus, we intended to establish
a more reliable clinical test, with easier reproducibility and
standardization for the diagnosis of anterolateral rotational
instability of the knee.

The hypothesis of this study is that patients with an ACL
deficiency and a high grade in the PS test should have an
increased IR of the knee.

Methods

Cross-sectional Study
All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards and
was approved by the research ethics committee of Hospital
de Clínicas de Porto Alegre (CAAE number 09548118.9.
0000.5327). For the sample calculation, we conducted a pilot
study with a significance level of 5%, power of 90%, and an
effect size of 1.5 standard deviations (SDs) between groups,
obtaining a minimum of 10 patients per group. There was a
mean difference in IR of 8.5 between the injured knee and the
healthy knee between groups I (PS 1; IR mean¼9.83, SD
¼3.25, n¼6) and groups II (PS 2 and 3; mean¼1.33, SD
¼2.06, n¼6).

Among patients with complete bone maturity and with a
chronic ACL deficiency who would undergo ligament recon-
struction in Porto Alegre, RS, Brazil, between August 2019
and September 2020, 22 were tested. No knee had posterior
meniscal root injuries or meniscal ramp lesion. Of the 22
patients included in the study, 15 had meniscal injuries
(68.18%). Of these 15 patients, 6 were assigned to group II:
3 with injury to the lateral meniscus, 1 with injury to the
medial meniscus, 1 with injury to both menisci, and 1 with
injury to the lateral meniscusþgrade-IV chondral injury
smaller than 1 cm2. In group I, 9 patients had meniscal

shift de alto grau. A hipótese deste estudo é que pacientes com deficiência de LCA e
teste de pivot shift de alto grau tenham aumento da rotação interna (RI) do joelho.
Métodos: Vinte e dois pacientes foram testados. Após raquianestesia efetiva, foram
realizados dois testes com o paciente em posição supina. Primeiro, o teste de pivot shift
bilateral foi realizadomanualmente e seu grau foi registrado. Em seguida, com o joelho
flexionado a 90 graus, o examinador traçou a projeção do pé em posição neutra e em RI
máxima e mediu o ângulo de RI a partir dos eixos construídos entre o ponto central do
calcanhar e o hálux.
Resultados: Joelhos com deficiência de LCA apresentam delta da RI média estatisti-
camente significativo de 10,5 graus entre os grupos sem ajuste de idade e de 10,6 graus
com ajuste de idade.
Conclusões: Joelhos com deficiência do LCA e teste de pivot shift de grau I não
apresentam aumento da RI em relação aos joelhos com LCA íntegro. Joelhos com
deficiência do LCA e teste de pivot shift de graus II e III apresentam RI em comparação
aos joelhos saudáveis.
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injuries: 4 with injuries to the lateral meniscus, 4 with
injuries to the medial meniscus, and 1 with injuries to
both menisci.

Eleven patients (1 female and 10 males) with grade-I pivot
shift were allocated to group 1,whereas 6 patientswith grade-II
pivot shift and5patientswithgrade-III pivot shiftwereallocated
togroup2(2 females and9males) (►Fig. 1). Themeanageof the
patients was 22 years. The minimum range of motion expected
forallkneeswasbetween0°and130°.Aquestionnaireaboutage,
sex, time of injury, presence of any systemic disease, or injury to
the lower limbs was answered. Patients with a history of
previous injury, surgery or neurological pathologies of the
knee or lower limb, locked knee, rheumatoid disease or other
inflammatory disease of the joints, congenital lower limb mal-
formation that could influence the rotation of the leg or foot, or
significant arthrosis, were excluded.

After spinal anesthesia, two tests were performed with
the patients in the supine position. First, the bilateral pivot

shift test was performed manually, and its grade was
recorded according to the classification determined by the
International Knee Documentation Committee (IKDC)
2000.16 Then, while an assistant kept the patient’s thigh
immobilized while the knee was flexed at 90° and the foot
was supported on a rigid table, the examiner drew the
projection of the foot in a neutral position and in maximum
internal rotation, turning theheel over its own axis, using the
thumb tomake a fulcrum on themedial face of the calcaneus,
and using the other fingers to press the lateral face of thebase
of the 5th metatarsal (►Fig. 2). The angle of internal rotation
was measured from the axes built between the central point
of the heel and the hallux. The maximum internal rotation
was obtainedwhen the increased load did not generatemore
movement.

All tests were performed bilaterally by the same examiner
while the patient was anesthetized, following the same
protocol for all the patients and before any surgical incision.
In each patient, the internal rotationmeasured on their knee
without injury was considered normal.

Statistical Analyses
The variables were described by means and standard devia-
tions. To compare means, the Student t-test was applied. To
control the effect of age, the analysis of covariance (ANCOVA)
was used. The level of significance adoptedwas 5% (p<0.05),
and the analyses were performed using the IBM SPSS Statis-
tics forWindows, version 21.0 software (IBM Corp., Armonk,
NY, USA).

Results

The average age among participants was 22, with 25.4 in
group 1 and 20.4 in group 2. The youngest participant was

Fig. 2 Internal rotation protocol: a: foot in a neutral position; b: foot in maximum internal rotation; c: fingers pressing the lateral face of the base
of the 5th metatarsal; d: thumb making a fulcrum on the medial face of the calcaneus; e: axes built between the central point of the heel and the
hallux (foot in a neutral position and in maximum internal rotation).

Fig. 1 Proportion of females and males in groups I and II.
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16 years old and the oldest was 36 years old. Group 1 had a
significantly higher mean age than group 2 (25.4�5.4 vs
2.4�2.5; p¼0.012) (►Fig. 3). Among the 22 participants, 3
were female and 19 were male (►Fig. 1). The mean IR of the
knees with preserved ACL was 30.72° (18–48°; n¼22). The
mean IR of the knees with ACL injuries in group 1 was 30°
(21–47°; n¼11). The mean IR of the knees with ACL injuries
in group 2 was 43.36° (36–54°; n¼11).

►Table 1 and ►Fig. 4 show the comparison between the
groups regarding the IR delta. We observed an average
difference of 10.5° between the groups when not adjusted
for age, and 10.6 ° when adjusted for age. In both conditions,
the differences were statistically significant (p<0.001).

Discussion

Our results confirm the primary hypothesis: in a knee with
ACL deficiency and greater anterolateral instability (with PS
grade II or III), there was an increase in IR in relation to the
contralateral kneewith an intact ACL. On the other hand, in a
knee with ACL deficiency and lesser anterolateral instability
(with PS grade I), therewas no increase in IR in relation to the
contralateral knee with an intact ACL.

The purpose of the studywas to compare the increase in IR
between the knees of the PS 1 group and the PS 2 or 3 group.
It was found that patients with PS 2 or 3 have a greater
increase in IR than patients with PS 1. Kinematics presented
different changes in rotational stability between the groups
studied, corroborating our hypothesis. Therefore, the in-
crease in internal knee rotation is of significant clinical
importance.

The first researchers to point out the importance of the
anterolateral ligament (ALL) were Claes et al.,17 who came to

the conclusion that when the kneehas a flexion angle greater
than 35°, the ALL has great importance as a stabilizer of the
IR. They also observed that with increasing flexion the ACL
has less involvement in this function. Rasmussen et al.
demonstrated that the ACL/ALL-deficient state resulted in
significant increases in the static IR as well as in the axial
plane translation and the IR during simulated PS when
compared with the intact and ACL-deficient states at all
flexion angles. The ACL-deficient state resulted in significant
increases in the IR from 0 to 45° of knee flexion versus the
intact state.18 Bonanzinga et al.5 showed that the ALL plays a
significant role in controlling the static IR and PS in the
setting of an ACL-deficient knee.Monaco et al.14 demonstrat-
ed that a grade-III PS is only seen in the absence of both the
ACL and ALL in vitro. Other studies have also indicated the
importance of the iliotibial band (ITB)19,20 and the antero-
lateral structures in restraining the IR.21,22 According to
Geeslin et al.,19 restriction of the PS in the ACL-deficient
knee is attributed to the ALL and the Kaplan fibers, and
bending angles between 60° and 90°, with the section of
Kaplan fibers leads to the highest IR.

The anterolateral structures are frequently injured during
ACL ruptures.23 These combined injuries may result in an
increased anterolateral rotational laxity17,23; therefore, in
some cases of ACL reconstructions, residual instability may
remain.20,24,25

Lateral extra-articular tenodesis has a better lever arm
than that provided by the classic ACL reconstruction,20

having better control of the internal tibial rotation and the
PS,19,23,26,27 being probably required to restore better stabil-
ity in more severe cases. Numerous authors argue that the
addition of an extra-articular procedure to an ACL recon-
struction significantly reduces the prevalence of residual PS,

Fig. 3 Average age of participants in groups I (PS 1) and II (PS 2 and 3).

Table 1 Comparison between the two groups regarding the knee internal rotation delta

Average� SD Difference (CI 95%) p-value Adjusted difference� (CI 95%) p-value

PS 1 PS 2/3

Delta IR (°) 0.7� 1.0 11.2� 4.1 10.5 (7.8–13.1) < 0.001 10.6 (7.3–13.8) < 0.001

Abbreviations: CI, confidence interval; IR, internal rotation; SD, standard deviation.
�Adjusted for age by the analysis of covariance (ANCOVA).

Fig. 4 Average of internal rotation of participants in groups I (PS 1)
and II (PS 2 and 3).
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allowing patients to return to activities earlier with a better
subjective outcome.28

Several studies have shown that the anterolateral struc-
tures of the knee act as major restraints to the IR of the
knee,29 working in synergy with the ACL,30 and that the PS
phenomenon seems to be associated with injury in these
structures.19,26 Therefore, by taking these findings into
consideration, we may deduce that when a significant in-
crease in the static IR is noted in clinical practice, a possible
undetected lesion to the anterolateral structures of the knee
might occur. Yet, in this setting of increased knee IR, it would
be necessary to add an extra-articular procedure to an ACL
reconstruction to restore native knee kinematics.

This study has some limitations, such as non-randomiza-
tion, a single evaluating surgeon, and manual testing, which
requires greater care to maintain torque and similar bilateral
foot contact points. However, this approach has the advan-
tage of being similar to everyday life, mainly in underdevel-
oped countries where access to navigation technology is
unfeasible in daily practice. Therefore, the current paper
can bemore directly applied to the everydayclinical practice.
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