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Abstract
Purpose To analyse possible associations between the preoperative pivot shift (PS) test and both patient and injury char-
acteristics in anterior cruciate ligament (ACL)-injured knees, considering previously neglected meniscal injuries such as 
ramp and root tears. The hypothesis was that a preoperative grade III PS was associated with the amount of intra-articular 
soft-tissue damage and chronicity of the injury.
Methods The cohort involved 376 patients who underwent primary ACL reconstruction (239 males/137 females; median 
age 26). Patients were examined under anesthesia before surgery, using the PS test. During arthroscopy, intra-articular 
soft-tissue damage of the injured knee was classified as: (1) partial ACL tear; (2) complete isolated ACL tear; (3) complete 
ACL tear with one meniscus tear; and (4) complete ACL and bimeniscal tears. Chi-square and Mann–Whitney U tests 
were used to evaluate whether sex, age, body mass index, sport at injury, mechanism of injury, time from injury and 
intra-articular damage (structural damage of ACL and menisci) were associated with a grade III PS. Intra-articular 
damage was further analyzed for two sub-cohorts: acute (time from injury ≤ 6 months) and chronic injuries (> 6 months).
Results A grade III PS test was observed in 26% of patients. A significant association with PS grading was shown for age, 
time from injury and intra-articular soft-tissue damage (p < 0.05). Further analyses showed that grade III PS was associated 
with intra-articular damage in chronic injuries only (p < 0.01). In complete ACL and bimeniscal tears, grade III PS was more 
frequent in chronic (53%) than in acute knee injuries (26%; p < 0.01). Patients with chronic complete ACL and bimeniscal 
tears had a grade III PS 3.3 [1.3–8.2] times more often than patients in the acute sub-cohort.
Conclusion In ACL-injured patients, a preoperative grade III PS was mainly associated with a higher amount of intra-
articular soft-tissue damage and chronicity of the injury. Patients with complete chronic ACL injuries and bimeniscal tears 
were more likely to have a preoperative grade III PS than their acute counterparts. This suggests that grade III PS may be an 
early sign of knee decompensation of dynamic rotational knee laxity in chronic ACL-injured knees with bimeniscal lesions. 
Level of evidence Level III.

Keywords Pivot shift test · Rotatory laxity · Anterior cruciate ligament · Meniscus · Intra-articular soft-tissue damage · 
Knee decompensation

http://orcid.org/0000-0001-8806-9384
http://crossmark.crossref.org/dialog/?doi=10.1007/s00167-021-06673-x&domain=pdf


IQR  Inter quartile range
LM  Lateral meniscus
MM  Medial meniscus
MRI  Magnetic Resonance Imaging
ns  Not significant
PS  Pivot shift
TFI  Time from injury

Introduction

The pivot shift (PS) test is a common clinical sign used to 
assess the rotational laxity occurring in anterior cruciate 
ligament (ACL)-injured patients. It is known to be the most 
specific test for diagnosing ACL ruptures, especially under 
anesthesia [44]. Despite the recent development of objective 
and standardized evaluation methods, manual evaluation of 
the PS in four grades remains the gold standard [16, 17]. A 
preoperative grade III PS is associated with increased odds 
of ACL revision surgery [25]. Furthermore, the persistence 
or recurrence of a high-grade PS after ACL reconstruction 
is correlated with poor functional outcomes [3, 45]. Iden-
tifying and understanding the reason behind a preoperative 
high-grade PS is thus essential to the therapeutic decision-
making process.

The exact origin and the evolution over time of a preop-
erative high-grade PS is still controversial and incompletely 
understood [14]. Recently, a multifactorial background, 
involving different anatomical structures, has been discussed 
[29, 37, 42]. The influence of the menisci as secondary sta-
bilizers of the PS in ACL-deficient knees has specifically 
been investigated [24, 32]. Several studies have described 
the impact of posteromedial and posterolateral lesions of the 
menisci, such as ramp lesions and root tears, on rotational 
knee laxity [30, 38]. These types of tears are observed in a 
relevant number of ACL-injured patients [26], with a fre-
quency of 8–42% for ramp lesions of the medial meniscus 
(MM) [4, 5] and 7–15% for posterolateral root tears [12, 35].
However, the influence of the total amount of meniscus inju-
ries, including their more recently described variations like
ramp or root tears, on the PS has never been investigated.
Likewise, little is known about the evolution of the PS over
time although it is well known that MM lesions increase
with time from injury [7, 28], thus potentially leading to
increased knee laxity.

The purpose of this study was to evaluate the relationship 
between the preoperative PS test and patient and injury char-
acteristics in a series of ACL-injured patients, considering 
previously neglected meniscal injuries such as ramp and root 
tears. The hypothesis was that a preoperative grade III PS 
was associated with the magnitude of intra-articular soft-
tissue damage (type of ACL injury and meniscus damage) 
and with chronicity of the ACL injury.

Materials and methods

Institutional Review Board (IRB) approval for the study 
protocol was given by the National Ethics Committee for 
Research in Luxembourg (Comité National d’Ethique de 
Recherche, notification number 201101/05). All patients 
gave their written informed consent to participate in the 
study.

Data were retrospectively extracted from an ongoing 
hospital-based register. This register collects data from 
a systematic and standardized follow-up set up for all 
patients with an ACL injury confirmed on Magnetic Reso-
nance Imaging (MRI). Initially, 430 patients with primary 
ACL reconstruction performed by a single surgeon were 
extracted (Fig. 1). Patients were excluded if they had addi-
tional medial or lateral collateral ligament injuries requir-
ing repair or reconstruction (2 patients), additional injury 
of the posterior cruciate ligament (2 patients), an ACL 
agenesis (6 patients), a mucoid degeneration of the ACL 
(1 patient), or an associated tibial fracture (1 patient). Fur-
thermore, patients for whom the preoperative PS testing 
under anesthesia was not documented (42 patients) were 
excluded. The final study cohort involved 376 patients 
(239 males/137 females).

Patient and injury characteristics

Patient and injury characteristics included sex, age, and 
body mass index (BMI) as well as sports practice at injury, 
mechanism of injury, and time from injury (TFI) to sur-
gery. Sports practice at injury was classified according to 
Grindem et al. [15] into: (1) Level I sport (football, bas-
ketball and handball), (2) Level II sport (skiing, volleyball, 
gymnastics, tennis), (3) Level III sport (swimming, run-
ning and cycling). Level III sports were grouped with non-
sport-related injuries to avoid a small sample size. With 
regard to the mechanism of injury, a distinction was made 
between injuries involving contact with another person 
and non-contact injuries. TFI was divided into two catego-
ries in accordance with Magnussen et al. [24]: ≤ 6 months 
to define an acute ACL injury and > 6 months to define 
a chronic ACL injury. Table 1 shows the distribution of 
patient and injury characteristics in the final cohort.

Clinical examination and surgical procedure

For both knees, the PS test was performed under anes-
thesia before ACL reconstruction surgery [44, 45]. The 
test results were documented into four grades distinguish-
ing between no subluxation (grade 0), slight slip or trace 



(grade I), distinct subluxation and reduction (grade II) and 
pronounced subluxation and reduction (grade III) [16].

The surgical procedure was performed as previously 
described [26]. Before ACL reconstruction, a systematic 
inspection of the different structures of the knee was per-
formed by the senior author through both an anterolateral 
and a posteromedial portal. The type of ACL rupture (par-
tial or complete), and concomitant pathologies were docu-
mented. All types of meniscal tears including MM ramp 
lesions and posterolateral root tears [1, 19] and their loca-
tions (anterior horn, pars intermedia, posterior horn) were 
systematically investigated. An instability of the lateral 
meniscus (LM) posterior horn, as evaluated with a probe, 

was also considered to be a lesion, as the cause is presumed 
to be a complex injury of anatomic compounds of the LM 
with surrounding structures [20, 40].

Classification of intra‑articular soft‑tissue damage

A primary distinction was made between partial and com-
plete tears of the ACL. Anteromedial or posterolateral bun-
dle conservations, as well as elongations of the ACL, were 
classified as partial ruptures [8]. All other types of ACL 
injuries were rated as complete ruptures and further divided 
according to the presence of additional meniscal tears. Iso-
lated ACL injuries, in which both menisci appeared intact, 
were distinguished from injuries involving one meniscus 
(either medial or lateral) or both menisci. This resulted in 
four groups with an increasing level of intra-articular soft-
tissue damage: (1) partial ACL tear; (2) complete isolated 
ACL tear; (3) complete ACL with one meniscus tear; and 
(4) complete ACL with bimeniscal tears.

Ninety-seven patients included in the final cohort dis-
played cartilage damage (grade 2 or higher according to the 
Outerbridge Classification of Chondral Lesions [35]) in at 
least one compartment of the knee. Overall additional surgi-
cal procedures to address the cartilage damage was limited 
to 13 patients (3.5%). For these reasons, these injuries were 
not further considered in the present study.

Statistical analyses

Statistical analyses were performed using version 26.0 of the 
SPSS software. A grade III PS test of the injured knee was 
rated as high-grade PS, while grades 0–II were aggregated 
as low-grade PS. To be able to detect a difference of 10% in 
the percentage of high-grade PS, with a statistical power of 

Fig. 1  Patient selection from the hospital-based register. ACL anterior cruciate ligament, PS pivot shift

Table 1  Patient and injury characteristics

ACL anterior cruciate ligament, BMI body mass index, IQR interquar-
tile range
a Values are expressed as median (IQR)

Sex
 Male 239 64%
 Female 137 36%

Age at surgery (years)a 26 (19–34)
BMI (kg/m2)a 24 (22–26)
Sport at injury
 Level I 234 62%
 Level II 99 26%
 Level III/non-sport related 43 11%

Mechanism of injury
 Non-contact 283 75%
 Contact 91 24%
 Missing value 2 1%

Time between injury and surgery 
(days)a

145 (72–356)



80% and an alpha value of 5%, knowing that according to 
Magnussen et al. [24], the proportion of high-grade PS in a 
series of ACL-injured patients is 26.4%, a minimum sample 
size of 262 patients was required.

First, chi-squared tests with Bonferroni correction were 
used to determine whether the PS, distinguished as low-
grade and high-grade, was associated with sex, sport at 
injury, mechanism of injury, TFI or intra-articular soft-tissue 
damage. Each expected cell count was checked to ensure it 
was greater than five. To estimate the effect size, phi was 
reported for 2 × 2 tables, while for larger tables Cramer’s V 
was used [43]. Age at surgery and BMI were used as con-
tinuous variables. Normality of data was checked using the 
Kolmogorov–Smirnov test. As normality of data was not 
assumed, the Mann–Whitney U test was used to compare 
low-grade and high-grade PS for these variables. The cor-
relation coefficient r2 was calculated to estimate the effect 
size [43].

Since TFI is considered an important factor in the appear-
ance of associated lesions in ACL-deficient knees [7, 24, 
28], intra-articular damage was further analyzed for two 
sub-cohorts: patients with acute injury being operated on 
within 6 months of injury and patients with chronic injuries 
with greater than 6 months. Chi-square tests with Bonferroni 
correction were used to determine whether (1) the amount 
of intra-articular soft-tissue damage differed between the 
two sub-cohorts, and (2) the PS was associated with intra-
articular damage in each sub-cohort. Odds ratio was com-
puted for significant comparisons and reported with 95% CI 
(Confidence Interval). Significance was set at p < 0.05 for 
all analyses.

Results

Preoperative PS grades and arthroscopic findings are listed 
in Table 2. Intra-articular soft-tissue damage was distributed 
as follows: 44 partial ACL tears (11%); 89 complete isolated 
ACL tears (24%); 154 complete ACL tears with one menis-
cus tear (41%); and 89 complete ACL with bimeniscal tears 
(24%). Twenty-three out of 44 patients with partial ACL 
tears had an additional meniscus tear (5 with MM tear, 14 
with LM tear, 4 with bimeniscal tear).

A preoperative grade III PS was observed in 26% (n = 98 
out of 376 patients) of patients, while grades 0, I and II 
were documented for 74% (n = 278 out of 376 patients). A 
significant association was observed between grade III PS 
and younger age, chronic ACL injuries (TFI > 6 months) and 
intra-articular soft-tissue damage (Table 3). There was more 
preoperative grade III PS in complete ACL and bimeniscal 
tears (36%) compared to partial ACL tears (9%; p < 0.05; 
Fig. 2a).

Chronic ACL injuries displayed more MM tears (28%) 
than acute ACL injuries (11%) but fewer LM tears (22% in 
chronic and 32% in acute; p < 0.01). The overall distribu-
tion of intra-articular soft-tissue damage as classified in this 
study did not differ significantly between acute and chronic 
injuries (Table 4). The association between preoperative 
grade III PS and the magnitude of intra-articular damage was 
only confirmed in the sub-cohort of chronic ACL injuries 
(p < 0.01, Cramer V = 0.277; Fig. 2b). In complete ACL and 
bimeniscal tears, the presence of a grade III preoperative PS 
was significantly greater in chronic ACL injuries (53%) than 
in acute ACL injuries (26%, p < 0.01, Phi = 0.278; Fig. 2b). 
Patients with a chronic ACL injury associated with bimenis-
cal tears were 3.3 [95% CI 1.3–8.2] times more likely to have 
a preoperative grade III PS than patients with acute ACL 
injuries and comparable meniscus damage.

Table 2  Preoperative pivot shift grades and intraoperative findings

ACL anterior cruciate ligament, MM medial meniscus, LM lateral 
meniscus
a Percentages are given per row as a proportion of the total cohort 
(n = 376)

Pivot shift grading
 Grade 0 28 7%
 Grade I 103 27%
 Grade II 147 39%
 Grade III 98 26%

Intra-articular soft-tissue damage
 Partial ACL tear 44 11%
 Complete isolated ACL tear 89 24%
 Complete ACL with one meniscus tear 154 41%
 Complete ACL and bimeniscal tears 89 24%

Additional meniscal injury
 None 110 29%
 MM tear 69 18%
 LM tear 104 28%
 Bimeniscal tears 93 25%

Location of meniscus  teara

 MM posterior horn 150 40%
 MM pars intermedia 62 16%
 MM anterior horn 17 5%
 MM unknown 9 2%
 LM posterior horn 176 47%
 LM pars intermedia 49 13%
 LM anterior horn 11 3%
 LM unknown 10 3%

Type of meniscal  teara

 MM ramp lesion 91 24%
 LM root tear 70 19%
 LM posterior horn instability 31 8%
 Other types 177 47%



Table 3  Patient and injury 
characteristics according to 
preoperative pivot shift low- and 
high-grade

ACL anterior cruciate ligament, n.s. not significant, IQR inter quartile range
a Values are expressed as median (IQR)
b Missing value (n = 2) excluded

Characteristic Low-grade (0–II) 
n = 278

High-grade (III) 
n = 98

p value Effect size

Sex
 Male 177 74% 62 26% n.s − 0.004
 Female 101 74% 36 26%
 Age at surgery (years)a 26 (21–34) 24 (18–30) 0.028 0.013

BMI (kg/m2)a 24 (22–26) 24 (21–26) n.s < 0.001
Sport at injury
 Level I 170 73% 64 27% n.s 0.088
 Level II 79 80% 20 20%
 Level III/non-sport related 29 67% 14 33%

Mechanism of  injuryb

 Non-contact 213 75% 70 25% n.s 0.048
 Contact 64 70% 27 30%

Time between injury and surgery
 ≤ 6 months 168 79% 46 21% 0.020 0.120
> 6 months 110 68% 52 32%

Intra-articular soft-tissue damage
 Partial ACL tear 40 91% 4 9% 0.011 0.172
 Complete isolated ACL tear 67 75% 22 25%
 Complete ACL with one meniscus tear 114 74% 40 26%
 Complete ACL and bimeniscal tears 57 64% 32 36%

Fig. 2  Percentage of preoperative grade III pivot shift tests for classification of intra-articular soft-tissue damage in the total cohort (a) and the 
sub-cohorts of acute and chronic ACL injuries (b). *p < 0.05; **p < 0.01. ACL anterior cruciate ligament, TFI time from injury

Table 4  Number and proportion 
of patients in each group of 
intra-articular soft-tissue 
damage in two sub-groups 
according to TFI

ACL anterior cruciate ligament, TFI time from injury, n.s. not significant

Acute injury 
(TFI ≤ 6 months) 
n = 214

Chronic injury 
(TFI > 6 months) 
n = 162

p value Effect size

Intra-articular damages
 Partial ACL tear 27 13% 17 10% n.s 0.074
 Complete isolated ACL tear 50 23% 39 24%
 Complete ACL with one meniscus tear 82 38% 72 44%
 Complete ACL with bimeniscal tears 55 26% 34 21%



Discussion

The most important finding of this study was that a preop-
erative grade III PS was associated with a higher amount 
of intra-articular soft-tissue damage and chronicity of the 
injury. Preoperative grade III PS was more frequent in 
patients with chronic ACL injuries displaying complete 
ACL and bimeniscal tears. This group of patients was 3.3 
times more likely to have a preoperative grade III PS than 
their acute counterparts. This highlights the importance 
of considering both the intra-articular soft-tissue damage 
and the chronicity of an ACL injury in the therapeutic 
decision-making process. The findings suggest that a grade 
III pivot shift may be an early sign of knee decompensa-
tion of dynamic rotational knee laxity in chronic ACL-
injured knees with bimeniscal lesions. To prevent this, 
early identification and close follow-up of injuries with 
important structural damage thus seems to be a key fac-
tor in patients in which an early ACL reconstruction and 
associated meniscal repair cannot be considered.

So far only few studies with large patient cohorts evalu-
ated patient and injury characteristics in relation with the 
preoperative PS. Magnussen et al. [24] described increased 
odds for a preoperative high-grade PS in female patients 
and those aged under 20 in a series of more than 2300 
patients. These findings could not be confirmed by Song 
et al., who could identify involvement in a pivoting sport 
at the time of injury as an independent risk factor for a 
preoperative high-grade PS [39]. While the results of the 
present study could not confirm an association of preop-
erative grade III PS with sex and sport at injury, a younger 
age was observed in patients with preoperative grade III 
PS. However, the small effect size (r2 = 0.01) questions 
the clinical significance of this finding. One major reason 
for the observed discrepancies between studies may be 
related to patient selection. Song et al. [39] limited their 
analysis to acute ACL injuries (TFI to surgery was less 
than 3 weeks) while Magnussen et al. [24] and the present 
study included patients with both acute and chronic inju-
ries. Magnussen et al. reported, that chronic ACL tears 
(TFI > 6 months) were three times as likely to have preop-
erative high-grade PS in comparison to acute ACL tears 
(TFI < 3 months) [24]. This was confirmed by the present 
study and is also in accordance with Nishida et al., who 
used a quantitative measurement for PS and described an 
increase in tibial acceleration in patients operated on more 
than 12 months after injury [33]. A similar association 
between excessive static anterior tibial translation on MRI 
and chronicity of the ACL tear has been previously dem-
onstrated [27]. The increase in knee laxity over time may 
thus be an indicator of a progressive soft-tissue decom-
pensation phenomenon in the knee joint after ACL injury.

Dynamic rotational laxity as expressed by the PS may 
not be present early after knee injury and develop over the 
following months [13, 36] but little is known about the 
spontaneous evolution of the PS over time in non-operated 
patients. This may be an early sign of knee decompensation, 
reflecting irreversible structural damage of the secondary 
stabilizers. It is well established that the occurrence of MM 
tears increases with time from injury to surgery [7, 28]. This 
was confirmed in the present study with 11% of MM tears 
in acute versus 28% in chronic injuries. Still, the overall dis-
tribution of intra-articular soft-tissue damage did not differ 
significantly between acute and chronic ACL injuries which 
may be related to the fact that the laterality of meniscal dam-
age was not considered but only its total amount (one vs 
bimeniscal injury). While medial [24] and lateral menis-
cus tears [18, 24, 33, 39] have been shown to be associated 
with preoperative high-grade PS, previous authors did not 
investigate the total amount of structural soft-tissue damage; 
nor did they explicitly mention how meniscus tears were 
documented. It is therefore unclear whether they considered 
the full range of meniscus tears, including the frequently 
undiagnosed MM ramp lesions and posterolateral root tears. 
These should be systematically considered as they may play 
an important role in the presence or progressive appearance 
of a preoperative grade III PS.

In the present study, the proportion of preoperative grade 
III PS increased significantly with the amount of intra-
articular soft-tissue damage; from 9% in partial ACL tears 
to 36% in complete ACL tears with bimeniscal tears. The 
present classification of structural soft-tissue damage was 
based on the hypothesis that the amount of injured intra-
articular soft-tissue structures is related to the initial trauma 
energy, inducing a spectrum of injuries ranging from partial 
ACL to complete ACL tears and major bimeniscal damage, 
thus reflecting a real trauma cascade [34]. Complete ACL 
ruptures are indeed recognized to require higher forces at 
injury than partial ruptures [8–10]. Such correlations with 
the amount of energy at the initial impact have also previ-
ously been described for meniscus tears [6]. In partial ACL 
tears, although 23 out of 44 patients displayed an associated 
meniscus tear, the low percentage of preoperative grade III 
PS (9%) is likely to be due to the remaining fibers of the 
ACL, which provide residual stability to the knee [2, 21], 
rather than the menisci themselves. The higher percentage 
of grade III PS observed when bimeniscal tears were com-
bined with complete ACL tears supports the hypothesis that 
meniscus tears were involved in the development of the PS 
[24, 30, 32, 38].

An important finding of the present study was the fact 
that the association between preoperative grade III PS and 
the magnitude of intra-articular damage mainly resulted 
from the sub-cohort of chronically ACL-injured patients. 
Patients with chronic complete ACL injuries combined 



with bimeniscal tears, who represented a non-negligible 
proportion of our cohort (24%), displayed a preoperative 
grade III PS 3.3 times more often than patients with acute 
injuries and similar intra-articular damage. These results 
indicate that patients with acute complete ACL tears and 
bimeniscal tears should receive particular attention within 
the first months after the injury. They may indeed be at 
higher risk of undergoing later decompensation of rota-
tional knee joint laxity once the injury becomes chronic, 
and for later failure of ACL reconstruction [23, 25]. A 
proper evaluation of intra-articular soft-tissue damage is 
thus critical to identify those patients who may benefit 
from an early ACL reconstruction as well as extensive 
meniscal repair, with the ultimate goal of achieving a com-
plete anatomical restoration of the injured intra-articular 
soft tissues.

This study is not without limitations. Since only sta-
tistical relationships were shown, causality cannot be 
concluded. The PS test was evaluated manually and the 
quantification remains subjective and examiner-dependent. 
However, despite the recent development of objective and 
standardized evaluation methods, clinical examination of 
the PS remains the gold standard [17]. The main strength 
of this study was the combination of ACL injury and 
concomitant single or bimeniscal tears with a thorough 
diagnostic examination. The majority of meniscal tears 
involved posterior horns so that analyzing in depth the 
location and size of tears would have led to underpow-
ered analyses, although the authors recognize that these 
parameters may also have an influence on the presence 
of a preoperative high-grade PS. Injuries to the anterolat-
eral capsular structures and Kaplan fibers were not con-
sidered, although there is evidence that they play a role 
in rotational laxity [22]. Anatomical factors such as bone 
morphology and generalized ligamentous laxity, for which 
a relationship with the PS has previously been described 
[11, 24, 31, 41], were also not evaluated. However, this 
series of 376 primary ACL reconstructions considered all 
types of known meniscal tears, including the often undi-
agnosed or underestimated MM ramp lesions and postero-
lateral root tears. The thorough determination of meniscus 
status provides additional evidence to the impact of menis-
cus injuries on the etiology of the PS, especially in chronic 
ACL injuries. Further studies are needed to evaluate the 
influence of specific types of meniscal tears and other 
extra- (anterolateral capsular structures, Kaplan fibers) or 
intra-articular injuries (posterolateral tibial plateau or lat-
eral condylar impression fractures) as well as many other 
factors, including constitutional laxity and bony morphol-
ogy to better understand the precise determinants of the PS 
and the possible later decompensation phenomenon that 
may occur in ACL-injured knee joints.

Conclusion

A preoperative grade III PS was mainly associated with a 
higher amount of intra-articular soft-tissue damage within 
the knee and the chronicity of the ACL injury. Patients with 
chronic ACL injuries displaying complete ACL and bime-
niscal tears were more likely to have a preoperative grade III 
PS than their acute counterparts. The findings suggest that 
grade III PS may be an early sign of knee decompensation of 
dynamic rotational knee laxity in chronic ACL-injured knees 
with bimeniscal lesions. To prevent this, early identifica-
tion and close follow-up of injuries with important structural 
soft-tissue damage thus may be a key factor in patients in 
which an early ACL reconstruction and associated meniscal 
repair cannot be considered.
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