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Abstract
Purpose  To investigate the risk factors for residual pivot shift test after anterior cruciate ligament (ACL) reconstruction 
based on a multicenter prospective cohort study.
Methods  This study included patients who were registered in the Multicenter Arthroscopic Knee Surgery Study, a prospec-
tive longitudinal multicenter cohort study, and who underwent primary ACL reconstruction using autologous hamstring 
tendon graft between 2013 and 2016. The exclusion criteria included prior injuries or surgeries in the contralateral knee, 
prior ligamentous injuries in the involved knee, grade 2 or 3 concomitant ligament injuries, and inflammatory or other forms 
of osteoarthritis. Data from the preoperative period and at 1-year follow-up were used for further analysis, and patients with 
incomplete data, re-injury and loss to follow-up were also excluded. Logistic regression analysis was conducted with age, gen-
der, Lachman test, pivot shift test, KT measurement, hyperextension, single-bundle vs. double-bundle, meniscus injury sites, 
and meniscus treatments as the independent variables, and postoperative pivot shift test was used as the dependent variable.
Results  Three hundred and sixty-eight patients were included in the study. Hyperextension knee (P = 0.025) and a preop-
erative pivot shift test under anesthesia (P = 0.040) were identified as risk factors for a postoperative pivot shift via logistic 
regression analysis. There were no statistically significant differences in the other variables.
Conclusions  The results from a multicenter cohort study indicated that knee hyperextension and greater preoperative pivot 
shift under anesthesia were risk factors for residual pivot shift at 1 year after ACL reconstruction. In cases with a preopera-
tive high-grade pivot shift and knee hyperextension, additional anterolateral structure augmentation might be considered in 
order to eliminate pivot shift and eventually obtain better outcomes after ACL reconstruction.
Level of evidence  II.

Keywords  Anterior cruciate ligament reconstruction · Anterolateral rotatory instability · Multicenter cohort study · Pivot 
shift test · Risk factor

Introduction

Clinical results after anterior cruciate ligament (ACL) recon-
struction are considered successful as anterior stability is 
restored. However, even though anterior stability was suc-
cessfully restored in the majority of patients, anterolateral 
rotatory instability (ALRI) remains after reconstruction in 
some patients [8]. This may cause limitations in regular daily 
activities and in the ability of athletes to participate in sports. 
The ALRI is a likely reason why some athletes are unable to 
return to their pre-injury activity level, or why some experi-
ence limited performance [10, 19, 25, 32]. Dynamic ALRI 
in ACL-injured knees is commonly evaluated by the pivot 
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shift test, which has a higher specificity [4]. Several authors 
have reported that the pivot shift test, in contrast to anterior 
stability tests such as the instrumented anterior knee lax-
ity test and Lachman test, has significant associations with 
certain subjective symptoms and functions after ACL recon-
struction [2, 17]. A residual pivot shift has also been shown 
to be correlated with the development of osteoarthritis [15]. 
Therefore, controlling ALRI is one of the most critical keys 
to improving outcomes after ACL reconstruction.

Consequently, it is important to identify risk factors for 
residual ALRI after ACL reconstruction as prognostic fac-
tors that maximize a successful outcome. Several studies 
have investigated risk factors for high-grade pivot shift after 
ACL injury, such as pivoting sports involvement at the time 
of injury, abnormal lateral posterior tibial slope, anterolat-
eral capsular injuries, and combined meniscal lesions [5, 21, 
22, 29]. However, few studies have investigated risk factors 
for residual pivot shift after ACL reconstruction.

The evaluation of postoperative results after ACL recon-
struction may be concomitantly influenced by various 
factors, and there may be unexpected bias in comparative 
studies involving relatively small populations. Recently, 
multicenter collaborative studies have been conducted on 
ACL reconstruction, such as a Multicenter Orthopaedic Out-
comes Network (MOON) study for ACL reconstruction [13, 
20] and the Multicenter ACL Revision Study (MARS) for 
revision ACL reconstruction [11]. A multicenter study is an 
accepted way of evaluating surgeries more efficiently and 
may provide a better basis for the subsequent generalization 
of its findings. However, even in such large cohort studies, 
risk factors for residual pivot shift after ACL reconstruction 
have not been thoroughly investigated.

Therefore, the purpose of this study was to investigate 
risk factors for residual pivot shift after ACL reconstruction 
based on a multicenter prospective series of ACL recon-
structions. The hypothesis underlying this study was that 
there would be identifiable risk factors for residual pivot 
shift after ACL reconstruction.

Materials and methods

The Tokyo Medical and Dental University (TMDU) Mul-
ticenter Arthroscopic Knee Surgery (MAKS) Study is a 
prospective longitudinal multicenter cohort study and was 
designed to examine the prognosis after all knee ligament 
and meniscus surgeries. The MAKS Study Group began 
enrolling patients of more than 30 sports medicine surgeons 
at 12 academic medical centers (2 high-volume centers with 
more than 100 ACL reconstruction cases a year and 10 low-
volume centers) from August 2013. This study was approved 
by the Institutional Review Board in Tokyo Medical and 
Dental University (research protocol identification number: 

1547), and all participating sites either obtained local insti-
tutional review board approval or delegated their approval to 
the Institutional Review board in Tokyo Medical and Den-
tal University. Surgeons were allowed to determine surgi-
cal indications and surgical methods, although they were 
required to use the same surgical records and evaluation 
forms. All surgeons finished the training program in Tokyo 
Medical and Dental University for the knee arthroscopy sub-
specialty before participating in the study, and all surgeons 
were trained to evaluate physical examination findings in 
the same way.

Patients completed an enrollment form that captured 
demographic factors including age and gender, as well as 
social history factors including education level, occupa-
tion, and sports participation; characteristics of the injury 
including the sport or activity at the time of injury. Validated 
patient-reported outcomes including the Lysholm knee scale 
[6], Knee injury and Osteoarthritis Outcome Score (KOOS) 
[33] and International Knee Documentation Committee 
(IKDC) subjective form [12] were also used for preopera-
tive evaluations. Surgeons completed a data form at the time 
of surgery that documented physical examination findings 
under anesthesia, intraoperative findings including meniscus 
and articular cartilage status, and details of treatment includ-
ing graft choice, fixation methods, meniscus treatment, and 
articular cartilage treatment. Patients were then prospec-
tively followed up at 3 months, 1 year, 2 years and every 
year thereafter. Surgeons completed a postoperative form 
including all physical examination findings related to knee 
ligaments and menisci. The Lysholm knee scale, KOOS and 
IKDC subjective form were also documented at every visit.

Data sources and measurement

In the current study, the inclusion criteria involved patients 
who underwent primary ACL reconstruction using an 
autologous hamstring tendon graft between August 2013 
and August 2016, and who were followed up for 1 year. The 
exclusion criteria comprised (1) prior injuries or surgeries in 
the contralateral knee, (2) prior ligamentous injuries in the 
involved knee, (3) grade 2 or 3 concomitant ligament inju-
ries, and (4) inflammatory or other forms of osteoarthritis. 
Data from the preoperative period and at 1-year follow-up 
were used for further analysis, and patients with incomplete 
data, patients who were lost to follow-up, and patients who 
had re-injury within 1 year after surgery were also excluded.

In terms of pivot shift test, the grading system used in 
the current study included the modification of the IKDC 
criteria [12] (Grade 0 = negative; Grade 1 = subtle glide, 
but not negative; Grade 2 = glide, Grade 3 = between 
grade 2 and 4; Grade 4 = clunk; Grade 5 = between grade 
4 and 6; Grade 6 = gross), in order to more strictly evalu-
ate the pivot shift phenomenon. These modified criteria 
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have been shown to have high inter-observer reliability 
with an ICC of 0.97 (95% confidence interval; 0.94–0.98) 
[18]. Furthermore, these modified criteria have been vali-
dated with a quantitative pivot shift measurement using 
a triaxial accelerometer. It was shown to be very well 
correlated with tibial acceleration measured by the tri-
axial accelerometer [23]. The Lachman test was graded 
according to the IKDC criteria, comparing the ACL 
reconstruction knee with the normal contralateral knee 
[Grade 0 = negative; Grade 1 = nearly normal (3–5 mm); 
Grade 2 = abnormal (6–10  mm); Grade 3 = severely 
(> 10 mm)]. Anterior instability was also evaluated with 
the KT-1000 arthrometer (MEDmetric, San Diego, CA, 
USA) at the manual maximum pull, being expressed as 
the difference between the injured and uninjured legs in 
0.5 mm increments.

The side-to-side difference of more than two grades using 
the modified IKDC criteria was defined as residual pivot 
shift at 1 year after surgery, whereas the preoperative Lach-
man test and pivot shift test were evaluated under anesthesia 
by absolute value. In addition, according to the Beighton and 
Honan criteria, patients with an extension angle either in the 
uninjured or injured knee of more than 10° were defined as 
hyperextension [3].

Quantitative variables and statistical analysis

This study aimed to determine the preoperative and intra-
operative risk factors for residual pivot shift after ACL 
reconstruction. Thus, logistic regression analysis was con-
ducted with demographic data (age and gender at the time 
of surgery), physical examinations under anesthesia before 
surgery (Lachman test, pivot shift test, KT measurement and 
hyperextension), surgical procedure (single-bundle vs. dou-
ble-bundle), meniscus injury sites (anterior/middle/posterior 

segment) and meniscus treatments (none/meniscectomy/
repair) as the independent variables, and the postoperative 
pivot shift test was used as the dependent variable.

Statistical analysis was performed using the IBM SPSS 
Statistics (Version 24.0, IBM Corp, Armonk, NY, USA). 
Logistic regression was performed and the resulting odds 
ratios (ORs) with 95% confidence intervals (CIs) were cal-
culated for all independent predictors of risk factors for the 
postoperative positive pivot shift. The Mann–Whitney U test 
was used to compare clinical outcomes between two groups. 
P < 0.05 was considered significant. Post hoc power analy-
sis for the logistic regression was performed using G-power 
3.1 calculation software (Kiel University, Kiel, Germany) as 
described previously [1, 9], and revealed that, with an alpha 
of 0.05, a power of 0.88 and 1.00 were achieved for pre-
operative pivot shift and knee hyperextension, respectively.

Results

After applying all the exclusion criteria, 368 patients were 
included in the study (Fig. 1). Detailed results of the posi-
tive and negative residual pivot shift (RPS) are shown in 
Table 1. Forty-eight (13%) patients were classified as having 
a positive RPS (RPS+), whereas 320 patients were classi-
fied as having a negative RPS (RPS−) at 1 year after ACL 
reconstruction.

According to logistic regression analysis, there were 
statistically significant differences in knee hyperextension 
(P = 0.025) and preoperative pivot shift test under anesthesia 
(P = 0.040). On the other hand, there were no statistically 
significant differences in age, gender, meniscus injury sites, 
KT measurement, preoperative Lachman test, meniscus 
treatment and the surgical procedure between the groups.

In order to investigate the relationship between a residual 
pivot shift and clinical outcomes, IKDC subjective score, 

Fig. 1   Flowchart showing selec-
tion of patients for analyses
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Lysholm score, and KOOS were analyzed between the RPS+ 
and RPS− groups. However, no between-group differences 
were noted in these three parameters (Table 2).

Discussion

The most important finding of the current study was that 
knee hyperextension and preoperative greater pivot shift 
were risk factors for residual pivot shift 1 year after ACL 
reconstruction.

The restoration of knee stability is critical to obtaining 
better outcomes after ACL reconstruction. Knee stabil-
ity of the reconstructed ACL could be classified into two 
types: anterior stability and ALRI. Restoring anterolateral 
rotational stability correlates more with functional out-
comes as well as progression of osteoarthritis compared 
to anterior stability [15, 17]. These results suggest that a 
residual ALRI patient population may represent a group at 
an increased risk of poor results after ACL reconstruction, 
although in the current study, no differences in clinical 
outcomes were found between RPS+ and RPS− groups 
at 1 year after surgery probably because of the shortness 
of the follow-up. Therefore, identifying risk factors for 
residual ALRI is critical, as it may allow the identifica-
tion of patients at higher risk of poorer outcomes, and 

Table 1   Patients’ demographic, 
preoperative and intraoperative 
data, and results of logistic 
regression analysis

RPS + (n = 48) RPS− (n = 320) P value Odds ratio (95% CI)

Age (year) 25 ± 9 25 ± 10 n.s. 0.998 (0.961–1.037)
Gender (male/female) 26/22 165/155 n.s. 0.831 (0.398–1.736)
KT measurement (mm) 6.2 ± 3.0 6.6 ± 3.1 n.s. 0.981 (0.868–1.108)
Surgical procedure
 Single bundle 18 99 1
 Double bundle 30 221 n.s. 0.488 (0.228–1.043)

MM injury site
 Anterior segment 2 5 n.s. 2.619 (0.350-19.599)
 Middle segment 14 70 n.s. 1.113 (0.415–2.982)
 Posterior segment 25 138 n.s. 1.200 (0.505–2.853)

LM injury site
 Anterior segment 2 10 n.s. 0.995 (0.155–6.398)
 Middle segment 7 55 n.s. 0.491 (0.162–1.491)
 Posterior segment 19 152 n.s. 1.055 (0.498–2.236)

Preoperative Lachman 
test (Grade 0/1/2/3)

0/3/37/8 4/21/268/27 n.s. 1.218 (0.497–2.984)

Preoperative pivot 
shift test (Grade 
0/1/2/3/4/5/6)

0/0/2/1/35/3/7 3/5/34/33/196/27/22 P = 0.040 1.502 (1.018–2.215)

Hyperextension 8 (16.7%) 20 (6.3%) P = 0.025 3.219 (1.160–8.930)
MM treatment
 None 25 212 n.s. 0.869 (0.390–1.940)
 Meniscectomy 6 18 n.s. 1.185 (0.253–5.559)
 Repair 17 90 1

LM treatment
 None 27 219 n.s. 0.995 (0.429–2.310)
 Meniscectomy 6 30 n.s. 1.488 (0.325–6.804)
 Repair 15 71 1

Table 2   Clinical outcomes at 1 year after ACL reconstruction

Data are expressed as mean ± standard deviation

RPS+ (n = 48) RPS− (n = 320) P value

IKDC subjective score 87 ± 9 87 ± 11 n.s.
Lysholm score 95 ± 7 96 ± 5 n.s.
KOOS
 Symptoms 90 ± 10 90 ± 11 n.s.
 Pain 94 ± 8 93 ± 8 n.s.
 ADL 98 ± 5 98 ± 4 n.s.
 Sports and recreation 86 ± 17 86 ± 16 n.s.
 QOL 79 ± 20 82 ± 17 n.s.
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ACL reconstruction should aim to restore anterolateral 
rotational stability in such high-risk populations.

Several studies have investigated the risk factors 
for high-grade pivot shift after ACL injury. Song et al. 
reported that risk factors associated with a grade 3 pivot 
shift after acute ACL injuries included pivoting sports 
involvement at the time of injury, abnormal lateral poste-
rior–inferior tibial slope, anterolateral capsular ligament 
disruptions, and combined lateral meniscal lesions [29]. 
Brandon et al. reported that a higher pivot shift grade was 
associated with an increased degree of posterior–infe-
rior tibial slope [5]. Musahl et al. reported that MRI evi-
dence of a concomitant injury to the anterolateral capsule, 
medial meniscus, or lateral meniscus was associated with 
increased knee rotatory laxity in patients with an ACL 
injury [22]. Minami et  al. also reported that in ACL-
injured patients, the LM posterior root tear was associated 
with ALRI [21]. However, the association of preopera-
tive ALRI with postoperative residual ALRI has not been 
thoroughly investigated in past studies. Signorelli et al. 
reported that preoperative rotational knee laxity meas-
ured with a navigation system, was strongly correlated 
with postoperative rotational laxity at the time of surgery 
[27]. However, this study only evaluated static rotational 
laxity, not dynamic ALRI. Katakura et al. reported that 
preoperative side-to-side acceleration difference of a pivot 
shift measured by a triaxial accelerometer was correlated 
with residual ALRI after ACL reconstruction at the time of 
surgery (in submission), but the evaluation was performed 
only at the time of surgery. On the other hand, the current 
study revealed that a preoperative high-grade pivot shift 
was a significant risk factor for residual pivot shift 1 year 
after ACL reconstruction.

The role that knee hyperextension plays in the outcome 
of ACL reconstruction has been evaluated in several studies. 
Hyperextension causes notch roof impingement in all knees 
at a certain degree of extension [14]. Kim et al. reported that 
hyperextension of the knee most strongly predicted post-
operative knee instability and function among the clinical 
indices of joint laxity [16]. Saito et al. showed that anatomic 
double-bundle ACL reconstruction for extreme knee hyper-
extension increased superficial graft laceration [26]. Results 
from the current study also showed that knee hyperextension 
was a risk factor for residual pivot shift 1 year after ACL 
reconstruction.

Recently, several kinds of anterolateral structure (ALS) 
augmentation have been reported to control ALRI, and good 
clinical outcomes have been reported in terms of the elimi-
nation of the pivot shift and lower revision rate [28, 30, 31]. 
However, its indication varies among surgeons, especially 
in cases of primary ACL reconstruction [7, 30, 34, 35]. The 
results of the current study help determine indications for 
ALS augmentation in cases of primary ACL reconstruction.

There were several limitations to this study. First, the sub-
jective nature of the pivot shift test should be regarded as 
the primary limitation. Second, a 1-year follow-up period 
is insufficient. However, the reconstructed ACL is reported 
to have a greater risk of injury in the first 12 months after 
surgery [24], suggesting that a residual pivot shift would be 
detected within 1 year in most cases. Third, whether hyper-
extension was the cause or consequence of ACL injury 
was not considered, as we included both the uninjured and 
injured knees in the definition of hyperextension.

The clinical relevance of this study is that risk factors for 
residual pivot shift could be identified by preoperative find-
ings of the pivot shift test and knee extension angle, and in 
cases with higher risk of residual pivot shift, i.e., preopera-
tive high-grade pivot shift and knee hyperextension, addi-
tional ALS augmentation might be considered in order to 
eliminate pivot shift and eventually obtain better outcomes 
after ACL reconstruction.

Conclusion

The results from a multicenter cohort study indicated that 
knee hyperextension and a greater preoperative pivot shift 
under anesthesia were risk factors for residual pivot shift at 
1 year after ACL reconstruction.
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