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Abstract: Abstract
Purpose  Concomitant meniscus injuries in the anterior cruciate ligament (ACL) injuries
have been suggested to exacerbate rotational laxity. However, the effect is supposed
to be so small, if any, that some quantitative pivot-shift measurement is needed. The
purpose of this prospective study was to determine the effect of meniscus tear on
rotational laxity in ACL-deficient knees by an quantitative measurement. We
hypothesized that a concomitant meniscus tear, especially a lateral one, would induce
greater pivot-shift.
Methods  Fifty-seven unilateral ACL-injured patients (26 men and 31 women, mean
age: 24±10 years) were included. The pivot-shift test was performed prior to ACL
reconstruction while a quantitative evaluation using an electromagnetic system to
determine tibial acceleration and a clinical grading according to the IKDC were
performed. Meniscus injuries were diagnosed arthroscopically, and concomitant
meniscus tear was confirmed in 32 knees. Chi-squared and Mann-Whitney U tests
were used to assess the difference between knees with and without meniscus tear. A
subgroup analysis was subsequently performed for the medial, bilateral, and lateral
meniscus-torn groups compared with the meniscus-intact group, using the chi-squared
test and analysis of variance. Statistical significance was defined at p<0.05.
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Abstract  6 

Purpose  Concomitant meniscus injuries in the anterior cruciate ligament (ACL) injuries 7 

have been suggested to exacerbate rotational laxity. However, the effect is supposed to be so 8 

small, if any, that some quantitative pivot-shift measurement is needed. The purpose of this 9 

prospective study was to determine the effect of meniscus tear on rotational laxity in ACL-10 

deficient knees by an quantitative measurement. It was hypothesized that a concomitant 11 

meniscus tear, especially a lateral one, would induce greater pivot-shift. 12 

Methods  Fifty-seven unilateral ACL-injured patients (26 men and 31 women, mean age: 13 

24±10 years) were included. The pivot-shift test was performed prior to ACL reconstruction 14 

while a quantitative evaluation using an electromagnetic system to determine tibial 15 

acceleration and a clinical grading according to the IKDC were performed. Meniscus injuries 16 

were diagnosed arthroscopically, and concomitant meniscus tear was confirmed in 32 knees.  17 

Results  The clinical grade was not different between the ACL-injured knees of patients 18 

with and without meniscus tear (n.s.). Tibial acceleration did not show a statistical 19 

significant difference (meniscus-injured knees: 1.6±1.1 m/sec2 vs. meniscus-intact knees: 20 

1.2±0.7 m/sec2, n.s.). However, the subgroup analysis demonstrated that there was increased 21 

tibial acceleration in ACL-deficient knees with lateral meniscus tear (2.1±1.1 m/sec2, n=13) 22 

compared with meniscus-intact knees (p<0.05), whereas rotational laxity did not increase in 23 

the medial meniscus-injured and bilateral-injured knees (1.2±0.9 m/sec2, n=12, n.s. and 24 

1.4±1.1 m/sec2, n=7, n.s. respectively).  25 

----
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Conclusion  A concomitant meniscus tear, especially a lateral meniscus tear, has a 26 

significant impact on rotational laxity in ACL-injured knees. When a large pivot-shift is 27 

observed in the ACL-injured knee, a concomitant meniscus tear should be suspected and an 28 

aggressive treatment would be considered. Meniscus injuries should be inspected carefully 29 

when substantial pivot shift is encountered in ACL-injured knees.  30 

 31 

Level of evidence  Diagnostic Study Level III 32 

 33 

Keywords: Anterior cruciate ligament, Meniscus injury, Pivot-shift test, Quantitative 34 

measurement  35 

 36 

  37 
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Introduction 38 

Residual pivot shift is a persistent problem that can be observed in anterior cruciate ligament 39 

(ACL)-reconstructed knees, even those undergoing an anatomic procedure [6]. Researchers 40 

have increasingly focused upon the secondary restraints of rotational laxity to address this 41 

problem, but it is still undetermined which anatomic structure is the most clinically relevant 42 

secondary restraint. Some structures have been suggested as the secondary restraint, such as 43 

the anterolateral complex [5,7,40], iliotibial band [15,33], and meniscus [21,25,28]. ACL 44 

injuries are frequently accompanied by meniscus injuries [9,24,35,37], and their impact on 45 

rotational laxity has been reported frequently in previous studies [21,25-28,36,38]. 46 

Typically, the aggravated rotational laxity of the ACL insufficient knee was observed by the 47 

meniscus resection. Shybut et al. reported a significant increase in rotational laxity after the 48 

lateral meniscus root was cut following ACL resection [36]. However, because most of these 49 

studies were cadaveric studies which were not able to apply true pivot-shift loading in in-50 

vivo setting, the in vivo effect of a concomitant meniscus injury on rotational laxity is largely 51 

unknown due to the lack of a quantitative system for evaluating pivot shift. In an in vivo 52 

study using an iPad system, Musahl et al. first reported that there was increased anterior 53 

tibial translation of the lateral compartment during the pivot-shift in ACL-injured knees with 54 

a meniscus injury or anterolateral capsule injuries compared with isolated ACL-injured 55 
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knees [28]. Meanwhile, tibial acceleration is another measurement parameter to quantify the 56 

pivot-shift test [13,18,19,22,31], and it is superior to tibial translation in terms of its 57 

correlation to clinical grading systems [1,18].  58 

The purpose of this study was to determine the in vivo effect of concomitant meniscus tear 59 

on rotational laxity in ACL-deficient knees using quantitative measurements for the pivot-60 

shift test. It was hypothesized that a meniscus tear, especially a lateral one, that is associated 61 

with an ACL injury would induce greater pivot-shift. The information about the effect of the 62 

meniscus tear on the rotational laxity would be clinically useful for the detection and 63 

treatment of concomitant meniscus injury in the ACL injured knee. 64 

 65 

Materials and Methods 66 

 67 

Ethical Considerations 68 

Ethical approval was obtained from the institutional review board in Kobe University prior 69 

to this study (No. 341). Informed consent was obtained from all individual participants. 70 

 71 

Patients 72 
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Patients with a unilateral ACL injury who were scheduled to undergo ACL reconstruction 73 

between March 2013 and August 2016 at our hospital and were aged 15-50 years were 74 

prospectively enrolled in this study. An ACL deficiency was diagnosed based on clinical 75 

findings and magnetic resonance imaging (MRI), and was subsequently confirmed 76 

arthroscopically. Patients who had fractures, cartilage injuries, posterolateral corner injuries, 77 

and other knee ligament injuries including medial collateral ligament and posterior cruciate 78 

ligament injuries on either side of the knee were excluded. Fifty seven patients 79 

(26male/31female, 24±10y.o.) were inluded in the study. Time from injury to the 80 

testing/surgery was 166±186 days.  81 

 82 

Pivot-Shift Test 83 

The pivot-shift test was performed with the patient under general anesthesia prior to ACL 84 

reconstruction. One of the two experienced orthopaedic surgeons who was not in charge of 85 

the patient was assigned to perform the pivot-shift test without knowing the preoperative 86 

MRI assessment of the meniscus status, and both surgeons were instructed to perform the 87 

pivot-shift test as similarly as possible before this study using the standardized technique 88 

[11]. The pivot-shift movement was quantitatively assessed using an electromagnetic 89 

measurement system.  90 

An electromagnetic motion-tracking device (Liberty, Polhemus, Colchester, VT, USA) was 91 

used. This system had a root mean square accuracy of 0.76 mm for position and 0.06º for 92 



7 

orientation with the transmitter-to-receiver separation within 180 cm. Two electromagnetic 93 

sensors were fixed on the thigh and shank with the original plastic straps. The three-94 

dimensional positions of seven anatomic bony landmarks, including the greater trochanter, 95 

medial and lateral epicondyles, the crossing point between the medial joint line and the 96 

medial collateral ligament, fibula head, and medial and lateral malleoli, were electronically 97 

recorded using a third electromagnetic sensor, and the positions of the femur and tibia were 98 

accurately captured based on the spatial relationship between the anatomic bony landmarks 99 

and sensors on the skin. The anatomic coordinates of the knee, according to the system of 100 

Grood and Suntay, were set [10]. The 6 degree-of-freedom knee kinematics during the pivot-101 

shift test were then monitored, with a high sampling rate of 240 Hz. Eventually, tibial 102 

acceleration (m/sec2) of the posterior shift during the pivot-shift test was calculated from the 103 

data of the tibial anteroposterior translation. The tibial acceleration was one of the 104 

quantitative measurements for the pivot-shift test and related to clinical grading of the pivot-105 

shift test [13,31].  106 

The clinical grade of the pivot shift was also determined by the surgeon, according to the 107 

International Knee Documentation Committee’s guidelines, as: none (-), glide (+), clunk 108 

(++), and gross (+++) [14].  109 

The condition of the meniscus was assessed under arthroscopy for the primary ACL 110 

reconstruction. A concomitant meniscus tear was observed in 32 knees out of 57. Twelve 111 

knees had medial meniscus tear only, while only the lateral meniscus was torn in 13 knees. 112 

Bilateral meniscus injuries were observed in 7 knees. 113 

 114 

Statistical Analysis  115 
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The clinical grade and tibial acceleration of the pivot-shift test were compared between 116 

ACL-injured knees with a meniscus tear and those without, using a chi-square test and 117 

independent t-test, respectively. A subgroup analysis was then performed by separating all of 118 

the meniscus tear into the medial meniscus-torn group, bilateral meniscus-torn group, and 119 

lateral meniscus-torn group. The differences of the pivot-shift clinical grade and tibial 120 

acceleration among the groups were tested using a chi-square test and analysis of variance, 121 

respectively, followed by a post-hoc Tukey HSD test for separate comparisons between two 122 

groups. 123 

 All statistical analyses were performed with SPSS Version 22 (SPSS Inc., Chicago, IL, 124 

USA). Statistical significance was set at p<0.05.  125 

An a priori power analysis showed that total number of 46 subjects were required to detect 126 

a 0.5 m/sec2 difference in tibial acceleration, assuming a power of 0.90, significance level of 127 

0.05, and common variance of 0.5 m/sec2 in a two-sided Student’s t-test, based on data from 128 

previous reports [3,13,30,31]. Subgroup analysis between four groups by analysis of 129 

variance achieved a power of 0.82 if each group had 14 cases. Thus, the targeted sample size 130 

was 56. 131 

 132 

 133 

Results 134 

There was no significant difference in the clinical grade of the pivot-shift test between the 135 

ACL-injured knees with and without meniscus tear (n.s.). Similar results were obtained 136 

when medial, lateral, and bilateral meniscus-torn knees were separately compared with 137 

meniscus-intact knees (n.s., all) (Table 1).When all meniscus-torn knees were compared with 138 
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meniscus-intact knees, there was no significant difference in tibial acceleration during the 139 

pivot-shift test (meniscus-torn knees: 1.6±1.1 m/sec2 and meniscus intact knees: 1.2±0.7 140 

m/sec2, n.s.). 141 

However, the subgroup analysis demonstrated that ACL-deficient knees with lateral 142 

meniscus tear had significantly larger tibial acceleration (2.1±1.1 m/sec2) than did meniscus-143 

intact knees (p=0.014). A significant difference was not found when the medial meniscus-144 

torn knees (1.2±0.9 m/sec2) and bilateral meniscus-torn knees (1.4±1.1 m/sec2) were 145 

compared (n.s., both) (Fig. 1). 146 

 147 

Discussion 148 

 149 

The most important finding of this study was that increased tibial acceleration during the 150 

pivot-shift was detected in the ACL-injured knees with concomitant lateral meniscus tear in 151 

comparison to that without meniscus tear by using a quantitative evaluation of the pivot-shift 152 

test using an electromagnetic system. Previous studies have suggested that the meniscus 153 

influences rotational laxity secondary to the ACL [25,36], but the impact of meniscus tear is 154 

difficult to determine in a clinical setting, mainly due to the lack of a sensitive and 155 

quantitative method for evaluating rotational laxity. Recently, several measurement systems 156 

have become available to quantify the pivot-shift in clinical setting, such as iPad [12], 157 

electromagnetic system [13] and accelerometer [19]. They evaluate different aspect of the 158 
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pivot-shift movement, such as tibial translation and acceleration. Tanaka et al. compared 159 

these systems and demonstrated better sensitivity and specificity to detect the pivot-shift in 160 

the electromagnetic system over iPad and accelerometer [39]. Using an iPad measurement 161 

system, Musahl et al. reported a large anterior tibial translation of the lateral compartment 162 

during the pivot-shift in ACL-injured knees with an associated meniscus tear [28].  163 

Interestingly, in our study, we did not recognize an additional increase in the pivot-shift 164 

because of either medial or lateral meniscus tear when we used a manual grading system. 165 

However, the manually performed pivot-shift test is undoubtedly inconsistent among 166 

surgeons [17,29,32]. Peeler et al reported only a moderate level of inter-rater reliability in 167 

the manually performed pivot-shift test [34]. The sensitivity of the manual pivot-shift test is 168 

assumed to be too low to detect the additional injury in the ACL injured knees. Therefore, 169 

any method to quantitatively measure rotational laxity appears to be essential for detecting 170 

the influence of meniscus tear on the rotational laxity of the knee.  171 

  The influence of bilateral meniscus tear on the pivot-shift was indefinite in this study 172 

mainly due to small number of bilateral meniscus-torn knees, i.e. possible type II error. 173 

However, from a biomechanical point of view, since the axis of the pivot-shift movement is 174 

on the medial side of the knee, around the medial collateral ligament [25], a concomitant 175 

medial meniscus tear might destabilize the medial compartment of the knee joint and inhibit 176 
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the pivot-shift movement. A further investigation with an increased number of subjects, 177 

including bilateral meniscus-torn knees, is needed to address this issue. 178 

The biomechanical effect of the medial and lateral menisci on rotational laxity is different. 179 

Lateral meniscus has long been considered as a buttress against anterior subluxation of the 180 

lateral tibial plateau [8]. In a recent cadaveric study, the lateral tibial translation was proven 181 

to correlate with pivot-shift grading [4]. Musahl et al. compared medial and lateral 182 

menisectomy in an ACL-resected knee model and showed that lateral menisectomy, in 183 

addition to ACL resection, worsened anterior tibial translation during the pivot-shift test, 184 

whereas no such effect was observed after medial menisectomy [26]. Some studies have 185 

demonstrated that a medial meniscus tear has a positive impact on rotational laxity [20,41], 186 

but not all types of medial meniscus tear affect anterior stability against combined rotational 187 

stress [2]. Contrary to expectations, there was no significant increase of the pivot-shift in the 188 

bilateral meniscus torn knees compared to the meniscus intact knees in the current study. 189 

  This study has some limitations. First, the sample size could be insufficient, though 190 

statistically significant finding was obtained between lateral meniscus torn group and 191 

meniscus intact group in host-hoc analysis. The total number of patients, 57, surpassed the 192 

originally targeted number from the sample size calculation to assess the overall impact of 193 

the concomitant meniscus tear on the pivot-shift and to compare the subgroup analysis, but 194 
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the final number of patients in each group for the following analysis, i.e. the comparisons 195 

between bilateral or medial meniscus torn group vs meniscus intact group, seems to be 196 

limited. Because of the small sample size, type II error might be suspected for the negative 197 

results in medial and bilateral meniscus torn groups. Furthermore, the tear type and location 198 

of the meniscus tear were not considered in this study. In order to form multiple groups of 199 

meniscus-torn knees depending on tear type and location, more than 10 times the number of 200 

current subjects would be required. Also, the threshold of the quantitative measurement to 201 

detect the meniscus tear could not be determined with this small number of sample size in 202 

this study. Increased number of cases and some validation studies could possibly provide a 203 

definite threshold to identify the meniscus tear in the ACL injure knees. A larger multicenter 204 

study might be ideal to analyze meniscus injuries further. Second, most study subjects were 205 

chronic ACL injury cases in this study, and the chronicity of ACL injuries was not controlled 206 

in each group. It was reported that chronic ACL tear increases the risk of a greater pivot-shift 207 

[23]. Some stable type of meniscus tear might have been healed spontaneously. Finally, 208 

meniscus injury was confirmed under arthroscopy and was not determined preoperatively 209 

with manual testing or MRI. Meniscus injuries could definitely be diagnosed with an 210 

arthroscopic assessment, and the most definitive method to diagnose the meniscus tear was 211 
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preferable for this study. Meniscus tear is not necessarily detected preoperatively by MRI, 212 

especially for lateral meniscus root tear [16].  213 

  The clinical relevance of this study finding is that meniscus injuries should be inspected 214 

carefully when substantial pivot shift is encountered in ACL-injured knees. Meniscal repair 215 

might be prepared in addition to the ACL reconstruction when the ACL injured knee has 216 

large pivot-shift and is suspected to have concomitant lateral meniscus tear preoperatively. 217 

The concomitant lateral meniscus tear, if any, would be repaired as much as possible to 218 

inhibit the pivot-shift. 219 

 220 

Conclusions 221 

 222 

Quantitatively measurement of the pivot-shift test revealed that a concomitant lateral 223 

meniscus tear in ACL-injured knees had a significant impact on the rotational laxity of the 224 

knee. An objective and quantitative evaluation with the pivot-shift test could be helpful to 225 

detect concomitant meniscus tear in ACL-injured knees. 226 

 227 
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 229 
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Tables 357 

Table 1. Clinical Grade of the Pivot-Shift Test in ACL-Injured Knees with and without 358 

Meniscus Tear 359 

 

Meniscus-

intact 

knees 

(n=25) 

All 

meniscus

-torn 

knees* 

(n=32) 

Medial 

meniscus

-torn 

knees 

(n=12) 

Lateral 

meniscus

-torn 

knees 

(n=13) 

Bilateral 

meniscus

-torn 

knees 

(n=7) 

Glide (+) 15 12 6 5 1 
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Pivot shift 

clinical grade 

Clunk (++) 10 18 5 7 6 

Gross (+++) 0 2 1 1 0 

*: “All meniscus-torn knees” includes all ACL-injured knees with medial, lateral, or bilateral 360 

meniscus tear.  361 
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Fig. 1. Tibial acceleration during the pivot-shift test in ACL-injured knees with 366 

different ;meniscus conditions. A statistically significant difference was observed only 367 

between the meniscus-intact and lateral meniscus-torn groups. 368 

 369 

 370 


