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Abstract

Purpose To establish normative values for the magnitude

of anterior tibial translation (ATT) in the Lachman and

pivot shift tests in the intact and anterior cruciate ligament

(ACL)-deficient states, and to explore whether a correlation

in ATT magnitude exists between the Lachman and pivot

shift tests.

Methods Twenty-six fresh frozen cadaveric hip-to-toe

specimens were used. Mechanized testing was performed

to simulate both a Lachman and pivot shift test with the

ACL intact. Tests were repeated after sectioning the ACL.

ATT was recorded using a computer navigation system.

Difference in ATT after sectioning was calculated for each

specimen.

Results For the Lachman, mean lateral compartment ATT

in the intact knee was 5.3 mm (SD = 2.8 mm). After sec-

tioning the ACL, translation increased to 11.4 mm

(SD = 3.9 mm; P \ 0.05). For the mechanized pivot shift,

mean lateral compartment ATT in the intact knee was

-0.2 mm (SD = 2.6 mm). After sectioning the ACL,

translation increased to 8.2 mm (SD = 3.1 mm; P \ 0.05).

No correlation in the magnitude of ATT was found between

the intact and ACL-deficient knees for either the Lachman or

pivot shift tests, or between both tests (Cronbach’s a\ 0.7).

Conclusions No correlation was found between the

Lachman and pivot shift test in both the intact and ACL-

deficient knee. This suggests that the Lachman cannot be

used as a surrogate for the pivot shift as the magnitude of

the Lachman did not predict the magnitude of the pivot

shift.
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Knee laxity � Lachman

Introduction

Injury to the anterior cruciate ligament (ACL) is com-

mon among the athletic population. Recently, much

attention has been paid to the evaluation of risk factors

and potential predictive factors for injury as well as

preventative training programs. Gender-based anatomical

and biomechanical differences have been noted to be

potentially responsible for the higher incidence of ACL

injury seen among young female athletes in several

studies. Ligamentous laxity has been a specific study

subject, with implications for injury prevention and

treatment strategies [6].

The clinical evaluation of a patient suspected to have an

ACL injury centres around the Lachman and pivot shift

tests. The Lachman test is used to quantify the amount of

anterior tibial translation (ATT) with the knee in 20–30� of

knee flexion [16, 20]. This objective measure can be used

to grade the injury and to predict the level of functional

instability. Typically, the Lachman should be compared to

the uninvolved extremity to gauge the patient’s inherent

knee laxity [13]. The pivot shift has been described as the

most specific test in detecting ACL injury [1, 7, 18].

A positive pivot shift occurs when the tibia translates

anteriorly and then reduces during a flexion manoeuvre

with a valgus-directed force [1, 7, 18]. A three-grade

continuum has been used most commonly to describe the

increasing degree of translation in an injured knee [11].
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Both the Lachman and pivot shift are clinical tests

whose results may vary in the hands of different observers

[5, 8, 18]. Discrepancy in the magnitude of tibial transla-

tion has been observed through clinical experience among

patients when compared to the uninjured extremity. Some

ACL-deficient knees demonstrate a large magnitude of

translation while others may seem more stable despite the

same degree of internal injury.

Prior studies have used a cadaveric model to objectively

quantify and evaluate the amount of lateral compartment

translation in a mechanized pivot shift test [2, 10, 18].

Normative values were determined for translation corre-

lating with each clinical grade of the pivot [2]. In the

current study, this mechanized model was used to assess

the degree of laxity within intact and ACL-deficient knees.

The study aimed to establish normative values for the

magnitude of ATT in the Lachman and pivot shift tests in

the intact and ACL-deficient states, and to explore whether

a correlation in ATT magnitude exists between the Lach-

man and pivot shift tests.

Materials and methods

Twenty-six frozen cadaveric hip-to-toe lower extremity

specimens were used for this study. The group included

fourteen matched pairs and two outlier extremity speci-

mens. There were 24 male and 6 female individual knee

specimens. The median age of the donors was 59 years

(range, 40–69 years). The specimens were thawed for 48 h

at room temperature prior to testing. Specimens underwent

just one thawing cycle. Testing lasted about 2 h per knee.

On the day of the test, the specimens were placed supine on

an operating room table with the pelvis secured proximally.

This allowed free motion of the hip and knee within the

testing apparatus distally. Two specimens were excluded

due to signs of advanced osteoarthritis.

Instrumented Lachman and pivot shift tests were

performed on knees with the ACL intact. Tests were

repeated after sectioning the ACL. ATT was recorded in

real time using a computer navigation system (Praxim,

Grenoble, France), with dedicated ACL software with an

accuracy of 1 mm and 1� [19]. Reflective reference

arrays were attached to the femur and the tibia, 15 cm

above and below the joint line, using two pairs of 4-mm

Schanz pins.

A mechanized pivot shifter was used to perform the

pivot shift manoeuvres [5, 18]. A standardized mean

valgus force of 5 kg was applied 5 cm below the joint

line on the lateral side of the proximal third of the leg

using a load cell connected to the mechanized pivot

shifter through a three-degree-of-freedom arm. For the

Lachman test, an anterior pulling force of a mean 12 kg

was applied using a hand-held pull-type spring scale

attached to the tibia through an eyelet screw fixed to the

anterior tibial crest, 7 cm below the joint line. ATT was

defined as the range in translation from the tibiofemoral

resting point at the beginning of each trial to the max-

imum anterior position of the tibia in the sagittal plane,

compared to a reference motion path taken during the

navigation system’s registration process [19].

Statistical analysis

It was determined through an a priori sample size analysis,

using data from previous research, that at least 22 speci-

mens would be required to detect significant differences in

ATT between conditions and to detect significant correla-

tion between tests. Paired Student’s t tests were used to

detect a significant difference in ATT between the ACL-

intact and ACL-deficient conditions in both the Lachman

and the pivot shift tests. Cronbach’s a and R2 values were

used to test whether a significant correlation in the mag-

nitude of ATT existed between the Lachman and the pivot

shift tests, with a Cronbach’s a[ 0.7 deemed to be satis-

factory [4]. Descriptive data are presented as mean, stan-

dard deviation (SD), 95 % confidence interval (95 % CI)

and range, whenever appropriate. Stata/SE 11.2 (StataCorp

LP, College Station, TX, USA) was used for all analyses.

Statistical significance was set to a = 0.05.

Results

Lachman test

For the Lachman test, mean ATT in the intact knee was

5.3 mm (SD = 2.8 mm; 95 % CI = 4.2–6.4 mm; range,

1–12 mm) in the lateral compartment. After sectioning the

ACL, translation increased to 11.4 mm (SD = 3.9 mm;

95 % CI = 9.8–12.9 mm; range, 4.7–17 mm) (P \ 0.05)

(Figs. 1 and 2). There was an average increase in transla-

tion from the intact condition of 6.1 mm (SD = 3.6 mm;

95 % CI = 4.6–7.6 mm; range, 1–12.7 mm).

Mechanized pivot shift test

For the mechanized pivot shift, mean ATT in the intact

knee was -0.2 mm (SD = 2.6 mm; 95 % CI =

-1.2–0.9 mm; range, -8–4 mm) for the lateral compart-

ment. After sectioning the ACL, translation increased to

8.2 mm (SD = 3.1 mm; 95 % CI = 6.9–9.5 mm; range,

1–17 mm) (P \ 0.05) (Figs. 3 and 4). There was an aver-

age increase in translation from the intact condition of

8.4 mm (SD = 3.3 mm; 95 % CI = 7.1–9.7 mm; range,

1–15 mm).
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Correlation between Lachman and pivot shift tests

No correlation was seen between the Lachman and the

pivot shift in either the intact (Cronbach’s a = -0.70;

r2 = 0.07, n.s.) or ACL-deficient states (Cronbach’s

a = 0.44; r = 0.08, n.s.) (Figs. 5 and 6). Poor correlation

in the magnitude of translation between the intact and

ACL-deficient knees was seen in both the Lachman

(Cronbach’s a = 0.59; r = 0.21, P \ 0.05) and pivot shift

(Cronbach’s a = 0.52; r = 0.13, n.s.) (Figs. 7 and 8).

Discussion

The most important finding of the current study was the

establishment of normative values for the magnitude of

ATT in the Lachman and pivot shift tests in the intact and

ACL-deficient states. Prior work by Bedi et al. [2] estab-

lished good correlation between the magnitude of lateral

Fig. 1 Variability in the magnitude of anterior tibial translation

within the lateral compartment for ACL-intact knees (blue) and ACL-

deficient knees (red) during the Lachman test showing wide variation

between specimens

Fig. 2 Box plots showing an average increase in translation of

6.1 mm (SD = 3.6 mm; 95 % CI = 4.6–7.6 mm) during the Lach-

man test after sectioning the ACL

Fig. 3 Variability in the magnitude of translation within the lateral

compartment for ACL-intact knees (blue) and ACL-deficient knees

(red) during a mechanized pivot shift test showing minimal variation

between specimens in the intact state and increased variation between

specimens in the ACL-deficient state

Fig. 4 Box plots showing an average increase in translation of

8.4 mm (SD = 3.3 mm; 95 % CI = 7.1–9.7 mm) during the pivot

shift test after sectioning the ACL

Fig. 5 No correlation in the magnitude of anterior tibial translation in

the ACL-intact knees was seen between the Lachman and pivot shift

tests (Cronbach’s a = -0.70; r = 0.07, P [ 0.05)
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compartment translation and the clinical grade of the pivot

shift. The data from that study demonstrated that 6–7 mm

of lateral compartment translation is required for a grade 1

clinical pivot shift, approximately 15 mm for a grade 2 and

greater than 20 mm for a grade 3 pivot shift [2]. This study

demonstrated that isolated ACL transection results in an

average of 8.4 mm of lateral compartment translation

during a controlled pivot shift manoeuvre, achieving the

threshold for a grade 1 pivot. Of the 26 knees, only one

knee approached the magnitude of translation that corre-

lates with a grade 2 clinical pivot. These data suggest that

grade 2–3 pivot shift examinations, which are commonly

encountered clinically, often involve more extensive soft

tissue or bony perturbations than a simple rupture of the

ACL.

A surprising finding of this study is that the intact knee

laxity does not predict the magnitude of the pivot shift or

the Lachman after ACL transection. The fact that no cor-

relation was found suggests that other factors such as bony

morphology may determine the magnitude of the pivot

shift after ACL injury. Previously, it was reported that the

lateral meniscus is an important secondary restraint to the

pivot shift; [17] loss of the lateral meniscus increased

translation during the pivot shift by approximately 6 mm.

Taken together with our current data, this suggests that the

magnitude of the pivot shift in the clinical scenario may be

much more beholden on associated soft tissue injury rather

than inherent ligamentous laxity.

Markolf et al. [16] recently investigated the relationship

between the pivot shift and Lachman tests in a cadaveric

model. The data from our current study agree with the

finding that the pivot shift and Lachman are poorly corre-

lated tests as the degree of laxity of one does not corre-

spond to the magnitude of laxity of the other. Taken

together, these data suggest that the Lachman or KT-1000

cannot be used as a surrogate for the pivot shift examina-

tion as the magnitude of the Lachman did not predict the

magnitude of the pivot shift.

Prior studies have established that the Lachman is a

better qualitative than quantitative assessment of laxity

and clinically varies between examiners [3, 10, 14, 16].

Findings have been similar with the pivot shift test [9, 12,

15, 16]. Our mechanized model provides a reproducible

and reliable measure of the magnitude of translation but

we recognize that there are limitations to how our find-

ings can be translated clinically.

There are several limitations of this study. The cadaveric

model used may not directly mimic the clinical scenario of

an ACL-deficient knee. The influence of bony morphology

on the magnitude of the pivot shift or the Lachman was not

evaluated in this study. Clinically, the contribution of

muscle forces may limit the utility of using normative

stability values generated from cadaveric specimens.

Fig. 7 There was poor correlation in the magnitude of anterior tibial

translation between the intact and ACL-deficient knees in the

Lachman test (Cronbach’s a = 0.59; r = 0.21, P \ 0.05)

Fig. 6 No correlation in the magnitude of anterior tibial translation in

the ACL-deficient knees was seen between the Lachman and pivot

shift tests (Cronbach’s a = 0.44; r = 0.08, P [ 0.05)

Fig. 8 There was poor correlation in the magnitude of anterior tibial

translation between the intact and ACL-deficient knees in the pivot

shift test (Cronbach’s a = 0.52; r = 0.13, P [ 0.05)
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Finally, as mentioned previously, an isolated ACL tran-

section model may not reproduce the soft tissue damage

incurred with a clinical subluxation of the knee that results

in an ACL tear.

Conclusion

No correlation was found between the Lachman and pivot

shift test in the intact and ACL-deficient knee. The data

suggest that the Lachman and pivot shift measure two

distinct phenomena. As such, the Lachman cannot be used

as surrogate for the pivot shift examination.
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