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Abstract The KT-1000 is widely accepted as a tool for

the instrumented measurement of the antero-posterior (AP)

tibial translation. The aim of this study is to compare the

data obtained with the KT-1000 in ACL deficient knees

with the data obtained using a navigation system during ‘‘in

vivo’’ ACL reconstruction procedures and to validate the

accuracy of the KT-1000. An ACL reconstruction was

performed using computer aided surgical navigation

(Orthopilot, B-Braun, Aesculap, Tuttlingen, Germany) in

30 patients. AP laxity measurements were obtained for all

patients using KT-1000 arthrometer (in a conscious state

and under general anaesthesia) and during surgery using

the navigation system, always at 30� of knee flexion. The

mean AP translation was 14 ± 4 and 15.6 ± 3.8 mm using

the KT-1000 in conscious and under general anaesthesia,

respectively (P = 0.02) and 16.1 ± 3.7 mm using navi-

gation. Measurements obtained with the KT-1000 under

general anaesthesia were no different from those obtained

‘‘in vivo’’ with the navigation system (P = 0.37). In con-

clusion this study validates the accuracy of the KT-1000 to

exactly calculate AP translation of the tibia, in comparison

with the more accurate measurements obtained using a

navigation system.
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Introduction

To address objective knee laxity, instrumented testing

devices that promote standard load application and pro-

vide instrumented translation measurements have been

developed, such as the KT-1000 arthrometer (MedMetric

Corp, San Diego, CA) [7, 29]. This device provides

antero-posterior (AP) displacement measurements by

monitoring the relative motion between two sensor pads,

one in contact with the patella and the other in contact

with the tibial tubercle. Several studies indicated that

patients with ACL deficient knees display significantly

greater anterior laxity as measured with the KT-1000

arthrometer in the injured knee when compared to the

normal knee [2, 6, 7, 30, 31]. These differences have been

consistent whether the patients tested were conscious or

unconscious [16]. Today the KT-1000 arthrometer is
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widely used as a valid measurement tool in clinical situ-

ations; however, we know of no studies that have

evaluated the accuracy of this device using known

displacements.

Recently, computer assisted navigation systems have

been developed to make surgery more reproductive and

assist the surgeon with ligamentous knee reconstruction

and arthroplasty surgery [1, 3, 5, 8, 15, 17, 26]. For knee

ligament surgery the navigation systems were initially

designed to facilitate placements of the tunnels in ACL

reconstruction [8, 9, 12, 19, 25, 26, 28]. Recent advances

include the ability to perform navigated knee stability

examinations, representing an intriguing addition to the

surgeon diagnostic armamentarium. [8, 10, 24, 26]. The

advantage of these systems is the ability to precisely

quantify 6 degrees of freedom (DoF) kinematics of the

knee during standard clinical testing in the operative

setting.

The aim of this study is to compare the measurements of

AP translation in ACL deficient knees, recorded with the

KT-1000, in both a conscious state and under general

anaesthesia, and measurements obtained using the navi-

gation system during ‘‘in vivo’’ ACL reconstruction

procedures. The hypothesis of the study is that there are no

differences between the KT-1000 and navigation to cal-

culate the AP translation of the knee under general

anaesthesia.

Methods

The study group consisted of 30 consecutive patients in

whom an ACL reconstruction was performed using com-

puter aided surgical navigation (2.0 OrthoPilot ACL

navigation system, Orthopilot, B-Braun, Aesculap).

The average age of patients at the time of surgery was

29 years (range 19–39). All patients were male with a

history of chronic ACL deficient knee with a mean time

interval between injury and surgery of 3 years (range

5 months–6 years).

All patients were evaluated with the KT-1000 arthro-

meter (MedMetric Corp, San Diego, CA) before surgery

in a conscious state and in the operating room under

general anaesthesia in an unconscious state.

All ACL reconstruction procedures were performed

with the help of a navigation system (2.0 OrthoPilot ACL

navigation system, Orthopilot, B-Braun, Aesculap).

The KT-1000 arthrometer was secured to a horizontal

platform with its Velcro (VELCRO USA Inc., Manchester,

NH) straps to prevent movement of the device. The refer-

ence plate was placed under the tibial tubercle pad, and the

variable stack of plates was placed under the proximal edge

of the patellar pad. Care was taken to ensure that the variable

stack contacted the patellar pad at the joint line indicated by

the KT-1000 arthrometer. This ensured that the displace-

ments being measured occurred along the intended joint

line. The distal tibial contact surface of the KT-1000

arthrometer was elevated so that the proximal tibial pad

could rest flat on the reference plate, allowing maximal

range of measurement during testing. The difference

between the tibial tubercle reference pad and the patellar

references pad was set to zero by placing equal stacks of

plates (plate position at zero) under the reference pads. The

KT-1000 arthrometer was lightly tapped until the indicator

settled. The dial was then adjusted to read 0.0 mm.

Displacement was calculated under a manual maximum

(MM) load in the injured and in the uninjured knees,

always at 30� of knee flexion. All values were expressed in

millimetres (mm). The MEDmetric Corporation cites data

from Malcom et al. [21, 22] regarding the accuracy and

reproducibility of its KT-1000 arthrometer.

Mean and standard deviations for all measurements as

well as the side to side (S/S) difference were calculated. The

navigation system assists the surgeon to orientate the tunnels

and moreover allows the evaluation of the kinematic of the

knee, in particular the AP translation of the tibia.

The femoral and tibial transmitters were firmly fixed to

the femur and tibia with two K-wires of 2.5 mm of diam-

eter. To enable the computation of the knee, extra-articular

landmarks were registered by the system using a straight

pointer. Registration of these landmarks is needed to record

translation measurements. The extra-articular landmarks

included the tibial tuberosity, the anterior edge of the tibia

and the medial and lateral points of the tibial plateau. The

knee kinematic between 0� and 90� of knee flexion was

also registered.

We used the navigation to calculate MM AP tibial

translation at 30� of knee flexion (Fig. 1). All values were

Fig. 1 The navigation set-up for AP translation evaluation at 30� of

knee flexion
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expressed in millimetres. According to the manufacturer

the accuracy of the navigation is estimated to be 0–1 mm.

All measurements of KT-1000 and navigation were

recorded under a MM force applied by the same Senior

Surgeon (A.F.) who performed all surgical procedures to

minimise the interobserver variability and who made every

effort to apply a similar loading to the knee.

Statistical analysis was performed by statisticians of the

Regional Agency of Public Health. All preoperative and

intraoperative values of AP displacement of the tibia were

recorded in a standard Excel file (Microsoft Office,

Microsoft Corporation, USA) and mean and standard

deviations were calculated. A 2 (normal knee/ACL dis-

rupted knee) by 2 (conscious/unconscious) by 2 (KT-1000/

navigation measurements) analysis of variance (ANOVA)

with repeated measures (P \ 0.05) was conducted to

determine the effect and interactions of those independent

variables on the dependent variable of anterior displace-

ment as measured by the KT-1000 arthrometer.

Results

The mean AP displacement of the injured knees, mea-

sured by the KT-1000, was 14 ± 4 and 15.6 ± 3.8 mm

in a conscious state and under general anaesthesia,

respectively.

The mean AP displacement of the uninjured knees,

measured by the KT-1000, was 8.5 ± 2.42 and 9 ±

2.32 mm in a conscious state and under general anaesthe-

sia, respectively.

The mean AP displacement, measured by the navigation

system under general anaesthesia, was 16.1 ± 3.7 mm. In

15/30 (50%) of cases the value of AP translation calculated

by the navigation system was the same as the value cal-

culated with the KT-1000 under general anaesthesia, and in

none of the cases was the difference higher than 2 mm.

The mean S/S difference, calculated with the KT-1000

was 8.5 ± 3.1 and 8.5 ± 3.25 mm in a conscious state and

under general anaesthesia, respectively. The S/S difference

calculated with the KT-1000 in a conscious state was

\3 mm in 10% of cases, between 3 and 5 mm in 20%

of cases and [5 mm in the other 70% of cases. The S/S

difference calculated with the KT-1000 under general

anaesthesia was between 3 and 5 mm in 30% of cases and

[5 mm in the other 70% of cases.

Values of AP translation calculated with the KT-1000

were significantly higher and different in the injured knee

compared to the uninjured knee in both the conscious and

unconscious state. Measurements with the KT-1000 under

general anaesthesia were significantly higher and different

to those obtained in a conscious state (P = 0.02), while

they were not different to the measurements obtained ‘‘in

vivo’’ with the navigator (P = 0.37).

No differences were found in the amount of side to side

difference using KT-1000 in a conscious state and under

general anaesthesia (P = 0.02). Results are summarised in

Fig. 2.

Discussion

Quantitative systems for the measurements of knee joint

laxity have become important additions to the clinical and

research practice of orthopaedics [4, 11, 13, 14, 18, 21–23,

32]. Generally four devices, (the Genucom Knee analysis

Fig. 2 Mean values of AP

translation. Statistically

significant differences are

reported
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System, the Med Metric KT-1000 Arthrometer, the Stryker

Knee Laxity Tester, the Rolimeter) which have been pre-

sented in the literature, may be used to clinically assess the

amount of knee laxity in an objective manner. These

devices can add objective data to the physical examination

of the knee. Therefore, the accuracy, reliability and

potential sources of measurement errors associated with the

use of these devices need to be investigated.

The majority of published reports support the use of ACL

laxity measurements obtained from the KT-1000 arthrom-

eter in the diagnosis of ACL disruption [2, 6, 7, 30, 31]

because of its accuracy, reproducibility, availability and

cost. This device provides AP translation measurement by

monitoring the relative motion between two sensors pads in

contact with the patella and tibial tubercle [6, 7, 21].

Factors that should be considered in clinical applications

of the KT-1000 device include soft tissue compliance, knee

positioning and muscle activity. The problem of soft tissue

compliance may be minimal, in part because of the sub-

cutaneous position of both the patella and tibia, which are

used as contact points with the KT-1000 arthrometer.

However, muscle activity is difficult to prevent or to

quantify; active quadriceps muscles can decrease posterior

translation of the tibia as well as active hamstring muscles

which can decrease anterior translation. Muscle contraction

can explain why in our study results of AP translation

recorded with the KT-1000 are significantly higher under

general anaesthesia than in a conscious condition, in

agreement with previous similar studies [16]. However, we

found no differences in the amount of side to side differ-

ence using KT-1000 between the conscious state and under

general anaesthesia so we can conclude that the standard

KT-1000 evaluation, as well as the Lachman test, should

report paired differences rather than individual knee mea-

surements, as is well known.

The KT-1000 measures displacements of the tibial

tubercle relative to the patella rather than making direct

measurements from the tibia at the joint line, while the

knee stability examination, calculated with the navigation

system, is highly precise and provides real time quantita-

tive multiplanar data and informative 3D visualisation of

knee kinematics [8, 10, 24, 26]. Moreover, using trans-

mitters that are strongly fixed in the bone with 2.5 mm

diameter K-wires, if surgical pitfalls are minimised or

eliminated and landmarks are accurately registered, the

navigation system provides kinematic values with an

accuracy of 100%, as precise as that of a robotic sensor

system [27]. For this reason surgical navigation was

applied to the knee stability examination in this scenario to

validate the accuracy of KT-1000 arthrometer.

In our study, values of AP translation under general

anaesthesia were not different between KT-1000 and nav-

igation system. These results are in agreement with data

from Malcom et al. [21, 22] regarding the accuracy and

reproducibility of its KT-1000 arthrometer. They reported

that the KT-1000 arthrometer has a mean error of

0.39 ? 0.25 mm when compared to measurements made

by displacement transducers, and 0.16 ± 0.44 mm (corre-

lation coefficient 0.979) when compared to a system using

Steinmann pins. In our study the KT-1000 has been tested

for accuracy with a navigation system and has been shown

to perform well in comparison.

Studies have also demonstrated that the KT-1000

arthrometer provides reproducible results when appropriate

practice and test experience have been achieved by the

operator, because one must ensure that the displacing force

is directed properly and the device in positioned accurately

over the joint line [33]. In fact, significant variation in

measurements can occur when the anterior directed force is

applied off-center and when the device is not aligned with

the joint line [20]. Therefore the KT-1000 arthrometer has

a great potential for clinic use, but sources of mistakes in

measurement must be minimised.

Although sufficient for a statistical analysis the study is

limited by the sample size of ten patients, who accepted

undergo the navigation, despite the increased morbidity of

the procedure, due to the cortical bone fixation of four pins.

Despite some limitation due to the actual control of the

forces used to create the AP translation of the tibia, as

manual test were performed, and intra-observer variability

cannot be excluded, the reliability of the navigation in

evaluating knee kinematic has been previously well docu-

mented [10, 24, 27]. Therefore the navigator system

allowed us to obtain in vivo the value of AP displacement

to be compared with the KT-1000 value in the same con-

dition under general anaesthesia. Moreover in this study

group the method used allowed us to obtain the data by

using the same patients thus minimising the variation

between patients and increasing the statistical power. On

the basis of our results the hypothesis that there are no

differences between the KT-1000 and the navigation to

calculate the AP translation of the knee under general

anaesthesia is confirmed.

Although this study validates the accuracy of the

KT-1000 to calculate AP translation of the tibia, authors

agree with the position of Sherman et al. [30] who stated

‘‘instrumented testing devices are not meant to substitute

for a thorough history and physical examination, but rather

to supplement and substantiate them’’.
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