
The purpose of this prospective study was to quanti-
fy and compare the amount of anterior tibial trans-
lation (ATT) occurring in ACL-reconstructed knees
during both a static passive Lachman test and an iso-
kinetic knee extension exercise, pre- and postoperati-
vely. Stress-radiography combined with an electrogo-
niometer system was applied to 49 knees before and
after ACL reconstruction. The Lysholm score was
calculated and subjective evaluation assessed before
operation and at follow-up. Both measurement
methods confirmed a significant decrease of ATT
after surgery. Side-to-side differences in ATT were
seen in the passive Lachman test postoperatively, and
were not found during isokinetic extension from 90°
to 0°. There was no significant correlation between
static passive stability and the functional knee score
at follow-up. In addition, the patients with a more
than 3 mm side-to-side difference in the passive
Lachman test after surgery, showed less than a 1 mm
side-to-side difference during isokinetic exercise at a
flexion angle of 20°. These results suggest that ACL
reconstruction improves ATT in both tests, but the
side-to-side difference is greater with the static
Lachman test.

INTRODUCTION

It is generally accepted by orthopaedic surgeons
that the purpose of anterior cruciate ligament
(ACL) reconstruction is re-stabilisation of the knee
(2, 3, 29). The joint laxity in ACL-deficient knees is
commonly measured, using the static Lachman test
with a knee arthrometer or stress radiography (5, 6,

8, 25, 26, 28). However, it remains unclear whether

knee laxity, demonstrated by knee arthrometer or
stress radiography, accurately reflects anterior
tibial translation (ATT) during dynamic knee
motion. Several reports have recently studied the
characteristics of ATT under dynamic conditions in
ACL-deficient knees (9, 15, 18, 21, 32, 34). However,
to our knowledge there is little information on the
effect of ACL reconstruction on ATT. Moreover
nobody has compared joint laxity after ACL recon-
struction, using the static Lachman test with the
laxity during dynamic knee motion. 

Because an in vivo strain gauge study of the ACL
(12, 35) demonstrated that tension is significantly
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greater with open kinetic chain than with closed
chain exercises, rehabilitation should proceed with
care to avoid overstressing the reconstructed ACL
during open kinetic knee motion (18, 21, 32, 34). A
quantitative study of ATT with open kinetic knee
motion, would be helpful to better understand the
characteristics of joint laxity in both ACL-deficient
and ACL-reconstructed knees. 

The purpose of this prospective study was to
quantify and analyse the amount of ATT occurring
during both a static passive Lachman test and an
isokinetic knee extension exercise, before and after
ACL reconstruction. It also aimed at determining
the relation between static and isokinetic anterior
tibial displacement, and between anterior knee
laxity in the passive Lachman test and subjective
knee function after surgery.

MATERIALS AND METHODS

Subjects

Forty-nine patients (21 men and 28 women) with uni-
lateral isolated ACL-deficient knees were assigned and
enrolled for this prospective study. The average age at
the time of the surgery was 24.2 years, ranging from 16
to 42 years. The time from injury to operation ranged
between 1 and 40 months. No patients had previously
undergone ligament surgery or suffered any trouble in
either limb except the ACL tear. The same surgeon per-
formed all operations, during the years 1998 and 1999,
using a one- incision arthroscopic technique. The ACL
was reconstructed with a 10-mm wide, autologous cen-
tral bone-ligament-bone patellar tendon strip following
previously described techniques for tunnel placement
and isometry (1, 2, 11). After intercondylar notch plasty,
the strip was fixed at both ends with canulated interfe-
rence screws (Linvatec, Florida, USA). Thirteen patients
required meniscal surgery (11 partial meniscectomies ; 2
meniscal sutures). After surgery, progressive weight
bearing was allowed as tolerated, if meniscal repair was
not performed. Full range of motion was permitted at 4
weeks, but a protective routine knee brace was used until
8 weeks after surgery. Further rehabilitation consisted of
isokinetic strength training, bicycling and balance trai-
ning. The patients were gradually allowed full activities
after 6 months postoperatively, if the knees met these
conditions : 1) no swelling of the operated knee ;
2) acceptable knee function acquired ; 3) 80% of their

normal knee strength. After return to sports, follow-up
examinations were performed between 20 and
28 months (mean 24 months) after surgery. 

Subjective knee function

Subjective assessment was quantified using the
Lysholm score (19) before operation and at follow-up.
The patients were asked to respond with a simple “yes”
or “no” if they would have the procedure done on the
opposite knee, in a similar circumstance. 

Measurement of static passive stability

Before surgery and at follow-up, stress radiographs of
both knees were taken using a Telos device (Telos,
Medizinisch-Technische GmbH, D-6103 Griesheim,
Germany) (8, 25, 28), equipped with a screw-threaded
shaft that permits stress to be applied gradually. The
pressure was monitored on a light-emitting-diode with
digital read-out. With the patients lying on the side to be
tested and the knee flexed to 20°, an anterior displacing
force of 15kg (147 N) was gradually applied to the tibia,
and standard radiographs were taken after that force had
been applied for one minute. The patients were instruc-
ted to relax the leg muscles. Fluoroscopy was used to
check the exact lateral position of the knee. For compa-
rison, the same measurements were taken on the unaf-
fected knee of each patient. ATT was calculated by
measuring the displacement of the midpoint between the
tangents to the posterior contours of the tibial condyles,
drawn perpendicular to the tibial plateau and relative to
the position of the corresponding midpoint between the
posterior aspects of the femoral condyles (25). The
measurements were made by an independent radiologist,
the mean value being used for statistical assessment. 

Execution of the isokinetic concentric contraction
exercise

The Biodex exercise dynamometer system (Biodex
Medical System Inc., Shirley, NY, USA) was employed
for isokinetic concentric contraction exercises. The
patients were instructed on the use of the isokinetic
machine and allowed to become fully acquainted with
the device before testing. First they performed a 5-minu-
tes warm-up on a stationary bicycle. Each patient was
seated in the Biodex dynamometer and positioned to
align the flexion-extension axis of the knee with the
rotational axis of the leg attachment. The patient was
then strapped in the seat and the resistance pad on the
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lower leg was fixed just above the ankle joint. This dis-
tal pad position was selected because the applied loads
provoke higher joint forces and displacement, than with
a more proximal application at similar muscle torques
(21, 22). Patients were tested at a velocity of 30°/sec
along a 90° motion range, knowing that the largest tibial
sagittal translation in isokinetic exercises was noted at a
speed of 30°/sec with various velocities (21). After
several submaximal cycles, the subjects were asked to
perform three times at maximum thigh action. 

Measurement of the anterior tibial translation with
exercise

To measure ATT before surgery and at follow-up, a
computerised goniometer linkage (CA-4000, OSI, CA,
USA) was fixed to the knee with broad elastic bands
(fig 1). The reproducibility of this system has been
reported earlier (20, 24, 31) and it has been employed by
many authors to investigate the characteristics of knee
motion (9, 13, 15-17, 18, 21, 32). It is composed of
femoral and tibial frames and three goniometers in a
rotation module to measure the relative rotation between
the femur and the tibia. The potentiometer for sagittal
motion mounted in the tibial frame registers the diffe-
rence in position between a spring-loaded patellar pad
and the fixation point of the tibial tuberosity during knee
motion. The sagittal plane direction is perpendicular to
the tibial frame. The linear accuracy of the sagittal paral-

lelogram linkage was 0.1 mm and the angular accuracy
for the potentiometers was 0.125°. The application of
the CA-4000 followed the manufacturer’s instructions.
The system was zeroed with the subject lying relaxed at
full knee extension and neutral knee rotation. Following
previous reports (9, 20, 21, 32), the alignment of the
potentiometers was checked repeatedly and carefully in
the zeroing screen of the computer during exercise. The
protocol was repeated with fresh zeroing if values were
different from the original. In this study, only the sagit-
tal plane translation (mm) and the change in flexion ang-
les (degrees) were studied during the two different meas-
urements (isokinetic and passive motion) assisted by the
Biodex machine. For comparison the same procedure
was repeated on the unaffected side. 

Analysis of electrogoniometric data

The CA-4000 system recorded two vertically orien-
ted curves throughout the range of motion in each exer-
cise. A graphical display of sagittal plane translation
during a test cycle of the two different exercises was
used. During a passive knee motion cycle, the curve
representing tibial sagittal translation from 90° to 0°
demonstrated a gradually increasing posterior transla-
tion with increasing extension, both during the extension
as the flexion phase. During isokinetic motion, in con-
trast, an obvious difference in tibial sagittal translation
was apparent between the extension and the flexion
phase from 90° to 0°. It is generally considered that the
slope of this line in exercise represents the relative
motion between the measuring arm and the patella
during the range of motion (9, 18, 20, 21, 34). In the pre-
sent study, ATT was measured in terms of the difference
with isokinetic exercise compared to the value for passi-
ve extension motion, as previously described (fig 2) (15,
18). From 90° to 0° of knee flexion in the extension
phase, differences in anterior sagittal displacement
between passive and isokinetic motion were measured at
every 10 degrees position with the help of a computer
(IBM PC/AT compatible EVEREX computer,
California, USA) equipped for the CA-4000. Data from
the second cycle of each test were used for calculation,
as in previous reports (18, 20, 21, 34). 

Statistics

Commercially available software (Statistica, Stat
Soft, Tulsa OK, USA) was used. To compare the same
test in the same patient between the normal and the inju-
red knee, the Student’s t- test was employed with the
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Fig 1. — The electrogoniometer system (CA-4000) fitted to a
lower limb of a patient sitting on a Biodex seat. The removal
arm is padded on the patella (A) and the tibial tuberosity (B).
Potentiometer C is used to measure the knee joint angle and is
aligned with the knee joint center. The resistance pad (D) of
the Biodex is placed on the tibia just above the ankle joint.
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significance level set at p < 0.05. The coefficients of
variation were calculated from the actual tests, and cor-
relation analysis was also performed, with significance
level of 1%. 

RESULTS

Subjective knee functional score

The subjective knee functional score improved
from 59 ± 12 before surgery to 89 ± 9 points (p <
0.001). No difference in functional score was appa-
rent for gender or age. 

Static passive laxity

The mean ATT of the control knees was 2.1 ±
1.5 mm with the static passive Lachman test. In
operated knees it improved from 11.9 ± 3.3 mm
preoperatively to 4.9 ± 2.4 mm at follow-up (p <
0.001), the mean ATT difference dropping from
+9.4 ± 2.7 mm to +2.8 ± 1.8 mm (p < 0.001). Seven

patients (14%) had side-to-side differences of
0 mm or less, 20 patients (41%) had differences
between 0,1 mm and 3 mm, 21 patients (43%) had
differences between 3,1 mm and 6 mm, and one
patient had a difference of more than 6 mm at fol-
low-up. 

Postoperative relation between subjective knee
score and static laxity

There was no significant correlation between
static passive laxity and functional knee score at
follow-up (fig 3). In the 27 patients who had 3 mm
or less ATT difference apparent on stress-radiogra-
phy postoperatively, the mean Lysholm score was
89 ± 10 at follow-up. In the other 22 patients, who
had more than 3 mm ATT difference postoperative-
ly, the mean functional score was 90 ± 9. However,
the one patient who demonstrated a greater than
6 mm ATT difference postoperatively, had a poor
knee score (75 points) because of instability and
pain on exercise.
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Fig 2. — Typical graphical display (CA-4000 system) of sagittal plane knee translation during passive and isokinetic test cycles. ATT,
in terms of the difference with isokinetic extension exercise compared to the value for passive extension motion with the Biodex sys-
tem, was measured at every 10 degrees position with the help of a computer. ATT, anterior tibial translation. X-axis, sagittal plane
translation ; Y-axis, knee flexion angle.



THE RELATION BETWEEN STATIC AND DYNAMIC KNEE STABILITY 261

Laxity in isokinetic exercise

For both normal and ACL-deficient knees before
surgery, the ATT reached a maximum at a flexion
angle of 20° for isokinetic extension exercise. The
mean maximum ATT for normal and ACL-deficient
knees were 12.7 ± 2.8 mm and 15.8 ± 3.1 mm,
respectively. Within a range of flexion between 0°
and 60°, the mean preoperative ATT of ACL-defi-
cient knees was considerably greater than on the
normal side (p < 0.05). At a flexion angle of 20°,
the mean maximum preoperative ATT difference
was 3.1 ± 2.3 mm (fig 4). In contrast, the mean
maximum ATT for operated knees was 13.1 ±
2.5 mm at a flexion angle of 20° during isokinetic
exercise and no ATT difference was seen during
concentric extension from 90° to 0° in the isokine-
tic exercise. The curve for ATT of operated knees
displayed almost the same pattern as control knees
(fig 5).

Postoperative relation between static laxity and
the anterior tibial translation in isokinetic exer-
cise

Static and dynamic laxity correlated during the
extension phase from 40° to 0° postoperatively, but
not with flexion angles of 40° (table I). 

Patients were grouped according to the results of
the static passive Lachman test at follow-up :
Group A, 27 patients, with 3 mm or less ATT diffe-
rence at stress-radiography ; Group B, 22 patients,
with more than 3 mm difference. In Group A, the
mean ATT of operated knees was constantly less
than in normal knees during isokinetic exercise
from 90° to 0°, and the maximum side-to-side dif-
ference was -1.1 ± 2.3 mm at a flexion angle of 10°.
On the other hand, the isokinetic ATT of operated
knees was greater than for the normal knees within
a range of flexion between 0° and 30° in Group B.
The mean maximum side-to-side difference was

Acta Orthopædica Belgica, Vol. 69 - 3 - 2003

Fig 3. — Postoperative correlation (r = -0.225, p = 0.1209) between the passive Lachman test value and the Lysholm score for all
patients.
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+0.9 ± 2.1 mm at a flexion angle of 20°. At a
flexion angle of 40° as a turning point, the isokine-
tic ATT of operated knees was constantly less than
for the normal side within a range of flexion 50° or
more, as the side-to-side difference in Group A
(fig 6).

DISCUSSION

Stress-radiography is more sensitive than clini-
cal examination for diagnosing ACL deficiency (8,

25, 28). Sensitivity and specificity of stress radio-
graphy using a Telos device for diagnosis of anteri-
or laxity of the knee have been reported (8, 25, 28) :
in one study the sensitivity was less than 67% and
specificity was 100% (8). Side-to-side ATT diffe-
rence of up to 3 mm has been considered normal in
the literature. We found a side-to-side difference of
more than 3 mm in 22 of 49 patients. However, the
Lysholm score of these patients was similar as in

cases with 3 mm or less ATT. Thus, anterior tibial
displacement measured in a standard static passive
position, does not explain the differences between
ACL-deficient and ACL-reconstructed knees. 

Several studies evaluated ATT of ACL-deficient
knees during open kinetic motion (9, 13, 15, 18, 20, 21,

34). Preoperative anterior laxity in open kinetic
exercise was found between 0° and 60° of flexion,
and diminished after ACL reconstruction (9, 15, 18)

as in this study. One explanation for the pheno-
menon that postoperative side-to-side anterior
tibial displacement differences were only observed
during a static passive Lachman, is that the anteri-
or shear force of the tibia differs from that during
isokinetic exercise. One earlier study, however,
indicated that this might not be the case (18).
Moreover, isokinetic exercises with maximal quad-
riceps exertion have been found to produce high
shear forces up to one-third of body weight (16).
Even if postoperatively a certain extent of anterior
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Fig 4. — Comparison of the anterior tibial translation between the ACL-deficient and the normal knees for isokinetic extension exer-
cise. A significant difference was seen within a range of flexion between 0° and 60° preoperatively, with a maximum of 3.1 ± 2.3 mm
at a flexion angle of 20°. ATT, anterior tibial translation, measured as described in fig 2.
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laxity remained with the static passive Lachman
test under conditions of low muscle activity, one
would expect ATT to decrease in active knee
motion due to the action of dynamic stabilisers as

the hamstrings (13, 17). Indeed, even in our cases
that showed more than 3 mm side-to-side differen-
ce in anterior tibial displacement in stress tests at
follow-up, that difference was reduced to less than
1mm in an isokinetic exercise. This might explain
why postoperative clinical knee function was good,
in spite of anterior laxity on stress radiography. 

The main purpose of ACL reconstruction is
undoubtedly to restore restraints to anterior tibial
displacement (2, 3, 29). Some reports have suggested
that the recovery of some of the proprioceptive
function of the normal ACL is as important as the
mechanical reconstruction with surgery (4, 7, 10, 27).
Noyes et al popularised the “rule of thirds” : one
third of patients with untreated ACL tears would
continue to participate in their desired sports at 
pre-injury level, possibly thanks to secondary 
static stabilisers and muscular compensatory
mechanisms (22). The protective action of the 
hamstring musculature in the rehabilitation of the
ACL injuries has been known and understood by
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Fig 5. — Comparison of the anterior tibial translation between the ACL-reconstructed and the normal knees for isokinetic extension
exercise at follow-up. No significant difference was seen with any testing flexion angles. ATT, anterior tibial translation, quantified as
described in fig 2.

Table I. — Correlation concerning anterior tibial translation
between stress radiography and isokinetic exercise

Correlation coefficient

Angle (degrees) Before surgery At follow-up

0 0.129 0.604*
10 0.075 0.616*
20 0.187 0.630*
30 0.218 0.661*
40 0.185 0.389*
50 0.041 0.311
60 -0.222 0.070
70 -0.318 -0.026
80 -0.282 -0.022
90 -0.251 -0.018

Angle means knee flexion angle with isokinetic exercise.
* p < 0.01.
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sports orthopaedists for many years (23, 30). With
regard to the synergetic action between ACL and
hamstrings, the existence of an ACL-hamstring
reflex has been studied and it is generally thought
to disappear in ACL-deficient knees (4, 10, 27). If the
proprioceptive mechanoreceptors and the biome-
chanical stabilisers are restored by ACL recon-
struction, the anterior knee laxity in dynamic
motion would decrease in cooperation with ham-
string forces even if some knee laxity were recog-
nised in the static position. Solomonow et al (27)

applied surface electrodes to the quadriceps and
hamstrings of 12 patients who had ACL-deficient
knees and recorded their muscle activity while per-
forming isokinetic concentric exercise (15°/sec).
The protective efforts of hamstrings against abnor-
mal translation of the tibia, detected at approxima-
tely 42° from full extension, were recorded. They
were thought to be a reflective attempt to counter-

act the dynamic anterior tibial subluxation occur-
ring during explosive knee extension. The results of
this study for 30°/second isokinetic concentric
knee motion also showed that even in the patients
who had more than 3 mm of anterior tibial dis-
placement difference in passive Lachman tests
postoperatively, the mean isokinetic anterior tibial
displacement of the operated side was consistently
less than for the normal side over flexion angles of
40°. Since electromyographic assessment of ham-
strings was not performed, it was impossible to
determine whether this phenomenon was caused by
simultaneous hamstring activation. However, it is
very interesting that the side-to-side differences in
anterior tibial displacement with isokinetic exerci-
se decreased at a certain flexion angle. Further stu-
dies are wanted to determine the role of biomecha-
nical reconstruction and proprioceptive recovery in
the restoration of function after ACL surgery.
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Fig 6. — Postoperative side-to-side difference of ATT according to the postoperative value on stress radiography. Groups A and B
consisted of patients who had 3 mm or less and more than 3mm anterior tibial displacement difference, respectively. Postoperative
side-to-side difference in ATT differed between the two groups within a range of flexion from 0° to 30°. ATT, anterior tibial transla-
tion, quantified as described in fig 2.
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CONCLUSION

The amount of ATT after ACL reconstruction
was significantly improved as assessed by both a
static passive Lachman test and an isokinetic knee
extension exercise. Mean side-to-side differences
in ATT were only seen in the passive Lachman test
postoperatively, and were not found during isoki-
netic extension from 90° to 0°. There was no signi-
ficant correlation between static passive stability
and functional knee score at follow-up. These
results suggest that the ACL reconstruction proce-
dure improves ATT during the passive Lachman
test and isokinetic knee motion, mean side-to-side
differences being greater with the Lachman test.
This could explain why clinical knee function was
good postoperatively, even if some degree of ante-
rior knee laxity persisted on stress radiography. 
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