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Abstract-Anterior tibial translation was measured in six 
patients with anterior cruciate ligament insufficiency. The tests 
were done in 15,45, and 90 degrees of knee flexion, partly with 
activated quadriceps or hamstrings, and partly with subjects 
wearing a 4-point functional DonJoy brace. The translation was 
evaluated with a computerized electrogoniometer (Acufex KSS). 
The anterior tibial translation was significantly reduced by use 
of the hamstrings in all three degrees of knee flexion. The effect 
of the 4-point brace was only significant in 15 and 45 degrees 
of flexion. The quadriceps did not reduce the anterior tibial 
translation. 
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INTRODUCTION 

The treatment of anterior cruciate ligament (ACL) 
insufficiency is still controversial (1,2,3), and many aspects 
concerning the biomechanics of the knee still need to be 
investigated (4). A major component in patients with ACL 
insufficiency is the anterior tibial translation (ATT) in rela- 
tion to the femur. If conservative treatment is chosen, or 
if operative treatment is followed by early training, a func- 
tional brace can benefit the patient (5,6,7). 
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The purpose of this study is to test the effect of the 
extensors and the flexors of the knee, as well as the effect 
of a functional brace, on the ATT in patients with ACL 
insufficiency. 

METHOD 

Six patienb with unilakral ACL injuries were included 
in the study. (For patient characteristics see Table 1.) All 
patients had daily subjective complaints because of ACL 
insufficiency. 

In order to measure the ATT, the ACL-insufficient 
knees were tested with an Acufex KSS laxity tester, using 
the contralateral knee as the control. Translation force was 
100 N. The Acufex KSS (Figure 1 and Figure 2) is a com- 
puterized electrogoniometer consisting of a test device 
mounted on the knee. Four potentiometers registered the 
anteroposterior tibial translation, knee flexion, tibial rota- 
tion, and varus/valgus displacement of the tibia in relation 
to the femur. The results were displayed on a computer 
monitor. With a special device connected to the computer, 
the anteroposterior translation force was applied to the tibia 
and also displayed on the monitor. The tests were done 
under standardized conditions because the same degree of 
knee flexion and the same applied force was repeated in 
each test. Each test was performed at least twice to be sure 
that the patient cooperated sufficiently. During each test, 
the patient sat on a test table with the leg clasped on a stand. 
Tests were done in three fixed degrees of knee flexion: 15, 
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Figure 1. 
The Acufex KSS: test setup. 

45, and 90 degrees. Between each test, the patient rested the ACL-insufficient knee to the normal knee. The other 
for 1 to 2 minutes. Each test took 3 to 5 seconds. phases tested only the ACL-insufficient knee. In Phase 2, 

The tests were done in four phases. During Phase I, the ATT was measured while the patients used their max- 
the ATT was measured on the relaxed knee, comparing imal hamstring force, and in Phase 3, they used maximal 

quadriceps force. In Phase 4, the ATT was measured on 
the relaxed knee with the knee braced with a 4-point func- 
tional brace (DonJoy-4-P) . 

The brace (Figure 3) consisted of two vertical alumi- 
num alloy bars on each side of the knee, hinged by adjust- 
able flexion-extension stops. Two aluminum alloy cuffs, 
an anterior thigh cuff, and a posterior calf cuff were fixed 
to the bars. The 4-point support was secured by two 
straps-a posterior thigh strap, and an anterior tibia1 strap; 
both wereplaced closer to the knee joint than the two cuffs. 
Before the trials, 180 measurements were completed on 

Figure 2. 
The Acufex KSS: test device mounted on the knee 

Figure 3. 
The functional brace: DonJoy-4-P. 
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Table 1. 
Patient characteristics. 

Patient No. 

sex F M F M M M 

diagnosis arthrotorny arthroscopy arthroscopy arthroscopy arthroscopy arthroscopy 

treatment (ACL) suture none none none none none 

other lesions none * none none none none 

injurylstudy (time) 7 rn 8 rn 60 rn 6 m 5 rn 1 m 

*Lesion of posterior horn of both menisci. 
F = Female; M = Male; m = months. 

6 normal knees to verify the accuracy of the test appara- 
tus. If the test device was not removed from the knee during 
the tests, 92 percent of the tests were equal to, or differed 
from, the maximum of & 1 mm from the median value. 
If the test device was removed from the knee between the 
tests, the accuracy was 78 percent (p< 0.05). 

As the leg was fixed in the test stand, varus/valgus 
displacement was zero, and in the tests of the ACL- 
insufficient knees, tibial rotation varied from zero to 13 
degrees, with a median value of 1 degree. It was therefore 
assumed that the measurements of the tibial translation was 
not influenced by either varus/valgus displacement or tibial 
rotation in this setup. 

RESULTS 

was 88 percent (p< 0.01); 94 percent in 45 degrees of flex- 
ion (p< 0.025); and 81 percent in 90 degrees of flexion 
(p < 0.01). 

In Phase 3, the measurements were done while the 
quadriceps was contracted and seemed to show a stabiliz- 
ing effect on the ATT. But at the end of each test the patients 
relaxed their quadriceps, resulting in a backward gliding 
of the tibia. The sum of the measured reduction in ATT 
and the backward gliding was approximately equal to the 
primary measured ATT on the relaxed knee. 

n b l e  3 shows that the 4-point brace significantly 
reduced the average ATT as compared to the relaxed knee 
in both 15 ( p q  0.05) and 45 (pq0.025) degrees of flex- 
ion, but not in 90 degrees of flexion (p< 0.25). There was 
no statistical difference in the stabilizing effect when com- 
paring the hamstring force to the brace. 

Average ATT of the ACL-insufficient knee was com- 
pared with the nonaffected knee (see Table 2). The ATT DISCUSSION 
was significantly demonstrated only in 15 degrees of knee 
flexion. A stabilizing effect on the ATT was obtained using This study was done with each patient sitting on a table 
the hamstrings (Table 3). The hamstrings significantly with the knee fixed. The tibial rotation and varus/valgus 
reduced the ATT as compared to the relaxed knee. The displacement was negligible with this setup. Therefore, the 
reduction, when the knee was fxed in 15 degrees of flexion, results represent a static analysis of the stabilizing effect 

Table 2. 
Anterior tibial translation in relation to degrees of flexion for Affected and Non-affected knees. 

Average value (mm) Average value (mm) 
ATTIDegrees of flexion Affected knee Range Non-affected knee Range 

15 7.8 (12.3 - 3.6) 3.3 (6.8 - 0.3) p<O.O5 

90 2 .O (4.2 - 0.5) 0.9 (2.2 - 0.0) p<0.4 NS 

Statistics were obtained by paired Student's t-test and the level of significance was 95 percent. 
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Table 3. 
ATT in ACL-insufficient knees in 15, 45, and 90 degrees of flexion for relaxed knee, using hamstring force, and with brace. 

Average decrease of 
Degrees of flexion 1 2 3 4 5 6 p value ATT in percent 

D wlth brace, H use of maximum hamstrlng force 
Stattst~cs were obtalned by paired Student's I-test and the level of slgnlficance was 95 percent 

of knee extensors and flexors, as well as the effect of a 
4-point functional brace. The reproducibility of the Acu- 
fex KSS electrogoniometer was acceptable. In the first 
phase of the study, the difference between ATT in the 
affected knee and the normal knee was clearly demonstrated 
in 15 degrees of flexion, replicating the clinical Lachmann 
test. When the patients used their maximal hamstring force, 
the ATT was significantly reduced, thus stabilizing the 
knee. The effect on the hamstrings was probably due to 
drawing the tibia backward while the posterior cruciate liga- 
ment acted as a counterstop, thereby stabilizing the knee 
(8). The quadriceps drew the tibia forward and at first had 
a stabilizing effect when maximally contracted. The lack 
of ACL led to a considerable sliding forward and back- 
ward of the tibia, resulting in a great load on the joint sur- 
face. Therefore, the quadriceps had no stabilizing effect 
on the ACL-insufficient knee. Conservative treatment for 
these patients should focus on hamstring exercises. The 
4-point brace seemed to fixate the tibia in relation to the 
femur, avoiding inexpedient sliding of the tibia (9), but this 
needs to be hrther investigated in dynamic tests. As the 
healing time for reconstructed or augmented ACL may last 
up to one year (lo), the use of a 4-point brace during active 
training might improve the long-term results for patients 
with ACL injuries. 
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