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This study assessed the intratester and intertester reliability and the validity of 
judgments of the integrity of the anterior cruciate ligament (ACL) based on the zrse 
of the Lathman :s test. Endfeel and tibia1 translation judgments made during the 
Lachman's test were also messed. Patients with unilateral knee problems 

The stability of the knee joint is tests can be used to determine 
largely dependent on the soft tissues; whether the ACL has been injured, 
therefore, the clinical examination of the Lachman's test appears to be used 
patients with knee injuries includes most often.+' 
tests of ligamentous stability.l.2 One of 
the most commonly injured knee Physical therapists use the results of 
joint ligaments is the anterior cruciate the Lachman's test in treatment plan- 
ligament (ACL).j Although several ning and as an aid in determining 
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whether a patient should be referred 
to a physician. Although the 
Lachman's test serves as a basis for 
clinical decision making, no data are 
available on the validity or reliability 
of judgments made by physical thera- 
pists based on the Lachman's test.n.9 

Torg et a1 provided the first published 
description of the Lachman's test.10 
They stated that an examiner adminis- 
ters the Lachman's test by placing the 
patient's knee joint in a slight amount 
of flexion (0"-15") while the patient is 
in a supine position. The examiner 
stabilizes the patient's distal thigh with 
one hand and grasps the patient's leg 
just distal to the tibiofemoral joint 
with his other hand. The examiner 
then attempts to move the tibia in an 
anterior direction. The grading of the 
Lachman's test is based on the 
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amount of anterior translatory move- 
ment (translation) of the tibia relative 
to the femur and on the end-feel per- 
ceived by the examiner. According to 
Torg et a1,I0 a positive test requires a 
soft end-feel and observable transla- 
tion of the tibia. 

Until the advent of the Lachman's test, 
the anterior drawer test (ADT) was 
considered the best test for detecting 
injury to the ACL.4 Torg and 
colleagues have suggested that inher- 
ent anatomical and practical limita- 
tions are associated with administer- 
ing the ADT, especially in patients 
with acute injuries.10 They argue that 
the Lachman's test minimizes these 
limitations. 

Donaldson et a1 suggest that the 
method of administering the Lach- 
man's test can dec t  the results.11 The 
patient's knee joint position during 
the Lachman's test might affect the 
grade given. Because examiners do 
not agree on the position of the knee 
joint during the Lachman's test, reli- 
ability might be affected if they do not 
place the knee in the same position 
each time they administer the test. 

According to Dehaven, judgments 
based on the Lachman's test are 
inconsistent when made by inexperi- 
enced testers, but such judgments 
become more "reliable" as testers 
become more experienced.8 Noyes et 
a1 made a similar claim.3 Donaldson 
et a1 stated that the tester's ability to 
grade the end-feel also improves with 
practice.ll These authors, however, 
provided no evidence to justlfy their 
claims. 

A few studies have shown the Lach- 
man's test to be useful for diagnostic 
purposes. Dehaven reponed that the 
Lachman's test was positive in 80% of 
nonanesthetized patients with surgi- 
cally confirmed ACL tears8 He 
reported almost 100% accuracy in 
using the test to diagnose ACL injuries 

if the test was performed while the 
patient was anesthetized. This claim is 
based on tests administered by ortho- 
pedic surgeons on 15 subjects. 
Dehaven also stated that data obtained 
with the Lachman's test were initially 
inconsistent and difficult to evaluate. 
He provided no data to support his 
contention that measurements 
improved with practice. 

Jonsson et a1 administered the Lach- 
man's test to 107 patients with acute 
and chronic ACL injuries.12 Patients 
were tested preoperatively and while 
anesthetized. In the 62 subjects with 
chronic injuries, the authors found 
that regardless of whether the patient 
was anesthetized, the Lachman's test 
was positive in all but one case. All 
three examiners were orthopedic sur- 
geons with eight years' experience 
using the Lachman's test. 

Studies examining the validity of Lach- 
man's test measurements have used a 
limited number of highly skilled 
examiners.*J2 These examiners, there- 
fore, were representative of only a 
specialized group of orthopedic sur- 
geons. The results of these studies, 
using specialized examiners, may not 
be generalizable to other examiners.13 
Katz and Fingeroth have argued that 
the large number of clinically avail- 
able tests for the ACL implies that no 
single test of ACL instability is truly 
diagnostic14 

The primary purpose of this study 
was to assess the intratester and 
intenester reliability and the validity 
of Lachman's test judgments made by 
physical therapists and onhopedic 
surgeons on a group of patients with 
unilateral knee injuries. Because we 
were interested in the criteria testers 
used to grade the Lachman's test, a 
secondary purpose was to collect data 
on judgments of end-feel and tibial 
translation. End-feel and tibial transla- 
tion data were used in a posteriori 
analyses. 

*The participating clinics were rhe Akron Area Rehabilitation Center, Cuyahoga Falls, Ohio; the 
Kent Sports Medicine Center, Kent, Ohio; the physical therapy department at DeWeese Health Cen- 
ter, Kent State llniversity; and the Center for Orthopedic Care and Rehabilitation, Kent, Ohio. 

Method 

Subjects 

Subjects in this study were 32 patients 
who were referred to one of four 
physical therapy clinics for rehabilita- 
tion of the knee joint.* This study was 
approved by the Institutional Review 
Board at Kent State University (Kent, 
Ohio), and all subjects signed in- 
formed consent forms. The subjects in 
this study, therefore, represented 
patients with nonacute injuries to 
their knees. To be included in the 
study, the patient had to 1) be re- 
ferred from an orthopedic surgeon 
for rehabilitation of a unilateral knee 
problem, 2) have no history of knee 
problems on the noninvolved side, 
3) have not had an ACL reconstruc- 
tion or  repair, 4) have not sustained 
the knee injury less than 72 hours 
prior to data collection, and 5) have 
not had a surgical procedure of the 
involved knee less than six weeks 
prior to data collection. This last crite- 
rion was included to protect postsur- 
gical knees from potentially injurious 
forces and to reduce the possibility 
that patients would use muscle 
"guarding" during the test. 

We felt that only those patients who 
would normally be candidates for the 
Lachman's test in the course of a 
physical therapy evaluation would be 
appropriate subjects for this study. Of 
the 32 patients tested, 13 had 
sustained an injury to the ACL, as 
determined at least six weeks prior to 
the study by use of anhroscopy or 
anhrotomy. The characteristics of the 
patient sample are presented in 
Table 1. 

Examiners 

The Lachman's test was administered 
by two onhopedic surgeons and two 
physical therapists. Each orthopedic 
surgeon had at least 15 years of clini- 
cal experience, and each physical 
therapist had at least five years of 
orthopedic clinical experience. Both 
groups of examiners stated that they 
routinely used the Lachman's test. 
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Table 1. Characteristics of Patient 
Sample (N = 32) 

Variable 

Sex 

Male 

Female 

Age (yr) 
- 
X 

S 

Range 

He~ght (in") 
- 
X 

S 

Range 

Weight (Ibb) 
- 
X 

S 

Range 

Patients with left knee 
injuries 

Patients with right knee 
injuries 

Patients with surgical 
interventions 

Diagnostic, categories 

Anterior cruciate 
ligament 

Patellofemoral problem 

Meniscus tear 

Medial collateral 
ligament sprain 

Other (knee pain of 
unknown origin) 

"1 in = 2.54 cm. 

" 1 Ib = 0.4536 kg. 

Procedure 

Prior to data collection, the grading 
scale (amount of translation and type 
of end-feel) was explained to all 
examiners. The examiners were 
instructed to conduct the Lachman's 
test in the same manner as they 
would in their clinical practice, but to 
grade tht: test according to the scale 
provided for the study. 

Once an appropriate patient was iden- 
tified, tht: patient was asked to read 
and sign a consent form. Before test- 

ing, subjects were asked to remove 
their shoes and socks. They were also 
asked to wear shorts supplied by the 
investigators. All shorts were the same 
color and style to limit the possibility 
that the examiners might recognize 
the subjects by the type of shorts they 
were wearing. The shorts permitted 
the examiners to access the subjects' 
mid-thigh region. 

Subjects were assigned a random test- 
ing order. All subjects were asked to 
wait in an area away from the testing 
rooms. Four subjects were then 
escorted into enclosed testing areas 
by one of the investigators (JMC). 
Each subject was asked to lie supine 
on a plinth. A sheet, which was sus- 
pended from the ceiling and touching 
the subject's waist, was used to screen 
the subject's torso and face from the 
examiner's view to reduce the chance 
of the examiner recognizing the sub- 
ject. Recognition of the subjects by the 
examiners might have affected our 
estimates of reliability and validty if 
the examiners remembered the 
results from previous trials. A person 
acting as the recorder was positioned 
out of sight of the examiner near the 
head of the subject. 

After the subject was positioned, the 
recorder asked the subject which 
knee was injured (right or left). The 
recorder then placed a sign with a 
large letter "N" lateral to the nonin- 
jured knee. The examiners, therefore, 
were provided with a reference they 
could-use in comparing one knee ' 

with the other. Use of the sign elimi- 
nated the need for discussions 
between examiners and subjects, 
which might have biased reliability 
and validity estimates. 

After the subjects had been prepared 
for testing, the examiners entered the 
testing area and administered the 
Lachman's test. They administered the 
test first to the "normal" (nonin- 
volved) knee and then to the involved 
knee. The examiners were allowed to 
repeat testing to their satisfaction. At 
the end of one minute, each exam- 
iner was asked by the recorder to 
discontinue examining the subject. 
The order of testing and the one- 

minute time period were chosen to 
simulate clinical practice. The one- 
minute time period was chosen based 
on interviews and our timing of sev- 
eral physical therapists and orthope- 
dic surgeons while they administered 
the Lachman's test. 

At the end of the one-minute period, 
the recorder asked the examiner to 
grade the results of the Lachman's test 
as either positive or negative. The 
examiner was also asked to grade the 
amount of perceived tibia1 movement 
(translation) as a 0, 1 +, 2 + ,  or 3 + .  A 
grade of 0 meant that there was no 
perceivable difference in motion 
between the subject's knees. A desig- 
nation of 1 + represented up to 5 mm 
more translation of the involved knee 
compared with the normal knee, 2+ 
represented 5 to 10 mm more transla- 
tion, and 3+ represented greater than 
10 mm more translation. 

The examiner was also asked to grade 
the end-feel as either "hard" or "soft." 
End-feel was defined as the quality of 
resistance to movement that the 
examiner felt when completing the 
test. A hard end-feel represented a 
firm sensation and the presence of a 
definite stopping point. A soft end-feel 
represented the lack of a firm sensa- 
tion and the absence of a definite 
stopping point. 

The translation grades of 0, 1 + , 2  + , 
and 3+ and the examiner's percep- 
tion of end-feel were recorded. We 
felt that by examining these 
judgments, we might determine why 
examiners graded tests as positive or 
negative. 

After each examiner tested a subject, 
he was escorted to another enclosed 
testing area where he tested a second 
subject. 'fiis procedure continued 
until each examiner had evaluated 
each of the subjects. The examiners 
were not allowed to observe each 
other conduct tests. After the first 
group of four subjects were exam- 
ined, a second group of four subjects 
were examined. This procedure con- 
tinued until all subjects had been 
examined once by each tester. The 
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first test of each subject was desig- 
nated as trial 1. 

After all subjects had been graded by 
each examiner, each subject was ran- 
domly assigned a new number and 
the process was repeated. The second 
test of each subject by the same 
examiner was designated as trial 2. 
Therefore, a total of eight recordings 
was made for each subject for each 
variable medsured (positive or nega- 
tive test grade, tibia1 translation, and 
type of end-feel). The time interval 
between trials for all subjects was less 
than 30 minutes. 

Data Analysis 

Reliability. The Kappa statistic (K), a 
chance-corrected percentage- 
of-agreement measure, was used to 
assess the degree of agreement within 
and between raters.15,'"ppa coeffi- 
cients were also calculated for agree- 
ment of judgments of end-feel. 

The weighted Kappa statistic (Kw) was 
used to analyze the degree of agree- 
ment between judgments of perceived 
movement (anterior translatory 
motion of the tibia relative to the 
femur) during the Lachman's test." 
The use of weighted Kappa coeffi- 
cients was necessary to account for 
magnitudes of disagreements. For 
example, a disagreement between 0 
and 3+ would be considered more 
serious than a disagreement between 
0 and I +. We believed that because 
four categories existed for judgments 
of translation, it was important to use 
a statistic such as the weighted Kappa 
that took into account the magnitudes 
of disagreements. 

The percentage of agreement 
between and within testers was also 
calculated. This nonprobabilistic statis- 
tic does not take into account agree- 
ment attributable to chance; therefore, 
it tends to overestimate the degree of 
agreement that could be expected in 
clinical practice. 

Validity. Sensitivity, specificity, false 
positive and false negative rates, and 
predictive values are ratios that can be 
applied as measures of validity.lH~l9 

Because some subjects had ACL inju- 
ries verified by arthroscopy or arthrot- 
omy, it was possible to determine 
which subjects were correctly 
assigned positive or negative Lach- 
man's test grades. 

Semitivily, in our study, was defined 
as the ability of a positive test to cor- 
rectly identlfy a subject with docu- 
mented ACL deficiency. Sensitivity 
reflects the percentage of subjects 
whose Lachman's test was correctly 
graded as positive and is calculated by 
dividing the number of true positives 
by the total of true positives and false 
negatives. 

Spec@cily, in our study, was defined 
as the ability of a negative test to cor- 
rectly identify a subject with no 
known ACL deficiency. Specificity 
reflects the percentage of subjects 
whose Lachman's test was correctly 
graded as negative and is calculated 
by dividing the number of true nega- 
tives by the total of false positives and 
true negatives. 

The predictive value of a test is one of 
the most useful indexes of the validity 
of a test measurement.18 In our study, 
the predictive value of a positive test 
was defined as the likelihood that a 
subject with a positive Lachman's test 
grade has suffered an injury to the 
ACL. The predictive value of a positive 
test is the number of true positives 
divided by the total number of posi- 
tive responses (true and false posi- 
tives). We defined the predictive value 
of a negative test as the likelihood 
that a subject with a negative Lach- 
man's test grade has not suffered an 
injury to the ACL. The predictive value 
of a negative test is the number of 
true negatives divided by the total 
number of negative responses (true 
and false negatives). 

The predictive values of a test are 
thought to be more useful than sensi- 
tivity and specificity in indicating the 
test's diagnostic value.lR The pre- 
dictive value of a positive test is based 
on a ratio formed with the numbers 
of true and false positive values in the 
denominator. The predictive value of 
a negative test is based on a ratio 

formed with the numbers of true and 
false negative values in the 
denominator. 

In our study, sensitivity was calculated 
by dividing the number of true posi- 
tives by the number of subjects with 
known ACL injuries. We calculated 
specificity by dividing the number of 
true negatives by the number of sub- 
jects thought not to have ACL injuries. 
Both of these indexes, therefore, 
reflect qualities of judgments based 
only on subsets of our sample. In 
practice, these subsets cannot be 
determined by clinicians unless other 
tests are used in conjunction with the 
Lachman's test. The usefulness of the 
predictive value of a positive or  nega- 
tive finding is not dependent on addi- 
tional knowledge. Predictive values, 
therefore, are often the most useful 
indexes for clinical practice. 

Results 

Reliability for Judgments of 
Negative or Positive 

The Kappa coefficient for intratester 
agreement of judgments of positive or 
negative for all examiners was .51 
with 76% agreement. Kappa was -44 
with 72% agreement for the physical 
therapists and .60 with 80% agree- 
ment for the orthopedic surgeons 
(Tab. 2). 

The Kappa coefficient for intertester 
agreement for all examiners was .19 
with 60% agreement for trial 1 and 
.42 with 71% agreement for trial 2. 
For intertester agreement by physical 
therapists, Kappa was .02 with 53% 
agreement for trial 1 and .69 with 
84% agreement for trial 2. For inter- 
tester agreement by orthopedic sur- 
geons, Kappa was .38 with 68% agree- 
ment for trial 1 and .61 with 81% 
agreement for trial 2 (Tab. 3). 

The Kappa coefficient for intratester 
agreement of judgments of end-feel 
for all examiners was -33 with 55% 
agreement. Kappa was .22 with 72% 
agreement for the physical therapists 
and .39 with 69% agreement for the 
orthopedic surgeons. 
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The weighted Kappa coefficient for 
intratester agreement of judgments 
of translation for all examiners was 
.46 with 61% agreement. Weighted 
Kappa was .38 with 55% agreement 
for the physical therapists and .35 
with 67% agreement for the ortho- 
pedic surgeons. 

Validity for Judgments of 
Negative or Positive 

The false negative rate (numbers of 
subjects with confirmed ACL injuries 
who were classified as having a nega- 
tive test) for all examiners was 29% 
for trial 1 and 23% for trial 2. For 
physical therapists, the false negative 
rate was 35% for trial 1 and 31% for 
trial 2. For orthopedic surgeons, the 
false negative rate was 23% for trial 1 
and 15% for trial 2. 

The false positive rate (numbers of 
subjects who were thought not to 
have an ACL injury but who were clas- 
sified as having a positive test) for all 
examiners was 54% for trial 1 and 
43% for trial 2. For physical therapists, 
the false positive rate was 58% for 
trial 1 and 45% for trial 2. For ortho- 
pedic surgeons, the false positive rate 
was 50% for trial 1 and 42% for 
trial 2. 

The sensitivity for all examiners was 
71% for trial 1 and 77% for trial 2. 
For physical therapists, the sensitivity 
was 65% for trial 1 and 69% for trial 
2. For onhopedic surgeons, the sensi- 
tivity was 77% for trial 1 and 85% for 
trial 2. 

The specificity for all examiners was 
46% for trial 1 and 57% for trial 2. 
For physical therapists, the specificity 
was 42% for trial 1 and 55% for trial 
2. Fop onhopedic surgeons, the speci- 
ficity was 50% for trial 1 and 58% for 
trial 2. 

The predictive value of a positive test 
for trial 1 was 47% for all examiners, 
44% for physical therapists, and 51% 
for onhopedic surgeons. The predic- 
tive value of a positive test for trial 2 
was 54% for all examiners, 51% for 
physical therapists, and 56% for ortho- 
pedic surgeons (Tab. 4 ) .  

- 
Table 2. Inbatester Reliahility,for Judgments Based on hc/~nlan's Test 

Raters 
Percentage of 
Agreement 

All examiners .51 76 

Physical therapists .44 72 

Orthopedic surgeons .60 80 

Orthopedic surgeon 1 .57 81 

Orthopedic surgeon 2 56 78 

Physical therapist 1 .38 69 

Physical therapist 2 .49 75 - 
Table 3. Intertester Reliability,for Judgments Based on hchman's Test 

Raters 
Kappa Percentage of Agreement 

Trial 1 Trlal 2 Trial 1 Trial 2 

All examiners .I9 .42 60 71 

Physical therapists .02 .69 53 84 

Orthopedic surgeons .38 .61 68 81 - 
Table 4. Predictive Value o f  Positi~le Lachman's Test 

Predlctlve Value Trlal 1 Trial 2 

- 

All examiners 

True positives 

True and false positives 

Physical therapists 

True positives 

True and false positives 

Orthopedic surgeons 

True positives 

True and false positives 

The predictive value of a negative the results of the statistical tests 
test for trial 1 was 70% for all exam- used to assess the validity of judg- 
iners, 64% for physical therapists, ments of negative or positive based 
and 76% for orthopedic surgeons. on use of the Lachman's test. 
The predictive value of a negative 
test for trial 2 was 82% for all exam- 
iners, 80% for physical therapists, 
and 85% for orthopedic surgeons 
(Tab. 5). Table 6 is a summary of 
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Discussion 

Reliability of Judgments Based 
on Use of Lachman's Test 

Judgments based on the use of the 
Lachman's test by physical therapists 
and orthopedic surgeons were shown 
to be relatively unreliable, although 
reliability improved in trial 2 (Tab. 3). 
Onhopedic surgeons tended to repli- 
cate their own judgments (intratester 
reliability) more than did physical 
therapists. Orthopedic surgeons 
showed greater agreement (intenester 
reliability) than did physical therapists 
for trial 1, but we found little differ- 
ence between the two groups in trial 
2. A posteriori analyses indicated that 
factors such as the subject's sex, 
height, and weight did not appear to 
affect reliability. 

Several factors may have contributed 
to the relatively poor reliability. The 
method of administration of the Lach- 
man's test was not standardized in this 
study, although a standardized grad- 
ing scale was used. The use of a stan- 
dard method of test administration 
may have improved reliability, but as 
McClure et a1 have argued, standardiz- 
ing manual techniques might not 
improve reliability.20 Standardized 
techniques do not take into account 
dflerences in the examiner's training, 
experience, and anthropometric 
characteristics. 

The examiners in our study were 
asked to administer the test as they 
did in their clinical practice. The 

- 
Table 5. Predictive Value of Negative Lachman's Test 

Predlctlve Value Trlal 1 Trlal 2 

All examiners 70% 8290 

True negatives 35 54 

True and false negatives 50 66 

Physical therapists 64% 80% 

True negatives 16 32 

True and false negatives 25 40 

Orthopedic surgeons 76% 85% 

True negatives 19 22 

True and false negatives 25 26 

examiners were observed to place the 
subjects' knees in varying degrees of 
flexion during the test. This intertester 
variance could affect the amount of 
motion perceived during the Lach- 
man's test.21 

Methods of stabilization used by the 
examiners were also observed to vary. 
Physical therapists were observed to 
place the medial aspect of one of 
their flexed knees on the examining 
table. This method of stabilization 
allowed the subject's knee (on the 
side closest to the examiner) to rest 
on the lateral aspect of the therapist's 
knee. The therapists often stabilized 
the subject's thigh against their own 
in an attempt to maintain the subject's 
knee in a fixed amount of knee 
flexion. The orthopedic surgeons 
would simply grasp the distal thigh of 
the subject with one hand and 

attempt to anteriorly translate the tibia 
with the other hand. 

Several hypotheses can be gener- 
ated as to why reliability improved 
in trial 2 for all examiners. The sub- 
jects may have been more relaxed 
in trial 2 than in trial 1, and less 
muscular activity may have occurred 
around their knee joints during the 
test. Muscle contractions may 
decrease the amount of tibia1 
motion and may lead to false nega- 
tive judgments.10 However, if the 
subjects were more relaxed during 
trial 2 ,  there should have been an 
increase in the translation scores for 
trial 2, and this was not the case. 

The improved reliability for physical 
therapists for trial 2 (K = .69 as com- 
pared with K = .02 for trial 1) might 
be due to the type of examination - 

Table 6. Validip for Lachman's Test Judgments of Positive or Negative (in Percentages) 

Test of Validlty 

All Examlners Physical Therapists Orthopedlc Surgeons 

Trlal 1 Trlal 2 Trial 1 Trlal 2 'Trial 1 Trlal 2 

False negative rate 29 23 35 3 1 23 15 

False positive rate 54 43 58 45 50 42 
Sensitivity 7 1 77 65 69 77 85 

Specificity 46 57 42 55 50 58 

Predictive value of positive test 47 54 44 51 51 56 

Predictive value of negative test 70 82 64 80 76 85 

24 / 230 Physical TherapyNolume 70, Number 4/April 1990 



table used. The therapists stated they 
preferred a table that was longer than 
the standard physician's examination 
table used in this study. With practice, 
the therapists may have become more 
adept at performing the test on the 
smaller table. 

Reliability of Judgments 
of End-feel 

There w;~s relatively poor agreement 
as to whether end-feel was hard or 
soft. Because end-feel is the quality of 
resistance the examiner feels when 
completing a test, it can be affected by 
the amount of force and the velocity 
of the application of the force applied 
by the examiner. 

Torg et a1 argued that the Lachman's 
test should be graded as positive 
when a soft end-feel is present.'" The 
examiner's perceptions of end-feel, 
therefore, are important in under- 
standing how the examiner grades the 
tests. In our study, we did not give 
the examiners instructions as to what 
constituted a positive or a negative 
test. We wanted the examiners to use 
the criteria they normally used in clin- 
ical pracrice. 

End-feel was graded as soft 88 times 
and was assockdted with a positive test 
70 times (80%). All of the mismatches 
of a soft end-feel associated with a 
negative test were made by the ortho- 
pedic surgeons. A soft end-feel 
appears to have been a prerequisite 
for the physical therapists in deciding 
whether to grade a test as positive. 
When the orthopedic surgeons 
reported a soft end-feel and a nega- 
tive test, they graded the amount of 
translation as 0. They apparently 
believed that the lack of anterior tibial 
translation meant that the ACL was not 
injured. 'The orthopedic surgeons 
appear to have relied more on the 
amount of tibial translation than the 
type of end-feel. 

Both groups of examiners graded 
some tests as positive even though 
they thought the end-feel was hard. A 
hard encl-feel was associated with a 
positive rest 47% of the time. When a 
hard end-feel was associated with a 

positive test, the translation scores 
were 1 + or 2 + 97% of the time. 
When the examiners perceived a hard 
end-feel, they often appeared to deter- 
mine their grade of positive or nega- 
tive according to the amount of trans- 
lation they perceived. 

In two subjects, a grade of positive 
was recorded even though the exam- 
iners noted a hard end-feel and a 
translation score of 0. Both subjects 
were examined by orthopedic sur- 
geons. Logically, a hard end-feel asso- 
ciated with a translation score of 0 
should mean that the Lachman's test 
is negative. During a debriefing ses- 
sion, the surgeons could not explain 
the basis of their grades for these two 
subjects. 

Reliability of Judgments 
of Translation 

Intratester reliability for judgments of 
translation was generally poor. Reli- 
ability was similar for trials 1 and 2. 
Most disagreements were within one 
grade. In only 4 out of 128 judgments 
(3%) did trial 1 and trial 2 grades 
differ by more than one level. 

A posteriori analyses of the data were 
performed to determine the number 
of translation judgments of 0 that 
were associated with negative Lach- 
man's test judgments. The data were 
also examined to determine the num- 
ber of translation judgments of 1 +, 
2 + , and 3 + that were associated with 
positive Lachman's test judgments. 
There were 105 instances where the 
amount of translation on the injured 
side was judged to be equal to that of 
the uninjured side. In 103 (98%) of 
those instances, the Lachman's test 
was graded as negative. There were 
151 instances where the amount of 
translation of the involved side was 
judged to be greater than that of the 
involved side. In 149 (99%) of those 
instances, the Lachman's test was 
graded as positive. The examiners 
almost always graded the test as posi- 
tive when the amount of translation of 
the involved side exceeded that of the 
uninvolved side. 

Disagreements in the amount of tibial 
motion perceived by the examiners 
may have been due, in part, to the 
rate at which the examiners exerted 
forces on the tibia during testing. 
According to Noyes et al, more 
motion will be found when a slow, 
sustained force is applied than when 
force is applied quickly.** One investi- 
gator UMC) observed that the ortho- 
pedic surgeons tended to quickly 
translate the tibia on the femur. The 
physical therapists were observed to 
apply force more slowly than the 
orthopedic surgeons. If the rate of 
force application affected motion, the 
physical therapists should have per- 
ceived more motion than the ortho- 
pedic surgeons. They did not. Appar- 
ently, therefore, the rate at which the 
forces were applied did not affect our 
results. 

Validity 

Clinical judgments (inferences) can 
be made on the basis of the predic- 
tive values. We found that a positive 
Lachman's test was not predictive of 
injury to the ACL. For all examiners, 
the predictive value of a negative test 
(70% for trial 1 and 82% for trial 2) 
(Tab. 5) was consistently higher than 
the predictive value of a positive test 
(47% for trial 1 and 54% for trial 2) 
(Tab. 4). The predictive values for 
positive and negative tests were simi- 
lar for orthopedic surgeons and phys- 
ical therapists. Based on the higher 
predictive value of a negative test, 
especially for trial 2, clinicians should 
be relatively confident in predicting 
that a patient does not have an ACL 
injury when the Lachman's test judg- 
ment is negative. Based on the low 
predictive values for a positive test 
(47% and 54%), clinicians should be 
less confident in concluding the ACL 
is injured when the Lachman's test is 
graded as positive than when it is 
graded as negative. 

The poor reliability found for most of 
the measurements would make it 
seem unlikely that judgments based 
on the Lachman's test would be use- 
ful. We found the negative Lachman's 
test, however, to have a relatively high 
predictive value. The apparent dis- 
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crepancy between the results for reli- 
ability and validity may be due, in 
part, to the nature of the statistics we 
used. The statistical indexes we used 
to estimate reliability (Kappa and 
weighted Kappa) are probabilistic and 
therefore conservative. Use of these 
indexes allows for projection of reli- 
ability estimates from our sample to a 
population with little danger of over- 
estimating the reliability. Our indexes 
of validity, however, are nonprobabi- 
listic and reflect the validity of the 
measurements for the sample studied. 
Applying the validity data to large 
populations, therefore, must be done 
with caution. 

Characteristics of the Samples 

One of the physical therapists who 
served as an examiner had clinical 
experience in a sports medicine cen- 
ter; both therapists graduated from 
the same educational program and 
had similar professional experience. 
One of the orthopedic surgeons 
stated he was a knee and sports medi- 
cine specialist. His grades, however, 
were no more reliable than those of 
the other surgeon. The generalizabil- 
ity of the results of this study is lim- 
ited by the small number of examin- 
ers and may also be limited to 
examiners with similar clinical 
experiences. 

The subjects in this study were 
referred for physical therapy because 
of chronic knee pain or dysfunction. 
Many were receiving postsurgical 
rehabilitation. Because this study 
examined the Lachman's test as it is 
normally applied to patients with 
chronic knee problems, the results 
cannot necessarily be applied to 
patients with acute injuries. 

Clinical Implications 

The results of this study suggest that 
orthopedic surgeons and physical 
therapists should carefully consider 
any clinical decisions based on the 
Lachman's test. In view of the false 
positive rates of 47% for trial 1 and 
54% for trial 2, it is probable that 
many of the subjects in this study 

would have been erroneously diag- 
nosed as having ACL injuries. 

The diagnosis of injury to the ACL can 
significantly alter a patient's course of 
treatment. For example, a patient 
referred for physical therapy with the 
diagnosis of ACL deficiency would 
most likely be placed on an exercise 
program specifically directed at 
improving the performance of the 
hamstring muscle group.2 The patient 
might be fitted-at considerable 
expense-for a derotational brace in 
an attempt to prevent further injury. 
The patient might also be counseled 
to avoid certain sports or activities. In 
those states that allow direct access to 
physical therapy services, the therapist 
might choose to refer a patient with a 
positive Lachman's test to an orthope- 
dic surgeon. 

The Lachman's test is one of the most 
widely used clinical tests for evalua- 
tion of the integrity of the ACL. 
Because no tests have been shown to 
be more useful than the Lachrnan's 
test for the evaluation of ACL injuries, 
we believe that orthopedic surgeons 
and physical therapists must continue 
to use the test. We also believe, how- 
ever, that practitioners should be 
aware of the Lachman's test's relatively 
poor reliability and its questionable 
validity for predicting the presence of 
an ACL injury. 

Our study was conduced by a small 
number of examiners on patients with 
nonacute knee injuries. In addition, 
the validity estimates are nonprobabi- 
listic. We believe, therefore, that our 
results must be interpreted cautiously. 
We also believe that our results are 
very important to clinical practice 
because, despite the limitations we 
have described, our data are the only 
data available on the quality of these 
measurements as made by physical 
therapists. Further research using 
larger numbers of examiners is essen- 
tial if the role of the Lachman's test is 
to be fully evaluated. 

Because the ACL restricts anterior 
translation of the tibia relative to the 
femur, more precise measurements of 
this movement might yield more 

information about the status of the 
ACL than the Lachman's test. Instru- 
ments are currently being used to 
measure the amount of anterior trans- 
lation of the tibia.23 Data are not yet 
available that demonstrate that 
instrument-derived measurements of 
tibia1 motion provide more useful 
information than that obtained from 
use of the Lachman's test. 

Conclusions 

The results of this study demonstrate 
that intratester and intertester reliabil- 
ity for positive and negative 
judgments based on use of the Lach- 
man's test are relatively poor. Deter- 
minations of the amount of anterior 
translation of the tibia on the femur 
and of the type of end-feel were also 
relatively unreliable. A positive Lach- 
man's test was shown to be not very 
predictive of injury to the ACL. In 
view of the relatively high predictive 
value of a negative Lachman's test, 
especially in the second of two trials, 
clinicians may be fairly confident in 
predicting that the ACL is not injured 
if the Lachman's test is negative. Con- 
sidering the improved reliability coef- 
ficients and predictive values in the 
second trial, physical therapists and 
orthopedic surgeons may want to 
administer the Lachman's test twice to 
each patient and base their clinical 
decisions on the second judgments. 
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