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sokinetic testing is a com- 
monly utilized tool for the as- 
sessment of  muscular 
strength in the orthopaedic 
and sports medicine setting. 

Isokinetics are frequently chosen be- 
cause o f  their inherent patient safety 
(2  l) ,  objectivity (108.1 15), and re- 
producibility in testing measures 
(28,64,113). Most often, the inter- 
pretation of  isokinetic test data has 
been limited to the assessment of  
peak torque (1,9,14,19,30.31,40, 
45,46,49,50,51,65,70,72,81,84,95). 
Numerous authors have documented 
clinical outcome studies utilizing 
peak torque parameters, especially 
the bilateral comparison ratio of  the 
quadriceps and hamstring muscles' 
peak torque measurements 
(10,27,32,37,38,42,52,58,62,63,66, 
75,85,88,89,94,103,104). A few in- 
vestigators have reported outcomes 
utilizing muscular performance pa- 
rameters such as work, power, and 
endurance (25,26,43,44, 
47,99,112,114). Limiting data analy- 
sis solely to peak torque and work 
parameters has stymied the develop 
ment of  isokinetic test data interpre- 
tation for other test parameters such 
as acceleration and deceleration 
rates during knee movements (1 09). 

Human movements, especially 
sports movements, utilize a series of  

I t  is important to examine the functional relationships between commonly performed clinical 
tests and to resolve inconsistencies in previous investigative results. The purpose of this study was to 
determine if a correlation exists between three commonly performed clinical tests: isokinetic isolated 
knee concentric muscular testing, the single-leg hop test, and the subjective knee score in anterior 
cruciate ligament reconstructed knees. To determine if a relationship exists would be beneficial to 
clinicians in determining patient progression, treatment modification, and return-to-sport objective 
parameters. Several investigators have analyzed two of these pararneters, but no one has investi- 
gated three parameters to date. Additionally, this study explored the concept of limb acceleration 
and deceleration during high-speed isokinetics and its relationship to function. Fifty patients were 
randomly selected (29 males) with a mean age of 23.7 years (range 15-52). The subject5 completed 
a subjective knee score questionnaire that rated symptoms (pain, swelling, giving way) and specific 
sport function and completed an overall knee score assessment. The patients were then evaluated 
performing three one-legged functional tests: 1) hop for distance, 2) timed hop, and 3) cross-over 
triple hop. lsokinetic testing was performed on a Biodex dynamometer at 180,300, and 450°/sec for 
knee extension/flexion. The patients' mean value of the self-assessed knee rating was 86 points. 
Sixty-four percent of the patients exhibited normal limb symmetry (within 85%) on all three single- 
leg hop tests. Sixteen percent exhibited quadriceps strength at least 90% of the contralateral limb 
isokinetically. A positive correlation was noted between isokinetic knee extension peak toque (180, 
30O0/sec) and subjective knee scores, and the three hop tests (p < 0.001). A statistical trend was 
noted between knee extension acceleration and deceleration range at 180 and 30Oo/sec for the 
timed hop test and triple cross-over hop (r = 0.48, r = 0.49, r = 0.51, r = 0.49). NO positive 
correlations were found for isokinetic test results for the knee flexors. 

Key Words: knee joint stability, anterior cruciate ligament, muscle strength, functional 
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R E S E A R C H  S T U D Y  

accelerating and decelerating limb 
movements that a re  accomplished 
through concentric, eccentric, and 
static muscular contractions 
(1 2,23,35,60,76,78,97,106). During 
running, the limb is constantly accel- 
erating and decelerating to accom- 
plish body propulsion (1 6,24,55- 
57.9 1,97.116). Therefore, the neu- 
romuscular system monitors and 
controls these constant changes in 
limb angular velocity. This complex 
function is accomplished through the 
interaction of afferent neurologic in- 
put and the ability to  cause change 
through efferent output, which pro- 
duces a muscular response. Thus, 
the neurophysiologic integrity of the 
muscle is critical in the assessment of 
contractile tissue, and traditional iso- 
kinetic test data interpretation (ie., 
peak torque) may not adequately as- 
sess normal muscular function. 

T h e  efficacy of isokinetic testing 
has recently been questioned due  to 
limitations in testing, a lack of corre- 
lation to functional activities (2,82), 
and the possible deleterious effects 
of open kinetic chain exercise 
(48,74). Several authors have docu- 
mented a positive correlation be- 
tween isolated isokinetic peak torque 
test results and functional test ma- 
neuvers such as running, cutting, 
and hopping (4,45,67,86,102,107). 
Others have reported no correlation 
between isokinetic test results and 
athletic performance such as sprint- 
ing, jumping, and agility drills 
(2,22,82). All investigators have cho- 
sen to  utilize only peak torque pa- 
rameters of the knee musculature in 
their studies. 

T h e  purposes of this study were 
I) to report the clinical outcome in 
terms of patients' self-assessment, dy- 
namic strength and motion testing, 
and three functional hop tests, and 
2) to  determine the relationships 
among the aforementioned clinical 
outcome measures in patients who 
underwent arthroscopically assisted 
anterior cruciate ligament (ACL) re- 
construction and postoperative reha- 
bilitation. 

METHODS 

Fifty patients were randomly se- 
lected to  participate in this study. 
These patients included individuals 
who had undergone an arthroscopi- 
cally assisted ACL reconstruction be- 
tween April 1992 and January 1993. 
Seventy-eight percent (39) of the pa- 
tients were 6 months postsurgery, 
10% (five) were less than 6 months 
postsurgery, and six patients (1 2%) 
were greater than 6 months postsur- 
gery. T h e  mean value for the time 
from surgery to  testing was 25.98 
weeks (range 2 1-30 weeks). Addi- 
tionally, none of the patients exhib- 
ited evidence of acute pain o r  joint 
effusion, and all demonstrated a neg- 
ative Lachman and pivot shift test. 
All participants signed a consent 
form prior to undergoing testing. 

Thirty-four males and 16 fe- 
males were tested (mean age 24.5 
years; age range 15-52 years). Fifty- 
one percent of the patients tested 
were 2 1 years of age or younger. 
T h e  mean height was 170 cm (range 
150- 198 cm), and the mean weight 
was 75  kg (range 53-1 0 9  kg). T h e  
right knee represented the injured 
knee in 2 1 of the 50  knees (42%) 
and the dominant knee in 44 sub- 
jects (88%). Forty-six (92%) patients 
were injured during sports participa- 
tion and four (8%) during work o r  
other activities. All of the patients 
chose to undergo ACL reconstruc- 
tive surgery because of pain, sore- 
ness, giving way, and an inability to 
perform sports activities. All the pa- 
tients tested were healthy, active in- 
dividuals and, at the time of testing. 
had resumed normal sports and 
work activities. 

Patients completed a two-part 
subjective knee score questionnaire 
(modified Noyes form) (67). T h e  
first component asked specific ques- 
tions that rated knee symptoms 
(pain, swelling, giving way) and spe- 
cific sports activities (running, j u m p  
ing, pivoting), and a numerical value 
was placed on each response. In the 
second part of the subjective form, 

the patients rated overall knee func- 
tion on an analog scale from 0 to  
100 (1 00  points = perfect knee) 
(Table 1). 

T h e  patients were then evalu- 
ated performing three one-legged 
functional tests: I )  single-leg hop for 
distance (4,20.67), 2)  single-leg ti- 
med hop (4,67), and 3) single-leg 
cross-over triple hop for distance 
(66). T h e  three hop tests a re  illus- 
trated in Figure 1. All tests were 
performed three times, with the 
mean of the three values used to cal- 
culate limb symmetry. A limb sym- 
metry score of less than 85% was 
considered abnormal (4.67). 

All patients performed the three 
functional tests without complaints 
of pain o r  giving way. T h e  single-leg 
hop for distance was performed in 
accordance with the descriptions 
provided by Barber et a l(4)  and 
Daniel et al (20). T h e  patients stood 
on one limb, hopped as far forward 
as possible, and landed on the same 
limb. T h e  distance was recorded 
with a tape measure which was fixed 
to  the ground. As the subject 
landed, an investigator recorded the 
distance from the starting position to 
the heel. Each limb was tested three 
times. T o  calculate limb symmetry, 
the mean score of the involved limb 
was divided by the mean time of the 
noninvolved limb, and the result was 
multiplied by 100. 

T h e  single-leg timed hop test 
was performed over a distance of 
6 m. T h e  patients were encouraged 
to use large, forceful one-legged 
hopping motions to propel their 
bodies the measured distance. Three  
tests were performed, and the mean 
times were calculated for each limb. 
T h e  limb symmetry was calculated 
by dividing the mean score of the 
noninvolved limb by the mean of the 
involved limb, and the result was 
then multiplied by 100. 

T h e  single-leg cross-over triple 
hop for distance test was performed 
on a course consisting of a 15-cm 
marking strip on the floor which ex- 
tended the entire 6 m. Fach patient 
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R E S E A R C H  S T U D Y  

PLEASE CHECK THE STATEMENT THAT BEST DESCRIBES THE CONDITION OF YOUR KNEE. 
PAIN 
20 - I experience no pain in my knee. 
16 - I have occasional pain with strenuous sports or heavy work. I don't think that my knee is entirely normal. Limitations are mild and tolerable. 
12 - There is occasional pain in my knee with light recreational sports or moderate work. 
8 -  I have pain brought on by sports, light recreational activities, or moderate work. Occasional pain is brought on by daily activities such as standing 

or kneeling. 
4 -  The pain I have in my knee is a significant problem with activities as simple as walking. The pain is relieved by rest. I can't participate in sports. 
0 -  I have pain in my knee at all times, even during walking, standing, or light work. 

Intensity: A. [ ] Mild 6. [ ] Moderate C. [ ] Severe 
Frequency: A. [ ] Constant 6. [ ] Intermittent 
Locatton: A. [ ] Medial (inner side) 6. [ ] Lateral (outer side) C. [ 1 Anterior (front) 

D. [ 1 Posterior (back) E. I ] Diffuse (all over) 
Occurs: A. [ ] Kneel B. [ ] Stand C. [ 1 Sit D. [ 1 Stain 

A. [ ] Sharp B. [ ] Aching C. [ ] Throbbing D. [ ] Burning 

SWELLING 
10 - I experience no swelling in my knees. 
8 -  I have occasional swelling in my knee with strenuous sports or heavy work. 
6 -  There is occasional swelling with light recreational activities or moderate work. 
4 -  Swelling limits my participation in sports and moderate work. Occurs infrequently with simple walking or light work. Occasionally with simple 

walking or ltght work-about three tlmes a year. 
2 -  My knee swells after simple walking activities and light work. The swelling is relieved by rest. 
0 -  I have severe swelling wlth simple walking activities. The swelling is not relieved by rest. 

STABILITY 
20 - My knee does not give out. 
16 - My knee gives out only with strenuous sports or heavy work. 
12 - My knee gives out occasionally with light recreational activities or moderate work; it limits my vigorous activities, sports, or heavy labor. 
8 -  Because my knee gives out, it limits all sports and moderate work. It occasionally gives out with walking or light work. 
4 -  My knee gives out frequently with simple activities such as walking. I must guard my knee at all times. 
0 -  I have severe problems with my knee giving out. I can't turn or twist without my knee giving out. 

Stiffness: A. [ ] None 6. [ ] Occasional C. [ ] Frequent 
Crlndlng A. [ ] None 6. [ ] Mild C. [ ] Moderate D. [ 1 Severe 

A. [ ] None 6. [ ] Occasional C. [ ] Frequent 

OVERALL ACTIVITY L M L  
20 - No limitations. I have a normal knee, and I am able to do everything including strenuous sports andlor heavy labor. 
16 - I can partake in sports including strenuous ones but at a lower level. I must guard my knee and limit the amount of heavy labor or sports. 
12 - Light recreational activities are possible with RARE symptoms. I am limited to light work. 
8 -  No sports or recreational activities are possible. Walking activities are possible with RARE symptoms. I am limited to light work. 
4 -  Walking activities and daily living cause moderate problems and persistent symptoms. 
0 -  Walking and other daily activities cause severe problems. 

WALKING 
10 - Normal, unlimited. 
8 -  Slight, mild problems. 
6 -  Moderate problem, flat surface up to half a mile. 
4 -  Severe problems, only 2-3 blocks. 
2 -  Severe problems, need cane or crutches. 

STAIRS 
5 -  Normal, unlimited. 
4 -  Slight, mild problems. 
3 -  Moderate problems, only 10-15 steps possible. 
2 -  Severe problems, require banister for support. 
1 -  Severe problems, only 1-5 steps with support. 

RUNNING 
10 - Normal, unlimited, fully competitive. 
8 -  Slight, mild problems, run at half speed. 
6 -  Moderate problems, only 1-2 miles possible. 
4 -  Severe problems, only 1-3 blocks possible. 
2 -  Severe problems, only a few steps. 

IUMPlNC AND TWISTING 
5 -  Normal, unlimited, fully competitive. 
4 -  Slight, mild problems, some guarding. 
3 -  Moderate problems, gave up strenuous sports. 
2 -  Severe problems, affects all sports, always guarding. 
1- Severe problems, only light activity possible (golf/swim). 

If I had to give my knee a grade from 1 to 100, with 100 being the best, 1 would give my knee a .  

TABLE 1. Subjective knee score questionnaire (Adapted from Noyes et a1 (68), with permission). 
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R E S E A R C H  S T U D Y  

Single Hop for Distance Timed HOD 

6 meters 

FIGURE 1. The three single-leg hop tests performed by the subjects. 

hopped three consecutive times on 
one foot, crossing over the center 
strip on each hop. Each subject was 
encouraged to  hop as far forward as 
possible on each hop. T h e  total dis- 
tance hopped was measured for each 
of the three trials, and the mean was 
calculated. T h e  limb symmetry was 
calculated as described above. 

Knee joint muscle testing was 
performed on a Biodex (Biodex Cor- 
poration, Shirley, NY) isokinetic dy- 
namometer a t  velocities of 180, 300, 
and 450°/sec. All patients included 
in this study had a t  least two prior 
exposures (testings) on the Biodex to  
familiarize them to the machine and 
the testing sequence. T h e  patients 
were tested for knee extension and 
flexion strength using the following 
protocol: each patient performed a 
5-minute active warm-up on an isoki- 
netic lower extremity ergometer at 
90  revolutions per minute at a sub- 
maximal work level. T h e  patients 
were tested in the seated position, 
hip flexion at 1 10 to  125" (1 8), and 
stabilization straps were applied to  
the trunk, waist, and thigh. T h e  re- 
sistance pad was placed at a level 1 
inch proximal to  the medial malleo- 
lus (1 08,109). All patients under- 
went testing of the noninvolved limb 
first. T h e  range of motion during 
testing was set from 0 to  100" of 
knee flexion, and all limbs were 

Crossdver Hop for Distance 

Deceleration 
parameters described 
in this study positively 
correlate to functional 
performance measures 

requiring controlled 
rotation and 
deceleration. 

gravity compensated (1 08,109). T h e  
patient performed three submaximal 
and one maximal warm-up repetition 
at each test speed prior to testing 
(109). This was followed by 10 con- 
secutive concentric maximal repeti- 
tions at 1 80°/sec, 1 5 repetitions at 
300°/sec, and 10 repetitions at 
450°/sec. Rest between test bouts 
was available to the patient to  mini- 
mize fatigue and ranged from 90  to  
120 seconds (3). T h e  verbal com- 
mands were standardized during 
testing, and knowledge of testing re- 
sults was withheld until all tests were 
completed (1 09). One  technician 
performed all isokinetic and func- 
tional tests to exclude any potential 
examiner-related variability (1 14). 

All tests were started in 100 " of 
knee flexion, and 10 consecutive 
concentric extensor and flexor cycles 
were performed. 

T h e  isokinetic test results were 
analyzed utilizing Biodex 3.2 soft- 
ware. T h e  peak torque repetition 
was determined for both the knee 
extensors and flexors. Then,  utiliz- 
ing the peak torque repetition, curve 
analysis was employed to  determine 
the range of motion to  reach the 
preset isokinetic angular velocity and 
the range of motion at the preset 
speed. Additionally, the motion re- 
quired to slow the limb after reach- 
ing the preset speed was also re- 
corded. Thus, the torque curve for 
the knee extensors and flexors ex- 
hibited three distinct portions (accel- 
eration, isokinetic torque range, and 
deceleration). It should be noted 
that the investigators did not quanti- 
tatively analyze the isokinetic testing 
to determine acceleration, decelera- 
tion, and torque range (ie., through 
motion analysis), but, rather, they re- 
lied solely on the device's software to 
determine this. This device does not 
provide inherent ramping to  the pre- 
set speed; it allows free limb acceler- 
ation. Each isokinetic torque curve 
section received a range of motion 
value, which was used for statistical 
analysis (Figure 2). T h e  acceleration 
of the limb was defined as the u p  
slope of the curve and represents the 
arc of motion required to  accelerate 
the limb to  the preset isokinetic ve- 
locity (Figure 2). T h e  deceleration 
phase is the downslope and repre- 
sents the arc of motion required to 
slow the limb. T h e  torque range rep- 
resents the arc of motion the limb 
spent at 9 5  to 100% of the preset 
isokinetic velocity. T h e  validity and 
reproducibility of this parameter 
have not been established. Brown et 
al have presented acceleration, decel- 
eration, and load range (torque 
range) of 14 junior male tennis play- 
ers (1 3). All subjects were tested 
through an arc of motion from 0 to 
90" of flexion. T h e  percent deficit 
between limbs was also calculated to  
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R E S E A R C H  S T U D Y  

determine a bilateral comparison ra- 
tio. A ratio of 90% or  equal to the 
opposite limb was considered nor- 
mal, while an 80-89% ratio was con- 
sidered a minimal deficit, 70-7976 
was a moderate deficit, and less than 
70% was a severe bilateral compari- 
son deficit (69). 

Statistical Analysis 

Statistical analysis included Pear- 
son product moment coefficient cor- 
relation and Spearman rank coeffi- 
cient correlation to the relationship 
between isokinetic test data, func- 
tional hop test scores. and subjective 
knee scores. Additionally, single and 
multiple linear regressions were per- 
formed to determine predictive rela- 
tionships; chi-square tests were per- 
formed to analyze laterality compari- 
sons involving nonparametric 
statistics; student's t tests were used 

for parametric measures; and coeffi- 
cient of determination tests were 
performed to establish explained 
variance. 

RESULTS 

Subjective Knee Score 

Each patient was placed in a pri- 
vate room and completed a subjec- 
tive knee assessment form. The form 
consisted of two parts: one portion 
asked specific questions (1 0 sections) 
related to knee function (Table I), 
and the second portion was an over- 
all continuation of function. Statisti- 
cal analysis of the overall estimated 
subjective knee score revealed that 
the patients' overall rating of their 
knees was 86 points (0- 100). ranging 
from 65 to I00 points (Table 2). 
Fifty-two percent reported 85 points 
or greater, whereas 29% reported an 

A B 

PEAK TORQUE REP - NON-INVOLVED 

1.02 1.12 1.22 132 1.42 152 1.62 1.72 1.82 1.92 

SECONDS 

PEAK TORQUE REP - INVOLVED 

SECONDS 

FIGURE 2. The isokinetic torque curve for the noninvolved and involved knee. The cursor illustrates the 
upslope (acceleration rate) and downslope (deceleration rate) during knee extension. 

overall score of 90 or  greater. The 
calculation of points generated from 
the questionnaire revealed an overall 
mean value of 86.6 out of a possible 
100 points (Table 2). Fifty percent 
of the patients ranked their knees 87 
points or greater, and 42% reported 
a score of 90 or greater. Ten pa- 
tients (20%) reported no knee pain, 
26 patients (52%) reported occa- 
sional pain with strenuous sports and 
work activities, five patients (10%) 
reported pain with moderate work 
and sports. and nine patients (1 8%) 
reported pain with daily activities 
such as standing and kneeling. Mild 
pain was reported by 70%. and mod- 
erate pain by 30% of the patients. 
Thirty-two patients (63%) reported 
no swelling, 17 patients (34%) noted 
occasional swelling with heavy work, 
and one patient (2%) reported occa- 
sional swelling with moderate loads. 
Thirty-nine patients (77%) reported 
no giving way, and 1 1 patients (23%) 
reported giving way with strenuous 
activities. In addition, 12 patients 
(24%) reported stiffness and grind- 
ing (five reported moderate grinding 
that was frequent). Seventy percent 
of the patients (35) reported an ac- 
tivity level that allowed sports activi- 
ties, but felt they must guard their 
knees. Two patients were unable to 
participate in sports, and 13 patients 
(16%) felt their knees were fine and 
without limitations. Seven patients 
(7%) reported difficulty ascending 
stairs. Nine patients (1 8%) reported 
they were uncomfortable with com- 
petitive unlimited running. Eighty- 
two percent (41 patients) felt appre- 
hensive regarding jumping and twist- 
ing. Only seven patients felt they 
could perform unrestricted jumping. 
There was an inverse relationship 
among patients' age and self-assessed 
knee function; as age increased, the 
subjective knee score decreased. 

Hop Test Results 

For the purpose of evaluation of 
hop test results, Noyes et al (67) 
have described a limb symmetry in- 
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R E S E A R C H  S T U D Y  

Overall ranking 86.33 9.2 65-100 
Questionnaire ranking 86.64 23.1 57-100 
Swelling (0-10) 8.83 1.1 8-10 
Pain ranking (0-20) 16.12 3.4 8-20 
Stability 19.11 2.8 16-20 
Overall activity level 16.88 3.1 12-20 
Walking 9.96 0.23 8-10 
Stairs 4.86 0.41 4-5 
Running 8.54 2.2 6-10 
Jumpingltwisting 4.1 1.1 3-5 

TABLE 2. Subjective knee score ( N  = 50). 

dex of 85% or  greater as within the 
normal range for both males and fe- 
males, regardless of limb dominance 
or sports activity level. Thus, for 
purposes of discussion in this paper, 
when discussing limb laterality com- 
parison during the hop test, normal 
denotes a score of 85% or  greater 
compared with the noninvolved limb 
score. Thirty-two (64%) of the 50 
patients demonstrated normal limb 
symmetry (85% or  greater) on the 
three single-leg hop tests (Table 3). 
Twenty-four patients (47%) demon- 
strated an abnormal limb symmetry 
score during the single-leg hop for 
distance, whereas 22 patients (44%) 
exhibited an abnormal score on the 
single-leg cross-over triple hop. Thir- 
teen (26%) of the patients exhibited 
an abnormal limb symmetry score 
with the single-leg hop for time. 
Table 3b illustrates the mean scores 
of the involved and noninvolved 
limb during the three hop test 
scores. 

The  ratio of the peak knee flex- 
ors and extensors torque is pre- 
sented in Table 5. The  involved or 
reconstructed knee consistently ex- 
hibited a higher ratio (flexorlexten- 
sor) than the noninvolved limb in all 
cases at all three isokinetic test 
speeds: 72% compared with 58% at 
1 80°/sec and 84% compared with 
67% at 300°/sec. At 450°/sec, the 
ratio for the injured knee was 109% 
compared with 96% for the nonin- 
volved limb. 

The total arc of motion per- 
formed accelerating, decelerating, 
and at isokinetic test velocity is pre- 
sented in Table 6 for the knee flex- 
ors and extensors at all three test 
speeds. The isokinetic torque range 
significantly decreased for both the 
flexors and extensors as speed in- 
creased. Conversely, the degrees of 
motion spent accelerating and decel- 
erating increased as speed increased. 
This was found for both the in- 
volved and noninvolved knees. 

Strength and Motion Testing 

The  bilateral comparison of the 
knee extensors and flexors is illus- 
trated in Table 4. Three patients 
(7%) exhibited quadriceps peak 
torque within 10% of the contralat- 
era1 side at 180 and 300°/sec, 
whereas 28 (55%) exhibited a 90% 
strength level at 450°/sec. Con- 
versely, 33 patients (66%) exhibited 
knee flexor strength within 10% of 
the contralateral limb at 1 80°/sec, 
37 (74%) at 300°/sec, and 43 (86%) 
at 450°/sec. 

The distribution of frequency il- 
lustrated that during knee extension, 
5 1 % of the patients required 8" or 
less of the total motion to accelerate 
to an angular velocity of 1 80°/sec. 
Patients required 5-8" motion to ac- 
celerate the limb to 1 80°/sec, while 
at 300°/sec, 61 % of the patients re- 
quired 10" of motion.or less. At 
450 "/set, 5 1 % of the patients tested 
required at least 56" of the total mo- 
tion to accelerate to the isokinetic 
test velocity. During knee extension, 
the deceleration range required at 
180°/sec was 8"  or  less for 42% of 
the patients; at 300°/sec, 47% of pa- 
tients required at least l 7 " of mo- 
tion; and at 450°/sec, 49% required 
32% of the total motion to produce 
acceleration. 

Correlation Between Knee Score and 
Other Measures 

The  correlation and relationship 
between the overall subjective knee 
scores, questionnaire knee scores and 
isokinetic testing, and limb symmetry 
scores were analyzed. Table 7 illus- 
trates a positive relationship between 
subjective knee scores and knee ex- 
tension acceleration at 180 and 
300°/sec ( p  < 0.001; r = 0.67 and 
0.59, respectively). Two significant p 
values were found between the sub- 
jective knee score and timed hop 
test, as well as the cross-over hop test 
( p  < 0.05). However, the correlation 

A. Limb Symmetry Scores 
Limb Symmetry Single-Leg Singleleg Single-Leg Average of All 

Distance Timed Cross-Over Test Tests 

Abnormal (< 85% LS) 47% 26% 44% 37% 
Normal (2 85% LS) 53% 74% 56% 63% 

8. Hop Test Results for Both Lower Extremities 

Noninvolved Limb Involved Limb 

Single-leg distance* 60.3 f 10.3 
Single-leg timedt 2.4 f 0.4 
Single-leg cross-over* 187.6 f 36.1 

' Distance results in cm. 
t Timed results in seconds. 

TABLE 3. A) Limb symmetry scores (N = 50). B) Hop test results for both lower extremities (N = 50) 
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R E S E A R C H  S T U D Y  

Movement/Constant 
Velocitv >!MI% 80-89% 70-79% 270% 

Extension 1 80°/sec 7% 33% 35% 24% 
Flexion 18O0/sec 66% 28% 2% 5% 
Extension 30O0/sec 7% 30% 4 7% 16% 
Flexion 30O0/sec 74% 16% 7% 2% 
Extension 45O0/sec 55% 2 4 '10 14% 7% 
Flexion 450°/sec 86% 7% 5% 2% 

TABLE 4. lsokinetic testing bilateral comparison (N = 50). Comparison of muscle strength between involved 
and noninvolved knee bilateral comparison scores. 

Constant Noninvolved Involved Velocitv 

TABLE 5. Unilateral limb ratio, llexorlextensor ratio 
of isokinetic peak torque. 

coefficients were low (r  = 0.3 I), 
which perhaps suggests that a statisti- 
cal trend may be present (1 7). In ad- 
dition, a positive trend was noted be- 
tween the subjective knee scores and 
the number of months following sur- 
gery, again exhibiting a fair to mod- 
erate correlation (r = 0.5 1) (1 7). 
Most significantly, a positive rela- 
tionship and a good correlation (1 7) 
were exhibited for subjective knee 
scores and knee extensor peak 
torque at 180°/sec ( p  < 0.01, r = 
0.71) and at 300°/sec ( p  < 0.05, r = 
0.67). 

Correlation Between Concentric 
Strength and Hop Tests 

A relationship and positive cor- 
relation existed between knee exten- 
sor peak torque at 1 80°/sec and the 
timed hop, hop for distance, and tri- 
ple cross-over hop (Table 8). T o  a 
lesser extent, a statistical trend was 
noted for the knee extensors at 300 
and 450°/sec and all three func- 
tional tests. A statistical trend was 
also noted for knee acceleration 
range at 180 "/set and the cross-over 
hop test and at 300°/sec and the 
timed hop and the cross-over hop 
test. A statistical trend (fair correla- 
tions) (1 7) was noted between the 

knee extension deceleration range at 
180 and 300°/sec and the timed hop 
and cross-over hop for distance. No 
other relationships or  trends were 
noted from the isokinetic test results. 

The neuromuscular 
system monitors and 

controls these 
constant changes in 

limb angular 

DISCUSSION 

velocity. 

The subjective knee ranking 
conducted included two forms: one 
asked specific questions that repre- 
sented a numerical value; the other 
was a patient estimation of knee 
function on an analog scale from 0 
to 100 (0 = disability; 100 = a per- 
fect, normal knee). The results indi- 
cate the questionnaire and overall 
ranking resulted in the same overall 
value of 86 points. Thus. in this 
study, patients estimated a similar 
subjective knee ranking whether the 
16question form was completed or  
an analog scale was used. According 
to the questionnaire results, 2 1 pa- 
tients (42%) had a score of 90 or 
better, with eight (16%) rating their 
knee at 95 points or better. Accord- 
ing to Noyes et al, an overall mean 
score of 85 points allows patients to 

resume jumping, hard pivoting, and 
cutting on a 3 days per week basis 
(68). Based on this value (85 points 
or better), 34 (68%) of the patients 
in this series could return to vigor- 
ous sports on a regular basis. 

A high percentage of patients re- 
ported pain (80%). although 53% re- 
ported only occasional mild pain 
with strenuous activities. However, a 
large percentage of these patients 
felt that pain did not limit their ac- 
tivity. Nine patients (1 8%) reported 
pain with daily activities, which were 
mainly associated with squatting and 
kneeling. Approximately 23% of the 
patients stated that their knees gave 
out occasionally with strenuous ac- 
tivities. However, when carefully 
questioned, only one out of 11 felt it 
was a mechanical giving way; the 
others reported muscular weakness 
to be the cause of their giving way. 

A positive correlation was dem- 
onstrated between knee extensors 
peak torque at 180. 300°/sec, and 
the patients' subjective knee assess- 
ment scores. The positive correlation 
demonstrated between subjective 
knee assessments by the patient and 
the ability to generate torque rapidly 
during isokinetic knee extension has 
been noted empirically for some 
time (108). The data presented in 
this study illustrate a positive rela- 
tionship between knee acceleration 
lunges at 180 and 30O0/sec during 
isokinetic testing and the subjective 
knee score. Although a moderate to 
good correlation can only be drawn 
from this study, the authors feel this 
parameter may prove clinically bene- 
ficial in future experiments. A trend 
was noted between the acceleration 
range and the functional tests, espe- 
cially the cross-over hop test. Our 
hypothesis was that if the patients' 
subjective knee scores were high, 
they would exhibit less apprehension 
and would accelerate rapidly without 
inhibition, thus generating greater 
torque. It is interesting to note that 
this positive relationship was not 
demonstrated at 450°/sec during 
knee extension or  during knee flex- 
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R E S E A R C H  S T U D Y  

Acceleration Phase Toque Range Deceleration Phase 

Constant Velocity Setting Constant Velocity Setting Constant Velocity Setting 
('Isec) ('Isec) ('Isec) 

180 300 450 180 300 450 180 300 450 

Extension 
Involved 8 10 53 84 72 19 10 19 30 
Noninvolved 3 9 46 87 72 23 9 18 33 

flexion 
Involved 3 9 5 1 87 73 21 8 17 32 
Noninvolved 3 9 50 86 72 19 9 18 32 

' Dynametric setting lor constant velocity level. 

TABLE 6. Knee angular motion during acceleration and deceleration phase.' 

P r 
Knee Ext PT 180 0.01 0.71 
Knee Ext PT 300 
Knee Ext PT 450 
Knee Flex PT 180 
Knee Flex PT 300 
Knee Flex PT 450 
Knee Ext Accel 180 
Knee Ext Accel300 
Knee Ext Accel450 
Knee Ext Decel 180 
Knee Ext Decel300 
Knee Ext Dece1450 
Knee Flex Accel 180 
Knee Flex Accel300 
Knee Flex Accel450 
Knee Flex Decel 180 
Knee Flex Decel300 
Knee Flex Decel450 
Single-leg hop timed 
Single-leg cross-over 
Single-leg distance 
Postoperative months 

TABLE 7. Subjective knee scores-Relationship. 

ion movements and only occurred at 
the 180 and 300°/sec test speeds 
during knee extension. 

In addition, a trend was noted 
between overall subjective knee 
scores and the length of time follow- 
ing the surgery. It appears that as 
time increases, the patients (in this 
series) felt better regarding their 
overall knee functions. Of  the 25  pa- 
tients who ranked their knees below 
87  points, 23  were 6 months postre- 
constructive surgery. T e n  of the 11 
patients who reported giving way 
with strenuous activities were only 6 
months following surgery. Thus, it 
may require additional time for 

some patients to  gain confidence in 
their reconstructed knees. Addi- 
tionally, there appears to  be a rela- 
tionship between the subjects' self-as- 
sessed knee scores and all three hop 
tests, although exhibiting only a fair 
correlation value. Therefore, it 
would appear that a patient's own 
subjective assessment of the knee's 
performance relates somewhat to  
functional ability. Lastly, the pa- 
tient's age played a significant role in 
the overall subjective knee score. Pa- 
tients 35  years of age o r  older (N = 
8) reported a mean subjective knee 
of 78.5. Thus, age seems to  slightly 
impair the restorative rate of the pa- 

tient's perceived functional level. 
There  were no  significant differ- 
ences between males o r  females; 
however, males tended to score 
higher on the subjective knee score 
and generate higher torques and 
greater single-leg distance hops, all 
by approximately 7- 10% in this se- 
ries. 

T h e  functional tests included in 
this study were the single-leg hop for 
distance, timed hop, and the triple 
cross-over hop. These hop tests were 
chosen because previous investiga- 
tors reported enhanced sensitivity 
levels with these tests (4,67). O u r  re- 
sults agree with others (4,67) who 
have reported the single-leg hop for 
time and cross-over hop to  be the 
most sensitive and best indicators of 
function. Sixty-three percent of the 
patients included in this study exhib- 
ited limb symmetry of 85% o r  
greater when all three tests were av- 
eraged. Most patients expressed 
greatest apprehension with the cross- 
over hop test and the timed hop test. 
Therefore, we suggest that clinicians 
performing functional hop tests 
should include the single-leg hop for 
time and cross-over triple hop and 
possibly the single-leg hop for dis- 
tance. We also examined the rela- 
tionship between isokinetic test re- 
sults and these functional hop tests. 

Many authors have investigated 
the correlation between isolated iso- 
kinetic knee testing and functional 
testing with conflicting results. Sev- 
eral investigators found no  correla- 
tion between isolated isokinetic knee 
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R E S E A R C H  S T U D Y  

Knee Extension Peak Toque Knee Extension Acceleration Phase Knee Extension Deceleration Phase 
Constant Velocity Constant Velocity Constant Velocity 

180 300 450 180 300 450 180 300 450 

P r p r p r p r ~ r ~ r ~  r ~ r ~ r  

Distancehop 0.003 .62 0.05 .48 0.01 .41 0.26 .16 0.41 .08 0.46 .06 0.21 .12 0.18 .17 0.12 .09 
Timedhop 0.001 .60 0.001 .54 0.01 .45 0.02 .45 0.05 .52 0.23 .18 0.01 .48 0.01 .49 0.24 .18 
Cross-over 0.0001 .69 0.001 .64 0.001 .53 0.05 .53 0.05 .54 0.30 .16 0.001 .51 0.05 .49 0.17 .23 

TABLE 8. Relationships between knee extension/flexion isokinetic test scores and hop testing. 

strength testing and function o r  ath- 
letic performance testing (2,22,82), 
while others (4,45,67,86,lO 1, 
1 02,107) have reported a positive 
correlation between these factors. 
T h e  inconsistencies in the literature 
may be due to differences in subject 
populations, pathologic condition. 
testing methodology, equipment, 
and assessment of test results. 

Anderson e t  al (2) studied 39 
varsity athletes (mean age 20 years) 
and compared three athletic per- 
formance-type tests (a vertical jump, 
40-yd dash, and figure-eight run) to 
isokinetic concentric and eccentric 
muscular peak torque. Although the 
data suggest a trend toward eccen- 
tric muscular forces and agility run- 
ning, no  statistical relationship ex- 
isted between isolated isokinetic test- 

Twenty-four patients 
(47 %o) demonstrated 

an abnormal limb 
symmetry score during 
the single-leg hop for 

distance test. 

ing and athletic performance drills. 
Delitto et al (22) tested 30 ACL-re- 
constructed knees and found no sig- 
nificant correlation between isoki- 
netic concentric/eccentric knee test- 
ing to a one-legged hop for distance 
o r  a vertical jump. Swarup e t  al 
( I  0 I )  reported a strong correlation 

between isokinetic concentric peak 
torque and work of the knee exten- 
sors with the one-legged hop test in 
normal subjects. All of these investi- 
gations (2.22.10 1) were conducted 
utilizing a Kin-Com isokinetic dyna- 
mometer (Chattecx Corporation, 
Chattanooga, TN). This will be dis- 
cussed later in this paper. 

In contrast, several investigators 
have documented a strong, positive 
correlation between isokinetics and 
functional testing (4,67,86,102,107). 
Tegner  e t  al (1 02) reported a posi- 
tive correlation between isokinetic 
(Cybex, Lumex Inc, Ronkonkoma, 
NY) concentric testing at I 80°/sec 
and functional testing, including the 
hop and running drills, in ACL-defi- 
cient and normal soccer players. 
Wiklander and Lysholm (1 07) re- 
ported a positive correlation be- 
tween isokinetic (Cybex) concentric 
peak torque at 180°/sec and three 
single-leg hop tests. T h e  authors 
(1 07) reported no correlation be- 
tween hip o r  ankle strength and the 
hop tests. Sachs et al (86) reported 
the results of ACL-reconstructed 
knees and stated that patients with 
weak thigh musculature demon- 
strated poorer scores on the hop 
test. Karlsson et al (45) stated that a 
positive correlation existed between 
isokinetic concentric quadriceps peak 
torque at 30°/sec (Cybex) and sub- 
jective knee scores. 

Furthermore, Barber et al (4) 
tested 9 5  normal subjects to  deter- 
mine limb symmetry during five 
functional tests (hop tests) and per- 
formed isokinetic knee testing. T h e  
authors formulated several signifi- 
cant conclusions. A positive correla- 

tion was reported among the one- 
legged hop tests and quadriceps 
strength (Cybex) (peak torque) at 
60°/sec. Later, Noyes et al (67) as- 
sessed the relationship among iso- 
lated isokinetic limb f'unction, hop 
testing, and self-assessed function of 
67  ACLdeficient knees. T h e  au- 
thors reported a weak relationship 
between limb symmetry scores on 
the hop test and isolated isokinetic 
quadriceps scores. 

T h e  results of this study support 
previously cited research (4,67,86, 
10 1,102,106) which documented a 
positive correlation between quadri- 
ceps strength (peak torque) and the 
three hop tests performed in this 
study. This relationship existed at 
the 180 and 300°/sec angular veloci- 
ties and has been reported at 60'1 
sec by other investigators (4,67,86). 
It is interesting to note that this 
study as well as the other studies ex- 
ploring isolated isokinetic test results 
and functional tests have reported 
no correlation between the knee 
flexors peak torque and/or ham- 
string/quadriceps muscular ratios 
and f'unctional performance. In the 
studies that reported no  correlation 
between isokinetic performance and 
hop test results, the testing e q u i p  
ment did not allow reciprocal muscle 
testing of the knee extensors/flexors 
(2,22). In contrast, all studies that 
have reported a positive relationship 
utilized reciprocal limb testing 
(4,45,67,86, 10 1,102,107). Recipro- 
cal muscle testing allows a stretch- 
shortening muscular cycle to  occur 
and also allows antagonist muscle ac- 
tivity; both contribute significantly 
to functional activities. 
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R E S E A R C H  S T U D Y  

A growing number of studies re- 
port the significant contribution that 
the hamstring muscle group plays in 
knee joint stability (35,37,54, 
80.90.102). Several investigators 
have advocated hamstring strength- 
ening exercises for the ACLdefi- 
cient and reconstructed knee 
(33.36,39.6 1,105). This has been ad- 
vocated due to the anatomical orien- 
tation of the hamstring muscle inser- 
tion onto the posterior tibia and the 
dynamic stabilization effect against 
anterior tibial displacement. Several 
investigators have documented a 
faster knee flexor contraction during 
ambulation in the chronic ACL- 
deficient knee compared with the 
uninjured side (1 1,92). Others 
(7 1,76,117,118) have suggested an- 
terior tibial displacement, and thus 
ACL stress can be most efficiently 
minimized through a coactivated 
muscular contraction of the quadri- 
ceps and hamstring muscles. Al- 
though these concepts have anatomic 
and physiologic rationale, no  such 
relationship between knee flexor 
strength and function has been es- 
tablished. Stener questioned whether 
rapid, quickly applied stress to  the 
ACL may be successfully negated by 
the hamstring muscle (98). In fact, 
neither this study nor  any previously 
cited study (2,4,22,47,67, 
82,86,101,102,107) has found a 
functional relationship. Several au- 
thors have suggested a direct rela- 
tionship between knee stability, func- 
tion, and proprioception (6,8,11). 

Solomonow et a1 (96) discussed 
two direct reflex arcs that exist from 
the ACL to  the hamstring muscles. 
T h e  first mechanism is mediated by 
mechanoreceptors located within the 
ACL's bony insertion (5,87,119). 
This reflex arc occurs when tension 
is generated within the ACL, which 
produces a facilitatory reflexive ham- 
string muscle contraction and a re- 
flexive inhibitory effect on the quad- 
riceps muscle. T h e  result of this re- 
flex arc is to reduce intraligamentous 
tension on the ACL (5, 4 1). Solomo- 
now et al (96) proposed a secondary 

method through the mechanorecep- 
tors within the capsule and muscle 
spindle fibers within the hamstring 
muscle. As the knee extends and dis- 
places anteriorly, a subluxation of 
the tibia occurs (34,79,83,93,100, 
1 11). This anterior tibial subluxation 
causes a reflexive hamstring contrac- 
tion due  to excitation of the stretch 
receptors (muscle spindle); this re- 
flexive hamstring contraction causes 
a reduction in tibial displacement 
and, therefore, decreases ACL 
stress. Thus, the question asked by 
the investigators of this study is: 
"Are we truly assessing knee flexor 
muscular strength during isolated re- 
sisted knee flexion, o r  perhaps 
should it and can it be more accu- 
rately assessed during resisted knee 
extension because of the role the 
flexors play in decelerating the 
limb?" 

T h e  subjects in our  study exhib- 
ited hamstring strength comparable 
to the contralateral limb and exhib- 
ited excellent hamstring/quadriceps 
muscular ratios (Tables 4 and 5). Al- 
though these strength levels existed, 
no correlation to functional hop test- 
ing was noted. It was noted that 
there was a statistical trend toward 
longer deceleration durations in the 
reconstructed knee compared with 
the noninvolved knee (Table 6). 
During knee extension, the knee 
flexors contract to  decelerate the 
limb during the last 25" of extension 
(35). Ostering et al (73) noted that 
the hamstrings were more active 
during knee extension than the 
quadriceps during knee flexion in 
decelerating the moving limb. T h e  
hamstring coactivation increased 
sharply during the last 25% of knee 
extension, averaging 50% of the 
EMG agonist activity. This increased 
activity served to  decelerate the limb 
prior to  terminal extension and pre- 
vent overextension (1 5). 

T h e  role the antagonist muscle 
group plays during forceful move- 
ments remains somewhat unclear. 
Pearson (77) noted an intermittent 
reduction in antagonist force, which 

he felt was due to periodic braking 
of the antagonist coactivation. Bas- 
majian (7) stated that antagonist co- 
contraction in simple movements is 
minimal except at high-velocity 
movements. We noted a sequential 
doubling in deceleration range dur- 
ing knee extension from 180 to 
300°/sec and 300 to  450°/sec 
(Table 5). Additionally, Marsden et 
a1 (59) and others (53) reported that 
when subjects moved through a 
range of motion quickly, antagonist 
activity increased; conversely, slow 
movements produced less antagonist 
activity (59). O u r  results appear to 
agree with these observations. It 
would appear that during high-veloc- 
ity (180 and 300°/sec) isokinetic ex- 
ercise, there is a significant antag- 
onist muscle contraction that appears 
to  decelerate the limb and may effec- 
tively reduce (control) ACL stress 
(29). 

In addition, our  results indicate 
a statistical trend between decelera- 
tion range and the timed hop and 
cross-over hop. We believe this rela- 
tionship exists due to the coactiva- 
tion activity required to  perform re- 
peated hops and to  stabilize the knee 
joint. T h e  same type of coactivation 
may occur during fast-velocity isoki- 
netic knee extension. Further studies 
are necessary to support this con- 
cept. 

Although three studies (2,22,82) 
have demonstrated no correlation 
between isokinetic testing and func- 
tion, seven investigations (4,45,67, 
86,lO 1,102,107) have demonstrated 
a positive relationship between these 
two parameters. Two  of the studies 
demonstrating no functional rela- 
tionship to isokinetics utilized the 
vertical jump as one of their func- 
tional tests, which does not correlate 
well to  functional ability, according 
to  Noyes et al (68). In addition, two 
of these three studies utilized a Kin- 
Com isokinetic dynamometer, which 
tests the knee flexors and extensors 
independently in two separate posi- 
tions. It is the utilization of this non- 
reciprocal testing method that may 
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actually provide the inability for a 
functional relationship in these three 
investigations and not the use of iso- 
kinetics alone. T h e  remaining seven 
studies demonstrating a positive 
functional relationship with isokinet- 
ics and this investigation all utilized 
either Biodex o r  Cybex systems, 
which test the knee extensors/flexors 
in a reciprocal manner. Based on the 
neurophysiologic information previ- 
ously presented and the results of 
this investigation, the reciprocal test- 
ing position is crucial to the func- 
tional translation of isokinetic test- 
ing. Reciprocal testing may appear 
to  provide normal, appropriate neu- 
romuscular input to  the lower ex- 
tremity, and the adequate interpreta- 
tion of isokinetic parameters that as- 
sess the neuromuscular status is 
imperative. T h e  results of this inves- 
tigation illustrate that traditional test 
measures, as well as acceleration/de- 
celeration parameters of isokinetic 
testing, result in a positive relation- 
ship to  functional performance. Peak 
torque measures clearly relate to  
function as demonstrated by the pos- 
itive correlations both in this investi- 
gation and in the seven others that 
tested reciprocally. Acceleration pa- 
rameters as described in this study 
positively relate to  both the subject's 
subjective knee rating and the ability 
of the lower limb to  quickly generate 
peak isokinetic torque in an efficient 
manner. Additionally, deceleration 
parameters described in this study 
positively correlate to functional per- 
formance measures requiring con- 
trolled rotation and deceleration. 
T h e  neurophysiologic information 
and this study clearly demonstrate 
that isokinetic testing is not simply 
assessing the function of the agonist 
musculature, but also the ability of 
the neuromuscular system to appro- 
priately coactivate during reciprocal 
motions, o r  the antagonist ability to 
"brake" the agonistic movement. 

So, from this investigation, the 
neurophysiologic literature, and the 
eight previous studies relating isoki- 
netics to function, it appears that a 

positive correlation does exist among 
these parameters when performed 
reciprocallv. Also, appropriate inter- 
pretation of isokinetic parameters as 
described in this investigation, in- 
cluding acceleration/deceleration 
and peak torque, can provide highly 
useful information regarding the 
functional capacity of the lower ex- 
tremity neuromuscular system fol- 
lowing knee injury o r  surgery. 

This study is clinically relevant 
in attempting to  discuss other factors 
related to  limb function following 
ACL reconstruction. T h e  ability of 
an individual to generate force (ie., 
torque) may not be the sole critical 
factor. T h e  ability to  stabilize the 
knee joint during functional activity 
may be more vital. T h e  concept of 
joint stability is complex. Dynamic 
joint stability is accomplished 
through the recognition of joint po- 
sition, muscle coordination, and the 
ability to stabilize the joint as move- 
ment occurs (I  10). Thus, the patient 
must exhibit the ability to recognize 
a joint position and the skill to react 
to stabilize o r  reposition the joint. 
T h e  authors refer to this concept as 
reactive neuromuscular control. As 
the patient performs these tasks con- 
secutively and successfully, limb con- 
fidence is restored. Limb function 
may be restored prior to patient con- 
fidence. 

SUMMARY OF RESULTS 

Based on the results of this 
study, the authors conclude the fol- 
lowing: I )  there is a positive correla- 
tion between isokinetic quadriceps 
peak torque at 180 and 300°/sec 
and functional testing (ie., single-leg 
hop testing); 2) the isokinetic peak 
torque of the hamstrings appears to 
not have a positive correlation with 
functional testing; 3) subjective self- 
assessments of the knee compare fa- 
vorably with the patient's ability to  
generate knee extension peak 
torque, accelerate the limb during 
isokinetic knee extension, and single- 
leg hop tests (timed hop and cross- 

over hop test); and 4)  isokinetic test- 
ing of the knee extensors at 180 and 
SOOO/sec appears to correlate favor- 
ably to functional assessment, 
whereas testing at 450°/sec demon- 
strated no positive correlation. JOSYf 
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