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LORI A. BOLGLA 
-The Effect of an Acute Knee.Effusion on Lower Extremity 

Performance 
(Under the direction of Douglas R. Keskula) 

The purpose of this study was to investigate the 

relatio~ship between an acute knee effusion and lower 

extremity performance. Nine subjects performed the single 

hop, cross-over hop and 6 meter timed hop test using the 

dominant limb~ ·Afterward, ~hey received either a 30 ml or 

60 ml saline injection into; the knee and repeated the tests. 

A 2 x 2 analysis of variance (ANOVA) was used to test 

for differences in pre- and post-injection test scores and 

30 ml and 60 ml effusions. Only, the timed hop had changes in 

performance which occurred following a 60 ml injection (p < 

• 05) • 

The timed hop was the only one sensitive enough to 

detect changes in performance. Reasons for the other 2 

tests having. no changes include compensatory mechanisms, 

fluid dispersal in the joint, lack of test sensitivity, 

absence of an inflammatory process and a limited sample size 

(n=9). These results imply the need for further research on 

the relationship between an acute knee effusion and lower 

extremity performance. 

Key Words: knee effusion, functional tests, muscle 

strength, knee performance 
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Knee Effusion 

INTRODUCTION 

The kriee is one of the most commonly injured joints in 

the human body. Physical therapists and athletic trainers 

often see patients following a traumatic knee injury or 

surgical intervention. Most of these patients have an acute 

knee effusion which limits tibiofemoral range of motion, 

increases pain and decreases muscle strength. Together, 

these factors lead to functional disabilities. 

Since the 1960s, researchers have simulated acute knee 

effusions it both he~lthy and arthritic subjects by 

injecting a solution directly into the knee joint~ They 

have reported a direct relationship between an acute knee. 

effusion and decreased quadriceps strength. While most 

studies measured quadriceps strength isometrically using 

electromyographic (EMG) equipment, some measured quadriceps 

strength using an isokinetic dynamometer. All have inferred 

that the recorded strength deficits would- result in knee 

dysfunction. 

Purpose and Significance 

The purpose of this study was to investigate the 

relationship between an acute knee effusion and lower 

extremity performance. To this investigator's knowledge, no 

1 
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previous research has compared an acute effusion to 

decreased lower extremity performance. By establishing a 

relationship between an acute effusion and lower extremity 

function, clinicians can better determine when an individual 

can safely return to the highest possible activity level. 

Therefore, this study explored the effect an acute effusion 

has on lower extremity performance during functional 

activities. 

Null Hypotheses 

This study was guided by the following null hypotheses: 

1. Individuals with normal lower extremity function 

would have no significant change in mean scores on 

functional performance tests performed before and after the 

injection of a 30 ml saline solution into the knee joint. 

2. Individuals with normal lower extremity function 

would have no significant change in mean scores on 

functional performance tests performed before and after the 

injection of a 60 ml saline solution into the knee joint. 

3. No significant difference would exist between mean 

scores on functional performance tests for individuals 

receiving either a 30 rnl or 60 rnl saline solution injection 

into the knee joint. 
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For purposes of this study, the following definitions 

were used: 

Acute Knee Effusion· 

A knee effusion represented excess fluid within the 

knee's intraarticular cavity. An acute effusion was one 

that was present after an orthopedic surgeon introduced a 

saline solution into the intraarticular cavity but was not 

present prior to the injection. 

Dominant Limb 

Dominant limb was defined as the limb with which the 

subject naturally· kicked a ball (Booher et al., 1993). 

Functional Test 

Functional testing was an attempt to evaluate the 

functional stability of the entire lower limb and provided 

information concerning the relationship between a clinical 

examination and the individual's knee'function (Risberg & 

Ekeland, 1994). A functional test was a test done under 

controlled clinical conditions in which the lower extremity 

was assessed by the ability to perform specific functions 

such as running, hopping or cutting (Barber et al., 1992). 
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This functional test required the subject to stand on 

the dominant limb, hop as far as ·possible and land on the 

same limb (Barber et al., 1990). The test score was the 

distanced hopped. See Figure 1 for an illustration of this 

test. 

Cross-over Hop for Distance 

This test had a line 6 meters long and 15 centimeters 

wide marked off. While standing on the dominant limb, each 

subject hopped over the line 3 times (Noyes et al, 1991). 

Subjects began the test by standing on the right side of the 

line, hopping to the left side, hopping back over to the 

right side and then hopping back to the left side. The test 

score was the distanced hopped. See Figure 1 for an 

illustration of this test. 

One-Legged Timed Hop 

This functional test required the subject to stand on 

the dominant limb and perform a series of large, forceful 

hops on the limb over a 6 meter distance (Barber et al., 

1990). The test score was the time it took for the subject 

to hop the 6 meter distance. See Figure 1 for an 

illustration of this test. 
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The following assumptions were made for this study: 

1. It was assumed that subjects would provide their 

best effort during the functional testing. 

2. It was assumed that each subject did not have an 

acute knee joint effusion if the orthopedic surgeon 

participating in this study was unable to detect one on 

clinical examination. 

3. It was assumed that all subjects provided an 

accurate history concerning no previous lower extremity 

injury. 

Limitations 

This study was limited by the following factors: 

1. Only volunteer college aged students participated 

in the study. 

2. Some subjects may have had previous exposure to 

the type of skills used in the functional tests. 

3. Only students attending the Medical College of 

Georgia participated in the study. 

4. No attempt was made to account for fatigue that 

subjects may have experienced during testing. 
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REVIEW OF THE RELATED LITERATURE 

This review of the literature investigated the 

physiological relationship between an effusion and normal 

knee joint function. The first section briefly summarizes 

the knee's afferent neural system. The next sec~ion 

describes the knee's mechanoreceptors and the relationship 

between the mechanoreceptors, proprioception and knee 

function. Subsequent sections define quadriceps inhibition, 

explain relationships between .knee effusions and joint 

pressure and· correlate the knee effusion/joint pressure 

relationship to quadriceps inhibition. Finally, the review 

explores various functional performance tests used in 

evaluating knee function and considers which tests better 

reflect normal. knee function. The review concludes with a 

brief summary. 

Nerve Supply to the Knee 

Rehabilitation protocols incorporate exerci~es that 

promote joint range of motion, cardiovascular endurance, 

tissue extensibility_ and muscular strength. Therapeutic 

exercise is a major component in rehabilitation, and the 

neural system plays a significant role in motor control. 

6 
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Hilton's law states that the nerve which supplies a 

joint also supplies the muscles which move the joint and the 

skin covering the articular insertion of these muscles 

(Colborn and Lause, 1989). Nyland et al. (1994) and Kennedy 

et al. (1982) classified the knee's nerve supply into the 

·anterior, lateral and posterior groups. The quadriceps 

muscles cross the knee anteriorly, and the femoral nerve 

innervates this muscle group. The femoral nerve's largest 

terminal branch becomes the nerve to the vastus medialis and 

innervates the anteromedial joint capsule. The femoral 

nerve's terminal branch to the vastus lateralis innervates 

the superolateral joint capsule, the infrapatellar fat pad 

and the patellar ligament. Additional neural input comes 

from the infrapatellar branch qf the saphenous nerve, which 

innervates the joint capsule, patellar ligament and skin 

covering the anterior aspect of the knee. 

The lateral articular nerve and the recurrent peroneal 

nerve branch off from the common peroneal nerve. The 

lateral articular nerve supplies afferent neural input to 

the inferolateral joint capsule and lateral collateral 

ligament. The recurrent peroneal nerve innervates the 

anterolateral joint capsule. 

The posterior group nerve supply originates from the 

posterior tibial nerve, posterior articular nerve and 

terminal branch of the obturator nerve. These nerves 
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provide afferent information to the oblique popliteal 

ligament, the posterior joint capsule and outer third of the 

menisci. Some fibers also extend to the cruciate ligaments' 

synovial lining. 

Nerves play a major role in human movement, and each is 

made up of certain number of neurons. In order to 

voluntarily bend the knee, the motor cortex ~f one's brain 

sends appropriate information down the spinal cord via an 

upper motor neuron. The upper motor neuron eventually 

synapses with a lower motor neuron at the appropriate spinal 

cord level. Lower motor neurons then carry the information 

directly to the intended skeletal muscle responsible for the 

knee movement. The bond between the motor neuron and the 

muscle fibers with which it innervates represents a motor 

unit (Barr & Kiernan, 1988), and an injury to any of these 

components leads to muscle weakness. 

In addition to the motor function described above, 

nerve fibers have a sensory component. Those sensory fibers 

found in skeletal muscle provide afferent information about 

muscle length and muscle tension, whereas those innervating 

the knee's structures monitor joint position, changes in 

direction and rates of change. Together, these sensory 

fibers give feedback to the brain about muscle and joint 

position. Therefore, desirable functional outcomes depend 
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on a combination of adequate muscle strength and normal 

proprioception. 

Proprioception and Knee Mechanoreceptors 

Proprioception describes awareness of posture, 

movement, changes in equilibrium and mechanical inertia that 

generate pressures and strains at the joints (Greenfield & 

Bennett, 1996). It gives kinesthetic feedback and 

information of knee joint position, provides a protective 

reflex loop to the muscles attached to the ligaments and 

relays information concerning joint pressure (Greenfield, 

1993; Jennings & Seedhom, 1994). 

High functional outcomes depend on normal 

proprioception (Bariett, 1991; Barrack et al., 1989). Beard 

et al. (1994) reported similar findings in their 

investigation of 2 rehabilitation groups with ACL deficient 

subjects. The first group followed a traditional 

strengthening program, while the second group followed a 

proprioceptive enhancement protocol. The proprioceptive 

enhancement group, having achieved greater functional 

outcomes, demonstrated a positive correlation between 

function and proprioception. 

Mechanoreceptors gather and submit information used in 

maintaining proprioception, and researchers have identified 

the 4 types of mechanoreceptors present in the knee's 

structures (Kennedy et al.; 1982; Schultz et al., 1984). 
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According to Nyland et al. (1994), Type I Ruffini 

mechanoreceptors, which lie superficially within the joint 

capsule, adapt slowly to changes in static joint position, 

intraarticular pressure changes and joint kinematics. On 

the other hand, type II Pacinian mechanoreceptors adapt 

rapidly to changes to dynamic joint position. Type III 

mechanoreceptors react in a manner similar to that of the 

Golgi tendon organs found in muscles and provide information 

at extremes of joint motion, such as excessive knee flexion 

or extension. Type IV receptors represent free nerve 

endings which relay information on pain and inflammation. 

As mentioned above, mechanoreceptors transmit afferent 

discharges. Some r~searchers belie~e that an effusion 

distends the knee joint capsule; mechanoreceptor stimulation 

creates afferent nerve impulses which promote muscle 

inhibition (Snyder-Mackler et al., 1994). Iles et al. 

(1990) believe that mechanoreceptor stimulation causes 

muscle inhibition partly through the Ib inhibitory pathway. 

In fact, silencing the mechanoreceptors with a local 

anesthetic decreases muscle inhibition (Baxendale et al., 

1985; Fahrer et al., 1988; Spencer et al., 1984) Since 

quadriceps inhibition most commonly affects knee function, 

the next section discusses other explanations for this 

phenomenon. 
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Quadriceps Inhibition 

-.Arthrogenous muscle weakness is weakness of muscles 

acting about an injured or .infl.amed joint resulting from a 

reflex inhibition of qu~driceps' ~6tor neur6ns (Stokes & 

Young, 1984; Young, 1993). Pati,ents having experienced an 

acute knee injury or surgical intervention generally have a 

knee joint effusion. Although pain contributes to 

quadriceps inhibition, the associated effusion also affects 

the quadricepB•.ability to gener~te a·~t~ong contraction· 

because the excess fluid reduces the excitability of the 

quadriceps' anterior horn cells. The decrease in 

excitability is seen.as a reduction in the quadriceps' 

Hoffmann reflex .(H-reflex) . The H-reflex is an electrically 

evoked monosynaptic stretch reflex produced by low vqltage 

stimulation of the femora1 nerve ·(Fahrer et al., 198 8) . A 

reduction in the H-reflex indicates inhibitory action from 

knee-joint afferent~ on to the quadriceps motor neurons 

(Young et al., 1987). 

Young (1993) believed that various factors contribute 

·to inhibition of the anterior.horn cells. These factors 

include joint inflammation, elevated joint tension,· loss of 

afferent input via rupture of the anterior cruciate 

ligament, decreased descending tonic inhibition and 

reciprocal inhibition. Most research has focused on the 
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relationship between quadriceps inhibition and knee joint 

effusion. 

Relationship between Knee Effusion and Joint Pressure 

Pressure of synovial fluid in a healthy knee generally 

is a few mm Hg below atmospheric pressure (Levick, 1983). A 

knee effusion represents excess fluid within the articular 

cavity;. this excess fluid raises the normal joint pressure. 

Pressure and fluid volume exhibit a linear 

relationship. According to Levick (1983), the pressure

volume curve is very steep in the normal knee. The curve's 

relatively steep slope means that small increases in fluid 

produce a relatively large increase in pressure. This 

relationship helps explain why a patient with a trace 

effusion may experience difficulties with functional 

activities. The next section discusses various studies that 

have investigated the pressure-volume relationship and its 

effect on quadriceps strength. 

Knee Effusion, Joint Pressure and Quadriceps Inhibition 

Researchers have performed various studies in order to 

quantify the relationship between knee effusion, joint 

pressure and quadriceps inhibition in both normal and 

acutely effused knees. DeAndrade et al. (1965) were the 

first researchers to study the relationship between knee 

effusion and quadriceps inhibition in human subjects. Their 

study, which included 3 normal subjects and 14 with joint 
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pain, had each person lay supine with the included knee 

supported by a towel roll-at 10 degrees of flexion. After 

introducing a catheter into the lateral aspect of the knee 

joint, they infused the knee joints with pooled human plasma 

in increments of 10 ml to 20 ml and measured joint pressure 

with a strain-gauge transducer and electronic recorder. 

They intermittently measured quadriceps strength by having 

each subject lift the heel from the table and stopped the 

infusion when the subject could no longer perform a heel 

lift. 

Thirteen subjects reported no pain during the infusion 

and described the leg as feeling heavy or tired. The study 

indicated a positive linear relationship between articular 

pressure and infused plasma volume as later described by 

Levick (1983) and Geborek et al. (1989). All subjects 

experienced total quadriceps inhibition at differing levels. 

On the average, the subjects (n=21) experienced quadriceps 

weakening at 82 ml of fluid; however, volume of fluid needed 

to cause muscle inhibition ranged from 10 ml to 200 ml. 

Although deAndrade et al. (1965) demonstrated a 

relationship between joint effusion and quadriceps 

inhibition, _they did not answer certain key questions. 

First, the study did not report the minimal amount of fluid 

causing muscle inhibition. Second, they did not explain how 
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an effusion may affect knee performance during functional 

activities. 

Spencer et al. (1984) performed a similar study as the 

deAndrade one with certain refinements. Working with 10 

healthy subjects, Spencer et al. infused saline into the 

knee joint at increments of 10 ml up to a maximum of 60 ml. 

They evoked H-reflexes and recorded intracapsular pressures 

at each increment. This method differed from deAn.drade et 

al., who assumed quadriceps inhibition when the subjects 

"felt like they could no longer activate the quadriceps." 

Spencer et_al. (1984) evoked H-reflexes by percutaneous. 

electrical stimulation of th,e femoral nerve, and the 

participants had no subjective input because a reflex is not 

subject to voluntary control. Results showed a significant 

(p < .05) reduction in H-reflex amplitude with joint 

distention. Based on this method, Spencer et al. concluded 

that quadriceps inhibition occurred between 20 and 30 ml of 

saline injection, further supporting the fact that a trace 

effusion could affect knee function. Kennedy et al. (1982) 

reported similar findings with their study measuring the H

reflex; however, they only measured the H-reflex using a 60 

ml infusion. 

Other investigators have researched quadriceps 

inhibition using electromyographical (EMG) studies. For 

example, Stratford (1981) recorded rectus femoris, vastus 
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lateralis and vastus medialis EMG activity in both normal 

and acutely effused knees at 30 degrees and 0 degrees knee 

flexion. He measured each subject performing a maximal 

isometric contraction for 6 seconds. The normal group (n=8) 

had no difference in EMG activity at 30 degrees ·or 0 degrees 

knee flexion; however, the acutely effused. group (n=8) 

demonstrated a significant decrease in EMG activity in both 

positions. Kruskal-Wallis statLstics obtained for the 

differences in electrical activity between the normal and· 

acutely effused groups were rectus femoris H=18.36, p < 

.001; vastus lateralis H=16.13, p < .001 and vastus medialis 

H=31.03, p < .001. Furthermore, within the acutely effused 

group, these subjects had more decreased EMG activity at 0 

degrees than 30 degrees knee flexion because of the 

increased joint pressure at full extension. 

Fahrer et al. (1988) reported similar findings in their 

study of patients with chronic effusions. This group 

measured EMG activity at 60 degrees knee flexion and 

recorded isometric quadriceps strength both before and after 

joint aspiration. Their results showed a 13.6% strength 

increase after joint.·aspiration. 

Jensen & Graf (1993) studied the relationship betwe~n 

knee ~ffusion, iritraart~pular pressure and quadriceps 

inhibition through the knee's full arc of mo~i6n~ They 

included 12 subjects. with normal knees who were divided into 
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a control group (n=5) a·nd an experimental group (n=7) . They 

measured kne~ strength using a Biodex Multi· Joint Isokinetic 

testing system at a constant rate of 600/s and rec6rded 

torque generation at 90, 50 and 15 degrees knee flexion as 

well as peak torque. Peak torque always occurred between 55 

and 7 5 degrees of_. flexion. T])ey measured the experimental 

group at effus-ion levels of ·a ml, 20 ml, · 40 ·ml and 60 ml. 

Jensen & Graf (1993) found that quadriceps strength 

decreased and intraarticular pressure increased as the 

acutely effused knee actively worked. Their results 

differed.frqm Spencer et al. because Jensen & Graf found 

significant changes in quadriceps strength between 40 ml and 

60 ml of effusion; h~wever, these high levels may be 

attributable to absorption of the saline into the knee joint 

during exercise. Although this study attempted to correlate 

knee function to joint effusion through ·use of ~sokinetics, 

the findings made it impossible to directly extrapolate the 

results in order to predict the effect an effusion has on 

quadriceps function during a sporting activity. 

Knee Effusion and Proprioception 

The above studies investigated the relationship between 

an acute kne~ joint effusion and quadriceps inhibition. 

They assumed a direct correlation between muscle weakness 

and functional disabiliti~s without regard to the role of 

proprioception. Although muscular strength contributes to 
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desirable functional outcomes, proprioception plays an 

important role. 

For example, Barrett (1991) assessed 45 patients who 

had undergone an ACL reconstruction. Initially, each 

subject completed both a functional assessment and 

satisfaction questionnaire. Then, using a modified Thomas 

splint with a Pearson passive knee flexion piece, Barrett 

tested proprioception by having each subject lay supine with 

the affected leg supported in the splint and passively moved 

the knee to 10 different flexion positions. The subjects 

indicated their perception of the knee flexion angle on an 

analog model which incorporated a goniometer. Barrett 

defined proprioceptive accuracy as the difference between 

the perceived flexion angle and the actual angle measured 

with a goniometer. He found that the proprioception 

measurement correlated well with patient satisfaction (r 

0.9) and function (r = 0.84). Overall, Barrett reported 

that successful ACL reconstruction may not necessarily 

depend directly on ligament.tightness or strength but rather 

on the quality of proprioception recovery. 

Although many researchers have reported on the 

relations~ip between acute knee effusions and quadriceps 

inhibition, McNair et al. (1995) investigated the effects of 

an acute effusion on propriocepti~n. Using 2 groups of 

normal knees (n=10), they placed each subject in an 
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isokinetic machine that passively moved the limb from 10 

degrees to 90 degrees knee flexion at 600/sec. They then 

blindfolded each subject and had each participant actively 

track the passively m,oving joint with the uninvolved knee 

for 1.25 minutes. After the initial trial, the researchers 

injected 90 ml of saline and dextrose into 10 knee cavities. 

The experimental group subjects then moved the knee until 

each regained normal knee range of motion and repeated the 

tracking task. The non-injected group also performed the 

test again. 

These authors measured proprioception as the difference 

between the signals of the passive and active limbs. 

Analysis of variance (ANOVA) using position,· treatment and 

subjects with alpha set at .05 revealed no statistical 

difference between trials within each group, and McNair et 

al. (1995) concluded that the injected fluid did not 

decrease proprioceptive performance in subjects with healthy 

knees. 

While McNair et al. (1995) studied joint proprioception 

in an open chain position, Andersen et al. (1995) 

investigated the reproducibility of a knee flexion angle in 

both an open and closed chain activity in normal knees. 

These clinicians had subjects with healthy knees reproduce 

knee flexion angles at 1501 450 and 750 in both an open and 

closed chain position and found that subjects more 
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accurately reproduced the designated flexion angle in the 

closed kinetic chain position. This study is consistent 

with Bunton et al. (1993) who reported that an open kinetic 

chain activity fails to stimulate all-of the proprioceptors 

necessary for functional movement. Andersen et al. 

concluded by stating that closed kinetic chain position not 

only places the subject in a functional position of activity 

but also provides a more reliable measure of joint position 

sense. 

Based on Andersen's {1995) .findings, one may expand the 

McNair study by investigating the effects of a knee effusion 

on subjects during a functional activity, because the 

results may change by testing the effused knee in a more 

natural state. The next section discusses various measures 

clinicians use in determining adequate knee function which 

may be useful in measuring the effects an effusion has on 

knee function. 

Measures of Knee Performance 

Prior-to returning an athlete to the playing field or 

an individual to the work place, clinicians assess function 

with a variety of tools. Examples of these instruments 

include a subjective knee score questionnaire, isokinetic 

testing and functional testing. 
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Subjective Knee Score Questionnaire 

A subjective knee score questionnaire asks the subject 

various questions concerning activities of daily living and 

sporting capabilities (Noyes et al., 1989; Tegner & Lysholm, 
I 

1985). Each response receives a point value, and functional 

level depends on the aggregate score with 100 points 

representing the highest possible score. 

Isokinetic Testing 

Isokinetic testing evaluates the limb as it moves in an 

open chain position at a ~ixed speed and assimilates 

information on peak muscle torque, provides a comparison 

ratio of quadriceps/hamstrings peak torque and calculates 

parameters concerning work, power and endurance. One 

problem with isokinetics is that the test isolates a 

particular muscle group while normal function depends on an 

interrelationship between muscle groups. 

Functional Tests 

Rivera (1994) believed that optimal performance results 

from optimal integration of all joints and muscles involved 

in a particular action. "Function" cannot be adequately 

measured, trained, or predicted from the isolation of a 

particular muscle group in an unnatural position while 

abnormal forces and movement patterns occur in ·the joint e 

In an attempt to quantify ''function", researchers have 

designed various functional tests that simulate the stresses 



Knee Effusion 

21 

about the .knee encountered during activities of daily living 

or athletic activities (Lephart et al., 1992). Functional 

tests 'cannot detect specific abnormalities; however, they 

are important in assessing lower limb function. According 

to Barber et al. (1992), their importance resulted from the 

fact that lower extremity function encompasses many 

variables such as pain, swelling, crepitus, neuromuscular 

coordination, muscular strength and joint stability. 

Functional tests provide vital information because they are 

fast, simple to perform, require minimal staff training and 

can be conducted in any clinical setting. 

Many authors have reported on various functional tests 

(Lephart et al., 1991; Noyes et al., 1991; Risberg & 

Ekeland, 1994). Barb~r et al~ (1990) studied 5 functional 

tests for the purpose of determining lower limb symmetry . 

values in the normal population (n=97). The tests included 

a one-legged hop for distance, one-legged vertical jump, 

one-legged timed hop, shuttle run (no pivot) and shuttle run 

(pivot). They defined limb symmetry as the mean score of 

the involved limb divided by the mean score o_f the non 

involved limb with the result multiplied by 100; they 

considered a score of 85 or better.as being normal. 

Furthermore, they tested 35 patients with ACL-deficient 

knees and additionally had these patients complete a 

subjective knee score questionnaire. They reported a 
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statistically significant relationship (p < .05) between 

abnormal limb symmetry scores in the one-legged timed hop 

test and subjective limitations in running, 

twisting/cutting, sprinting and jumping/landing activities. 

They also found a statistically significant relationship (p 

< .01) between abnormal limb symmetry scores in the one

legged hop for distance test and subjective limitations in 

sprinting and ] umping I landing acti.vi ties. 

Barber et al. (1992) advised that clinicians use at 

least 2 one-legged hop tests as a screening procedure to 

determine lower limb function. Noyes et al. (1991) 

conducted a subsequent study on the functional hop tests. 

Although they found that individuals with abnormal limb 

symmetry scores are at risk for "giving way" episodes, they 

stressed that functional performance tests alone should not 

be the sole determinant used in deciding if an athlete can 

return to unrestricted activities. Instead, they suggested 

that clinicians use the tests in conjunction with other 

clinical assessment tools in determining lower limb 

functional limitations. 

The studies discussed above compared functional tests 

in both normal and ACL-deficient subjects; however, these 

researchers did not evaluate the functional tests after 

implementing a change to the otherwise normal limb. For 

example, Cross et al. (1996) explored the effect on 
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functional performance following an ice immersion to the 

lower extremity. They studied 2 groups of healthy males 

(n=10) and had each subject perform 3 trials of the 

following functional tests: the shuttle run, the 6 meter hop 

test and s'ingle-leg vertical jump. After the initial 

testing session, group 1 relaxed in a chair for 20 minutes 

while those in group 2 immersed.their leg to the level of 

the fibular head in a cold whirlpool for 20 minutes. 

Subjects then repeated the functional tests. Repeat testing 

revealed significantly reduced scores in group 2 for the 

shuttle run and vertical jump tests (p < .01); yet scores 

for the single hop test remained similar. (p = . 08). 

The Cross (1996) study provided an import·ant link to 

the currently proposed study. Although Cross et al. 

physiologically altered normal lower extremity function 

through immersion in a cold whirlpool, the subjects safely 

performed the functional tests. These findings suggest that 

functional tests, done under controlled circumstances, can 

be performed safely when an otherwise normal extremity is 

physiologically altered. 
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The reliability and validity of functional tests is 

vital for appropriate data analysis. Val~dity is the extent 

to which one's findings are accurate or reflect the 

underlying purpose of the study (DePoy & Gitlin, 1994); 

reliability is the extent to which measurements are 

consistent, stable and dependable (Domholdt, 1993; Portney & 

Watkins, 1993). 

Noyes et al. (1991) investigated the functional hop 

tests' ability to detect lower extremity dysfunction in the 

ACL-deficient population by reporting sensitivity, 

specificity, false-positive and false-negative rates for 

each functional test. They defined sensitivity as the 

percent probability that the tests would yield abnormal 

results in an ACL-deficient knee ~nd specificity as the 

percent probability that the tests would demonstrate normal 

limb symmetry in a normal k.nee. Noyes et al. defined a 

false-positive rate as the percent probability that the 

tests would demonstrate abnormal limb symmetry in a normal 

knee and a false-negative rate as the percent probability 

that the tests would demonstrate normal limb symmetry in an 

ACL-deficient knee. 

The Noyes (1991) study reported a low sensitivity rate 

of 52% and 49% for the single hop and timed hop tests,· 

respectively. Conversely, they reported a 97% and 94% 
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specificity rate and 3% and 6% false-positive rate for the 

single hop and timed hop tests, respectively. Although they 

had no normal data available to determine.specificity and 

false-negati~e rates for the cross-over hop test (it was 

created specifically for this study to test ACL-deficient 

patients), Noyes et al. believed that the cross-over hop 

would have similar rates as that ~f the single hop and timed 

hop tests. These researchers concluded that any of the 

above hop tests could reasonably be used as a screen to help 

identify lower extremity limitations. 

Reliability refers to the stability of measures with 

respect to time and evaluator (Keskula et al., 1995). 

Booher et al .. (1993) were the first researchers to 

specifically test the reliability of functional testing. 

They tested normal subjects (n=18) twice with retesting 

occurring at least 24 hours after the initial test. These 

researchers had each. person perform a single-leg hop for 

distance, a single-leg hop for time and a 30 meter single

leg agility hop. The agility hop test was similar to the 

cross-over hop as described by Noyes et al. (1991) in that 

this test had each subject hop on 1 limb and required 

subjects to make directional changes during the test. 

An ANOVA repeated measures analysis revealed 

significant differences between the test trials within and 

between sessions for all dependent variables. They 
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attributed the consistently improving scores to the 

"practice effect" and suggested that additional trials may 

stabilize this effect. However, when analyzing the mean of 

·2 test trials, they found intraclass correlation coefficient 

(ICC) values ranging from .77 to .97, which would infer that 

the single leg hop tests are a reliable measure of lower 

extremity performance when using a standardized testing 

protocol. 

Bolgla & Keskula (1997) expanded the Booher (1993) 

study by investigating the reliability of the one-legged 

functional tests as described by Noyes et al. (1991). We 

developed and implemented a standardized protocol and tested 

subjects twice with retesting occurring 48 hours later. We 

also had subjects practice each test 3 times prior to 

testing and used the mean of 3 trials for statistical 

analysis. The purpose of the additional practice and test 

trials was to account for motor learning effects in an 

attempt to stabilize scores both between trials and within 

test sessions. 
) 

Our study resulted in ICC values ranging from .95 to 

.96 for the single hop, cross-over and triple hop for 

distance tests, meaning that these tests provide reliable 

measures of lower extremity performance. Although we 

reported a low ICC value of .66 for the timed hop, the timed 

hop was still a reliable measurement because its small 
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standard error of measurement value of .13 seconds inferred 

that the inconsistency of measurement would occur in an 

acceptably small range (Denegar & Ball, 1993). A repeated 

measures ANOVA of the mean scores for individual trials 

showed greater stability of scores within trials and between 

test sessions for each functional test. In conclusion, 

these studies showed that one can obtain reliability of 

measures through the standardization of testing procedures. 

Conciusion 

Optimal knee function depends. on a variety of factors. 

High functional abilities require normal proprioception and 

adequate muscle strength. An acute joint effusion often 

accompanies knee injuries and results in compromised 

proprioception and decreased muscle strength. Previous 

studies primarily reported on quadriceps inhibition in the 

presence of an acute knee effusion; little research 

addressed the effect on proprioception or true limb 

function. Based on this literature review, the effect that 

an acute knee effusion has on lower extremity function 

warrants further investigation. 



METHOD 

Research Design 

Knee Effusion 

This research was designed to identify the effect of a 

30 ml and 60 ml knee eftusion on lower extremity function. 

This study implemented a 2 group pretest-posttest design. 

Two groups of subjects received scores on functional 

performance tests before introducing the independent 

variable (saline injection). The investigator then 

introduced the independent variable, and each subject 

repeated the functional tests and received another set of 

scores. Data from each group's pre-test and post-test 

trials were analyzed for differences. Results from the 

statistical anal~se~ were used in deciding whether or not to 

reject the null hypotheses. 

Subjects 

Six healthy, active, male college-age and 4 healthy, 

active, female college-age subjects (age = 26.8 ± 5.0 years; 

height= 1.8 ± .08 m.; weight= 75.5 ± 16.5 kg.) volunteered 

to participate in this study. Subjects participated in the 

study only if they had no history of lower extremity 

dysfunction, no sign of ligamentous knee instability upon 

clinical examination and no apparent knee effusion upon 

clinical examination. Subjects were randomly assigned into 

1 of 2 groups using a table of random numbers. Each subject 

signed an informed consent approved by the institutional 

28 
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review board prior to participation in the study. One 

female participant was excused from the study due to a 

slight allergic reaction to the lidocaine u~ed prior to 

injecting the saline solution into her knee joint ~avity. 

Measuring Device and Instrumentation 

Subjects performed 3 functional tests. The tests used 

were a one-legged single hop for distance (single hop), a 

one-legged cross-over hop ~or distance (cross-over hop) and 

a one-legged timed hop (timed hop). See Figure 1 for an 

illustration for each of these tests. 

Noyes et al. (1991) reported a 97% and 94% specificity 

rate and a 3% and 6% false-positive rate for the single hop 

and timed hop tests, respectively. Although they had no 

normal data available to determine specificity and false

negative rates for the cross-over hop test (it was created 

specifically for this study to test ACL-deficient patients), 

Noyes et al. believed that the cross-over hop would have 

similar rates as that of the single hop and timed hop tests. 

They believed that these hop tests effectively confirmed 

abnormal limb symmetries when testing both normal and ACL- · 

deficient subjects but emphasized that at least 2 functional 

tests should be used in determining lower extremity 

limitations. Noyes et al. also stressed that functional 

tests are useful as a screen for detecting lower extremity 

dysfunction. Based on this research, 3 functional hop tests 
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were used for purposes of measuring lower extremity 

function. 

Booher et al: (1993) and Bolgla & Keskula (1997) 

reported on the reliability of measures for the functional 

tests when researchers used a standardized protocol. This 

study ensured that all subjects perform the functional tests 

in the same manner through the use of a standardized 

protocol. 

The single hop test was measured using a standard tape 

measure with measures recorded in centimeters. The tape 

measure was secured to the floor, and each subject began the 

test with the toes lined at the tape measure's zero mark. 

The recorded measure was the distance from the zero mark to 

the place where the back of the subject's heel hit the 

ground upon completing the single hop. 

The cross-over hop test had a line 6 meters long and 15 

centimeters wide secured to the floor. A tape measure was 

secured on top of the line. While standing on the dominant 

limb, each subject hopped over the line 3 times. Subjects 

began the test by standing on the right side of the line, 

hopping to the left side, hopping back over to the right 

side and then hopping back to the left side. As done in the 

single hop test, each subject began the test with the toes 

lined at the tape measure's zero mark. The recorded measure 

was the distance from the zero mark to the place where the 
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back of the subject's heel hit the ground upon completing 

the third hop. The test score was the total distance 

hopped. 

The timed hop test had a 6 meter distance marked off. 

Subjects began the test with their toes lined at the 

starting point; they ended the test when the back of their 

heel crossed the finish line. The-test score was the time 

it took for the subject to hop 6 meters on one limb as 

measured to the nearest one-tenth of a second using a 

calibrated stop watch. 

Subjects received either a 30 ml or 60 ml saline 

injection into the knee.j,oint for purposes of simulating an 

·acute effusion. ·A 30 ml infusion was used because Spencer 

et al. (1984) reported muscle inhibition at this low level 

when testing quadriceps strength using EMG equipment to 

measure-the H-reflex. A ·60 ml infusion was used because 

Jensen & Graf ( 1993) reported muscle .inhibition at this 

level when testing quadriceps strength isokinetically. The 

orthopedic surgeon performing· the injections also felt that 

a 60 ml injection would pose no danger the participant's 

knee joint cavity. Testing at both these levels was used to 

provide a better indication of th~ effects both·a minimal 

and moderate effusion would have on normal lower extremity 

function. 
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Procedures 

Prior to participation in the stbdy, one investigator 

interviewed each subject as- to ascertain if the subject had 

sustained a previous lower extremity injury or had any other 

medical problem making the person ineligible for 

participation. Furthermore, an orthopedic surgeon performed 

a brief ·clinical examination -in order to exclude volunteers 

with any ligamentous knee instability or knee effusion .. 

Eligible participants then were· rand:omly assigned to· 1_ of 2 

groups ··u~_ing a table of random numbers. 

Participants first performed ·a-warm-up program 

consisting of riding a stationary bike for 5_minutes at a 

submaximal level· ( Tegrier , et al, 198 6) . . They also performed 

gentle quadriceps, hamstring and calf stretches consisting 

of 5 repetitions with a.10 second hold each. The test. 

administrator monitored the warm-up session and provided all 

test instructions. 

The test administrator then demonstrated ea·ch of the 

functional tests. All participants practiced each test 3 

times to account for learning effects (Booher et al., 1993). 

· Total time lapse between the warm-up period and practice 

trials wa~ approximately 3 minutes. Participants were given 

a 1 minute rest period b~fore actual testing began. 

Testing· consisted of 3 trials. Subjects were allowed a 

30 second rest between each trial and a 45 second rest 
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between functional tests. Participants used only their 

dominant limb for the testing; dominant limb was the limb 

with which the subject would naturally kick a ball (~ooher 

et al., 1993) The order of testing for each participan~ was 

.randomly determined. Participants received no verbal 

encouragement during the test trials but were instructed to· 

give their best effort in the safest manner. They began 

each trial after the test administrator said "1,2,3,Go." 

The test administrator ensured that each subject's toes 

were correctly·lined. Another person also assisted with 

spotting each participant as to decrease the risk of fall 

during testing. The average score of the 3 trials for each 

functional test was used for statistical analysis. 

Following the initial test session, an orthopedic 

surgeon injected either a 30 ml (Group 1) or 60 ml (Group·2) 

saline solution into the_ superolateral aspect of the 

suprapatellar pouch of each participant's knee using a 22 

guage needle. The superficial skin was anesthetized with a 

1% lidocaine solution using a 25 guage needle;.however, no 

anesthetic was introduced into the joint cavity. ·subjects· 

walked around the testing area for 3 minutes· after the 

injection to become acclimated to the ~ffusion.· Then, they 

performed ge.htle quadriceps, hamstrings and calf muscles 

stretching of 1 repetition with a 10 second hold. They were 

also allowed 1 practice trial in the order with which they 
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had performed the functional tests at the beginning of the 

study. Subjects then repeated the functional tests in the 

same manner and order as done prior to injection. The total 

time lapse from the time of injection to post-testing did 

not exceed 8 minutes. 

Subjects were advised to perform,gentle quadriceps, 

hamstring and calf stretching after the testing. Each 

subject then placed an ice pack around the infused knee for 

10 minutes. 

Statistical Analysis 

We used mean scores for 3 trials on each functional 

test for statistical analysis. Measures for the single hop 

and cross-over hop were to the nearest centimeter; measures 

for the timed hop were to the nearest one-tenth of a second. 

A 2 x 2 analysis of variance (ANOVA) with repeated measures 

was used to determine statistical differences in dependent · 

means between independent variables of pre- and post-test 

scores and 30 ml and 60 ml effusions. Level of significance 

was set.at the .05 alpha level for all statistical tests. 



Knee Effusion 

RESULTS 

The means and standard deviations for average pre- and 

post-test scores for a 30 ml (n=5) and 60 ml (n=4) saline 

injection are displayed in Table I. Tables II and III 

summarize the results of a 2 x 2 ANOVA with repeated 

measures for the single hop and cross-over hop tests. There 
\ 

were no significant main effect differences (p > .05) 

between subjects having either a 30 ml or 60 ml injection 

(effusion) nor were there significant main effect 

differences (p > .05) between pre- and post-test scores 

(trials). There was no significant interaction between 

effusion and trials (A X B). 

Table IV summarizes the results of a 2 x 2 ANOVA with 

repeated measures for the timed hop. There were no 

significant main effect differences (p > .05) between 

subjects having either a 30 ml or 60 ml injection 

(effusitin); there were significant main effect differences 

{p < .05) for pre- and post-test scores (trials). There was 

a significant interaction (p < .05) between effusion and 

trials (A X B). Table V summarizes the simple effects test 

used to detect a difference in performance following the 60 

ml injection. 

35 
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DISCUSSION 

Our investigation found no differences in pre- and 

post-test scores for the single hop and cross-over hop tests 

following a 30 ml or 60 ml saline injection into a normal 

knee joint. We found no differences in performance between 

subjects receiving either a 30 ml or 60 ml injection for 

these 2 tests. Our investigation did find that post-test 

scores were 'higher for the timed hop following a 60 ml 

injection with no differences in times for subjects having 

only a 30 ml injection. 

Past studies have investigated the effect of a 

simulated acute knee joint effusion on quadriceps function. 

These researchers have reported a decrease in quadriceps . 

activity after a simulated effusion and inferred that these 

changes would result in decreased functional performance. 

Several researchers measured the effects on quadriceps 

function with the knee in a set position (deAndrade et al., 

1965; Kennedy et al., 1982; Spencer et al., 1984). Others 

tested quadriceps strength isokinetically through a specific 

range of motion to test in a more functional manner 

(Baxendale et al., 1985; Wood et al., -1988; Jensen & Graf, 

19 93) . 

36 



Knee Effusion 

37 

The present study dif~ered from previous ones in that 

·it measured changes in quadriceps function using functional 

performance tests (Noyes et al., 1991). We used these tests 

because there is evidence to support a positive correlation 

between quadriceps strength and one-legged hop tests (Barber 

et al., 1990; Wilk et al., 1994; Pincivero et al., 1997) and 

hypothesized that decreased performance on functional tests 

may result from quadriceps ·inhibition. We also used these 

tests because of their high level of reliability; 

reliability ensured that the functional tests could detect 

differences in lower extremity performance when following a 

standardized protocol (Booher et al., 1993; Greenberger et 

?al., 1996; Bolgla & Keskula, 1997). 

Subjects in our study had statistically significant 

differences in performance for the timed hop; however, no. 

change was found with the single hop and cross-over hop. 

This apparent discrepancy may be attributable to the 

following factors: 

1. Compensation from other muscles could have accounted for 

no changes in performance for the single hop and cross

over hop. 

2. The timed hop test had a power and time element not 

found with the other tests; this relatively higher level 
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test may have been more sensitive to changes in 

performance. 

3. Fluid movement within the joint from the time of 

injection to actual testing may have resulted in 

decreased mechanoreceptor activity, little quadriceps 

inhibition and no change in performance for the single 

hop and cross-over hop. 

4. The simulated effusion had no associated inflammatory 

process which could have led to decreased performance 

with the single hop and cross-over hop. 
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5. Our study had a small sample size and small effect size 

which could limit its ability to detect differences in 

performance. 

Compensatory Mechanisms 

The ability of an individual to jump a given distance 

is dependent mainly on the propulsive forces generated at 

takeoff. (Pincivero et al., 1997). In their study involving 

the vertical jump, Anderson et al. (1991) stated that other 

neuromuscular, anatomical and performance factors besides 

quadriceps and/or hip extensor strength must be considered 

for predictiqn of performance. Other muscles involved in 

the propulsive phase of jumping are the hamstrings and ankle 

pl~ntafflexors. There is po eyi~ence to suggest that these 

muscles were affected by our simulated effusion. 
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Pincivero et al. (1997) investigated the role of 

hamstring and quadriceps isokinetic strength in the single 

hop for distance test .. They reported statistically 

significant relationships between quadriceps and hamstring 

isokinetic strength values and the single leg hop for 

distance test in noninjured subjects; however, a stronger 

correlation existed between the isokinetic hamstring 

variables and the single leg hop. 

These results were in disagreement with Wilk et al. 
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(1994) who reported no correlation between isokinetic 

hamstring strength and the single leg hop for distance in 

subjects having undergone.ACL reconstruction. Pincivero et 

al. (1997) concluded "that muscular strength of the knee 

flexors may enhance functional performance and conflicting 

results with Wilk et al. (1994) indicate that articular 

retensioning of ligamentous structures after reconstructive 

surgery may play a major role in knee joint stabilization." 

They concluded that the hamstring muscles play a more 

important role during the single leg hop than previously 

thought. This conclusion has been supported by other 

studies investigating the interaction between the hamstrings 

and quadriceps during functional activities (Osternig et 

al., 1986; Baratta et al., 1988). 

The ankle plantarflexors help generate propulsive 

forces needed in hopping activities. Svantesson et al. 
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(1994) investigated the stretch-shortening cycle of the 

ankle plantarflexors and repo~ted that the ankle 

plantarflexors generated greater torque values when preceded 

by an eccentric action. Normal motion is a combination of 

concentric and eccentric contractions and these findings 

help explain the strength of the plantarflexors and their 

importance with jumping activities. 

Gauffin & Tropp (1992) supported the role of 

compensatory mechanisms with the single hop in their 

investigation of motor control adaptations in subjects 

having undergone successful rehabilitation for an ACL

deficient knee. They reported that subjects having a normal 

hop quotient (meaning no difference existed between the 

normal and ACL-deficient knee) showed different movement 

patterns through adaptation of other muscle groups and 

warned·_that a symmetric test result may not automatically 

reflect adequate knee function. This conclusion was in 

agreement with Noyes et al. (1991) who suggested that 

clinicians use functional tests in combination with other 

factors such as ligamentous stability, range of motion and 

isokinetic strength. 

Functional Test Responsiveness 

Compensation· from other muscle groups would diminish 

the ability of a test to detect a functional limitation 

(Barber et al., 1990; Keskula et al., 1996), implying that 



Knee ·Effusion 

41 

subjects could have experienced quadriceps inhibition not 

reflected in the test. Functional test sensitivity rates 

range from 49% to 52% (Noyes et al., 1991); therefore, a 

limitation could be that the single hop and cross-over hop 

were not responsive enough to subtle changes in lower 

extremity performance. 

For example, Cross et al. (1996) found significant 

differences in performance with a shuttle run and 40 meter 

dash after a 20 minute ice immersion to.the lower leg and 

nonsignificant differences with the 6 meter timed hop. In 

their particular study, the shuttle run and 40 meter dash 

were higher level tests than the timed hop and were more 

responsive to changes in lower extremity performance 

following the ice immersion. This investigation 

demonstrated that different tests' ~bility to detect changes 

could lead to different conclusions concerning the effect of 

the independent variable used in the study. 

The timed hop was the only test resulting in 

significant differences, which occurred in subjects having 

the 60 ml injection. Subjects in the 30 ml group had no 

changes in performance during the timed hop which suggested 

that this fluid volume was not large enough to cause 

differences in performance. Therefore, the timed hop was 

sensitive enough to detect changes in performance following 

a 60 ml injection. A possible reason for this finding was 
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because of this test's time and power elements. This timed 

hop involved a series of 6 to 10 forceful hops in the 

quickest time possible. The repetitive starting and stopping 

required a higher level of neuromuscular control. Subjects

appeared more apprehensive with the timed hop post

injection, a finding consistent in part with Wilk et al. 

(1994), than the other tests. Even though similar muscle 

groups are used for all the tests, the timed hop had a 

higher difficulty level and appeared to have been sensitive 

to a change in performance after .a 60 ml injection. 

The single hop and cross-over hop-tests involved fewer 

hops and no time element. These tests did not involve higher 

level stop-start maneuvers. Participants could "catch 

themselves after a hop" if they felt unbalanced. Therefore, 

subjects could have experienced some level of quadriceps . 

inhibition not detected by these tests. 

Fluid Dynamics 

The experimentally induced effusion may not have 

created the amount of inhibition necessary to limit 

performance as suggested by post-test scores on the hop for 

distance tests. A reason for this finding was a movement of 

the injected fluid within the joint. We injected subjects 

with the saline solution and allowed them an opportunity to 

walk around the testing area for 3 minutes, perform 1 

stretch with a 10 second hold for the 9uadriceps, hamstring 
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and calf muscles and practice each functional test 1 time 

prior to retesting. Subjects performed these activities to 

become acclimated to the effusion, and we felt that this 

acclimation period was necessary to ensure that subjects 

perform the tests safely post-injection. During this time, 

we believe that fluid moved from the injection site to other 

compartments of the knee joint. McNair et al. (1994) 

believed that fluid movement from a concentrated area of the 

joint to other compartments would cause decrease stress on 

the joint capsule and decrease mechanoreceptor a~tivity. 

Earlier studies using isometric contractions and EMG 

equipment measured quadriceps strength immediately after the 

injection in a position near full knee extension. Knee 

extension represented a closed pack position which increased 

intraarticulai pressure, _increased mechanor~ceptor discharge 

and caused quadriceps inhibit~on (Stratford, 19~1; Levick, 

1983; Spencer et al., 1984). The effect of joint position 

and fluid movement on intraarticulai· pressure would explain 

why researchers such as Jensen and Graf (1993) reported 

quadriceps inhibit~on between a 40 ml and 60 ml injection 

during isokinetic· 't~sting while. Spencer et ·al. · (1984) 

reported quadriceps inhibiti.on between 20. ml ·and 30 ml when 

measuring the H-reflex near full knee extension. 

McNair et al. (1996) measured the-effect of submaximal 

exercises on isokinetic test results by measuring quadriceps 
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strength isokinetically before, immediately post-injection 

of a 60 ml saline/ dextrose solution and post-injection 

following submaximal exercises. In this study, they 

reported a 30% decrease in torque recorded for the . 

quadriceps immediately following a 60 ml injection that 

returned to preinjection strength levels after submaximal 

exercises. They also performed MRI images on 2 subjects to 

show the dispersal of the fluid within the knee joint both 

before and after submaximal exercises. 

This movement of fluid within the joint capsule was 

also consistent with Woods et al. (1988) who reported a 

decrease in knee articular pressure after a simulated 

effusion by 50% during repeated knee flexion and extension 

movements. Woods et al. (1988) attributed the change in 

pressure to the plasticity of a normal knee joint capsule. 

Pain and Inflammation 

Pain and inflammation often accompany an acute knee 

effusion. Subjects in our study experienced no pain with 

the simulated effusion; they merely reported feelings of 

tightness and pressure. Furthermore, the simulated effusion 

did not have an associated inflammatory process causing 

synovial irritation. Significant knee injuries often are 

accompanied by a hemarthrosis. Blood found in the joint 

would cause synovial irritation, pain and possible decreased 

performance on functional tests. Our inability to test 
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subjects in the presence of an inflammatory process 

represented a limitation of our study. 

Limitations of the Current Study 

Another limitation of this study was a small sample 

size and small effect size. Small samples are _less likely 

to be good representations of population characteristics 
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such that true differences between groups are less likely to 

be recognized. Large changes in average test scores 

following the simulated effusions would have been more 

likely ~o produce significant differences than those with 

small or negligible effects (Portney & Watkins, 1993}. This 

has implied that our subjects could have experienced 

differences in performance for all tests though not 
I 

highlighted in our results (type II error}. 

Suggestions for-Future Research 

The current study was the first that investigated the 

effect of a simulated effusion on lower extremity 

performance using functional tests. Additional 

investigations should be undertaken to further explore this 

phenomenon. Many athletes participate in unrestricted 

sporting activities with a knee effusion; however, little 

evidence has existed as to the risk of serious injury 

associated with this effusion. A better understanding of 

the relationship between an acute knee effusion and 
I 

functional performance would enhance the clinical decision 
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making process concerning an athlete's safe return to 

sporting activities. 

This study reported no statistical differences pre- and 

post-injection for the hop for distance tests which may be 

from these tests' lack of responsiveness to change. Future 

investigators should consider implementing other functional 

tests that would.require more aggressive maneuvers making 

them more sensitive to changes in performance with a 

simulated knee effusion. Based on the current study, no 

subject appeared_to be at risk of ~njury during the 
'· 

performance of the tests following the simulated effusion. 

These findings suggest that subjects could safely perform 

higher level pivoting and cutting activities in an attempt 

to use more responsive functional tests for measuring 

changes in performance. 

Subsequent studies could also explore the role of fluid 

movement within the joint by having an MRI immediately 

following injection and post-testing to analyze the fluid 

dispersal within the joint. This study could also be 

repeated by utilizing motion analysis equipment to detect an 

altered movement pattern following the injection ~nd by 

using EMG equipment to measure changes in quadriceps force. 
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CONCLUSION 

The purpose of this study was to investigate the effect 

of an acute knee effusion on lower extremity function. This 

study found that subjects had no change in performance with 

the one-legged single hop and one-legged cross-over hop for 

distance tests after having either a 30 ml or 60 ml 

simulated effusion. The study di_d detect a change in 

performance with the 6 meter timed hop in the presence of a 

60 ml simulated effusion but no significant differences in 

test scores following a 30 ml effusion. 

This study should ~erve as a pilot for future 

investigations such that clinicians can better understand 

the effect of an acute effusion on lower extremity 

performance. An understanding of this relationship will 

assist sports medicine practitioners in the clinical 

decision making process involved with an athlete's safe 

return to unrestricted activity levels. 
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Single Hop for Distance Cross-over Hop for Distance 

6m 

I 
I 
I 
I 
I 

6 Meter Timed Hop 

Figure 1. The functional performance tests adapted from 

Noyes et al. (1991) 
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Means and Standard Deviations for Average Scores 

on Functional Tests Before and After a 

30 ml and 60 ml Simulated Effusion 

Preinjection Post-injection 

M SD M SD 

(ern) 

30 rnl 152.2 25.7 145.0 43.2 

60 rnl 142.3 24.1 138.5 25.7 

Cross-over Hop (ern) 

30 rnl 427.2 96.8 418.2 118.4 

,60 rnl 359.8 63.6 345.5 67.6 

Timed Hop (s) 

30 rnl 2.38 .35 2.41 .39 

60 rnl ·2. 41 .27 2.68 .30 
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TABLE II 

2 x 2 Analysis of Variance with Repeated Measures 
on 1 Factor Comparing Single Hop for Distance Scores 

Pre- and Post-Test for 30 ml and 60 ml 
Simulated Effusion 

Source of Variance ss df MS F 
Between 

E. 

A (effusion) 300.67 1 300.67 .17 .697 
error 12754.77 7 1822.11 

Within 
B (trials) 133.22 1 133.22 .88 .379 

AxB 13.22 1 13.22 .09 .776 
error within 1057.77 7 151.11 

60 

NS 

NS 
NS 
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TABLE III 

2 x 2 Analysis of Variance with Repeated Measures 
on 1 Factor Comparing Cross-over Hop Scores 

Pre- and Post-Test for 30 ml and 60 ml 
Simulated Effusion 

Source of Variance ss df MS F 
Betwe·en 

E 

A (effusion) 21824.47 1 21824.47 1.35 .284 
error 113388.98 7 16198.43 

Within 
B (trials) 600.62 1 600.62 .70 .431 

A X B 30.62 1 30.62 .04 .856 
error within 6016.37 7 859.48 

61 

NS 

NS 
NS 
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TABLE IV 

2 x ·2 Analysis of Variance with Repeated Measures 
on 1 Factor Comparing Timed Hop Scores 
Pre- and Post-Test for 30 ml and 60 ml 

Simulated Effusion 

Source of Variance ss df MS F 
Between 

A (effusion) .10 1 .10 .44 
error 1.52 7 .22 

Within 
B (trials) .10 1 .10 9.39 

A X B .06 1 .06 5.63 
I 

error within .08 7 .01 

E 

.528 

.018 

.049 

62 

NS 

s 
s 
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TABLE V 

Simple Effects Test for. Significant Interaction 
Between.Effusion and Trials 

Source of Variance 
Pre/post score @ 30 ml 
Pre/post scor·e @ 60 ml 

Wit:Q.in cells 

ss 
.003 

.14 

.08 

Critical F value (1,7) 5.54 

df 
1 
1 
7. 

MS 
.003 

.14 

.01 

F 
.30 

14 
p > . 05 . 
p < .05 

63 

NS 
s 
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THE EFFECT OF AN ACUTE KNEE EFFUSION 

ON LOWER EXTREMITY FUNCTION 

Lori A. Bolgla, P.T., Principal Investigator 

Douglas R. Keskula,,Ph.D., P.T., A.T.C., Co-Investigator 

Jewell B. Duncan, M.D., Co-Investigator 

I am being asked to participate in a study wh~ch will 

try to determine the relationship between an acute knee 

effusion (swelling) and lower extremity function. This 

study is designed to explain how an acute knee effusion 

affects individuals with normal lower extremity function. I 

understand that I have been asked to participate because J 

have had no previous lower extremity injuries. 

I understand that my participation in the study will be 

a 1 time visit and will last approximately 1 hour. First, 

an investigator will interview me to rule out any medical 

problems or previous lower extremity injury that would 

disqualify me from participating~ Next, an orthopedic 

surgeon will perform a brief clinical examination to 

identify any knee instabilities or swelling that would make 

me ineligible to participate irt this study. 
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I understand that, for the testing procedure, I will 

initially ride a stationary bike for 5 minutes and perform 

gentle stretching exercises in order to properly warm-up my 

lower extremities. Next, an investigator will demonstrate 

the 3 hop tests that I will be required to perform for 

testing. I understand that these hop tests are routinely 

used by physical therapists in measuring lower extremity 

function~ The hop tests will require me to stand on 1 leg 

for 2 of the tests and hop as far as possible on that same 

leg. I will also hop a 6 meter. distance on 1 leg as fast as 

I can. I will perform 3 repetitions-of each' hop test .. 

After completing the 3 hop tests, I understand that an 

orthopedic surgeon will inject either a 30 ml or 60 ml 

saline solution into my knee joint. The amount of saline 

solution that will be injected into my knee will be randomly 

determined by the investigators. I wi1l.receive the 

injection in order to have a simulated acute knee effusion. 

After receiving the injection, I will perform gentle 

stretching'·exercises and 3 repetitions of each hop test. 

Upon completion of the study, I will be instructed on 

gentle stretching and will place an ice pack on my tested 

knee. Proper stretching and icing will reduce the chances 

of muscle and joint soreness following the testing. The 

test session will last approximately 60 minutes. 
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I understand that risks of participating in this study 

include muscle and knee joint fatigue and soreness from the 

exercise, .temporary discomfort from the saline injection, 

bleeding from the needle insertion, infection from the 

saline injection and falling while performing the hop tests. 

The orthopedic surgeon will inject my knee using a sterile 

technique. Assistants will spot me while I perform the 

tests as to minimize the risk of falling. I will receive 

appropriate first aid should any unforeseen physical injury 

occur. 

I will not be paid nor charged anything for 

participating in this project. I understand that the 

Medical College of Georgia assumes no obligation to pay any 

money or provide free medical care in case this project 

results in any harm to me. 

I understand that I will not receive any direct 

physical benefits from participating in the study; however, 

I may gain additional knowledge about functional knee 

performance tests. I may also learn mor~ about the effects 

swelling has on normal knee function. 

I understand that my participation in this research 

study, and the research records specifically related to it, 

will be confidential, unless specifically required to be 

disclosed by state or federal law. 
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I understand that, Lori Bolgla, P.T., who can be 

reached at (706) 721-2481, will answer further questions I 

may have at any time concerning the study, the procedures 

and any injuries that may appear to be related to the 

research. If I have any questions or concerns about the 

"rights of research subjects", I may contact Dr. George S. 

Schuster at (706) 721-2991. 

My participation in this study is voluntary. I 

understand, however, that I may revoke my consent and 

withdraw from the study now or at any time in the future 

without affecting my grades or standing at the Medical 

College of Georgia. 

The risks and b~nefits to me, if I participate iri this 

study, have been explained~ I have had the chance to ask 

questions and these have been answered. With this 

understanding, I hereby consent to participate in this 

study. 

Subject's ·Signature 

Witness' Signature 

Signature of Investigator 

obtaining consent 

Date 

Date 

Date 
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APPENDIX·2 

THE EFFECT OF AN ACUTE KNEE EFFUSION 

ON LOWER .EXTREMITY PERFORMANCE 

Summary of Procedures . 

1. Completion of informed consent, medical history form and 
personal data information (age, height and weight) 

2. Assessment of knee ligament stability ** 

3. Warm-up activities requiring subjects to ride a 
stationary bike for 5 minutes and stretch the quadriceps, 
hamstrings and calf muscles for 5 repetitions with a 10 
second hold each 

4. Demonstration of the functional performance tests 

5. Subjects randomly choose the order with which to perform 
the tests 

6. Practice each test 3 times as randomly determined with 
subjects to rest 30 seconds between trials and 45 seconds 
between tests 

7. One minute rest period between practice and actual 
testing 

8. Begin actual testing with subjects performing 3 trials of 
each test with a 30 second rest between trials and 45 
second rest between tests 

9. Take a girth measurement around the medial knee joint 
line and measure knee extension 

10. Inject the saline solution into the knee joint.** 
(the amount of saline has been predetermined using a 
table of random numb~rs) 
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11.Subjects walk around the testing area 3 minutes and 
perform gentle quadriceps, hamstring and ·calf stretching 
for 1 repetition with a 10 second hold 

12.Perform 1 practice trial of each test in the same order 
as before injection with a 30 second rest between trials 
and a 1 minute rest before retesting 

13.Repeat 3 trials of the functional performance tests in 
the same order and manner as described before injection 

14.Perform stretches as described in the warm-up·and apply a 
cold pack to the knee for 10 minutes. 
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