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Objective: Arthrogenic muscle inhibition (AMI) is a presyn-
aptic, ongoing reflex inhibition of joint musculature after disten-
sion or damage to the joint. The extent to which therapeutic
interventions affect AMI is unknown. The purpose of this study
was to verify that the vastus medialis (VM) is inhibited using
the knee joint effusion model and to investigate the effects of
cryotherapy and transcutaneous electric nerve stimulation
(TENS) on AMI using this model.

Design and Setting: A 3 3 6 analysis of variance was used
to compare Hoffmann-reflex data for treatment groups (cryo-
therapy, TENS, and control) across time (preinjection, postin-
jection, and 15, 30, 45, and 60 minutes after injection).

Subjects: Thirty neurologically sound volunteers (age 5 21.8
6 2.4 years; height 5 175.6 6 9.6 cm; mass 5 71.5 6 13.3
kg) participated in this study.

Measurements: Hoffmann-reflex measurements were col-
lected using a percutaneous stimulus to the femoral nerve and
surface electromyography of the VM.

Results: Hoffmann-reflex measurements from the cryother-
apy and TENS groups were greater than measurements from

the control group at 15 and 30 minutes after injection. Mea-
surements from the cryotherapy group were greater than for the
TENS group, and measurements for the TENS group were
greater than those for the control group at 45 minutes. At 60
minutes, the cryotherapy group measurements were greater
than the TENS and control group measures. Measurements at
15, 30, 45, and 60 minutes after injection were reduced com-
pared with the preinjection and postinjection measurements in
the control group. Measurements in the cryotherapy group at
30, 45, and 60 minutes were greater than the preinjection, post-
injection, and 15-minute data. No differences between time in-
tervals existed in the TENS group.

Conclusions: Artificial knee joint effusion results in VM in-
hibition. Cryotherapy and TENS both disinhibit the quadriceps
after knee joint effusion, and cryotherapy further facilitates the
quadriceps motoneuron pool. Cryotherapy treatment resulted in
facilitation of the VM motoneuron pool during the post-treatment
phase. The TENS treatment failed to disinhibit the VM moto-
neuron pool by 30 minutes postinjection.
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Arthrogenic muscle inhibition (AMI) is a presynaptic,
ongoing reflex inhibition of musculature surrounding
a joint after distension or damage to that joint.1–4 Ar-

throgenic muscle inhibition is a natural response designed to
protect the joint from further damage. The presence of AMI
retards rehabilitation despite complete muscle integrity. How-
ever, if the affected joint can be protected from further dam-
age, active exercise can be employed to expedite the rehabil-
itation process. Early active exercise in the rehabilitative
process is essential for decreased healing time,5 increased
structural strength and stiffness of ligaments,6 increased col-
lagen synthesis in tendons,7 increased proteoglycan content in
articular cartilage,8 and periosteal expansion of bone tissue.9

Arthrogenic muscle inhibition not only slows strength gains

during rehabilitation, it also slows gains in proprioception10,11

and increases susceptibility to further injury.3,4,10–12 Many ther-
apeutic techniques have been developed to safely increase
strength and neuromuscular control during joint rehabilitation, but
these techniques are of little benefit if we cannot overcome AMI.

Several researchers13–18 have shown a decrease in both mus-
cle force output and motoneuron recruitment of the quadriceps
using an experimental knee joint effusion model. This model,
involving the injection of saline into the knee joint capsule to
mimic effusion, allows for a simple, controlled measure of
AMI. A pretest or baseline Hoffmann-reflex (H-reflex) mea-
surement is obtained before injection and compared with the
postinjection measurement. The H reflex is a measure of mo-
toneuron pool recruitment. A percutaneous stimulus is applied
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to a mixed nerve, resulting in depolarization of large afferents
and, ultimately, depolarization of motoneurons in the anterior
horn of the spinal cord. This results in a twitch contraction of
the effector muscle, which can be measured by electromyog-
raphy (EMG). As the stimulus is increased, more afferent fi-
bers reach threshold, and more motoneurons are recruited
within the motoneuron pool.1,19 This is represented by an in-
creased amplitude in the twitch contraction.

The difference between the maximum baseline H-reflex
measurement and postinjury measurement represents inhibi-
tion caused by excitation of mechanoreceptors within the knee
joint capsule4,11,20 and stimulation of the Ib inhibitory inter-
neurons.19 Inhibition, or a decrease in the availability of mo-
toneurons within a pool, is reflected by a decreased H reflex,
while facilitation is represented by an increased H reflex. The
effusion model allows for mechanical inhibition in the absence
of perceived pain.2 Pain is a confounding variable in injury
that is difficult to control.2

Despite evidence that AMI exists, few clinicians or re-
searchers3,4,21 have even attempted to suggest ways to over-
come or neutralize AMI in a clinical setting. Cryotherapy or
transcutaneous electric nerve stimulation (TENS) may be ef-
fective therapeutic interventions in slowing or modifying
AMI. According to Knight,22 ice not only decreases general
nerve conduction velocity, muscle spasm, and pain, but it has
a definite slowing and blocking effect on sensory nerve fibers
at certain nerve tissue temperatures (108C). The relationship
appears to be linear; the cooler the nerve becomes, the more
slowly the impulse is carried. It seems that any cooling of a
mixed nerve would have the same effect on both motor and
sensory nerves, but the results of studies exploring the effects
of cryotherapy on strength and torque output are varied.22–27

Furthermore, cryotherapy seems to have no effect on more
functional measures such as agility.28 Clinically, cooling an
acutely sprained ankle improves the patient’s ability to perform
active exercise.22 These factors suggest that cooling has a
greater effect on the sensory function of the peripheral nervous
system than on the motor component.

Transcutaneous electric nerve stimulation is an intervention
that could reduce AMI by postsynaptically inhibiting the Ib in-
hibitory interneurons. This process would decrease activity of
the interneurons responsible for mediating inhibition of the mo-
toneuron pool and decrease AMI. Iles29 reported that stimula-
tion of cutaneous nerve branches reduced presynaptic inhibition
of the soleus muscle. Transcutaneous electric nerve stimulation
has been shown to produce a small increase in quadriceps max-
imum voluntary contraction after anterior cruciate ligament re-
construction and after open meniscectomy.30,31 Arvidson et al30

attributed this effect to a small decrease in pain, but Stokes et
al31 showed some dissociation between pain and AMI.

The purpose of this study was to verify that the quadriceps
are inhibited as measured by H reflex using the knee joint
effusion model and to investigate the effects of cryotherapy
and TENS on AMI using this model.

METHODS

A 3 3 6 factorial design was used to compare treatment
groups across time intervals. The independent variables in-
cluded treatment groups (cryotherapy, TENS, and control) and
measurement intervals (pretreatment, post-treatment, and 15,
30, 45, and 60 minutes post-treatment). The dependent vari-

able was the H reflex. Control variables included surface tem-
perature measurements of the knee and EMG electrode sites.

Subjects

Volunteers (age 5 21.8 6 2.4 years; height 5 175.6 6 9.6
cm; mass 5 71.5 6 13.3 kg) were 30 (19 male, 11 female)
neurologically sound, physically active college students with
no lower extremity conditions resulting in surgery in the last
2 years, no lasting lower extremity pathology in the previous
6 months, and a measurable vastus medialis (VM) H-reflex
measurement. Each subject was determined to be free from
neurologic disorders and symptoms through a preparticipation
questionnaire. A preparticipation questionnaire and an H reflex
screening were used to assess other inclusion criteria. Thirty-
two subjects were excluded because a measurable VM H reflex
could not be obtained due to instrumentation limitations. Sub-
jects gave informed consent to participate in this study. Human
subject approval was obtained from the School of Health and
Human Performance Human Subjects Committee at Indiana
State University.

Instrumentation

H-reflex measurements were collected using surface EMG
(MP100, BIOPAC Systems Inc, Santa Barbara, CA). Signals
were amplified (DA100B, BIOPAC Systems Inc) from dis-
posable, pregelled Ag-AgCl electrodes. The EMG measure-
ments were collected at 2000 Hz. The BIOPAC stimulator
module (STM100A, BIOPAC Systems Inc) was used with a
200-volt (maximum) stimulus isolation adapter (STMISOB,
BIOPAC Systems Inc) and a shielded bar electrode (EL503,
BIOPAC Systems Inc).

Surface temperature measurements were collected using a
portable Datalogger (MSS-3000, Commtest Instruments Ltd,
Christchurch, New Zealand) with 30-gauge, exposed-junction
thermocouples with Kapton insulated leads (TX-31, Columbus
Instruments, Columbus, OH).

Orientation

A 30-minute orientation and screening was held for all vol-
unteers approximately 1 week before testing. A general expla-
nation of the study and its significance was given, along with
an explanation of the measurement protocol. Vastus medialis
H-reflex measurements were recorded to ensure that the vol-
unteer had a measurable H reflex for data collection. If a max-
imum measurable H reflex was obtained, all risks involved in
the study were explained, and the subject was randomly as-
signed to a group (control, cryotherapy, or TENS). If no mea-
surable H reflex could be obtained, the subject was dismissed.

Subject Preparation

Two locations were shaved, debrided (abraded with fine
sandpaper), and cleaned with isopropyl alcohol for application
of the EMG electrodes (10-mm Ag-AgCl, BIOPAC Systems
Inc) for each volunteer. Surface electrodes were centered on
the greatest bulk of the VM, superomedial to the patella, as
found during an isometric contraction. The electrodes were
placed in line with the muscle fibers and spaced 2 cm apart
from center to center. The ground location was on the ipsilat-
eral medial malleolus.

A stimulating electrode was placed over the femoral nerve
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Figure 1. Succession of H-reflex measurements with increasing
stimulus intensity. H waves (B-F) are located at approximately 24
milliseconds preceded by M waves (E-G) at approximately 10 mil-
liseconds. D represents a maximum H-reflex measurement.

in the femoral triangle of the test leg. First, the femoral pulse
was located. The electrode was then placed over the femoral
nerve, located just lateral to the femoral artery. Adhesive col-
lars were applied to each pole of the stimulating electrode to
maintain the position over the nerve for the duration of the
data collection. An elastic wrap was applied over the electrode
and around the waist to apply pressure and to hold the elec-
trodes in place during measurements.

Thermocouples were placed on the center of the patella and
on the skin lateral to the junction of the 2-surface EMG elec-
trodes. The thermocouples were held in place with a 4-cm strip
of athletic tape.

H-Reflex Procedure

The volunteer was positioned supine with the knee and hip
slightly flexed and the heel of the involved leg resting in a
secure pad, designed to keep the heel stable and the lower
extremity in a fixed position while at rest. Factors such as head
position, eye position, and hand movements may affect H-
reflex amplitude.32 For this reason, every attempt was made
to control positions and movements of the entire body. Sub-
jects placed their open hands at their sides. They focused on
a small picture on the ceiling with their heads forward, and
they listened to wave sounds through headphones. In previous
work on soleus H-reflex measurements, this protocol resulted
in excellent reliability (intraclass correlation coefficient [3,1]
5 0.938).33

A series of short duration (0.3-millisecond), high-intensity
(100 to 200 V) stimuli with 20-second rest intervals was de-
livered to the volunteer with varying amplitudes in order to
find the maximum H-reflex. These stimuli were delivered us-
ing a trial-and-error method for finding the peak H-reflex.
Stimuli were increased in 2-volt increments. The number of
trials necessary to find a maximum H reflex ranged from 5 to
12. A maximum H reflex was present (Figure 1) in the near
absence of a direct motor response (M response), and as the
M response increased, the H reflex decreased. The peak of the
H reflex was between 19 and 23 milliseconds, while the M
response was between 8 and 15 milliseconds (Figure 1). With
the stimulating amplitude set at the maximum H-reflex level,
5 measurements were taken, with a 20-second rest period be-
tween measurements.

Joint Effusion Procedure

An area superolateral to the patella was cleaned with alcohol
and Betadine (Purdue Frederick Co, Norwalk, CT). Using a
sterile, disposable syringe, a physician injected 2 cc of lido-
caine subcutaneously for anaesthetic purposes. With a second
disposable syringe, 60 mL of sterile saline was injected into
the superolateral knee joint capsule. The physician performed
an effusion wave and ballotable patella test to ensure that the
effusion was within the knee joint capsule. The physician wore
a new pair of sterile disposable gloves for each volunteer. All
materials were disposed of in the proper containers according
to Occupational Safety & Health Administration guidelines.34

Testing Procedure

Three volunteers, 1 from each treatment group (control,
cryotherapy, and TENS), reported for each injection session.
Electrode-placement sites were prepared as previously de-

scribed. A baseline H-reflex measurement (preinjection) was
recorded for each volunteer. Each volunteer was injected with
saline. Once the effusion was confirmed, H-reflex measure-
ments (postinjection) were recorded, followed by measure-
ments every 15 minutes for 1 hour. Measurement time allot-
ments for each subject were 5 minutes, maintaining a
15-minute measurement session for each time interval. Sub-
jects in the treatment groups had a treatment applied imme-
diately after the postinjection measurement and removed be-
fore the 30-minute measurement.

Cryotherapy Group
After the postinjection H-reflex measurement, 2 plastic bags

containing 1.5 L of partially crushed ice were placed directly
on the anterior and posterior surfaces of the knee, at least 3
cm distal to the VM electrodes. The ice remained on the knee
for 30 minutes. H-reflex measurements were recorded at 15-
minute intervals during the cryotherapy treatment. Subsequent
measurements were recorded at 30 minutes (immediately after
ice removal). Measurements taken at 45 and 60 minutes rep-
resented a post-treatment phase.

Surface temperature measurements were recorded from the
knee and EMG electrode sites on the VM at each interval.
These measurements were recorded to ensure that cooling was
not taking place at the EMG electrode sites, which could po-
tentially affect the measurement.

TENS Group
Four 3 3 3 cm reusable adhesive electrodes (Axelgaard

Manufacturing Co Ltd, Fallbrook, CA) were applied to the
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H-reflex (V) Amplitudes (Mean 6 SD) for Each Group Over Time

Time

Group

Control Cryotherapy TENS*

Preinjection
Postinjection
15 minutes
30 minutes
45 minutes
60 minutes

5.63 6 1.41
5.87 6 1.42
4.56 6 1.29†‡
4.25 6 1.27†‡
3.86 6 1.28†§
4.18 6 1.00†\

6.38 6 1.20
6.68 6 1.76
6.91 6 1.19‡
7.64 6 1.47†‡
7.85 6 1.34†§
7.84 6 1.44†\

6.20 6 1.81
5.99 6 1.75
6.38 6 1.80‡
6.11 6 1.76‡
5.82 6 2.01§
5.65 6 2.06\

*TENS indicates transcutaneous electric nerve stimulation.
†Significantly different from preinjection measurement (P , .05).
‡TENS and cryotherapy groups . control group (P , .05).
§Cryotherapy group . TENS group . control group (P , .05).
\Cryotherapy group . TENS and control groups (P , .05). Figure 2. H-reflex amplitudes over time expressed as percentage

change from the preinjection measurement (6SE). Values greater
than 0 indicate facilitation; values less than 0, inhibition.

Figure 3. Surface temperatures collected from the anterior knee
and the EMG electrode sites.

superior anterolateral and anteromedial and the inferior an-
terolateral and anteromedial areas of the knee with approxi-
mately 5 to 7 cm distance between them, forming a square
around the patella.35 A typical TENS protocol was used, in-
cluding a continuous, asymmetric, biphasic square-pulse wave
with a pulse width of 100 and a pulse rate of 120.35 The
stimulus intensity was increased until a visible contraction of
the VM was apparent. The intensity was then decreased until
no contraction was seen or felt by the volunteer. The treatment
session lasted 30 minutes, with measurement intervals mim-
icking those of the cryotherapy treatment. The TENS treat-
ment was briefly terminated during the 15-minute measure-
ment so it would not interfere with the H-reflex amplitude.

Control Group

Measurements were recorded at each of the intervals (pre-
injection, postinjection, and 15, 30, 45, and 60 minutes post-
injection). Subjects in all groups remained in a supine position
on the treatment table throughout the entire data-collection ses-
sion. No treatment or intervention was applied to the control
group.

Statistical Analyses

Means were computed from the 5 trials of each measure-
ment for statistical analysis. A 2-way analysis of variance with
repeated measures on time was performed to test for overall
differences between treatment groups over time, and the Tukey
honestly significant difference test was used for post hoc com-
parisons (P , .05 for all tests). Descriptive statistics were
computed for temperature data.

RESULTS

H-reflex (V) means for each time interval and treatment
group (Table) are expressed as percentage change from the
preinjection measurement (Figure 2). An overall difference
was detected in H-reflex measures between treatment groups
over time (F10, 135 5 13.68, P # .0001). At 15 and 30 minutes,
the control group had lower H-reflex amplitudes than the cryo-
therapy and TENS groups (Tukey, P , .05). At 45 minutes,
H-reflex amplitudes of all groups were different; cryotherapy
was greater than TENS, which was greater than control (Tu-
key, P , .05). At 60 minutes, the H-reflex amplitudes of the
cryotherapy group were greater than those of the TENS and
control groups (Tukey, P , .05). The 15-, 30-, 45-, and 60-
minute H-reflex measurements decreased compared with the

preinjection and postinjection measurements in the control
group (Tukey, P , .05). H-reflex measurements at 30, 45, and
60 minutes increased compared with the preinjection, postin-
jection, and 15-minute measurements in the cryotherapy group
(Tukey, P , .05). No differences were found between time
intervals in the TENS group.

Descriptive statistics of surface temperature measurements
from the anterior surface of the knee and from the EMG elec-
trode site (Figure 3) suggest that the temperature remained
constant at the EMG electrode sites, ensuring that the EMG
measurement was not affected by possible cooling of the tissue
beneath the electrodes.

DISCUSSION

Knee effusion has been shown to cause inhibition of the
quadriceps muscle.13,15–17,36–39 Our control group data support
this finding (Figure 2). This inhibition is likely the result of
increased activity of slowly adapting Ruffini endings in the
knee joint capsule.2,17,40 Activity from these receptors stimu-
lates Ib inhibitory interneurons,41 resulting in inhibition of the
quadriceps motoneuron pool29,42,43 and facilitation of the ham-
strings and triceps surae.2,9,19,44 The Ib interneurons seem to
be the integration point for sensory information received from
joint mechanoreceptors, resulting in AMI.2

H-reflex measurements were used in this study to compare
the availability of motoneurons within the quadriceps moto-
neuron pool before effusion and over a period of time after
joint effusion. A change in the excitability of the motoneuron
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pool is represented by a change in H-reflex amplitude as more
or fewer motoneurons are stimulated from a given stimulus
intensity. The H-reflex measurement, which was taken at rest,
was very reliable within (ICC[3,1] 5 .94) and between
(ICC[3,1] 5 .93) sessions using our protocol.33 This measure-
ment does not directly equate to changes in functional
strength, but it does equate to state changes to the motoneuron
pool, which affect strength, muscle wasting, and mobilization.4

The effusion model was chosen to mimic injury without the
effects of perceived pain. Pain is often blamed for inhibition.45

While pain undoubtedly plays some role in AMI, the joint
effusion model demonstrates that quadriceps inhibition occurs
in the absence of pain.17,38 In previous work, mean pain scores
after knee joint effusion were 1.18 6 0.82 out of 78 possible
points using the McGill pain questionnaire.2 ‘‘Tight’’ was one
of the McGill pain questionnaire terms that could be selected
to describe pain and was the term chosen most often.2 These
data were collected after the injection of saline at each H-reflex
measurement. They were not representative of the injection
itself, only the effusion created by the injection. The knee
effusion model allows for ‘‘mechanical’’ inhibition of the
quadriceps in the absence of pain. Pain can be a difficult var-
iable to quantify and interpret in studying joint injury. There-
fore, this model reduces any variability that may be associated
with pain.

The postinjection measurement from the control and cryo-
therapy groups demonstrated an excitatory trend in the cryo-
therapy and control groups (Figure 2). The TENS group did
not display this same effect. While these data seemed to be
inconsistent, occurring in fewer than half of the volunteers,
they are worthy of explanation. The volunteers who showed
this increased measurement after injection of saline into the
knee joint seemed the most anxious and nervous about the
injection. This nervousness or anxiety could result in an in-
creased H-reflex measurement. A sympathetic response, trig-
gered by hypothalamic stimulation, would include such phys-
iologic effects as increased heart rate, increased heart
contractility, increased blood flow to somatic muscles, sweat,
pupil dilation, and increased salivary secretion.46,47 These
physiologic reactions could easily increase the variability in
the measurement. The only explanation as to why the TENS
group postinjection measurement did not increase compared
with the other groups is that those randomly assigned subjects
may not have been as anxious or nervous about the injection
of saline.

Data from the TENS group showed no change from the
preinjection measurement over time (Figure 2). TENS de-
creased the amount of inhibition resulting from knee effusion
(disinhibition) during and shortly after the treatment (15-, 30-,
and 45-minute intervals). Clinical evidence supports a small
increase in voluntary activation of the quadriceps from TENS
after ACL reconstruction and meniscectomy.30 While TENS
disinhibited the quadriceps motoneuron pool during the treat-
ment phase (Figure 2), it seemed to become less effective after
treatment. This is evident by the downward trend at 45 and
60 minutes. The mechanism by which TENS reduces inhibi-
tion caused by joint effusion is not known. Because it caused
measurements to return only to baseline levels, and it resulted
in disinhibition during the treatment followed by an inhibitory
trend, it seems likely that TENS primarily affects inhibition
by having a direct effect on the interneuron that mediates the
process. Afferent activity from TENS may result in inhibition
of the Ib inhibitory interneuron. TENS could also cause ex-

citation of the Ia excitatory interneuron, resulting in an excit-
atory potential at the motoneuron pool. Lastly, TENS could
stimulate supraspinal centers to negate the effects of AMI
through descending inhibitory fibers synapsing on the Ib in-
terneuron. Each of these explanations is a possible mechanism
for TENS-induced disinhibition of the VM after knee joint
effusion. More data are needed to determine the exact mech-
anism.

Placing ice on an effused knee resulted not only in disin-
hibition but facilitation of the motoneuron pool beyond base-
line measures (Figure 2). This facilitation continued for up to
30 minutes even after the ice was removed, a finding supported
by data previously collected in our laboratory on healthy sub-
jects.48 Cooling has a slowing effect on nerve conduction ve-
locity of sensory afferent fibers.22 Cooling also slows the dis-
charge rate of mechanoreceptors in muscle.49 Joint
mechanoreceptors should react to cooling in the same way.
Several authors50–52 have shown a decrease in intra-articular
temperature during application of ice. Oosterveld et al52 re-
ported a decrease of 9.48C in intra-articular temperature after
a 30-minute application of chipped ice. They noted that even
though the ice was removed at 30 minutes, intra-articular tem-
peratures continued to decrease for up to 45 minutes. A de-
crease in nerve conduction velocity and a slowing in discharge
rate of joint mechanoreceptors would result in less information
being delivered to the spinal cord in a given period of time,
and therefore, a decrease in inhibition.

Since cryotherapy stimulates cutaneous receptors, including
mechanoreceptors (pressure) and thermoreceptors, these recep-
tors may play a role in facilitating the quadriceps motoneuron
pool. Quickly adapting mechanoreceptors excite the Ia inter-
neurons, resulting in excitation of the quadriceps motoneuron
pool.19 This mechanism would counteract inhibition mediated
through the Ib interneurons. Perhaps large amounts of infor-
mation reaching the spinal cord from several different sensory
receptors, stimulated by the effusion and the ice, create an
environment in which supraspinal centers intercede. Addition-
ally, since the quadriceps motoneuron pool was facilitated be-
yond the baseline measurement, supraspinal activity is likely
involved. A decrease in inhibition would return H-reflex val-
ues to a baseline (preinjection) level. Measurements above the
baseline level must be modulated by factors outside the re-
flexive loop.

Supraspinal pathways generally modulate spinal reflexes.47

In other words, reflexive activity produced from afferent traffic
is reduced by supraspinal pathways to allow for controlled
movement.47 Perhaps this tonic activity is reduced during
cryotherapy treatment, allowing for less supraspinal control
over reflexive activity. Cervero et al53 discussed a descending
tonic spinal inhibition that occurs as a mechanism limiting the
amount of motoneuron inhibition caused by trivial environ-
mental stimulation of cutaneous and subcutaneous mechano-
receptors. This idea is contrary to that discussed previously.
They reported that, during joint injury, descending tonic spinal
inhibition is reduced, allowing for increased AMI.53 In this
case, since descending tonic spinal inhibition is thought to be
initiated by environmental factors, ice could increase this pro-
cess, thereby decreasing AMI. Further study is needed to better
understand the supraspinal influences and the process by
which ice facilitates motoneuron recruitment within the VM
motoneuron pool.

Clinical observation provides support for cryotherapeutic
facilitation of the motoneuron pool. During cryokinetics, in-
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jured athletes seem able to perform exercises that were not
possible before a cryotherapy treatment. Knight22 attributed
this finding to a decrease in residual pain from the injury.
However, these data show that changes to the motoneuron pool
take place after knee effusion and cryotherapy treatment, and
previous work suggested that this model facilitates the process
in the absence of pain.2 Ice has a direct effect on diminishing
AMI, not just pain.

The results of studies investigating the effects of cryother-
apy on strength vary, with studies showing increased,54,55 de-
creased,25,27 and unchanged56,57 force production. These de-
creases in strength after cryotherapy were a product of cooling
muscle, not the joint. Ruiz et al27 reported that isokinetic con-
centric and eccentric strength decreased immediately after
cryotherapy treatment. However, there were no decreases in
concentric strength at 20 and 40 minutes post-treatment. The
differences reported in strength measurements after cooling
were a product of variability in the type of measurement and
the times and temperatures at which the measurements were
taken. Additionally, each of these studies was conducted using
healthy subjects. A population with abnormal joints may re-
spond differently.

Functional measures of motor activity may decrease25 or be
unaffected28 by cryotherapy. Cross et al25 reported that vertical
jump decreased and shuttle run times increased immediately
after ice immersion (foot and ankle). However, vertical jump
was decreased by 1.1 cm and shuttle run times increased by
0.2 seconds. These small changes could have been due to a
number of factors, including the temporary stiffness often ex-
perienced immediately after ice immersion.22 Our data suggest
that recruitment within the motoneuron pool increases during
and immediately after joint cooling and continues to increase
during the post-treatment phase. Knee extensor torque decreas-
es after knee effusion,14,39 which corresponds to our H-reflex
measures in the control group. However, this is not a direct
indication that a more functional measure of motoneuron pool
recruitment would increase with cryotherapy, TENS treat-
ments, or both. Further study is needed to determine if H-
reflex measurement changes correspond to functional changes
in force output over the same period of time in injured sub-
jects.

Since cooling the skin may affect the electrical conductance
properties of the tissue, it was necessary to measure surface
temperatures at the site of the recording EMG electrodes to
maintain the integrity of our measurement (Figure 3). Tem-
peratures at the EMG electrode sites remained constant
throughout the treatment (15 minutes, 31.52 6 1.798C, and 30
minutes, 31.49 6 1.808C) and post-treatment periods (45 min-
utes, 31.23 6 1.848C, and 60 minutes, 31.44 6 1.698C). Knee
surface temperature measurements were also collected, show-
ing a normal22 decline in temperature during the cooling phase
and a rise in temperature during the post-treatment phase. With
these data, we are confident that cooling the knee did not affect
our measurements from the VM.

More than 53% of the screened subjects were excluded be-
cause we could not measure a maximum H reflex. A stimulator
that produces a high voltage stimulus (100 to 200 V) with a
pulse duration of at least 1.0 milliseconds would be ideal for
the H-reflex measurement. Because our stimulator could only
produce a pulse duration of 0.3 milliseconds at that intensity,
we were unable to measure a maximum H reflex before the
stimulator reached its maximum intensity. Larger amounts of
subcutaneous fat in some subjects also made it difficult to

obtain a stimulus intensity great enough to elicit a maximum
H-reflex measurement.

In conclusion, the knee joint effusion model allows for in-
vestigation of neuromuscular changes associated with joint in-
jury. The quadriceps motoneuron pool is inhibited in the ab-
sence of muscular injury or pain. Cryotherapy and TENS
effectively disinhibit the quadriceps motoneuron pool after
knee joint effusion, and cryotherapy further facilitates the mo-
toneuron pool. Reduction of AMI by these therapeutic mo-
dalities may permit earlier activation of musculature during
joint rehabilitation, allowing for active exercise and its positive
effects on healing and the rehabilitation process. Further work
will allow us to determine if a reduction in AMI allows the
injured athlete to return to competition faster and with less
susceptibility to further injury.
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