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Objective: To compare the changes in hamstring length re-
sulting from modified proprioceptive neuromuscular facilitation
flexibility training in combination with cold-water immersion, hot-
water immersion, and stretching alone.

Design and Setting: Training-only subjects stood motionless
for 10 minutes, while subjects in the cold group stood in a cold-
water bath (8° = 1°C) immersed up to the gluteal fold for 10
minutes, and subjects in the hot group stood in a hot-water bath
(44° = 1°C) immersed up to the gluteal fold for 10 minutes. All
subjects exercised only the right lower limb using a modified
proprioceptive neuromuscular facilitation flexibility protocol,
consisting of 1 set of 4 repetitions. This procedure was followed
for 5 consecutive days.

Subjects: Forty-five uninjured subjects (21 women, 24 men;

age range, 18-25 years) were randomly assigned to the cold,
hot, or stretching-alone group.

Measurements: Subjects were measured for maximum ac-
tive hip flexion on the first and fifth days.

Results: Group results were assessed using a 2 X 3 analysis
of variance, comparing changes in hamstring length from pre-
test to posttest. All 3 groups had significant improvements in
hamstring length (pretest to posttest) (P < .05). However, no
significant differences occurred among groups.

Conclusions: No advantage was apparent in using complete
hot or cold immersion to increase hamstring length in healthy
subjects.
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lexibility training is generally accepted as an important
aspect of conditioning for athletic and occupational per-
formance and is widely used as an effective method in
the treatment and prevention of injuries.>:2 Flexibility exercises
are designed to increase tissue elasticity, thereby increasing
range of motion (ROM) of specific joints. Increased ROM is
believed to both enhance athletic performance?# and decrease
the severity and frequency of injuries.12
Stretching techniques can be categorized as static, ballistic,
slow active, and proprioceptive neuromuscular facilitation
(PNF). Scientific Stretching for Sport—(3S) describes a mod-
ification of PNF2 Benefits realized through modified PNF flex-
ibility training are superior to benefits realized through static
and ballistic techniques.®56 The modified PNF technique is
said to create short-term neural adaptations and short-term and
long-term modifications within the viscoelastic components of
the muscle-tendon-fascia unit.#

In therapeutic settings, in which the goal is to restore func-
tional range and strength as near to preinjury status as possible
and in the shortest amount of time, muscle injuries are fre-
quently treated with some form of PNF exercises. Stretching
exercises are often combined with the application of thermal
agents. Lentell et al” studied the effect of thermal agents and
prolonged static stretching on shoulder flexibility. Subjectsin
the stretching-alone, heat, ice, and combined heat and ice
groups al demonstrated improved shoulder flexibility com-
pared with subjects in the control (no-intervention) group. No
significant differences were found among the treatment
groups. However, Taylor et a® found that subjects in the heat
group demonstrated significantly greater flexibility scoresthan
subjects in the cold group (both groups performed static
stretching after the application of heat or ice) or subjects in
the stretching-alone group. Conversely, researchers investigat-
ing combined PNF flexibility training and cryotherapy found
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The flexibility training apparatus.

that cold application over the muscle, before and during
stretching, was significantly more productive in increasing
flexibility than stretching alone.®

A review of the literature reveals no consensus regarding a
specific protocol for the use of hot or cold application during
rehabilitation. Heat is thought to improve the vascular circu-
lation to and around the injured site, thereby speeding up the
repair process by decreasing connective tissue adhesions and
removing metabolic wastes,® whereas cryotherapy is used to
decrease inflammation and diminish the stretch reflex response
to elongation. The direct effect of either hot or cold application
and increased ROM is poorly understood. Therefore, our pur-
pose was to compare the changes in hamstring length resulting
from modified PNF flexibility training in combination with
hot, cold, or no thermal treatment before exercise.

METHODS

Subjects

Forty-five uninjured subjects (21 women, 24 men; age
range, 18-25 years) were recruited from an undergraduate col-
lege population. They reported no history of endocrine or ther-
moregulatory disorders, arthritic conditions, or muscul oskele-
tal injuries. None of the subjects were exercising strenuously
at the time of the study, and they were instructed to carry out
normal daily activities. The exercise protocol was approved by
the departmental ethics committee for studiesinvolving human
experimentation, and all subjects signed an informed consent.
Thirty-nine subjects completed all requirements of the study.

Experimental Design

On day 1 of the study, subjects were familiarized with the
flexibility training apparatus (Scientific Stretching Ltd, Hali-
fax, Nova Scotia, Canada). This machine has a moveable arm,
a hydraulic motor, and an integrated computer that displays
angle, force output, and duration of contraction (Figure). The
validity and reliability of the instrument has been previously
described by Holt et all® and Schmitt et al.34 Subjects were
randomly assigned to 1 of 3 groups: a cold-treatment group,
a hot-treatment group, or a stretching-alone group. Each sub-
ject in the cold-treatment group stood in a cold-water bath (8°
+ 1°C) immersed up to the gluteal fold for 10 minutes. Each
subject in the hot-treatment group stood in a hot-water bath

(44° + 1°C) immersed up to the gluteal fold for 10 minutes.
The stretching-alone group subjects stood motionless for 10
minutes. The duration of this study was 5 consecutive days,
and the study involved daily treatment and training. All mea-
sures were performed on the right lower limb.

Flexibility Training Protocol

Before testing and treatment on the first day, subjects were
positioned on the flexibility training machine (Figure), with
the resistance pad adjusted to the midcalf level. Each subject
produced a maximal active hip flexion (MAHF) with the leg
fully extended at the knee while maintaining the lower back
against the support platform. The angular measure was visible
to both the subject and investigator, and it represented pretest
hamstring length. Once the MAHF position was attained, sub-
jects produced a maximal voluntary isometric contraction
(MVIC) of the hip extensor musculature.

More precisely, in the supine position with the pelvis firmly
held to the machine's top padded platform, the subject actively
moved the right leg (extended at the knee joint) to MAHF to
the horizontal plane. At this point, the machine’s readout gave
the acquired angle. Once the angular displacement was re-
corded, the subject gradually built to maximum force (ie, per-
ceived MVIC). Subjects were instructed to stop if they expe-
rienced any pain or discomfort. At MVIC, the readout
provided the acquired angular torque. The MVIC values were
recorded for all subjects. From this score, percentage of MVIC
scores were calculated.

Upon completion of these initial measurements, subjects en-
gaged in their respective treatment protocols. Immediately af-
ter treatment, subjects positioned themselves on the exercise
machine and began the training protocol, which consisted of
1 set of 4 repetitions. The intensity of muscular effort for each
repetition was based on the initial MVIC. Repetitions were
progressive and consisted of the following: (1) 60% of MVIC,
(2) 70% of MVIC, (3) 80% of MVIC, and (4) 100% MVIC.
On each repetition, subjects were instructed to perform a 4-
second build-up to the appropriate isometric contraction of the
hamstring musculature, followed by a 6-second hold of the
contraction. Subjects performed the same duration of isometric
contraction (4 seconds + 6 seconds = 10 seconds), followed
by a 5-second relaxation and repositioning via a concentric
contraction of the antagonist. This procedure has been previ-
ously described by Holt et a0 and Schmitt et al.34 The force
output generated during each repetition was visible to both the
subject and the investigator, with the force of the fourth rep-
etition (100% MVIC) used to determine the effort of progres-
sions on the following day. Two independent laboratories311
have used this machine successfully in the area of PNF flex-
ibility research.

On the last day and after the training protocol, each subject
produced an MAHF, with the leg fully extended at the knee.
The angular measure was visible to both the subject and in-
vestigator, and it represented posttest hamstring length. A
methodologic limitation of the study was the lack of a control
group. Future research endeavors in this area must account for
this shortcoming.

Statistical Analysis

We assessed group results using a 2 X 3 (pretest and post-
test X 3 groups: hot treatment, cold treatment, and stretching
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alone) analysis of variance, comparing changes in hip joint
flexion from pretest to posttest. Significant differences were
accepted at the « level P < .05, where P < .05 was the
probability that no difference existed.

RESULTS

The data were assessed for group differences in hamstring
length between and within each group. All 3 groups had a
significant (Fy = 1, P < .05) increase in ROM after the 5
consecutive days of modified PNF flexibility training (pretest
to posttest). Stretching-alone group subjects had a mean in-
crease of 25.9° = 4° (pretest, 74.1° = 10°; posttest, 100.1° =
10°), while cold-group subjects had a mean increase of 23.5°
+ 7° (pretest, 78.3° = 11°; posttest, 101.8° + 8°), and the hot-
group subjects had a mean increase of 25.6° = 9° (pretest,
75.0° £ 12°; posttest, 100.6° + 13°). Group comparisons of
the change in hamstring length showed no significant differ-
ence (Fg = 2, P > .05) among the 3 groups.

DISCUSSION

Two main findings resulted from this study: (1) Modified
PNF flexibility training alone or in conjunction with heat or
cold thermal agents resulted in significant increases in ham-
string length, and (2) The particular experimental temperature
applications used in this study did not differ in their ability to
influence the changes in hamstring length expected during
modified PNF training.

It is not surprising that each group experienced significant
increases in hip joint flexion from pretest to posttest. Joint
ROM has been shown to increase somewhat regardless of the
stretching method used,® with modified PNF exercise found to
yield superior results.12 Of the 3 basic kinds of stretching
(ballistic, slow stretch, and PNF), research has shown that PNF
and its derivatives are the most effective techniques for in-
creasing flexibility.12-18

Theorists? have focused on the neurophysiologic bases of
PNF, stating that the excitatory afferents of the neuromuscular
spindle or the inhibitory afferent of the Golgi tendon organ
(GTO), or both are responsible for the effects. During a PNF
stretch, an isometric contraction of a stretched agonist for an
extended period of time may cause activation of its neuro-
muscular spindle.2 Impulses from the afferent fibers of the
spindle pass directly to the spinal motor neurons of the motor
units supplying the same muscle, resulting in an even stronger
isometric contraction. During this process, inhibition of the
antagonist occurs, which is followed by a facilitation effect
once the antagonist concentrically contracts.

During the full “reversal of antagonists,” as seen in the
method we employed in our study, the increase in tension cre-
ated during the isometric contraction of the prelengthened ag-
onist is thought to facilitate a release of itsfascia, which results
in an increased capacity to lengthen when the antagonist con-
tracts concentrically.2 Should the antagonist be in a position
where it cannot, through its concentric effort, move the limb
through a greater displacement, then very light pressure from
the partner or a machine can achieve the increase in ROM.
Both the fascia and the spindle of the agonist adjust to the
newly lengthened position. These impulses travel via branches
to inhibitory interneurons, causing postsynaptic inhibition of
the motor neurons to the agonist. Increasing the tension in-
creases the impulses from the GTO. These impulses can over-

ride the impulses coming from the neuromuscular spindles,
allowing the muscle to reflexively relax after the initial reflex-
ive resistance to the change in length (autogenic inhibition),
thus lengthening the muscle.

At the MVIC of the agonist during PNF it has been sug-
gested that performance differentiation (increases in joint ex-
tensibility) can be accomplished through the neurologic ap-
paratus by recruitment of receptor organs (spatial summation)
and by temporal summation, the transmitting of the number
of impulses per unit of time over the same fiber.22 How long
the facilitatory effects (inhibitory effect on the neuromuscular
spindle) of the GTO last is unknown. However, 1 serious lim-
itation to this hypothesis is that no study has directly evaluated
the proposed neurologic components in PNF (GTO, muscle
spindle, and other components).

Although previous studies have reported greater ROM gains
when cryotherapy is used before PNF exercises,® there were
no differences among group changes in hamstring length in
this study. Most of the cryotherapy and PNF studies have used
10 minutes of superficial ice massage or an ice pack to cool
the specific musculature. The superficial application of cold
may cause specific physiologic reactions, such as a decrease
in local metabolic function, local edema, nerve conduction ve-
locity, and muscle spasm and an increase in local anesthetic
effects.1® Some of these factors are thought to enhance the
gains realized with modified PNF flexibility exercises. One
possible difference between superficial ice application and
cold-water immersion is the vascular response. When a small
surface area is exposed to cold temperature, compensatory va-
sodilation by the deeper vascular system attempts to compen-
sate for the cold surface area, resulting in increased blood flow
to the tissues underlying the site of exposure. This vascular
reaction occurs to maintain a relatively constant deep tissue
temperature.’® Perhaps the superior gains reported using ice
and modified PNF are due to increased vascular flow, and thus,
increased temperature to the deep myofascial tissues, whereas
the physiologic changes resulting from the complete immer-
sion of the lower limb into cold water create survival vascular
responses, restricting blood flow to all peripheral sites to reg-
ulate core temperature. Although the superficial application of
cold does not completely penetrate into the deeper underlying
tissues, perhaps it is this vascular change that influences the
gains in ROM experienced during cryotherapy.

Further research is necessary to determine the deep-tissue
physiologic changes associated with superficial hot or cold ap-
plication. Different techniques of thermal therapy or cryother-
apy may lead to conflicting results.
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