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ABSTRACT

Objective: The purpose of this study was to investigate the effects of phototherapy on delayed onset muscle
soreness (DOMS) as measured using the Visual Analog Scale (VAS), McGill Pain Questionnaire, Resting
Angle (RANG), and girth measurements. Background Data: Previous research has failed to prove the benefi-
cial effects of phototherapy on DOMS. Methods: This was a randomized double-blind controlled study with 27
subjects (18-35 years) assigned to one of three groups. The experimental group received 8 J/cm?2 of photother-
apy each day for five consecutive days using super luminous diodes with wavelengths of 880 and visible diodes
of 660 nm at three standardized sites over the musculotendinous junction of the bicep. The sham group re-
ceived identical treatment from a dummy cluster. The controls did not receive treatment. The study was com-
pleted over five consecutive days: on day one baseline measurements of RANG and upper arm girths were
recorded prior to DOMS induction. On days 2-5, RANG, girth, and pain were assessed using VAS and the
McGill Pain Questionnaire. Results: The experimental group exhibited a significant decrease in pain associ-
ated with DOMS compared to the control (p = 0.01) and sham groups (p = 0.03) based upon the VAS at the
48-h period. The McGill Pain Questionnaire showed a significant difference in pain scores at the 48-h period
between the experimental and the sham groups (p = 0.01). There were no significant differences day to day
and between the groups with respect to girth and RANG. Conclusion: The results of this study provide scien-
tific evidence that phototherapy as used in this study provides a beneficial effect to patients who may experi-
ence DOMS after a novel exercise session.

INTRODUCTION

patient from returning to physical therapy or disrupt their reha-
bilitation progress.!4

DELAYED ONSET MUSCLE SORENESS (DOMYS) is defined as a
type I muscle strain that occurs following new exercise.!
Generally, DOMS occurs after exercise has been completed
and increases in intensity within the first 24 h after exercise,
peaks at 24-48 hours, and then subsides within 5-7 days post-
exercise. Individuals experiencing DOMS often report varied
symptoms of pain, soreness, muscular stiffness, tenderness,
strength loss, restricted movement and swelling.!-14 All indi-
viduals regardless of their fitness levels, who attempt to per-
form a new or unusual type of exercise are subject to DOMS.
In physical therapy, DOMS may occur secondary to the unac-
customed exercises commonly performed during a therapeutic
exercise session. This pain and discomfort may discourage a

There are a number of possible etiologies of DOMS. Re-
searchers have illustrated a series of events that explain the
DOMS phenomenon. Initially, high tensile forces damage
muscle fibers and connective tissue that causes disruptions to
the z-lines and the myotendinous junction. This in turn acti-
vates the inflammation process, and subsequently activates
pain receptors.!-10 Within approximately 8 hours of the injury,
there is a significant elevation in circulating neutrophils.!-!!
Mast cells and histamine production are stimulated. Mono-
cytes that convert into macrophages accumulate at the injury
site and produce prostaglandins.! Elevated levels of prosta-
glandin activate type III and IV pain receptors within 24-48 h
resulting in the sensation of DOMS.!.11
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Although eccentric exercise has been identified as the pri-
mary facilitator of DOMS, any unaccustomed physical activ-
ity has been cited.2 The degree of muscle pain and soreness
are related to the intensity of the muscular contractions and
the duration of the exercise. Further, exercise intensity has
been found to be a greater determining factor over the type of
muscle contraction.?

Phototherapy is currently used to treat a variety of muscu-
loskeletal conditions.!5-17 It has proved to be an effective modal-
ity in the treatment of pain,!8-20 arthritis,!8 muscle spasm,2
trigger points,!® fibromyalgia,?’ carpal tunnel syndrome,?! tem-
poromandibular joint dysfunction,?? neuralgia,?? orthopedic in-
juries,?2 and diabetic wound healing.22 The photochemical
effects of phototherapy provide additional cellular ATP which
allows the inflammation process to start earlier and be more
acute and severe thus fostering tissue healing and pain manage-
ment.23 Phototherapy modulates pain through its direct effect on
peripheral nerves.222* When examining the depth of penetration
of light, characteristics such as wavelength, intensity and tissue
type are key factors. Light with wavelengths of between 600 and
1000nm promote tissue repair and are therefore most commonly
used in the clinical setting.22 The recommended dosage per point
for soft tissue inflammation?* is 4-8 J/cm?.

Numerous studies have investigated treatment and preventa-
tive strategies for DOMS.13-79.11.12 These studies have exam-
ined the efficacy of a variety of anti-inflammatory agents, oral
analgesics, and physical modalities, which have all yielded con-
flicting and equivocal results.!? Physical modalities that have
been investigated include massage,!! electric stimulation,’ ul-
trasound,®!2 and phototherapy.*>-

Craig et al.*> performed two studies examining the use of
phototherapy combined with low-intensity laser therapy in the
treatment of DOMS. Experimental DOMS was induced by ec-
centrically exhausting elbow flexors for three sets of exercise.
In the first study, the subjects were randomly assigned to
placebo, control, or three treatment groups.* The treatment
groups were irradiated at pulses of 2.5, 5, or 20 Hz, respec-
tively, for 12 min (660-950 nm; 31.7 J/cm?) over a 3-day pe-
riod. Treatment began following DOMS induction. The results
indicated no significant effect on range of motion (ROM),
pain, or tenderness measures. The tenderness measures in the
treatment groups remained higher than both placebo and con-
trol group on the 31 day post-exercise, which led to the evalua-
tion of the effectiveness of phototherapy combined with
low-intensity laser therapy over an extended measure of time.
Subsequently Craig et al.5 studied effects of phototherapy com-
bined with low-intensity laser therapy on the pain and dysfunc-
tion associated with DOMS over an 11-day period. As in his
previous study, subjective pain was measured using the Visual
Analog Scale (VAS) and the McGill Pain Questionnaire
(MPQ). The treatment group was given four minutes of multi-
diode irradiation (660-950 nm; maximum output 534 mW; 11
J/em? pulsed at 73 Hz).5 The results again showed no consis-
tent statistically significant differences between groups. The
multisource arrays used in Craig’s study had a limited ability to
conform to the arm, secondary to a lack of flexibility of the
diodes. Poor contact results in a reduction in the delivery of ef-
fective radiation, even with the increase in J/cm2. A 30% loss
of energy results when the energy source is 1 mm away from
the skin.!s
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Glasgow et al.? attempted to improve the previous Craig
studies by utilizing monochromatic infrared arrays, with flexi-
ble diodes applied directly to the skin resulting in more effec-
tive irradiation. Using the weight of subjects’ concentric
1-repetition maximum and eccentrically exhausting the elbow
flexors for one set of exercise was employed to induce DOMS.
Isometric peak torque, ROM, and pain were assessed prior to
and immediately following DOMS induction. The treatment
group received phototherapy at wavelengths of 840 nm (3.0
J/em2, mean power output of 250 mW; pulsed at 1 kHz) for 4
consecutive days, 24 h following DOMS induction. The results
suggested that phototherapy seemed to be ineffective in the
management of DOMS.? This study contrasts with those previ-
ous studies reported by Craig et al.,*> possibly due to differ-
ences in induction protocols, treatment device, latency of
treatment, and the array used. Even though there was a more
efficient delivery of radiation as compared to Craig’s studies,
the energy dosage may not have been strong enough to effec-
tively treat the area. They utilized a dosage of 3 J/cm? and cur-
rent practice dictates a dosage up to 8 J/cm? according to
Enwemeka.2* Craig et al*> may have failed to demonstrate the
efficacy of phototherapy due to: excessive DOMS induction,
the method of application, and low therapeutic dosage. Glas-
gow? attempted to repeat Craig’s study by decreasing the
amount of eccentric exercise from three sets to one set, deliv-
ery of the phototherapy at 3 J/cm? with a “flexible monochro-
matic diode” (840 nm) allowing for direct skin contact and
more efficient delivery of phototherapy. Glasgow also con-
cluded that phototherapy was ineffective in the management of
DOMS.

In the present study, we modified Glasgow’s method by
using a phototherapy device that has two therapeutic wave-
lengths (660 and 880-nm) versus a monochromatic 840-nm
wavelength, increasing energy density from 3 to 8 J/cm2,
changing the number of treatment areas from one to three, and
beginning treatment immediately after DOMS induction in-
stead of waiting 24 h, over a 5-day period. The aim of this
study was to investigate the effects of phototherapy on DOMS
paying careful attention to those parameters that appeared to
require modification.

METHODS

Subject selection

This randomized double-blind controlled study utilized a
sample of convenience. Five men and 22 women between the
ages of 21 and 35 (mean, 24.1; SD, 3.0) were recruited from
the New York Institute of Technology campus in Old Westbury,
New York. Subjects who met the inclusion criteria were ran-
domly assigned to one of three groups: control, sham and ex-
perimental. Subjects that met the inclusion criteria were
healthy individuals between 18 and 35 years, and were asked
to refrain from any form of exercise for the duration of the
study. The Institutional Review Board at the New York Insti-
tute of Technology approved this study, and all subjects read
signed an informed consent form prior to participating in the
study. Exclusion criteria included; subjects who participated in
an exercise strength training program within 6 months, any
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individual with pre-existing orthopedic complications that
would have affected the exercise involved, individuals with
cardiac or respiratory conditions including asthma that would
have put them at risk for exercising, pregnancy, history of ac-
tive hemorrhaging, history of blood clots or cancer, open
wounds, and photosensitivity.

Materials

Materials included VAS, MPQ, goniometer, tape measure,
preacher bicep curl bench, dumbbells weighing 5-100 pounds,
and a Dynatron Solaris Phototherapy Unit (Dynatronics Co.,
Salt Lake City, UT).

Procedures

The study was completed over five consecutive days: Day
One- Each subject was randomly assigned, under strictly con-
trolled double-blind conditions, to one of three experimental
groups: Control, Sham, and Experimental. Measurements of
resting extension angle (RANG) and upper arm girth measure-
ments, height, weight, one-repetition maximum (1-RM) were
recorded prior to DOMS induction for all subjects. The elbow
flexors of the non-dominant hand were used for this study. Sub-
jects were seated at the preacher bench with their shoulders at a
45° angle. Their concentric 1-RM was determined using a
dumbbell with 5-pound increments. The weight used for pain
induction was their 1-RM. The experimenter then raised the
subjects elbow position to 135° of flexion (upright position)
and the subject was asked to lower this 1-RM weight eccentri-
cally for 3 sec. This was done to exhaustion, which is the point
at which the subject was no longer able to control the descent of
the weight. Regardless of group allocation, all subjects received
instruction about phototherapy prior to treatment, which was
performed on each day as defined below. The principle investi-
gator was the only one who knew which phototherapy machine
had the dummy cluster probe. The sham group received
“placebo treatment” from the dummy cluster probe. The experi-
mental group received phototherapy. The control group did not
receive any treatment. Immediately after DOMS induction,
control, phototherapy and sham treatment was administered.
The control group received 5 min rest in a supine position with
the forearm resting comfortably across their chest. The experi-
mental group received phototherapy from the Dynatron Solaris
Phototherapy Unit (Dynatronics Co.). The phototherapy cluster
probe has a treatment area of 5 cm2. The cluster probe was di-
rectly applied to a standardized site on the skin over the muscu-
lotendinous junction of the biceps. In addition, it was applied 5
cm away and at a 45-degree angle from the original area for an
additional two treatment sites. The dosage was 8 J/cm? per site
(80 sec), which represents the energy density.2* The power den-
sity at the application site was 100 mW/cm?2. The Dynatron So-
laris Phototherapy Unit incorporates 32 infrared superluminous
diodes emitting a wavelength of 880 nm and four visible diodes
at a wavelength of 660 nm. Subjects in the sham group were
treated in an identical fashion to those in the experimental
group except that they received placebo irradiation from the
dummy cluster probe. Treatments and measurements continued
as specified for each group on days 2-5. Measurements in-
cluded girth, RANG, MPQ, and VAS, which were administered
at 24-h) intervals (2 h) for the duration of the study.
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Measurements

RANG. Anincrease in RANG indicated a shortening of the
muscle, or worsening of the condition. RANG was assessed
using a universal goniometer. For this, the subject stood with
the arm hanging freely in a semipronated position. To stan-
dardize measurements, the lateral epicondyle, the head of the
humerus were marked, and distally the radial styloid was
marked with semi-permanent ink.°

Girth. Upper arm circumference measurements were
taken at a distance of 70 mm from the elbow joint (the line
between the medial and lateral epicondyles) using an anthropo-
metric tape measure. The distances were marked with semi-
permanent ink to ensure replication throughout the study.!2

Pain assessment.  Subjective pain was assessed by using the
VAS and the MPQ. Following DOMS induction on day 1, each
subject was asked to rate their highest level of pain over the pre-
vious 24-h period by marking a graphic pain scale on a 10-cm
line, marked “no pain” on one end and “maximal pain” on the
other. Pain was quantified by measuring the distance, to the near-
est millimeter. In addition, each subject completed a MPQ de-
scribing “the worst pain” experienced during the previous 24 h.?

Statistical analysis

Repeated measures analyses of variance were used to deter-
mine if there were any differences in girth and RANG between
the groups. The pain scores at the 48-h period were utilized for
data analysis because it has been shown that DOMS peaks at
24-48 h.1-15 The MPQ scores were analyzed with the Kruskal-
Wallis H test and post hoc Mann-Whitney U test for pair wise
comparisons. The VAS scores were analyzed using the analysis
of covariance (ANCOVA) on the 48-h scores with the 24-h
scores serving as the covariate. All post hoc analysis for pair
wise comparisons utilized the Bonferroni correction. Random-
ization to the treatment groups occurred prior to beginning of
the study. Therefore, ANCOVA was utilized to control for the
effects of the VAS scores at the 24-h period, partitioning out
their variability, allowing for a more valid explanation of the
relationship between phototherapy and pain at the 48-h
period.z> An alpha level of p < 0.05 was used for all statistical
comparisons. All statistical procedures utilized SPSS version
10.0 (SPSS, Chicago, IL).

RESULTS

Girth

All subjects experienced a similar non-significant increase
in girth over time without a significant difference between the
groups as shown by Figure 1. Repeated measures analysis of
variance (ANOVA) showed no significant differences over
time for the 3 groups.

RANG

The hanging angle of the elbow also showed no significant
measurable changes group to group in response to the repeated
measures ANOVA. The subjects experienced a similar non-
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FIG. 1. Girth (means + SE) changes over time.

significant increase in RANG over the 5-day period without sig-
nificant differences between the groups as shown by Figure 2.

McGill Pain Questionnaire

The MPQ required the use of non-parametric statistics. It
was determined that at 48 h there was a significant difference
(p = 0.05) in subjective pain between the groups as demon-
strated by the Kruskal-Wallis H test. Post hoc analysis utilizing
the Mann-Whitney U showed a significant difference between
the sham group and the experimental group (p = 0.01). Results
from the MPQ scores are summarized in Figure 3.

Visual Analog Scores

The VAS scores at the 48-h period were analyzed with an
ANCOVA with the 24-h scores serving as the covariate. There
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FIG.2. RANG (means + SE) changes over time.
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FIG. 3. McGill Pain Questionnaire Scores (means + SD)
over time.

was a significant difference between the groups (p = 0.01). Pair
wise comparisons utilizing the Bonferroni, revealed the signif-
icant differences between the experimental and the sham
groups (p = 0.03) and between the experimental and control
groups (p = 0.01). Results from the VAS scores are summa-
rized in Figure 4.

DISCUSSION

Our results indicate that phototherapy as used in this study
provided a beneficial effect in the reduction of symptoms on
the subjects who experienced DOMS. This contrasts with sev-
eral previous studies on DOMS.3-79.12 Previous investigators
have posited reasons for the insignificance of phototherapy on
DOMS which included the use of subtherapeutic dosage, insuf-
ficient duration, poor contact, varied frequencies, and over-
zealous DOMS induction.*39
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FIG. 4. Visual Analog Scores (mean + SE) over time.
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We believe the beneficial effects of phototherapy on
DOMS as reported resulted in part from using a higher
dosage and maintaining good contact. These parameter en-
hancements are the result of a variety of improvements in
phototherapy application, technology and methodology
based on the work of Craig,*> Glasgow,® and Enwemeka.24
Flexible cluster heads and precise determination of the treat-
ment sites allowed for direct application to the intended
treatment areas. We focused treatment on three separate sites
of the musculotendinous junction of the biceps as opposed to
one area, therefore extending the treatment area. Treatment
began immediately following DOMS induction on day 1 as
opposed to Glasgow,” who waited until day 2 to begin treat-
ment. Based on these results, one could hypothesize that the
earlier administration promoted light energy absorption and
reduced the pain perception evidenced in this group. Pho-
totherapy has been proven to modulate pain through its
direct effect on peripheral nerves, accelerating the inflam-
matory process and aiding tissue repair.!7-22-24 Phototherapy
has been shown to markedly promote muscle regeneration in
the traumatized area following injury.2¢ Therefore immediate
treatment should result in less pain via effects on the periph-
eral nerves and/or speedy induction of the inflammatory
response.

Previous research collected data over an eleven day pe-
riod.+>9 Due to the curvilinear nature of DOMS, we decided to
focus the statistical analysis of the pain scores on the 24-48-h
period when DOMS has been shown to peak.! Figures 3 and 4
demonstrate the highest pain scores within the 24-48-h period
for the control and sham groups. Conversely, in this study the
pain scores of the experimental group began to decrease fol-
lowing the 24-h period as result of phototherapy.

Girth measurements demonstrated non-significant changes
over the five-day period without any significant differences
between the groups as shown by Figure 1. RANG measures
followed the same curvilinear response to DOMS as pain
did, peaking at the 48-h period before subsiding as shown
by Figure 2, with no significant differences between the
groups.

Future studies should utilize more valid measures of volu-
metric changes in the affected limb. Other studies can also as-
sess the benefit of applying the diode directly to where the
subject experiences the pain rather than a predetermined lo-
cation as was used in this study. Additionally, this study
should be replicated using other populations such as trained
women and men, different age groups, and other muscle
groups to fully investigate the efficacy of phototherapy on
DOMS.

CONCLUSION

In summary, the results of this study provide scientific evi-
dence that phototherapy, and its current applications, provide a
beneficial effect to patients who may experience DOMS after
exercise. Patients or persons who experience DOMS can bene-
fit from phototherapy with the treatment parameters used in
this study. This may improve compliance with new therapeutic
exercise regimes.
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