
Journal of Athletic Training 2015;50(8):800–805
doi: 10.4085/1062-6050-50.6.02
� by the National Athletic Trainers’ Association, Inc
www.natajournals.org

original research

Subcutaneous and Intramuscular Hemodynamics and
Oxygenation After Cold-Spray Application as
Monitored by Near-Infrared Spectroscopy

Babak Shadgan, MD, PhD, MSc Sports Med*; Amir H. Pakravan, MD, MFSEM,
DipSEM†; Alison Hoens, MSc, BScPT‡; W. Darlene Reid, PhD, BMR-PT‡

*Centre of International Collaborations on Repair Discoveries and ‡Department of Physical Therapy, University of
British Columbia, Vancouver, Canada; †Cambridge University Hospital, United Kingdom. Dr Reid is now at
Department of Physical Therapy, University of Toronto, ON, Canada.

Context: Vapocoolant spray, commonly known as cold
spray (CS), is a cryotherapy modality used in sports medicine,
athletic training, and rehabilitation settings. Proposed physio-
logic effects of cryotherapy modalities include reductions in
tissue blood flow, oxygenation, and cell metabolism in addition
to attenuation of pain perception attributed to reduced superficial
nerve conduction velocity.

Objective: To examine the effects of CS on subcutaneous
and intramuscular blood flow and oxygenation on the thigh
muscle using near-infrared spectroscopy, an optical method to
monitor changes in tissue oxygenated (O2Hb), deoxygenated
(HHb), and total (tHb) hemoglobin.

Design: Cross-sectional study.
Setting: Muscle Biophysics Laboratory.
Patients or Other Participants: Participants were 13 healthy

adults (8 men, 5 women; age¼ 37.4 6 6 years, body mass index
¼ 27.4 6 2.6, adipose tissue thickness¼ 7.2 6 1.8 mm).

Intervention(s): Conventional CS was applied to the vastus
medialis muscles.

Main Outcome Measure(s): Changes in chromophore
concentrations of O2Hb, HHb, and tHb at superficial and deep
layers were monitored for 5 minutes using a 2-channel near-
infrared spectroscopy.

Results: Thirty seconds after CS application, we observed a
decrease from baseline in O2Hb and tHb only in the superficial
layer that was maintained for 3 minutes.

Conclusions: Application of CS induced a transient change
in blood flow and oxygenation of the superficial tissues with no
change in deeper tissues over the healthy vastus medialis
muscle. The limited physiologic effect of CS on the superficial
hemodynamics and oxygenation of limb muscles may limit the
therapeutic benefit of this cryotherapy modality to a temporary
analgesic effect, a hypothesis that warrants a clinical trial on
traumatized muscles.
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Key Points

� Cold-spray (CS) application induced a transient change in hemodynamics and oxygenation of the superficial tissues
with no change in the deeper tissues over the vastus medialis muscle.

� The physiologic effect of CS constrained to superficial hemodynamics and oxygenation of limb muscles may limit the
therapeutic benefit of this cryotherapy modality to a temporary analgesic effect.

� Researchers should study the effects of CS on subcutaneous and intramuscular blood flow and oxygenation, as well
as nerve conduction velocity, after acute musculoskeletal and sport injuries.

C
ryotherapy is a common treatment for acute sport
injuries and musculoskeletal conditions.1 It is an
accessible, simple, and often inexpensive therapy

with a long history in medicine. Proposed therapeutic
effects of cryotherapy include (1) reduced local tissue
perfusion, oxygen consumption, metabolism, and inflam-
mation2–7; (2) attenuated pain perception attributed to
reduced superficial nerve conduction velocity8,9; and (3)
reduced muscle spasm.8

Vapocoolant spray, also known as cold spray (CS), is a
cryotherapy modality used in sports medicine, athletic
training, and rehabilitation settings. It is commonly used in
some international settings8,10 and interest in this modality
is growing in the United States. Evaporation of the volatile

liquid of CS from the skin surface induces a rapid reduction
in local temperature that results in temporary local
anesthesia, possibly through desensitization of pain recep-
tors or activation of ion channels involved in pain
transmission.9,11–14 To date, most researchers11,15 have
investigated the rapid and transient anesthesia of CS, but
the potential for CS to alter local hemodynamics and
oxygenation has not been examined.

Considering the proposed effects of cryotherapy, a better
understanding of whether CS reduces tissue perfusion and
oxygenation and its penetration depth to subcutaneous or
deeper layers would facilitate clinical decision making
about its use as a therapeutic modality. Use of CS as a
therapeutic modality is of particular interest because it
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typically is applied for a much shorter duration than other
modes of cryotherapy. Therefore, the purpose of our study
was to examine the effects of CS of subcutaneous and
intramuscular blood flow and oxygenation on the antero-
medial thigh (over the vastus medialis [VM] muscle) in
healthy individuals using near-infrared spectroscopy
(NIRS). We hypothesized that NIRS monitoring before,
during, and after CS application would demonstrate
whether CS affects tissue hemodynamics and oxygenation
in the subcutaneous and deeper tissue layers over the vastus
medialis.

METHODS

Participants

Participants were 13 adults (8 men, 5 women; age¼ 37.4
6 6 years, body mass index ¼ 27.4 6 2.6, adipose tissue
thickness beneath the NIRS probes ¼ 7.2 6 1.8 mm).
Volunteers were included if they were adults, were healthy,
had no history of lower limb abnormality or previous
surgery, had no history of skin hypersensitivity, were
nonsmokers, could provide informed consent, and had
adipose tissue thickness of more than 5 mm and less than 15
mm at the site used for NIRS monitoring. All participants
provided written informed consent, and the study was
approved by the Clinical Research Ethics Board of the
University of British Columbia.

Instrumentation

We used a continuous-wave NIRS device (OxyMon M
III; Artinis Medical Systems, Elst, the Netherlands), which
comprises a light-signal generator, fiberoptic bundles, an

NIRS probe, and photon-counting hardware connected to a
computer for converting raw optical data into chromophore
concentrations.

The NIRS is a noninvasive optical technology that uses
wavelengths of light in the near-infrared spectrum to
monitor changes in tissue chromophore concentrations,
including oxygenated and deoxygenated hemoglobin
(O2Hb and HHb, respectively).16–18 This technology is
applied widely as a research and clinical monitoring
tool,19,20 and comprehensive reviews of its application,
instrumentation, measurement methods, and limitations are
available in the literature.13,14,16,21 By monitoring changes
in the concentrations of local tissue O2Hb and HHb, NIRS
can monitor the status of tissue oxygenation in real
time.22,23 Furthermore, changes in total hemoglobin (tHb),
the sum of O2Hb and HHb, can be calculated and offer a
surrogate measure of local blood volume and, therefore,
hemodynamics of the tissue of interest.16,23,24 The main
components of a conventional NIRS system are shown in
Figure 1.

Procedures

Participants refrained from consuming caffeine and
alcohol and from exercising for 12 hours before testing;
measurements were performed during the afternoon. We
assessed all participants in a seated position with the knee
joint flexed to 908 and positioned a 2-channel NIRS probe
over the right VM at a standardized placement, which was
defined and marked at 10 cm proximal to the knee-joint
line. Skinfold thickness at this point was measured using a
skinfold caliper (Jamar 2058; Sammons Preston Rolyan,
Bolingbrook, IL) before placement and fixation of a 2-
channel NIRS probe. For measurement at the superficial

Figure 1. A conventional 2-channel near-infrared spectroscopy setup for tissue interrogation at 2 superficial and deep levels.
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and deep layers, interoptode distances were set at 20 and 55
mm, respectively, because the depth of penetration is equal
to half the interoptode distance.25 The NIRS probe setup is
illustrated in Figure 2. The probes were connected to a
continuous-wave NIRS via fiberoptic cables, and changes
in muscle O2Hb, HHb, and tHb were determined before,
during, and after application of CS. After 2 minutes of
baseline NIRS measurement, a CS (Cramer Cold Spray;
Cramer Products Inc, Gardner, KS) was applied to the VM
point under the NIRS probes. The baseline was defined by
zeroing all NIRS values at the superficial and deep layers
immediately before CS application. From a distance of 15
cm, we applied the CS to the skin surface at a 458 angle for
15 seconds. The NIRS monitoring continued for 5 minutes
after CS application. Chromophore concentrations of O2Hb,
HHb, and the summed tHb were monitored in real time,
sampled at 10 Hz, filtered with a moving gaussian filter, and
stored on a hard disk for further offline analysis using
Oxysoft software (Artinis Medical Systems).

Statistical Analysis

Mean changes in O2Hb, HHb, and tHb from baseline
were calculated at 30-second intervals during the 5 minutes

Figure 2. Placement of the 2-channel near-infrared spectroscopy
probe over the vastus medialis muscle.

Figure 3. Changes in A, deep, and B, superficial near-infrared spectroscopy chromophore concentrations after cold-spray application.
Changes in superficial deoxygenated hemoglobin and deep total hemoglobin, oxygenated hemoglobin, and deoxygenated hemoglobin
were not different at any time after cold-spray application.
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after CS application to the superficial and deep layers for
each participant. For each depth of penetration, a 2-way
repeated-measures analysis of variance was performed to
examine changes in O2Hb, HHb, and tHb between baseline
and the 10 time points (every 30 seconds during 5 minutes)
after CS application. Data are presented as mean 6 SD.
The a level was set at .05 for all comparisons. All statistical
analyses were performed with SPSS (version 17.0 for Mac
OS; SPSS, Inc, Chicago, IL).

RESULTS

The mean values of tHb, O2Hb, and HHb at baseline and
during the 5-minute period after CS application are
provided in Figure 3. Thirty seconds after CS application,
we observed a decrease in O2Hb and tHb only in the
superficial layer (Figure 3).

Superficial O2Hb decreased consistently for 3 minutes
after CS application; the lowest value compared with the
baseline value occurred at the second minute (F1,12 ¼
�3.35, P¼ .02). Similarly, superficial tHb also decreased at

all time points during the first 3 minutes, with the lowest

value seen at the second minute after CS application (F1,12

¼ �5.56, P ¼ .007; Figure 4). In contrast, values for

superficial HHb and deep tHb, O2Hb, and HHb were not

different at any time after CS during the 5-minute period

application compared with baseline values (Figure 3).

DISCUSSION

Our findings demonstrated that CS application produced

only a transient change in hemodynamics and oxygenation

of the skin and superficial tissues (approximate depth¼ 10

mm) and no change in deeper tissues over the VM in adults

with no underlying pathologic condition. The absence of

changes in deep tissue hemodynamics and oxygenation

after CS application in healthy people raises some question

about the scope of its therapeutic benefit for managing

acute soft tissue trauma. Whereas CS application provided

local anesthesia,9,11–14 it did not change local perfusion in

the deeper layers. Thus, its effect on inflammatory changes

Figure 4. Changes in A, superficial tissue oxygenated hemoglobin, and B, total hemoglobin concentrations after cold-spray application.
Superficial oxygenated hemoglobin and total hemoglobin showed a consistent decrease for 3 minutes after cold-spray application.
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in deeper tissues might be limited after injury and requires
further investigation.

Cooling the skin to innocuous or noxious temperatures is
detected by cutaneous afferent neurons, Ad mechanoheat
nociceptors, and C-fiber polymodal nociceptors.12 The
interaction between activation of these receptors and
inflammation is not entirely understood.12 Schaser et al7

reported that skin cooling for 6 hours diminished soft tissue
injury and inflammation of the left tibial compartment in a
rat model.7 However, evidence of short-term skin cooling
directly affecting inflammation is lacking.26 Thus, the
effectiveness of cryotherapy based on measurements of
skin surface temperature27,28 needs to be interpreted with
caution, especially given that surface skin temperature is an
unreliable indicator of deep tissue temperature.27 In view of
the limited evidence that links short-term skin cooling to
inflammation, the spectrum of therapeutic effects of CS
might be very focused on temporary pain relief.

Numerous researchers have used NIRS to examine blood
flow and oxygen uptake in inflamed soft tissues29–32 and in
muscle during exercise.23,33,34 In addition, the reliability of
NIRS for determining local tissue blood flow and oxidative
metabolism by measuring oxygen consumption and varia-
tions in hemoglobin level has also been established.16,35

Although not used previously, its well-established validity
and noninvasive monitoring capability will provide great
utility to examine the dimension of local physiologic
responses in addition to skin temperature to establish a
greater depth of evidence for cryotherapy modalities.

Our study suggested that in a group of adults without
localized or relevant systemic pathologic conditions, CS
application produced only a transient physiologic response
in the oxygenation and blood flow of the skin and
superficial tissues. The absence of changes in deep tissue
oxygenation and hemodynamics after CS application might
indicate insignificant effects on the inflammatory conse-
quences of acute soft tissue trauma. However, this requires
further study. Until the benefits of CS on inflammation are
demonstrated, professionals using CS should be aware of its
sole influence on temporary analgesia.9,11–14

One limitation of our study was the small sample size.
We did not perform a power analysis due to the lack of
previous data. Another limitation was the lack of
temperature measurements of the superficial and deep
layers of the quadriceps muscles. In addition, all partici-
pants were healthy individuals without injury to the site of
measurement, and consequently, it is inappropriate to
extend these findings to a population with acute injury.
Indeed, researchers have long known that in the inflamma-
tory phase of an acute injury, chemical mediators change
local capillary permeability,36 which in turn affects tissue
hemodynamics.

CONCLUSIONS

Our study demonstrated that CS application induced a
transient change in the hemodynamics and oxygenation of
the superficial tissues with no change in the deeper tissues
over the VM. The physiologic effect of CS constrained to
superficial hemodynamics and oxygenation of limb muscles
may limit the therapeutic benefit of this cryotherapy
modality to a temporary analgesic effect, a hypothesis that
warrants a clinical trial on traumatized muscles. We

recommend that future researchers study the effects of CS
on subcutaneous and intramuscular blood flow and
oxygenation, as well as nerve conduction velocity, after
acute musculoskeletal and sport injuries, because these are
the prevalent conditions for which cryotherapy modalities
frequently are used to facilitate a quick return to
participation.
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