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SOFT TISSUE trauma initiates an inflamma-
tory response that increases the local tissue 
temperature. Characteristics of inflamma-
tion include increased blood flow, edema 
accumulation, and passage of leukocytes 
into the tissue spaces. Leukocytes play a cen-

tral role in removal of 
infectious agents and 
tissue debris, but they 
can also be responsible 
for cellular injury and 
necrosis.1 Protection, 
rest, ice, compression, 
and elevation (PRICE) 
therapy is a widely-
accepted approach to 
treatment of soft tissue 
trauma, which modi-
fies the inflammatory 
response. Research 
findings have con-

firmed the benefits of cryotherapy and 
static external compression, but the use of 
intermittent pneumatic compression (IPC) 
is a relatively new treatment for soft tissue 
trauma. This report discusses the potential 
value of combining cryotherapy with IPC for 
facilitation of the healing process. 

Cryotherapy 
Cryotherapy has long been recognized as a 
beneficial posttrauma treatment modality, 

which provides a short-term analgesic effect, 
reduces metabolic activity, and decreases cel-
lular oxygen demand (Table 1).2-11 A marked 
reduction in local metabolic enzymatic activ-
ity and a profound local vasoconstriction 
occur in response to cold application. The 
analgesic effect of cryotherapy has been 
attributed to a combination of decreased pro-
duction of pain mediators and slower propa-
gation of neural pain signals.12 Metabolism 
may be decreased by more than 50%, which 
facilitates oxygen diffusion into the injured 
tissues. Joint range of motion is improved 
through suppression of excitatory muscle 
spindle afference.12

Leukocytes play a central role in the 
inflammatory response to soft tissue injury. 
The application of cryotherapy has been 
found to decrease the number leukocytes 
that adhere to the endothelial surface of 
a capillary, which results in less leukocyte 
migration into the tissues.13 In vivo research 
findings suggest that cryotherapy reduces 
posttrauma endothelial dysfunction, which 
ultimately reduces the intensity of the inflam-
matory response.8,9 

Intermittent  
Pneumatic Compression 

The utilization of IPC has been shown to be 
effective for prevention of edema formation, 
increasing blood flow, and stimulation of 
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tissue healing.4,9,14 Although static compression is an 
effective therapy for edema reduction, the intermittent 
compression optimizes lymphatic drainage.15,16 IPC can 
accelerate recovery from either intense exertion or 
injury, especially when the athlete is incapable of gen-
erating rhythmic muscle contractions. Improved lym-
phatic function accelerates healing through removal of 
edema from injured soft tissues.15-19 

Lymphatic System Function 

Edema is caused by protein leakage from capillaries 
that become hyperpermeable as a result of the action 
of inflammatory mediators on endothelial cells. Edema 
causes tissue congestion that reduces the availability of 
oxygen to the mitochondria, thus decreasing the avail-
ability of energy for operation of the sodium-potassium 
pump. The osmotic effect produced by failure of the 
sodium-potassium pump causes the fluid volume of 
the cell to increase, which damages its cytoskeleton 
and produces fragmentation of DNA within the cell 
nucleus. Reliance on anaerobic glycolysis for energy 
production decreases the pH of the intracellular envi-
ronment, which ultimately creates clumping of nuclear 
chromatin. Restoration of normal lymphatic flow is 
essential for the healing process to progress from the 
acute stage to the repair stage. If lymphatic flow is opti-
mized in injured tissues, normal metabolic processes 
can be restored sooner (Table 2). 

The accumulation of protein-rich edema within the 
interstitial space can lead to the development of scar 
tissue, which is less elastic than normal collagenous 
tissue.19 IPC has been shown to be effective in reduc-
ing post-traumatic edema.19 The reduction of edema 
within injured tissues has been shown to improve 

oxygen delivery.18 McGeown et al.15,16 concluded that 
lymphatic flow was directly proportional to the magni-
tude of intermittent compression and that pressure as 
low as 20 mmHg was effective in increasing lymphatic 
drainage.

Enhanced Blood Flow 

IPC has also been shown to enhance the blood flow 
of the treated area through stimulation of endothelial 
cell production of nitric oxide. IPC increases the veloc-
ity of blood flow and creates shear stress on the walls 
of blood vessels, which is the probable physiologic 
mechanism for enhanced nitric oxide production.3 
Increased nitric oxide production also inhibits platelet 
aggregation and neutrophil adherence, both of which 
play important roles in the creation of secondary 
hypoxic injury. Nitric oxide is also a neurotransmitter 
that can influence vascular tone, thereby increasing 
blood flow.

Tissue Healing 

IPC appears to provide a therapeutic effect that 
enhances connective tissue healing.14 Cyclic applica-
tion of external pressure results in increased arterial 
blood flow, decreased venous pressure, and reduced 
venous stasis.14 Intermittent compression has been 
shown to increase the ingrowth of neurovascular tissue 
within an Achilles tendon rupture in a rat model.14 
Metabolic changes in injured tissue that reduce inflam-
mation, limit oxidative tissue damage, restore normal 
osmotic balance, and restore normal capillary blood 
low are also achieved through IPC. 

Cryotherapy With Static Compression
The separate benefits of cryotherapy and external 
compression appear to be amplified when the two 
therapeutic modalities are used in combination. 

Table 1. Theorized Effects  
of Cryotherapy  

on Soft Tissue Injury5,7-9

• Reduces progression of microvascular injury

• Reduces leukocyte-mediated tissue damage

• Reduces secondary hypoxic tissue damage

• Reduces inflammatory symptoms

• Reduces the action of inflammatory mediators

• Reduces hemorrhage

• Helps to restore normal capillary function

Table 2. Factors That Maximize 
Lymphatic Flow17

• Contraction of surrounding muscles

• Movement of the extremities

• Pulsations of arteries that are adjacent to lymphatic 
vessels

• External compression of soft tissues
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External  compression helps to restore normal physi-
ologic processes within damaged tissue and it increases 
the depth of temperature reduction achieved by the 
application of cold to the body surface.1,20-24 Both the 
rate and magnitude of tissue cooling are increased by 
combined therapy, as compared to the effect of cold 
application without compression.25 A greater mag-
nitude of compression is associated with a shorter 
amount of time for a given level of tissue temperature 
reduction.5

Conclusion
The literature contains evidence that the inflammatory 
response in injured soft tissue is modified in a manner 
that promotes healing through the combined applica-
tion of cryotherapy and compression. The therapeutic 
effect of cryotherapy is enhanced by the use of either 
static external compression or intermittent pneumatic 
compression. Further research is needed to compare 
the different modes of compression application in 
conjunction with cryotherapy. 

References
 1. Darvin GF, Taylor DE, Keene GC. Effects of cold and compression dress-

ings on early postoperative outcomes for the arthroscopic anterior 
cruciate ligament reconstruction patient. J Orthop Sports Phys Ther. 
1998;27(6):403-406.

 2. Bleakley C, McDonough S, MacAuley D. The use of ice in the treat-
ment of acute soft-tissue injury. A systematic review of randomized 
controlled trials. Am Orthop Soc Sports Med. 2004;32(1):250-261.

 3. Cochrane DJ. Literature review. Alternating hot and cold water immer-
sion for athlete recovery. Phys Ther Sport. 2004;5:26-32.

 4. Hubbard TJ, Denegar CR. Does cryotherapy improve outcomes with 
soft tissue injury? J Athl Train. 2004;39(3):278-279.

 5. Kanlayanaphotporn R, Janwantanakul P. Comparison of skin surface 
temperature during the application of various cryotherapy modalities. 
Arch Phys Med Rehabil. 2005;86:1411-1415.

 6. Knobloch K, Grasemann R, Jagodzinski M, Richter M, Zeichen J, 
Krettek C. Changes of Achilles midportion tendon microcirculation 
after repetitive simultaneous cryotherapy and compression using a 
cryocuff. Am J Sports Med. 2006;34(12):1953-1959.

 7. Lee JE, Yoon YJ, Moseley ME, Yenari MA. Reduction in levels of matrix 
metalloproteinases and increased expression of tissue inhibitor of 
metalloproteinase-2 in response to mild hypothermia therapy in 
experimental stroke. J Neurosurg. 2005;103(2):289-297.

 8. Schaser K-D, Disch AC, Stover JF, Lauffer A, Bail HJ, Mittlemeier T. 
Prolonged superficial local cryotherapy attenuates microcirculatory 
impairment, regional inflammation, and muscle necrosis after closed 
soft tissue injury in rats. Am J Sports Med. 2007;35(1):93-102.

 9. Schaser K-D, Stover JF, Melcher I et al. Local cooling restores micro-
circulatory hemodynamics after closed soft-tissue trauma in rats. J 
Trauma. 2006;61(3):642-649.

 10. Scumpia PO, Sarcia PJ, Kelly KM, Demarco VG, Skimming JW. Hypo-
thermia induces anti-inflammatory cytokines and inhibits nitric oxide 
and myeloperoxidase-mediated damage in the hearts of endotoxemic 
rats. Chest. 2004;125(4):1483-1491.

 11. Thorlacius H, Vollmar B, Westermann S, Törkvist L, Menger MD. 
Effects of local cooling on microvascular hemodynamics and leukocyte 
adhesion in the striated muscle of hamsters. J Trauma Injury Infec Crit 
Care. 1998;45(4):715-719.

 12. Slauson DO, Cooper DJ. Mechanisms of Disease, 3rd ed. St. Louis: 
Mosby; 2002.

 13. Lee H, Natsui H, Akimoto T, Yanagi K, Ohshima N, Kono I. Effects 
of cryotherapy after contusion using real-time intravital microscopy. 
Med Sci Sports Exer. 2005;37(7):1093-1098.

 14. Dahl J, Li J, Bring DK-I, Renström P, Ackerman PW. Intermittent 
pneumatic compression enhances neurovascular ingrowth and tissue 
proliferation during connective tissue healing. A study in the rat. J 
Orthop Res. 2007;25:1185-1192.

 15. McGeown JG, McHale NG, Thornbury KD. Effects of varying patterns 
of external compression on lymph flow in the hindlimb of the anaes-
thetized sheep. J Physiol. 1988;397:449-457.

 16. McGeown JG, McHale NG, Thornbury KD. The role of external com-
pression and movement in lymph propulsion in the sheep hind limb. 
J Physiol. 1987;387:83-93.

 17. Guyton AC. Textbook of Medical Physiology, 10th ed. Philadelphia: W.B. 
Saunders Company; 2002.

 18. Johansson K, Lie E, Ekdahl C, Lindfeldt J. A randomized study com-
paring manual lymph drainage with sequential pneumatic compres-
sion for treatment of postoperative arm lymphodema. Lymphology. 
1998;31(2):56-64.

 19. Szuba A, Achalu R, Rockson SG. Decongestive lymphatic therapy for 
patients with breast carcinoma-associated lymphedema: a random-
ized, prospective study of a role for adjunctive intermittent pneumatic 
compression. Cancer. 2002;95(11):2260-2267.

 20. Holcomb WR, Mangus BC, Tandy R. The effect of icing with the Pro-
Stim Edema Management System on cutaneous cooling. J Athl Train. 
1996;31(2):126-129.

 21. Holmström A, Härdin BC. Cryo/Cuff compared to epidural anthesia 
after knee unicompartmental arthroplasty. A prospective, randomized, 
and controlled study of 60 patients with a 6-week follow-up. J Arthrop. 
2005;20(3):316-321.

 22. Janwantanakul P. Cold pack/skin interface temperature during ice treat-
ment with various levels of compression. Physiother. 2006;92(4):254-
259.

 23. Knobloch K, Kraemer R, Lichtenberg A, et al. Microcirculation of the 
ankle after Cryo/Cuff application in healthy volunteers. Int J Sports 
Med. 2006;27(3):250-255.

 24. Saito N, Horiuchi H, Kobayashi S, Nawata M, Takaoka K. Continuous 
local cooling for pain relief following total hip arthroplasty. J Arthrop. 
2004;19(3):334-337.

 25. Cross KM, Wilson RW, Perrin DH. Functional performance following 
an ice immersion to the lower extremity. J Athl Train. 1996;31(2):113-
116. 

Susan Capps is with Biological Engineering Solutions in Warsaw 
Indiana.

Brook Mayberry is with Equine Medical Associates in Emond, Okla-
homa.


