
World Journal of
Clinical Cases

ISSN 2307-8960 (online)

World J Clin Cases  2021 June 16; 9(17): 4116-4459

Published by Baishideng Publishing Group Inc



WJCC https://www.wjgnet.com I June 16, 2021 Volume 9 Issue 17

World Journal of 

Clinical CasesW J C C
Contents Thrice Monthly Volume 9 Number 17 June 16, 2021

EDITORIAL

Is it time to put traditional cold therapy in rehabilitation of soft-tissue injuries out to pasture?4116

Wang ZR, Ni GX

MINIREVIEWS

Health-related quality of life after gastric cancer treatment in Brazil: Narrative review and reflections4123

Pinheiro RN, Mucci S, Zanatto RM, Picanço Junior OM, Oliveira AF, Lopes Filho GJ

Nonalcoholic fatty liver disease and COVID-19: An epidemic that begets pandemic4133

Ahmed M, Ahmed MH

ORIGINAL ARTICLE

Retrospective Study

Why MUC16 mutations lead to a better prognosis: A study based on The Cancer Genome Atlas gastric 
cancer cohort

4143

Huang YJ, Cao ZF, Wang J, Yang J, Wei YJ, Tang YC, Cheng YX, Zhou J, Zhang ZX

Design and development of a new type of phimosis dilatation retractor for children4159

Yue YW, Chen YW, Deng LP, Zhu HL, Feng JH

Primary needle-knife fistulotomy for preventing post-endoscopic retrograde cholangiopancreatography 
pancreatitis: Importance of the endoscopist’s expertise level

4166

Han SY, Baek DH, Kim DU, Park CJ, Park YJ, Lee MW, Song GA

Observational Study

Patients with functional bowel disorder have disaccharidase deficiency: A single-center study from Russia4178

Dbar S, Akhmadullina O, Sabelnikova E, Belostotskiy N, Parfenov A, Bykova S, Bakharev S, Baulo E, Babanova A, 
Indeykina L, Kuzmina T, Kosacheva T, Spasenov A, Makarova A

Self-perceived burden and influencing factors in patients with cervical cancer administered with 
radiotherapy

4188

Luo T, Xie RZ, Huang YX, Gong XH, Qin HY, Wu YX

SYSTEMATIC REVIEWS

COVID-19 in gastroenterology and hepatology: Lessons learned and questions to be answered4199

Liu S, Tang MM, Du J, Gong ZC, Sun SS



WJCC https://www.wjgnet.com II June 16, 2021 Volume 9 Issue 17

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 17 June 16, 2021

META-ANALYSIS

Efficacy of topical vs intravenous tranexamic acid in reducing blood loss and promoting wound healing in 
bone surgery: A systematic review and meta-analysis

4210

Xu JW, Qiang H, Li TL, Wang Y, Wei XX, Li F

CASE REPORT

Ex vivo liver resection followed by autotransplantation in radical resection of gastric cancer liver 
metastases: A case report

4221

Wang H, Zhang CC, Ou YJ, Zhang LD

Bone marrow inhibition induced by azathioprine in a patient without mutation in the thiopurine S-
methyltransferase pathogenic site: A case report

4230

Zhou XS, Lu YY, Gao YF, Shao W, Yao J

Eosinophilic gastroenteritis with abdominal pain and ascites: A case report4238

Tian XQ, Chen X, Chen SL

Tunica vaginalis testis metastasis as the first clinical manifestation of pancreatic adenocarcinoma: A case 
report

4244

Zhang YR, Ma DK, Gao BS, An W, Guo KM

“AFGP” bundles for an extremely preterm infant who underwent difficult removal of a peripherally 
inserted central catheter: A case report

4253

Chen Q, Hu YL, Su SY, Huang X, Li YX

Dynamic magnetic resonance imaging features of cavernous hemangioma in the manubrium: A case 
report

4262

Lin TT, Hsu HH, Lee SC, Peng YJ, Ko KH

Diagnosis and treatment of pediatric anaplastic lymphoma kinase-positive large B-cell lymphoma: A case 
report

4268

Zhang M, Jin L, Duan YL, Yang J, Huang S, Jin M, Zhu GH, Gao C, Liu Y, Zhang N, Zhou CJ, Gao ZF, Zheng QL, Chen D, 
Zhang YH

Stevens-Johnson syndrome and concurrent hand foot syndrome during treatment with capecitabine: A 
case report

4279

Ahn HR, Lee SK, Youn HJ, Yun SK, Lee IJ

Rosai-Dorfman disease with lung involvement in a 10-year-old patient: A case report4285

Wu GJ, Li BB, Zhu RL, Yang CJ, Chen WY

Acute myocardial infarction in twin pregnancy after assisted reproduction: A case report4294

Dai NN, Zhou R, Zhuo YL, Sun L, Xiao MY, Wu SJ, Yu HX, Li QY

Complete recovery of herpes zoster radiculopathy based on electrodiagnostic study: A case report4303

Kim HS, Jung JW, Jung YJ, Ro YS, Park SB, Lee KH



WJCC https://www.wjgnet.com III June 16, 2021 Volume 9 Issue 17

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 17 June 16, 2021

Acute liver failure with thrombotic microangiopathy due to sodium valproate toxicity: A case report4310

Mei X, Wu HC, Ruan M, Cai LR

Lateral epicondyle osteotomy approach for coronal shear fractures of the distal humerus: Report of three 
cases and review of the literature

4318

Li J, Martin VT, Su ZW, Li DT, Zhai QY, Yu B

Pancreatic neuroendocrine carcinoma in a pregnant woman: A case report and review of the literature 4327

Gao LP, Kong GX, Wang X, Ma HM, Ding FF, Li TD

Primary primitive neuroectodermal tumor in the pericardium—a focus on imaging findings: A case report4336

Xu SM, Bai J, Cai JH

Minimally invasive surgery for glycogen storage disease combined with inflammatory bowel disease: A 
case report

4342

Wan J, Zhang ZC, Yang MQ, Sun XM, Yin L, Chen CQ

Coronary sinus endocarditis in a hemodialysis patient: A case report and review of literature4348

Hwang HJ, Kang SW

Clostridium perfringens bloodstream infection secondary to acute pancreatitis: A case report4357

Li M, Li N

Kidney re-transplantation after living donor graft nephrectomy due to de novo chromophobe renal cell 
carcinoma: A case report

4365

Wang H, Song WL, Cai WJ, Feng G, Fu YX

Pelvic lipomatosis with cystitis glandularis managed with cyclooxygenase-2 inhibitor: A case report4373

Mo LC, Piao SZ, Zheng HH, Hong T, Feng Q, Ke M

Prone position combined with high-flow nasal oxygen could benefit spontaneously breathing, severe 
COVID-19 patients: A case report

4381

Xu DW, Li GL, Zhang JH, He F

Primary intratracheal schwannoma misdiagnosed as severe asthma in an adolescent: A case report4388

Huang HR, Li PQ, Wan YX

Prenatal diagnosis of cor triatriatum sinister associated with early pericardial effusion: A case report4395

Cánovas E, Cazorla E, Alonzo MC, Jara R, Álvarez L, Beric D

Pulmonary alveolar proteinosis complicated with tuberculosis: A case report4400

Bai H, Meng ZR, Ying BW, Chen XR

Surgical treatment of four segment lumbar spondylolysis: A case report 4408

Li DM, Peng BG



WJCC https://www.wjgnet.com IX June 16, 2021 Volume 9 Issue 17

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 17 June 16, 2021

Efficacy of artificial liver support system in severe immune-associated hepatitis caused by camrelizumab: 
A case report and review of the literature

4415

Tan YW, Chen L, Zhou XB

Anti-Yo antibody-positive paraneoplastic cerebellar degeneration in a patient with possible 
cholangiocarcinoma: A case report and review of the literature

4423

Lou Y, Xu SH, Zhang SR, Shu QF, Liu XL

Intraneural ganglion cyst of the lumbosacral plexus mimicking L5 radiculopathy: A case report4433

Lee JG, Peo H, Cho JH, Kim DH

Effectiveness of patient education focusing on circadian pain rhythms: A case report and review of 
literature

4441

Tanaka Y, Sato G, Imai R, Osumi M, Shigetoh H, Fujii R, Morioka S

Schwannoma mimicking pancreatic carcinoma: A case report4453

Kimura K, Adachi E, Toyohara A, Omori S, Ezaki K, Ihara R, Higashi T, Ohgaki K, Ito S, Maehara SI, Nakamura T, 
Fushimi F, Maehara Y



WJCC https://www.wjgnet.com X June 16, 2021 Volume 9 Issue 17

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 17 June 16, 2021

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Pietro Scicchitano, MD, Professor, Research Scientist, 
Department of Emergency and Organ Transplantation, School of Medicine, University of Bari, Bari 70124, Italy. 
piero.sc@hotmail.it

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World J Clin Cases) is to provide scholars and readers from 
various fields of clinical medicine with a platform to publish high-quality clinical research articles and 
communicate their research findings online.  
      WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine 
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective 
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized 
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now indexed in Science Citation Index Expanded (also known as SciSearch®), Journal Citation 
Reports/Science Edition, Scopus, PubMed, and PubMed Central. The 2020 Edition of Journal Citation Reports® 
cites the 2019 impact factor (IF) for WJCC as 1.013; IF without journal self cites: 0.991; Ranking: 120 among 165 
journals in medicine, general and internal; and Quartile category: Q3. The WJCC's CiteScore for 2019 is 0.3 and 
Scopus CiteScore rank 2019: General Medicine is 394/529.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Jia-Hui Li; Production Department Director: Yu-Jie Ma; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2307-8960 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

April 16, 2013 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Thrice Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Dennis A Bloomfield, Sandro Vento, Bao-Gan Peng https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/2307-8960/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

June 16, 2021 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2307-8960/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJCC https://www.wjgnet.com 4116 June 16, 2021 Volume 9 Issue 17

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2021 June 16; 9(17): 4116-4122

DOI: 10.12998/wjcc.v9.i17.4116 ISSN 2307-8960 (online)

EDITORIAL

Is it time to put traditional cold therapy in rehabilitation of soft-tissue 
injuries out to pasture?

Zi-Ru Wang, Guo-Xin Ni

ORCID number: Zi-Ru Wang 0000-
0003-4633-3161; Guo-Xin Ni 0000-
0001-9181-8155.

Author contributions: Wang ZR 
and Ni GX contributed equally to 
this work; all authors have read 
and approved the final manuscript.

Conflict-of-interest statement: 
There is no conflict of interests in 
this article.

Open-Access: This article is an 
open-access article that was 
selected by an in-house editor and 
fully peer-reviewed by external 
reviewers. It is distributed in 
accordance with the Creative 
Commons Attribution 
NonCommercial (CC BY-NC 4.0) 
license, which permits others to 
distribute, remix, adapt, build 
upon this work non-commercially, 
and license their derivative works 
on different terms, provided the 
original work is properly cited and 
the use is non-commercial. See: htt
p://creativecommons.org/License
s/by-nc/4.0/

Manuscript source: Invited 
manuscript

Specialty type: Rehabilitation

Country/Territory of origin: China

Peer-review report’s scientific 
quality classification

Zi-Ru Wang, Guo-Xin Ni, School of Sports Medicine and Rehabilitation, Beijing Sport 
University, Beijing 100084, China

Corresponding author: Guo-Xin Ni, MD, PhD, Chief Doctor, Dean, Professor, School of Sport 
Medicine and Rehabilitation, Beijing Sport University, No. 48 Xinxi Road, Beijing 100084, 
China. guoxinni@fjmu.edu.cn

Abstract
Cold therapy has been used regularly as an immediate treatment to induce 
analgesia following acute soft-tissue injuries, however, a prolonged ice 
application has proved to delay the start of the healing and lengthen the recovery 
process. Hyperbaric gaseous cryotherapy, also known as neurocryostimulation, 
has shown the ability to overcome most of the limitations of traditional cold 
therapy, and meanwhile promotes the analgesic and anti-inflammatory effects 
well, but the current existing studies have shown conflicting results on its effects. 
Traditional cold therapy still has beneficial effect especially when injuries are 
severe and swelling is the limiting factor for recovery after soft-tissue injuries, and 
therefore no need to be entirely put out to pasture in the rehabilitation practice. 
Strong randomized controlled trials with good methodological quality are still 
needed in the future to evaluate the effects of different cryotherapy modalities.

Key Words: Cryotherapy; Hyperbaric gaseous cryotherapy; Neurocryostimulation; Cold 
therapy; Soft tissue injury

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Traditional cold therapy (e.g., topically icing the injured area) may not be 
helpful but rather act as a barrier to recovery process. A prolonged period of cold on 
the skin was reported to lead to a reduction of the blood flow, resulting in tissue death 
or even permanent nerve damage. Hyperbaric gaseous cryotherapy, also known as 
neurocryostimulation, has shown the ability to induce greater analgesic, anti-inflam-
matory, vasomotor, and muscle relaxing effects than other traditional cold application, 
thus quickening recovery and heal following soft tissue injuries. More high quality 
level evidence is still needed to confirm the efficacy of hyperbaric gaseous cryotherapy 
about its clinical effects for soft-tissue injuries in the future, in order to find the optimal 
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INTRODUCTION
The use of cold/ice therapy has been an extremely controversial topic in sports 
medicine and acute injury rehabilitation (such as soft tissue injuries). This therapy is 
used regularly as an immediate treatment to induce analgesia following acute soft-
tissue injuries. For injured athletes or ordinary patients under specific conditions, the 
use of cold therapy has been generally accepted as a therapeutic modality based on the 
numerousphysiological benefits that it offers.

It is well documented that cold therapy is generally to diminish the inflammatory 
reaction to trauma, reduce edema, reduce hematoma formation and pain, reduce 
muscle spasm, decrease tissue metabolism, and reduce enzymatic activity[1-5]. There 
is an anti-nociceptive effect on the gate control system, reduced nerve conduction 
velocity, and reduced vascular permeability and vasoconstriction[6,7]. Ice appears to 
be an ingrained part of the acute injury management process, but does its use align 
with the latest research?

COLD THERAPY FOR DIFFERENT SOFT-TISSUE TYPES
There are a variety of soft-tissue types in the human body, and each of which heals at a 
different rate after injuries and responds differently to various treatments. The tendon, 
which can be seen as bands of fibrous tissue that connect muscles to bones, could help 
our muscles initiate and control different movement in joints. When the tendon is 
suddenly overstretched or torn, strains could happen. Immediate treatment including 
icing the injured area for about 20 min is always recommended to reduce the pain and 
swelling after the acute traumatic injuries. Evidence[8] supports that the ability of cold 
treatment to reduce pain for acute tendon injuries may be attributable to its ability to 
decrease the levels of prostaglandin E2 production in tendons, which is a highly active 
inflammatory molecule that causes pain and induces vasodilatation and hyperalgesia. 
For muscle, while cryotherapy works by reducing blood flow to a particular injured 
area, it could reduce the muscle spasms and muscle soreness, and ease its pain. The 
general range of time frame for muscle healing is around 2-4 wk, which is relatively 
shorter because of its rich blood supply. It is therefore important to activate its 
circulatory system to encourage healing after injuries and promote regeneration of the 
damaged muscle fibers. Therefore, the cold application on acute muscle fiber injuries 
should not last long and need to be controlled precisely to avoid harming the 
neuromuscular muscle function. Being similar to tendons, ligaments are also fibrous 
bands of connective tissue, and generally play roles in stabilizing the skeleton and 
allowing controllable and sage movement. When a sprain occurs, the ligament around 
the joint (such as knees, wrists, or ankles) would tear. Sprains in ligament are classified 
by several grades, and for the minor level of symptom, cold therapy could have the 
ability to reduce swelling and pain in a short time, but if the ligament tears completely, 
a simple cold therapy may not be useful and a surgery is needed. A general range of 
time frame for tendon healing is around 10-12 wk, which is longer than that of the 
muscle and tendon. A previous study[9] shows that cold treatment may decrease the 
flexibility of anterior and posterior cruciate ligaments in the knee, and could increase 
the force necessary to passively move through range of motion, therefore, how to 
effectively apply cryotherapy still needs to be carefully judged.

https://www.wjgnet.com/2307-8960/full/v9/i17/4116.htm
https://dx.doi.org/10.12998/wjcc.v9.i17.4116
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ACUTE SOFT-TISSUE INJURY MANAGEMENT OVER THE YEARS
Let’s review the historical progress of acute injury management: ICE (ice, compression, 
and elevation) was initially used before 1978, however, the origin of its use was 
unknown and it was coined without any sound scientific evidence. The earliest 
documentation of cold/ice therapy as part of the acute injury management guideline 
dates back to 1978 when the term RICE (rest, ice, compression, and elevation) was 
proposed by Dr. Mirkin et al[10] in their book “Sports Medicine”. Their intent was to 
use topical cooling to reduce the inflammatory response after acute injury to accelerate 
healing the vascular function. This initial guideline became deeply rooted in our 
therapeutic applications for almost 20 years. However, 14 years later, it became a myth 
when “protection” was included in the protocol (PRICE). Another 14 years later, 
POLICE (protection, optimal loading, ice, compression, and elevation) replaced PRICE
[11], and has become a relatively well-known guideline when long-term rest proved to 
be detrimental to recovery. In 2019, the latest and most comprehensive acronym: 
PEACE & LOVE (protection, elevation, avoid anti-inflammatory drugs, compression, 
and education & load, optimism, vascularization, and exercise)[12] appeared. Since 
then, ice has been finally removed from the treatment guideline.

RE-THINKING THE USE OF TRADITIONAL COLD THERAPY
Most injured patients report that cold therapy makes them “feel less painful”. 
However, this subjective impression of symptomatic pain reliefs is only experienced in 
the short-term, and the actual impact of immediate icing on the mid-to-long-term 
healing process may not remain the same. Moreover, although cold therapy has been 
widely and empirically used in practice, the way we clinically treat those injuries must 
continually change based on the most up-to-date and evidence-based research. 
However, the evidence for the use of cryotherapy is relatively low. There is significant 
heterogeneity between studies, making it difficult to compare them, and the number of 
controlled randomized controlled trials (RCTs) remains low[13-16].

We have to keep in mind that anything that reduces inflammation also delays 
healing since the process of inflammation is an essential aspect of recovery itself. 
Although cold therapy typically slows the soft tissue swelling to some extent, it does 
not hasten the recovery process. Ice could be a useful option when our treatment goal 
is to limit the extent of the oedema[17], since too much or prolonged swelling has been 
proved to impede the healing process during the recovery period[18], which is 
typically seen in severe joint sprains. However, when the edema level is not severe (
e.g., muscle tear), cold therapy may not be helpful but rather act as a barrier to 
recovery.

MECHANISMS OF COLD APPLICATION AND PHYSIOLOGICAL RESPON-
SES
By decreasing the number of leucocytes and granulocytes as well as reducing 
macrophage infiltration following soft tissue injury, cryotherapy has been proved to 
reduce inflammation in different body parts[19]. Nevertheless, although applying cold 
on the surface of the injured site may be effective in pain management or swelling, it 
could lengthen the recovery process. This is because, when we are injured, our body 
sends signals to our inflammatory cells (macrophages), which release the hormone-
insulin-like growth factor (IGF-1). These factors initiate healing by killing damaged 
tissue. However, when ice is applied topically, the cold will act as a vasoconstrictor 
and impede the transport of those inflammatory chemicals and cells to the injured site
[20,21]. We may prevent the body’s natural release of IGF-1 and, therefore, delay the 
start of the healing and recovery process. A prolonged period of cold on the skin will 
lead to a reduction of the blood flow, resulting in tissue death or even permanent 
nerve damage[22].

SHOULD WE STILL BE USING THE COLD THERAPY?
Therefore, with all of the evidence on the negatives of topically icing injuries, it may 
reshape our thoughts and raise a doubt: ‘If ice delays healing, should we still be using 
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it?’ The answer may not be entirely negative. Although merely applying cold packs or 
ice on the injured area will reduce inflammation and delay healing, cold therapy does 
not need to be entirely forbidden since it still has the ability to numb the pain and 
reduce swelling to some extent. That being the case, we need to know if there is a way 
to minimize the drawbacks of traditional cold therapy methods and, in the meantime, 
maintain our ultimate goal to promote tissue healing.

Before addressing that question, we need a basic understanding of the categories of 
cryotherapy. Generally, cryotherapy consists of two parts based on the way we apply 
it: local cryotherapy and whole-body cryotherapy. Local cryotherapy is the local 
application of ice, cold packs, or cold gases, while whole-body cryotherapy primarily 
includes gaseous application and cryostimulation[23,24]. Conventional cold therapy 
always leads to a prolonged application of cold temperatures, which may cause 
serious side effects such as nerve injuries, healing process restriction, or neuromu-
scular impairments. Then what about the others?

HYPERBARIC GASEOUS CRYOTHERAPY
It is now the time to highlight a more sophisticated application: Hyperbaric gaseous 
cryotherapy. It is an analgesic process first developed by Cryonic company in 1993 by 
spraying microcrystals of CO2 at -78℃ under high pressure (50 bars) on the painful 
site. This treatment technique, also referred as neurocryostimulation (NCS)[25], has 
shown the ability to reduce skin temperature to a greater extent than a simple ice bag 
by using a medical gun projecting compressed gas at high speed. This technique 
induces a more pronounced physiological response called ‘‘thermal shock’’, which 
triggers a swift systemic response by cutaneous vasoconstriction in our human body. 
The effects of thermal shock are always beneficial, since it has proved to induce greater 
analgesic, anti-inflammatory, vasomotor, muscle relaxing, anti-oedematous, and other 
beneficial effects than conventional cold therapy[25-27]. Gaseous cryotherapy triggers 
a swift systemic response through cutaneous vasoconstriction, and this response could 
cause severe vasoconstriction followed by vasodilation, called “hunting reaction”, 
through sympathoadrenal nervous system involvement, endogenous norepinephrine, 
and cortisol secretions[27]. These effects have been proved to hasten the recovery and 
healing process following soft tissue injuries[28]. Moreover, NCS could be used not 
only for the treatment of acute soft-tissue injuries (e.g., ligament and tendon injuries 
and muscle injuries), but also benefit older patients with acute pain significantly.

It is generally accepted that cryotherapy techniques providing more rapid cooling 
and reducing temperature may be more effective than slower cooling techniques like 
traditional ice or cold pack[3,27-29], and that is one of the reasons why hyperbaric 
gaseous cryotherapy could trigger more systemic vasoconstriction and is less likely to 
cause secondary injury than traditional cold therapy. Evidence[30] also indicates that 
skin temperature must reach 14.4 ℃ for analgesia and 13.8 ℃ to reduce local blood 
flow and obtain therapeutic benefits from the cold application. However, the surface 
temperature only decreases to 1-10 ℃ when ice is applied topically for the cooling of 
tissues from the baseline skin temperature[31-33]. Therefore, using an ice pack is 
always hard to achieve the particular low skin temperature to induce analgesia, while 
hyperbaric gaseous cryotherapy has the ability to shorten cooling time drastically and 
drop the skin temperature to about 4 ℃  through the sublimation of gas on the skin 
under high pressure.

Thus, we could say that this innovative cold treatment overcomes most of the 
limitations of traditional cold therapy, meanwhile effectively promoting the analgesic 
and anti-inflammatory effects. It further enhances the vasodilation activity to reach the 
required level for treatment. Therefore, we must acknowledge that there has been a 
significant evolution in injury rehabilitation from traditional cold therapy (topically 
cooling) to hyperbaric gaseous cryotherapy. Table 1 describes a detailed comparison in 
various aspects between traditional cold therapy and hyperbaric gaseous cryotherapy.

The question remains, could we say that hyperbaric gaseous cryotherapy represents 
the gold standard in treatment that we have been seeking? Unfortunately, it is still too 
early to draw conclusions based on the relatively poor and speculative evidence that 
we have now. Here, we offer some examples of hyperbaric gaseous cryotherapy in 
some common clinical cases, illustrating its controversial efficacy.

When studying the effect of NCS in individuals with acute lateral ankle sprains, 
Tittley et al[34] suggested that NCS is no more effective than traditional ice application 
in improving functional recovery, pain, edema, and ankle dorsiflexion range of motion 
during the first 6 wk of physiotherapy treatments. Similar results were reported in 
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Table 1 Comparison between application of gaseous cryotherapy and traditional cold therapy

Hyperbaric gaseous cryotherapy Traditional cold therapy

Cooling modality Projection of CO2 microcrystals under high pressure (75 bar) 
and low temperature (78 ℃)

Simply locate ice or a cold gel pack on the top of injured 
skin

Lowest temperature can be 
reached

Below 2 ℃[27] Hard to drop below 13.6 ℃[21,27]

Time to achieve enough low 
temperatures to produce 
local analgesia

20-45 s[27,34-35] 15-30 min[27,34]

Time to recover the normal 
skin temperature

5 min[27] 60 min[3-5]

Amount of heat absorption Greater and more rapid[34] Lesser and more slowly[34]

Cutaneous vasoconstriction 
area

Systemic[27] Localized only to the cooled area[27]

Physiological response after 
application 

Thermal shock - a swift systemic response resulting in 
cutaneous vasoconstriction[27,34-36]; profound vasomotor 
effects[34]; modulates inflammation and release cytokines; 
sooner metabolic rate[27,34-35]

Prolonged application may happen, which would cause 
neuromuscular impairments, frostbite and nerve injuries
[19,27]; prevent the release of IGF-1[5,6]; slower 
metabolic rate[34-35]

Clinical treatment effect of 
application

Controversial results[34-36] across different studies when comparing the two

IGF: Insulin-like growth factor.

RCT research by Demoulin et al[35], who concluded that gaseous cryotherapy was no 
more beneficial than routinely used strategies(cold pack and cryo-cuff) following total 
knee arthroplasty. However, the authors discussed that they might have underes-
timated its benefits because of the time effects, and other limitations observed in their 
trial (e.g., cooling to a warmer temperature than the target value). In contrast, a 
prospective study conducted by Chatap et al[36] reported that hyperbaric CO2 

cryotherapy is an innovative tool to achieve acute and chronic pain relief in older 
patients. However, the result may not be valid since there is no control or comparison 
group. Therefore, the existing studies may have shown conflicting results on recovery 
using cryotherapy compared to traditional ice application.

Confirmation of whether hyperbaric gaseous cryotherapy is superior to traditional 
cold therapy modalities still needs to be evaluated. The number of studies using a 
good methodological experimental design in a larger population is still inadequate. In 
addition, gaseous cryotherapy is more expensive and requires specific training; 
therefore, it may not be readily available to a more general population. Thus, when we 
choose the type of cryotherapy, we need to take specific advantages and drawbacks of 
each, including the context of the therapy into account.

CONCLUSION
In summary, when considering a cryotherapy protocol for treating soft-tissue injuries, 
variables such as its forms, local or whole-body, physical agents, cooling temperature, 
and time duration must be well-designed and controlled. The existing knowledge gaps 
have contributed to the persistent difficulty in clarifying the clinical usefulness of cold 
therapy in clinical healthcare. Hopefully, this will be addressed in future studies. 
Effective randomized controlled clinical trials with demonstrated methodological 
quality are needed to better evaluate potential utility and superiority of hyperbaric 
gaseous cryotherapy. That effectiveness can be demonstrated by considering different 
target populations, injuries, and treatment protocols. Continuing education and 
applying quality research should remain a focus for clinicians to develop better 
treatment outcomes for patients.
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