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Histological changes in muscle tissues with acute injury 

following cryotherapy★ 

Shi Peng1, Shen Ruo-wu1, Ji Ai-yu2 

Abstract 

BACKGROUND: Cryotherapy of acute soft tissue injury has been widely used in clinical practice. 

OBJECTIVE: To observe the histological changes and treatment effect of different cryotherapies on the rats' acute damage of soft 

tissue.  

METHODS: Neonatal Wistar rats were randomized to normal, model, intermittent cryotherapy and continuous cryotherapy groups. 

Models of acute damage of soft tissue were established in model, intermittent cryotherapy and continuous cryotherapy groups. In 

intermittent cryotherapy group, the injury was treated by intermittent cryotherapy with ice bag at 4 °C; in the continuous 

cryotherapy group, the injury was treated by continuous cryotherapy with ice bag at 4 °C; the model group was not treated. 

Histological changes were observed at 48 hours. Injury degree was evaluated using injury symptom index. 

RESULTS AND CONCLUSION: Compared with model group, the scores of injury symptom index and histology were lower, 

interleukin-1β expression was reduced, and transforming growth factor-β1 (TGF-β1) expression was increased in intermittent 

cryotherapy and continuous cryotherapy groups (P < 0.05). Compared with intermittent cryotherapy group, the scores of injury 

symptom index and histology were reduced (P < 0.05), interleukin-1β expression was reduced (P < 0.05), and TGF-β1 expression 

was increased in continuous cryotherapy group (P < 0.05). Results demonstrated that cryotherapy can cure the acute damage of 

soft tissue by reducing interleukin-1β expression and raising TGF-β1 expression. Continuous cryotherapy is superior over 

intermittent cryotherapy. 

 

 

INTRODUCTION 

 

Along with the social civilization and development of 

sports medicine, the acute soft tissue damage attracts 

increasing attention. After the acute soft tissue 

damage, the most important pathology change is the 

aseptic inflammation change, thus resulting in cell and 

mesenchymal material metabolism, histochemical, 

ultrastructural and light microscopic or naked eye 

changes[1]. After injury, some cytokines are involved, 

triggering repair mechanisms and wound healing. 

Appropriate treatment can inhibit development of 

inflammation and promote wound healing[2]. 

Cryotherapy within 48 hours of acute soft tissue injury 

is an effective method. However, it remains unclear 

the better effects of continuous or intermittent 

cryotherapy, and the treatment mechanism of 

cryotherapy has not yet fully understood.  

If the injury is not treated in time, it would possibly 

form chronic damage, contributing to pain induced by 

cold, moist, tired, or other stimuli, which affect quality 

of life.  

This study treated rats’ soft tissue damage through 

different cryotherapies and observed injury degree, 

histology and related inflammatory factor and cytokine 

expression. 

 

Materials and methods 

 

Design  

A randomized, controlled, animal experiment. 

 

Time and setting 

The experiment was performed at Anatomy 

Laboratory, Qingdao University Medical College from 

January to July 2010. 

 

Materials  

A total of 120 healthy, neonatal, male Wistar rats, 

weighing 200-280 g, were purchased from the 

Animal Breeding Centre of Lukang Pharmaceutical 

(No. SCXK(Lu)20080002). 

The instrument (self-restraint) was composed by metal 

stick, sleeve, support and dead plate. The attacking 

area was 3 cm2, and the impulse was 1 (kg•m) /s. 

 

 

 

 

 

 

 

 

  

 

 

 

Methods  

Grouping and model establishment 

The Wistar rats were randomly divided into normal, 

model, intermittent cryotherapy, and continuous 

cryotherapy groups, with 30 animals in each group.   

All rats were anesthetized by intraperitoneal injection 

of 10% chloral hydrates (400 mg/kg) except the 

normal group. The medial thigh, 1 mm from the knee 

joint was depilated with 80 g/L sodium sulfide. 

According to previous described method[3], model of 

soft tissue injury was established using self-made 

hammer. Briefly, the head and four limbs were fixed 

in self-made plate in a spine position. The solid iron 

pipe, 579 g, with bottom surface radius 1 cm, was 

dropped from 10 cm height to hit the medial thigh,   

1 mm from the knee joint. The attacks were repeated 

Reagent and instrument Source 

Attack instruments               

BX50, Pro-150E system 

microscope              

Paraffin machine kedi150         

Insulate electric oven             

SABC Immunohistochemistry kit,   

interleukin-1β (IL-1β), 

transforming growth factor-β1 

(TGF-β1), rabbit anti-mouse 

Self-restraint             

Olympus, Japan                

Zhejiang Jinhua Kedi company 

Shandong Weifang  

Instruments Company 

Wuhan Booster company 
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for 5 times.The the knee joint.  

The attacks were repeated for 5 times. The The the knee joint. 

The attacks were repeated for 5 times. The intermittent 

cryotherapy group was treated with biological ice bag at 4 ℃, 

for 10 minutes each, for a total of 2 hours, with 5-minute 

interval[4].  

The continuous cryotherapy group was treated with biological 

ice bag at 4 ℃ for 2 hours. Both groups were treated with ice 

bag once again after 24 hours. The normal group rats were not 

treated, and the model group rats were injured but not treat. All 

rats were raised routinely after awaken.   

 

Behavioral and histological scores   

The wound was observed 48 hours after model establishment 

and scores were recorded[5]. Hypodermic ecchymosis: ①

Abundant and massive, accounted for 2 points; few and 

punctiform, for 1 point; no ecchymosis, for 0 points. Muscle ②

swelling: Obvious swelling, for 2 points; slight swelling, for 1 

point; no swelling, for 0 points. Muscle color: ③ dark purple, for 

2 points; light purple, for 1 point; normal colored, for 0 points. The 

points of the three items were added as the final injury scores. 

High scores represented severe injury. 

At 48 hours after model establishment, the injured muscle tissues 

were cut, fixed, embedded with paraffin, and sectioned into 4 μm 

thick, followed by hematoxylin-eosin staining. Micro images were 

obtained using Olympus BX50, followed by histological 

evaluation, including muscle fiber arrangement, muscle fiber 

break, muscle fiber swelling, septum intermusculare broadening, 

phlogocyte infiltration, red blood cell exudation, muscle fiber 

degeneration, and muscle fiber connection. Serious injury of each 

item scored 2 points, mild scored 1, normal scored 0. A large 

amount of muscle fiber connection scored 0 points, few scored 1 

point, and no connection scored 2 points. All the scores of 8 items 

were added as the final injury score. High scores represented 

serious injury. 

 

Immunohistochemical detection 

Immunohistochemistry was performed according to 

manufacturer’s instruction of SABC kit. The reagents were 

provided by Wuhan Boster, China. IL-1β and TGF-β rabbit 

anti-mouse monoclonal antibody (1: 100) was respectively 

dropped to sections of each group. Negative control was not 

treated with primary antibodies. Second antibody was goat 

anti-rabbit IgG, followed by SABC. The sections were 

colorized using DAB, dehydrated, cleared, and mounted. 

Olympus BX50 was used to obtain microscopic images. 

Sample PCI image analysis system (USA) was applied to 

determine average absorbance. A total of 5 fields of view were 

selected from each section. The average value was regarded 

as results.  

 

Main outcome measures  

Behavioral and histological scores at 48 hours, IL-1β and 

TGF-β1 expression of each group.  

 

Statistics analysis  

Data were expressed as Mean±SD and analyzed using SPSS 

13.0 software[6]. Intergroup differences were compared using F 

test, and pairwise compared by SNK-q test. P < 0.05 indicated 

significant difference. 

 

RESULTS  

 

Quantitative analysis of experimental animals   

Of 120 rats, died or infected rats were 4 in model group, 2 in 

intermittent cryotherapy, 1 in continuous cryotherapy group. 

Finally, 120 rats were included in the final analysis following 

supplementation.  

 

Gross observation   

Swelling of limbs and hypodermic blood clot were observed in 

the model group. Compared with model group, the limb 

swelling was mild, and the blood clot was few with light color. 

Those symptoms were further improved in continuous 

cryotherapy group. Injury symptom index was the greatest in 

model group (4.90 ± 0.82), followed by intermittent 

cryotherapy group (3.30 ± 0.53), and then continuous 

cryotherapy group (2.00 ± 0.84; P < 0.05).  

 

Histological observation (Figure 1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a: Normal group       

Figure 1  Morphology of muscle tissues in each group 
(hematoxylin-eosin staining, × 200) 

c: Intermittent cryotherapy group  

b: Model group  

d: Continuous cryotherapy group 
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HE staining showed that in two cryotherapy groups, some 

muscle fiber were fractured, muscle fiber spacing was slightly 

widened, which were not as severe as model group. In addition, 

there were a small amount of red blood cell exudation; muscle 

fiber thickness and number of inflammatory cells were similar to 

normal group; fracture of some fibers between the muscle fibers 

connection was increased compared with the model group 

(Figure 1). Histological score results were greatest in the model 

group (14.00±0.56), followed by the intermittent cryotherapy 

group (7.60±0.83), and then the continuous cryotherapy group 

(4.80±0.74; P < 0.05).   

 

Immunohistochemical results   

IL-1β and TGF-β1 expression was detected among the 

muscle fibers and septum intermusculares of all groups. IL-1β 

expression was greatest in model group, followed by 

intermittent cryotherapy group, and then the continuous 

cryotherapy group and normal group (P < 0.05). TGF-β 

expression was greatest in continuous cryotherapy group, 

followed by intermittent cryotherapy group, and then the 

model group and normal group (P < 0.05; Table 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

 

Acute soft tissue injury refers to a series of acute contusion or 

(and) tear in tissues beneath skin except bones, including 

muscle, ligament, fascia, tendon, synovium, fat, joint capsule, 

as well as peripheral nerves and blood vessels. These tissues 

are injured by external or internal factors. Tissue damage in 

acute physiological function is caused by temporary disorders. 

Acute soft tissue injuries are generally induced by external 

stress. When the stress exceeds the bearing of soft tissues, 

injury is induced with some symptoms. Acute soft tissue injury 

and violent blunt or sharp injury are manifested by local redness, 

fever, subcutaneous ecchymosis, pain, swelling, dysfunction, 

and a series of clinical symptoms.  

This experiment established model of soft tissue injury in rats 

and treated with different cryotherapies. Gross morphology and 

histology showed that both cryotherapies were effective, which 

potentially involved reducing IL-1β, promoting TGF-β1 

expression to attenuate aseptic inflammation and promote fiber 

repair[7-8]. Moreover, continuous cryotherapy was superior over 

intermittent cryotherapy. It is likely that continuous cryotherapy 

can maintain contraction of local blood vessels, reduce blood 

flow, and inhibit the release of inflammatory factors to reduce 

further damage. Moreover, the number of endothelial cells is 

relatively constant, IL-1β secretion is decreased, and the 

inhibitory effects on platelets, macrophages and endothelial 

cells were reduced, leading to increased secretion of TGF-β1. 

In the intermittent cryotherapy, the blood vessels could expand 

during interval, which increases the blood flow and 

inflammatory mediators, resulting in worse therapeutic effect 

than continuous cryotherapy. 

Analgesia, anti-swelling and promoting tissue repair are 

involved in cryotherapy. Cold stimulation can slow down nerve 

conduction velocity, reduce nerve end-plate excitability, 

increase pain threshold, and thus reduce or relieve pain. Nicole 

et al 
[9] reported that cold therapy can significantly reduce 

muscle contusion of vascular permeability by reducing 

leukocyte and endothelial cell interplay. Cold therapy stimulates 

constriction of surrounding blood vessels, reduces blood flow 

and vascular permeability, thereby partly reducing inflammatory 

exudation and ameliorating swelling. Reducing secondary injury 

is another important factor in cold therapy. Cold factor acting on 

the body temperature of reduction of various tissue, slows down 

the chemical reaction rate, decreases cell metabolism, reduces 

cellular oxygen demand, thereby reducing the production of free 

radicals, so the secondary tissue injury or necrosis in the 

relative hypoxia environment is reduced[10]. 

Although results from the present study demonstrate that 

continuous cryotherapy is superior over intermittent cold 

cryotherapy, it is better to consider injury severity, general 

condition of patients as well as the tolerance to cold stimulation 

in clinical practice, so as to use appropriate cryotherapy. 

Questions remain such as specific manner in cryotherapy, 

duration and frequency, temperature control, alternating cold 

and heat. The present study recommended prolonging 

cryotherapy duration within the tolerance of patients to obtain 

favorable effects. Safe individualized cryotherapy with precise 

result require further investigation.  
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Table 1  Interleukin-1β (IL-1β) and transforming growth factor-β1 

(TGF-β1) expression                       (x
_

±s, n=30) 

a
P < 0.05, vs. normal group; 

b
P < 0.05, vs. model group; 

c
P < 0.05, vs. 

intermittent cryotherapy group. 

Group IL-1β TGF-β1 

 

Normal 

 

0.13±0.01 

 

0.12±0.02 

Model 0.40±0.01
a
 0.20±0.02

a
 

Intermittent cryotherapy 0.32±0.01
ab 

0.33±0.02
ab

 

Continuous cryotherapy   0.21±0.01
abc

 0.43±0.02
abc
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摘要 

背景：冷疗处理急性软组织损伤已在临床广

泛应用。 

目的：观察不同冷疗方式对急性软组织损伤

大鼠的组织学改变及治疗效果。 

方法：将新生Wistar大鼠随机分成正常组、

模型组、间断冷敷组及持续冷敷组，后 3组

建立急性软组织损伤动物模型。间断冷敷组

用 4 ℃生物冰袋间断冷敷于损伤部位，持续

冷敷组用 4 ℃生物冰袋持续冷敷，模型组不

予以处理。冷敷 48 h后观察各组损伤部位大

体形态改变，采用损伤症候指数评估损伤程

度。 

结果与结论：与模型组比较，间断冷敷组及

持续冷敷组损伤症候指数与组织学评分较

低，白细胞介素 1β 的阳性表达率降低，转

化生长因子 β1 的阳性表达率表达率升高   

(P < 0.05)。与间断冷敷组比较，持续冷敷组

损伤症候指数与组织学评分较低(P < 0.05)，

白细胞介素1β的阳性表达率降低(P < 0.05)，

转化生长因子 β1的阳性表达率表达率升高  

(P < 0.05)。结果证实，冷疗处理治疗急性期

软组织损伤的机制与降低白细胞介素 1β及

提高转化生长因子 β1表达有关，持续冷疗

的疗效优于间断冷疗。 

关键词：软组织损伤；冷疗；白细胞介素 1β；

转化生长因子 β1；肌肉组织；组织构建 
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作指导。 

利益冲突：课题未涉及任何厂家及

相关雇主或其他经济组织直接或间接

的经济或利益的赞助。 

伦理批准：实验对动物的处理方法符

合中华人民共和国科学技术部颁发的《关

于善待实验动物的指导性意见》
[11]
。 

本文创新性：国内外有关冷疗处理

大鼠急性软组织损伤的报道多为临床

研究，在随机性可重复性以及变量控制

方面有一定缺陷。本次实验采用同一批

次纯种Wistar大鼠进行实验观察，个体

差异度较小，可控性更好，检测相关细

胞因子的表达，从机制方面对冷疗效果

进行解释，并且从正(反映促进损伤修复

的指标转化生长因子 β1)、反(反映无菌

性炎症损伤程度的指标白细胞介素

1β)2个方面进行研究，进而提供理论依

据。

来自本文课题的更多信息--  

作者贡献：沈若武进行实验设计，

实验实施，资料收集及成文为石鹏，季

爱玉负责评估，审校并对文章负责。    

ISSN 1673-8225  CN 21-1539/R  2011 年版权归《中国组织工程研究与临床康复》杂志社所有 


