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ABSTRACT 
 
 

       Inflammation in the subacromial bursa causes pain in patients suffering from rotator cuff tear, 
with this long-lasting inflammation leading to fibrosis and thickening of the subacromial bursa. Both 
inflammatory cytokines and mechanical stress, and impingement in the subacromial space, might induce 
and worsen this inflammation. However, little is known of the mechanism of this inflammation. In this 
study, we used immunohistological staining to demonstrate the expression of Interleukin-1  (IL-1 ), 
Tumor necrosis factor  (TNF- ), transforming growth factor  (TGF- ), and basic fibroblast growth 
factor (bFGF) in subacromial bursa derived from the patients suffering from rotator cuff tear. On the other 
hand the expression of these inflamnlatory cytokines and growth factors were little detected only to a 
small degree in patients with anterior shoulder instability who did not have severe shoulder pain and 
impingement in the subacromial space. Our findings suggest that those inflammatory cytokines and 
growth factors may play an important role in inflammation of the subacromial bursa. Controling the 
expression of these cytokines and growth factors might be important for treating patients suffering from 
shoulder pain due to rotator cuff tear. 
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INTRODUCTION 
 
 

           Complaints suffered by patients who experience rotator cuff tear are various: Iimitation of 
range of motion, Loss of muscle power of rotators, pain in the shoulder. Among these, shoulder pain is 
the key and if this pain can be controlled, the limitation of range of motion or the weakness of rotators 
will be minimized in most patients. The question arises as to the origin of this pain. Considering that 
about 10 to 20% Of the normal population over the age of sixty has rotator cuff tear, *3 or that 
conservative treatment, in which the tear will be remain, is effective for more than half of the patients, the 
tear itself seems not to be painful. On the other hand, the subacromial bursa in patients with rotator cuff 
tear usually shows severe synovitis compared to that in patients with anterior shoulder instability who 
don't have shoulder pain. These findings suggest that shoulder pain of the rotator cuff tear is due to 
inflammation in the subacromial bursa.  
          Little is known regarding the mechanism of inflammation in subacromial bursa, though 
mechanical stress and inflammatory cytokines as well as growth factors could induce and worsen this 
inflammation. In the present study, we examined the expression of inflammatory cytokines and growth 
factors in the subacromial bursa of patients suffering from rotator cuff tear by using 
immunohistochemical staining, and compare the results to those of patients suffering from anterior 
shoulder instability.  
 

MTERIALS AND METHODS 
 
 

Tissue sources  
           Subacromial bursa was obtained at the time of surgery from fourteen patients (ten men, four 
women) undergoing repair of rotator cuff tear. Informed consent was obtained from each patient. Age at 
the time of operation was ranged from 33 to 76 years (average; 55 years). For comparison, we also 
obtained subacromial bursa from patients who showed no impingement sign preoperatively and no 
inflammation.  
 
Immunohistochemical staining  
           Tissue of the subacromial bursa taken from the surgical specimens was embedded in OCT 
tissue-embedding medium (Tissue Tek; Miles, Elkhart, IN, U.S.A.) and frozen in liquid nitrogen. Eight 
micrometer-thick frozen sections were cut onto glass microscope slides. Immunohistochemistry was 
performed using standard immunoperoxidase techniques. The slides were air-dried and then fixed with 
100% acetone at 4°C for 5 minutes. Endogenous peroxidase activity was quenched for 5 minutes using a 
3% hydrogen peroxide in phosphate-buffered saline  
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(PBS) solution, after which the slides were rinsed three times in PBS. Cellular antigens were determined 
by an indirect immunoperoxidase staining technique using monoclonal antibodies which included 
monoclonal anti-human interleukin-1b antibody, anti-human TNF-  antibody, anti-human bFGF antibody, 
and anti-human TGF-  antibody (Table 1). Indirect immunoperoxidase staining was performed using a 
Histofine SAB-PO Kit (Nichirei, Tokyo, Japan). Briefly, this method consisted of incubating the primary 
monoclonal antibody and SAB in a humidified chamber at 20°C for 1 hour. The excess antibody was 
removed by washing with PBS. The second antibody, biotinylated anti-mouse immunoglobulin  Or 
anti-rabbit immunoglobulin , was added, and samples were incubated for 10 minutes, followed by 
incubation for 25 minutes in avidin-biotin-peroxidase complexes. We detected the intensity of staining of 
anti- human IL- 1 , anti-human TNF- , anti-human bFGF antibody, and anti-human TGF-  antibody in 
the section under a light microscope.  
        The tissue sections were examined for specific staining in the cells, matrix, and vessels of both 
groups. Cellular staining was graded as positive if specific staining was seen in both slides for a given 
antibody and as negative if no staining or only rare cellular staining was evident. Positive matrix staining 
was recorded if pericellular staining was evident in more than 50% of the cells per medium-power field 
(×200) and if there was an absence of any background staining in the matrix in the negative control 
sections. Positive staining around blood vessels was recorded if staining could be observed in more than 
50% of the blood vessels per medium-power field (×200).  
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RESULIS 
 

Hematoxylin-Eosin staining of subacromial bursa  
   Figure 1 displays the frozen sections of subacromial bursa stained with hematoxylin-eosin from 
the patients of the rotator cuff (SAB-RCT) group and one from patients with anterior instability of the 
shoulder (SAB-AI).  
   Marked villi-like formations and hyperplasia of the fibroblast and blood vessels are visible in 
SAB-RCT sections (Fig. 1A) as compared to sections from SAB-AI (Fig. 1B). Both sections have no 
eosinophil infiltration.  
 
Immunohistochemical staining  
      Figure 2A displays the frozen sections of subacromial bursa stained with an antibody to IL-1   
from the patients of the SAB-RCT group. Diffuse staining for IL-1  is visible around the blood vessels 
(arrow) and underlying the cells that compose the inner surface of the subacromial bursa (open arrow). 
Focal staining for TNF-  is visible in the cells from the patients of the SAB-RCT group (Figure 2B 
arrow). Diffuse staining for bFGF is also visible in the area of hyperplasia of cells and vessels from the 
patients of the SAB-RCT group (Figure 2C arrow). Linear staining for TGF- is visible in the cells from 
the patients of the SAB-RCT group (Figure 2D arrow).  
 
Expression of cytokines and growth factors in cytoplasm of fibroblast in subacromial bursa  
     All of the cytokines and growth factors that we evaluated were expressed more frequently in the 
patients in the SAB-RCT group as compared to those of the SAB-AI group. The frequency of IL-1 , TNF-
, bFGF, and TNF- in the SAB-RCT group was 93%, 86%, 86%, and 86%, respectively. On the other 

hand, those in the SAB-AI group were IL-1 ; 50%, TNF- ; 17%, bFGF; 33%, and TGF- ; 0%(Fig.3A).  
 
Expression of cytokines in vessels  
    The percentage of patients in the SAB-RCT group showing positive staining of IL-1 ,  
TNF- , bFGF, and TGF- was 86%, 79%, 78%, and 50%, respectively. On the other hand, the frequency of 
positive staining in the SAB-AI group was IL-1  ; 34%, TNF- ; 33%, bFGF; 67%, and TGF- ; 33% (Fig. 
3B).  
 
Expression of cytokines and growth factors in extra-cellular matrix  
    There was a trend toward a greater frequency of definite staining for TGF-  in the matrix from 
patients of the SAB-RCT group than in that from individuals in the SAB-AI group. No positive staining 
for the other cytokines and growth factors was seen in either group.  
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Fig.1. Histological sections of the subacromial bursa (hematoxylin and eosin, ×200).  
A: Subacromial bursa of the patients with rotator cuff tear.  
B: Subacromial bursa of the patient with anterior shoulder instability that dose not have           
   impingement sign preoperatively and no inflammation. 
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Fig.2. Frozen sections of shoulder subacromial bursa of rotator cuff patient stained with an antibody to A; 
interleukin-1  (IL- 1 ), B; tumor necrosis factor   (TNF- ), C; basic fibroblast growth factor (bFGF), and 
D; transforming growth factor  (TGF- )  
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DISCUSSION 
 

     It has been reported that inflammatory cytokines and growth factors such as IL-1 , TNF- , bFGF, or 
TGF-  play an important role in inflammation during wound healing by enhancing cell proliferation or 
production of extra cellular matrix in various types of cells. *16 IL-1 and TNF- have been reported to 
induce pain via cyclooxygenase-2 (COX-2) expression, resulting in the production of prostaglandins 
(PGs).*2 On the other hand, bFGF has been reported to be one of the main factors promoting proliferation 
of endothelial cells, which results in neovascularization *9 Furthermore, TGF- has been detected in the 
synovial cells of rheumatoid arthritis, and administration of this cytokine and growth factor into the joint 
has been seen to induce arthritis in a mouse model.*10 Therefore, the coexistence of these cytokines and 
growth factors for a long period leads to pain and fibrosis of the tissue.*1 In the patients suffering from 
rotator cuff tear inflammation in subacromial bursa is one of the main cause of their pain. However there 
is no report concerning the expression of inflammatory cytokines and growth factors in subacromial bursa. 
In this study, we demonstrated the expression of those cytokines and growth factors in the subacromial 
bursa of the patients with rotator cuff tear, and that these expressions were detected more frequently in 
these patients than in those with anterior shoulder instability. Although the average age of the patients 
with rotator cuff tear was much higher than that of those with anterior shoulder instability, it is hard to 
believe that aging itself induces the expression of these cytokines and growth factors in the subacromial 
bursa. We consider that the more frequent expression of cytokines and growth factors is one aspect of the 
pathology of rotator cuff tear.  
        We had reported the significant relationship between neovascularization and clinical shoulder 
pain in patients experiencing rotator cuff tear.*8 However, in the present study we could not demonstrate a 
significant relation between the expression of cytokines and growth factors and clinical symptoms. This is 
because the population of patients in this study was relatively uniform. They all experienced severe 
shoulder pain and limitation in their range of motion. If we could operate on the patients who have mild 
pain or mild limitation of range of motion, we might be able to demonstrate the relation between the 
expression of cytokines and growth factors and clinical symptoms.  
     From our data, it is suggested that inflammatory cytokines and growth factors expressed in the 
subacromial bursa of the patients with rotator cuff tear might induce pain and fibrosis, following the 
hypertrophy of the bursa itself. This fibrosis and hypertrophy may disturb the sliding mechanism of bursa, 
resulting the contracture of the shoulder joint. Furthermore, the hypertrophic bursa may worsen the 
impingement in the subacromial space.  
     Generally speaking, cytokines and growth factors perform various functions, and these functions 
could be both physiological and pathological. Therefore, we cannot assert that the 
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expression of IL-1 , TNF- , bFGF, or TGF-  in the subacromial bursa is pathological. However, 
considering that those expressions were found only in small degrees in the one in the patients with 
anterior shoulder instability, they play some role in inflammation of subacromial bursa. Controlling the 
expression of these cytokines and growth factors might be the key to treating patients with rotator cuff 
tear.  
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