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Fig. 1. Organ culture model: Using a dermal
trephine, a cylindrical defect 3 mm in diameter was
prepared in the stump of rotator cuff. They were
classified into the following 3 groups: group F with
only cylindrical defect, group R with cylindrical
defect filled with rotator cuff, and group S with
cylindrical defect filled with synovium.
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Table 1. Categories and Scoring for histologic evaluation of healing tendon. (Jann, H. W. et al. 1992.20)

Score
Immature Mature
Category Histologic Characteristic 2 3 4
Cellularity Cellularity Marked Moderate Mild Minimal
Fibrocytes Proportion of fibrocytes 25% 25-50% 50-75% 75%
Vascularity Vascularity 15 bvlow PF 11-15 bv/low PF  6-10 bv/low PF 6 bv/high PF
Fiber diameter ~ Proportion of fibers of large diameter 25% 25-50% 50-75% 75%
Cells parallel Proportion of cells of oriented 25% 25-50% 50-75% 75%
parallel to longitudinal axis
Fibers parallel Proportion of fibers of oriented 25% 25-50% 51-75% 75%

parallel to longitudinal axis

(bv: blood vessels, low PF: power field, high PF: high power field)
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Fig. 2. Six areas in the tendon stump (numbers in
circle) adjacent to the defect were selected to
count the number of cells immunohistochemically
stained with antibody against proliferating cell
nuclear antigen (PCNA).
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Photo. 1. Healing process of the lacerated tendon in the organ culture of group F (A, D), R (B, E), and S (C, D)
at week 2 (A, B, C), and week 4 (D, E, F). H.E.staining. In group F and group R, the new migration and formation
of collagen fibers was not observed in the tendon stump adjacent to the defect at weeks 2 and 4 of cultivation.

Whereas in group S, the incorporation between the rotator cuff and synovium could be observed at weeks 2 and 4

of cultivation. (A-F: X40)
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Table 2. Frequency of type I procollagen expressing
cultures in the group F, R and S. (See Fig. 1 and text.)
The duration of cultivation

Group 1 week 2 week 4 week
F 4/10 2/10 1/10
R 4/10 4/10 2/10
S 9/10 9/10 8/10
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Photo. 2. Immunohistochemical staining of the lacerated tendon with antibody against C-terminal of procolla-
gen I (PC I) at week 4 of cultivation of group F (A), R (B), and S (C, D). The area shown by arrow in C was
enlarged in D. PCI -immunoreactivity in the tendon stump adjacent to the defect was stronger in group S than in
group F and group R. r: Rotator cuff, s: Synovium. (A-C: X100, D: X400)
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Fig. 8. The changes of the number of PCNA-posi-
tive cells in the tendon stump during the organ cul-
ture in the experiment 1. The number of positive
cells stained with anti-PCNA antiboby/mm?2 was
larger in group S than in group F and group R at
weeks 1, 2 and 4. *: Significantly different, p<
0.05. * *: Significantly different, p<0.01l. Bars
indicate 1SD. @: Group F, @: Group R, O: Group S
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Fig. 4. Postoperative course of maturity score of
the lacerated supraspinatous tendon in the experi-
ment 2. Maturity score was significantly higher in
group G than in group D at week 1 and week 2. *:

Significantly different, p<0.05. Bars indicate 1SD.
@®: Group D, O: Group G
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Photo. 3. Immunohistochemical staining of the lacerated tendon with anti-PCNA antibody at week 4 of cultiva-
tion of group F (A), R (B), and S (C, D). The area shown by arrow in C was enlarged in D. PCNA -immunoreactivi-
ty in the tendon stump adjacent to the defect was stronger in group S than in group F and group R. r: Rotator cuff,
s: Synovium. (A-C: X100, D: X200)

Photo. 4. Macroscopic appearance of the supraspinatous tendon at week 4 after the operation. Arrows show the
defect area of supraspinatous tendon. A: Group D (bursal side) B: Group D (articular side) C: Group G (bursal
side) D: Group G (articular side) In both groups, the defect of supraspinatous tendon was covered with scar tis-
sue. In contrast to the bursal side, original tendon and scar tissue were demarcated in articular side of the tendon.
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Photo. 5. Healing process of the lacerated tendon in vivo (group D in the experiment 2). H.E.staining. A: At
week 1 after the operation. (X 40). Granulation tissues filled with the defect. B: At week 2 after the operation. (X
40). The formation of loose fibrous tissue was seen in the defect area. C: At week 4 after the operation. (X100).
The defect was not continuous with new connective tissue partially.

Photo. 6. Healing process of the lacerated tendon ¢n vivo. The defect was filled with synovium after the opera-
tion (group G in the experiment 2). H.E.staining. A: At week 1 after the operation. (X40). Granulation tissues
filled with the defect. B: At week 2 after the operation. (X40). The formation of loose fibrous tissue was seen in
the defect area. C: At week 4 after the operation. (X80). The area shown by arrow in C was enlarged in D. D: At
week 4 after the operation. (X200). The new collagen fibers not aligned along the long axis of the tendon were
observed.
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Fig. 5. Postoperative course of the number of

PCNA-positive cells in the experiment 2. PCNA-

positive cells were more numerous in group G than
in group D at weeks 1, 2 4 and 8, but the difference

between the two group was not significant. Bars
indicate 1SD. @: Group D, O: Group G

Photo. 7. PCNA-positive cells in the lacerated supraspinatous tendon at week 4 after the operation. In the
group G (B), the defect was filled with synovium. A: control (group G). PCNA-immunoreactivity in both group
were shown in tendon stump adjacent to the synovial tissue. r: Rotator cuff, s: Synovium. (A, B: X100)
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Photo. 8. Distribution of type I procollagen mRNA expressing cells in the supraspinatous tendon after the oper-
ation. In the group G (C, D), the defect was filled with synovium. A, B: control (group D). A, C: at week 1. B, D: at
week 4. Positive signal cells for type I procollagen mRNA in group D were locarized in the bursal side and articular
side of tendon stump, whereas those in group G were detected in all layers of tendon stump adjacent to the
defect. r: Rotator cuff, s: Synovium. (A-D:X40).

Photo. 9. Distribution of type III procollagen mRNA expressing cells in the supraspinatous tendon after the
operation. In the group G (C, D), the defect was filled with synovium. A, B: control (group D). A, C: at week 1. B,
D: at week 4. Positive signal cells for type III procollagen mRNA in group D were locarized in the bursal side and
articular side of tendon stump, whereas those in group G were detected in all layers of tendon stump adjacent to
the defect. r: Rotator cuff, s: Synovium. (A-D: X40).
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The Experimental Study for Repair Process of Rotator Cuff

— Effects of Synovium of Subacromial Bursa on the Healing Process of Rotator Cuff —

Kazuhiko KIKUGAWA

Department of Orthopaedic Surgery, Hiroshima University School of Medicine
(Director: Prof. Yoshikazu IKUTA)

We studied the effect of the synovium of subacromial bursa (SAB) on the healing process of rotator
cuff.

(1) In vitro study. The stumps of rotator cuff excised undergoing surgery were divided into 3 groups
(group F: only cylindrical defect, group R: cylindrical defect filled with rotator cuff, and group S: cylindrical
defect filled with synovium). At weeks 1, 2 and 4 of cultivation, they were investigated using H-E staining
and immunohistochemical staining with antibody against C-terminal of procollagen I (PCI). In group S,
incorporation between rotator cuff and synovium was observed, and PCI-immunoreactivity in the tendon
stump adjacent to the defect was stronger than in group F and group R.

(2) In vivo study. A defect at supraspinatous tendon was created in 48 rats. The following 2 groups
(group D: only defect, group G: defect filled with synovium) were investigated using H-E staining, immuno-
histochemical staining with anti-proliferating cell nuclear antigen (PCNA) antibody, and in situ hybridiza-
tion using RNA probe for procollagen type I and III at weeks 1, 2, 4 and 8 after the operation. Histologic ten-
don mature grading and the number of PCNA positive cells were higher in group G than in group D. Signals
of procollagen type I and III for group G were detected in all layers of tendon stump adjacent to the defect,
whereas those for group D were locarized in the bursal side and articular side of tendon stump.

These findings suggested that synovium plays an important role in the healing process of the rotator
cuff.
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