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Abstract [Introduction: The rotator cuff has a character-
istic structure, in that one surface faces articular cartilage
and another faces bursa. This structure may produce dif-
ferences in the healing process between the rotator cuff
and other tendons. We investigated the spontaneous heal-
ing process of a surgically created supraspinatus tendon
tear in rabbits. Materials and methods: A transverse, full-
thickness tear of the supraspinatus tendon was created and
its healing examined. Results: A tear of 12 mm was not
repaired within 3 weeks. With a tear of 5 mm, reparative
tissue gradually encroached into the defect from the bur-
sal side, and the tear united from the bursal side to the ar-
ticular side by 12weeks. The healing rates (width of
reparative tissue/width of the tendonx100%) were 32.2%,
52.4%, 58.0%, 88.9%, and 93.8% at 1, 2, 3, 6, and 12
weeks, respectively. The reparative tissue had continuity
to the epitenon of the bursal side. Immunohistochemical
study showed that at week 1, type III collagen was de-
tected in the reparative tissue and the cutting ends, and the
expression gradually decreased. On the other hand, the
expression of type I collagen in the reparative tissue was
weak at week 1 and increased until week 3. PCNA-posi-
tive cells were observed in the reparative tissue. Conclusion:
These results show that the origin of the reparative tissue
is the epitenon, and from the bursal side rather than the ar-
ticular side. This model is very useful for the investigation
of the remodeling process of an acute rotator cuff tear.
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Introduction

Although there are a growing number of reports on tendon
healing, only a few experimental studies have been made
about the healing process of a rotator cuff tear. Carpenter
et al. described an active but inadequate repair response to
a defect in the supraspinatus tendon using a rat model [4].
Bjorkenheim et al. monitored supraspinatus tendon heal-
ing by measuring the intra-articular hydrodynamic pres-
sure and observed healing or closure of the defect in a rab-
bit model [3]. Soslowsky et al. demonstrated that both in-
trinsic and extrinsic alterations induce changes in the supra-
spinatus tendon of rats [12]. These studies of a surgically
created supraspinatus defect model showed the ability of
the tissue to heal histologically and mechanically.

Gelberman et al. reported the healing process of flexor
tendon using a dog model. In their study, type I collagen
mRNA was localized to epitenon cells on the tendon sur-
face overlying the repair site, and to cells in the gap be-
tween the tendon stumps, without detectable expression in
tendon fibroblasts [8]. Conversely, Abrahamsson et al. re-
ported that endotenon cells produced collagen and re-
stored the injured surface of the flexor tendon following
suturing in a rabbit model [1].

In this study, to analyze mechanisms of healing of a ro-
tator cuff tear, we established a model of surgically cre-
ated rotator cuff tear in rabbits and demonstrated the his-
tological pictures and the healing rates of a rotator cuff
tear during the healing process.

Materials and methods

The 12- to 14-week-old male Japanese white rabbits (weighing
2.6-2.9kg, n=24) were anesthetized with 50 mg/kg i.v. sodium
pentobarbital (Nembutal; Abbott Laboratories). In each rabbit, a
full-thickness tear of the right supraspinatus tendon was made ac-
cording to the method previously described by Kumagai et al. [9].
In brief, the tear was created transversely to the supraspinatus ten-
don at 4 mm proximal to the insertion of tendon onto the greater
tuberosity with a #15 scalpel blade under sterile surgical condi-
tions. The skin wound was closed routinely, and the rabbits were



permitted usual cage activity without immobilization. The proce-
dure used in this study was in accordance with the animal experi-
mental ethical review committee of Nagoya University, Japan. In
the first experiment, 4 tears of 12 mm in length and 4 tears of 5 mm
in length were made, and analyzed at 3 weeks. In the next ex-
periment, 16 tears of 5 mm were made, and 4 tears were analyzed
at 1, 2, 6, and 12 weeks, respectively. For immunohistochemical
analysis, the supraspinatus tendons attached to the greater tuberos-
ity were obtained. Decalcification was performed at 4°C with
12.5% ethylenediamine tetra-acetic acid solution (pH7.0) for
2 weeks.

Fig. 1A, B Rotator cuff defects at 3 weeks after creation. Tears of
5mm (A) and 12 mm (B) in length were created transversely to the
supraspinatus tendon. At week 3, the defect was partially repaired
in the 5 mm tear (A), but no continuity of torn tendons is observed
in the 12 mm tear (B). Arrows indicate the location of the tear of
the rotator cuff. R rotator cuff, H humeral head. (Hematoxylin and
eosin staining, x1)

Fig.2A-E Time course of the healing process of a rotator cuff
tear. Tears of 5 mm were created. A 1 week, B 2 weeks, C 3 weeks,
D 6 weeks, E 12 weeks. The defect was gradually filled with repar-
ative tissue from the bursal side. Arrows indicate the location of
the tear of rotator cuff. (Azan staining, xX20)

375
Immunohistochemistry

Paraffin sections were immunostained for type I collagen, type III
collagen, and PCNA by the streptavidin-biotin-peroxidase com-
plex method. Mouse monoclonal antibodies (Fuji Chemical Indus-
try, Toyama, Japan) raised against human type I collagen, type III
collagen, or PCNA were used. Then 3.5-um-thick sections were
deparaffinized in xylene and rehydrated in a graded ethanol series.
Specimens were then treated with 3% hydrogen peroxide (H,0,) in
methanol for 30 min at room temperature to block endogenous per-
oxidase. After washing with phosphate-buffered saline (PBS, 0.01 M,
pH7.2), the sections were treated with 10% normal rabbit serum
for 10 min at room temperature, to eliminate nonspecific staining.
Sections were incubated overnight at room temperature with the
primary antibody, type I collagen (1:200), type III collagen (1:50),
or PCNA (1:200). The sections were washed with PBS, treated
with biotinylated link antibody, and reacted with peroxidase-la-
beled streptavidin. The sections were developed with 3,3’-di-
aminobenzidine tetrahydrochloride (DAB) solution. The nuclei
were counterstained with Mayer’s hematoxylin to improve demon-
stration of cells. The control studies included substitution of the
primary antibody with a nonspecific antibody of the same class.
The results of staining were graded to examine differences in his-
tology among the time points according to a previous report [11].
In brief, all features were graded as follows: -, not present; +, un-
clear or weak; +, moderate; and ++, strongly present.

Results

In the first experiment, two different lengths of tears, 5 mm
and 12 mm, were analyzed (n=4, respectively). When a tear
of 12mm was made, which included all tendinous fibers
of the supraspinatus tendon, it was not repaired at 3 weeks
in all samples (Fig. 1A). When a tear of 5 mm was made,
the defect was partially healed at 3 weeks (Fig. 1B).

To elucidate the healing process of the supraspinutus
tendon tear, we made tears of 5mm in the supraspinatus
tendon in 16 rabbits and analyzed them at 1, 2, 6, and
12 weeks (n=4, respectively). At week 1, the tendon edge
was still sharp, and reparative tissue was invading the de-
fect from the bursal side (Fig.2A). The healing rate of
width of reparative tissue/width of the tendon was 32.2%
(Fig.3). At 2 and 3 weeks, the tendon edge became dull,
and the defect widened (Fig.2B,C), and the healing rate
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Fig.3 Healing rate of a rotator cuff tear in rabbits. Healing
rate=width of reparative tissue/width of rotator cuff x100%
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Fig.4 Histogram of the healing rate of a rotator cuff tear. The
healing rates (width of reparative tissue/width of the tendon
x100%) were 32.2%, 52.4%, 58.0%, 88.9%, and 93.8% at 1, 2, 3,
6, and 12 weeks, respectively

The healing rates (%)

increased to 52.4% and 58.0%, respectively. At 6 and 12
weeks, the defect was almost filled with reparative tissue
(Fig.2D,E), and the healing rate was 88.9% and 93.8%.
Figure 4 shows the histogram of the time course of the
healing rate.

Immunohistochemical staining for type I collagen in
the reparative tissue was faint, while staining for type III
was relatively strong at 1 week (Fig. SA). Then, staining for
type I collagen increased and type III collagen decreased.
Table 1 summarizes the time course of staining for types I
and III collagen. Figure 6 shows immunohistochemical
staining for PCNA at 1 week. PCNA-positive cells, which
indicate proliferation, were mainly observed in the repar-
ative tissue.

Bursal side

Articular side

Fig.5A, B Immunohistological staining of type I (A) and type III
(B) collagen at 1 week (x20). Arrows indicate the location of the
tear of the rotator cuff. The expression of type I collagen in the
reparative tissue was weak (A), and type III collagen was detected
in it (B)

Discussion

Rotator cuff tear is one of the most common causes of
pain and disability in the upper arm. Although there are a
number of reports about the treatment of a rotator cuff
tear, including surgery, there are only a few experimental
studies of the healing mechanism. In this study, we have
demonstrated the time course of the healing of a rotator
cuff tear. Recently, using the same experimental model,
we have shown the expression and enzymatic activity of
MMP-2 and TIMPs during the healing process of a rotator
cuff tear [5]. Kumagai et al. have also demonstrated a re-
pair response with type III collagen that was initially
formed and gradually replaced with type I collagen in the
same model of a rabbit. However, they did not show the
microscopic pictures or the healing rates [9].

The structural component of the tendon is type I colla-
gen. In the early phase of tendon healing, however, type
III collagen increases and is gradually replaced by type 1
collagen as the tissue matures. This process is essential
for the maintenance of the structure and function of the
tendon, and disorder of types I and III collagen production
induces fibrosis or scar in various tissues [2, 6, 10, 14,
15]. In the healing of a rotator cuff tear, we found a simi-
lar process to tendon healing. The reparative tissue is de-
rived from the bursal side rather than the articular side and
has continuity to the epitenon. In the early phase of repair,
the reparative tissue produces type III collagen domi-
nantly, then type I collagen increases and replaces it.

It is controversial whether the subacromial bursa should
be preserved when an operation of a rotator cuff tear is
performed. Uhthoff et al. examined specimens with a ro-
tator cuff rupture and insisted that the main source of the
reparative tissue was the wall of the subacromial bursa.



Table 1 Summary of staining for types I and III collagen (7 ten-
don, R reparative tissue, - not present, + unclear or weak, + mod-
erate, ++ strongly present) Type I collagen in the reparative tissue
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was faint, while staining for type III was relatively strong at 1 week.

Then, staining for type I collagen increased, and that for type III

collagen decreased
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Fig.6 Immunohistological staining of PCNA at 1 week. Arrows
indicate PCNA-positive cells (X100). Cells in the reparative tissue
were positive with PCNA, which indicates proliferation

They recommended preserving the subacromial bursa as
much as possible [13]. However, to our knowledge, there
is no evidence that preservation of the subacromial bursa
promotes the healing of a rotator cuff tear. On the other
hand, with an arthroscopic method recently used for rota-
tor cuff repair [7], the subacromial bursa was resected to
improve visualization, but the results were as good as
open surgery in which the subacromial bursa was pre-
served. In the present study, histological examination re-
vealed that the rotator cuff has a spontaneous healing ca-
pacity. The reparative cells encroached from the bursal
side to the articular side, gradually filling the defects, and
were positive for PCNA, which indicates that the cells
were proliferating. The reparative tissue had continuity to
the epitenon of the bursal side. Taken together with clini-
cal results, the origin of the reparative tissue is the epitenon
of the bursal side surface of rotator cuff rather than the
wall of the bursa. In addition, we could not find continu-
ity of the reparative tissue to the subacromial bursa. Thus,
it may not be necessary to preserve the subacromial bursa
in a rotator cuff tear. However, further investigation is
necessary in both experimental and clinical studies.
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