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SUMMARY
Background. Previous studies have evaluated the biomechanical, histological, and clin-
ical effects of rotator cuff repair with different suture materials. However, a histologi-
cal and western blot analysis after repair comparing nonabsorbable polyester and poly-
ethylene suture materials in a chronic rotator cuff tear model has not been conducted 
in any previous studies. The aim of this study is to evaluate the effect the two different 
suture materials, specifically Ethibond and Ultrabraid, have on repair based on a histo-
logical evaluation and protein expression by means of a western blot analysis.
Methods. Twenty-six rabbits were included in the study. Two rabbits served as normal 
controls (control group). A bilateral tenotomy of the subscapularis tendon was 
performed in the remaining 24 rabbits. Six weeks after the tenotomy, the animals were 
randomly divided into four repair groups (five rabbits in each group) according to the 
suture material used and the sacrifice time (Ultrabraid two weeks after repair, Ethibo-
nd two weeks after repair, Ultrabraid six weeks after repair, and Ethibond six weeks 
after repair). Two sham-operated groups with two rabbits each were sacrificed at eight 
and 12 weeks after the tenotomy without repair. Both shoulders of all the animals were 
used for a western blot (collagen type 1-3, MMP-2, TGF-beta-1, IGF-1, COX-2) anal-
ysis and a histological evaluation (fibrocartilage formation, inflammation, vascularisa-
tion, collagen density).
Results. All groups showed minimal-to-mild histological changes irrespective of the 
type of suture material used. There was no statistically significant difference in histo-
logical scores (p > 0.05). Fibrocartilage formation was greater at six weeks in the poly-
ester suture repair groups without statistical significance (p > 0.05). Collagen type 1-3, 
MMP-2, TGF-beta-1, IGF-1, and COX-2 were significantly upregulated at two weeks 
compared to six weeks after repair (p < 0.05). Protein expression levels were statisti-
cally significantly higher in the Ultrabraid groups compared to the Ethibond groups 
(p < 0.05). 
Conclusions. Changes in the expression of the markers related to rotator cuff healing 
were demonstrated when repairing with different suture materials, with these being in 
favour of polyester sutures; however, the histological findings are similar. This finding 
could influence the design of new suture materials.
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INTRODUCTION
The non-healing rate after rotator cuff repair has been report-
ed as being between 20% and 70% (1, 2). Several factors, 
such as increased age, chronic diseases, quality of tendon, 
smoking, and obesity, have been demonstrated to be related 
to a failure to heal after rotator cuff repair (3-6). The use of 
different suture materials has also been thought to influence 
healing (7). In regard to nonabsorbable sutures, polyblend 
(Fiberwire, Herculine, Orthocord, and Ultrabraid) and 
conventional polyester (Ethibond) suture materials are used 
in rotator cuff surgery (8). In the last decade, polyblend 
sutures comprising Ultra-High-Molecular-Weight Polyeth-
ylene (UHMWPE) have become preferred because of their 
enhanced biomechanical properties (9). Polyblend sutures’ 
biomechanical superiority to polyester suture materials has 
been previously demonstrated (10).	
A recent in vitro study by Lock et al. showed changes in 
the synthesis of inflammatory markers at one, three, and 
five days after suture placement (11). In an acute tendon 
rupture model, Ergun et al. performed Achilles tendon 
repair with different suture materials. It was found that 
the biological properties of absorbable PDS sutures were 
superior compared to Vicrl and Ethibond sutures, and 
the study suggests using absorbable PDS sutures in Achil-
les tendon repairs (12). Su et al. investigated the effect of 
suture absorbability on enthesis regeneration and biome-
chanical properties in an acute rotator cuff healing model 
in rabbits (7). Repair with absorbable sutures rather than 
partially absorbable (Orthocord) or nonabsorbable (Ethi-
bond) sutures was shown to evoke enthesis regeneration. 
Due to their possible stress-shielding effect, the healing 
properties of nonabsorbable sutures have been found to 
be inferior to those of absorbable and partially absorbable 
sutures. However, this study was performed on an acute 
rotator cuff tear model. 
To date, biomechanical comparisons of suture cut-through 
(13), the influence of knot location (14), and the suture 
absorbability (7) of different suture materials in acute rota-
tor cuff healing have been studied; however, whether the 
type of suture material used in surgery would affect chron-
ic rotator cuff healing on histological and molecular levels 
remains unknown. 
Therefore, this study aims to compare the healing effect of 
repair with two different suture materials, specifically Ethi-
bond and Ultrabraid, at different intervals (at two and six 
weeks after repair) using histologic and western blot analy-
sis. It was hypothesised that transosseous repair with differ-
ent suture materials would influence the histologic findings 
and protein expressions, which are thought to have a role in 
catabolic, anabolic, and remodelling processes, during rota-
tor cuff healing.

METHODS
This is a committee-approved study using an established 
rabbit rotator cuff repair model. A rabbit subscapularis 
chronic tear model was chosen because of comparable 
histologic and biomechanical similarities to human chronic 
rotator cuff pathology (15-18). All institutional and nation-
al guidelines for the care and use of laboratory animals 
were followed. Approval for this study was obtained from 
the Ethics Committee of Pendik Veterinary Control and 
Research Institute, Istanbul, Turkey. A priori power analysis 
indicated that a total of 26 animals were required. Twen-
ty-six mature New Zealand White male rabbits with an 
average age of 36 weeks and a weight of 2.5 kg to 3.5 kg 
were included in the study.

Study design
Twenty-six rabbits were included in the study. Two rabbits 
in the control group did not undergo surgery. A bilater-
al tenotomy of the subscapularis tendon was performed 
in the remaining 24 rabbits. Six weeks after the tenotomy, 
secondary repair procedures were performed bilaterally. 
The rabbits were randomly divided into four groups of five 
rabbits each according to the suture type and euthanasia 
time as follows: Ethibond repair group (at two weeks after 
repair), Ethibond repair group (at six weeks after repair), 
Ultrabraid repair group (at two weeks after repair), and 
Ultrabraid repair group (at six weeks after repair). Six weeks 
after the tenotomy, the repair was made using either pure 
braided UHMWPE polyethylene (Ultrabraid) or braided 
polyester suture (Ethibond) in suture repair groups with 
five rabbits each. Two groups with two rabbits each were 
allocated as sham-operated groups without repair accord-
ing to the after-sacrifice time, which was at eight weeks and 
12 weeks after the tenotomy. A western blot analysis (colla-
gen type I-III, Matrix Metalloproteinase-2 (MMP-2), Trans-
forming Growth Factor (TGF)-beta-1, Insulin-like Growth 
Factor (IGF)-1, and Cyclooxygenase (COX)-2) and a histo-
logic evaluation (inflammation, vascularisation, and colla-
gen density) were conducted for all groups (16). For the 
repair groups, the fibrocartilage formation was evaluated 
using a quantitative histologic analysis.

Surgical technique 
All of the surgical procedures were performed by the same 
surgeon. Anaesthesia was induced using an intramuscular 
injection of 35 mg/kg ketamine and 5 mg/kg xylazine hydro-
chloride. After skin preparation, an anterior transverse inci-
sion was made at the glenohumeral joint (figure 1 A). The 
deltopectoral interval and the coracobrachialis muscle were 
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Figure 1. (A) Surgical planning, (B) identification of subscapularis tendon, (C) preparation of bony tunnel using 0.8 mm 
Kirschner wire, and (D) transosseous repair of the subscapularis tendon. Blue arrow indicates the subscapularis muscle. 
HH: Humeral Head; Ssc: Subscapularis muscle; T.min: Tuberculum minus.

split. The subscapularis muscle under the spina scapula was 
identified using a right angle clamp (figure 1 B). The inser-
tion of the subscapularis at the lesser tubercle of the humer-
us was sharply released with a scalpel. Six weeks after the 
tenotomy, the repair was performed using simple transosse-
ous stitches in a Mason-Allen configuration and either No. 
2 Ethibond Excel (Ethicon, Somerville, NJ) or No. 2 Ultra-
braid Cobraid (Smith & Nephew, Memphis, Tennessee) 
sutures were used (figure 1 C-D). The control group was 
sacrificed without tenotomy or repair to provide a baseline 
evaluation. The other subjects in the sham-operated and 
suture repair groups were immobilised after surgery until 
euthanasia. This was accomplished by positioning a Vetflex 
elastic bandage (Kruuse group, Langeskov, Denmark) over 
the forelimb, shoulder, and torso, with both limbs placed at 
90° of forward elevation 20° of abduction, which has been 
shown to have superior healing characteristics compared to 
postoperative mobilisation (19). During the first round of 
operations, three rabbits died, and one rabbit developed 
foot drop secondary to iatrogenic injury. Four new rabbits 
were added to the relevant groups. There was no change in 
the weight and health status of the entire study group.

Histologic evaluation 
After euthanasia, five bone-tendon specimens from each 
group underwent histologic analysis. The specimens were 
fixed in 4% formic acid-sodium citrate solution for 45 
days. The specimens were washed with flowing water for 
one day. Following dehydration in an alcohol series and 

clearing with xylene, the samples were embedded in paraf-
fin blocks, which were cut through the longitudinal axis to 
the subscapularis tendon. Five-micrometre bone-subscapu-
laris tendon sections were taken and placed onto slides. The 
macroscopic evaluation included the presence of a retear, 
scar formation, and mode of suture failure, either suture 
slippage or suture breakage, by observing the suture-tendon 
interface of each specimen. The sections were stained using 
Masson’s trichrome for collagen fibril density and Safr-
anin-O for inflammation, vascularisation, and collagen fibril 
density. The histologic criteria reported by Chung et al. were 
modified and used for the evaluation (20). The histologic 
examinations evaluated collagen fibre density, presence of 
inflammatory cells, and vascularity. The scores were graded 
as absent or minimally present (0 points), mildly present (1 
point), moderately present (2 points), and severe or mark-
edly present (3 points).
Regarding the repair groups, the fibrocartilage formation 
was evaluated using a previously reported technique (21). 
The areas of metachromasia were outlined on Safranin-O 
fast green slides at 100x magnification. The total area of 
fibrocartilage is provided with percentages as compared to 
the control groups. All slides were examined by two blinded 
histologists who were not included in the study. Regions of 
Interest (ROIs) were imaged at a magnification of 100x. To 
eliminate observer bias, one histologist performed a general 
histologic evaluation, and the other histologist performed 
the quantitative evaluation for fibrocartilage formation. 
Each slide was coded with randomly generated numbers. 
Images of three sequential sections were obtained from each 
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specimen under the same conditions to reduce sampling 
error. The results of these sections for each sample were 
averaged for histologic scoring and quantitative evaluation. 

Western blot
After euthanasia, a western blot analysis of five samples from 
the musculotendinous junction for each group, including 
the suture-tendon samples, was performed. One hundred 
milligram of tissue for each specimen was lysed using 2 
mL lysis buffer. After centrifugation at 15,000 rpm for 20 
minutes, the proteins of the lysates were quantified using a 
BCA Protein Assay Kit (Thermo Fisher Scientific, IL, USA). 
Equal amounts of total protein (30 µg) were run on 10% 
SDS polyacrylamide gels at a constant voltage of 200 V for 
40 minutes and transferred onto a nitrocellulose membrane. 
After blocking the membranes with 5% milk for 10 min, 
they were incubated with specific primary antibodies of 
MMP-2, IGF-1, COX-2 , collagen type I alpha 1, collagen 
type III alpha 1, and TGF-beta 1 at 4 °C overnight and then 
washed with Tris-Buffered Saline (TBS) containing 0.1% 
Tween-20. After washing with TBS, the membranes were 
developed using an enhanced chemiluminescent detection 
kit (Santa Cruz Biotechnology, Texas, USA) against Horse-
radish Peroxidase (HRP) and then photographed using a 
ChemiDoc XRS system (Bio-Rad). The signal intensity of 
the digital blots was measured using processing and anal-
ysis software to generate semiquantitative data from the 
western blot images. An antibody against Glyceraldehyde 
3-Phosphate Dehydrogenase (GAPDH) (Novus Biologi-
cals, USA) was used for normalisation of the protein load-
ing on the blots.

Statistics and data analysis
The data on the histologic parameters and western blot anal-
ysis is provided as mean and standard deviations. Group 
differences were compared using the Kruskal-Wallis test, 
followed by post-hoc Mann-Whitney U testing with Bonfer-
roni correction. A value of p < 0.05 was considered statis-
tically significant. NCSS statistical software (version 2007, 
NCSS LLC, Kaysville, Utah, USA) was used to perform 
the analyses.

RESULTS

Histology
On macroscopic evaluation, all specimens were intact. 
Scar tissue was present in suture-tendon areas. None of the 
samples displayed bone-tendon dehiscence, suture pull-

out, or suture breakage. An infected appearance was not 
observed. There was no gap formation in the bone-tendon 
areas (figure 2). Safranin-O staining showed the formation 
of four typical areas, namely tendon, demineralised fibrocar-
tilage, mineralised fibrocartilage, and bone, in the enthesis 
sites (figure 3). Masson-trichrome staining showed increased 
collagen fibril density and parallel orientation of collagen 
over time for each group, with more density in the Ethibo-
nd repair groups (figure 4). The histologic healing scores 
are shown in figure 5. For both suture groups, the amount 
of fibrocartilage at six weeks was more than at two weeks. 
At each time point, more fibrocartilage had formed in the 
Ethibond suture groups compared to the Ultrabraid suture 
groups. The comparison of healing scores and fibrocarti-
lage formation for Ultrabraid versus Ethibond in terms of 
repair period, i.e. two weeks versus six weeks, was not statis-
tically significant (p > 0.05) (figure 6). At each time point, 
fibrocartilage formation (two weeks: p=0,137, six weeks: 
p=0,111; p > 0.05), inflammation (two weeks: p=0,118; six 
weeks: p=0,111; p > 0.05), vascularisation (two weeks and 
six weeks: 0,546; p > 0.05), and collagen density (two weeks: 
p=0,475, six weeks: p=0,319; p > 0.05) were similar in the 
Ultrabraid and Ethibond groups (p > 0.05) (figure 6).

Protein expression
A western blot analysis was performed for all groups. At 
each time point, collagen I expression was higher in the 
Ethibond groups than in the Ultrabraid groups (p=0.021; p 
< 0.05). At each time point, collagen I expression was high-
er in the Ethibond groups than in the Ultrabraid groups 
(p=0.020; p < 0.05). At each time point, IGF-1 (two weeks: 

Figure 2. Macroscopic view of the subscapularis tendon-
bone specimen.



607Muscles, Ligaments and Tendons Journal 2020;10 (4)

E. Okay, M. Bezer

Figure 3. Safranin-O staining of the healing enthesis for the two suture materials at two weeks and six weeks 
after repair. Area of metachromasia is depicted in red (at an original magnification of 100x).  
EB: Ethibond; UB: Ultrabraid.

Figure 4. Masson trichrome staining for the evaluation of the collagen density at two weeks and six weeks after 
repair with the two suture materials (at an original magnification of 100x). At six weeks, more collagen fibres 
became evident at the tendon area of the newly formed enthesis. 
EB: Ethibond; UB: Ultrabraid.
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Su et al. investigated the effect of suture absorbability on 
acute rotator cuff healing and found that nonabsorbable 
sutures (PDS) have better biomechanical and histolog-
ic properties than partially absorbable (Orthocord) and 
nonabsorbable sutures (Ethibond) (7). This finding was 
attributed to the stress-shielding effect of nonabsorbable 
sutures; however, no data on repair using different suture 
materials in-vivo and protein expressions was provided (7). 
Contrarily, Sun et al. found no obvious inflammation at three 
weeks and nine weeks after repair with nonabsorbable Ethi-
bond sutures and observed good tendon-bone healing (14). 
Placing knots on the bone, even with the use of Ethibond, 
results in a comparable improvement in histologic scores, 
regardless of the suture material used, which confirms the 
findings of the current study. 
All studied structural proteins and enzymes that have 
an impact on rotator cuff healing have been shown to be 
elevated in each repair group. IGF-1, TGF-beta 1, MMP-2, 
and COX-2 levels are elevated at two weeks and six weeks 
after repair. This could be explained by the proliferation 
and remodelling phase, similar to the acute healing process, 
which can last up to eight weeks (23). Galatz et al. found that 
collagen I and III mRNA levels were high for 56 days in an 
acute rotator cuff tear model (24). Similarly, Würgler-Hauri 
et al. have demonstrated increased TGF-beta 1 synthesis at 
healing entheses at eight weeks and 16 weeks after a tenot-
omy in a rat model (25). Increased TGF-beta 1 synthesis at 
an earlier time point (two weeks) in suture repair groups 
refers to a fibrotic reaction against suture materials, which 

Figure 5. Comparison of the fibrocartilage formation in all 
the suture groups. Values are given as percentages relative 
to the control.

Figure 6. Semiquantitative histologic scoring of all the groups. 

p=0.043, six weeks: p=0.021; p < 0.05), COX-2 (two weeks: 
p=0.021; six weeks: p=0.014; p < 0.05), MMP-2 (two weeks 
and six weeks: p < 0.001), and TGF-beta 1 (two weeks and 
six weeks: p=0.021; p < 0.05) expression were all higher in 
the Ultrabraid groups than in the Ethibond groups (p < 
0.05) (figure 7). 

DISCUSSION
This study shows that repair with Ethibond, a first-genera-
tion high-strength polyester suture, and Ultrabraid, a new 
type of high strength polyblend suture, demonstrates simi-
lar histologic changes at six weeks after repair; however, the 
protein expression levels in relation to rotator cuff healing 
were altered.
The histologic data is consistent with findings demonstrat-
ed by previous animal models of rotator cuff injury (14, 22). 
With various research purposes, several animal models of 
rotator cuff injury have evaluated healing and control subjects 
that had undergone rotator cuff repair with different suture 
materials (7, 14, 22). Friel et al. observed an intact bone-ten-
don junction at two weeks after acute rotator cuff repair with 
abundant scar formation on macroscopic evaluation (22). At 
eight weeks post-repair, parallel orientation of collagen fibrils, 
decreased cellularity, and an absence of vascularisation was 
noted. No difference was noted between two and eight weeks 
after repair with regard to the semiquantitative evaluation. 
Concerning the control groups with Ethibond only repair, all 
failures were at the suture-tendon repair site. 
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Figure 7. Protein fold expression of the different markers in relation to rotator cuff healing (compared to the controls). The 
western blot demonstrated a significant temporal decrease in protein expression following repair with both suture types. There 
is a significant difference between the two different suture groups at two weeks and six weeks after repair. 
EB: Ethibond; UB: Ultrabraid.

is supported by the presence of the scar tissue detected in 
the suture-tendon interfaces of this study’s suture repair 
groups. Although IGF-1 is an anabolic factor, it is elevat-
ed in the early phase after repair. Increased expression of 
IGF-1, along with MMP-2 and COX-2, implies its regula-
tory function in inflammation, which requires further inves-
tigation in prospective studies. Markers related to impaired 
rotator cuff healing, namely MMP-2 and COX-2, were obvi-
ously elevated in the Ultrabraid groups. This finding could 

explain the tendency for increased fibrocartilage formation 
in favour of the Ethibond suture at each time point. Finally, 
one clinical study found similar outcomes after transosse-
ous repair with both nonabsorbable Ethibond and absorb-
able PDS sutures (26), confirming similar histologic findings 
after repair with different suture materials, as in the current 
study. Although recent literature has focused on the devel-
opment of coatings for sutures with various growth factors 
to enhance tendon-to-bone healing (27), prospective clinical 
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and basic science studies investigating chronic rotator cuff 
healing could further confirm the findings of the current 
study by coating suture materials with COX-2 (ibuprofen) 
or MMP-2 inhibitors (doxycycline) (28, 29). This study 
could further direct new therapeutic targets as mentioned 
by Montiel Terrón et al. (30).
This study has several strengths. In addition to the effects 
of the suture materials, it provides insight into protein 
expressions in a chronic rotator cuff tear model. Tempo-
ral changes in collagen production, fibrotic (TGF-beta 
1), anabolic (IGF-1), inflammatory, and catabolic mark-
ers (COX-2, MMP-2) were observed. Two different time 
points allowed the observation of time-dependent chang-
es. Aged subjects were used to increase clinical adaptation. 
However, further studies are required, as there is insuffi-
cient evidence regarding the histopathological analysis of 
the rotator cuff healing (31).
This is a preliminary study. The limitations of this study include 
the use of an animal model; thus, any conclusions cannot be 
assumed to apply to humans or have any clinical significance. 
In addition, only two different time points were used, name-
ly two weeks and six weeks, and rotator cuff tendon healing 
takes much longer in a clinical setting. Further, the activity 
of fibroblasts and adipocytes, which take part in rotator cuff 
muscle fatty infiltration, were not evaluated (32), and only 
one type of suture repair stitch, specifically the Mason-Al-
len, was tested; hence, this data may not apply to other stitch 
configurations or to repairs using suture anchors.

CONCLUSIONS
In this chronic rotator cuff model, repair with both Ultra-
braid and Ethibond sutures resulted in a similar histologic 
response, but there were different levels of protein expres-
sion at two weeks and six weeks after repair according to the 
western blot analysis. 
The study was conducted according to the journal’s stan-
dards (33).
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