
Page 1/10

Does demineralized bone matrix enhance tendon-to-
bone healing after rotator cuff repair in a rabbit
model?
Woo-Yong Lee 

Chungnam National University Hospital
Young-Mo Kim 

Chungnam National University Hospital
Hyun-Dae Shin 

Chungnam National University Hospital
Deuk-Soo Hwang 

Chungnam National University Hospital
Yong-Bum Joo 

Chungnam National University Hospital
Soo-Min Cha 

Chungnam National University Hospital
Kyung-Hee Kim 

Chungnam National University Hospital
Yoo-Sun Jeon  (  shoulderjys@daum.net )

Chungnam National University Hospital
Sun-Yeul Lee 

Chungnam National University Hospital

Research article

Keywords: demineralized bone matrix, rotator cuff, tear, repair, tendon-to-bone healing

Posted Date: November 7th, 2019

DOI: https://doi.org/10.21203/rs.2.16781/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Version of Record: A version of this preprint was published at Clinics in Orthopedic Surgery on January
1st, 2021. See the published version at https://doi.org/10.4055/cios20099.

https://doi.org/10.21203/rs.2.16781/v1
mailto:shoulderjys@daum.net
https://doi.org/10.21203/rs.2.16781/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.4055/cios20099


Page 2/10

Abstract
Background The purpose of this study was to compare the histologic outcomes after rotator cuff (RC)
repair between with demineralized bone matrix (DBM) augmentation and without DBM and to evaluate
the role of DBM for tendon-to-bone (TB) healing in a rabbit model. Methods Twenty-six adult male New
Zealand white rabbits were randomly allocated to the control group (n = 13) or the DBM group (n = 13). A
chronic RC tear was generated on the right shoulder of all rabbits. In the control group, RC repair was
achieved by a standard transosseous technique. In the DBM group, RC repair was achieved using the
same technique, and DBM was interposed between the cuff and bone. After 8 weeks, the RC tendon
entheses from all rabbits were processed for gross and histologic examination. Results In the control
group, the tendon midsubstance was disorganized with randomly and loosely arranged collagen �bers
and rounded �broblastic nuclei. The TB interface was predominantly �brous with small regions of
�brocartilage, especially mineralized �brocartilage. In the DBM group, the tendon midsubstance appeared
normal and comprised densely arranged collagen �bers, with orientated crimped collagen �bers running
in the longitudinal direction of the tendon. These �bers were interspersed with elongated �broblast nuclei.
The TB interface consisted of organized collagen �bers with large quantities of �brocartilage and
mineralized �brocartilage. Conclusion DBM augmentation at the RC-to-bone interface enhances TB
healing after RC repair.

Background
Rotator cuff (RC) tears comprise the majority of shoulder lesions in adult patients. The prevalence of RC
tear in the general population is 22.1%, and increases with age.1 Despite this high incidence, RC repair
does not always lead to clinically satisfactory outcomes; indeed, the failure rates of RC repair are
reportedly 40-50%.2-4 Therefore, RC reattachment to bone following RC repair is a challenging clinical
problem. Although numerous repair techniques to reduce the re-tear rate have been reported, these did not
signi�cantly reduce the re-tear rates during long-term follow-up.5,6 Also, the development of novel
techniques have not been linked to improvement of RC repair.7 Hence, a new approach to enhancing RC
healing is needed.

 In recent years, growth factors (GFs), platelet-rich plasma (PRP), and stem cells have been suggested to
enhance tendon-to-bone (TB) healing.8-10 Rodeo et al11,12 reported that increased bone ingrowth between
the tendon and bone improves TB healing and showed that growth factors such as bone morphogenetic
proteins (BMPs) improve the pull-out strength of the repair site.

 Demineralized bone matrix (DBM) is an exogenous osteoinductive material that slowly releases BMPs
and acts as a scaffold for many cell types.13,14 To date, DBM has been used for fracture unions to
improve bone to bone healing. Moreover, in animal studies DBM enhances TB healing.9 To our
knowledge, no study has used a rabbit model to assess the effectiveness of DBM augmentation on TB
healing. We hypothesize that DBM augmentation may enhance TB healing after RC repair in a rabbit
model.
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Methods
 Study design and experimental groups

 Twenty-six adult male New Zealand white rabbits, weighing 3.5 to 4.0 kg, were randomly allocated to the
control group (n = 13) or the DBM group (n = 13). A chronic RC tear was generated on the right shoulder
of all rabbits. The commercially available Dynagraft II DBM in 1 mL syringes (IsoTis, Irvine, CA, USA) was
used. After 8 weeks, the RC tendon entheses from all rabbits were processed for gross and histologic
examination. All of the rabbit experiments were obtained from the Korea BioLink Co., Ltd. All procedures
and protocols were approved by the Institutional Animal Care and Use Chungnam National University
(Approval number, CNU-00791).

 

 Surgical procedure

The rabbits were fully anesthetized with ketamine, acepromazine, and xylazine. Under aseptic conditions,
a skin incision was made just inferior to the clavicle of the right shoulder. Then, the deltopectoral interval
was split and retracted to gain access to the RC (Fig. 1A). The supraspinatus tendon was visualized, and
a small Langenbeck retracter was inserted to expose the entire tendon at its insertion on the greater
tuberosity of the humerus. The supraspinatus tendon was completely transected with a number-11
scalpel blade at its insertion to the humerus. A small piece of sterilized plastic wrap was interposed
between the cuff and bone to prevent natural TB healing (Fig. 1B). Surgical wounds were closed using 2-0
Nylon (Ethicon-Johnson and Johnson, Somerville, New Jersey, USA) interrupted sutures. The rabbits
received analgesics and antibiotics for 7 days after the surgery.

 Eight weeks after the initial operation, the rabbits underwent a second operation for RC repair. Anesthesia
and approach to the cuff were performed as the initial operation. Then, in the control group, bone tunnels
on the great tuberosity were made using a sterilized drill bit and a standardized transosseous repair was
performed (Fig. 2A,B). In the control group, RC repair was achieved by a standard transosseous
technique. In the DBM group, RC repair was achieved using the same technique, and DBM was interposed
between the RC and bone (Fig. 2C,D). A total of 0.3 mL of the DBM was used per rabbit. Surgical wound
closure and postoperative care were performed as the initial operation.

 All rabbits tolerated the surgery, with the exceptions of two rabbits in the control group and one rabbit in
the DBM group, which developed postoperative deep infections. Therefore, among the 26 rabbits, 3 (two
in the control and one in the DBM group) were excluded from the study.

 Eight weeks after the second operation, the rabbits were euthanized by a lethal dose of sodium
pentobarbital and the supraspinatus muscle, tendon, and proximal part of the humerus were harvested
after assessing the TB healing using the naked eye.
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 Histologic analysis

Specimens were �xed in 10% buffered formalin for 2 days, and embedded in para�n. The para�n-
embedded sections were cut along the longitudinal direction of the supraspinatus �bers to include the
entire length of the supraspinatus tendon. Sections were cut at a thickness of 70-100 µm, and stained
with hematoxylin and eosin. An independent pathologist with experience in musculoskeletal pathology in
our institution performed a qualitative morphological analysis of the specimens using a light microscope
(Zeiss, Hamburg, Germany) and slide-scanning software (Aperio ImageScope, Leica Biosystems, Wetzlar,
Germany). Histologic analyses were performed using two sections taken at the insertion site in each
rabbit.

 

 Statistical analysis

 The Statistical Package for the Social Sciences (SPSS) ver. 19.0 (SPSS, Chicago, IL, USA) was used for
data analysis. Pearson’s chi-squared test for categorical variables was used to compare the control and
DBM groups. Differences were considered signi�cant at the 0.05 level.

Results
 Gross TB healing

The author and pathologist assessed gross �nding of TB healing in each specimen with the naked eye. In
the control group, 2 of 11 specimens were unhealed (Fig. 3A). In contrast, no specimen was grossly
unhealed in the DBM group (Fig. 3B). However, there was no signi�cant difference between the control
and DBM groups (P = 0.421).

 

 Histologic analysis

Signi�cant differences in histological morphology between the groups were identi�ed. In all control group
specimens, the tendon midsubstance was disorganized with randomly and loosely arranged collagen
�bers and rounded �broblastic nuclei (Fig. 4A). The TB interface was predominantly �brous with small
regions of �brocartilage, especially mineralized �brocartilage (Fig. 4B). In all DBM group specimens, the
interpositional DBM had been completely remodeled. The tendon midsubstance appeared normal, and
was organized with densely arranged collagen �bers, with orientated crimped collagen �bers running in
the longitudinal direction of the tendon. These �bers were interspersed with elongated �broblast nuclei
(Fig. 4C). The TB interface consisted of organized collagen �bers and large amounts of �brocartilage and
mineralized �brocartilage (Fig. 4D).

Discussion
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 Healing or regeneration of the musculoskeletal system requires at a minimum cells, morphogenetic
signals, and matrices or scaffolds.15 Numerous biological studies have focused on enhancing bone-to-
bone and/or tendon-to-tendon healing.16 However, there is no consensus on the methods of enhancing
TB healing. Recently, new biological solutions to enhance TB healing have been investigated.14-16 The
involvement of GFs, such as basic �broblast growth factor (bFGF), vascular endothelial growth factor
(VEGF), platelet-derived growth factor (PDGF), and BMP in TB healing has been described.14-16 TB
healing occurs through progressive mineralization of tendon through bone growth and subsequent
remodeling of tissues at the TB interface by endochondral ossi�cation.17,18 DBM contains exogenous
proteins and exerts an osteoinductive effect.19 It also slowly releases BMP and acts as a scaffold for
many cell types, suggesting it to have potential for TB healing.13,14 Unlike other biologic or synthetic
scaffolds based on mammalian materials, DBM has no associated immunogenicity or pathogen
transmission.20 DBM is commercially available, approved for clinical use, and easy to use.15
Furthermore, DBM contains various GFs such as FGF, PDGF, and BMP.13,14,21

 This study aimed to determine the effect of DBM on TB healing after RC repair. Our results suggest that
DBM augments RC-to-bone healing by increasing woven bone formation and bone remodeling. Sundar et
al10 reported that DBM augmentation of the healing patellar TB interface results in earlier mobilization
with fewer pullout failures, as well as superior functional and morphological recovery. They concluded
that DBM augmentation may improve functional and histological recovery of tendon reattachments.
Lobric et al9 investigated the effects of DBM on intra-articular TB healing using a rodent model of anterior
cruciate ligament reconstruction, and reported that DBM has potential for clinical use to augment TB
healing. The �ndings of the above-mentioned studies are consistent with our results.

 This study had the following strengths. Unlike other studies, we used a rabbit model because of the
limitations of ovine or rodent models of RC healing. The shoulder of a quadruped animal is a weight-
bearing joint, but the human shoulder is not.22 In addition, in rodent models, the portion of the
supraspinatus muscle that passes under the acromial arch is muscular, and not tendinous like in
human.23 Moreover, the larger size of the rabbit enhances the accuracy of the surgical procedure. Also,
the RC anatomy of the rabbit is similar to that of human, in terms of the relationship of the RC tendon
with the anterior bony process.22

 There were also several limitations of our study. First, biomechanical tests were not performed due to a
lack of necessary equipment. Second, radiographic evaluations of bone ingrowth by micro-computed
tomography were not performed. With these limitations in mind, this is the �rst report of the effect of
DBM on TB healing after RC repair in a rabbit model.

 High �xation strength, mechanical stability, and biological healing of the TB interface are the main goals
of RC repair surgery. Improvements in arthroscopic instruments and suture anchors have enabled
development of stronger constructs with multiple suture con�gurations. However, a recent meta-analysis
indicated that the development of novel surgical techniques was not related to the improvement of
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clinical and anatomical results from 1980 to 2012.7 Indeed, the high re-tear rate after RC repair is due to
inadequate TB integration, not excessive �xation strength.24 Therefore, advances in the understanding of
RC biology and biomechanics as well as improvements in surgical techniques have led to the
development of new strategies to enhance TB interface healing.16

Conclusion
DBM augmentation at the RC-to-bone interface enhances TB healing after RC repair. We believe that DBM
augmentation could enhance TB healing in humans, which would improve the histological recovery and
functional outcomes of tendon reattachment procedures.
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growth factor
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Figures

Figure 1

Adult male New Zealand white rabbits, weighing 3.5 to 4.0 kg, underwent an initial operation. a The
deltopectoral interval was split and retracted to gain access to the rotator cuff (asterisk). b The
supraspinatus tendon (asterisk) was completely transected with a number-11 scalpel blade at its
insertion to the humerus. Next, a small piece of sterilized plastic wrap (arrow) was interposed between the
cuff and bone to prevent natural tendon-to-bone healing.

Figure 2

Eight weeks after the �rst operation, the rabbits underwent a second operation. a, b The ruptured
supraspinatus tendon (asterisk) was repaired by a transosseous technique using a sterilized drill bit to
make a bone tunnel. c, d In the demineralized bone matrix (DBM) group, rotator cuff repair was
augmented by interposing DBM (asterisk) between the cuff and bone.
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Figure 3

Eight weeks after the second operation, the rabbits were euthanized using a lethal dose of sodium
pentobarbital, and underwent a �nal operation. All authors assessed gross tendon-to-bone healing in
each specimen with the naked eye. a In the control group, 2 of 11 specimens were unhealed (arrow). b No
specimen was unhealed grossly in the DBM group.

Figure 4
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