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            Abstract

            
               
Introduction: Shoulder rotator cuff injuries are prevalent among the elderly. Rotator cuff tears, like osteoarthritis, are an inevitable
                  aspect of aging. The only difference is that soft tissue rather than cartilage is involved in the degenerative process.
               

               We hypothesized that exogenous systemic administration of recombinant growth hormone would increase the concentration of various
                  growth factors involved in rotator cuff healing,
               

               Material and Methods: Forty-eight Sprague-Dawley rats (Charles River, male, 400-450 g) were subjected to unilateral detachment repair of the supraspinatus
                  and infraspinatus tendons at Konkuk University per Institutional Animal Care Committee recommendations.
               

               The rats were divided in two groups one were injected with recombinant GH and controls. Initially an artificial rotator cuff
                  tear was created and later repaired with vicryl 4-0. The animals were sacrificed at 1, 3, 6, and 12 weeks. The rotator cuff
                  was removed enmasse. Both groups were compared histologically and immunologically for collagen 1 and 3. Statistical analysis
                  between both the groups was done using SPSS software.
               

               Conclusion: The recombinant GH helped in early healing of rotator cuff tears if injected systemically. More clinical trials need to be
                  done before the exact dose can be determined for humans.
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               Introduction

            Rotator cuff tears in the shoulder are common among the elderly.1 Rotator cuff tears, like osteoarthritis, are a natural part of the aging process. The only distinction is that soft tissue
               is involved in the degenerative process rather than cartilage. The treatment modalities for rotator cuff tears have evolved,
               with arthroscopic repair currently being the gold standard. Despite breakthroughs in repair technique, material selection,
               and a greater understanding of bone and soft tissue physiology, the failure rate for the large rotator cuff and tissues with
               poor quality restoration remains significantly higher.2 The formation of fibrous scar tissue in healthy regenerating tissue is the most plausible explanation for the high failure
               rate. Because fibrous scar tissue has inferior mechanical and physiological properties to normal tissue, the repaired tissue
               tends to re-tear despite the successful biomechanical restoration.2, 3, 4, 5 The presence of growth factors in the blood promotes tendon repair. Each growth factor contributes something unique to the
               healing process. Thus, by increasing the local availability of numerous growth agents, the quality of the restored tissue
               can be considerably improved.6, 7, 8 Therefore, biologic therapy can significantly reduce the risk of rotator cuff re-tear by inhibiting the creation of fibrous
               scar tissue at the repair site and favoring the regeneration of normal scar tissue.9 Prior research has concentrated on the topical delivery of growth factors at the repair site. Systemic growth factors may
               be a more effective technique of boosting healing rates by reducing drug waste during distribution and limiting loss owing
               to poor absorption. Numerous animals have been investigated to develop an appropriate experimental model that is simple to
               maintain, affordable, and similar to humans. Previous studies have demonstrated that the rat is an acceptable model for rotator
               cuff research since the rat shoulder's bony architecture possesses a coracoacromial arch, which makes it equivalent to the
               human shoulder among all other available experimental animals.10, 11

            We hypothesized that exogenous systemic administration of recombinant growth hormone would increase the concentration of various
               growth factors involved in rotator cuff healing, resulting in faster restoration to normal integrity and improved biochemical
               and histological characteristics of the repaired supraspinatus and infraspinatus tendons in the rat model.
            

            As a result, the goal of this study was to use this well-established rat model to investigate the effect of systemic growth
               hormone injection on the repair of rotator cuff tears.
            

         

         
               Materials and Methods

            Forty-eight Sprague-Dawley rats (Charles River, male, 400-450 g) underwent unilateral detachment repair of the supraspinatus
               and infraspinatus tendons Konkuk University as per guidelines of the Institutional Animal Care Committee. Rats underwent general
               anesthesia with 2% isoflurane with oxygen.
            

            
                  Detachment technique

               This study did not use randomization from left to right sides because rats, being quadrupeds, do not preferentially use their
                  left or right forelimbs during daily activities. After delivering general anesthesia, a no.15 scalpel was used to make a 1.5cm
                  longitudinal incision on the anterolateral portion of the shoulder(Figure  1). The deltoid was first divided bluntly and then severed from the acromial attachment to expose the supraspinatus and infraspinatus
                  tendons(Figure  2). A 4-0 nylon suture was placed through each of the tendons to aid in reattaching them to bone. The supraspinatus and infraspinatus
                  tendons were then severed on the greater tuberosity from their insertions. The underlying greater tuberosity was decorticated
                  in the same manner as open transosseous repair is performed in humans.
               

               
                     
                     Figure 1

                     General anesthesia set up for rats.
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                     Figure 2

                     a) Deltoid with clavicle and acromion process b) biceps c) humerus d) rotator cuff.
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                  Repair technique

               Simple sutures were placed into the supraspinatus and infraspinatus tendons using No. 4-0 Vicryl (Ethicon, Somerville, NJ),
                  similar to those used in the transosseous repair. Bone tunnels were made with a 22-gauge needle at the corresponding locations
                  of the tendons' imprints, 2 mm from the articular surface, and tag sutures removed. Sutures were then threaded through the
                  tunnels and secured over a bone bridge on the lateral cortex of the humerus. The wound was stitched together in layers. Postoperatively,
                  weight-bearing exercises were permitted ad libitum. At 1, 3, 6, and 12 weeks, twenty-four animals in each group were sacrificed.
               

            

            
                  Post-op regime

               Pre-operatively, animals were randomized to either the experimental group, which received injections of the experimental drug,
                  recombinant growth hormone (rGH), or the control group, which underwent detachment and repair only. Twenty-four animals received
                  recombinant growth hormone subcutaneously at a 1 mg/kg/week dose. Based on previous studies, the first dose was given the
                  day after surgery (postoperative day 1 based on previous studies. The rGH injections were administered every week till the
                  animal was sacrificed.
               

            

            
                  Muscle harvest

               In this investigation, animals were sacrificed at 1, 3, 6, and 12 weeks of age for analysis. Following inhalational carbon
                  dioxide euthanasia, all animals underwent en masse dissection of the humerus and scapula specimens, leaving the reconstructed
                  rotator cuff tendons intact.
               

            

            
                  Histology

               For specimens undergoing histologic investigation, the dissected humerus supraspinatus and infraspinatus tendons were preserved
                  in 10% neutral-buffered formalin, decalcified with Immunocal (Decal) Congers, NY), and embedded in paraffin. In the coronal
                  plane, five-micrometer-thick sections were cut through the repaired supraspinatus, infraspinatus, and greater tuberosity tendons.
                  After that, the slides were alternately stained with H&E. A Leico light microscope was used to investigate the greater tuberosity,
                  repaired tendon-bone insertion site, and midsubstance of the supraspinatus and infraspinatus tendons under light microscopy.
                  Photographs were taken on digital media. We performed semi-quantitative analysis on new cartilage using computerized image
                  analysis(Figure  1).
               

            

            
                  Analysis of histology slides

               Collagen fiber organization, fiber structure, nuclei rounding, regional cellularity changes, and fibrocartilage development
                  at the tendon-bone junction were studied after slide preparation. All specimens had their light intensities measured under
                  identical illumination circumstances and during the same session. Because natural rotator cuff insertions have a fibrocartilaginous
                  transition zone, the amount of new cartilage generated at the insertion site was also determined. All histomorphometric analyses
                  were conducted by a single physician with over ten years of experience examining the histology of rat rotator cuff repair.
                  The evaluator was blinded to the time of death and whether the specimen was in the experimental or control group during the
                  assessment.
               

               Four specimens were immunohistochemically stained for BMP-2 and GDF 7 at each time point. For immunohistochemical staining,
                  hydrated serial slices were treated with 3 percent hydrogen peroxide to inhibit endogenous peroxidase activity, and nonspecific
                  antibody binding was inhibited with 5% goat serum. BMP-2 and GDF 7 were localized using goat anti-rat monoclonal antibodies
                  at the repair site. The production of collagen 1 and 3 at the healing tendon-bone contact was determined using rabbit monoclonal
                  antibodies against collagen 1 and 3.
               

               All specimens received 30 minutes of primary antibody treatment on separate serial sections.

               Bound antibodies were observed at room temperature using a goat avidin-biotin-peroxidase system with a chromogen of 3, 3=-diaminobenzidine
                  (DAB; Dako, Carpinteria, CA). The blindfolded observer determined staining subjectively. The scale ran from 0 to 3, with 0
                  being undetectable, 1 being sparse, 2 being moderate, and 3 being high. The results were then compared statistically.
               

            

         

         
               Results

            H&E staining: Collagen fiber expression was enhanced, as was the number of fibroblasts and chondrocytes. In the 1-week growth hormone
               group, collagen fibers were observed running parallel to one another. The control group exhibited identical collagen fiber
               and chondrocyte alignment to the one-week growth hormone group three weeks after treatment. At three weeks, the number of
               chondrocytes and fibroblasts grew dramatically in the growth hormone group, but the pattern was uneven. The highest concentration
               of chondrocytes was seen in the transition zone between cartilage and tendon tissue in the growth hormone group. Compared
               to the control group, there was no discernible demarcation of this zone in the growth hormone group. At 12 weeks, there was
               no difference in chondrocyte expression or fiber pattern between the two groups. The growth hormone group exhibited no spaces
               between the collagen fibers, but the control group exhibited irregularly ordered collagen fibers, as shown by the intervening
               voids.
            

            
                  Immunohistology 

               Collagen 1 and 3: The immunohistology showed high collagen expression three by the first week in the growth hormone group compared to the control
                  group, which showed scant expression. At three weeks, there was high expression of collagen 1 in the growth hormone group.
                  The difference in collagen types1 and three expressions was negligible in both the groups at 12 weeks.
               

            

            
                  BMP12 or GDF 7 

               There was high expression of BMP 12 antibodies only at three weeks compared to the control group.

            

            
                  Statistical analysis

               We compared the observation of control and GH groups using paired t-test. The comparisons were made for H&E staining, and
                  immunohistology slides at 1, 3,6,12 weeks. SPSS software was used to conduct the statistical analysis.
               

            

         

         
               Discussion

            Numerous growth factors are essential in rotator cuff healing.12 The basic fibroblast growth factor (bFGF), bone morphogenetic protein 12 (BMP-12), BMP-13, and BMP-14, cartilage oligomeric
               matrix protein (COMP), connective tissue growth factor (CTGF), platelet-derived growth factor-beta (PDGF-B), and transforming
               growth factor-beta 1 (TGF-b1) are stimulated during the typical recovery period of a rotator cuff tears.6,13, 14, 15, 16, 17

            GH has been found in several studies to enhance VEGF levels in healing tissue. VEGF promotes angiogenesis, the formation of
               new blood vessels. Angiogenesis is a vital phase in the healing process because it results in an increase in the delivery
               of nutrients, growth factors, and inflammatory cells to the site of injury. Increased VEGF levels in the restored rotator
               cuff will facilitate tendon tissue integration into the bone by stimulating angiogenesis between the bleeding bone bed produced
               during the rotator cuff repair and the tendon tissue. This results in accelerated healing and the formation of high-quality
               granulation tissue. Due to the presence of these factors during the rotator cuff's natural repair process, increased local
               concentration of these factors can aid in the healing process.
            

            Different methods have been attempted to increase the concentration of growth factors in the rotator cuff healing site or
               at the bone tendon junction.18 Various approaches are available, including stem cells, gene therapy, coated sutures, direct delivery using a gel-based solution,
               and PRP treatment.18, 19, 20, 21, 22 Specific therapies, such as gene therapy, which inserts the genes necessary for the production of growth factors into the
               native tissue, have demonstrated significant promise. Nonetheless, laboratory success could not be repeated in clinical trials.
               Topical administration methods may raise the concentration of growth factors in the immediate area. Nevertheless, increasing
               the local concentration of growth factors does not guarantee that they will be absorbed and employed for tissue healing. On
               the other hand, systemic injection of growth hormone ensures its absorption into the bloodstream, which increases the local
               concentration of growth factors, making it more effective than previously used approaches.
            

            The particular mechanism by which the clinical result improved is uncertain. One element that may have influenced recovery
               is the anabolic effects of growth hormone on the local level, which would have accelerated the production of new cells. Enhanced
               GH levels may have increased IGF-1 expression in tendon tissue.23, 24 There could have been a rise in systemic IGF-1 levels due to enhanced liver production. Numerous human studies have established
               that increasing GH levels induce IGF-1 synthesis. Increased IGF-1 levels in humans enhance bone development, protein synthesis,
               muscle glucose uptake, neuron survival, and myelin production.
            

            Additionally, IGF-I reverses a negative nitrogen balance during food deprivation and slows muscle protein breakdown. IGF-I
               promotes osteoblastic lineage cell replication, increases osteoblastic collagen synthesis and matrix apposition rates, and
               inhibits collagen breakdown.25, 26, 27 These effects were reported in rats given rGH in our study. The animals healed far faster than the control group(Figure  3 and Figure  4) After 12 days, rats given rGH could carry full weight on the surgical leg, but rats in the control group required more than
               21 days to bear full weight on the operated limb.
            

            
                  
                  Figure 3

                  Rat with rGH administration showing increased hair growth and movement.
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                  Figure 4

                  Control group less hair growth at the incision site and less activity.
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            Interestingly, the injected animals grew hair faster and gained more weight than their control group peers. Apart from enhancing
               previously proven healing potential in humans, the systemic benefits make it an even more attractive choice for augmenting
               rotator cuff restoration.
            

            Doessing et al. have demonstrated an increase in collagen formation in the human quadriceps tendon after 14 days of administration
               of GH. Our results show an increased collagen one concentration after three weeks compared to the control group. Longobardi
               and Powrie et al. have reported an increase in the concentration of procollagen III, a marker of collagen synthesis after
               GH supplementation in human beings. Choy et al. have shown a beneficial healing potential of recombinant growth hormone on
               the Achilles tendon of the pig.
            

            Systemic administration of rhGH increased collagen I and III in both the tendons in our study. The collagen one was raised
               in the growth hormone samples after 3 weeks (3 weeks, 6 weeks, 12 weeks), while collagen three levels were increased compared
               to control in the 1-week sample but decreased in the later samples. This is evident in H&E staining as well as immunohistology.
               The slides on H&E staining showed an increased number of chondrocytes and increased multiplication of fibroblasts, seen as
               spindle-shaped cells with hyperchromatic nuclei. The cartilage cells are embedded in the collagen fibers, which arise from
               the humeral head in a parallel manner at one week in the growth hormone group. The collagen fibers are not seen incorporating
               into the bone in the control group. The improved clinical outcome of the repaired rotator cuff tendons with systemic administration
               of rGH maybe because the rGH administration increased the expression of collagen types 1 and 3 at the repair site. Many studies
               support the view that GH stimulates collagen synthesis and are compatible with our observations of increased collagen synthesis,
               Types 1 and 3 after GH administration.28, 29 Faster healing of rotator cuff tears via systemic administration of rGH makes it a more accessible, cheaper, and clinically
               feasible way to achieve normal healing tissue in rotator cuff tear repair. We chose BMP12 over other growth factors because
               it has incorporated the tendon into the bone during healing.9 In our study, an increased expression of BMP12 was detected by immune-histology at three weeks. The precise reason for an
               enhanced expression of BMP12 is not known. Systemic administration could not be directly upregulated because antibody complexes
               in high numbers were detected only three weeks. High levels of BMP12 can most likely explain this observation at 3weeks were
               in response to increased collagen 1. High BMP12 levels might have been required to integrate collagen tissue in the tendon
               to the bone.
            

            GH has multiple systemic effects. The systemic impact of GH gives an additional but essential advantage for patients suffering
               from rotator cuff tears, especially in the old age group. Growth hormone prevents osteoporosis; this makes it substantially
               valuable for patients of the older age group. Improvement in the bone quality due to increased bone turnover will result in
               decreased incidence of rotator cuff failure because of anchor loosening and pull out.
            

            One of the study's limitations was that the quality of tendon tissue was good. The tendons were repaired immediately after
               their detachment, unlike the clinical scenario where the quality of tendon tissue is relatively poor because of the degenerative
               changes. Another drawback of our study was that the increased level of growth factors could only be sustained for 12 weeks,
               while the normal healing response to an injury lasts for many months. There is one additional limitation of the present study.
               Because rGH is known to raise the amount of blood glucose hormone, extra caution may be required in individuals with diabetes
               to control hyperglycemia.
            

         

         
               Conclusion

            Our research of systemic rGH treatment in a rat model of rotator cuff repair yielded extremely positive findings. We could
               not pinpoint the precise pathway or mechanism responsible for the improved functional outcome after rotator cuff restoration.
               While additional research is necessary for this area, it is unclear whether injecting a single growth factor at the local
               site is ideal for reducing re-tear. Perhaps, GH administration is regulated at precise points during healing will bring the
               best results. Suppose the current study's effectiveness can be applied to the clinical setting through more research. In that
               case, it will mark a watershed moment to improve the outcome of rotator cuff injuries.
            

         

         
               Abbreviation

            rGH: recombinant Growth Hormone.
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