Basic Science of Rotator Cuff Disease and its Treatment: A Rationale for Best Current Practices
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CONCLUSION: Three hundred seventy-five patients had a rotator cuff tear and 211 patients did not. Data regarding cigarette smoking were obtained for 584 of 586 patients. A history of smoking (61.9% versus 48.3%), smoking within the last 10 years (35.2% versus 30.1%), mean duration of smoking (23.4 versus 20.2 years), mean packs per day of smoking (1.25 versus 1.10 packs per day), and mean pack-years of smoking (30.1 versus 22.0) correlated with an increased risk for rotator cuff tear. We observed a dose-dependent and time-dependent relationship between smoking and rotator cuff tears. We observed a strong association between smoking and rotator cuff disease. This may indicate smoking is an important risk factor for the development of rotator cuff tears. 
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Bjornsson, H.; Norlin, R.; Knutsson, A.; and Adolfsson, L.: Fewer rotator cuff tears fifteen years after arthroscopic subacromial decompression. J Shoulder Elbow Surg, 2009.

CONCLUSION: Arthroscopic subacromial decompression seems to reduce the prevalence of rotator cuff tears in impingement patients. This appears attributable to elimination of extrinsic factors such as mechanical wear and bursitis. The potential effect of surgery on intrinsic cuff degeneration is unknown, but intrinsic factors may explain tears still developing despite decompression. 
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CONCLUSION: Microarray analysis for gene expression and immunohistochemistry demonstrated that the expression of several cytokine genes (TNF, IL-1alpha, IL-1beta, and IL-6) was increased in patients with subacromial bursitis compared with control specimens. Furthermore, the expression of metalloproteases (MMP-1 and MMP-9) and cyclooxygenases (COX-1 and COX-2) in the bursitis group was found to be increased as compared with controls. Although further investigation is required, these studies suggest that inflammation of the subacromial bursa does occur in patients with rotator cuff disease. These findings support the role of anti-inflammatory agents in the treatment of subacromial impingement and emphasize the importance of subacromial bursectomy to reduce inflammation in rotator cuff disease.
4.
Bradley, J. P., and Tibone, J. E. Electromyographic analysis of muscle action about the shoulder. Clin Sports Med, 10(4): 789-805, 1991.

CONCLUSION: The specific emphasis in this article has been the role of integrated EMG and motion analysis in the evaluation of athletic activities and rehabilitation exercises. It is hoped that knowledge of these investigations will increase the clinician's basic understanding of the biomechanics of the shoulder and aid in his or her clinical evaluation, treatment, and subsequent rehabilitation of the shoulder. 
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Brislin, K. J.; Field, L. D.; and Savoie, F. H., 3rd: Complications after arthroscopic rotator cuff repair. Arthroscopy, 23(2): 124-8, 2007.

CONCLUSION: The most common complication was recognized as persistent stiffness that usually responded to extensive physical therapy. Complications after arthroscopic rotator cuff repair are similar to results published for open rotator cuff repair. 
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Curtis, A. S.; Burbank, K. M.; Tierney, J. J.; Scheller, A. D.; and Curran, A. R.: The insertional footprint of the rotator cuff: an anatomic study. Arthroscopy, 22(6): 609 e1, 2006.
CONCLUSION: findings demonstrated a consistent pattern at the insertion of the rotator cuff. The horseshoe-shaped insertion tapers away from the articular surface in a superior-to-inferior direction. Interdigitation of the muscle units may be noted, particularly between the supraspinatus and the infraspinatus. Average maximum insertional lengths and widths were as follows: subscapularis (SC): 40 x 20 mm; infraspinatus (IS): 29 x 19 mm; supraspinatus (SS): 23 x 16 mm; and teres minor (TM): 29 x 21 mm. The SC inserted on the lesser tuberosity adjacent to the biceps groove at the edge of the articular surface. It tapered away 18 mm at its inferior border. The SS inserted at the articular surface along its entire insertion from the bicipital groove to the top of the bare area. The IS wrapped the posterior border of the SS superiorly at the articular surface and tapered away inferiorly, framing the bare area. SEM microscopy showed the SS to be adherent to the edge of the articular surface medially. As it filled the sulcus, its lateral edge extended over the edge of the greater tuberosity. 

CLINICAL RELEVANCE: Knowledge of the insertional anatomy of the rotator cuff can facilitate grading and repair of rotator cuff tears.
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Dark, A.; Ginn, K. A.; and Halaki, M.: Shoulder muscle recruitment patterns during commonly used rotator cuff exercises: an electromyographic study. Phys Ther, 87(8): 1039-46, 2007.

CONCLUSION: The results indicate that, in people who are healthy, the motor strategy used to deal with increasing rotation resistance with the arm in a pendant position is to gradually increase activity in all shoulder rotation torque-generating muscles.
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DeFranco, M. J., and Cole, B. J.: Current perspectives on rotator cuff anatomy. Arthroscopy, 25(3): 305-20, 2009.
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Fealy, S.; Adler, R. S.; Drakos, M. C.; Kelly, A. M.; Allen, A. A.; Cordasco, F. A.; Warren, R. F.; and O'Brien, S. J.: Patterns of vascular and anatomical response after rotator cuff repair. Am J Sports Med, 34(1): 120-7, 2006.

CONCLUSION: The robust vascular response dropped with time, which is not seen in asymptomatic shoulders. Nearly half of the patients demonstrated persistent rotator cuff defects after rotator cuff repair that did not correlate with functional outcome and physical findings at 6 months.
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Fealy, S.; April, E. W.; Khazzam, M.; Armengol-Barallat, J.; and Bigliani, L. U.: The coracoacromial ligament: morphology and study of acromial enthesopathy. J Shoulder Elbow Surg, 14(5): 542-8, 2005.

CONCLUSION: During arthroscopic subacromial decompression, failure to visualize the anterolateral corner of the acromion adequately may result in incomplete resection of the CAL, especially if the PMB (posteromedial bundle) is mistaken to be the entire ligament. Incomplete removal of the CAL may be a factor in clinical failures of arthroscopic subacromial decompression. The preferential location of spurs in the ALB (anterolateral bundle) suggests that it is a major load-bearing structure. Furthermore, the ALB is thicker at the acromion, suggesting increased strain. Our data suggest that a possible function of the CAL is to dampen stress on the acromion from muscle activity. 
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Galatz, L. M.; Silva, M. J.; Rothermich, S. Y.; Zaegel, M. A.; Havlioglu, N.; and Thomopoulos, S.: Nicotine delays tendon-to-bone healing in a rat shoulder model. J Bone Joint Surg Am, 88(9): 2027-34, 2006.
CONCLUSION: Nicotine caused a delay in tendon-to-bone healing in a rat rotator cuff animal model. Mechanical properties increased over time in both groups, but the properties in the nicotine group lagged behind those in the saline solution group. Chronic inflammation and decreased cell proliferation may partly explain the inferior biomechanical properties in the nicotine group as compared with the saline solution group. 

CLINICAL RELEVANCE: Failure of rotator cuff repair is a major clinical problem. The adverse effect of nicotine on rotator cuff healing noted in this clinically appropriate animal model may be an important clinical consideration.
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Gamradt, S. C.; Gallo, R. A.; Adler, R. S.; Maderazo, A.; Altchek, D. W.; Warren, R. F.; and Fealy, S.: Vascularity of the supraspinatus tendon three months after repair: Characterization using contrast-enhanced ultrasound. J Shoulder Elbow Surg, 2009.

CONCLUSION: At 3 months following repair, the majority of blood flow to the repair is derived from the peribursal soft tissues and the anchor site. The tendon, particularly those with a defect at 3 months, is relatively avascular. Though limited by inclusion of only a single time point, this study introduces a new technique to quantify vascularity following supraspinatus repairs and suggests that the surrounding vascular milieu may play a role in tendon healing.
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Gerber, C.; Meyer, D. C.; Frey, E.; von Rechenberg, B.; Hoppeler, H.; Frigg, R.; Jost, B.; and Zumstein, M. A.: Neer Award 2007: Reversion of structural muscle changes caused by chronic rotator cuff tears using continuous musculotendinous traction. An experimental study in sheep. J Shoulder Elbow Surg, 18(2): 163-71, 2009.

CONCLUSION: In the sheep, continuous elongation can lead to restoration of normal muscle architecture, to partial reversal of muscle atrophy, and to arrest of the progression of fatty infiltration. 
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Gladstone, J. N.; Bishop, J. Y.; Lo, I. K.; and Flatow, E. L.: Fatty infiltration and atrophy of the rotator cuff do not improve after rotator cuff repair and correlate with poor functional outcome. Am J Sports Med, 35(5): 719-28, 2007.
CONCLUSION: Muscle atrophy and fatty infiltration of the rotator cuff muscles, particularly of the infraspinatus, play a significant role in determining functional outcome after cuff repair. Tear size appears to have the most influential effect on repair integrity. A successful repair did not lead to improvement or reversal of muscle degeneration and a failed repair resulted in significantly more progression. In general, healed repairs demonstrated minimal progression. These findings suggest that repairs should be performed, if possible, before more significant deterioration in the cuff musculature in order to optimize outcomes, and that understanding the degree of muscle atrophy and fatty infiltration before surgery can help guide patient expectations. 
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Hegedus, E. J.; Cook, C.; Brennan, M.; Wyland, D.; Garrison, J. C.; and Driesner, D.: Vascularity and Tendon Pathology in the Rotator Cuff: A Review of Literature and Implications for Rehabilitation and Surgery. Br J Sports Med, 2009.

CONCLUSION: The relationship between the variables of vascularity, age and degeneration remains unclear. However, recent studies with stronger design and better technology support the fact that increased vascularity is a normal response to smaller tears but that as tear size increases, the healing response fails and decreased vascularity is observed. Also, impingement may cause hypovascularity. Further, these studies support the possibility that people without symptoms may have normal blood flow even with aging. Finally, exercise may increase blood flow to the rotator cuff. These findings have both surgical and rehabilitation implications.
17.
Hertel, R.: Lag signs. J Shoulder Elbow Surg, 14(3): 343; author reply 343-4, 2005.

CONCLUSION: EXCELLENT REVIEW ON SHOULDER PHYSICAL EXAM. Lag signs are very specific and accurate for anterior and posterior rotator cuff tears.
18.
Klein, J. R., and Burkhart, S. S.: Identification of essential anatomic landmarks in performing arthroscopic single- and double-interval slides. Arthroscopy, 20(7): 765-70, 2004.

CONCLUSION: Contracted and immobile massive rotator cuff tears, which represent a small percentage of all massive tears, are believed by many to be irreparable. The development of arthroscopic single- and double-interval slides has allowed for the successful anatomic and tension-free repair of the majority of contracted and immobile massive rotator cuff tears. However, the safe and effective performance of interval slides requires clear and precise identification of certain anatomic landmarks, specifically the scapular spine and the base of the coracoid. This report describes how to arthroscopically identify and expose these anatomic landmarks.

19.
Lake, S. P.; Miller, K. S.; Elliott, D. M.; and Soslowsky, L. J.: Effect of fiber distribution and realignment on the nonlinear and inhomogeneous mechanical properties of human supraspinatus tendon under longitudinal tensile loading. J Orthop Res, 2009.

CONCLUSION: Tendon exhibits nonlinear stress-strain behavior that may be partly due to movement of collagen fibers through the extracellular matrix. While a few techniques have been developed to evaluate the fiber architecture of other soft tissues, the organizational behavior of tendon under load has not been determined. The supraspinatus tendon (SST) of the rotator cuff is of particular interest for investigation due to its complex mechanical environment and corresponding inhomogeneity. In addition, SST injury occurs frequently with limited success in treatment strategies, illustrating the need for a better understanding of SST properties. Therefore, the objective of this study was to quantitatively evaluate the inhomogeneous tensile mechanical properties, fiber organization, and fiber realignment under load of human SST utilizing a novel polarized light technique. Fiber distributions were found to become more aligned under load, particularly during the low stiffness toe-region, suggesting that fiber realignment may be partly responsible for observed nonlinear behavior. Fiber alignment was found to correlate significantly with mechanical parameters, providing evidence for strong structure-function relationships in tendon. Human SST exhibits complex, inhomogeneous mechanical properties and fiber distributions, perhaps due to its complex loading environment. Surprisingly, histological grade of degeneration did not correlate with mechanical properties.
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Lovering, R. M., and Russ, D. W.: Fiber type composition of cadaveric human rotator cuff muscles. J Orthop Sports Phys Ther, 38(11): 674-80, 2008.

CONCLUSION: Human rotator cuff muscles, at least in older subjects, have a mixed fiber type. This study only evaluated older patients.
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Mikolyzk, D. K.; Wei, A. S.; Tonino, P.; Marra, G.; Williams, D. A.; Himes, R. D.; Wezeman, F. H.; and Callaci, J. J.: Effect of corticosteroids on the biomechanical strength of rat rotator cuff tendon. J Bone Joint Surg Am, 91(5): 1172-80, 2009.

CONCLUSION: A single dose of corticosteroids significantly weakens both intact and injured rat rotator cuff tendons at one week. This effect is transient as the biomechanical properties of the steroid-exposed groups returned to control levels by three weeks.
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Millar, N. L.; Wei, A. Q.; Molloy, T. J.; Bonar, F.; and Murrell, G. A.: Cytokines and apoptosis in supraspinatus tendinopathy. J Bone Joint Surg Br, 91(3): 417-24, 2009.

CONCLUSION: We identified significant upregulation of pro-inflammatory cytokines and apoptotic genes in the rodent model (p = 0.005). We further confirmed significantly increased levels of cytokine and apoptotic genes in human supraspinatus and subscapularis tendon harvested from patients with rotator cuff tears (p = 0.0008). These findings suggest that pro-inflammatory cytokines may play a role in tendinopathy and may provide a target for preventing tendinopathies.
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Millett, P. J.; Wilcox, R. B., 3rd; O'Holleran, J. D.; and Warner, J. J.: Rehabilitation of the rotator cuff: an evaluation-based approach. J Am Acad Orthop Surg, 14(11): 599-609, 2006.

CONCLUSION: The four phases of rehabilitation begin with maintaining and protecting the repair in the immediate postoperative period, followed by progression from early passive range of motion through return to preoperative levels of function.
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Randelli, P.; Margheritini, F.; Cabitza, P.; Dogliotti, G.; and Corsi, M. M.: Release of growth factors after arthroscopic acromioplasty. Knee Surg Sports Traumatol Arthrosc, 17(1): 98-101, 2009.

CONCLUSION: The aim of this study was to demonstrate the presence of growth factors in the subacromial space after acromioplasty. Between October 2006 and March 2007, 23 patients underwent arthroscopic acromioplasty. A sample of at least 3 ml of fluid from the shoulder was obtained 15 min after the end of the procedure. At the same time another sample of 3 ml of the patient's venous blood was obtained as a control. The concentrations of growth factors in the fluids collected were determined using enzyme-linked immunosorbent assay (ELISA). The growth factors assayed were platelet-derived growth factor-AB (PDGF-AB), basic fibroblast growth factor basic (bFGF) and transforming growth factor beta 1 (TGF-beta1). The concentrations of TGF-beta1 (p = 0.0001), PDGF-AB (p = 0.02), and bFGF (p < 0.0001) were significantly higher in the fluid from the subacromial space than in the blood sample. There are high concentrations of several growth factors in the subacromial space after acromioplasty.
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Rubino, L. J.; Sprott, D. C.; Stills, H. F., Jr.; and Crosby, L. A.: Fatty infiltration does not progress after rotator cuff repair in a rabbit model. Arthroscopy, 24(8): 936-40, 2008.

CONCLUSION: Fatty infiltration of the rotator cuff in this animal model occurs as early as 6 weeks after a rotator cuff tear. After repair of the rotator cuff, the process of fatty infiltration does not progress any further. The changes that take place in this rabbit model in the first 6 weeks after a rotator cuff tear appear to be irreversible even with successful rotator cuff repair.
CLINICAL RELEVANCE: The presence of fatty infiltration of a torn rotator cuff does not preclude a successful repair. The repair can prevent further progression and atrophy of the rotator cuff, but the changes that appear in the muscle as early as 6 weeks after a rotator cuff tear appear to be irreversible.
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Sano, H.; Wakabayashi, I.; and Itoi, E.: Stress distribution in the supraspinatus tendon with partial-thickness tears: an analysis using two-dimensional finite element model. J Shoulder Elbow Surg, 15(1): 100-5, 2006.

CONCLUSION: A tensile force was applied to the proximal end of the tendon, and the stress distribution was calculated. In all 3 types of tears, a high stress concentration appeared around the articular surface at the insertion and at the site of the tear, which extended proximally. The maximum value of the von Mises stress increased with the presence of a partial-thickness tear. With the arm in abduction, a high stress concentration was also observed around the site of the tear. These biomechanical conditions of the supraspinatus tendon may eventually lead to a full-thickness tear at the critical zone.
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Sardelli, M., and Burks, R. T.: Distances to the subacromial bursa from 3 different injection sites as measured arthroscopically. Arthroscopy, 24(9): 992-6, 2008.

CONCLUSION: The distance to the subacromial bursa from the anterior and lateral approaches appears to be consistent and within reach of a standard 22- or 25-gauge needle. The distance to the subacromial bursa from a posterior approach appears to be almost double that of the anterior and lateral approaches and may not be reachable by standard 22- and 25-gauge needles in all patients. There appears to be no correlation between distances to the subacromial bursa from the anterior, lateral, or posterior approaches and the patient's body mass index. 

CLINICAL RELEVANCE: Given the relative distances measured to the subacromial bursa from the anterior, lateral, and posterior positions, clinicians may choose a longer needle to improve the accuracy of placement when approaching the subacromial bursa from a posterior position. Use of a standard-length needle will provide reasonable accuracy from the anterior and lateral positions.
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Steinbacher, P.; Tauber, M.; Kogler, S.; Stoiber, W.; Resch, H.; and Sanger, A. M.: Effects of rotator cuff ruptures on the cellular and intracellular composition of the human supraspinatus muscle. Tissue Cell, 2009.

CONCLUSION: the supraspinatus muscles of patients with a massive rupture contain significantly higher amounts not only of fatty tissue but also of intracellular lipid than those of control subjects. These patients further exhibit a major decrease in relative amounts of myofibrils, thus confirming that change of intracellular composition is a major component of the observed muscle degeneration. The results contribute to establish the true spectrum of supraspinatus muscle damage in humans induced by tendon rupture.
32.
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Tempfer, H.; Gehwolf, R.; Lehner, C.; Wagner, A.; Mtsariashvili, M.; Bauer, H. C.; Resch, H.; and Tauber, M.: Effects of crystalline glucocorticoid triamcinolone acetonide on cultered human supraspinatus tendon cells. Acta Orthop: 1, 2009.
CONCLUSION: Subacromial glucocorticoid injections are widely used for treatment of epiphenomenons of chronic impingement syndrome with the possible side effects of tendon rupture and impaired tendon healing. After 2 weeks of incubation, the cells had lost their fibroblastic appearance and parallel orientation, which is characteristic of cellular degeneration in vivo. Moreover, expression and secretion of collagen I was strongly reduced, and there was a decrease in proliferation rate. changes in cellular differentiation were observed: the number of adipocytes increased and levels of the protein Sox9-a marker of differentiating and mature chondrocytes-were elevated in triamcinolone acetonide treated cells. Interpretation These results may indicate that the use of triamcinolone acetonide (TAA) is one reason for weaker mechanical tendon properties and for the high rate of re-rupture after supraspinatus tendon repair.
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Tomioka, T. et al.: Sarcomere length of torn rotator cuff muscle. J Shoulder Elbow Surg, 2009.

CONCLUSION: The sarcomere lengths of the supraspinatus and infraspinatus with torn tendons were not significantly different from those with intact tendons, although the muscle fiber lengths were significantly shorter with torn tendons.
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Tsiridis, E.; Velonis, S.; Limb, D.; and Giannoudis, P. V.: Tissue engineering approaches to rotator cuff tendon deficiency. Connect Tissue Res, 49(6): 455-63, 2008.

CONCLUSION: Tissue engineering is an emerging scientific approach that may offer alternative pathways for managing tissue degeneration. The use of cellular and acellular matrix in combination with cells and/or growth factors is one approach currently being explored in the management of rotator cuff disease. Interestingly, the integration of gene therapy with this technique introduces a new dimension to treatment options. The scope of this article is to present an overview of the current tissue engineering in vivo methods being clinically investigated in rotator cuff disease.
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Voloshin, I.; Gelinas, J.; Maloney, M. D.; O'Keefe, R. J.; Bigliani, L. U.; and Blaine, T. A.: Proinflammatory cytokines and metalloproteases are expressed in the subacromial bursa in patients with rotator cuff disease. Arthroscopy, 21(9): 1076, 2005.

CONCLUSION: A high level of expression of inflammatory cytokines, proteinases, and cyclooxygenase enzymes, known to produce a catabolic environment, is present in the subacromial bursa of patients with rotator cuff tear. 

CLINICAL RELEVANCE: These findings support the role of nonsteroidal anti-inflammatory drugs and corticosteroids in RCT treatment, and emphasize the importance of subacromial bursectomy to reduce inflammation in RCT surgery.
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Wei, A. S.; Callaci, J. J.; Juknelis, D.; Marra, G.; Tonino, P.; Freedman, K. B.; and Wezeman, F. H.: The effect of corticosteroid on collagen expression in injured rotator cuff tendon. J Bone Joint Surg Am, 88(6): 1331-8, 2006.

CONCLUSION: A single dose of corticosteroid does not alter the acute phase response of an injured rotator cuff tendon in the rat. However, the same steroid dose in uninjured tendons initiates a short-term response equivalent to that of structural injury.
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Zumstein, M. A.; Jost, B.; Hempel, J.; Hodler, J.; and Gerber, C.: The clinical and structural long-term results of open repair of massive tears of the rotator cuff. J Bone Joint Surg Am, 90(11): 2423-31, 2008.

CONCLUSION: Open repair of massive rotator cuff tears yielded clinically durable, excellent results with high patient satisfaction at a mean of almost ten years postoperatively. Conversely, fatty muscle infiltration of the supraspinatus and infraspinatus progressed, and the retear size increased over time. The preoperative integrity of the tendon appeared to be protective against muscle deterioration. A wide lateral extension of the acromion was identified as a previously unknown risk factor for retearing.
Classic Rotator Cuff Basic Science Articles
1.
Clark, J. M., and Harryman, D. T., 2nd: Tendons, ligaments, and capsule of the rotator cuff. Gross and microscopic anatomy. J Bone Joint Surg Am, 74(5): 713-25, 1992.

CONCLUSION: We investigated the structure of the myotendinous rotator cuff in thirty-two grossly intact cuffs from thirty fresh cadavera of subjects who had been seventeen to seventy-two years old at the time of death. We studied the gross anatomy of the capsule and ligaments of the cuff, as well as histological sections of the tendons of the subscapularis, supraspinatus, and infraspinatus muscles. The tendons were found to splay out and interdigitate to form a common, continuous insertion on the humerus. The biceps tendon was ensheathed by interwoven fibers derived from the subscapularis and supraspinatus tendons. The anterior margin and bursal surface of the supraspinatus tendon were enveloped by a thick sheet of fibrous tissue derived from the coracohumeral ligament. Fibers from the coracohumeral and glenohumeral ligaments were found concentrated in a plane between the capsule and the tendons of the cuff. Microscopically, in the region of the supraspinatus and infraspinatus tendons, the cuff was composed of five layers defined by the attachments and orientations of the fibrous elements in each of these layers.

2.
Flatow, E. L.; Soslowsky, L. J.; Ticker, J. B.; Pawluk, R. J.; Hepler, M.; Ark, J.; Mow, V. C.; and Bigliani, L. U.: Excursion of the rotator cuff under the acromion. Patterns of subacromial contact. Am J Sports Med, 22(6): 779-88, 1994.

CONCLUSION: Acromial undersurface and rotator cuff tendons are in closest proximity between 60 degrees and 120 degrees of elevation; contact was consistently more pronounced for Type III acromions. Mean acromiohumeral interval was 11.1 mm at 0 degrees of elevation and decreased to 5.7 mm at 90 degrees, when greater tuberosity was closest to the acromion. Radiographs show bone-to-bone relationship; stereophotogrammetry assesses contact on soft tissues of the subacromial space. Contact centers on the supraspinatus insertion, suggesting altered excursion of the greater tuberosity may initially damage this rotator cuff region. Conditions limiting external rotation or elevation may also increase rotator cuff compression. Marked increase in contact with Type III acromions supports the role of anterior acromioplasty when clinically indicated, usually in older patients with primary impingement.
3.
Gerber, C.; Schneeberger, A. G.; Perren, S. M.; and Nyffeler, R. W.: Experimental rotator cuff repair. A preliminary study. J Bone Joint Surg Am, 81(9): 1281-90, 1999.

CONCLUSION: The repair technique with a modified Mason-Allen stitch with number-3 braided polyester suture material and cortical-bone augmentation was superior to the conventional repair technique. Use of the modified Mason-Allen stitch and the cortical-bone-augmentation device transferred the weakest point of the repair to the suture material rather than to the bone or the tendon. Failure to protect the rotator cuff post-operatively was associated with an exceedingly high rate of failure, even if optimum repair technique was used. 

CLINICAL RELEVANCE: Different techniques for rotator cuff repair substantially influence the rate of failure. A modified Mason-Allen stitch does not cause tendon necrosis, and use of this stitch with cortical-bone augmentation yields a repair that is biologically well tolerated and stronger in vivo than a repair with the conventional technique. Unprotected repairs, however, have an exceedingly high rate of failure even if optimum repair technique is used. Postoperative protection from tension overload, such as with an abduction splint, may be necessary for successful healing of massive rotator cuff tears.
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Gotoh, M.; Hamada, K.; Yamakawa, H.; Tomonaga, A.; Inoue, A.; and Fukuda, H.: Significance of granulation tissue in torn supraspinatus insertions: an immunohistochemical study with antibodies against interleukin-1 beta, cathepsin D, and matrix metalloprotease-1. J Orthop Res, 15(1): 33-9, 1997.

CONCLUSION: Sixteen supraspinatus insertions with portions of the greater tuberosity, including eight complete-thickness tears and eight incomplete-thickness tears, were obtained during surgery. Six fresh cadaveric supraspinatus tendons without grossly evident tears served as normal controls. Strong immunoreactivity was found in all 16 torn supraspinatus insertions but not in the six insertions of apparently intact tendons. Macrophages and multinucleated giant cells, which showed immunoreactivity for all three chemical mediators, were often found at the interface between the osteochondral margin of the enthesis and the granulation tissue, suggesting that they may be involved in osteochondral destruction. We therefore concluded that, in addition to repetitive subacromial impingement, this granulation tissue may contribute to the development of rotator cuff tears by weakening the insertion.
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Hamada, K.; Tomonaga, A.; Gotoh, M.; Yamakawa, H.; and Fukuda, H.: Intrinsic healing capacity and tearing process of torn supraspinatus tendons: in situ hybridization study of alpha 1 (I) procollagen mRNA. J Orthop Res, 15(1): 24-32, 1997.

CONCLUSION: To determine the healing potential and healing process of torn supraspinatus tendons, in situ hybridization was used to localize cells containing alpha 1 type-I procollagen mRNA. Biopsy specimens of torn supraspinatus tendons from 19 patients with complete-thickness tears and 13 patients with incomplete-thickness tears were obtained during surgery. Four macroscopically normal supraspinatus tendons were obtained to serve as normal controls. Specimens were fixed in 10% buffered formalin and embedded in paraffin. A 22-mer oligonucleotide probe was labeled with digoxigenin and used as an in situ marker. The labeled cells were mainly composed of tenocytes and undifferentiated mesenchymal cells. In complete-thickness-tears, the labeled cells at the proximal tendon-stumps in the specimens that were obtained less than 4 months after trauma were significantly more abundant than in the specimens obtained 4 months or more after trauma. However, the number of labeled cells was maintained at the torn portion even in long-standing incomplete-thickness tears. The labeled cells at the margins of concomitant intratendinous extensions of the tears were detected even in the long-standing tears. The intratendinous extensions exhibited more labeled cells than the bursal-side or joint-side layers of the tendon substance in the incomplete-thickness tears (p < 0.05). The torn supraspinatus tendon may possess an intrinsic healing capability in the intermediate and late phases of tendon healing. Incomplete-thickness tears and concomitant intratendinous extensions can continue to rupture after the initial injury.
6.
Lee, S. B.; Nakajima, T.; Luo, Z. P.; Zobitz, M. E.; Chang, Y. W.; and An, K. N.: The bursal and articular sides of the supraspinatus tendon have a different compressive stiffness. Clin Biomech (Bristol, Avon), 15(4): 241-7, 2000.
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CONCLUSION: Overuse activity has been implicated as an etiologic factor in injury to the rotator cuff and to the supraspinatus tendon in particular. Due in part to the lack of an appropriate animal model, expex85ental studies have not addressed this issue. With the use of a rat model, we measured the effects of an overuse running regimen on 36 Sprague-Dawley rats after 4 (n = 12), 8 (n = 12), or 16 (n = 12) weeks of exercise and compared them with a control group of rats (n = 10) who were allowed normal cage activity. The histologic characteristics, the gross morphologic characteristics, and the mechanical properties of the tendon tissue were evaluated. The supraspinatus tendons in the exercised animals demonstrated significant changes as a result of overuse at all time points compared with the normal group. There was an increase in cellularity and a loss of the normal collagen fiber organization consistent with what has been seen in human tendinopathy. The tendons from the exercise groups were larger than normal in cross-sectional analysis at 4 weeks (129% of control, P < .01) and continued to increase in size with time to 16 weeks (164% of control, P = .01). The mechanical properties of the tendons deteriorated in response to overuse exercise with a decreased modulus of elasticity ranging from 52% to 61% of control (P = .07 at 4 weeks, P < .05 at 8 and 16 weeks) and a decreased maximum stress of failure ranging from 51% to 63% of control (P < .007). These findings support overuse activity as an etiologic factor in the development of supraspinatus tendinopathy and begin to describe the changes in the tendons as a result of such activity. This model can now be used to study the effect of various treatment modalities on these injuries.
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CONCLUSION:  The optimal indication for LDTT is irreparable superior and posterior rotator cuff rupture with loss of active ER associated with a deficient teres minor muscle. It is debatable whether LDTT is indicated in the absence of active motion deficiency: improvement was observed in these cases, but only in terms of subjective criteria. Postoperatively, 8% of the patients were unable to eat and drink, compared to 64.7% preoperatively. Improvement was better in case of severe preoperative active ER deficit and insufficiency of the teres minor muscle. 
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CONCLUSION:  We conclude that in patients with irreparable rupture of subscapularis after shoulder replacement there is a high risk of failure of transfer of pectoralis major, particularly if there is pre-operative anterior subluxation of the humeral head.
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