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Abstract
Rotator cuff tears are among the most common musculoskeletal injuries 
worldwide, often requiring surgical intervention to restore shoulder 
function. Despite improvements in surgical techniques, rotator cuff re-
injury remains a significant challenge, influenced by a combination of 
patient-related and procedural factors. The incidence of re-injury after 
surgery ranges from 15% to 21%, varying based on the severity of the 
initial injury and adherence to rehabilitation. In this article, we critically 
examine the risk factors, incidence, and management strategies associated 
with rotator cuff re-injury. Key risk factors include advanced age, larger 
tear size, poor tissue quality, high activity levels, and comorbid conditions 
like diabetes and hyperlipidemia. Age-related degenerative changes, 
muscle atrophy, and fatty infiltration impair tendon healing, increasing the 
risk of re-injury. Emerging geometric classifications of rotator cuff tears 
(Types 1-4) provide valuable insights into prognosis and guide surgical 
approaches. Management strategies for re-injury include both conservative 
approaches, such as physical therapy and activity modification, and surgical 
revisions, including tendon transfers and superior capsular reconstruction. 
Novel interventions like biological scaffolds, mesenchymal stem cell 
therapy, and machine learning-driven rehabilitation protocols are being 
explored to enhance tendon healing and reduce re-injury rates. However, 
gaps remain in understanding the biological mechanisms of tendon repair 
and optimizing personalized treatment strategies. Future research should 
focus on integrating biomolecular insights with clinical practice to improve 
outcomes and reduce the burden of rotator cuff re-injury.
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Introduction 
Rotator cuff tears are one of the most prevalent types of musculoskeletal 

injuries that require surgical intervention with more than two million 
Americans each year suffering from some type of rotator cuff injury [1]. 

Despite the significant advances made in treatment of rotator cuff tears, risk of 
re injury continues to be a challenging concern. Muscles involved in the rotator 
cuff are the infraspinatus, teres minor, subscapularis, and supraspinatus. Each 
of these muscles works together to stabilize motions such as glenohumeral 
abduction, internal rotation, and external rotation. Injuries to the rotator cuff 
generally occur due to trauma, repeated use, or degenerative changes which 
can occur over time [2]. Furthermore, the supraspinatus muscle has been 
documented as the most likely to become susceptible to injury [3]. 
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to have higher rotator cuff retear post-surgery compared to 
those returning to jobs that do not require physical work [19]. 
For high activity individuals, it is recommended to undergo 
a long-term, structured, rehabilitation program under the 
supervision of a physician and physical therapist with a 
gradual increase in activity over time to decrease the risk of 
rotator cuff retear [20].

The primary objective of this study is to evaluate an 
array of risk factors that contribute to occurrence of rotator 
cuff re-injury, assess existing gaps in knowledge, and 
comprehensively explore treatment modalities in addressing 
instances of rotator cuff re-injury.

Incidence
Rotator cuff injuries can differ significantly based on 

factors such as age, level of activity, and fitness status. In 
the United States, the prevalence of rotator cuff tears ranges 
from 7% to 22% for adults over the age of 40 [21]. Moreover, 
rotator cuff re-injury is one of the most common complications 
of rotator cuff injuries. The incidence of rotator cuff re-injury 
after surgery ranges from 15% to 21% between 6 months 
to 24 months after surgery. Specifically, the re-injury rates 
differ based on the time frame after surgery. Within 3 months 
after surgery, retear incidence is about 15%. Between 3 
to 6 months retear rates are at 21%. From 6 to 12 months 
retear rates are at 16%. These variations in retear rates are 
attributable to original size of the rotator cuff tear, age, and 
surgical technique used [22].

Rotator cuff tears are most prone to re-injury within 
the first six months of the initial injury. Several factors 
can hinder tendon healing, including age, tear size, tendon 
retraction, and fatty infiltration [23]. The literature on rotator 
cuff retear remains insufficient on a broad scale. However, 
numerous smaller studies have examined retear incidences 
within hospital and outpatient settings. A study conducted by 
Smid, Hart, and Puskeilier [24] to assess the predictability of 
rotator cuff re-injury included 37 shoulders with rotator cuff 
tears. 21 of the 37 shoulders included a tangent sign, which is 
defined as a failure of the supraspinatus to cross a line from 
the superior border of the coracoid process to the superior 
border of the scapular spine. Before surgery, 18 of the 21 
shoulders with tangent signs were shown to have a recurrence 
of rotator cuff tear within 2 years. The average tear size for 
shoulders with a positive tangent sign was 39.6 mm and the 
average retear size for the subjects was 40.8 mm [24]. Another 
study which examined rotator cuff retear rate looked at 693 
patients who underwent arthroscopic rotator cuff repair. The 
study showed that the rate of retear was 7.22% of those 693 
patients. Moreover, this study found that rotator cuff retears 
were most affected by age, presence of inflammatory arthritis, 
completeness of the rotator cuff repair, the initial tear size, 
and mean operative time [25].

Symptoms of rotator cuff tears include pain in the shoulder 
while initiating movement, weakness in the affected arm, and 
limited range of motion especially in external and internal 
rotation. Standard of care treatment for rotator cuff re-injury 
includes physical therapy or arthroscopic rotator cuff repair 
followed by post-operative rehabilitation [4].

Age, tear size, tissue quality, activity level, compliance 
with rehabilitation, and smoking have been found to be 
the biggest factors contributing to re-injury [5]. Of these 
factors, age is the biggest predictor of rotator cuff retear due 
to degenerative tissue quality changes and reduced healing 
capacity [6]. Moreover, as one ages the probability of 
developing comorbidities increases significantly. Diabetes, 
hyperlipidemia, smoking, and osteoporosis make up the most 
significant factors as predictors for age-related rotator cuff 
retear [7]. Over time, muscle atrophy and fatty infiltration 
due to chronic rotator cuff tear can also play a role in the 
probability of rotator cuff retear. The presence of atrophy 
and fatty infiltration further compromises tissue quality and 
reduces the ability for tendon healing significantly [8-10]. 
Additionally, immune response due to several inflammatory 
mediators [9-12] and the regulation and phenotype of 
collagens are critical in the healing response of tendon 
following initial injury and repair [13,14] and could result in 
significant pain and re-tear [15,16]. 

There is no standard classification for rotator cuff tear size. 
However, there are new geometric classifications consisting 
of Type 1, Type 2, Type 3, and Type 4. Type 1 rotator 
cuff tears are classified as having a predictable and good 
prognosis. Type 2 is described as a longitudinal-shaped tear 
and is repaired side to side with good prognosis. Type 3 tears 
are considered massive tears in which coronal and sagittal 
dimensions measure greater than 2 × 3 cm. These types 
of tears are generally treated with interval slides or partial 
repair, and prognosis can vary from person to person. Lastly, 
Type 4 tears are characteristic of end-stage degenerative 
tears of the glenohumeral joint in which there is articulation 
between the humeral head and the acromion process, making 
the rotator cuff tear irreparable. Type 4 classification tears 
include complete tears of superior and posterior rotator cuff, 
supraspinatus, infraspinatus, and teres minor [17].

Activity level has been shown to have a large impact on 
retear rates for rotator cuff injury in patients presenting before 
or after surgical repair. High activity individuals such as 
athletes and manual laborers are at the highest risk for rotator 
cuff retear. Sports such as baseball, tennis, swimming, and jobs 
that involve heavy lifting and/or repeated overheard shoulder 
use have a significant risk in retear. Following surgery, those 
who participate in physically demanding jobs and high impact 
sports have higher rates of rotator cuff retear after surgery 
[18]. Of the occupations that require repetitive shoulder use, 
carpenters, electricians, and construction workers were found 
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Risk Factors
Following a rotator cuff tear repair, there are four major 

factors that increase the risk of developing a recurrent rotator 
cuff injury: age, tear size, diabetes and hyperlipidemia. 

Age: Age is a well-documented risk factor for rotator cuff 
retears. In a meta-analysis of 31 studies completed by Longo, 
U.G., et al, a group of patients ranging from 53 to 67 years
old was statistically analyzed for the risk of retear following
a rotator cuff repair surgery [26]. After splitting this cohort
into two groups ranging from 53 to 60 years old and 61 to 67
years old, the risk of retear for the younger cohort was 14.4%
and 24.3%, respectively, yielding a statistically significant
difference (P<0.0001), indicating a correlation between older
age and rotator cuff retear. Another meta-analysis including
38 studies with a total of 3072 patients found that the risk
of rotator cuff retear doubled from 15% at 50 years old to
31% at 70 years old [27]. These poorer outcomes following
a rotator cuff repair in older adults suggests a negative
association between the structural integrity of the rotator cuff 
after repair and age of the patient, likely contributing to the
greater prevalence of retears in older adults. However, in a
study by Routledge, et. al, age was not found to be the largest
risk factor for rotator cuff re-injury, contrary to many studies,
suggesting multifactorial causation for rotator cuff re-injury
[28].

Tear Size: Tear size is a significant predictor of rotator 
cuff re-injury after surgical repair. Larger tears are generally 
associated with higher failure rates, likely due to the increased 
biomechanical stress required for healing across a broader 
area and the greater degenerative changes often observed in 
these cases [29, 30]. Additionally, studies have shown that tear 
size impacts the integrity of postoperative repair, with larger 
tears more likely to experience incomplete healing, leading 
to an increased likelihood of re-injury [31]. The increased 
difficulty in achieving a secure fixation and the higher stress 
required during rehabilitation for larger tears underscore the 
importance of early intervention and targeted rehabilitation 
protocols for patients with large rotator cuff injuries. In terms 
of tear size, there are three classifications: small (less than 1 
cm), medium (1-3 cm), large (3-5 cm), and massive (greater 
than 5 cm). Small to medium sized rotator cuff tears are less 
prone to retear and thus smaller tears have better prognosis 
compared to large and massive tears in which retear rates are 
significantly higher [32]. For large and massive tears, retear 
rates can vary between 50-94%, especially if there is poor 
tissue quality [33].

Diabetes: As a result of diabetes, there is a higher 
risk of rotator cuff retear, impaired tendon healing, 
reduced functional recovery, and increased intraoperative 
complications. Moreover, diabetes patients are twice as likely 
to experience complications following arthroscopic rotator 

cuff repair, which includes double the risk of retear and repair 
failure [34]. In a study that compared diabetic-induced rats 
to non-diabetic rats, evaluation of the Achilles tendon after 
an Achilles tendon repair had shown that in the diabetic 
rats, there was a lower peak force for failure after 2, 4, and 
6 weeks follow up. Histologically, the diabetes-induced rats 
had significantly less fibroblast proliferation and lymphocyte 
infiltration compared to the control [35].

As mentioned, diabetes increases the risk of rotator cuff 
retear by negatively impacting the body’s ability to heal itself. 
Chronic hyperglycemia leads to an increase in the amount 
of glycation end products (AGEs) which adversely affects 
collagen quality, further impacting the structural integrity 
of the tendon [13,15]. Moreover, diabetes induces chronic 
inflammation and vascular dysfunction resulting in less blood 
supply and nutrients being delivered to the already-damaged 
tendon. Studies have shown that diabetic patients have higher 
rates of postoperative retears. One meta-analysis reported 
retear rates of 24.5% in diabetic patients compared to 13.7% 
in non-diabetic patients [36].

Hyperlipidemia: Additionally, hyperlipidemia impacts 
tendon to bone healing by allowing for increased fatty 
infiltration of the rotator cuff muscles leading to increased 
retear rates. As discussed by Sripathi et al. [37], metabolic 
syndrome predisposes tendon repairs to retears due to 
increased inflammation, impaired collagen reorganization, 
and tendon stiffness secondary to fatty infiltration. Similarly, 
Fang et al. [38] observed disorganized collagen fibers in 
hyperlipidemic swine, reinforcing the effect that metabolic 
disorders have on the integrity and stability of tendons. In 
a similar manner, numerous studies have observed reduced 
elasticity and viscoelastic properties of repaired rotator cuff 
tendons in hyperlipidemic swine [39,40,41]. This finding 
further emphasizes the significant role of metabolic diseases 
in influencing the outcomes of tendon tear repair. Metabolic 
syndrome related risk factors for retear prevention includes 
glucose and cholesterol management, which has been shown 
to blunt the risk of retear [42,43].

Management of Re-injury in the Rotator Cuff
Re-injury proceeding a rotator cuff repair portrays a 

wide range of recurrence, ranging from 13% to 94% [44]. 
As a result, effective management of re-injury requires a 
multifactorial approach that is patient-centered and includes 
assessing functional requirements, causes of the initial 
failure, and the possibilities of treatment. Several factors 
increase the risk of retear including age, shoulder anatomy, 
and medical comorbidities such as diabetes, hyperlipidemia, 
and osteoporosis. For instance, patients older than 80 years 
have a very high retear rate (seven-fold) as compared to 
younger patients [45]. Management of these risk factors is 
pivotal for the initial care as well as prophylaxis for re-injury.
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Rotator cuff re-injury management is characterized 
by two categories: conservative or surgical. Patients with 
insignificant symptoms or those who cannot undergo 
surgery may benefit from a conservative approach, which 
involves physical therapy aimed at reducing rotator cuff 
stress to enhance their functionality. The primary objective 
is to restore the rotator cuff’s function while simultaneously 
minimizing any potential structural damage. If the re-injury is 
irreparable, some patients might qualify for superior capsular 
reconstruction or tendon transfer [46]. If a patient’s tendon 
integrity is sufficient, revision rotator cuff repair is a viable 
option.

Rehabilitation plays an important role both in dealing with 
the initial surgical repair and avoiding re-injury. Along with 
surgical procedures, immobilization is helpful to ensure proper 
healing. Gradual progression to passive range-of-motion 
exercises improves flexibility without overstressing the repair 
site, while active range-of-motion strengthening exercises 
are introduced later a patient-to-patient basis. Rehabilitation 
protocols should be tailored to everyone’s needs, as engaging 
in improper or premature activities can increase the risk of 
sustaining additional injuries [47]. Treating modifiable risk 
factors such as smoking cessation and optimizing metabolic 
health, in conjunction with physical therapy, can also improve 
outcomes. Ultimately, a successfully managed treatment plan 
that results in a return to normalcy after a rotator cuff repair 
relies on an intersected approach that incorporates surgical 
expertise, rehabilitation, and patient education to enhance 
long-term outcomes (Figure 1).

Gaps in Knowledge
Although rehabilitation strategies for rotator cuff tears 

have advanced significantly, there are still numerous 
persisting gaps that underscore the limitations of the current 
understanding of treatment techniques and surgical methods. 
A pivotal limitation in management of rotator cuff tears 
entails the process of tendon healing after surgical repair. 
Tendon healing is a multifactorial process in which multiple 
intersecting biological responses must be considered. 
While inflammatory responses and intracellular pathways 
are characterized as critical processes, the inter-relatedness 
between inflammation and collagen remodeling is poorly 
understood which can significantly limit potential restorative 
interventions [48]. Additionally, comorbidities and risk 
factors like osteoarthritis, diabetes, hyperlipidemia, and 
smoking can complicate the objective assessment of tendon 
healing and collagen remodeling due to their additive nature. 
Diabetic patients portray altered collagen characteristics as 
well as diminished vascular properties which increases the risk 
of compromised tendon integrity [49]. The use of biological 
stem cells, scaffolds, and grafts in rotator cuff tears holds 
promise for enhancing tissue regeneration. However, the 
full extent of their long-term potency remains undiscovered, 

and the unexplored cost-effectiveness of these treatments 
poses a significant obstacle to standardizing regenerative 
medicine for rotator cuff tears [50]. Limitations in classifying 
rotator cuff tears based on lifestyle differences among patient 
populations hinder the development of an optimal treatment 
approach for individuals with high levels of rotator cuff 
activity and intensity, such as athletes and laborers [51]. To 
address these barriers, a cross-functional approach should be 
administered that intersects biomolecular, biomechanical, 
and patient-oriented approaches to maximize the potency and 
cost-effectiveness of new and emerging treatment methods for 
rotator cuff tears. To determine the effectiveness and safety of 
new treatments and to improve rehabilitation methods, large, 
well-conducted, randomized controlled trials are required. 
Bridging the gaps in assessing tendon quality and the healing 
process may also provide a better understanding of the higher 
recurrence rates of certain tendon tears. This knowledge 
can help identify at-risk populations and refine strategies to 
reduce the incidence of retears in those groups.

Future Directions
Rotator cuff retear has several treatment modalities 

including surgical repair and non-surgical management 
through physical therapy, rehabilitation, pain management, 
and activity/lifestyle modifications. Pain management 

Figure 1: The risk of rotator cuff re-injury is influenced by multiple 
factors, including tear size, with larger tears having a higher 
likelihood of recurrence due to compromised tendon integrity. 
Systemic conditions like diabetes, hyperlipidemia, alcoholism, 
and obesity can impair healing by reducing blood flow and 
collagen synthesis, while aging further weakens tendon structure 
and regenerative capacity. Additionally, a high activity level may 
increase mechanical stress on the repaired tendon, further elevating 
the risk of re-tear.
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generally involves the use of NSAIDs or corticosteroid 
injections. Moreover, mesenchymal stem cell therapy holds 
promise as a potential alternative for managing rotator cuff 
tears. However, studies have found over and over that the 
use of mesenchymal stem cells have had very few clinical 
successes. Furthermore, there are substantial obstacles 
to its widespread adoption, including the absence of cost 
standardization and a lack of affordability [52].

Scaffolds and grafts have emerged as a more promising 
therapy, demonstrating a reduction in the rate of rotator cuff 
retear. Biological or synthetically made scaffolds can be used 
to reinforce tendon damage and aid in tissue regeneration. 
One study found that synthetic scaffolds, like Ligament 
Advanced Reinforcement System (LARS), which is an 
artificial ligament used as a synthetic graft for reconstruction, 
showed exceptionally promising results after 36 months of 
follow-up. All patients reported a significant reduction in 
pain, improved rotator cuff function, and increased angular 
range of motion with intact tendons in 15 out of 17 patients 
[53]. Innovative methods, such as 3D-printed scaffolds and 
bioengineered grafts, hold the potential to revolutionize 
tendon repairs. Recent studies have shown that 3D-printed 
scaffolds can be meticulously engineered to replicate the 
natural tendon structure by incorporating chemical features 
that enhance cell adhesion and proliferation [54]. These 
technologies, in conjunction with the use of growth factors, 
could greatly improve tendon regeneration and decrease 
the rate of retear. Furthermore, the integration of machine 
learning and artificial intelligence in clinical practice has 
paved the way for the implementation of personalized 
treatment plans tailored to individual patient characteristics. 
For instance, algorithms trained on diverse patient datasets 
through machine learning can predict the risk of retear and 
generate customized rehabilitation protocols [55]. These 
innovative approaches, coupled with ongoing analysis 
of tendon biology and biomechanical integrity, have the 
potential to significantly enhance patient outcomes and 
alleviate the financial burden associated with rotator cuff 
injuries. By addressing these concerns, healthcare systems 
can develop more effective strategies for managing rotator 
cuff tears, thereby reducing the severity and likelihood of re-
injury among patients.

Conclusion
Although shoulder rotator cuff injury repairs are a 

common surgical procedure, the risk of retear remains a 
significant complication. This paper examines several key 
risk factors associated with retear of rotator cuff injuries, 
including patient age, tear size, diabetes, hyperlipidemia, 
surgical technique, tendon size, and rehabilitation protocols. 
By comprehending how these factors interact, physicians can 
develop personalized treatment plans to minimize the risk 
of rotator cuff retears. The incidence of retear varies among 

patients. However, advancements in surgical techniques and 
improved post-operative care have contributed to reducing 
the risk of rotator cuff retear.

Key points
• Rotator cuff tears can severely restrict shoulder mobility

and interfere with daily activities, often requiring medical
intervention for recovery. Despite advancements in
surgical techniques, many patients face a risk of re-injury
within two years of the initial repair.

• Factors such as older age, larger tear dimensions,
compromised tissue quality, high physical demands, and
metabolic conditions like diabetes and hyperlipidemia
increase the risk of re-injury.

• Deterioration in muscle structure, including atrophy
and fatty deposits, reduces the ability of tendon to heal
effectively after surgery.

• Classifying rotator cuff tears based on geometric patterns
helps clinicians predict outcomes and choose the most
appropriate surgical method.

• Non-surgical treatments, including customized physical
therapy plans and lifestyle adjustments, play a vital role
in managing rotator cuff injuries and preventing re-injury.

• For recurrent injuries, surgical options like tendon
transfers, superior capsular reconstruction, or repeat
rotator cuff repairs may be considered depending on the
patient's condition.

• Cutting-edge therapies, such as tissue scaffolds, stem
cell applications, and artificial intelligence-driven
rehab programs, are being explored to improve healing
processes and reduce the likelihood of future tears.
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