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Factors affecting rotator cuff tendon healing after arthroscopic repair augmented with platelet-rich fibrin in large rotator cuff tears: A prognostic study 
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Abstract
Objective: To identify preoperative prognostic factors associated with tendon-to-bone healing after arthroscopic repair of large rotator cuff tears augmented with platelet-rich fibrin (PRF).
Methods: A prospective study enrolled patients with large rotator cuff tears (3–5 cm) who underwent arthroscopic suture‑bridge repair with PRF augmentation. Preoperative clinical data, MRI findings, and intraoperative factors were analysed against 6‑month postoperative MRI tendon integrity (Sugaya classification). Univariate and multivariate logistic regression identified independent predictors.
Results: Of 60 patients, 15 (25.0%) had a retear at 6 months. Univariate analysis showed that age, infraspinatus fatty infiltration grade 2, supraspinatus occupation ratio, infraspinatus occupation ratio, acromiohumeral distance, and inferoglenohumeral distance were significantly associated with retear. In multivariate analysis, only the supraspinatus occupation ratio remained an independent protective factor (OR = 0.70 per 1% increase; 95% CI: 0.51–0.94; p = 0.018). The model’s small event number (15 retears) limits precision; findings are exploratory.
Conclusion: Preoperative supraspinatus occupation ratio on MRI is an independent prognostic factor for tendon healing after arthroscopic PRF‑augmented repair of large rotator cuff tears. Larger validation studies are needed.
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Plain English Summary
Rotator cuff tears are common shoulder injuries that often require surgery. Even after successful repair, the tendon can re‑tear in up to 40% of patients. This study examined which factors predict successful healing after arthroscopic repair combined with platelet‑rich fibrin (a blood product that may promote healing). We studied 60 patients with large rotator cuff tears (3–5 cm). We found that the amount of healthy supraspinatus muscle visible on preoperative MRI was the single most important predictor of tendon healing. Patients with greater muscle bulk had significantly lower re‑tear rates. Because only 15 patients experienced a re‑tear, our statistical estimates are not very precise, and larger studies are needed to confirm our findings. Nevertheless, measuring supraspinatus muscle size on MRI can help surgeons counsel patients about expected outcomes before surgery.
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Introduction
Large and massive rotator cuff tears represent a substantial proportion of all rotator cuff injuries, affecting shoulder function and quality of life (1). Arthroscopic rotator cuff repair has become the standard surgical treatment, and the suture‑bridge technique provides strong biomechanical fixation (2). Despite technical advances, postoperative retear rates remain high, ranging from 24% to 40% in large‑to‑massive tears, with some series reporting up to 94% retear (3, 4, 5). Patients with recurrent tears consistently have poorer functional outcomes than those with intact healing (1).
Several risk factors for retear have been identified, including advanced age, tear size, tendon retraction, fatty infiltration of the rotator cuff muscles, and reduced acromiohumeral distance (6, 7, 8). In particular, supraspinatus muscle atrophy and infraspinatus fatty degeneration appear to be strong predictors (9). To improve healing, biological augmentation with platelet‑rich fibrin (PRF) or platelet‑rich plasma (PRP) has been proposed. PRF releases multiple growth factors (PDGF, TGF‑β, VEGF, IGF‑1, FGF, EGF) that promote cellular proliferation, angiogenesis, and matrix synthesis (10, 11). Some controlled studies suggest that PRF augmentation may reduce retear rates after rotator cuff repair, especially in larger tears (12, 13).
However, even with PRF augmentation, the ability to predict which patients will achieve tendon healing remains uncertain. Accurate preoperative prediction would help surgeons and patients choose appropriate treatment strategies and set realistic expectations. The present study, therefore, aimed to identify risk factors for retear after arthroscopic suture‑bridge repair with PRF augmentation in a relatively homogeneous cohort of patients with large rotator cuff tears (3–5 cm). We focused on preoperative clinical and MRI variables, using 6‑month postoperative MRI as the endpoint of healing.

Materials and Methods
Study design and ethical approval
This was a prospective, single‑centre prognostic study conducted at Viet Duc University Hospital, Hanoi, Vietnam, between May 2025 and April 2026. The study protocol was approved by the Institutional Review Board of Viet Duc University Hospital (Approval No. 1697/GCN-HMUIRB, dated 17/4/2025). All participants provided written informed consent. The study was conducted in accordance with the Declaration of Helsinki.


Patient selection
Consecutive patients aged 18–80 years with a full‑thickness rotator cuff tear measuring 3–5 cm in the mediolateral dimension (or involving at least two tendons) were considered for inclusion. Additional inclusion criteria were: (1) ability to undergo arthroscopic suture‑bridge repair with PRF augmentation, (2) normal platelet count (150–450 G/L), and (3) willingness to comply with postoperative rehabilitation and follow‑up MRI.
Exclusion criteria were: previous shoulder surgery on the affected side, acute traumatic tear (<3 weeks from injury), chronic shoulder dislocation, septic arthritis, rotator cuff arthropathy with glenohumeral osteoarthritis and superior humeral head migration, thrombocytopenia (<150,000 platelets/mL), current antiplatelet or anticoagulant medication, and psychiatric disorders precluding informed consent.

Preoperative data collection
Demographic and clinical data included age, sex, symptom duration, mechanism of injury (traumatic vs degenerative), and range of motion (forward elevation, extension, abduction, adduction, internal rotation, external rotation) measured with a goniometer. Clinical tests (Jobe, Patte, Gerber, drop arm) were performed by an experienced shoulder surgeon.

Preoperative MRI protocol and measurements
All patients underwent preoperative MRI of the affected shoulder using a 1.5‑T scanner (Siemens Magnetom Avanto, Erlangen, Germany) with a dedicated shoulder coil. The following parameters were assessed by two musculoskeletal radiologists blinded to clinical outcomes, with consensus reading:
Hamada classification (grades 1–5) (14)
Patte tendon retraction stage (I–III) (15)
Mediolateral and anteroposterior tear size (mm)
Fatty infiltration of supraspinatus and infraspinatus according to Goutallier classification (grades 0–4) (16)
Occupation ratio (muscle area divided by osseous fossa area) for supraspinatus and infraspinatus on the most lateral sagittal oblique Y‑view, where the scapular spine is connected to the body (9)
Tangent sign (positive if the supraspinatus muscle did not cross a line from the scapular spine to the superior border of the coracoid)
Acromiohumeral distance (AHD, mm) – the shortest distance between the inferior acromion and humeral head
Inferoglenohumeral distance (IGHD, mm) – distance from the inferior glenoid rim to the humeral head on coronal sections
Acromial morphology (type II or III according to Bigliani)
No formal inter‑ or intraobserver reliability analysis was performed, which is a limitation.

Surgical technique
PRF preparation 
All surgeries were performed by a single fellowship‑trained shoulder surgeon (NMK) to ensure technical consistency. The Vivostat system (Vivostat A/S, Allerød, Denmark) was used to prepare autologous platelet‑rich fibrin glue. Under general anaesthesia, 120 mL of venous blood was collected into a citrate‑containing kit. After centrifugation, the platelet‑rich fibrinogen fraction was aspirated and mixed with batroxobin activator, converting fibrinogen into liquid platelet‑rich Des‑A fibrin monomers. The preparation was then used intraoperatively as a spray.

Arthroscopic repair and PRF augmentation
Patients were placed in the beach‑chair position. Standard posterior, lateral, and anterior portals were established. After subacromial decompression and acromioplasty (when indicated), the rotator cuff tear was assessed. Mobilisation included anterior interval slides and release of the supraspinatus and infraspinatus tendons as needed. The greater tuberosity footprint was debrided to a bleeding bone surface.
Two double‑loaded medial‑row anchors were placed approximately 2 mm lateral to the articular cartilage. Sutures were passed through the tendon using a suture‑passing device. Before lateral‑row fixation, the joint fluid was evacuated, and the liquid platelet‑rich Des‑A fibrin monomer mixed with buffer solution was sprayed onto the tendon‑bone interface. After polymerisation (approx. 30 seconds), two lateral‑row anchors were inserted at the lateral border of the greater tuberosity, and sutures were tensioned evenly to compress the tendon onto the footprint. Skin was closed in layers.

Postoperative rehabilitation
The shoulder was immobilised in an abduction brace for 6 weeks. During this period, passive forward elevation, backward extension, elbow and wrist exercises were allowed. Active range‑of‑motion exercises (forward elevation, abduction, internal/external rotation) began between weeks 6 and 12. Strengthening exercises started after 3 months. Rehabilitation compliance was encouraged but not objectively monitored.

Outcome assessment
The primary outcome was tendon integrity on MRI at 6 months postoperatively, classified according to Sugaya (17): grade I (sufficient thickness, homogeneous low intensity), II (sufficient thickness with partial high intensity), III (insufficient thickness without discontinuity), IV (minor discontinuity, small tear), V (major discontinuity, medium/large tear). Healing was defined as Sugaya grades I–III, and retear (failure) as grades IV–V.

Statistical analysis
Given the exploratory nature of the study and the limited number of expected events, we did not perform a formal sample size calculation. Post‑hoc, the cohort of 60 patients with 15 retears provides a ratio of events‑per‑variable of 3:1 for a model with 5 predictors, which is below the recommended 10:1 (18); therefore, all multivariate results should be interpreted as exploratory.
Data were analysed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA). Normality was assessed with the Shapiro‑Wilk test. Continuous variables were compared using independent t‑tests (normal) or Mann‑Whitney U tests (non‑normal). Categorical variables were compared using chi‑square or Fisher’s exact test. Univariate logistic regression was performed for each potential predictor. Variables with p < 0.10 in univariate analysis were considered for multivariate logistic regression, but we limited the number of covariates to a maximum of 4 to avoid overfitting, selecting those with the strongest clinical relevance and lowest p‑values. Odds ratios (OR) with 95% confidence intervals (CI) were reported. Statistical significance was set at p < 0.05 (two‑tailed).

Results
Patient characteristics and healing outcomes
A total of 60 patients (45 male, 15 female) with a mean age of 60.3 ± 7.1 years were included. At 6‑month follow‑up MRI, 45 patients (75.0%) showed tendon healing (Sugaya I–III) and 15 (25.0%) had a retear (Sugaya IV–V). Baseline characteristics are summarised in Table 1.


Table 1: Demographic and preoperative clinical characteristics
	Variable
	Healed (n=45)
	Retear (n=15)
	p value

	Age, years (mean ± SD)
	58.8 ± 1.2
	64.7 ± 1.7
	0.012*

	Male sex, n (%)
	26 (57.8)
	10 (66.7)
	0.543

	Symptom duration, months (mean ± SD)
	7.71 ± 2.99
	7.73 ± 2.89
	0.98

	Traumatic mechanism, n (%)
	28 (62.2)
	12 (80.0)
	0.206

	Forward elevation (°)
	99.3 ± 21.5
	104 ± 16.4
	0.445

	Jobe test positive, n (%)
	45 (100)
	15 (100)
	–


*Independent t‑test; otherwise chi‑square or Fisher’s exact


Patients in the retear group were significantly older (64.7 vs 58.8 years, p = 0.012). Sex, symptom duration, and range of motion did not differ significantly.

Preoperative MRI findings
Table 2 summarises preoperative MRI variables. Infraspinatus fatty infiltration grade 2 was much more common in the retear group (86.7% vs 31.1%, p = 0.001). The supraspinatus occupation ratio was significantly lower in the retear group (45.3% ± 3.1% vs 60.2% ± 7.7%, p < 0.0001), as was the infraspinatus occupation ratio (54.4% ± 6.3% vs 69.1% ± 7.1%, p < 0.0001). Acromiohumeral distance was smaller (4.3 ± 0.9 vs 5.2 ± 1.2 mm, p = 0.008), and inferoglenohumeral distance was larger (8.8 ± 0.4 vs 6.4 ± 1.3 mm, p < 0.0001) in the retear group. Other parameters (Hamada classification, Patte stage, tear dimensions, supraspinatus fatty infiltration, tangent sign, acromial morphology) did not differ significantly.


Table 2: Preoperative MRI characteristics
	Variable
	Healed (n=45)
	Retear (n=15)
	p value

	Supraspinatus occupation ratio (%), mean ± SD
	60.2 ± 7.7
	45.3 ± 3.1
	<0.0001*

	Infraspinatus occupation ratio (%), mean ± SD
	69.1 ± 7.1
	54.4 ± 6.3
	<0.0001*

	Infraspinatus fatty infiltration grade 2, n (%)
	14 (31.1)
	13 (86.7)
	0.001†

	Acromiohumeral distance (mm), mean ± SD
	5.2 ± 1.2
	4.3 ± 0.9
	0.008*

	Inferoglenohumeral distance (mm), mean ± SD
	6.4 ± 1.3
	8.8 ± 0.4
	<0.0001*

	Patte grade 3 retraction, n (%)
	36 (80.0)
	11 (73.3)
	0.719

	Mediolateral tear size (mm)
	34.9 ± 4.2
	35.8 ± 5.1
	0.51


*Independent t‑test; †Fisher’s exact test.


Intraoperative and PRF‑related variables
No significant differences were observed between groups for tear configuration (Burkhart classification), number of involved tendons (Colin classification), biceps tendon pathology, PRF volume used (mean 4.44 mL overall), platelet concentration in PRF, or peripheral blood platelet count (all p > 0.05). Thus, the biological augmentation was similar across patients.

Univariate and multivariate logistic regression
Univariate logistic regression (Table 3) identified several factors significantly associated with retear: age (OR = 1.12 per year, 95% CI: 1.02–1.23, p = 0.018), infraspinatus fatty infiltration grade 2 versus grade 0–1 (OR = 10.2, 95% CI: 2.00–53.27, p = 0.005), supraspinatus occupation ratio (OR = 0.63 per 1% increase, 95% CI: 0.49–0.81, p < 0.001), infraspinatus occupation ratio (OR = 0.78, 95% CI: 0.69–0.88, p < 0.001), AHD (OR = 0.45 per mm, 95% CI: 0.24–0.85, p = 0.013), and IGHD (OR = 902.97, 95% CI: 2.67–304,830.8, p = 0.022). The extreme OR for IGHD indicates model instability due to sparse data.
Given the limited number of events (n=15), we constructed a multivariate model with four prespecified predictors: age, supraspinatus occupation ratio, infraspinatus fatty infiltration grade, and AHD. We excluded IGHD because of its unstable estimate and collinearity with AHD.


Table 3: Univariate logistic regression for retear
	Variable
	OR
	95% CI
	p value

	Age (per year)
	1.12
	1.02–1.23
	0.018

	Infraspinatus fatty infiltration grade 2 (vs 0–1)
	10.2
	2.00–53.27
	0.005

	Supraspinatus occupation ratio (per 1% increase)
	0.63
	0.49–0.81
	<0.001

	Infraspinatus occupation ratio (per 1% increase)
	0.78
	0.69–0.88
	<0.001

	Acromiohumeral distance (per mm)
	0.45
	0.24–0.85
	0.013

	Inferoglenohumeral distance (per mm)
	902.97
	2.67–304830.8
	0.022




The final multivariate model (Table 4) showed that only the supraspinatus occupation ratio remained statistically significant (OR = 0.70 per 1% increase, 95% CI: 0.51–0.94, p = 0.018). Age, infraspinatus fatty infiltration, and AHD were not independent predictors in this model.


Table 4: Multivariate logistic regression (final model)
	Variable
	OR
	95% CI
	p value

	Age (per year)
	1.08
	0.82–1.42
	0.6

	Infraspinatus fatty infiltration grade 2
	2.12
	0.41–10.84
	0.368

	Supraspinatus occupation ratio (per 1% increase)
	0.7
	0.51–0.94
	0.018

	Acromiohumeral distance (per mm)
	0.41
	0.08–2.07
	0.28



The Hosmer‑Lemeshow test indicated acceptable calibration (p = 0.72), but the small sample size limits reliability.

Discussion
In this prospective cohort of patients undergoing arthroscopic suture‑bridge repair with PRF augmentation for large rotator cuff tears (3–5 cm), the preoperative supraspinatus occupation ratio on MRI was the only independent predictor of tendon integrity at 6 months. This finding aligns with a growing body of evidence that muscle‑tendon quality, particularly supraspinatus muscle atrophy, is a critical determinant of healing after rotator cuff repair, even when biological augmentation is used (9, 19, 20, 21).

Comparison with existing literature
Several studies have examined prognostic factors for retear. In a cohort of large rotator cuff tears (mean tear size >3 cm), Jeong et al. found that a supraspinatus occupation ratio <43% and infraspinatus fatty infiltration ≥ grade 2 predicted retear with high accuracy (AUC 0.908) (9). Our results similarly show that a lower occupation ratio strongly associates with retear. However, unlike Jeong’s study, we did not find infraspinatus fatty infiltration to be independent in multivariate analysis. This discrepancy may reflect differences in sample size, tear size distribution, or the use of PRF augmentation, which could potentially mitigate some effects of fatty degeneration – though this remains speculative.
Park et al. identified age, tear size, and infraspinatus fatty infiltration as independent predictors in small‑to‑medium tears (19). In our largely homogeneous tear size cohort, tear size did not differ between groups, allowing other factors to emerge. Age was significant in univariate but not multivariate analysis, suggesting that its effect may be mediated through muscle atrophy (older patients having more severe atrophy). This is plausible because age‑related sarcopenia and tendinopathy are well recognised.
The acromiohumeral distance was reduced in the retear group, consistent with reports that AHD <7 mm predicts failed healing (6). However, AHD lost significance in multivariate analysis, likely because it is an indirect marker of chronic cuff deficiency and muscle imbalance rather than a direct cause of retear. The extreme odds ratio for inferoglenohumeral distance (IGHD) reflects the small number of patients with large IGHD values, and we caution against clinical use of this parameter based on our data.

Role of PRF augmentation
All patients received PRF augmentation, so we cannot compare PRF versus no PRF. However, our retear rate of 25% at 6 months is comparable to or slightly lower than reported rates for large tears without biological augmentation (which range from 24% to 40% (3, 4)). This observation is consistent with meta‑analyses suggesting that PRP/PRF may reduce retear risk, particularly in larger tears (12, 13). Nevertheless, even with PRF, baseline muscle atrophy remains a powerful prognostic factor. PRF likely provides a favourable biological environment but cannot reverse established degenerative changes.

Study limitations and future directions
This study has several important limitations, largely stemming from the modest sample size and single‑centre design.

Limited statistical power and overfitting risk
With only 15 retear events, our multivariate model included four predictors, yielding an events‑per‑variable ratio of 3.75, well below the recommended 10. Consequently, the adjusted odds ratios are imprecise (wide confidence intervals) and may be biased. The extremely wide CI for IGHD in univariate analysis is a classic sign of sparse‑data bias or complete separation. Therefore, our findings should be considered hypothesis‑generating rather than definitive. Future studies should enrol at least 150–200 patients with large tears to achieve adequate power.

No external validation or reliability assessment
The supraspinatus occupation ratio was measured by consensus of two radiologists, but we did not quantify inter‑ or intraobserver agreement. This measurement is known to have moderate variability, and our results may not be reproducible in other centres without standardised protocols.

Short follow‑up
A six-month MRI may miss late retears that occur between 6 and 24 months. Longer follow‑up (≥1 year) is recommended for definitive assessment of structural healing (5).

Lack of a control group
Because all patients received PRF, we cannot determine whether PRF modified the prognostic effect of muscle atrophy. A randomised controlled trial comparing repair with and without PRF would be needed to answer that question.

Missing potential confounders
We did not collect data on smoking status, diabetes mellitus, body mass index, bone mineral density, or rehabilitation compliance – all of which may influence tendon healing (8, 19).

Generalisability
The Vivostat system produces a liquid fibrin sealant rather than the solid PRF membrane used in many studies. This may limit comparability with other PRF literature.

Future directions
Larger multicentre prospective studies with standardised MRI protocols, blinded central reading, and longer follow‑up are required to validate the supraspinatus occupation ratio as a robust clinical tool. Additionally, the interaction between PRF augmentation and muscle quality should be explored in randomised trials. Future research might also incorporate machine learning models that integrate multiple imaging and clinical variables to produce individualised risk predictions.
Despite these limitations, the consistency of our findings with prior work strengthens the argument that preoperative assessment of supraspinatus muscle atrophy is clinically useful. For surgeons, a low occupation ratio (e.g., <45%) should prompt a thorough discussion of retear risk, even when using biological augmentation. For patients, realistic expectations about the likelihood of structural healing can be set based on MRI‑measured muscle quality.

Conclusion
In patients with large rotator cuff tears treated by arthroscopic suture‑bridge repair augmented with PRF, the preoperative supraspinatus occupation ratio on MRI is an independent prognostic factor for tendon healing at 6 months. Patients with greater muscle atrophy (lower occupation ratio) have significantly higher retear risk, regardless of age, fatty infiltration, or acromiohumeral distance. These findings emphasise the importance of preoperative MRI assessment of muscle quality for prognostic counselling. However, due to the small sample size and limited number of retear events, our results should be interpreted as exploratory. Larger validation studies are necessary before clinical implementation as a standalone predictive tool.
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