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Abstract: (1) Background: Tendon-to-bone healing is a challenge after rotator cuff repair. This study reports early radiological and 

clinical outcomes following arthroscopic repair of rotator cuff tears augmented with a novel demineralized bone fiber (DBF) 

implant at the footprint to enhance the enthesis; (2) Methods: Retrospective review of patients who underwent arthroscopic 

rotator cuff repair with DBF augmentation was conducted. Pain, range of motion (ROM), isometric strength of rotator cuff, and 

patient-reported outcome measures were evaluated preoperatively and at 6, 12, and 24 months postoperatively. Magnetic 

resonance imaging at 6 months postoperatively was assessed for tendon thickness, healing, and quality (Sugaya Classification). 

A matched control group without augmentation was used for comparison; (3) Results: Thirty-one patients were included in each 

group. At mean follow-up of 8 months, pain, ROM, and strengths were comparable between the two groups. DBF-augmented 

group had significantly better ASES, Constant, and UCLA scores. While tendon quality and thickness did not differ significantly, 

qualitative MRI analysis showed obvious encroachment of tendon onto bone with greater surface coverage on the footprint;     

(4) Conclusions: DBF augmentation in rotator cuff repair shows promising early signs of enhanced enthesis and superior patient-

reported outcomes. Long-term studies with larger patient population are needed to confirm these preliminary findings.  

Keywords: rotator cuff repair; rotator cuff healing; retear; enthesis; tendon-to-bone healing; demineralized bone fiber implant; 
demineralized bone matrix 

 
1. Introduction  

Rotator cuff repair is a widely performed procedure for 
symptomatic rotator cuff tears. It has been estimated that 
approximately 250,000 rotator cuff repairs are being 
performed per year in the United States [1], with the rates 
steadily increasing because of the aging population. 
However, despite this high volume and efforts, rotator cuff 
repairs are still reported to fail at a high rate, especially in 
massive, retracted rotator cuff tears. Retear rate after repair 
of these tears can be as high as 94% [2]. Failure after a cuff 
repair is multifactorial. Both patient and surgical variables 
play a role in increasing the risk of retear. These include 
age, size of tear, fatty infiltration, tendon quality, presence 
of osteoporosis, diabetes, and smoking status. All these 
factors ultimately affect the healing of rotator cuff tendons 
onto bone. Despite advancements in surgical techniques, 
healing after rotator cuff repair, particularly of massive, 
retracted rotator cuff tears, has been a challenge. Achieving 
robust tendon-to-bone healing at the enthesis, even in 
smaller cuff tears, has consistently been a weak link and a  

source of failure. The enhancement of biologic integration 
at this bone-tendon interface is crucial to improve healing 
rates after rotator cuff repair and decreases the risk of retears.  
The enthesis is a specialized transitional zone where the 
rotator cuff attaches to bone. 

Due to tendon and bone having different stiffness 
properties, this interface is crucial for effective load transfer. 
A healthy enthesis features a fibrocartilage region with 
gradations in not only mechanical properties, but also cell 
phenotype, matrix composition and tissue organization. It 
consists of a four-zone structure, involving bone, 
mineralized and unmineralized fibrocartilage, and tendon 
[3]. However, the enthesis has poor healing  potential, and 
true biological healing at this interface has often failed with 
traditional repair methods using sutures, anchors, and 
even overlay patches. These methods frequently result in 
the formation of disorganised scar tissue, which is 
biomechanically inferior to native tissue [3-5]. Incomplete 
healing and gap formation commonly occur at the enthesis, 
increasing the risk of retears and clinical failure, which most 
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commonly occurs within the initial 6 to 26 weeks following 
arthroscopic repair (mean 19.2 weeks) [6,7].  Apart from 
improving on surgical techniques to address the risk of 
retear, recent advancements include biologic approaches to 
improve healing at the enthesis after rotator cuff repair. A 
novel 100% demineralized cortical bone implant (Enfix®, 
Tetrous Inc., Los Angeles, CA) has been developed to 
augment rotator cuff repair at the footprint with the aim of 
improving the enthesis. This interpositional, all-in-bone 
implant is designed to be easily incorporated into the 
surgeon’s current technique and is placed in the bone 
extending between the bone and the tendon. The 
underlying rationale is that the demineralized bone fiber 
(DBF) technology can trigger endochondral ossification, 
leading to the formation of healthy and strong new tissue with 
continuity from the bone through the enthesis and into the 
tendon, which has been demonstrated in several preclinical 
studies [8,9]. This DBF technology has been implemented 
successfully in bone grafting applications in spine surgery 
[10]. The EnFix family of implants (including EnFix RC™, 
TAC-O™, and TAC-T™) aims to uniquely offer biological 
enhancement of the re-attachment of bone to tendon, 
differentiating it from traditional methods and addressing the 
persistent point of failure in rotator cuff repair. This study 
aims to present the early radiological and clinical 
outcomes after arthroscopic repair of rotator cuff tears 
augmented with the Enfix RC DBF implant at the footprint. 
The primary objective was to evaluate the initial impact of this 
augmentation technique on tendon healing and clinical 
outcomes at a  minimum of 6 months postoperatively in 
comparison to a matched cohort that did not receive the 
augmentation.  This interim analysis of prospectively 
collected data provides early insights into the potential 
benefits of this novel approach in improving the quality 
of tendon healing following rotator cuff repair and its impact 
on clinical outcomes. 
 
2. Materials and Methods 
2.1. Study Design 
This is a retrospective review of prospectively collected data 
of patients who underwent arthroscopic rotator cuff repair for 
posterosuperior rotator cuff tears augmented with Enfix RC 
DBF implant in a single center performed by a single 
shoulder subspecialist (AG) from August 2023 to October 
2024 (augmented group). A matched control group based 
on age, sex, repaired tendons, tear characteristics, and 
follow-up period was selected from the database of patients 
who underwent rotator cuff repair without augmentation 
prior to the availability of Enfix RC. Patients with repairable 
subscapularis tears were not excluded from the cohort. 
Patients with follow-up of less than 6 months and with no 
postoperative magnetic resonance imaging (MRI) were 
excluded from the study. Ethical approval was received from 

the Ramsay Health Care QLD Human Research Ethics 
Committee (Protocol No. 2024/ETH/0050) and informed 
consents were obtained from all patients. 
 
2.2. Surgical Technique  
The senior surgeon’s indications for the use of Enfix RC DBF 
implant during arthroscopic rotator cuff repairs include large 
to massive rotator cuff tears, tears with poor tendon quality, 
and in revision surgeries. All surgeries are performed in a 
beach chair position under combined general anaesthetic 
and interscalene nerve block.  Standard diagnostic 
arthroscopy using standard posterior and anterior portals is 
performed to assess rotator cuff tear and other concomitant 
pathologies. After diagnostic arthroscopy, adequate 
releases are performed. Whenever appropriate, muscle slide 
and advancement with suprascapular nerve release are 
performed especially for the large and massive retracted 
rotator cuff tears to ensure tension-free repair [11,12]. Once 
tension-free reduction of the rotator cuff tendons to the 
footprint is achieved, Enfix RC is inserted onto the footprint, 
adjacent to the planned anchor placement near the medial 
row or between the medial and lateral rows (Figure 1). 
Standard double row repair technique is performed. For 
delaminated tears, separate repair of the deep and 
superficial layers is done using the double layer Lasso loop 
technique [13]. All repairs are performed using 5.5-mm 
polyether ether ketone (PEEK) Quattro X medial row anchors 
(Zimmer Biomet, Warsaw, IN) and 5.5-mm PEEK Quattro Link 
Knotless lateral row anchors (Zimmer Biomet, Warsaw, IN). 
The same technique and implants were utilized for the 
control group, with the exception that no Enfix RC insertion 
was carried out. 
 

  
(a) (b) 

 

Figure 1. Shoulder arthroscopy of the right shoulder viewed 
from the lateral portal showing Enfix RC inserted (a) side-by-
side and (b) adjacent to the medial row anchors and between 
medial and lateral rows. 

2.3. Postoperative Rehabilitation 

Patients are placed in an abduction sling for 6 weeks. Gentle 
passive ROM is begun on day 1 postoperatively, progressed 
to active-assisted ROM at 2 weeks and to active ROM at 6 
weeks. Strengthening is generally commenced at 12 weeks 
postoperatively. 
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2.4. Clinical Outcomes 

As part of standard clinical practice, pain, active range of 
motion (ROM), isometric  strength of rotator cuff muscles, 
patient-reported outcome measures (PROMs), and 
satisfaction were collected preoperatively and at 6 months, 
12 months, and 24 months after surgery using Akunah PROMs 
(Akunah Medical Technology, Brisbane, Australia).  Pain was 
evaluated using visual analogue scale (VAS). Active ROM 
included forward flexion (FF), lateral elevation (LE), external 
rotation at 0° abduction (ER1), external rotation, internal 
rotation to the back (IR1), and internal rotation at 90° 
abduction (IR2). Functional external rotation, as described by 
Constant et al. [14], involved a combination of external 
rotation, frontal, and lateral elevation. This movement 
included positioning the hand behind or above the head, with 
elbows directed either forward or back. Isometric strength of 
the rotator cuff was obtained using handheld dynamometer 
(Commander Echo MMT; JTECH Medical, Midvale, UT).  
Subscapularis strength was measured in the bear hug 
position. Supraspinatus strength was measured in the empty 
can position. Infraspinatus strength was measured in the ER1 
position. Strength of lateral elevation was also measured with 
the shoulder at 90 degree abduction. Relative strength was 
calculated as a percentage of the strength of the operated 
shoulder in comparison to the contralateral shoulder. Hence, 
patients who had pathology on the contralateral shoulder 
were not included in the analysis of relative strengths. PROMs 
included the American Shoulder and Elbow Surgeons (ASES) 
Shoulder score, Constant score, University of California Los 
Angeles (UCLA) Shoulder score, and satisfaction. 

2.5. Radiologic Assessment 

MRI arthrogram scans with 3.0-T machine were routinely 
obtained preoperatively to assess the degree of tendon 
retraction, the severity of fatty infiltration, and the length of 
the remaining tendon stump. Supraspinatus, infraspinatus, 
and teres minor tendon retraction was classified using the 
Patte classification [15]. Subscapularis tears were graded 
according to the Lafosse classification [16]. Fatty infiltration 
was initially classified on T1-weighted sagittal oblique 
sequence using the Goutallier classification modified by 
Fuchs et al. [17,18] and then simplified to low-grade fatty 
infiltration (Goutallier 0-2) and high-grade fatty infiltration 
(Goutallier 3-4). Noncontrast MRI scans were repeated at 6 
months postoperatively to assess tendon healing and quality 
using the Sugaya classification [19]. Tendon thickness was 
measured on the T2-weighted coronal oblique sequence,  

 

 

measuring perpendicular to the thickest portion of the tendon 
at the footprint near the repair site where the anchors are 
visible (Figure 2). All radiographic evaluation was assessed by 
two fellowship-trained shoulder surgeons. 
 

 

Figure 2. Tendon thickness measurement at the footprint near 
the repair site on T2-weighted coronal oblique sequence. 

 

2.6. Statistical Analysis  

Descriptive statistics were presented as means, standard 
deviations, ranges, and percentages.  Comparisons of 
variables between groups were made using t-test or Mann-
Whitney U-test depending on data normality. There was no 
adjustment for multiple testing. Comparisons between 
categorical variables were made using Fishers Exact test and 
Chi-squared test. P value <.05 was considered significant. 
Minimal clinical important differences (MCID) for the different 
variables were established from published data to determine 
the clinical significance of findings and statistical analysis 
[20,21]. A change in the mean score that exceeded MCID for 
a specific variable was considered clinically significant. 

 

3. Results 

3.1. Patient Demographics and Rotator Cuff Tear 
Characteristics 

A total of 31 patients from the augmented group and 31 
patients from the matched control group with mean age of 
54.8 years were included in the study. The mean follow-up 
period was 8 months. Both groups were comparable in terms 
of age, sex distribution, follow-up period, and preoperative 
tear characteristics (Table 1). Majority of the patients have at 
least two-tendon tears with Patte 2 to 3 retraction and low-
grade fatty infiltration (Goutallier 0 to 2) with comparable 
distribution between the two groups.
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Table 1. Patient Demographics and Rotator Cuff Tear Characteristics  
 

Variables Augmented Group Control Group P value 

         Age at surgery, y  Mean (SD, range)      54.8 (6.1, 40-65)       54.8 (6.2, 42-64) p=1.000 

      Sex (Male : Female) 24 (77.4%) : 7 (22.6%) 23 (74.2%) : 8 (25.8%) p=0.767 

   Follow-up time, months  Mean (SD, range)        7.8 (3.4, 6-14)       8.4 (3.4, 6-18) p=0.388 

Affected tendons based on Collin 
Classification 

   

Type A 1 (3.2%) 1 (3.2%)  

Type B 2 (6.5%) 1 (3.2%)  

Type C 6 (19.4%) 4 (12.9%)  

Type D 15 (48.4%) 12 (38.7)  

Type E 2 (6.5%) 6 (19.4%) p=0.617 

     Type B+D§ 3 (9.7%) 2 (6.5%)  

 Type C+E§ 0 (0%) 1 (3.2%)  

Type B+E§ 0 (0%) 2 (6.5%)  

      Isolated supraspinatus 2 (6.5%) 2 (6.5%)  

     Fatty Degeneration*    

SSC    

Goutallier 0-2 10/12 (83.3%) 11/11 (100%) p=0.478 

Goutallier 3-4 2/12 (16.7%) 0/11 (0%)  

SSP    

Goutallier 0-2 27/31 (87.1%) 27/31 (87.1%) p=1.000 

Goutallier 3-4 4/31 (12.9%) 4/31 (12.9%)  

   Goutallier 0-2      24/26 (92.3%)                25/27 (92.6%)  
  p=1.000 

  Goutallier 3-4        2/26 (7.7%)                  2/27 (7.4%) 

TM    

  Goutallier 0-2        2/2 (100%)                  9/9 (100%)  
N/A 

 Goutallier 3-4          0/2 (0%)                    0/9 (0%) 

     Tendon Retraction    

Patte 1         13 (41.9%)                   10 (32.3%)  

Patte 2          4 (12.9%)                   6 (19.4%) p=0.662 

Patte 3         14 (45.2%)                   15 (48.4%)  

SD, standard deviation; SSC, subscapularis; SSP, supraspinatus; ISP, infraspinatus; TM, teres minor. 
§Not in the original Collin classification but the types have been combined to depict involved tendons.   
*Only includes cases with tears 

3.2. Patient-Reported Outcome Measures (PROMs) 
Preoperative PROMs were comparable between the two 
groups, except for preoperative pain which was significantly 
worse in the augmented group (p=0.048) (Table 2).  
Postoperatively, the patients in the augmented group 
showed significantly better Constant, ASES, and UCLA 
scores. The improvement in scores from preoperative to 
postoperative was also greater in the augmented group 
but was only statistically significant for VAS (p=0.016) and 
ASES (p=0.018). The mean change in PROMs for both 
groups exceeded the MCID of 1.5, 4.6, 11.1, and 6 for VAS, 

Constant, ASES, and UCLA scores, respectively, suggesting 
clinically significant improvements [20,21]. A greater 
percentage of patients from the augmented group reached 
the MCID but this difference did not reach statistical 
significance. Postoperative satisfaction rate was also similar 
in both groups (p=0.612).  At six months postoperatively, 
83.9% in the augmented group were able to return to work 
and sport/hobby completely, while 54.8% in the control 
group were able to return to work completely and 51.6% in 
the control group were able to return to sport/hobby 
completely. 
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Table 2. Preoperative and Postoperative Patient-Reported Outcome Measures (PROMs) 
 

Variables Augmented Control P Value 

VAS  Mean (SD, range)    

Preoperative   4.3 (2.5, 0-9)   3.0 (2.6, 0-8) p=0.048 

Postoperative   0.4 (0.9, 0-4)   0.9 (1.5, 0-7) p=0.094 

Change       -3.9 (2.5, -9.0-0.0) -2.1 (2.7, -6.0-7.0) p=0.016 

n(%)> MCID of 1.5 [20]   25/31 (80.6%) 18/31 (58.1%) p=0.054 

Constant Score Mean (SD, range)    

Preoperative        55.4 (16.5, 13-81)   50.7 (18.0, 4-75) p=0.375 

Postoperative   80.4 (6.1, 62-92)   70.6 (12.0, 37-88) p<0.001 

Change       25.0 (17.1, 0-66.0)   19.8 (17.4, -10-64) p=0.248 

n(%) > MCID of 4.6 [21]  26/30 (86.7%) 25/31 (80.6%) p=0.525 

ASES Score Mean (SD, range)    

Preoperative      55.8 (20.8, 22-100)   60.5 (19.5, 10-90) p=0.368 

Postoperative       95.2 (8.9, 63-100)   87.9 (12.3, 55-100) p=0.001 

Change  39.3 (21.0, 0-78)   27.4 (17.4, -23-60) p=0.018 

n(%) > MCID of 11.1 [21]   29/31 (93.5%)      26/31 (83.9%) p=0.425 

UCLA Score Mean (SD, range)    

Preoperative   18.9 (6.9, 8-35)      16.4 (5.9, 7-29) p=0.207 

Postoperative  33.1 (2.8, 25-35)     27.3 (7.5, 10-35) p<0.001 

Change   14.1 (7.0, 0-26)    10.9 (8.5, -14-23) p=0.206 

n(%) > MCID of 6.0 [20]   26/30 (86.7%)      25/31 (80.6%) p=0.525 

Satisfaction Frequency (%)    

Preoperative     3/31 (9.7%)         0/31 (0%) p=0.238 

Postoperative   30/31 (96.8%)     28/31 (90.3%) p=0.612 

Return to Work    

    Complete        83.9%          54.8% 

p=0.034        Partial        16.1%          38.7% 

     Unable           0%           6.5% 

Return to Sport/Hobby    

   Complete        83.9%          51.6% 

p=0.016       Partial        16.1%          38.7% 

    Unable           0%           9.7% 
 

VAS, Visual analogue scale. ASES, American Shoulder and Elbow Surgeons. UCLA, University of California-Los Angeles 
  

3.3. Active Range of Motion 

Preoperative active ROM in all planes were comparable 
between the two groups (Table 3). Postoperatively, there was 
no significant difference in active ROM between the two  

 

 

 

groups. The improvement in active ROM from preoperative  

to postoperative was also not statistically different between 
the two groups. 
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3.4. Strength 

Preoperative absolute and relative strengths of the rotator 
cuffs were comparable between the two groups. On the 
other hand, the preoperative relative strength of LE was 
significantly greater in the augmented group (p=0.004) (Table 
4). Postoperatively, there was no significant difference in 
absolute strengths between the two groups, while the 
improvement in absolute strengths from preoperative to 
postoperative was comparable as well. Postoperative relative 

strengths of the rotator cuff were greater in the augmented 
group, while the lateral elevation relative strength was 
greater in the control group. However, these differences did 
not reach statistical significance.  Both groups achieved at 
least 90% of the strength of the contralateral normal shoulder 
postoperatively, except for supraspinatus strength of the 
control group, which was 87%. There was greater 
improvement in relative strength from preoperative to 
postoperative in the control group, but this did not reach 
statistical significance. 

Table 3. Preoperative and Postoperative Active Range of Motion 
 

Variables Augmented Control P Value 

Forward Elevation  Mean, degrees (SD, range)   

Preoperative  143 (44, 30-180) 141 (47, 0-180) p=0.710 

Postoperative  170 (12, 120-180) 171 (15, 100-180) p=0.377 

Change  27 (45, -20-150) 30 (44, -10-180) p=0.610 

Lateral Elevation    Mean, degrees (SD, range)    

Preoperative  137 (49, 20-180) 129 (47, 0-180) p=0.268 

Postoperative  161 (29, 70-180) 161 (17, 100-180) p=0.225 

Change  24 (45, -50-130) 33 (38, -10-170) p=0.226 

ER1*   Mean, degrees (SD, range)    

Preoperative  52 (16, 20-80) 52 (22, 0-80) p=0.536 

Postoperative  63 (14, 20-80) 60 (12, 30-80) p=0.190 

Change  11 (22, -30-50) 9 (21, -30-60) p=0.629 

Functional ER∇					Frequency (%)    

Preoperative 
4/0/5/5/17 

(12.9/0/16.1/16.1/54.8) 

3/1/5/9/13 

(9.7/3.2/16.1/29/41.9) p=0.589 

Postoperative 
0/0/0/3/27 

 (0/0/0/10/90) 

0/0/0/1/6/24 

(0/0/3.2/19.4/77.4) p=0.339 

IR1◊   Frequency (%)    

Preoperative 
               0/4/8/9/9/1 
       (0/12.9/25.8/29/29/3.2) 

2/3/5/5/13/2 
(6.7/10/16.7/16.7/43.4/6.7) 

     p=0.413 

Postoperative             0/0/2/10/16/2 
        (0/0/6.7/33.3/53.3/6.7) 

0/0/3/9/14/5 
(0/0/9.7/29/45.2/16.1) 

     p=0.647 

IR2§    Mean, degrees (SD, range)    

Preoperative                55 (22, 0-90) 53 (21, 0-80)      p=0.785 

Postoperative               68 (17, 30-90) 64 (14, 30-80)      p=0.141 

Change              13 (27, -40-80) 11 (21, -30-65)      p=0.744 
 

*External rotation at 0° abduction 
∇Functional external rotation: hand to the back of the head with elbow forward/ hand to the back of the head with elbow back/ hand to the top of the 

head with the elbow forward/ hand to the top of the head with the elbow back/ full elevation 
◊ Internal rotation to the back: lateral thigh/buttock/lumbosacral junction/waist/T12 vertebrae/interscapular area 
§Internal rotation at 90° abduction 
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Table 4. Preoperative and Postoperative Absolute and Relative Strengths 
 

 

       Absolute Strength 

        Kg, mean (SD, range) 

Augmented 

n=31 

Control 

n=31 
  P Value 

Lateral Elevation    

Preoperative   3.7 (1.6, 0-6.4)  3.1 (1.5, 0-7.0)    p=0.584 

Postoperative    4.7 (1.7, 2.7-10.0)   4.4 (2.1, 1.7-11.3)    p=0.515 

Change    1.0 (2.0, -2.8-5.2)   1.3 (2.2 (-3.4-7.7)    p=0.486 

Supraspinatus    

Preoperative   3.3 (1.6, 0-7.7)   3.4 (1.9, 0-9.1)    p=0.820 

Postoperative   4.4 (1.7, 1.8-8.8)    4.5 (2.1, 1.4-10.9)    p=0.834 

Change   1.1 (1.9, -3.6-5.4)    1.1 (2.3, -2.3-7.0)    p=0.981 

Infraspinatus    

Preoperative   4.0 (1.5, 0-6.4)    3.9 (2.0, 0-8.2)    p=0.779 

Postoperative   4.8 (1.3, 2.9-7.5)     5.2 (2.5, 1.4-15.0)    p=0.664 

Change   0.7 (1.8, -2.5-5.0)     1.3 (2.5, -2.7-10.0)    p=0.462 

Subscapularis    

       Preoperative             5.4 (2.4, 0-11.6)     6.1 (3.3, 0-14.5)    p=0.376 

      Postoperative            6.5 (2.3, 2.9-14.7)    7.6 (3.4, 4.1-18.6)    p=0.267 

           Change            0.9 (2.6, -4.6-6.4)    1.6 (3.6, -5.4-10.2)    p=0.419 

 

Relative Strength* 

%, mean (SD, range) 

Augmented 

n=29 

Control 

n=26 
P Value 

Lateral Elevation    

Preoperative  71.9 (25.3, 0-108.5)    53.3 (21.4, 16.9-100) p=0.002 

Postoperative   90.9 (15.6, 47.7-123.7)    91.3 (25.1, 38.9-148.1) p=0.515 

Change  20.0 (32.8, -36.7-94.1)    38.0 (29.2, -39.5-99.0) p=0.038 

Supraspinatus    

Preoperative  65.8 (31.4, 0-118.5)     57.9 (20.5, 26.5-95.1) p=0.288 

Postoperative   90.4 (22.4, 42.6-161.5)     87.2 (22.9, 31.1-133.3) p=0.601 

Change   26.1 (39.4, -68.5-105.1)     31.5 (22.0, -10.4-69.5) p=0.549 

Infraspinatus    

Preoperative   81.5 (37.7, 0-213.3)      68.1 (25.2, 23.7-117.4) p=0.133 

Postoperative    97.6 (16.9, 72.9-140.4)      90.2 (20.2, 34.1-115.4) p=0.340 

Change    16.5 (42.0, -113.3-105.9)     22.1 (23.6, -19.3-76.2) p=0.554 

Subscapularis    

Preoperative   75.1 (28.8, 0-153.5)     72.0 (23.9, 0-106.7) p=0.672 

Postoperative    97.9 (19.3, 57.6-148.8)      95.2 (18.1, 60.0-135.6) p=0.610 

Change    22.3 (38.8, -59.2-126.7)      23.2 (27.5, -19.8-85.6) p=0.918 

*Relative strength is the strength of the affected shoulder compared with the contralateral normal shoulder as a percentage. 
Patients with pathology in the contralateral shoulder preoperatively and on follow-up were excluded from this analysis. 
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3.5. Radiographic Outcomes 

Twenty-seven patients (27) and twenty-nine patients (29) 
from the augmented group and control group, respectively, 
had MRI scans at 6 months postoperatively. There were  no 
re-tears in either group, with a healing rate of 100%. The 
distribution of patients having Sugaya type I, II, and III was 
similar in both groups (p=0.985), with most patients having  

 

 

 

Sugaya type II tendon quality. The tendon at the footprint 
was noted to be thicker in the augmented group, but the 
difference did not reach statistical significance (p=0.464) 
(Table 5).  Qualitative observation of the MRI scans of the 
patients in the augmented group, however, showed more 
robust tendons, with obvious encroachment of tendon onto 
bone and bigger surface area of coverage on the footprint 
as seen in Figure 3. 

Table 5. Radiographic Outcomes 

 

Variables 
Augmented Group 

n=27 

Control Group 

n=29 
P value 

Tendon thickness at footprint 

mm, mean (SD, range) 
  5.3 (1.9, 2.1-11.2)   4.9 (1.8, 1.6-8.7) p=0.464 

Healing 

Frequency (%) 
                  27 (100%) 29 (100%) 

 

    p=0.985 
   

Sugaya Classification 
Frequency (%) 

 

Type I                   1 (3.7%)                    1 (3.4%)  

Type II                  20 (74.1%)                   21 (72.4%)  

Type III                  6 (22.2%)                   7 (24.1%)  

Type IV                    0 (0%)                     0 (0%)  

Type V                    0 (0%)                     0 (0%)  

 
 

 

 
 

 

 
 

 

 
 

 
(a) (b) (c) (d) 

Figure 3. Six-month postoperative noncontrast MRI: (a) Coronal and (b) sagittal T2-weighted images of a patient in the 

augmented group showing obvious encroachment of tendon onto bone with greater surface coverage at the footprint (red 

arrow), which is not visible in the non-augmented repair (c-d). 
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4. Discussion 
This study presents the early outcomes of a novel DBF 
implant (Enfix RC) used in the augmentation of arthroscopic 
rotator cuff tear repairs. Radiologic assessment at 6 months 
postoperatively demonstrated complete healing with a 
trend towards more robust tendon quality and greater 
surface area of tendon encroachment onto bone in the 
augmented group compared to the non-augmented group. 
Neither group experienced any re-tears during this period. 
Furthermore, the improvements in the clinical outcomes of 
pain, function, active ROM, and strength were comparable 
between the cohorts, with promising early results of 
significantly better ASES, Constant, and UCLA scores, with a 
trend of achieving greater rotator cuff relative strengths in 
the group with DBF augmentation.  DBF, which is a form of 
demineralized bone matrix (DBM), promotes healing and 
integration at the enthesis following rotator cuff repair 
through both osteoconductive and osteoinductive 
properties, and providing a structural scaffold. Bone 
collagen is the primary constituent and they also contain 
bone morphogenetic proteins (BMPs), as well as other 
growth factors known to facilitate healing. These BMPs are 
primarily responsible for stimulating the differentiation of 
mesenchymal stem cells (MSCs) into osteoblasts and 
chondrocytes, thereby promoting osteoinduction [22-24]. 
Thus, the recreation of the four-zone fibrocartilaginous 
structure of the native enthesis is achieved [25-27]. 
Furthermore, collagen deposition, neovascularisation, and 
infiltration of host cells occurs through the porous structure 
of the DBF which functions as a scaffold. This 
osteoconductive property enables cells necessary for tissue 
repair to migrate to the area and provides a framework for 
new tissue formation at the enthesis [28-30]. By allowing 
for the organization of the newly formed extracellular matrix 
and guiding the regeneration of the neo-enthesis, DBF is 
thought to give additional support to the initial tendon 
repair [3,31]. Numerous preclinical studies have 
demonstrated that instead of just forming fibrous scar tissue, 
the use of DBM at the tendon-bone interface can lead to the 
development of a more functional four-zone enthesis. DBM 
aims to enhance integration between the bone and tendon 
through soft tissue and osseous ingrowth into the matrix in 
order to more evenly distribute tensile forces and reduce 
stress concentrations. The ultimate goal being to improve 
the mechanical properties of the repair and potentially 
decrease retear rates.  The early clinical findings observed in 
the augmented group support the efficacy of the use of DBF 
in rotator cuff repairs and are consistent with preclinical 
animal studies, which have demonstrated improved tendon-
bone healing with better histological and biomechanical 
characteristics. Sundar et al. [9] produced strips of 

demineralized allogeneic bone and used them in a sheep 
model of tendon enthesis healing. The DBM- treated group 
experienced fewer early failures compared to the control 
group, and histological analysis at 12 weeks showed 
reformation of the enthesis in the DBM group, which was not 
observed in the control group. In another bovine study using 
a patellar tendon defect model, allogenic DBM resulted in 
significantly higher functional weight- bearing compared to 
xenogenic DBM at 6, 9, and 12 weeks [26]. The allograft 
DBM also had greater remodelling into tendon-like tissue 
and a significantly more mature neo-enthesis with the 
characteristic four zones [26].  Heuberer et al. [25] showed 
less scar tissue and more physiologic enthesis morphology 
in sheep 4 weeks following injection with DBM powder. The 
growth factors, including the BMPs found in DBM, have also 
shown promising results in rotator cuff healing. Rodeo et al. 
[7] used a mixture of osteoinductive growth factors in a 
collagen type I sponge in a sheep model, reporting 
improved biomechanical properties.  Smith et al. [30] 
studied rotator cuff healing in a dog model using a 
demineralized cancellous sponge loaded with platelet-rich 
plasma (PRP). They demonstrated improved histology, MRI 
scores, and repair strength at 12 weeks in the DBM-PRP 
group compared to the direct repair group. MRI and 
histology scores were significantly better, and 
biomechanical testing showed significantly improved 
strength at various displacements and for ultimate failure 
load in the DBM-PRP repairs. Lovric et al. [32] demonstrated 
that DBM powder introduced into the bone tunnel of an ACL 
repair in a rodent model demonstrated increased graft 
strength at 4 and 6 weeks. The tendon-bone interface had 
considerably more woven bone formation and statistically 
higher peak load to failure, potentially due to higher levels 
of BMPs. Moreover, Lee et al. [31] compared rotator cuff 
repair with and without DBM augmentation in a rabbit 
model. Histological analysis revealed that the DBM group 
had a more organized tendon midsubstance with densely 
arranged collagen fibers and a tendon-bone interface 
consisting of organized collagen fibers with large quantities 
of fibrocartilage and mineralized fibrocartilage, which was 
less pronounced in the control group. Other studies 
involving rabbit models have also demonstrated promising 
histological results with the use of DBM [33,34]. In contrast, 
another study in rats with chronic rotator cuff degeneration 
found that allogenic DBM was not associated with improved 
histological remodelling compared to nonaugmented repair 
or repair with dermal matrix [35].  There is limited clinical 
literature specifically analysing the outcomes of DBM 
augmentation at the enthesis in rotator cuff repair. A 
systematic review by Hexter et. al. [36] highlighted that the 
efficacy of DBM in augmenting healing at the enthesis in 
humans lacks clinical studies, with most evidence being 
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preclinical. However, some studies have examined DBM 
augmentation in general. Wellington et al. [28] reported on 
DBM (Flexigraft, Arthrex, Naples, FL, USA) augmented with 
PRP and concentrated bone marrow aspirate (cBMA) for 
chronic full thickness rotator cuff tears. MRI demonstrated 
supraspinatus failure in 50% of complex rotator cuff tears – 
a failure rate similar to that previously described for such 
repairs. The study acknowledged limitations such as the lack 
of a control group and the concomitant use of PRP and 
cBMA, making it difficult to isolate the effect of DBM alone.   
While further research is required to define the clinical 
benefits of the DBF in rotator cuff repair, there are several 
advantages. This method addresses the weak link by 
targeting the enthesis, which is described as a persistent 
point of rotator cuff repair failure. Furthermore, the notion 
that it triggers biological regeneration in this area is well 
supported in preclinical literature as described previously. 
The DBM technology is also safe for clinical use and has 
been used extensively in other orthopaedic operations, 
particularly in spinal surgery as a bone void filler and graft 
material [10]. While this is the case, DBM is most commonly 
used in powder form, putties, paste, or cancellous chips. 
Hence, its handling and use during arthroscopic rotator cuff 
repairs would be challenging or impossible, as well as it lacks 
osteoconductivity. The advantage of the DBF technology is 
that it utilizes the biologic potential of DBM in a form that 
has better handling characteristics and osteoconductivity, 
providing ease of use during arthroscopic rotator cuff 
repairs. Because Enfix implants are shaped similar to suture 
anchors, their insertion during surgery aligns with the current 
techniques performed during arthroscopic rotator cuff 
repairs.  The use of augmentation strategies to improve 
healing at the tendon-bone interface is an active area of 
research. While various materials and techniques have been 
proposed (e.g. fenestrated anchors and open coils), 
interpositional DBF implants like Enfix RC represent a direct 
and distinct approach to biological enhancement at the 
enthesis. Although studies have indicated lower failure rates 
with similar interpositional implants as compared to onlay-
augmented repairs, they often lacked control groups, 
rendering direct comparisons challenging [37-39]. Our study 
attempts to address this with a matched non-augmented 
cohort.  Although both cohorts demonstrated comparable 
postoperative outcomes across most clinical variables, the 
augmented group showed superior postoperative PROMs 
and a trend toward rotator cuff strengths more closely 
resembling that of the non-operated shoulder at a mean 
follow-up of 8 months. Correlating this to the radiologically 
observed structural improvement in enthesis, it is possible 
that this allows patients to regain strength earlier in the 
postoperative period as compared to the non-augmented 
group, subsequently allowing patients to achieve better 
function earlier as well. While the findings outlined in this 

study contribute to initial human data and show promising 
results, these represent early data with a mean follow-up of 
8 months.  Nevertheless, the current findings show clinical 
significance as supported by the scores exceeding MCIDs. 
Future research should initially prioritize longer follow-up of 
this cohort to monitor trends in clinical and radiological 
outcomes as well as re-tear rates.  Given that rotator cuff 
healing and retear risk are influenced by factors such as 
patient age, tear size, diabetes mellitus and smoking status, 
future studies with a larger patient cohort should consider 
such variables and include a univariate/subgroup analysis.  
Moreover, future studies can also focus on purely massive, 
retracted tears, as these are the ones that have higher risk of 
retears which would ideally need biologic augmentations. 

5. Conclusions 

The use of demineralized bone fiber implant to augment 
arthroscopic rotator cuff repairs demonstrates promising early 
radiological signs of improved healing at the enthesis and 
better ASES, Constant, and UCLA scores. Although early data 
on other clinical variables are comparable to repairs without 
augmentation, investigation through extended follow-up and 
larger patient cohort is warranted given the potential for 
improved long-term structural integrity and better clinical 
outcomes. 
 

Patents: Tetrous’ EnFix products are supported by US 
9,486,557, US 9,572,912, US 11,660,373, US 11,759,548, US 
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