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Abstract
Background: Bursal-side partial thickness rotator cuff tears (PTRCTs) are frequent lesions with the
treatment of multiple surgical techniques. However, to the best of our knowledge, no single knotless-
anchor with two Ethicon 2# repair technique has been reported.

Methods: Bursal-side PTRCTs (Ellman type III, 75% thickness of tears) were created in the supraspinatus
tendon on 16 fresh-frozen cadaveric shoulders. The specimens were randomized into two groups of 8
each: (1) Group A (Transtendon repairs), a single knotless-anchor repair with two Ethicon 2#, (2) Group B,
the Conversion repair (Double-row, DR). Each specimen underwent cyclic loading test from 5 to 100 N by
50 cycles, then followed by an ultimate failure test. The displacement of greater tuberosity (mm) and
ultimate (N) were recorded.

Results: Compared with the load-to-failure test, there was no signi�cant difference between Group A and
B (Group A, 359.25±17.91N; Group B, 374.38±13.75 N, P 0.05). There were also no signi�cant differences
in the rotator cuff displacement of 10 mm(Group A, 190.50±8.52N; Group B, 197.25±6.84, P 0.05) and
15mm (Group A, 282.25±12.20 N; Group B, 291.13±14.74 N, P 0.05). However, concerning the
displacement of 3 mm and 5mm, we found a signi�cant difference in these two groups (P<0.05).

Conclusions: A single knotless-anchor with two Ethicon 2# for Bursal-side Ellman III PTRCTs is a simple,
cheap, and effective technique that we could choose.

Background
The rotator cuff plays an important anatomic role in shoulder movement. PTRCTs are a common lesion
with a symptom such as pain or dysfunction [1, 2]. The overall prevalence of these tears ranges from 13–
37%, which may be related to its strong correlation with age [3, 4]. In patients over the age of 60, the
prevalence was approximately was 26% [5]. The Ellman classi�cation system (articular, bursal, and intra-
tendinous) is commonly used to describe PTRCTs [6].

Despite their high prevalence, PTRCTs have been already ignored, especially in bursal-side tears. Most of
the studies in treating rotator cuff tears have focused on full-thickness tears. There are two basic choices
commonly used to treat this lesion: non-operative treatment and operative treatment. On the one hand,
rotator cuff repair is required in a patient who diagnosis with PTRCTs (Ellman type III) [7, 8]. On the other
hand, the surgical indication for PTRCTs is generally in patients who failed with non-operative treatment
for 3–6 months or in younger patients suffering from a traumatic injury [9]. There were multiple surgical
treatments, including arthroscopic debridement with or without acromioplasty and arthroscopic repair to
this lesion. The speci�c strategies for repair include conversion repair and in situ repairs [10–13].

Conversion repair with double-row was common used to treat bursal-side PTRCTs, which had successful
clinical and anatomic outcomes with signi�cant improvement in range of movement, strength, and pain
relief [14]. Also, it costs a lot without reimbursement. However, in our hometown, the South-west of China,
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millions of patients cannot bear medical expenses and have inferior health insurance. We are trying to
�nd a simple and cheap way to solve this problem for those poor patients who need this surgery. In our
clinical data �ndings, a single knotless-anchor repair, one of the transcendent repairs, was also presented
with good clinical outcomes. So, the purpose of this study was to analyze whether a single knotless-
anchor with two Ethicon 2# (Johnson, USA, a high polymer polyethylene) had the same mechanical
properties compared with a double-row repair.

Our study's primary hypothesis was that the biomechanical of a single knotless-anchor with two Ethicon
2# is cheap and reliable, and we could choose this surgical technique in our hometown, South-west of
China.

Methods

Specimen Selection
All donors with a mean age of 51.20 years (33 to 65) and his/her family had given written consent for
body donation to this science study.16 fresh-frozen cadaveric shoulder specimens (10 right and 6 left; 9
men and 7 women) were employed in our research. The bone density was tested by X-ray to be a normal
specimen (OSTEOCORE-3, Golden, China).

For inclusion, criteria were as follows: (i) No history and signs of the previous scapula or clavicle fracture;
(ii) Normal and full-grown Chinese shoulder joint; (iii) No history of the shoulder dislocation and
operation; The exclusion criteria were as follows: (i) Incomplete specimens; (ii) History of drug abuse. (iii)
Shoulder diseases (e.g., rheumatoid arthritis, Tuberculosis of the shoulder joint, or RCT).

Bursal-side PTRCTs modeling
All soft tissues on the scapula and humerus were resected from the bone, with only the intact
supraspinatus and infraspinatus tendon retained. The humeral mid-shaft was cut approximately 20 cm
from the top of the greater tuberosity. A length of over 5 cm of the supraspinatus and infraspinatus were
preserved at the footprint insertion. We measured the width of the anterior and posterior and thickness of
the supraspinatus tendon at the footprint using a digital caliper (Sang-Liang, japan). Then, we created
75% Bursal-side PTRCTs (Fig. 1.A) for which repair was commonly advocated using a blade [15, 16]. To
restore the injury mechanism of acromion impingement syndrome, we also used a bone contusion (li-
Jian, Zhe Jiang, China) to create an impact on this tear (Fig. 2.B).

Model repair technique
All the distances were carefully measured by the use of calipers(Group A, Fig. 2.A-F). This repair
technique used a total of one 4.75-mm Knotless-anchor (Arthrex Inc, Naples, FL, USA) and 2 Ethicon 2#
(Johnson, USA, a high polymer polyethylene). For the �rst suture, we used a suture hook to puncture at a
distance of 3 mm from the upper edge of the injury. The stitch length was 2/3 of the injury distance, and
the PDS thread is used to pass through the hook. For the second suture, we punctured at the upper
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distance of 2 mm from the �rst one. A lateral Knotless-anchor was then placed 1 cm to 2 cm distal to the
lateral edge of the footprint in line with the anchors from the �rst suture(Figure 2. F . All operations were
performed by the senior Author (Shi Jie-Fu, shoulder master).

The conversion repair involved completing a PTRCTs to a full-thickness rotator cuff tear followed by
repair (Fig. 2.G-H). This repair technique used a total of one 4.5-mm Knotless-anchor (Arthrex Inc, Naples,
FL, USA) and one suture anchor with Three # 2 (5 metrics) Hi-Fi sutures (ConMed Linvatec, Utica, NY,
USA). After the tear's conversion, one suture anchor was used for the medial row, and one Knotless-
anchor was used for the lateral row using the same techniques as described previously (Fig. 2H) [17].
Finally, we sutured both edges of the supraspinatus by using the 2 Ethicon 5# (Johnson, USA) as a
speci�c description of Fig. 3. A.

Load test
Firstly, we secured the proximal humerus with eight screws in a special device(Figure 3. A). The
supraspinatus was then secured at 90° of abduction. The other side of the specimen was secured to the
biomechanical testing machine (Bose Electro Force 3520-AT, USA, Fig. 3). Moreover, care was taken to
ensure equal and symmetric tension on the tendon before clamping. A small device supplemented with 2
Ethicon 5# was used to secure the supraspinatus tendon. A superior preload of 100 N was then
performed to test the specimen �xation stability, time effect, and stress relaxation. The electrodynamic
testing machine was applied to the load at a constant 5 N/s speed. 5 to 100 N for 50 cycles load test was
repeated, and the loading interval of each test was kept 1 min to relieve the stress fatigue. All tests were
�shed in a half-day at 22° temperature, and the surface of the prepared-modal was always kept moist
with the use of isotonic saline.

Load to failure test
We tested the ultimate failure load (N) with a constant speed of 1 mm/min in the superior-inferior
direction, and the mode of failure was recorded for every specimen. The supraspinatus displacement at
3 mm, 5 mm, 10 mm, and 15 mm was recorded. The failure was de�ned as the supraspinatus rupture,
Knotless-anchor or suture anchor failure, or Ethicon 5# broken.

Statistical Analysis
Statistical package for social sciences was performed by SPSS 19.0 software (Chicago, IL, USA). All data
were presented by means ± standard deviation (x̄ ± s). The intra-group homogeneity of variance was
performed with a one-way analysis of variance (one-way ANOVA) test. The independent-Sample T-test
was analyzed between the two groups. A signi�cance level of p < 0.05 was accepted as a statistically
signi�cant difference.

Results

The displacement of the supraspinatus
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The �nding at 3 mm, 5 mm, 10 mm, and 15 mm of the supraspinatus displacement was summarized in
Table 1. Overall, a steady and signi�cant increase could be seen in both groups A and B (P < 0.05).
Additionally, compared with groups A and B, there was no statistically signi�cant difference at 10 mm
and 15 mm of supraspinatus displacement (P > 0.05). However, there was a statistically signi�cant
difference at 3 mm and 5 mm of supraspinatus displacement (P < 0.05).

Table 1
The displacement of supraspinatus at 3 mm, 5 mm, 10 mm, and 15 mm was as follows
Groups 3 mm 5 mm 10 mm 15 mm

A 84.38 ± 6.52abcd 130.13 ± 11.12acd 190.50 ± 8.52d 282.25 ± 12.20

B 100.25 ± 6.39bcd 144.25 ± 10.39 cd 197.25 ± 6.84d 291.13 ± 14.74

Note: a: vs Group B P<0.05; b: vs 5 mm P<0.05; c: vs 10 mm P<0.05; d: vs 15 mm P<0.05.

 

Load to failure
Although the higher mean strength (N) of these two groups was the conversion repair (Double-row, Group
B, 374.38 ± 13.75 N), there was no signi�cant difference between groups (Group A, 359.25 ± 17.91 N;
Group B, 374.38 ± 13.75 N, P > 0.05) as speci�c Fig. 4. There were three cases of sutures pulling through
the tendon and �ve cases of the knotless-anchor loosen or pulled out regarding the single knotless-
anchor modal of failure. However, in Group B, the Conversion repair (double-row) was presented, as were
seven cases of sutures pulling through the tendon and one knotless-anchor loosen.

Discussion
Our results reveal no signi�cant difference between group A and B concerning characters of the 10 mm
and 15 mm supraspinatus tendon displacement and load to failure test. This displacement also indicates
a single knotless-anchor for Bursal-side Ellman III PTRCTs is a useful technique that we could choose.
This is the �rst study presenting a similar biomechanical effect with a double row to the best of our
knowledge.

As far as we all know, DR rotator cuff repair is the most common and widely used clinical technique.
Current literature works demonstrate that the biomechanical properties of a DR rotator cuff repair are
superior to a single-row repair (SR). Additionally, it is evident from the reviewed researches that the DR
technique has reconstructed the anatomic footprint of the rotator cuff signi�cantly better than SR repairs
[18, 19]. Compared with the DR group's load to failure results, there was no signi�cant difference between
the two groups (P > 0.05). This also revealed the single Knotless-anchor with 2 Ethicon 2# could also
reconstruct an anatomic footprint and provide biomechanical properties as DR rotator cuff repair.
Moreover, regarding the 10 mm and 15 mm displacement of the supraspinatus, our results demonstrate a
single Knotless-anchor could withstand the horizontal traction of biomechanical power to achieve a
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balance. On the other hand, concerning the supraspinatus displacement on 3 mm and 5 mm, the DR
group was presented superior biomechanical properties. This �nding revealed that the suture anchor in
the medial-row provided a �rm power and reduced the medial rotator cuff's micro-motion.

Although the single knotless-anchor for Bursal-side Ellman III PTRCTs with two Ethicon 2# is a simple,
cheap, and effective technique, the essence of the substance of our method is an in situ repair
(transtendon repair). To be speci�c, compared with the conversion repair with DR, Gonzalez-Lomas
demonstrated that the ultimate failure load was signi�cantly higher in the transtendon repair group [20].
Other primary research also indicated that transtendon repair was presented a higher ultimate failure load
than double-row repair following full-thickness conversion [21]. These studies have similar effects on my
�ndings, which also indicate the biomechanical advantages of tendon repair. Moreover, clinically
transtendon repair has presented to be more effective than conversion to a full-thickness tear with the
subsequent repair. Hytham Salem demonstrated that an in situ repair technique with double-row suture
anchors in repairing bursal-sided PTRCTs provided a better �xation of the rotator cuff tissue while
preserving the anatomy of the medial footprint [22]. This is a good study, which inspires me to start such
research. Therefore, our technique for Bursal-side Ellman III PTRCTs is a simple, cheap, and effective
technique that we could choose.

There are some surgical operation indications that we should follow by the use of this technique. There
were three cases of sutures pulling through the tendon [23]. This revealed that 2 Ethicon 2# sutures had a
higher risk of cutting supraspinatus. Furthermore, theoretically, this might increase the failure of �xation
or re-rupture rates. On the other hand, Ethicon 2# sutures may cover weak areas in the tendon and
decrease load to failure test. Therefore, the failure test does not simulate the natural failure
biomechanics. So, several surgical indications of this method were mandatory: (i)Patients cannot bear
the medical expenses and have cheap health insurance; (ii) Patients have a good elasticity or high quality
of the supraspinatus under the arthroscopic debridement; (iii) The lateral row part of greater tuberosity
bone density is normal;(iv) Patients have younger age than 60 years.

To sum up, there are various advantage of ours method as follows: (i) The bursal layer–only repair could
produce the same clinical outcomes or structural integrity all-layers repair [24]; (ii) We retain the superior
capsule, which provides the superior glenohumeral stability and has often been overlooked [25]; (iii) We
also retain the cable(Fig. 2.C), which is the primary load-bearing structure within the supraspinatus [26];
(iv) The single knotless-anchor for Bursal-side Ellman III PTRCTs is a simple, cheap, and effective
technique that bene�t both doctors and patients;(v) It is no necessary to consider the problem of the
osteoporosis in the medial row.

However, our study also had some limitations. Firstly, with the lack of human samples, we only employed
some 16 fresh-frozen specimens. We will employ more cadaveric shoulders in a future study. Secondly,
the MRI should be employed to assess the specimen modal. Thirdly, with a limited number of available
cadaver specimens, not all known �xation techniques such as a standard suture bridge were used in our
study. Fourthly, the lesion of the cable group should employ for the next research.
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Conclusion
In conclusion, with the practical considerations of our hometown, the South-west of China, millions of
patients cannot bear medical expenses and have cheap health insurance. So, the single knotless-anchor
with two Ethicon 2# for Bursal-side Ellman III PTRCTs is a simple, cheap, and effective technique that we
could choose.

Abbreviation
PTRCTs: Bursal-side partial thickness rotator cuff tears; DR: Double-row; SR: Single-row repair
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Figure 1

The Single Knotless-anchor technique of Sketch models. (A) 75% Bursal-side PTRCTs. (B) The distance of
a suture hook to puncture. (C) The PDS thread was passing through the hook. (D) The Ethicon 2# thread
was passing through the hook. (E) The 2 Ethicon 2# thread was passing through the Knotless-anchor. (F)
The �xation of Single Knotless-anchor.
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Figure 2

The speci�c process of two model repair techniques. (A) 75% Bursal-side PTRCTs with blade and bone
contusion. (B) The 2 Ethicon 2# thread suture through the supraspinatus. (C) Retain the superior capsule
and cable. (D) Knot the2 Ethicon 2# thread. (E) Passing through the Ethicon 2# to Knotless-anchor and
making sure the location of the lateral row. (F) The �xation of Single Knotless-anchor. (G)The conversion
modal involved completing a PTRCTs to a full-thickness rotator cuff tear. (H) The �xation of the
conversion repair with double-row.
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Figure 3

The load test and load-to-failure test. (A) Group A, the single knotless-anchor repair with two Ethicon 2#.
(B) Group B, the conversion repair with double-row.
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Figure 4

The result of the load-to-failure test. There was no signi�cant difference between the two groups (P 0.05).
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