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A technique for repairing rotator cuff
transtendinous tears with a remnant
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Abstract

Background: Some unusual rotator cuff (RC) tears are located in more proximal tendinous portions, with
substantial remnant tissue attached to the footprint. The two options for surgical repair are sacrificing or preserving
the remnant tissue. We introduce a surgical repair technique that preserves as much of the remnant footprint as
possible.

Surgical technique: A double-loaded suture anchor is inserted into the subchondral bone at the medial portion of
the RC footprint; the lateral remnant tissue is preserved. Each strand is shuttled and repassed through the medial
portion of the tendon in a mattress fashion using a suture hook device. Then, multiple no. 1 PDS sutures are passed
through the medial and lateral stumps and left untied. Strands from the suture anchor are first tied in a double
mattress fashion. Then, the repair is completed by tying the remaining no. 1 PDS sutures.

Conclusions: We propose a remnant-preserving RC repair technique for transtendinous RC tears with sufficient
tissue remaining within the RC footprint. This technique appears advantageous in terms of re-establishing an
environment that promotes tendon healing after repair.

Introduction
Rotator cuff (RC) tears are commonly encountered in
the orthopedic department [1, 2]. Although the patho-
genic mechanisms of RC tears are still debated [3], when
a tear occurs, the RC tendon is usually detached from its
footprint on the greater tuberosity of the proximal hu-
merus [4]. Thus, RC repair has been developed from a
single row anchor repair technique to a transosseous-
equivalent technique to improve tendon-to-bone healing
[5]. In some cases, however, the tear is located more prox-
imal to the footprint, with substantial distal remnant tissue
attached to the greater tuberosity (Fig. 1). Because the RC
footprint within the greater tuberosity is hidden by the

remnant distal sump, sacrificing or preserving the tissue is
a controversial decision.
If the remnant tissue is sacrificed, a suture anchor can

be placed accurately in the footprint under direct
visualization, which may effectively restore the proximally
retracted portion of the RC to its original location. This
might, however, reduce footprint coverage by sacrificing
the distal stump. The rotator cuff tendon has many mech-
anoreceptors that contribute to shoulder proprioception
[6, 7]. Gumina et al. found that the bigger the RC tear, the
more shoulder proprioception is altered [8]. Therefore, it
is reasonable to assume that sacrificing the remnant tissue
may also sacrifice mechanoreceptors, ultimately affecting
postoperative proprioception.
Therefore, as much remnant tissue as possible should

be preserved in tears proximal to the RC footprint. Simi-
larly, preservation of the remnant tissue has recently
attracted attention in anterior cruciate ligament (ACL)
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reconstruction [9, 10]. Besides retaining proprioceptive
mechanoreceptors, preserving the remnant tissue is ad-
vantageous for enhancing revascularization and improv-
ing joint stability [11]. Therefore, we hypothesized that,
as in ACL reconstruction [12], retaining the remnant RC
tissue in RC repair promotes satisfactory functional out-
comes after repair surgery.
In this technical note, we describe an arthroscopic

remnant-preserving repair technique for RC tears with
substantial remnant tissue in the footprint.

Surgical technique
Under general anesthesia, the patient is placed in a
lateral decubitus position. Lateral arm traction of ap-
proximately 4.5 kg is applied using a traction device.
Generally, three to five arthroscopic portals are used to
perform the surgery (posterior, posterolateral, lateral, an-
terior, and anterolateral). Diagnostic arthroscopy of the

glenohumeral joint and subacromial space is performed,
along with adequate debridement of the reactive syno-
vitis or bursa. Acromioplasty is performed if there is a
huge bony spur. Then, the location and characteristics
of the RC tear are evaluated carefully.
After the tear edges have been debrided, we punch a

hole in the medial side of the footprint through an
accessory superolateral portal. Subsequently, double-
loaded suture anchors (5.5 mm, Bio-Corkscrew FT Su-
ture anchor, Arthrex, Munich, Germany) are inserted
through the accessory superolateral portal and fixed to
the hole. Each strand is shuttled and re-passed through
the medial portion of the tendon in a mattress fashion,
using a suture hook device. The number of suture an-
chors varies with the size of the tear. Then, multiple no.
1 PDS sutures are passed through the medial and lateral
stumps and left untied. Laterally mobilizing the medial
stump with the grasping device, strands from the suture
anchor are first tied in a double mattress fashion. Then,
the repair is completed by tying the remaining no. 1
PDS sutures (Fig. 2).

Postoperative rehabilitation
The shoulders were immobilized for 3 weeks using a
sling immobilizer with an abduction pillow. Passive and
assisted active exercises were initiated for forward
flexion and external rotation, avoiding provocation of
pain. After 6 weeks, patients began strengthening exer-
cises of the RC and scapular stabilizers. Full return to
sports and heavy labor were allowed after 6 months de-
pending on individual functional recovery.

Discussion
The aim of RC repair is to restore the anatomical loca-
tion and mechanical performance of the RC sufficiently
to withstand the loading associated with functional activ-
ity [13]. However, besides restoring its mechanical stabil-
ity, enabling RC tendon healing under ideal conditions,
to re-establish its biomechanical properties, plays an

Fig. 1 Preoperative T2-weighted fat-saturated magnetic resonance
image showing a transtendinous rotator cuff tear with substantial
remnant tissue attached to the footprint

Fig. 2 Illustration of a remnant-preserving rotator cuff repair. a Transtendinous rotator cuff tear with substantial remnant tissue attached to the
footprint. b In most cases, the tear is repaired with simple sutures; three sutures are passed through the medial and lateral stumps. When the
remnant tissue quality is poor or there is over-tension of the medial stump, a suture anchor is added with strands passed through the medial
stump in a mattress fashion. c Repaired tendon with minimal tension
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important role in successful RC repair [14]. Therefore,
we postulated that preserving the remnant RC tissue in
a transtendinous RC tear would be better than sacri-
ficing the tissue for the following reasons (Fig. 3).
First, preserving the remnant tissue may help maintain

proprioception of the RC. Joint structures are innervated
by mechanically sensitive receptors termed mechanore-
ceptors that relay information to the central nervous sys-
tem regarding movement, position, and forces exerted on
shoulder structures [7, 15–19]. In the shoulder joint, there
are mechanoreceptors in the coracoacromial ligament, RC
tendons, musculotendinous junctions of the RC, and joint
capsule [16]. It is reasonable to speculate that RC tears are
associated with structural and functional alterations of
proprioceptors [18–23]. Reduced or inconsistent proprio-
ceptive information from the injured muscle–tendon unit
and altered muscle reflex activity may impair shoulder
proprioception and contribute to impaired kinematics and
muscle recruitment. Consequently, the preserved remnant
tissue on the footprint may help maintain as many mecha-
noreceptors as possible.
Second, the blood flow within the RC would also be

preserved. The posterior humeral circumflex artery is
the main vessel supplying blood to the supra- and infra-
spinatus tendons [24]. Because the posterior humeral
circumflex artery provides blood to the RC flowing from
the humeral attachment toward the proximal RC, the
remnant within the footprint has high vascularity in a
transtendinous RC tear [25]. As a result, the RC blood
supply would inevitably be compromised if the remnant
tissue were sacrificed.
Third, the natural enthesis of RC is maintained. The

normal anatomy of the RC has four zones, from tendon
to fibrocartilage to calcified fibrocartilage to bone. The
ultimate goal of surgical repair is to replicate as much of
this native enthesis as possible [26]. Su et al. reported
that enthesis-preserving RC repair gave better histo-
logical and biomechanical results than enthesis-removal
RC repair in a rabbit model [27]. By preserving the foot-
print remnant tissue, the RC can be repaired effectively
with its native enthesis preserved within the RC.

Considering these advantages, we recommend a
remnant-preserving tendon-to-tendon repair for trans-
tendinous RC tears. If there is concern about the tissue
quality of the lateral tendon segment or over-tension of
the medial tendon segment, a suture anchor can be
added for a more secure repair and to prevent retraction
when necessary. Using this technique, anatomical repair
of transtendinous RC tears can be achieved without ex-
cessive tension, and a biomechanical condition that pro-
motes satisfactory tendon healing is established owing to
the preserved remnant tissue.

Abbreviations
RC: Rotator cuff; ACL: Anterior cruciate ligament

Acknowledgements
Not applicable

Disclaimer
The authors, their immediate families, and any research foundations with
which they are affiliated have not received any financial payments or other
benefits from any commercial entity related to the subject of this article.

Authors’ contributions
All authors have read and approved the final manuscript. (1) Conceiving and
designing the study, collecting and analyzing the data: HSC, GWS. (2)
Drafting the article or revising it critically for important intellectual content:
HSC, JHK. (3) Approving the final version to be submitted: BIL.

Funding
This work was supported by the Soonchunhyang University Research Fund.
Funding bodies did not play a role in the collection, analysis, or
interpretation of data and did not contribute to the writing of this
manuscript. The funding bodies supported the cost of correcting the English
in this paper.

Availability of data and materials
Not applicable

Declarations

Ethics approval and consent to participate
Not applicable

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Fig. 3 a Lateral view of a transtendinous rotator cuff tear with substantial tissue attached to the footprint. b Strands from a suture anchor passed
through the medial stump in a mattress fashion. c Repaired rotator cuff with minimal tension

Choi et al. Journal of Orthopaedic Surgery and Research          (2021) 16:291 Page 3 of 4



Author details
1Department of Orthopaedic Surgery, Soonchunhyang University Hospital
Seoul, 59, Daesagwan-ro, Seoul 04401, South Korea. 2Department of
Orthopaedic Surgery, Soonchunhyang University Hospital Gumi, 179,
1gongdan-ro, Gumi, Gyeongsangbuk-do 39371, South Korea.

Received: 19 March 2021 Accepted: 26 April 2021

References
1. Minagawa H, Yamamoto N, Abe H, Fukuda M, Seki N, Kikuchi K, et al.

Prevalence of symptomatic and asymptomatic rotator cuff tears in the
general population: from mass-screening in one village. J Orthop. 2013;
10(1):8–12. https://doi.org/10.1016/j.jor.2013.01.008.

2. Reilly P, Macleod I, Macfarlane R, Windley J, Emery RJ. Dead men and
radiologists don’t lie: a review of cadaveric and radiological studies of
rotator cuff tear prevalence. Ann R Coll Surg Engl. 2006;88(2):116–21.
https://doi.org/10.1308/003588406X94968.

3. Maffulli N. Basic science and rotator cuff repair: where have we arrived?
Med Sport Sci. 2012;57:VIII–X.

4. Schmidt CC, Jarrett CD, Brown BT. Management of rotator cuff tears. J Hand
Surg Am. 2015;40(2):399–408. https://doi.org/10.1016/j.jhsa.2014.06.122.

5. Longo UG, Franceschi F, Berton A, Maffulli N, Denaro V. Arthroscopic
transosseous rotator cuff repair. Med Sport Sci. 2012;57:142–52. https://doi.
org/10.1159/000328900.

6. de Castro PA, Ejnisman B, de Seixas Alves MT, Uyeda LF, Nouailhetas VL,
Han SW, et al. Overuse of training increases mechanoreceptors in
supraspinatus tendon of rats SHR. J Orthop Res. 2011;29:1771–4.

7. Proske U, Gandevia SC. The proprioceptive senses: their roles in signaling
body shape, body position and movement, and muscle force. Physiol Rev.
2012;92(4):1651–97. https://doi.org/10.1152/physrev.00048.2011.

8. Gumina S, Camerota F, Celletti C, Venditto T, Candela V. The effects of
rotator cuff tear on shoulder proprioception. Int Orthop. 2019;43(1):229–35.
https://doi.org/10.1007/s00264-018-4150-1.

9. Lee BI, Kwon SW, Kim JB, Choi HS, Min KD. Comparison of clinical results
according to amount of preserved remnant in arthroscopic anterior cruciate
ligament reconstruction using quadrupled hamstring graft. Arthroscopy.
2008;24(5):560–8. https://doi.org/10.1016/j.arthro.2007.11.011.

10. Won SH, Lee BI, Park SY, Min KD, Kim JB, Kwon SW, et al. Outcome
differences of remnant- preserving versus non-preserving methods in
arthroscopic anterior cruciate ligament reconstruction: a meta-analysis with
subgroup analysis. Knee Surg Relat Res. 2020;32(1):7. https://doi.org/10.1186/
s43019-019-0017-z.

11. Zhang Q, Zhang S, Cao X, Liu L, Liu Y, Li R. The effect of remnant
preservation on tibial tunnel enlargement in ACL reconstruction with
hamstring autograft: a prospective randomized controlled trial. Knee Surg
Sports Traumatol Arthrosc. 2014;22(1):166–73. https://doi.org/10.1007/s001
67-012-2341-7.

12. Barrett DS. Proprioception and function after anterior cruciate
reconstruction. J Bone Joint Surg Br. 1991;73:833–7.

13. Baums MH, Spahn G, Buchhorn GH, Schultz W, Hofmann L, Klinger HM.
Biomechanical and magnetic resonance imaging evaluation of a single- and
double-row rotator cuff repair in an in vivo sheep model. Arthroscopy. 2012;
28(6):769–77. https://doi.org/10.1016/j.arthro.2011.11.019.

14. MacDougal GA, Todhunter CR. Delamination tearing of the rotator cuff:
prospective analysis of the influence of delamination tearing on the
outcome of arthroscopically assisted mini open rotator cuff repair. J
Shoulder Elb Surg. 2010;19(7):1063–9. https://doi.org/10.1016/j.jse.2
009.12.020.

15. Dean BJ, Gwilym SE, Carr AJ. Why does my shoulder hurt? A review of the
neuroanatomical and biochemical basis of shoulder pain. Br J Sports Med.
2013;47(17):1095–104. https://doi.org/10.1136/bjsports-2012-091492.

16. Diederichsen L, Krogsgaard M, Voigt M, Dyhre-Poulsen P. Shoulder reflexes.
J Electromyogr Kinesiol. 2002;12(3):183–91. https://doi.org/10.1016/S1050-
6411(02)00019-6.

17. Guanche CA, Noble J, Solomonow M, Wink CS. Periarticular neural elements
in the shoulder joint. Orthopedics. 1999;22(6):615–7. https://doi.org/10.3928/
0147-7447-19990601-12.

18. Steinbeck J, Bruntrup J, Greshake O, Potzl W, Filler T, Liljenqvist U.
Neurohistological examination of the inferior glenohumeral ligament of the

shoulder. J Orthop Res. 2003;21(2):250–5. https://doi.org/10.1016/S0736-02
66(02)00155-9.

19. Vangsness CT Jr, Ennis M, Taylor JG, Atkinson R. Neural anatomy of the
glenohumeral ligaments, labrum, and subacromial bursa. Arthroscopy. 1995;
11(2):180–4. https://doi.org/10.1016/0749-8063(95)90064-0.

20. Gohlke F, Janssen E, Leidel J, Heppelmann B, Eulert J. Histopathological
findings in the proprioception of the shoulder joint. Orthopade. 1998;27(8):
510–7. https://doi.org/10.1007/s001320050263.

21. Hashimoto T, Hamada T, Sasaguri Y, Suzuki K. Immunohistochemical
approach for the investigation of nerve distribution in the shoulder joint
capsule. Clin Orthop Relat Res. 1994(305):273–82.

22. Solomonow M, Guanche C, Wink C, Knatt T, Baratta RV, Lu Y.
Mechanoreceptors and reflex arc in the feline shoulder. J Shoulder Elb Surg.
1996;5(2):139–46. https://doi.org/10.1016/S1058-2746(96)80009-7.

23. Tamai M, Okajima S, Fushiki S, Hirasawa Y. Quantitative analysis of neural
distribution in human coracoacromial ligaments. Clin Orthop Relat Res.
2000;373:125–34. https://doi.org/10.1097/00003086-200004000-00015.

24. Determe D, Rongieres M, Kany J, Glasson JM, Bellumore Y, Mansat M, et al.
Anatomic study of the tendinous rotator cuff of the shoulder. Surg Radiol
Anat. 1996;18(3):195–200. https://doi.org/10.1007/BF02346127.

25. Levy O, Relwani J, Zaman T, Even T, Venkateswaran B, Copeland S.
Measurement of blood flow in the rotator cuff using laser Doppler
flowmetry. J Bone Joint Surg Br. 2008;90:893–8.

26. Zumstein MA, Ladermann A, Raniga S, Schar MO. The biology of rotator cuff
healing. Orthop Traumatol Surg Res. 2017;103(1):S1–S10. https://doi.org/10.1
016/j.otsr.2016.11.003.

27. Su W, Li X, Zhao S, Shen P, Dong S, Jiang J, et al. Native enthesis
preservation versus removal in rotator cuff repair in a rabbit model.
Arthroscopy. 2018;34(7):2054–62. https://doi.org/10.1016/j.arthro.2018.03.005.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Choi et al. Journal of Orthopaedic Surgery and Research          (2021) 16:291 Page 4 of 4

https://doi.org/10.1016/j.jor.2013.01.008
https://doi.org/10.1308/003588406X94968
https://doi.org/10.1016/j.jhsa.2014.06.122
https://doi.org/10.1159/000328900
https://doi.org/10.1159/000328900
https://doi.org/10.1152/physrev.00048.2011
https://doi.org/10.1007/s00264-018-4150-1
https://doi.org/10.1016/j.arthro.2007.11.011
https://doi.org/10.1186/s43019-019-0017-z
https://doi.org/10.1186/s43019-019-0017-z
https://doi.org/10.1007/s00167-012-2341-7
https://doi.org/10.1007/s00167-012-2341-7
https://doi.org/10.1016/j.arthro.2011.11.019
https://doi.org/10.1016/j.jse.2009.12.020
https://doi.org/10.1016/j.jse.2009.12.020
https://doi.org/10.1136/bjsports-2012-091492
https://doi.org/10.1016/S1050-6411(02)00019-6
https://doi.org/10.1016/S1050-6411(02)00019-6
https://doi.org/10.3928/0147-7447-19990601-12
https://doi.org/10.3928/0147-7447-19990601-12
https://doi.org/10.1016/S0736-0266(02)00155-9
https://doi.org/10.1016/S0736-0266(02)00155-9
https://doi.org/10.1016/0749-8063(95)90064-0
https://doi.org/10.1007/s001320050263
https://doi.org/10.1016/S1058-2746(96)80009-7
https://doi.org/10.1097/00003086-200004000-00015
https://doi.org/10.1007/BF02346127
https://doi.org/10.1016/j.otsr.2016.11.003
https://doi.org/10.1016/j.otsr.2016.11.003
https://doi.org/10.1016/j.arthro.2018.03.005

	Abstract
	Background
	Surgical technique
	Conclusions

	Introduction
	Surgical technique
	Postoperative rehabilitation
	Discussion
	Abbreviations
	Acknowledgements
	Disclaimer
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

