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Robotic Transfer of the Latissimus Dorsi Associated
With Levator Scapulae and Rhomboid Minor
Mini-Open Transfers for Trapezium Palsy
Jose Carlos Garcia Jr, P.hD., Marcelo Cerdan Torres, M.D., Maurício Salomão Fadel, M.D.,
Diogo Bader, M.D., Hilton Lutfi, M.D., and Marcio Eduardo Kozonara, M.D.
Abstract: Robotic surgery has been used for a long time. With advantages over traditional surgical methods, it is earning
space and expanding use to daily medical practice in several surgical specialties. This Technical Note presents an endo-
scopic robotic posterior shoulder approach using the DaVinci� robot. It can allow the surgeon to perform latissimus dorsi
transfer endoscopically and associate it with levator scapulae and rhomboid minor mini-open transfers to treat accessory
nerve lesions with trapezium muscle palsy. This technique is an alternative to Eden-Lange and triple-tendon transfer.
obotic surgery has been used for a long time.1,2
RWith advantages over traditional surgical
methods, it is earning space and expanding use to daily
medical practice in several surgical specialties.3,4 Within
orthopedics, we highlight the use of robotics in brachial
plexus and neurologic releases.5-8 The association of the
robotic technology with endoscopy has further allowed
faster recovery for the patient, with shorter time of
hospitalization and minimally invasive approaches.9

Advantages of this method include movement accu-
racy, high-resolution imaging with 3-dimensional vision,
gas infusion rather than saline solution (better visuali-
zation), filtering of the surgeon’s tremor when manip-
ulating objects, movement scaling, and hand-free
camera manipulation.10-13 In addition, there is the
possibility in the future of remote surgery (telesurgery)
with which the surgical team can treat a patient far
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away,1,2 or a surgical team may be composed of pro-
fessionals located in different cities or countries, treating
the same patient simultaneously.
Some shoulder pathologies that need a posterior

shoulder approach may call for aggressive and traumatic
exposure with extensive manipulation of soft tissues.
The possibility to use a minimally invasive approach can
potentially be important for both shortening the dura-
tion of rehabilitation and avoiding local soft tissue ad-
hesions. In addition, when performing a large posterior
open approach, tensioned retractors are needed to
maintain the surgeon’s field. The use of these tensioned
retractors can eventually damage the deeper muscle
layer as well as other neurovascular structures.14,15

Minimally invasive procedures have demonstrated
decreased adhesions, avoiding reoperations and physical
therapy in the long term. Indeed, these advantages also
make these procedures cost-effective.9

In shoulder surgery, robotic-assisted surgery has been
used for better identification of the quadrangular space
of the shoulder, identification of the axillary and radial
nerves, and better identification of the latissimus dorsi
muscle and its use as free flap.16-18 In a cadaver trial,
the latissimus dorsi was identified,19 and its manipula-
tion to treat massive rotator cuff lesions was performed
in some patients. Axillary nerve identification has also
been described,8 making a contribution to the field and
confirming the viability of the method. Studies in live
patients have shown that the air insufflation has been
effective in avoiding bleeding.7

This Technical Note is based on previous cadaveric
trials19 and aims to present the use of the DaVinci�
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Fig 1. Posterior view of the right hemithorax of a patient
presenting with trapezium muscle palsy. Arm in 70� abduction.
Patient making forced scapula retraction against resistance.

Fig 3. Robotic view, right hemithorax, distal axillary region.
(A) Latissimus dorsi tendon. (B) Triceps long head.
(C) Robotic scissure. (D) Maryland� bipolar forceps.
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robot (Intuitive Surgical, Sunnyvale, CA) for endoscopic
transfer of the latissimus dorsi associated with mini-open
transfers of the levator scapulae and rhomboid minor to
treat accessory nerve lesion with trapezium muscle
palsy. This procedure is presented as an alternative to
Eden-Lange and triple-tendon transfers, which are
currently used to treat this condition.
Indications, Preoperative Evaluation, and
Imaging

This procedure is indicated for patients presenting with
spinal accessory nerve lesions and therefore losing tra-
pezium muscle function. Once the trapezius muscle
contributes an important function related to scapular
dynamics, its absence will impair the scapular girdle,
resulting in pain and othermechanical problems. Patients
with this impairment will present with atrophic trapezius
muscle and consequent downward drooping of the
Fig 2. Robot positioning, right hemithorax and upper limb.
(A) Central portal (optics). (B) Lateral robotic hand portal. (C)
Medial robotic hand portal.
scapular girdle. Winging scapula is also present, but less
than in patientswith palsy of the anterior serratusmuscle.
Pain can also be present, but it is result of the dynamic

compromise of scapulaethoracic articulation. Eligible
patients present with functional levator scapulae,
rhomboid minor, and latissimus dorsi muscles. For
testing levator scapulae and rhomboid minor, the patient
is asked to abduct 70� to 90� and rotate the arm axially
against resistance (Fig 1). The latissimus dorsi and
rhomboid major can also be analyzed using this test.

Surgical Technique
The patient is positioned in ventral decubitus, the arm

being maintained in a position similar to 90� elevation.
The inferior border of the latissimus dorsi can be
localized by palpation. The muscle is drawn on the skin
based on its inferior border and known anatomy. The
central line of the latissimus dorsi is also drawn. A 1-cm
Fig 4. Robotic view, right hemithorax, distal axillary region.
(A) Latissimus dorsi tendon. (B) Teres major muscle.



Fig 5. Robotic view, right hemithorax, proximal axillary re-
gion. (A) Teres minor. (B) Quadrangular space. (C) Teres
major.

Fig 7. Posterior view, right hemithorax. (A) Approach over
the scapular spine. (B) Latissimus dorsi through the central
portal (small augmentation needed to provide space to the
latissimus). (C) Lateral robotic hand portal. (D) Right shoul-
der. (E) Neck.
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incision is made in the skin, 10 to 15 cm from the axilla,
for the central portal. Two other portals are made 5 to
7 cm perpendicular medially and laterally to the central
line. These portals are located 7 to 10 cm from the
axilla. The central portal is used to insert the optics;
through the other 2 portals, the robotic hands are
introduced to access the muscular fascia, where a cavity
is formed through blunt dissection. This space is made
for triangulation as an initial working cavity, as there
are no natural cavities in this region.
A trocar and a canula are introduced into each of the

incisions, in a common direction in the cavity. In the
first portal over the latissimus dorsi, the camera of the
DaVinci� SI or Xi robot is introduced, with an optic of
30� (Fig 2). Depending on position and necessity, near
the axilla, a 0� optic is generally required instead.
Fig 6. Robotic view, right hemithorax. (A) Ethbond� needle.
(B) Maryland� forceps. (C) Teres major muscle. (D) Latissi-
mus dorsi muscle. (E) Sutured latissimus dorsi tendon. (F)
Large Needle Driver�.
Carbon dioxide is inflated at a constant 8 to 14 mmHg
through the central portal into the working cavity,
stretching the soft tissues and opening the cavity. The
robotic arms use a Maryland� bipolar forceps 8 mm
(Intuitive Surgical) and Hot Shears� Monopolar and
Curved Scissor 8 mm (Intuitive Surgical). The third and
fourth robotic arms are not used in this procedure.
The first objective is to clean the area around the

camera for best dissection and identification of the
initial working cavity. After the first stage, the superior
border of the latissimus dorsi muscle is found, and its
division with teres major. Dissection using this
muscular plane is performed until it enters deep into
the medial border of the long head of the triceps and
tendinous tissue is visualized (Fig 3).
The latissimus dorsi is released and separated from the

teres major (Fig 4). It is important to maintain tension
on the latissimus dorsi tendon during its release; if it
does not have traction, the scissor cannot suitably cut
the tendon. The radial nerve is just below the latissi-
mus, and it is possible but not required to visualize it.
The quadrangular space is found by dissecting upward
(Fig 5), but it is not required.
Care must be taken not to damage the neurovascular

pedicle. 2-0 Ethibond Excel� (Johnson & Johnson, São
Paulo, Brazil) is inserted by the cephalic robotic hand’s
portal. The latissimus dorsi tendon is sutured by using a
Maryland and a Large Needle Driver� 8 mm (Intuitive
Surgical) (Fig 6; Video 1). The sutured tendon is pulled
out of the body through the central portal of the optics
(Fig 7).
A small 5-cm incision in the sagittal plane is made just

above the superomedial border of the scapula. The atro-
phic trapezium muscle is found and incised. Under this
muscle, the superomedial border of the scapula and the
levator scapulae muscle are found. Points of continuity
are maintained with the rhomboid minor; however, they



Fig 8. Posterior view, right
hemithorax. (A) Before levator
scapulae and rhomboid minor
release. (B) After levator scap-
ulae and rhomboid minor
release. (1) Levator scapulae. (2)
Rhomboid minor. (3) Supero-
lateral scapulaborder. (4)Lateral
robotic hand portal. (5)
Approach to scapular spine. (6)
Shoulder. (7) Neck.
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can be easily split by following their fiber directions. A
small portion of the scapular bone is kept in the final
position of the released levator scapulae and rhomboid
minor tendons to improve healing.
The rhomboid major stays in its original insertion with

its function untouched. A small 5-cm incision in the
axial plane is made just above the scapular spine medial
to the original insertion of the trapezium (Fig 8). the
scapular spine is exposed, and latissimus dorsi, levator
scapulae, and rhomboid minor are subcutaneously
transferred (Fig 9). The patient is sutured.
Table 1. Pearls and pitfalls

Pearls and Pitfalls

Robotic tendon management The tendon’s cut needs tension on
the latissimus dorsi; If it is not
Rehabilitation
The patient wears an abduction sling with double

pillow for 6 weeks. Pendular movements and passive
elevation to 90� are allowed 6 weeks after surgery.
After removal of the sling, active exercises isometric for
the scapular girdle begin, with elevation, depression,
retraction, and protraction. After 2 more weeks, iso-
kinetic and proprioception movements begin. Patients
with better active movements before the surgery have
better outcomes. Pearls and pitfalls are summarized in
Table 1.
Fig 9. Posterior view, right hemithorax. (A) Levator scap-
ulae. (B) Rhomboid minor. (C) Latissimus dorsi. (D) Scapula
spine.
Discussion
Traditional approaches for the latissimus dorsi are

broad, requiring big posterior incisions with implica-
tions for cosmetic results and scar formation. Previous
experience in cadaveric and live patients with robotic
latissimus dorsi transfer for massive rotator cuff treat-
ment was used to establish robotic surgery principles
and portals used in this Technical Note.19,20

Even the single-incision treatments for trapezius palsy
have presented with broad approaches.21 Elhassan and
Wagner22 published a case series of triple-tendon
transfer, as an Eden-Lange. Their study resulted in
improved vector forces, with evident better dynamic
function of the scapular girdle, and therefore better
outcomes.22 However, this improvement lacks a
cosmetic approach.
Studying the force vectors of the trapezium, we sug-

gest that the latissimus dorsi can be a good option to
under suitable tension, the robotic
scissor will not be as effective.

Release Release of the latissimus dorsi needs
to be wide to allow its mobilization.
and care must be taken to avoid
lesions to this muscle’s
neurovascular supply.

Subcutaneous Subcutaneous cavities need to be
suitable for both robotic assessment
and minimally invasive transfers.

Levator scapulae and
rhomboid minor

Sometimes differentiation of these
muscles is not easy; one can follow
the muscular fiber lines for better
understanding.



Fig 10. (1) Trapezium force
vectors. (A) Lower. (B) Mid-
dle. (C) Upper. (2) Force vec-
tors of transferred muscles.
Rhomboid major was not
transferred, keeping its original
force vector. (D) Rhomboid
major. (E) Transferred rhom-
boid minor. (F) Transferred
levator scapulae. (G) Trans-
ferred latissimus dorsi.
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restore the lower trapezium function and vector. The
upper and middle trapezium’s functions can be
respectively replaced by the levator scapulae and
rhomboid minor, but by using mini-open approaches.
The rhomboid major can remain in its original position
to provide better scapular retraction, keeping one of the
strongest scapular retractors in its original position and
function (Fig 10). Dorsal scapular nerve anatomy needs
Table 2. Comparison of robotic LD þ Minimally Invasive LS & R

Robotic LD þ Minimally Invasive LS & R

Surgical time Higher
Force vectors Better
Size of approach Small
Minimally invasive Yes
Price More expensive
to be respected and its integrity is mandatory to achieve
better results in this and other procedures.23

The idea of using latissimus dorsi instead of rhomboid
major with less scar formation is possible because of the
robotic approach. It is less invasive and potentially
mitigates harm related to traditional open approaches.
The latissimus dorsi also seems to present a better force

vector, closer to the lower trapezium’s vector, working
Mi

Mi Triple-Tendon Transfer Eden-Lange

Moderate Lower
Good Worst
Wide Wide
No No
Less expensive Less expensive
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as a scapular depressor and retractor (Fig 10). The role of
the transferred latissimus dorsi on the scapular rotation
seems to be also similar to that of the native lower tra-
pezium. During elevation, the instantaneous center of
the scapular rotation runs from medial to lateral;
therefore, the transferred latissimus dorsi will be an in-
ternal rotator on lower degrees of elevation and become
an external rotator on higher degrees of elevation. It
seems to be an advantage over other previous tech-
niques, as the rhomboid major transfer seems to be
related more to scapular retraction then rotation or
depression.21,22

Limitations of this technique are cost of the robot,
robotic hands, and scissors, as well as the necessity of
specific training on robotic surgery, which is currently
costly and not available in many hospitals. Risks asso-
ciated with this technique are similar to those of open
techniques for assessing the latissimus dorsi tendon.
This tendon is very near the radial nerve, and care is
needed to avoid lesions. Right now, surgical time is
longer than for the full open procedure; however,
operating time will improve (Table 2).

References
1. Ballantyne GH, Moll F. The da Vinci telerobotic surgical

system: The virtual operative field and telepresence sur-
gery. Surg Clin North Am 2003;83:1293-1304.

2. Kavoussi LR, Moore RG, Partin AW, Bender JS,
Zenilman ME, Satava RM. Telerobotic assisted laparo-
scopic surgery: Initial laboratory and clinical experience.
Urology 1994;44:15-19.

3. Oldani A, Bellora P, Monni M, Amato B, Gentilli S. Colo-
rectal surgery in elderly patients: Our experience with
DaVinci Xi� System. Aging Clin Exp Res 2017;29:91-99.

4. Gallotta V, Cicero C, Conte C, et al. Robotic versus lapa-
roscopic staging for early ovarian cancer: A case matched
control study. J Minim Invasive Gynecol 2017;24:293-298.

5. Garcia JC, Lebailly F, Mantovani G, Mendonça LA,
Garcia JM, Liverneaux PA. Telerobotic manipulation of
the brachial plexus. J Reconstr Microsurg 2012;28:491-494.

6. Garcia JC, Mantovani G, Gouzou S, Liverneaux P. Tele-
robotic anterior translocation of the ulnar nerve. J Robotic
Surg 2011;5:153-156.

7. Garcia JC, Montero EFS. Endoscopic robotic decompres-
sion of the ulnar nerve at the elbow. Arthrosc Tech 2014;3:
383-387.

8. Melo PMP, Garcia JC, Montero EFS, et al. Feasibility of an
endoscopic approach to the axillary nerve and the nerve
to the long head of the triceps brachii with the help of the
Da Vinci Robot. Chirurg Main 2013;32:206-209.
9. Morgan JA, Thornton BA, Peacock JC, Hollingsworth KW,
Smith CR, Oz MC, Argenziano M. Does robotic technology
make minimally invasive cardiac surgery too expensive? A
hospital cost analysis of robotic and conventional tech-
niques. J Card Surg 2005;20:246-251.

10. Byrn JC, Schluender S, Divino CM, et al. Three-dimen-
sional imaging improves surgical performance for both
novice and experienced operators using the da Vinci
Robot System. Am J Surg 2007;193:519-522.

11. Solis M. New frontiers in robotic surgery: The latest high-
tech surgical tools allow for superhuman sensing and
more. IEEE Pulse 2016;7:51-55.

12. Willems JIP, Shin AM, Shin DM, Bishop AT, Shin AY.
A comparison of robotically assisted microsurgery versus
manual microsurgery in challenging situations. Plast
Reconstr Surg 2016;137:1317-1324.

13. Shademan A, Decker RS, Opfermann JD, Leonard SK,
Axel K, Peter CW. Supervised autonomous robotic soft
tissue surgery. Sci Transl Med 2016;8:337ra64.

14. Wijdicks CA, Armitage BM, Anavian J, Schroder LK,
Cole PA. Vulnerable neurovasculature with a posterior
approach to the scapula. Clin Orthop Relat Res 2009;467:
2011-2017.

15. Chalmers PN, Van Thiel GS, Trenhaile SW. Surgical ex-
posures of the shoulder. J Am Acad Orthop Surg 2016;24:
250-258.

16. Selber JC, Baumann DP, Holsinger FC. Robotic latissimus
dorsi muscle harvest: A case series. Plast Reconstr Surg
2012;129:1305-1312.

17. Chung JH, You HJ, Kim HS, Lee BI, Park SH, Yoon ES.
A novel technique for robot assisted latissimus dorsi flap
harvest. J Plast Reconstr Aesthet Surg 2015;68:966-972.

18. Ichihara S, Bodin F, Pedersen JC, et al. Robotically assisted
harvest of the latissimus dorsi muscle: A cadaver feasi-
bility study and clinical test case. Hand Surg Rehab
2016;35:81-84.

19. Garcia JC, Gomes RVF, Kozonara ME, Steffen AM. Pos-
terior endoscopy of the shoulder with the aid of the Da
Vinci SI robotdA cadaveric feasibility study. Acta Shoulder
Elbow Surg 2017;2:36-39.

20. Garcia JC, Cordeiro EF, Raffaelli MP, Mello MBD,
Kozonara ME, Cardoso AM, Torres MC. Robotic transfer
of the latissimus dorsi. Arthrosc Tech 2020;9:e769-e773.

21. Amroodi MN, Salariyeh M. Single-incision Eden-Lange
procedure in trapezius muscle paralysis: A report of 11
cases. Acta Orthop Traumatol Turc 2018;52:115-119.

22. Elhassan BT, Wagner ER. Outcome of triple-tendon
transfer, an Eden-Lange variant, to reconstruct trapezius
paralysis. J Shoulder Elbow Surg 2015;24:1307-1313.

23. Pinto MC, Johnson JL, Patel HA, et al. The surgical anat-
omy of the dorsal scapular nerve: A triple-tendon transfer
perspective. J Shoulder Elbow Surg 2019;28:137-142.

http://refhub.elsevier.com/S2212-6287(20)30189-4/sref1
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref1
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref1
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref2
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref2
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref2
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref2
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref3
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref3
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref3
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref3
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref4
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref4
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref4
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref5
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref5
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref5
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref6
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref6
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref6
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref7
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref7
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref7
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref8
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref8
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref8
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref8
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref9
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref9
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref9
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref9
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref9
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref10
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref10
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref10
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref10
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref11
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref11
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref11
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref12
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref12
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref12
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref12
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref13
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref13
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref13
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref14
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref14
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref14
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref14
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref15
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref15
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref15
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref16
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref16
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref16
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref17
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref17
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref17
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref18
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref18
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref18
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref18
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref19
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref19
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref19
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref19
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref19
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref20
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref20
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref20
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref21
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref21
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref21
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref22
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref22
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref22
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref23
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref23
http://refhub.elsevier.com/S2212-6287(20)30189-4/sref23

	Robotic Transfer of the Latissimus Dorsi Associated With Levator Scapulae and Rhomboid Minor Mini-Open Transfers for Trapez ...
	Indications, Preoperative Evaluation, and Imaging
	Surgical Technique
	Rehabilitation
	Discussion
	References


