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Introduction

The shoulder strap approach involves an anterolateral 

deltoid split with use of an inverted U incision, provid-

KPI�GZEGNNGPV�NCVGTCN�GZRQUWTG�HQT�NQEMGF�RNCVG�ſZCVKQP�QH�
complex proximal humeral fractures.

.QEMGF�RNCVG�ſZCVKQP�KU�C�UWEEGUUHWN�VGEJPKSWG�
for osteosynthesis of unstable proximal humeral frac-

tures. The anteriorly based deltopectoral approach 

KU�EQPXGPVKQPCNN[�WUGF�HQT�HTCEVWTG�ſZCVKQP��*QYGXGT��
UWTIGQPU�WUKPI�VJCV�CRRTQCEJ�OC[�ſPF�KV�FKHſEWNV�VQ�
QDVCKP�CFGSWCVG�NCVGTCN�GZRQUWTG�VQ�TGFWEG�VJG�FKURNCEGF�
ITGCVGT�VWDGTQUKV[�CPF�KPUGTV�ſZGF�CPING�UETGYU�CPF�
may need to perform excessive deltoid retraction1. The 

anterolateral deltoid-splitting approach has emerged as 

a safe and effective alternative to the deltopectoral ap-

RTQCEJ�HQT�KPVGTPCN�ſZCVKQP�QH�VJGUG�HTCEVWTGU2.

The deltoid split approach can be performed with 

either a longitudinal anterolateral incision or a shoulder 

strap incision3. The shoulder strap incision is performed 

D[�TCKUKPI�C�FKUVCNN[�DCUGF�UMKP�ƀCR�HTQO�VJG�VKR�QH�VJG�
CETQOKQP��6JKU�őDTC�UVTCRŒ�KPEKUKQP�KU�DGPGſEKCN�HTQO�
a cosmetic standpoint and provides excellent access, 

especially in obese and muscular patients, without the 

need for skin retraction.

Step 1: Positioning of the Patient and the 

,PDJH�,QWHQVL¿HU��9LGHR���
2TQRGT�RQUKVKQPKPI�QH�VJG�KOCIG�KPVGPUKſGT�KU�KORQTVCPV�
HQT�WPKPVGTTWRVGF�ƀWQTQUEQR[�

• Place the patient in a beach-chair position.

• Drape the shoulder area free and make it ame-

PCDNG�HQT�ƀWQTQUEQR[�
• Position the patient’s head and secure it with 

tape to avoid unwanted movements during 

surgery.

• 2QUKVKQP�VJG�KOCIG�KPVGPUKſGT�QP�VJG�QRRQUKVG�

side, and maneuver it to obtain true anteropos-

VGTKQT�
)TCUJG[��CPF�OQFKſGF�CZKCN�XKGYU�QH�VJG�
shoulder.

6WHS����6NLQ�,QFLVLRQ��9LGHR���
6JG�VKR�QH�VJG�CETQOKQP�KU�C�WUGHWN�NCPFOCTM�CPF�UGTXGU�
CU�VJG�RTQZKOCN�GZVGPV�QH�VJG�KPEKUKQP�

• Make the skin incision in an inverted U-shaped 

fashion with the proximal apex centered on the 

tip of the acromion (Fig. 1). 

• Carry the anterior and posterior limbs of the inci-

sion distally. The distal extent depends on the 

length of the chosen plate; aim to accommodate 

C�VJTGG�JQNGF�RNCVG��(WTVJGT�FKUVCN�ſZCVKQP� 
if needed, can be performed through stab 

incisions.

• +PſNVTCVG�C�NQPI�CEVKPI�NQECN�CPGUVJGVKE�OKZGF�
with 0.5% epinephrine to minimize bleeding from 

VJG�ƀCR�CPF�RTQXKFG�RQUVQRGTCVKXG�RCKP�TGNKGH�

Step 3: Raise the Distally Based 

)DVFLRFXWDQHRXV�)ODS��9LGHR���
4CKUG�C�DTQCF�DCUGF�HWNN�VJKEMPGUU�HCUEKQEWVCPGQWU�ƀCR�

• 4CKUG�C�HWNN�VJKEMPGUU�ƀCR��FKUUGEVKPI�FGGR�VQ�
the muscular fascia, without undermining the 

skin (Fig. 2).

• 2TQZKOCN�GZVGPUKQP��KH�TGSWKTGF��ECP�DG�RGT-
formed by elevating a portion of the anterior 

deltoid with a sliver of bone from the clavicle.

• &KUVCN�GZVGPUKQP�QH�VJG�ƀCR�KU�PQV�TGEQOOGPFGF�
to minimize the chance of necrosis.

• If a longer plate is needed, place distal screws 

through separate stab incisions.

• In the rare situation in which deltopectoral ac-

cess is needed, obtain it through the anterior 

part of the incision.
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Step 4: Creation of the Proximal Working 

:LQGRZ��9LGHR���
5RNKV�VJG�FGNVQKF�CPVGTKQTN[�VQ�OKPKOK\G�VJG�EJCPEGU�QH�
FGPGTXCVKQP�

• Split the deltoid between the anterior and middle 

portions of the muscle (Fig. 3). This interval is 

marked by a relatively avascular raphe.

• Split the muscle bluntly for a distance of 4 to 

6 cm from the tip of the acromion. The distal 

extent is limited by the presence of the axillary 

nerve.

• After splitting the muscle, incise the underlying 

subdeltoid bursa to expose the fractured seg-

ments (Fig. 4).

• #HVGT�KFGPVKſECVKQP�QH�VJG�CZKNNCT[�PGTXG��ETG-

ate the distal working window for placement of 

screws into the distal segment.

6WHS����,GHQWL¿FDWLRQ�DQG�3URWHFWLRQ�RI�
WKH�$[LOODU\�1HUYH��9LGHR���
.GCXG�C�EWHH�QH�FGNVQKF�OWUENG�VQ�RTQVGEV�VJG�CZKNNCT[�
PGTXG�

• The axillary nerve courses the deltoid muscle 

transversely in a posterior-to-anterior direction, 

supplying innervation to the muscle. Its course 

lies at a distance of 4 to 6 cm distal to the tip of 

the acromion.

• 2CUU�C�ſPIGT�WPFGT�VJG�FGNVQKF�VJTQWIJ�VJG�
proximal working window with the shoulder 

abducted to 40°.

• Identify the nerve as a palpable cord coursing 

transversely under the belly of the muscle. Then 

create the distal working window, leaving a cuff 

of muscle around the nerve (Fig. 5).

• Introduce right-angled forceps from the distal 

working window and use a wire loop to isolate 

and protect the axillary nerve.

Step 6: Placement of Traction Cuff 

6XWXUHV��9LGHR���
6JG�EWHH�UWVWTGU�CTG�JGNRHWN�KP�TGFWEVKQP�QH�VJG�RTQZKOCN�
HTCEVWTG�UGIOGPVU�CPF�KORTQXG�UVCDKNKV[�QH�VJTGG�CPF�
HQWT�RCTV�HTCEVWTGU�

• Pass three heavy (number-5) nonabsorbable 

Ethibond sutures (Ethicon) at the tuberosity-ro-

tator cuff junction, in the anterior, posterior, and 

superior cuff regions (Fig. 6).

• The sutures are guided into the eyelets of the 

RNCVG�
2*+.15��5[PVJGU��DGHQTG�RQUKVKQPKPI�QH�
the plate on the proximal part of the humerus. 

The sutures are tied to the plate at the end of 

the procedure.

• The superior cuff suture can be used to manipu-

late and reduce the humeral head out of a varus 

position.

• When treating a patient with a three or four-part 

fracture, place two additional sutures into the 

anterior and posterior aspects of the cuff and tie 

them together to reduce the tuberosities.

Step 7: Reduction of the Head and 

7XEHURVLW\�)UDJPHQWV��9LGHR���
#XQKF�XCTWU�TGFWEVKQP�CPF�TGGUVCDNKUJ�VJG�TGNCVKQPUJKR�
DGVYGGP�VJG�JWOGTCN�JGCF�CPF�VJG�ITGCVGT�VWDGTQUKV[�

• Reduce the head fragment in an atraumatic 

manner.

• For valgus impacted fractures, broad-based 

elevators and bone tamps can be used to disim-

pact the head.

• Traction sutures, Kirschner wires used as 

joysticks, and sometimes endosteal struts are 

useful to reduce the head fragment out of varus 

(Fig. 7).

• After reducing the head fragment, reduce the tu-

berosity fragments to each other and hold them 

in place with the cuff sutures. In patients with 

a three or four-part fracture, the biceps tendon 

can be tenodesed with use of drill holes into the 

proximal part the humerus below the intertuber-

cular sulcus.

• Kirschner wires can also be used to provisionally 

hold the reduced proximal fracture fragments 

together and to the distal shaft fragment.

• Make sure that placement of Kirschner wires 

does not impede plate placement on the lateral 

aspect of the shaft.

• Place two Kirschner wires for provisional fracture 

ſZCVKQP��QPG�HTQO�VJG�ITGCVGT�VWDGTQUKV[�VQ�VJG�
inferomedial aspect of the neck and one from 

the anterior aspect of the shaft into the head.

• Reduction is satisfactory if the medial calcar is 

reconstructed to reestablish the Gothic arch and 

the greater tuberosity is reduced to 6 to 8 mm 

below the top of the humeral head.

• %QPſTO�HTCEVWTG�TGFWEVKQP�WUKPI�VTWG�CPVGTQ-

RQUVGTKQT�CPF�OQFKſGF�CZKCN�ƀWQTQUEQRKE�XKGYU4 

before applying the plate.

6WHS����3ODWH�3ODFHPHQW��9LGHR���
2TQRGT�RNCVG�RQUKVKQPKPI�KU�KORQTVCPV�VQ�OCZKOK\G�VJG�
RQUUKDKNKV[�QH�WUKPI�CNN�RTQZKOCN�UETGY�QRVKQPU�CPF�VQ�
OKPKOK\G�EJCPEGU�QH�KORKPIGOGPV�

• With the traction cuff sutures already passed 
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through the eyelets of the plate, slide the plate 

under the axillary nerve under direct vision. 

Shoulder abduction eases the tension on the 

nerve.

• Make sure to center the plate over the greater 

tuberosity and on the humeral shaft.

• The proximal tip of the plate should be at least 6 

to 8 mm below the superior extent of the humer-

al head to prevent subacromial impingement.

• The plate should sit posterior to the bicipital 

groove on the greater tuberosity.

• Center the plate accurately on both the proximal 

and the distal segments to make use of all pos-

sible screw options.

6WHS����)UDFWXUH�)L[DWLRQ��9LGHR���
#U�KU�PGEGUUCT[�YKVJ�CNN�NQEMGF�KPVGTPCN�ſZCVQTU��TGFWEG�
VJG�HTCEVWTG�DGHQTG�ſZKPI�VJG�RNCVG��VJG�QTFGT�QH�ſZCVKQP�
OC[�XCT[�YKVJ�VJG�V[RG�QH�HTCEVWTG�

• Fix the proximal (anatomical) portion of the plate 

ſTUV�YKVJ�OWNVKRNG�NQEMGF�UETGYU�
• If necessary, place a cortical screw (“reduction 

UETGYŒ��ſTUV�KPVQ�VJG�UJCHV�UGIOGPV�VJTQWIJ�VJG�
QDNQPI�JQNG�QH�VJG�2*+.15�RNCVG�VQ�TGFWEG�VJG�
shaft under the humeral head (Fig. 8). Use the 

reduction screw only if there is medial displace-

ment of the shaft or else it may lateralize the 

shaft and leave the humeral head unsupported.

• The inferomedial calcar screws (row D in the 

2*+.15�RNCVG��CTG�KORQTVCPV�VQ�RTGXGPV�XCTWU�
instability5 (Fig. 9).

• Make sure that the screw tip in the humeral head 

reaches subchondral bone to improve holding 

strength6.

• Subchondral screw placement can be facilitated 

D[�EQPVKPWQWU�ƀWQTQUEQR[�CPF�RCNRCDNG 

“sounding.”7

• 2NCEGOGPV�QH�ſXG��UKZ��QT�UGXGP�NQEMKPI�UETGYU��
including the important calcar screws, into the 

humeral head is recommended for complex 

three and four-part fractures8.

• In patients with osteoporosis, endosteal strut 

grafts can be used to provide structural support 

and to prop up the humeral head to prevent 

varus displacement9.

Results

+P�QWT�UVWF[�QH�ſHV[�RCVKGPVU�YKVJ�C�FKURNCEGF�VJTGG�QT�
HQWT�RCTV�HTCEVWTG�VTGCVGF�YKVJ�VJKU�CRRTQCEJ��CNN�ƀCRU�
healed well without any necrosis and no infections were 

seen10. Anatomical reduction of the head and tuberos-

ity fragments with a normal head-shaft angle (120° to 

150°) was achieved in forty-two patients. Electrodiag-

nostic evaluation performed as part of the study showed 

transient dysfunction of the anterior portion of the axillary 

PGTXG�KP�HQWT�
����QH�VJG�ſHV[�RCVKGPVU�
Initial varus malreduction was seen in four pa-

tients (8%) and further loss of reduction (varus of >20°) 

was seen in two patients. Osteonecrosis of the humeral 

head was seen in two patients (4%). Revision to ac-

romioplasty was performed in three patients (6%). The 

mean normalized Constant and Murley score11 at one 

year was 80.2 ± 7.7.

What to Watch For

Indications
• The approach is best suited for displaced two-

part surgical neck fractures, three-part (greater 

tuberosity) fractures, and valgus impacted 

fractures.

• The shoulder strap incision is especially useful 

in obese patients when a deltoid split approach 

is contemplated.

• The incision is cosmetically preferable to the 

straight anterolateral incision.

• The incision heals predictably as it is along the 

relaxed skin tension lines12.

• The shoulder strap approach can also be used 

successfully for humeral head replacement 

procedures13.

Contraindications
• #PVGTKQT�HTCEVWTG�FKUNQECVKQPU�CTG�FKHſEWNV�VQ�VTGCV�

through the approach.

• Atraumatic retrieval of the dislocated head 

HTCIOGPV�OC[�DG�FKHſEWNV�DGECWUG�QH�VJG�NCEM�QH�
medial access.

• Attempts at retrieval of the head fragment may 

increase the tension on the axillary nerve, mak-

ing it vulnerable to injury.

• %QORNGZ�JGCF�URNKVVKPI�HTCEVWTGU�CTG�FKHſEWNV�VQ�
ſZ�VJTQWIJ�VJG�CRRTQCEJ14.

Pitfalls & Challenges
• With the patient in a beach-chair position, it is 

XGT[�KORQTVCPV�VQ�QDVCKP�RTQRGT�ƀWQTQUEQRKE�
views to assess fracture reduction and screw 

position in the humeral head. True anteropos-

terior (Grashey) views (i.e., with the shoulder in 

UNKIJV�GZVGTPCN�TQVCVKQP��CPF�OQFKſGF�CZKCN�XKGYU�
ECP�DG�GCUKN[�QDVCKPGF�YKVJ�VJG�KOCIG�KPVGPUKſGT�
from the opposite side.

• The possibility of injury to the anterior portion 

of the axillary nerve is the main challenge and 

chief limitation of the approach. Leaving a cuff 

of muscle ensheathing the axillary nerve helps 
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to protect the nerve throughout the course of the 

procedure.

• The axillary nerve lies close to the calcar screw 

JQNGU�KP�VJG�2*+.15�RNCVG��CPF�KV�ECP�DG�EJCN-
lenging to insert those screws safely. Abduction 

of the shoulder brings the axillary nerve above 

the calcar screw holes, making it safer to insert 

the screws (Fig. 10).

• Fracture-dislocations and head-split fractures 

CTG�EJCNNGPIKPI�VQ�ſZ�DGECWUG�QH�C�NCEM�QH�FKTGEV�
access to the articular segments.

• The prevalence of neurophysiological dysfunc-

tion of the anterior portion of the axillary nerve 

is higher with fracture-dislocations than it is with 

three and four-part fractures.

• Improper plate positioning is one of the impor-

tant pitfalls encountered with this approach. It 

is important to position the plate properly in the 

craniocaudal and anteroposterior planes.

• It is advisable to make sure that the calcar 

screws will go into the inferomedial portion of the 

JWOGTCN�JGCF�DGHQTG�ſPCNK\KPI�VJG�RNCVG�RQUKVKQP�
in the craniocaudal plane.

• Proper plate placement in the anteroposterior 

plane will prevent plate offset on the shaft. It 

also allows safe and accurate placement of the 

FKXGTIGPV�NQEMKPI�UETGYU�
TQY�%�KP�VJG�2*+.15�
plate) in the humeral head without the risk of 

penetration (Fig. 11).

Clinical Comments

• Most complex proximal humeral fractures can 

DG�UCHGN[�CRRTQCEJGF�CPF�ſZGF�UCVKUHCEVQTKN[�
through the deltoid split approach.

• Use of a shoulder strap incision for the deltoid 

split approach results in a more cosmetically ac-

ceptable scar and is more convenient, especially 

in obese patients, and obviates the need for skin 

retraction.

• The incision is made along the relaxed skin 

tension lines of the shoulder girdle and heals 

predictably.

• The approach provides superior access to the 

lateral side compared with the deltopectoral 

approach and allows gentle reduction of the 

displaced greater tuberosity fragments.

• Because the approach provides virtually no ac-

cess to the anteromedial aspect of the proximal 

part of the humerus, it is less useful for fracture-

dislocations.

• The approach is also better from a biological 

standpoint as it does not interfere with the blood 

supply to the humeral head.

• The axillary nerve should be protected through-

out the procedure, especially during fracture 

manipulation and screw insertion.

• We encountered transient electrophysiological 

dysfunction of the axillary nerve supplying the 

CPVGTKQT�FGNVQKF�KP����QH�QWT�ſHV[�RCVKGPVU10. No 

RGTOCPGPV�FGſEKVU�YGTG�PQVGF��0GTXG�F[UHWPE-

VKQP�YCU�OQTG�HTGSWGPV�CHVGT�VTGCVOGPV�QH�CPVG-

rior fracture-dislocations.
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Intraoperative view of the right shoulder and line diagram showing the shoulder strap incision. The position of the axillary nerve (arrow) is marked at 5 
cm from the acromion. The incision extends proximally up to the tip of the acromion (A), and the distal limit should accommodate a three-holed plate 
(black solid line on the photograph).

Fig. 1
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Fig. 2

7KH�GLVWDOO\�EDVHG�IXOO�WKLFNQHVV�VNLQ�ÀDS�VKRXOG�EH�UDLVHG�ZLWKRXW�XQGHUPLQLQJ�WKH�VNLQ�

Fig. 3

The deltoid raphe (shaded yellow in the line diagram) between the anterior and middle portions of the deltoid represents a “watershed” area and pro-
vides a relatively avascular plane.
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The proximal working window is created, exposing the underlying subdeltoid bursa (black solid arrow). The distal working window is created after identi-
fying the axillary nerve (outlined in yellow in the line diagram) by palpation.

Fig. 4

Fig. 5

One centimeter of the deltoid muscle is left as a cuff around the axillary nerve to minimize the possibility of an inadvertent injury. A wire loop (green) is 
used to protect the nerve throughout the procedure. 1 = proximal window, and 2 = distal window.
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Fig. 6

Three heavy nonabsorbable traction sutures (green in bottom left line diagram) are placed in the cuff-bone junction in the anterior (1), superior (2), and 
posterior (3) portions of the rotator cuff. Additional sutures are placed in the posterior (4) and anterior (5) portions of the cuff to reduce the tuberosities in 
patients with a three or four-part fracture.

Fig. 7

Fracture reduction techniques. Cuff sutures (A), blunt elevators (B), and Kirschner wires (C and D) can be used to manipulate the head fragment and 
DFKLHYH�UHGXFWLRQ��,QWUDPHGXOODU\�¿EXODU�VWUXWV�FDQ�DOVR�EH�XVHG�LQ�SDWLHQWV�ZLWK�RVWHRSRURVLV�RU�PHGLDO�FRPPLQXWLRQ�
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Fig. 8

A medially displaced shaft (arrow) can be reduced under the humeral head by using a cortical screw through the oblong hole in the shaft segment of the 
PHILOS plate to reconstruct the medial calcar (arrowhead).

Fig. 9

The two inferomedial (calcar support) screws (arrows) are extremely important in preventing varus deformation in three and four-part fractures. The 
screws should be placed well inferiorly to improve purchase and to provide the desired effect.

Fig. 10

7UXH�DQWHURSRVWHULRU�ÀXRURVFRSLF�YLHZV�PDGH�ZLWK�WKH�VKRXOGHU�LQ�����RI�H[WHUQDO�URWDWLRQ�DQG�WKH�DUP�SHUSHQGLFXODU�WR�WKH�LPDJH�LQWHQVL¿HU�DQG�PRGL-
¿HG�D[LDO�YLHZV�PDGH�ZLWK�WKH�VKRXOGHU�DEGXFWHG�DQG�LQWHUQDOO\�URWDWHG�DUH�LPSRUWDQW�IRU�IUDFWXUH�UHGXFWLRQ��SODWH�SODFHPHQW��DQG�VFUHZ�LQVHUWLRQ�
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Fig. 11

The divergent screws through row C of the plate can easily penetrate the humeral head. This can be prevented by accurate plate positioning on the 
humeral head and by using the axial view to verify screw position.


