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Abstract

Treatment of displaced fractures of the proxi-

mal humerus in the fit and active patient

remains a challenge. Accurate imaging is

essential first with plain x-rays and with

three-dimensional imaging. Knowledge of

the vascular anatomy of the humeral head is

mandatory to understand the consequences

of the fracture pattern. When surgery is con-

templated, positioning of the patient must

allow a quasi-circumferential approach to the

shoulder. The deltopectoral approach is the

most popular but lesser invasive transdeltoid

approaches are coming into vogue. Plates with

locking screws afford great stability and ease

of use. However the basics of biomechanics

must not be forgotten, namely the presence of

a medial buttress. Ignoring the principles will

need to failure. Rehabilitation must be tailored

to each patient but gentle early motion is

encouraged in all cases. Complications of the

technique are reviewed.
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Introduction

Fractures of the proximal humerus present a

major clinical problem and the techniques of

fixation including nailing, percutaneous pinning,

osteosuture and plating have evolved over

time [1–22]. Plate fixation for proximal

humerus fractures has gained in popularity

with the advent of new locking plates that

afford greater stability and are easier to apply

than standard plates because of the immediate

stability they provide [19, 23–35]. Clearly

the ultimate prognosis of a fracture of the

proximal humerus depends largely on the vas-

cular status of the proximal humerus and the

more specifically on the location of the main

fracture line [8, 36–38] (Fig. 1). With a high

fracture line an interruption of the vascular

supply is likely. If the fracture line is lower

the chances of necrosis become lower (Fig. 2).

Indications

The indications for plating are determined by

the fracture pattern, essentially displaced two-

and three-part fractures, as determined by

Codman and Neer and refined by other authors

using advanced imaging techniques such as 3D

CT [2, 39–44]. Displaced head-split fractures

not amenable to reduction should be treated

with other means such as hemi- or total

arthroplasty whether anatomic or inverted.

Clearly to determine the indication an accurate

diagnosis is necessary and this is only possible

with well executed x-rays, if possible of digital

quality, that need to be perpendicular to the

glenohumeral joint in the frontal anteroposterior

plane and in the transverse axial plane (Fig. 3).

CT and 3D CT images may also be of assis-

tance in the understanding of complex fractures

[39, 45–47].

1  Axillary A.  

2  Arcuate A. 

3  Acromial A.

4  Circumflex A. 

5  Posterior Circumflex A. 

6  Anterior Circumflex A. 

7  Metaphyseal A. 

8  Ascending bicipital A. 
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Fig. 1 Vascularisation of

the humeral head
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a bFig. 2 Fracture line

determines the risk of

necrosis. (a) High fracture

line (arrow) with high risk

of necrosis. (b) Low

fracture line (arrow) with
a lesser risk of necrosis

a b

Fig. 3 Accurate radiological assessment is necessary. (a) AP perpendicular to the coronal plane is unsatisfactory.

(b) Strict AP view perpendicular to the scapular plane is necessary for diagnosis
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Surgical Technique

Patient Positioning

Under general anaesthesia and in some cases

with an additional scalene block, the patient is

placed on the operating table in a semi-sitting

“beach-chair” position. It is important that

the table be slightly up-tilted so that the

buttocks rest squarely in the seat of the table

avoiding any tendency to downward slippage.

The head is held securely in a head rest with a

firm bandage providing secure fixation. The

cervical spine is in neutral position without

inclination, rotation, extension or flexion.

Special care should be given to protecting the

patient’s eyes. It is important to verify the posi-

tion of the contralateral upper extremity so as to

avoid pressure areas [24, 28] (Fig. 4).

The totality of the shoulder region from the

superolateral torso and including the whole upper

extremity should be left free. Some modular

tables will allow removal of an upper corner

piece therefore allowing access to all parts of

the shoulder. The downside of this possibility is

that the scapula tends to sag backwards some-

what. This may be counteracted by slightly

rolling the table contralaterally. If this possibility

does not exist a bolster may be used to prop-up the

scapula. Care is taken to ensure that the shoulder

may be thoroughly explored with a C-arm fluoro-

scope. Modern smaller C-arms are extremely

manoeuvrable. Test the images obtained before

definitive draping and adjust so as to obtain

AP and axial views of the glenohumeral joint

[24, 28] (Fig. 5).

Painmanagementmodalitiesmust be discussed

with the anaesthetist. In some cases a scalene

block may be indicated. In acute cases where

nerve damage is possible this is best avoided.

Routine single dose intravenous prophylaxis with

an appropriate antibiotic administered before the

incision, usually 20 min, is recommended [48].

Surgical Approaches

Trans-Deltoid Approach

This approach is appropriate for a displaced

tuberosity fracture. Some authors use this

approach as their standard for fractures of

the proximal humerus [27, 29, 34]. The vertical

incision of 5–7 cm starts from the acromion at

the junction between the anterior and the

middle third of the deltoid. After undermining

the subcutaneous tissue the acromion, the

acromioclavicular joint, clavicle and deltoid

muscle are recognized. The anterior and

mid-deltoid portions are then split through an

often identifiable tendinous streak using a cold

knife or electrocautery. This separation should

not exceed 5 cm distal to the acromion

and the axillary nerve should be identified

either by palpation or visualization. Neer [49]

recommended placing a suture at the end

of the muscle slit to avoid unnecessary

propagation. If absolutely necessary the deltoid

may be economically released from the

acromion in T fashion. The subacromial bursa is

then opened and the surprisingly wide separation

of the fracture lines will come into view.

Traction sutures inserted through the supra- and

infra-spinatus tendons will aid in reduction. Once

the fracture is reduced, the plate is slipped along

the bone and screws are inserted. The distal

screws may be inserted through separate cutane-

ous incisions underneath the passage of

the axillary nerve [27, 29]. The imager

intensifier is used to control the fracture

reduction. Remember that the vision is limited

using this approach and that the utmost

care in placing the implant must be exerted.

The most frequent complications of this approach

are malreduction of the fracture, malposition

of the plate and injury to the axillary nerve

with denervation of the anterior deltoid as

a result (Fig. 6).
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Delto-Pectoral Approach

The delto-pectoral approach is the favoured

approach for proximal humerus fractures. It is a

utilitarian and extensile approach both proximally

and distally that respects the anatomy of the

shoulder [28, 49]. For proximal humeral fractures

a straight or oblique 10–15 cm incision is the best

choice starting at the junction of themid- and lateral

third of the clavicle, passing over the coracoid and

Fig. 4 Patient positioning.

The patient is in semi-

sitting position and the head

is in the neutral position

fixed in a headrest. The

shoulder and upper

extremity is free so as to

allow image intensifier use.

A scalene block may be

used to provide post-

anesthesia pain control
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ending distally near the insertion of the deltoid.

Subcutaneous tissues are undermined and the

delto-pectoral interval must be clearly identified.

Haematoma and swelling may render this difficult

so that it may be necessary to find the interval high

up between the pectoralis and the deltoid proxi-

mally at their clavicular insertion. The cephalic

vein is preserved and left either laterally along the

deltoid or medially. The deltoid fascia is incised to

allow palpation of the axillary nerve on the

underside of the anterior deltoid by running

a finger around the proximal humeral metaphysis

[3, 9]. The pectoralis muscle is retracted medially

while the deltoid is retracted laterally (Fig. 7).

Abduction will facilitate deltoid retraction and

exposure. The conjoint tendon is then retracted

medially to identify the subscapularis muscle and

its tendon. At this time it is wise to find the axillary

nerve coursing on the anterior surface of the

subscapularis muscle so as to protect it [50].

Fig. 5 In a semi-sitting position, the arm is placed on a Mayo stand in abduction to relax the deltoid. Intra-operatively

the image-intensifier allows control of the reduction manoeuvres

5 cm maximum
distance from the
acromion  

Axillary nerve

Axillary nerve  

Fig. 6 Trans-deltoid approach. The cutaneous incision is

straight going down from the acromion at the junction of

the anterior and middle third of the deltoid. Separation of

the deltoid fibres should not exceed a point 5 cm. distal to

the acromion to protect the axillary nerve
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Beware of the musculocutaneous nerve that pene-

trates the coracobrachialis at a mean distance of

5 cm from the tip of the coracoid [28, 49]. The

tendon of the long biceps is a precious landmark

and if damaged should not be sectioned for

tenodesis until the fracture is properly reduced and

the implants are in place [3]. The trajectory of

the tendon must be straight and lie squarely in the

groove. This will guide the reduction as the groove

can generally be identified in the majority of frac-

tures. Furthermore, the structures medial to the long

biceps tendon make up the lesser tuberosity and

subscapularis complex while the structures lateral

to the long biceps are the greater tuberosity and

supra- and infraspinatus [3, 9, 28]. To augment the

exposure, the coraco-acromial ligament may be

incised and the distal insertion of the deltoid may

be released on the humerus. Rarely the anterior

deltoid may be released from the clavicle. In this

case the incision of the muscle insertion must be on

top of the clavicle to leave a tendinous band for

reinsertion [3] (Fig. 8).

Deltoid M. 

Pectoral M. 
Cephalic V. 

Delto-pectoral groove

a b

Fig. 7 Delto-pectoral approach: (a) The skin incision

begins at the junction of the proximal and lateral thirds

of the clavicle, passes over the coracoid and stops over the

direction of pectoralis major. (b) The subcutaneous tissue

is undermined in order to visualize the delto-pectoral

groove. Proximally the vein can be found where it plunges

into the brachial vein in the triangle between deltoid and

pectoralis insertion origins

1

2

*

Fig. 8 Exposing the

fracture. A blunt curved

Hohmann retractor (1) is

placed in the subacromial

space and a wide

Richardson retractor pulls

away the deltoid (2) with

the arm in abduction,

allowing exposure of the

fracture site (*)
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Standard Plates

There are many different types of plates including

standard plates. They all have in common the

possibility of inserting multiple screws into

the humeral head. Some are T-shaped, others are

cloverleaf or racket-shaped [6, 7, 20, 51]. These

implants can be used through delto-pectoral or

trans-deltoid approaches (Fig. 9). Biomechani-

cally all plates are placed on the lateral cortex

to produce a tension band effect. For best function

and results a medial buttress and a valgus

reduction must be obtained. If no medial

buttress is present the implants will fatigue and

ultimately fracture [28, 30, 31, 34, 35]. It should

also be noted that in the osteoporotic bone

multiple screws of a small diameter (3.5 mm) are

more efficient than a large diameter screw

(6.5 mm) [8, 27, 28, 31].

Anatomical Plates with Divergent
Locked Screws

The trend is towards anatomically designed

plates with engineered screw holes able to lock

angularly stable and diverging screws These

locking screw holes impose a direction to

the screws although the latest models allow

a greater latitude in the choice of angles.

This angular stability with diverging screws is

an advantage for the stabilization of osteoporotic

fractures [19, 23–35].

Blade-Plates

For indications where a high degree of stability is

required, 90� angled blade-plates for the proximal

humerus provide rigid fixation and allow

interfragmentary compression. These implants

are useful in certain situations such as non-unions

or for fixing osteotomies after a malunion [52].

Fractures of the Anatomical Neck
(Two Fragments)

This is a rare lesion often associated with a

dislocation or a subluxation of the cephalic frag-

ment. This pattern is most often encountered in

high energy trauma in the young. Reduction is

performed through a delto-pectoral approach and

an arthrotomy through the rotator interval will

permit visualization of the displaced fragment.

Once anatomical reduction is obtained a plate

may be used for fixation, preferably a plate with

locked screws to obtain a rigid fixation of this

intra-articular fragment. Prognosis is dismal

however with a high rate of post-traumatic necro-

sis of the cephalic fragment [53].

a b c d

Fig. 9 Two part fracture (a, b) with a long spiral (arrows). (c, d) Fixation with a long T-plate
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Isolated Fractures of the Greater
Tuberosity (Two Fragments)

Fractures of the greater tuberosity with posterior

and superior displacement are typically associated

with antero-inferior dislocations of the shoulder.

These fractures are in fact completed Hill-Sachs

fracture impactions. Surgical intervention is

considered with a displacement of the tuberosities

greater than 3 mm in young active patients.

Up to 1 cm of displacement may be tolerated in

less active elderly patients [49]. A trans-deltoid

approach may be used. Once the fracture is

reduced, a plate with locking screws may be

used to stabilize the fragment. To ensure adequate

fixation sutures however are passed through

the supraspinatus, infraspinatus and subscapularis

tendons and secured to the plate [54] (Fig. 10).

Fractures of the Surgical Neck
(Two Fragments)

Fractures of the surgical neck tend to be unstable

because of the actions of the rotator cuff muscles,

the teres minor and major muscles, the deltoid

and the pectoralis [23, 25, 32]. With an angularly

displaced fracture (>30�) surgical stabilization is
necessary. These fractures may be displaced

into valgus or varus and the fixation technique

will vary.

Valgus Displacement

If a plate is used, a standard 1/3 or 1/2 tubular

plate may be inserted using either a delto-pectoral

or a trans-deltoid approach. The plate is placed

without any attempt at contouring. A screw

inserted distally to the fracture line is gradually

tightened thus bringing the plate in close contact

with the cortex. In case of a valgus displacement

reduction is obtained automatically. Care must be

taken that the proximal fragment is well aligned

in the sagittal plane and that no excessive flexion

or extension remain [8] (Fig. 11).

Varus Displacement

In case of varus displacement it is imperative to

reduce the proximal fragment so as to obtain

a satisfactory alignment both in the frontal and

in the sagittal planes. A Steinmann pin fixed into

the humeral head may be useful as a “joystick” to

obtain the reduction. Sutures are also passed

through the supraspinatus, subscapularis and

infraspinatus tendons. These may also be useful

in reducing the varus displaced proximal

humerus. Once the proximal fragment is well

seated on the metaphysis and after ascertaining

that the reduction is clinically acceptable, using

an image intensifier if necessary, a plate with

locking screws is used to secure the fixation.

a b c d

Fig. 10 Plate fixation with a third tubular plate.

Glenohumeral dislocation and tuberosity fracture (a)

After closed reduction a posterior displacement of the

greater tuberosity (b, c) Reduction and fixation of the

greater tuberosity with a third tubular plate (d)
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The cuff tendon sutures are tied to the plate using

empty screw holes or specific holes in the plate

(Fig. 12) [18, 28].

Three and Four Fragment Fractures

For a displaced three or four fragment fracture in a

young active individual osteosynthesis with a rigid

fixation and accurate reduction is always the first

choice. For elderly less active patients a less rigid

fixation using heavy suture material may be

sufficient. No matter the fixation technique it is

important to restore the anatomical relationships

as only this will guarantee the best chances for

recovering a functional articulation [4, 28].

These fractures when displaced should be

reduced and fixed and the surgical approach

may be delto-pectoral or trans-deltoid. The

author’s preference is the delto-pectoral approach

which allows a good visualization of the fracture

lines and adequate control of the fracture frag-

ments for the purpose of obtaining a satisfactory

reduction. Priority is given to tuberosity place-

ment. If too high it will impinge against the

acromion and damage the cuff, whilst if too low

there will be undue tension on the rotator

cuff tendons. Ideally the greater tuberosity

should lie 10 mm under the humeral head [1, 3,

8, 28, 32, 34, 35].

After the standard delto-pectoral approach the

fracture fragments must be identified. Stay sutures

are placed in the tendons at the tendino-osseous

junction of the fractured tuberosities. These

sutures placed in the tendons along with

a 2.5mmSteinmann fixed in the cephalic fragment

as a joystick will allow manipulation of the

fragments. The medial fracture line at the head-

metaphysis junction identified with the image

intensifier is a landmark that will aid in

adequately reducing the cephalic fragment on the

metaphysis. A solid medial buttress is essential in

a

d e f g h

b c

Fig. 11 Three-part fracture in valgus. (a, b, c) In this

situation the spring properties of a semi- or third tubular

plate may be used to reduce a displaced fracture. After

a delto-pectoral approach, the plate is applied on the

diaphysis and gradual tightening of a screw placed distally

to the fracture line will bring about the reduction. It is

important not to pre-bend the plate. (d, e, f) In this exam-

ple two extra screws are used to fix a non-displaced lesser

tuberosity fragment. (g, h) Healed fracture and functional

result at 1 year
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ensuring a stable construct. Inspection of the

articular surface may necessitate an arthrotomy

through the rotator interval if the view afforded

by lifting the tuberosity fragment is not sufficient.

A pin fixing temporarily the cephalic fragment on

the metaphysis is sometimes necessary. Rarely a

bone graft is needed which may be inserted

between the metaphysis and the cephalic fragment

to maintain the head in good position. The

tuberosities are then coaxed and manipulated

into a reduced position around the cephalic

fragment and fixed using the previously-inserted

transtendinous sutures. The tuberosity fragment

usually has a pointed triangular point which will

fit into the metaphyseal mirror triangular fracture

line. The position and alignment of the biceps

tendon is a good witness as to the quality of the

reduction. After the biceps tendon has been

ascertained to be in good position, if its integrity

is in doubt, a tenodesis may be needed [28, 33].

The transtendinous traction sutures may be

then passed through holes in the locking

screw-plate. The plate needs to be positioned on

the metaphysis avoid the bicipital groove. Care

must be taken that the plate is not too high

or impingement on the acromion will occur.

a b c d

e f g h

Fig. 12 Two-part fracture in varus. (a, b, c, d) After

a delto-pectoral approach a Steinmann pin is inserted

into the cephalic fragment and used as a joystick, a plate

is applied for fixation. (e, f) Clinical case: Displaced

two-part fracture fixed with a locking plate. Once reduced

a locking plate is applied. (g, h) Result after fracture

healing and hardware removal
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a b

c d

e f g

Fig. 13 Three-part fracture. (a, b, c, d) Transtendinous

sutures are placed followed by reduction of the humeral

head using a joystick manoeuvre with a Steinmann pin.

Once the reduction achieved the locking plate is applied

and sutures are tied onto the plate. (e, f, g) Clinical case:

Three-part fracture fixed with a locking plate
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The image intensifier will control the reduction

and position of the plate. The 3.5 mm screws are

then inserted beginning with a screw in the mid-

dle of the plate and proceeding to insert the prox-

imal cephalic screws. Length must be carefully

gauged to avoid protrusion, more than 35 mm of

length is unusual. Once the screw is inserted the

transtendinous sutures should be tied on the plate.

An image intensifier check will ascertain that the

fracture is well reduced, that a good medial but-

tress has been achieved and that the screws are of

the right length. The last screws are inserted into

the cephalic fragment and locked into the plate.

For Titanium implants always use the torque-

limiting device on the screwdriver when

indicated by the manufacturer so as to avoid a

so-called “cold” welding effect, rendering future

hardware removal almost impossible without

destroying the screw head. The lesser tuberosity

may be fixed with screws outside the plate but as

a rule transtendinous sutures tied down to the

plate will afford an adequate fixation [28, 33].

Before closure, a last image intensifier check,

taking the shoulder through a range of motion

will verify that no screws are intra-articular and

that the reduction is adequate (Fig. 13).

Fig. 14 Lack of a mechanically sound medial buttress (Circle) such as in this two- part fracture will lead to fracture

collapse into varus and plate breakage

Fig. 15 Complications of plating. A fracture-dislocation with a head split in a 25 years-old woman. Attempt at plating

leads to failure with collapse and severe necrosis
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Complications

Complications are many and the literature is rich

in articles and reports detailing the types of com-

plications most frequently encountered [26, 27,

34, 35]. A strong medial buttress must be present

if varus displacement and plate breakage are to be

avoided (Fig. 14). The indication must be

well determined. Certain head-split fracture-

dislocations are not amenable to reduction and

fixation and even if that were the case necrotic

collapse is inevitable (Fig. 15). The main

complications related to technique are described

in Fig. 15. A plate too high will lead to impinge-

ment. Screws that are too long will damage

the articular surfaces and lead to pain, as a

general rule avoid screws longer than 35 mm in

the humeral head. Lack of a strong

medial buttress will lead to fracture collapse in

varus. The plate should not impinge on the

biceps if it is left in place. The plate should be

placed on the diaphysis and not obliquely as this

is potentially an unstable situation. Frequently

a malreduction, where the proximal fragment

remains tilted posteriorly, is encountered. This

will lead to reduced motion and possibly residual

pain (Fig. 16).

a

d

cb

e f

Fig. 16 Common

complications (a) Plate too

high. (b) Screws too long.

(c) Insufficient medial

buttress and plate breakage.

(d) Impingement of biceps.

(e) Plate not aligned on the

diaphysis. (f) Malreduction

with posterior tilt

DevascularisedVascularised

Humeral Head

Strong bone

Anatomic reduction

(Screw, plate)

Weak bone

Fixation

(Osteosuture, nail)

Strong bone

Reduction

(Screw, plate, nail, osteosuture)

Weak bone

Function

(Arthroplasty)

Fig. 17 Algorithm for

managing displaced

proximal humeral fractures

1272 P. Hoffmeyer



As a general rule plates should be used

according to the algorithm below. The best indi-

cation is a displaced fracture occurring in strong

bone with a pattern that preserves the vascularity

of the articular cephalic fragment (Fig. 17).

Rehabilitation

As a rule the shoulder should be mobilized as

early as possible (Rehabilitation will pass through

three phases -I-II-III). During phase I the accent is

placed on passive assisted mobilization in some

cases under scalene bloc. The shoulder should be

mobilized in elevation in the plane of the scapula

by the physiotherapist and the patient is encour-

aged to mobilize himself the injured shoulder

using his uninjured arm. The exercises should be

performed supine and then later in the sitting

position. Exercising in the water in an adapted

pool under supervision should be started as soon

as possible. In some cases a watertight film may

be applied to the operative wound even before

suture removal, thus allowing the patient to exer-

cise in water with his wound kept dry. This phase

should last for the first 6 weeks post-operatively,

the aim being to achieve the best possible range of

motion. Phase II starts at 6 weeks and active

movements are encouraged along with strength-

ening exercise. At this time slings and shoulder

immobilizers are stopped. The goal is to obtain a

full range ofmotion. Starting at week 10, phase III

stats. with strengthening and stretching exercises

that are recommended and encouraged. After 3

months, formal physiotherapy is discontinued

and the patient is encouraged to use his shoulder

as normally as possible [11, 49, 53].
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