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The majority of proximal humerus fractures are treated nonoperatively with good functional results. Multiple
options exist for treating displaced fractures, without a clear advantage of any one method for a given fracture
type. Goals include an adequate reduction and stable fixation to initiate early motion and rehabilitation.
Decision-making should be based on patient and injury specifics and surgeon's experience. Various types of
fixation, including plates, nails, or percutaneous pins, can maintain sufficient stability to promote shoulder
mobility and function. Any of these methods will have few complications when undertaken with appropriate
patient selection and careful surgical technique.Locked plating may improve fracture stability in some complex
patterns and facilitate early rehabilitation. It is possible that some fractures previously treated with
hemiarthroplasty may be managed successfully with locking plates. Prospective study to assess the
complications, outcomes, and cost effectiveness of nonoperative management compared to various surgical
treatment options is warranted.
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I. Introduction

The goal of treatment for proximal humerus fractures is restoration of a painless shoulder with
satisfactory patient functional outcome. Nondisplaced fractures and fractures with minimal displacement and
adequate stability are usually successfully treated non-operatively (1,2,3). The main goal in treating displaced
fractures or fracture dislocations is to achieve good clinical shoulder function with no pain via restoration of the
proximal humeral anatomy—a goal best achieved by open reduction and internal fixation (ORIF) together with
the use of locking plates [4-6].A variety of treatment techniques has been proposed including open reduction
and internal fixation with proximal humerus plates, hemiarthroplasty as well as percutaneous or minimally
invasive techniques such as pinning, screw osteosynthesis, transosseous Suture Fixation and intramedullary
nails (7, 8).The aim of this article is to provide an overview over the epidemiology, classification, current
treatment options and complications in proximal humerus fractures.

The goals of this article are to enable the reader to: (1) become familiar with the recent literature on the
classification of and treatment options for proximal humeral fractures, and (2) better identify fracture
characteristics and devise an appropriate treatment plan.

I1. Epidemiology:

Proximal humerus fractures account for approximately 5% of all fractures and represent the third most
frequent fracture in elderly patients (10). More than 70% of patients with these fractures are older than 60 years
and 75% are women (12). In the elderly population, most of these fractures are related to osteoporosis (11).
According to data in the literature the incidence in the total population is 70/100.000 per annum, but this rises in
women over 70 years to 400/100.000 per annum . Risk factors are considered low bone mass, personal history
of fractures, low level of physical activity, poor vision, insulin-dependent diabetes and alcohol consumption.

CLASSIFICATION:

1934 Codman described four major fragments in proximal humerus fractures: the head, the lesser
tuberosity, the greater tuberosity, and the shaft. A fracture of the proximal humerus can separate one, two, or
three of the four major segments from the rest, therefore Codman classified proximal humerus fractures as 2-
part, 3-part and 4-part fractures. To assess the vascular status of the humeral head the Hertel radiographic
criteria for perfusion of the humeral head are useful (18). In the Hertel criteria, metaphyseal extension of the
humeral head of < 8 mm and medialhinge disruption of > 2 mm were determined to be good predictors of
ischemia. The combination of metaphyseal extension of the humeral head, medial hinge disruption of > 2 mm,
and an anatomic neck fracture pattern had a 97% positive predictive value for humeral head ischemia.
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Nowadays commonly used classifications are the Neer classification and the AO/ASIF classification
(38). Neer’s classification-system is based on Codman’s four fragment classification and is divided into 6
groups. All fractures with a displacement <1 cm and an angulation below 45° are classified together in group I.
The other groups are determined by the number of fracture fragments, involvement of the articular surface and
the direction of dislocation (Fig. 1).
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The AO/ASIF classification system for proximal humerus fractures classifies fractures based on the
degree of articular involvement and probability of vascular injury according to the general ABCSystem of
fracture classification (Fig. 2). Both the Neer and the AO/ASIF classification systems suffer from a poor
interobserver reliability and inadequatepredictability of clinical outcome. Furthermore they are not user-friendly
for everyday use and often do not correspond to reality at surgery (3). The low reliability of these classifications
may cause difficulties in clinical comparative studies. However, training may improve agreement among doctors
using the Neer system (6). We still consider Codman’s classification to be the most practical since it is not based
on the dislocation of the individual fragments, which is sometimes difficult to assess, but focuses on the
instability of the affected fragments.Before planning for operative procedure , it is necessary to
determine the vascularity of head, bone quality, choice of implant and method of fixation.

Implants and fixation methods

Minimally invasive techniques

i. Percutaneous Pinning or Screw fixation

ii. Minimally invasive Plating and intramedullary Nailing
iii. External Fixation

Open reduction internal fixation techniques

i. Transosseous suture fixation

ii. Plate - conventional T plate or LCP

iii. Intramedullary Nail - Polarusospolyaxial nail
Replacement Arthroplasty

i. Conventional Arthroplasty

ii. Reverse Shoulder Arthroplasty

I11. Operative Treatment
Various methods such as closed reduction and percutaneous pinning(CRPP),tension band
wiring,intramedullarynailing, platefixation, Transosseous suture fixation and hemiarthroplasty have
demonstrated mixed results.
Fracture pattern ,fracturedisplacement,bonequality,pre-existing rotator cuff disease or arthrosis and patient
function are important factors to consider in developing a treatment plan.The primary goal should be a construct
sufficiently stable to begin early range of motion of shoulder.(9).

Transosseous Suture Fixation Surgical Technique:

Park et al.2 described different operative approaches for each fracture pattern described by Neer3. For
two-partgreater tuberosity fractures, an anterosuperior approach along the Langer lines extending from the
lateral aspect of the acromion toward the lateral tip of the coracoid is used. The split occurs in the anterolateral
raphe and allows exposure of the displaced greater tuberosity fracture. When a surgical neck fracture exists,
Park et al.2 prefer a standard deltopectoral approach. Nonabsorbable suture is used to capture rotator cuff tissue
anteriorly, laterally, and posteriorly to the fragment. The displaced humeral head is reduced and fixed to the
shaft through drill holes or suture anchors. Three-part fractures involving the greater tuberosity and the surgical
neck can be repaired by initially bringing the head to the shaft, followed by reduction and fixation of the greater
tuberosity. Flatow et al.4 described an anterosuperior approach and the use of heavy nonabsorbable sutures for
greater tuberosity fractures (Fig. 1). Humerus fractures.

IV. Results

Flatow et al.4 reported that all twelve patients who had transosseous suture fixation of an isolated
greater tuberosity fracture had good or excellent results with osseous union. Park et al.2, in a review of twenty-
eight shoulders with two-part greater tuberosity, two-part surgical neck, and three-part greater tuberosity and
surgical neck fractures that were treated with transosseous suture fixation, reported that 78% of the patients had
an excellent result according to the criteria of Neer et al.5 and that there was no difference between the results
obtained with two-part greater tuberosity fractures and those obtained with two-part surgical neck or three-part
fractures. Panagopoulos et al.6 used transosseous suture fixation for four-part valgus-impacted proximal
humeral fractures, and the mean Constant-Murley score?7 for the operative shoulder was 87 compared with 94
for the contralateral shoulder. Partial osteonecrosis of the humeral head developed in one patient.
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Fig:1- Tension-band construct with transosseous suture fixation can be used for minimally displaced (AO/ASIF
type-A) proximal humeral fracture involving the surgical neck, greater tuberosity, or lesser tuberosity.

Closed or mini-open reduction Percutaneous K-wire fixation:

Indications for CRPP include 2-part fractures of the surgical neck, isolated greater tuberosity fractures,
3-part fractures of the surgical neck with involvement of the greater tuberosity and 4-part valgus impacted
fractures. Use of CRPP in PHFs is less invasive, allowing respect of soft tissues and blood supply during the
surgical procedure(19). Compared to open reduction and internal fixation (ORIF), CRPP potentially has lower
rates of avascular necrosis (AVN), higher union rates, less scar formation at the scapulo-thoracic joint and better
cosmetics(20,21)

This technique utilizes image intensifier-guided closed manipulation or mini-open fracture reduction by
means of ‘joystick’ pins, followed by fixation with a constellation of threaded pins to confer stability[13).lts
main advantages include soft-tissue preservation, cosmesis, reduced blood loss and postoperative pain.
Disadvantages include possibility of axillary nerve injury during percutaneous pin insertion[14,15], fixation
failure[16], intra-articular pin migration during fracture collapse leading to re-operation and need for elective
removal of metalwork(17).Herscovici et al[29] have also demonstrated a 100% failure rate with smooth
Kirschner wires and recommend the use of threaded pins.Percutaneous wiring generally utilizes a starting point
just above the deltoid insertion, where 2 threaded wires are directed proximally into the humeral head. Next,
using a starting point on the greater tuberosity, 2 additional threaded wires are directed distally into the humeral
shaft (Figure 2).

Starting
Point™

Fig. 2-A Anteroposterior radiograph showing the proximal part of the humerus with percutaneous pin placement
as described by Jaberg et al.113. (Reproduced from: Rowles DJ, McGrory JE. Percutaneous pinning of the
proximal part of the humerus. An anatomic study. J Bone Joint Surg Am. 2001;83:1696.) Fig. 2-B The safe
starting point for the proximal lateral pins and the end point for the greater tuberosity pins. X = distance from
the superiormost aspect of the humeral head to the inferiormost aspect of the humeral head. 2X = the starting
point for the proximal lateral pin. The end point for the greater tuberosity pin should be >2 cm from the
inferiormost margin of the humeral head.
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Nonthreaded wires can be used to manipulate the fracture site prior to fixation with threaded wires.
Specific techniques are described for valgus angulated fractures by Seyhan et al34 and varus angulated fractures
by Eid et al.35 Althoughtechnically demanding, the results are excellent with ConstantMurley scores of 90 to 94
at 1-3 years follow-up.

Resch et al.8 described a technique for closed reduction and percutaneous fixation of three and four-
part proximal humeral fractures. For three-part fractures, the subcapital fracture is reduced with adduction,
internal rotation, and axial traction on the arm. A pointed hook retractor is inserted into the subacromial space to
manipulate the greater tuberosity fragment anteriorly and inferiorly into anatomic position. Under image
intensification, the shoulder is brought through internal and external rotation to confirm reduction of the greater
tuberosity and two cannulated self-tapping 2.7-mm screws are used to fix the fragments. fig-3

Figure 3. Preoperative and postoperative X-rays illustrating a 2-part greater tuberosity fracture reduced with 2
lag screws.

This technique works well for large fragments, but small fragments may be more stable with suture
fixation Brunner et al[18] have shown successful maintenance of reduction in 91% of 58 displaced proximal
humerus fractures treated with the “humerus block”. On the other hand, some authors stated that transcutaneous
pinning has numerous complications such as unstable fixation, pin track infection, skin irritation, ahigh
incidence of pin migration, and massive X-ray exposure; furthermore the surgical technique is also quite
demanding (18).

Closed or open reduction and intramedullary nailing:

Nails are usually inserted anterogradely through a small proximal incision and locked percutaneously.
As such, they allow preservationof the periosteal blood supply and surrounding soft tissue envelope, whilst their
intramedullary position confers greater stability than other minimally invasive fixation techniques.A number of
studies using a range of intramedullary nails have produced good results with union rates between 96% and
100%][22,23] in patients with two- and three-part fractures.Intramedullary nails can be used in surgical neck
fractures, but the starting point is often compromised in 3-part fractures. The nail starting point is slightly medial
to the greater tuberosity and cuff tendon insertions. It’s preferable to go through the supraspinatus muscle belly
at the lateral edge of the articular surface instead of splitting the tendon.(24)

clinical outcomes in 2 and 3-part PHFs treated with third generation humeral nails.51-54 In a
retrospective study on 38 patients with 2-part surgical neck PHFs treated with locked angular stable
intramedullary nail, Hatzidakis et al.reported 100% primary healing, a mean Constant score of 71 points and a
mean forward flexion of 132° with little residual shoulder pain.55 However, Nolan et al. reported a high
complication rate in 18 patients with 2 and 3-part PHFs treated with Polarus nail.(25) In a systematic review
including 2155 patients (66 studies) treated with different modalities for PHFs, Lanting et al.reported 11.9%
complication rate for IMN. The incidence of nonunion or malunion was 5%, implant loosening or migration
3.2% and osteonecrosis 4.5% (19.2% in 3 and 4-part fractures).

Some technical tips should be observed when nailing a PHF, especially in osteoporotic bone. The
supraspinatus should be split at the lateral edge of the articular surface through the muscle belly instead of
splitting the tendon. The entry point must be at the center of the humeral head, so that the stability of the fixation
doesn’t rely exclusively on the proximal screws, but is favored by the subchondral bone-nail interface, where
the bone remains of better quality in comparison with other areas of the humeral head. The superior resistance to
varus forces, obtained with the interference of the nail with the subchondral bone, is particularly important in
osteoporotic fragility fractures, in which the weak cancellous bone of the medial calcar cannot ensure a reliable
stability of the proximal screws.5,68 If these principles are not respected, a high failure rate should be expected.
(Figure 4,5)
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Fig-5- Diphos nail Polyaxial

Intramedullary techniques preserve periosteal blood supply and retain surrounding soft tissue
attachments. The short operating time, the limited exposure and soft tissue dissection, the short duration of
hospitalization, and the rapid functional recovery are the advantages of the procedure, which can be used with
good results in 2- and 3-part fractures. Absolute contraindication is fracture involving medial cortex and
tuberosities.

Open reduction and internal fixation:Conventional Plate

Surgical Technique—Double-Plate Fixation Wanneret al.(41) used two one-third tubular plates to treat
patients with two, three, or four-part proximal humeral fractures. A standard deltopectoral approach was used to
gain access to the fracture. Lateral plate fixation to reduce the greater tuberosity was achieved first, typically
with a five or six-hole one-third tubular plate. This was followed by fixation of a ventral plate at a 90° angle to
the lateral plate. A four-hole one-third tubular plate with one proximal and one distal screw was usually
used.The loosening and pull-out of screws are common reasons for failure(42).

Traditional plate constructs are usually reserved for young patients with an intact medial hinge, an
adequate diaphyseal cortex (>4 mm), and no metaphyseal comminution. Patients who have osteoporosis or
whose fracture lacks any of the above characteristics would likely benefit from locking-plate technology

Open reduction and internal fixation:
Locking plate

The extended deltopectoral approach remains the most commonly utilised exposure, despite its limited
access to the lateral and posterior aspects of the proximal humerus[26]. An alternative extended deltoid-splitting
approach has been described, with a view to improve access to the posterior aspect of the shoulder[27] through
direct lateral[26] or anterolateral acromial incisions[42]. The anterior third of the deltoid may be reflected to
allow greater exposure of the proximal part of the humerus. The rotator cuff tendons are tagged with multiple
number-2 braided nonabsorbable sutures, whether as a part of a tuberosity fragment or in continuity with the
head fragment. Fig(6,7).The tagging sutures are used to bring the tuberosity fragments in continuity with the
lateral cortex of the shaft fragment, which may indirectly reduce the head fragment to the shaft. If the head
fragment is impacted onto the shaft, a periosteal elevator can be inserted into the fracture site to disimpactthe
head and thus restore the medial portion of the calcar. The plate should be positioned directly on the middle of
the lateral cortex and approximately 8 mm distal to the superior aspect of the greater tuberosityto avoid lateral
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impingement.Provision of suture holes made it easy to repair the rotator cuff and provide stabilization of greater
and lesser tuberosity fragment(PHILOS) [38,40].

Figure-6- PHILOS PLATE

Figure 8- 4-PART FRACTURE REDUCTION WITH PHILOS PLATE

A recent study by Buecking et al[28] has demonstrated no difference in complications, reoperations,
fluoroscopy use, function and pain scoresbetween the extended deltoid-splitting and the anterior deltopectoral
approach.Proximal humerus locking plates may provide reliable fixation in two-, three- and four-part fractures,
as well as in some pathological fractures of the proximal humerus[29], particularly when used in conjunction
with cement augmentation[30]. Application of the plate may facilitate indirect reduction of the distal diaphyseal
fragment to the proximal parts, upon insertion of the working screw[29]. Through a combination of meticulous
plate application and appropriately placed rotator cuff tendon fibre-wire suture loops, near anatomical indirect
reduction of the tuberosities to the head and shaft fragments becomes possible, without additional soft tissue
stripping and compromise to the blood supply[29]. Locking plates may also be used in conjunction with bone
autograft, allograft[51-53], as well as devices such as the “Da Vinci System”[34]. Plate weakness isprimarily
onthemedialside,andtherefore,specialattentionshouldbepaidtovarusangulation and medial comminution. These
factors are associated with reduction loss. Bone void fillers, divergent screws, and medial calcar support (Figure
9) may prevent some of the complications associated with using plates in osteoporotic bone.(35)
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Figure 9. Postoperative AP view of a 3-part fracture treated with a locking plate. Note the screw traversing the
inferomedial humeral head, which is important for providing a medial support in the calcar region (dotted
circle). With significant medial bone loss, graft material, fibular struts, or cement can be used to augment the
construct. Tuberosities can be captured with screws or sutured to the plate. AP denotes anteroposterior.

Figure 10-Intraop view- Tagging sutures are used to obtain reduction of the tuberosity fracture and then are
passed through the suture holes in the proximal humeral locking plate.

Compared to the stiff implants (Humerus-T-plate, unreamed proximal humerus nail)the more elastic
Locking Compression Plate Proximal Humerus showed a low load decrease with a low load level and a steady
curve, which is promising for longterm stability (36).

Several important points need to be considered when using angular plates to stabilize proximal
humerus fractures. Since the screws are inserted three-dimensional in the humeral head it is necessary to check
the correct proximal position of every single screw separately by rotating the arm using an image intensifier.
Primary screw perforations of the humeral head should be avoided (Fig. 11). Care has also to be taken not to
insert the plate too far cranially to avoid impingement. If an adequate reduction is not achieved and medial
buttressing is insufficient, especially in varusmalreduction, secondary loss of reduction and subsequent screw
perforation or plate breakage is possible. The locking of the screws onto the plate prevents their backing out.
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] i 5
Figure 11. Complications after ORIF using Locking Proximal Humerus Plate. A primary screw perforation of
the humeral head was seen on the postoperative AP and axial radiograph.

As suggested by Krappinger.et.al correct alignment of the medial cortices and anatomic reduction are
the most important prognostic factors to avoid secondary displacement.(37)

Siffri P C et al. in their cadeveric study suggested that locking plates had better torsional stability
compared to non-locking plates [38].In order to achieve optimum fixation and achieve maximum stability the
implant should be of low profile, preferably anatomical in shape with provision of locking screws and additional
holes for repair and restoration of rotator cuff anatomy. The provision of convergent and divergent screws
provided additional stability in presence of comminution and osteoporosis.

Proper placement of calcar screw is a must to prevent varuscollapse.(fig-12)
P i E TN

Fig-12 shows Varus Collapse
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As suggested by Padegimaset al.,the calcar screw should be positioned < 12 mm from the apex of the
arc of the calcar or within the bottom 25% of the humeral head. Within these cut-offs, the incidence of fixation
failures was significantly reduced in their clinical series.(39)

Open reduction and internal fixation with locked-plate fixation is contraindicated in some fracture-
dislocations, headsplitting fractures, and impression fractures that involve >40% of the articular surface(26)

Study Type of fixation  Constant score Neer's
classification
Kuchle et al Cloverlaef plate 724 2.3& 4 part
(2006) fracture
Ketter et al Angle stable 70.0 2,3&4 part
(2006) humerus plate fracture
Lill et al (2003) Angle stable 72.5 2,3&4 part
humerus plate fracture
Kollig et al T palte, screws 721 3 & 4 part
(2003) & k wires fracture
Wijgman etal  Classic T Plate 80.0 3 & 4 part
(2002) cerclage fracture
Gerber et al Internal fixation 78 2.3,& 4 part
fracture
Hessman et al T plate 69 2.3.& 4 part
fracture

Table 1-Functional scores achieved with different treatment options for proximal humeral fractures in the
current literature

Hemiarthroplasty;

Hemiarthroplasty is the most commonly used replacement option[44] (Figure 1B). It is indicated in
non-reconstructible four-part fractures, fracture-dislocations and head-splitting fractures and for the revision of
failed reconstructions, provided the tuberosities remain intact. A systematic review of 808 patients revealed a
mean Constant score of 57 with significant functional limitations (106elevation and 92 abduction) but few
reports of pain.(45) The technique is technically challenging and requires a functional rotator cuff with good
reduction of the tuberosities. To maximize the probability of an optimal outcome, surgeons should pay particular
attention to two important goals: restoring the tuberosities to an anatomical position, and placing the humeral
component in the correct amount of version.Active infection of the shoulder joint and/or the surrounding soft
tissue is an absolute contraindication to hemiarthroplasty. Open reduction and internal fixation should be
considered in younger patients, particularly those with good bone stock, even when the fracture pattern is
complicated. The mean head-to-tuberosity distance (and standard deviation) should be 8 + 3 mm as shown by
Frankle et al. and Mighellet al.(46).Excessive retroversion of the prosthesis is associated with joint dislocation
[46] and failure of the tuberosities to unite.A recent systematic review of hemiarthroplasty for fractures reported
a mean post-operative forward flexion of 105°, abduction 92° and Constant score of 56 [47].
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Figure-13

Reverse polarity total shoulder arthroplasty:

Reverse polarity total shoulder arthroplasty was originally designed to treat glenohumeral arthritis with
rotator cuff arthropathy[48].

Results from RTSA are promising. A 2013 systematic review concluded RTSA outcomes are superior
to HA outcomes,73 whereas an early 2014 systematic review found improved forward flexion in RTSA but
decreased external rotation.(49).A recent 2016 study by Grubhofer et al included 51 patients with 3 years of
follow-up who demonstrated Constant scores at 86% of the contralateral shoulder.(50)(fig 14)An important pre-
requisite, however, to performing reverse arthroplasty for fractures is to ensure that the axillary nerve is
functioning prior to surgery as denervation of the deltoid would result in limited function.

Fig-14
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The complication rate is high including neuropraxia (11.6%), reflex sympathetic dystrophy (7%),
anterior dislocation (2.3%), displacement of tuberosities (44.2%) andscapular notching (23.2%)(51).Notching
can be prevented by proper placement of the glenoid component.Nevertheless, reverse polarity total shoulder
arthroplasty remains a good option for independent elderly patients with non-reconstructible fractures and
associated cuff deficiency.

V. Discussion
A multi-disciplinary team approach should be utilised with experienced musculoskeletal radiologists,
geriatricians and specialised physiotherapists for optimal rehabilitation. A majority of minimally displaced
fractures can be treated conservatively with early physical therapy.There is at present not enough evidence to
suggest superiority of one treatment option over the others. With internal fixation, special attention should be
paid to medial comminution, varus angulation, and restoration of the calcar. With arthroplasty, attention should
be paid to anatomic restoration of the tuberosities and proper placement of the prosthesis.
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