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Classifying Proximal 
Humerus Fractures    Neer…

Neer Classification

“Part”= 45⁰ Angulation

= > 1cm Displacement

“Parts”/Segements

: Humeral Head (1)

: Greater Tuberosity (2)

: Lesser Tuberosity (3)

: Humeral Shaft (4)

* Can also have Head Split



A : Extraccapsular or two segments involved

A1 : Undisplaced A2 : Displaced A3 : Displaced, with additional

complicating factor

1. Surgical neck 1. Surgical neck angulated 1. Surgical neck and metaphyseal
2. Tuberosity 2. Surgical neck completely displaced comminution
3. Surgical neck and tuberosity 3. Tuberosity displaced 2. Surgical neck with dislocation

                                                                                                      3. Tuberosity displaced with dislocation

AO Fracture Classification
2-Part

Based on:

• Location

• Presence of impaction

• Angulation

• Translation

• Comminution of 
surgical neck

• Presence of dislocation

Court-Brown et al, Acta Orthop Scand 2001



AO Fracture Classification
3-Part

Based on:

• Location

• Presence of impaction

• Angulation

• Translation

• Comminution of 
surgical neck

• Presence of dislocation

Court-Brown et al, Acta Orthop Scand 2001

B : Partially intracapsular or three segments involved

  B1 : One of three segment      B2 : Three segments   B3 : Three segments displaced with

  undisplaced     displaced         additional complicating factor

1. Tuberosity displaced, surgical neck          1. Surgical neck and greater tuberosity       1. Metaphyseal comminution involving
undisplaced         displaced             greater and lesser tuberosity
2. Surgical neck displaced, tuberosity         2. Surgical neck and lesser tuberosity             2. Surgical neck and greater tuberosity
undisplaced         displaced            displaced with dislocation
3. Surgical neck varus impaction, lesser             3. Surgical neck and lesser tuberosity
tuberosity displaced             displaced with dislocation



AO Fracture Classification
4-Part

Based on:

• Location

• Presence of impaction

• Angulation

• Translation

• Comminution of 
surgical neck

• Presence of dislocation

Court-Brown et al, Acta Orthop Scand 2001

C : Intracapsular or four segments involved 
 

C1 : Anatomical neck     C2 : Four segments    C3 : Four segments displaced 
with impacted or displaced        
additional complicating factor 

1. Anatomical neck undisplaced or 1. Moderate valgus impaction          1. Anatomical neck and tuberosities  
displaced 2. Severe valgus impaction tuberosity         displaced, metaphyseal comminution 
2. Anatomical neck dislocated displaced          2. Anatomical neck and tuberosities 
 3. Anatomical neck and tuberosities         displaced, dislocation 
                                                    displaced                                                  3. Anatomical neck and tuberosities
                                                                                                                              displaced, comminutive articulation 



Epidemiology

• 49% minimally displaced

• Not surgically treated

• 28% two-part surgical neck 
fractures

• 9% three-part GT-SN fractures

• 3% four-part fractures

• …Most displaced fractures are 
“fixable”

• …Over 50% of “surgically 
fixable” fractures are 2 part 
surgical neck fractures Court-Brown et al, Acta Orthop Scand 2001



Classifying 
Proximal 
Humerus 
Fractures

Neer
Classification





• Classifying 
Proximal 
Humerus 
Fractures
Combining 
Classifications



• Classifying Proximal 
Humerus Fractures
Combining 
Classifications



• Classifying Proximal 
Humerus Fractures
Combining 
Classifications



Treatment…

“Your shoulder will 
never be the same no 
matter what we do...”

“This is a bad injury”



Determining 
Treatment…

• Metaphyseal Extension 
< 5mm = Ischemia

Hertel et al



Determining 
Treatment…

• Medial Hinge displaced 
> 5mm = Ischemia

Hertel et al



Avascular Necrosis



Treatment of Acute Fractures of the Proximal Humerus

• Non-operative (***VAST MAJORITY***)
• Sling immobilization or 30-degree pillow brace (3-6 

weeks)
• Early ROM (usually begin at 3 weeks)

• Percutaneous Fixation

• ORIF/Osteosynthesis
• Proximal humeral plates

• Standard small frag/large frag 

• Contoured proximal humeral locking plates

• Intramedullary nail
• Suture/wire fixation of tuberosity fragments
• Suture Bridge (ATS) for greater tuberosity fracture

• Shoulder Arthroplasty
• Hemiarthroplasty with tuberosity osteosynthesis
• Reversed Prosthesis with tuberosity osteosynthesis



Two-Part PHF - Pin
Younger patients with good 
healing potential

Older patients with co-morbidities



2, 3 & 4 Part PHF - Plate
➢ Good Bone Quality

➢ Younger patients even with risk of AVN
* Hemi/TSA/Reverse has better outcome with healed/“some” 
tuberosity



3 & 4 Part/Head Split PHF - Hemi

➢Healthy patient with high risk of AVN

➢Tuberosity repair/healing important



3 & 4 Part/Head Split - Reverse

➢Displaced/Comminuted 3 Or 4 Part Proximal 
Humerus Fractures

➢Fractures With Irreparable Rotator Cuff Or 
Greater/Lesser Tuberosity

➢Fractures With Poor Bone Quality Or In Patients 
With Comorbidities That May Lead To Non-union Or 
Avascular Necrosis

➢Failed Hemiarthroplasty/Suture Plate

➢ *Potentially More Predictable Outcome In 
OLDER Patients

➢High Complication Rate



CASE  

58 RHD female Dentist.  Fell skiing.



3 DAYS AFTER INJURY



10 DAYS



18 WEEKS



18 WEEKS



CASE 

• 85 y.o. Male, RHD

• Fall at home 2 days ago

• Placed in splint at urgent care

• Married, drives, independent in all 
ADL’s

• Walks daily and fixes things around 
the house

• PMH-CABG, DVTs

• Coumadin, Synthroid, Effexor, 
Lipitor, Trental

• Cardiologist says Coumadin cannot 
be stopped.



2 DAYS POST INJURY



9 days 16 days



30 days



84 days



84 DAYS



• Sleep sitting up

• Nothing under 
Elbow

• Ice 

• Pain Meds 

• Minimize NSAIDs

• Passive ROM hand, 
Wrist and Elbow

• Start Pendulums

• Home Pulley

• Pendulums

• AAROM

• Elevation and ER 

Week 1 Week 2-3 Week 3-6

Non-operative Protocol
Sling 6 Weeks

Plain Xray at week 1, 2, 3 and 6



• AROM

• Initiate PT

• Allow ADL’s

• Progressive resistance 

• Gradual return to 
normal daily activities

• Advance to full activity

• Home PRE’s

Week 6-12 Week 12-16 Week 16

Non-operative Protocol



Loss of satisfactory 
reduction

Stiffness Unresponsive to 
Treatment

• Mechanical Pain

• Persistent Pain

• Persistent Stiffness

• Non-Union

• Malunion

• AVN

• DJD

Week 1-6 Week 12-24 Week 24+

Consider Surgical Intervention at these timepoints



CASE

• 52 Fall at home

• Working

• Healthy

Displaced 3 part fracture with head split





Case 

• 54 Female.  RHD.  Fall at home 4 days ago.  Isolated 
injury.  Seen in ER.  Placed in sling.

• PMH: HTN, MVP, Hyper chol

• Meds: Lisinopril, Lipitor

• SH: Neg, Retired

• PE: 5’8”, 212lbs







10 day post-op 4 months post op



4 months post-op



Arthroplasty Indications  

• 4part fractures
•Older patients
•Osteopenic bone
•Anatomic neck component

• 3part fractures
•Older/osteopenic patients

• Head-splitting fractures

• Impaction fracture of head >40%
•Associated with locked dislocation



• Predictors of humeral head ischemia after 
intracapsular fracture of the proximal 
humerus

• R. Hertel, A. Hempfing, M. Stiehler, and M. Leunig, Berne, 
Switzerland

• J Shoulder Elbow Surg July/August 2004

• Metaphyseal fragment < 8mm

• Metaphyseal Hinge



• Seminal publication in 2000 
introducing technique in HA 
for tuberosity 
reconstruction

• NOT with a Fracture 
Prosthesis

• Most widely used technique 
today



• 66 patients with mean age of 66 years

• Patients did much better with healed 
tuberosities

• Prosthetic design was important in outcome!

• Standard prothesis = 50% OF Greater Tuberosity 
migration

• Fracture prosthesis = 20% of Greater Tuberosity 
migration



Does A “Fracture” Prosthesis Help??

• Purpose:

To compare a standard humeral stem with a fracture-specific 
humeral stem in HA for the treatment complex humerus fractures

• The GT was healed anatomically in 45% of the patients in 
standard stem and 87% of those in FX stem

• Function much better in Fracture Stems  (FF 136º vs 113º and ER 
34º vs 23º) (P < .0001)

• Patients >75 years did worse with both stem types

• Conclusions:

• Better Function with Healed Tuberosities

• The use of a prosthesis designed to reconstruct the tuberosities 
resulted in dramatically improved FUNCTION



Suture/Implant Configurations





Case 

• 85 y.o. female RHD s/p fall onto Right arm on week ago.  RHD.  

• PMH: HTN, DVT, Hypothyroid

• PSH: Appy, Hysterectomy

• Meds: Vytorin, Adalat, ASA, Synthroid

• SH: Lives independently.  Drives





10 days post op



2 yrs post op





HEMI vs. REVERSED

Hemi Reversed Fx



Determining Treatment

• Factors affecting healing potential

• Age

• Osteoporosis/Osteopenia

• Comorbidities 
• (DM, Chronic corticosteroid use, etc.)

• Tobacco Use

• Gender



How Do You Treat These in Older Patients?

Hemi- vs. Reverse TSA…..



Background:
Hemi vs rTSR

• Meta-analysis on studies comparing 
HA to RTSA 

• 130 RTSA and 125 HA cases
• Average follow-up 25 months





Background:
Hemi vs rTSR

• Results:

• RSA patients had significantly higher (P =.001) mean University of California–Los 
Angeles (29.1 vs 21.1) and Constant (56.1 vs 40.0) scores.

• Higher forward elevation (120.3 vs 79.8), and abduction (112.9 vs 78.7)

• In the RSA group, 64.5% of tuberosities healed and 13.2% resorbed.

• Boileau technique used for repair.

• Conclusions: 

• The findings of this study indicated that RSA was superior to HA with respect to 
pain, functional outcome, and revision rate.

• Revision from HA to RSA does not appear to improve outcomes. 



Technique in RTSA

•Is it better to use RTSA as a primary 
intervention or salvage procedure in 
fracture cases for the older patient?



rTSR for Fracture



Technique in RTSA

Is Tuberosity Reconstruction Important?



rTSR for fracture

• Excision of Tuberosities!

• 30 cases --- 75 years --- 1-14 years FU

• Mean constant score = 59/100

• Complications:
• 2 instability, 1 infection

• 1 Glenoid loosening

• 7 proximal humeral bone lysis + notching

• 1 humeral loosening

• “The remnant of the tuberosities were excised”

• TERRIBLE RESULTS …..



rTSR for Fracture



Surprise…surprise…
Tuberosity Healing Matters!



Results

135 DEGREES (N=29)

•Inferior Displacement- 8mm

•Tuberosity Healing 93%

•Active ER               31

•SSV - 82% 

155 DEGREES (N=41)

•Inferior Displacement- 15mm

•Tuberosity Healing 73%

•Active ER - 22

•SSV - 74% 

* p<  0.05

Laurence Higgins, MD MBA

135 vs. 155 degrees rTSA for Fracture



Technique

•How do You Reconstruct the 
Tuberosities??



rTSR + Tuberosity 
Healing



Reverse Fracture Designs



My Reverse Fracture Technique?



Boileau vs. Suture Bridge…..Biomechanics

• The specimens were prepared with the simulated fracture, implants and 
sutures.

• #2 sutures (FiberWire) were stitched to the tendonus portion of the 
infraspinatus and subscapularus

• Mechanical testing was performed using Instron Electropuls E10000 (Instron 
Corp., Norwood, MA) with a 10kN load cell

• The glenosphere was mounted directly to the fixture via a threaded rod.

• The #2 sutures attached to the rotator cuff tendons were strung through 
pulleys and tied off over hook fixtures that were suspended from the Instron 
cross-head via a clevis and dowel fixture.  

• Cyclic loading of the samples was performed between 10 and 100N for 500 
cycles at 1Hz. 

• This was followed by a static pull to failure at 33mm/sec. Load and 
displacement data were recorded at 1000Hz through the Instron software.  
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Dr. Gobezie RTSA Fracture Study - "Arthrex" Samples

Donor

Side Gender Age
Stem Size 

(mm)
Cup Size 

(mm)
Ultimate 
Load (N)

Cyclic Displacement 
(mm) Average Cyclic 

Disp. (mm)
Mode of Failure

Superior Inferior 

F190123 R Male 58 9 36N 577 0.39 0.23 0.31 fracture opened at anterior fragment

F190340 R Male 61 7 36 +2R 720 1.69 2.75 2.22 fracture opened at anterior fragment

F190126 L Male 61 12 36N 782 0.06 0.92 0.49 fracture remained closed, small fragment motion

F182176 R Male 74 11 39 +2R 571 0.80 0.16 0.48 fracture opened at anterior fragment

F190290 L Male 50 10 39 +2L 768 0.62 0.39 0.51 fracture remained closed, small fragment motion

F190257 R Male 60 11 39N 582 0.71 0.17 0.44 fracture opened at anterior fragment

F190336 L Male 67 10 36 +2L 408 1.11 0.30 0.71 fracture opened at anterior fragment

F190332 R Male 71 6 36N 933 0.05 2.89 1.47 fracture opened at anterior fragment

Average 63 668 0.68 0.98 0.83

Standard Deviation 8 164 0.55 1.16 0.67
Dr. Gobezie RTSA Fracture Study - "French" Samples

Donor Side Gender Age
Stem Size 

(mm)
Cup Size 

(mm)
Ultimate 
Load (N)

Cyclic Displacement 
(mm)

Average Cyclic 
Disp. (mm)

Mode of Failure
Superior Inferior 

F190123 L Male 58 9 36 +2L 521 2.57 5.35 3.96 fracture opened at anterior fragment

F190340 L Male 61 7 36N 486 4.94 7.18 6.06 fracture opened at anterior fragment

F190126 R Male 61 8 36N 574 3.08 1.06 2.07 fracture opened at anterior fragment

F182176 L Male 74 9 39N 521 6.59 8.77 7.68 fracture opened at anterior fragment

F190290 R Male 50 10 39N 399 0.51 1.85 1.18 fracture opened at anterior fragment

F190257 L Male 60 12 39N 393 2.26 2.60 2.43 fracture opened at anterior fragment

F190336 R Male 67 9 36N 535 2.70 1.20 1.95 fracture opened at anterior fragment

F190332 L Male 71 6 39N 434 1.77 1.25 1.51 fracture opened at anterior and posterior fragments

Average 63 483 3.05 3.66 3.36

Standard Deviation 8 67 1.90 3.03 2.36

Significance p = 0.032 p = 0.017

The ultimate load to failure for the stem based subscapularis repair technique was significantly higher than the French 

technique (668 +/- 164N vs. 483 +/- 67N; p=0.032). 

The average cyclic displacement for the stem based subscapularis repair technique was significantly less than the French 

technique (0.83 +/- 0.67mm vs. 3.36 +/- 2.36mm; p=0.017)



Surgical Video



77 female fall at home



14 weeks p.o.



14 Weeks post op



Non-union

ComplexFailed ORIF

Greater Tuberosity
Nonunion

What about the 
sequela of 
Proximal Humerus 
Fractures?





5 months post-op



6 months post op. Pain 0/10





2 Part

Non Displaced

Non-operative

Displaced >5mm 
or Angulated

ORIF

Percutaneous 
Pins

Surgical Neck-
Consider IM ROD

SUMMARY



3 Part/4 Part

Non Displaced/Elderly

Non-operative

Displaced >5mm or 
Angulated

Intact Medial Hinge 
or Metaphyseal 

Extension

Yes

ORIF

Percutaneous 
Pins

IM ROD

No Reverse

Hemiarthroplasy

SUMMARY



Verdict…
• In my practice, complex proximal humerus fractures in: 

• Female over 65 years of Age

• Males over 70 years of Age



SUMMARY • Minimally displaced and fractures in the 
elderly can be treated non-operatively

• ORIF
• Good potential for healing

• Fx pattern suggests and intact blood supply

• Younger age



SUMMARY • 3-4 part fracture

• Disrupted blood supply/Head Split

• Hemiarthroplasy
• Younger active patient

• Reverse TSA
• Older/Poor prognosis for tuberosity healing

• Use a 135 Implant

• Good Tuberosity Repair
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