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Introduction

Total shoulder arthroplasty (TSA) has been accepted 
as a reliable and predictable treatment option in the 
management of end-stage glenohumeral joint disease, 
with the frequency of the procedure increasing 2.5 folds 
over the past decade (1-3). Current evidence shows that 
primary, anatomic TSA improves both pain and function 
in up to 90–95% of patients (4-6). More recently, reverse 
total shoulder arthroplasty (rTSA) has also been shown to 
be effective in treating rotator cuff arthropathy, as well as 
failure of primary anatomic TSA (7-15). Long-term data 
demonstrate that these improvements in pain and function 
persist, and survivorship of these implants at ten years and 
twenty years is over 90% and 80%, respectively (10,16,17).

Despite this promising data, a wide-array of complications 
has been reported in the literature. Total complication 
rate for TSA/rTSA ranges from 3.6% to 20%, with one 
study examining rTSA noting a 68% complication rate  
(6,18-22). These complications include, but are not 
limited to, infection, instability, periprosthetic humerus 

fractures, neurovascular injury, component loosening, 
rotator cuff tear, and deltoid injury (20,23,24). Anatomic 
TSA complications include glenoid component loosening, 
osteolysis around either the humeral or glenoid component, 
instability from subscapularis failure all of which can 
result in significant bone lose. Additional complications 
seen more often in the setting of rTSA include baseplate 
failure, scapular/acromial stress fractures, instability, and 
component dissociation (14,15,25). Scapular notching is 
often frequently reported as a complication following rTSA, 
but the clinical significance of this is still unknown as there 
has be no study to demonstrate correlation with severity 
of notching and patient reported outcomes. While earlier 
data suggested a higher overall complication rate in rTSA 
when compared to anatomic TSA, more recent evidence 
suggests this may not be the case (13,26). The majority of 
investigations reporting complication rates following rTSA 
included a heterogenous cohort of patients with a variety 
of preoperative shoulder pathology including massive 
rotator cuff tears/rotator cuff tear arthropathy, primary 
osteoarthritis, post traumatic arthritis, revision shoulder 
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arthroplasty, inflammatory arthritis, and fracture (27).  
Additionally, Jacxsens et al. (28) demonstrated that the 
significant amount of heterogeneity with regards to 
classifying and reporting complications makes comparison 
difficult, and a standardized scheme would be beneficial. 
The incidence of complications requiring reoperation is 
5–11% and has been shown to be more frequent following 
revision procedures (18,29-31). A recent review article 
by Bohsali et al. reports an overall downward trend in 
complications over the last decade overall (27).

Periprosthetic humerus fractures are of particular 
importance, as they frequently lead to the need for 
revision surgery (32,33). These fractures can take place 
intraoperatively or postoperatively, occurring 0.9–3.5% and 
1.0–3.0% of the time, respectively (20,21,25,27,29,32,34-38).  
They are more frequent during revision procedures, 
especially during extraction of a well fixed humeral stem 
(27,39-42). Preparing the humerus for an implant renders 
the bone more susceptible to fracture, and evidence 
shows that periprosthetic humerus fractures have a higher 
nonunion rate that native humerus fractures (6,43,44). 
This review, focuses on classification systems, risk factors, 
non-operative as well as operative management strategies, 
complications, and outcomes for both intraoperative and 
postoperative periprosthetic humerus fractures in the 
setting of anatomic and rTSA.

Classification

Wright and Cofield were the first to devise a classification 
system for postoperative periprosthetic humerus fractures 

in 1995 (43). They reported on a series of nine patients, and 
each was classified based on fracture pattern in relation to 
the distal tip of the prosthesis (Figure 1). While both types 
A and B fractures were centered at the tip, they differed 
in the amount of proximal extension. Type C fractures 
involved the humeral shaft distal to the tip of the implant. 
Type A fractures required surgery, with the fixation strategy 
dependent on implant stability. Long oblique or spiral 
type B fractures could be managed without surgery, while 
transverse or short oblique fractures fared better with 
operative intervention. Finally, type C fractures could be 
managed similarly to shaft fractures in the native humerus. 
This scheme has been shown to have good intraobserver 
(mean kappa, 0.69; range, 0.52–0.89) but poor interobserver 
reliability (mean kappa, 0.37; range, 0.24–0.50) (45). In 
1999, Worland et al. published a similar classification 
scheme based on six patients, but subdivided type B 
fractures into B1-B3 based on fracture pattern and implant 
stability (46). B1 fractures are spiral fractures with a stable 
prosthesis, B2 are short oblique or transverse fractures 
around the tip of the stem and are also stable, and B3 are 
fractures resulting in an unstable stem. They noted that 
types A and C behave similar to native humerus fractures, 
while type B fractures present more of a treatment challenge 
depending on the stability of the stem. Groh et al. presented 
a similar classification system in 2008 developed from 15 
patients which was also entirely based on the location of 
the fracture (47). Type I fractures occurred at the tip of 
the prosthesis, type II the fracture extended from proximal 
humeral shaft to beyond the distal aspect of the stem, and 
type III were fractures distal to the tip of the prosthesis.

Campbell et al. classified fractures as belonging to 
one of four regions (Figure 2) (36). They assumed that 
fractures in the proximal humeral metaphysis have different 
implication for both healing and prosthetic stability than 
those occurring in the diaphysis. Of the 21 fractures in their 
series, 16 occurred intraoperatively. They concluded that 
intraoperative fractures all required anatomic reduction 
and stable intramedullary fixation. Region 1 and 2 fractures 
can be treated with standard length prosthetic stem and 
supplemental suture or cerclage wire fixation. Region 2 and 
4 fractures required conversion to a long-stem implant with 
supplemental cerclage wiring.

Duncan et al. presented a classification system that could 
be broadly applied to any periprosthetic fracture which 
the entitled the “Unified Classification System” (48). This 
classification is based on whether the implant is well fixed, 
the patient’s bone quality, location with relation to soft 

Figure 1 Wright and Cofield classification system (43).
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tissue attachments, and whether the bone supports two joint 
replacements (i.e., a periprosthetic fracture between a total 
elbow and TSA). Its clinical utility in the classification and 
management of periprosthetic humerus fractures has not 
been well-elucidated in the literature as of this time.

The most comprehensive classification system for 
periprosthetic humerus fractures to date was published in 
2016 and validated in 2018 (49,50). Kirchhoff et al. aimed 
to create a structured approach to classifying periprosthetic 
humerus fractures that could be used to guide treatment 
in an algorithmic fashion (Figure 3A,B). Unlike previous 
iterations, this system takes into account the type of 
humeral prosthesis (stemless vs. anatomic vs. reversed), 
status of the rotator cuff, location of fracture, fracture 
pattern, and implant stability. 

Risk factors

Patient factors

There have been several identified risk factors for both 
intraoperative and postoperative periprosthetic humerus 
fractures during TSA/rTSA. Intraoperative fractures most 
commonly occur during stem extraction during revision 
and most often involve the greater tuberosity, as this 
bone is often thin from stress shielding in the presence 
of a prior implant. Glenoid exposure in a shoulder that is 
severely retroverted or severe soft tissue contracture places 
the humeral shaft at increased risk for spiral diaphyseal 
fracture. Finally, overstuffing the humeral canal with a 

press fit humeral stem can result in metaphyseal fractures 
of the proximal humerus during impaction of the implant. 
Singh et al. performed a retrospective case series identifying 
female sex and posttraumatic glenohumeral arthritis as 
two risk factors for intraoperative periprosthetic humerus  
fractures (40). The authors hypothesized that the higher 
prevalence of osteoporosis in elderly females could 
explain this finding. Prior hemiarthroplasty and a history 
of instability have also been shown to increase risk of 
intraoperative humerus fractures (51). Higher number 
of medical comorbidities, increasing age, female sex, 
osteopenia, avascular necrosis, and rheumatoid arthritis 
are other risk factors that have been associated with an 
increased likelihood of postoperative humerus fractures 
(6,25,32,34,36,43,52-56).

Intraoperative factors

In addition to patient related factors, which often cannot 
be modified, there are multiple technical considerations a 
surgeon must be aware of in order to decrease the risks of 
a periprosthetic humerus fracture. Initially, it was believed 
that cementless implants conferred a high probability 
of fracturing the humerus, similar to press-fit femoral 
implants, but most recent evidence reveals no difference 
between cemented and cementless prostheses (37,40,57,58). 
Avoiding: (I) excessive external rotation of the humerus 
during reaming and/or broaching; (II) overzealous reaming 
(ream by hand); (III) under-reaming; (IV) malalignment 
of the stem; and (V) inserting oversized broach/prostheses 
are important technical aspects which have been shown to 
increase the risk for fracture (6,29,36,54,58). Appropriate 
patient positioning, ensuring adequate exposure with 
adequate soft tissue and capsular releases are imperative 
in avoiding these fractures, with some evidence hinting 
that an anterosuperior lateral approach is safer than the 
more traditional deltopectoral approach when performing 
rTSA—although this remains controversial (6,34,59). 
In revision procedures, periprosthetic humerus fracture 
frequently occurs either during implant removal or 
insertion; the remainder being during reaming or broaching 
(51,60). Most commonly the greater tuberosity is fractured 
during stem extraction or exposure of the glenoid.

Clinical evaluation and management

Intraoperative fractures

We will begin by reviewing the management strategies 

Figure 2 Campbell classification system (36).
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Figure 3 Algorithm representation of Kirchhoff classification system as well as description of how the classification system can direct 
treatment. (A) Kirchhoff classification system (49,50); (B) treatment recommendations based on classification. 
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for intraoperative periprosthetic humerus fractures. We 
elected to discuss this separately as, assuming the fracture 
is identified during surgery, its treatment algorithm 
often differs significantly when compared to fractures 
discovered during follow up. Once a periprosthetic 
humerus fracture has occurred during surgery, several 
factors must be considered to determine the best strategy 
on how to proceed. These factors include location of 
fracture, fracture displacement, and bone quality. The 
goal is to employ techniques of rigid internal fixation, to 
prevent the fracture affecting the patient’s postoperative 
rehabilitation (58). Postoperative changes in rehabilitation 
are most significantly influence by fracture location, those 
involving the greater tuberosity and rotator cuff insertion 
need to proceed cautiously to allow for healing without 
displacement by the pull of the tendons. Fractures more 
distal involving the metaphysis or diaphysis may allow for 
immediate mobilization as would occur in a primary setting 
as often times a stable, rigid construct with long humeral 
stems supplemented with cables or suture can be achieved.

For nondisplaced fractures of the greater tuberosity 
that do not extend distally, observation alone is often 
adequate (6,37). If there is any displacement, internal 
fixation with suture or cerclage wiring is recommended 
(25,47). Normal postoperative rehab protocol can then 
be utilized for these patients. Surgical fixation is required 
if the tuberosity fracture extends into the proximal aspect 
of the humeral shaft or if it involves the surgical neck. If 
the bone quality is deemed reasonable, treatment with 
either suture or wire fixation and revision to long stemmed 
component or standard length prosthesis (if it extends at 

least 3 cortical diameters past fracture site) combined with 
inter-fragmentary screws is adequate (36). Bone graft can be 
utilized in cases of bone loss (37).

Treatment of shaft fractures depends on its location 
relative to the tip of the prosthesis. For fractures proximal 
to the tip of the prosthesis, revision to long stem implant, 
which extends at least two cortical diameters past the 
fracture site, with cerclage wire or cable fixation with or 
without allograft struts is recommended (6,36,37,47,58). 
Fractures distal to the prosthesis, but the prosthesis is 
deemed unstable, the same management strategy applies. If 
the prosthesis is deemed stable intraoperatively, the implant 
can be retained and internal fixation with hybrid plate/
cerclage wire construct can be utilized (47,58).

Postoperative fractures

Preoperative evaluation
A careful history and physical examination should be 
performed on every patient presenting with a periprosthetic 
humerus fracture. A majority of these are caused by 
low-energy mechanisms such as fall from standing and 
determining pre-injury functional status can help guide 
subsequent treatment. It is important to determine patients 
whether or not pain was present prior to the fracture, as 
that could be a sign of implant loosening or low virulence 
infection such as propionibacterium acnes. Although 
inflammatory markers such as ESR/CRP are valuable in 
evaluating for an occult infection, these studies are often 
unreliable in the setting of an acute fracture. Presence 
of bacteria can be better determined at time of revision 
surgery, but significance of unexpected positive cultures 
continues to be investigated. Medical records are helpful 
in determining preoperative range of motion, identifying 
surgical approach, as well as confirming which implants 
are present. Knowledge of what implant is being revised is 
helpful for preoperative planning as well as nuances of the 
system with regards to extraction. Physical examination is 
often pain-limited, but the condition of the skin, prior scars, 
as well as neurovascular status should be carefully evaluated 
and accurately documented. It is important to evaluate the 
axillary and radial nerves specifically as these neurologic 
structures are at particular risk for injury depending on the 
location of the periprosthetic fracture and zone of injury.

AP, true AP, scapular-Y, and axillary lateral views  
(Figure 4) of the shoulder should be obtained, in addition 
to full length AP and lateral humerus XRs (Figure 5). CT 
scan is indicated to better determine extent of the fracture 

Figure 4 Radiograph of right shoulder periprosthetic humerus 
fracture.
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as well as evaluating humeral and glenoid bone stock (56). 
It also provides valuable information regarding glenoid 
morphology and remaining glenoid vault. CT arthrogram 
or ultrasound can be helpful to assess the status of the 
rotator cuff and CT arthrogram can provide additional 
details on stability of the components especially the glenoid 
in the setting of anatomic TSA.

Nonoperative management
Nonoperative management has been shown to be successful 
when appropriately indicated (Figure 6A,B). Multiple studies 
show that fractures distal to a well-fixed prosthesis (type 
C) can be treated nonoperatively similar to native humeral 

shaft fractures (43,61-64). Additionally, if the fracture is 
proximal to the tip of a well-fixed implant, a trial of non-
operative management is reasonable—although this remains 
controversial (33,43,61). Acceptable closed reduction 
parameters are similar to native humerus fractures (63). 
However, if the prosthesis is loose, surgical intervention is 
indicated—assuming the patient is medically fit for surgery.

Operative management
While heterogeneity remains in the literature, commonly 
agreed upon indications for surgical treatment of 
periprosthetic humerus fractures are displaced/unstable 
fractures and fractures around a loose humeral component 
(45,49,65).

The first step when planning treatment is to determine 
implant stability. Preoperative XRs can be evaluated using 
criteria presented by Sperling et al. and Sanchez-Sotela  
et al. (66,67). They determined that humeral implants 
with >2 mm of lucency in at least 3 of 8 humeral zones or 
those where 2 of 3 independent observers believed there 
to be subsidence or tilt of the implant were at increased 
risk for loosening (Figure 7). However, the most accurate 
method to determine implant stability is intraoperatively. 
This can be performed by applying a direct force to the 
humeral stem tip after exposure of fracture site (45,68). If 
equivocal, proximal humerus exposure can be performed 
by taking down subscapularis tendon and capsule, and the 
bone-implant interface can be directly observed while again 
applying pressure to the stem tip through the fracture site. 
Alternatively, the rotator interval can be opened proximally 
to facilitate the evaluation of the stem at the level of the 

Figure 5 Full length humerus radiograph right periprosthetic 
humerus fracture.

Figure 6 Radiographic example of a stable periprosthetic fracture treated conservatively. (A) Right shoulder radiograph stable periprosthetic 
fracture; (B) right shoulder radiograph demonstrating well healed fracture following conservative management.

A B
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glenohumeral joint (68).
Recent data show that type A fractures can be treated 

nonoperatively if they are nondisplaced (25,29). However, 
many believe these fractures should be managed with 
revision to long stem prosthesis with additional fixation 
determined by bone quality (plate, cerclage wiring) (63). 
Successful operative management of these fractures with 
just suture fixation without implant revision has been 
reported (20,29). Type B fractures with a stable implant 
can be treated with implant retention and osteosynthesis 

(25,33,65,68-70). Specific constructs vary widely in the 
literature, without significant difference in union rates. If 
the implant is loose intraoperatively, conversion to long 
stem prosthesis is treatment of choice. Implant should 
span 2 or 3 cortical diameters past the fracture site (33). 
Supplemental fixation with cerclage wire with or without 
allograft strut augmentation or plate constructs is often 
helpful (Figure 8). Augmentation with allograft is also an 
option (45). When there is significant proximal humeral 
bone loss from either the fracture, stem extraction or both 
proximal humerus composite allograft can be used. Type C 
fractures with a loose stem should be treated similarly. Type 
C fractures with a well-fixed stem can be treated similarly to 
native humeral shaft fractures. Of note, surgeons will likely 
have to utilize cables, wires, unicortical screws, if locked 
plating is used in these settings due to the presence of the 
prosthesis proximally or the humeral stem can be revised to 
a long stem construct (47,49,64,70-76) (Figure 9).

Outcomes

Overall union rate after surgery for periprosthetic humerus 
fractures is high, with one series reporting 97% union rate 
in 36 patients treated either with revision arthroplasty or 
ORIF (45). In the ORIF group (n=17), fractures healed at 
an average of 6.8 months. Of the 6 that had pre-fracture 
ASES scores, 5 returned to that level postoperatively. In the 

Figure 7 Radiographs right shoulder periprosthetic fracture with 
loose unstable humeral prosthesis.

Figure 8 Radiographs of left humerus revised to long stem implant 
supplemented with nylon cables and strut allograft which is well 
healed and incorporated.

Figure 9 Right shoulder radiographs of periprosthetic fracture 
treated with long stem humeral prosthesis supplemented with 
allograft struts and nylon cables.
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revision arthroplasty group (n=19), average time to union 
was 7.7 months. There was a statistically significant increase 
in preoperative versus postoperative ASES scores. Despite 
this promising date, they noted a 39% complication rate and 
19% reoperation rate. Other studies similarly show high 
complication rates and note that patients do not do nearly 
as well as they did after their index procedure (43,53,56).

Summary/authors recommendation

Timing, location, and implant stability of periprosthetic 
humeral fractures related to shoulder arthroplasty dictates 
treatment recommendations. While the published outcomes 
are limited to retrospective case series for evidence-based 
treatment decisions, we have developed a simple treatment 
algorithm to allow for best predictable functional outcomes 
(Figure 10).

Intraoperative humeral fractures occurring either primary 
or revision shoulder arthroplasty most commonly involve 
the greater tuberosity or humeral metaphysis. (I) Fractures 
of the greater tuberosity are addressed with high strength 
non-absorbable doubled wracking hitch suture technique 
where the suture is passed at the tendon bone junction of 
the supraspinatus/infraspinatus and secured around the 
humeral stem. (II) Metaphyseal humeral fractures typically 
occur during stem insertion or humeral preparation and can 
be treated with cerclage technique around the metaphysis.

Postoperative periprosthetic fractures can occur at any 
location along the humerus and as all of the classifications 
have outlined the most important factors include location 
and implant stability. We have simplified this into 
categories: can the stem be preserved, or does it need to 
be revised. A CT scan is always obtained and allows for 
perioperative assessment of remaining humeral bone as 

Figure 10 Treatment algorithm for periprosthetic humerus fractures.
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well as fracture pattern. (I) Proximal fractures with a stable 
implant are treated nonoperatively. (II) Fractures involving 
the metaphysis/diaphysis region with in the area of the 
stem are driven by remaining proximal humeral bone, stem 
stability, and method of fixation of primary stem (i.e., how 
destructive would it be to the remaining bone to extract 
and revise the prosthesis). (III) Stems that are grossly loose 
are revised to long stem humeral prosthesis with cerclage 
supplementation around the fracture with or without 
allograft struts. (IV) Stems that are stable are driven by 
fracture pattern, and how much of the stem is involved with 
the fracture.

Additional outcomes-based studies are needed to provide 
data on how these fractures effect implant survivorship and 
patient reported functional outcome measures.
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