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Surgical treatment of patients with glenohumeral arthritis who are young and active 
remains a challenge. One of the options in patients with rotator cuff intact glenohumeral 
arthritis in high-activity demand patients or patients with proximal humerus avascular 
necrosis is shoulder hemiarthroplasty. Historically, metal has been the standard material 
used for these procedures. Pyrocarbon hemiarthroplasty heads are an alternate bearing 
surface compared to metal with favorable wear properties. Pyrocarbon has a high wear 
resistance, low friction and favorable modulus when compared to cortical bone. Early 
clinical results of pyrocarbon hemiarthroplasty have shown favorable clinical outcomes. 
This review will highlight the indications, biomechanical properties, early clinical 
outcomes, implants available, and future directions of pyrocarbon shoulder arthroplasty. 

Click here :    https://joeipub.com/learning  

INTRODUCTION 

Surgical treatment of patients with glenohumeral arthritis 
who are young and active remains a challenge. After non-
operative treatments are exhausted, the joint-replacement 
surgical options to address advanced glenohumeral joint 
arthritis include anatomic shoulder arthroplasty (TSA), 
hemiarthroplasty (HA), ream-and-run, and in some situ
ations reverse shoulder arthroplasty (RSA). Shoulder HA 
remains an option for young patients (typically under 60 
years old) with glenohumeral arthritis and intact rotator 
with significant activity demands that would be concerning 
for early glenoid wear in the setting of an anatomic shoul
der arthroplasty. Shoulder HA can also be a treatment for 
patients with proximal humerus avascular necrosis (AVN) 
as seen in Figure I and II. Shoulder HA involves replacing 
the arthritic humeral head and allowing the metal humeral 
head to articulate with the native glenoid. The main bear
ing component of the humeral head has traditionally been 
metal, an alloy of cobalt-chromium (CoCr). However, pyro
carbon implants recently have been introduced as an alter
native bearing surface to attempt to reduce native glenoid 
wear and erosion. 

Pyrolytic carbon (Pyrocarbon) recently, has been used 
as an alternative bearing surface to metal humeral heads. 
It was initially introduced in the 1970’s in artificial heart 
valves (Bokros 1977). In orthopedics, it has been used suc
cessfully in hand and wrist arthroplasty (Daecke et al. 
2006). Pyrocarbon has been shown to have high wear re
sistance, low friction and a modulus of elasticity similar to 
that of cortical bone (Bokros 1977). This review will focus 
on the use of pyrocarbon humeral heads in the setting of 
HA of the shoulder. We will discuss the indications of use, 
biomechanical properties of pyrocarbon, early clinical out
comes, and implant availability. 

INDICATIONS FOR HEMIARTHROPLASTY 

An orthopedic surgeon has multiple tools available when 
it comes to managing patients with glenohumeral arthritis. 
Anatomic TSA is used for patients with intact rotator cuffs, 
and RSA is utilized in patients with significant glenoid 
deficits/deformity or massive irreparable rotator cuff tears 
(Walch et al. 1999). HA is primarily used for patients with 
healthy glenoid cartilage (Streubel et al. 2014; Wiesel, 
Nagda, and Williams 2013), and in younger patients that 
are active (Fevang et al. 2009). It is also commonly used in 
patients with irreparable proximal humerus fractures which 
would have an unacceptably high rate of AVN. HA is a pro
cedure which involves resurfacing the humeral head while 
leaving the glenoid intact. This procedure was pioneered by 
Neer in the 1950s, and he popularized the use of a stemmed 
humeral head replacement for patients who had proximal 
humerus fractures and glenohumeral arthritis (Neer 1955). 
There are now multiple different options available for HA, 
which include partial humeral head resurfacing, stemless 
HA, and many different stemmed, modular components. 

HA used to have broad indications and was commonly 
performed, but it has since more seldom been performed 
given the improved pain and functional outcomes associ
ated with anatomic TSA (Padegimas et al. 2015). Addition
ally, younger patients frequently have lower satisfaction 
with shoulder arthroplasty than older patients (Sperling, 
Cofield, and Rowland 2004, 1998). HA theoretically is an 
advantageous option for a young patient with minimal to 
no glenoid-sided arthritic changes. It was initially thought 
of as a “bridge procedure” to buy patients time while their 
glenoid arthritis progressed before ultimately revising to 
an anatomic TSA. However, long-term concerns have arisen 
with the use of this procedure including glenoid erosion/
bone loss, loss of joint space, and subchondral sclerosis 
leading to conversion to TSA, which then performed worse 
than the primary TSA patient population (Sperling, Cofield, 
and Rowland 2004; Carroll et al. 2004; Gartsman, Roddey, 
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Figure I. 38-year-old female with bilateral proximal humeral AVN from prolonged high dose prednisone use with               
bilateral shoulder pain for 1.5 years. She was indicated for bilateral staged, hemiarthroplasty with pyrocarbon                

Figure II. Post-operative x-rays of bilateral pyrocarbon hemiarthroplasty replacements.        

and Hammerman 2000; Maier et al. 2014). One study by 
Essilfie and Gamradt concluded that the best current in
dication for HA is a young patient with humeral head os
teonecrosis and intact glenoid cartilage (Essilfie and Gam
radt 2018). 

There is an alternative technique which has been coined 
ream-and-run, described many times and involves perform
ing an HA with concentric glenoid reaming (Saltzman et al. 
2011; Lynch et al. 2007; Clinton et al. 2007). The advan
tage of this technique is that it addresses the glenoid with
out utilizing a polyethylene glenoid component which can 

wear and loosen over time, and it also avoids the complex
ities and risks associated with soft tissue interposition. In 
a study conducted by Saltzmann et al, they concluded it is 
critical that the humeral head component has a diameter 
of curvature which is 2mm smaller than the reamed gle
noid. Additionally, they said surgeons should pay attention 
to the alignment of the humeral component within the gle
noid to ensure there is no abutment in adduction or exter
nal rotation (Saltzman et al. 2011). Clinton et al demon
strated the ream-and-run procedure to have comparable 
functional results with TSA, but it took on average 12 to 18 
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months longer for the ream-and-run shoulders to reach a 
similar level of function (Clinton et al. 2007). Despite these 
promising results of this technique, the results in the lit
erature are mixed with surgical revisions rate ranging from 
2-25% (Matsen, Carofino, Green, et al. 2021). 

Ultimately, there are a handful of commonly used tech
niques used in the management of the arthritic shoulder, 
each with their own advantages and disadvantages. Much 
of the decision making will come down to patient factors, 
surgeon preference, and risk profiles the patient may want 
to accept. HA is most often going to be considered in the 
young patient who leads an active and demanding lifestyle, 
with the knowledge that there is a risk of conversion to TSA 
if they develop glenoid bone loss, erosion, and subchondral 
sclerosis. 

WHAT IS PYROCARBON 

Pyrocarbon is a material which was initially created as a 
coating for nuclear fuel in the 1960s. After its hemocom
patibility and ideal mechanical properties were discovered, 
the material was first trialed in the medical field in the 
1970’s as a component of mechanical heart valves. As men
tioned previously, it was initially being used with some 
degree of success in hand and wrist arthroplasty starting 
in the 1990s (Daecke et al. 2006; Beckenbaugh, Klawitter, 
and Cook 2006; Dickson et al. 2015). The material itself is 
composed of a coating of carbon deposited on a graphite 
substrate, which leads to its classification as a ceramic. 
The carbon is deposited by deposition of a vapor chemical 
at temperatures just over 1,500 degrees Celsius leading to 
thermal break down of a gaseous hydrocarbon (Bellemère 
2018). The hemocompatibility is due to its hydrophobic na
ture, which allows for protein absorption at the surface of 
the implant. Since the proteins are not denatured, blood 
platelets are not activated, and fibrinogen is not converted 
into fibrin (Feng and Andrade 1995). There have been no 
toxic or allergic immune responses to pyrocarbon reported 
in the literature, and this is likely due to its stable and inert 
structure, which different from metal does not have free 
radical or ionic form. There have also been no reports of 
particles being transferred throughout the body hematoge
nously or infiltrating periarticular spaces (Bellemère 2018). 
Finally, the graphite in pyrocarbon allows for absorption 
of phospholipids which have a component called dipalmi
toylphosphatidylcholine (DPPC) causing enhanced joint lu
brication and reduction of friction between the component 
and the adjacent joint (Gale et al. 2007). All of the proper
ties of pyrocarbon listed above contribute to it being a safe 
and effective material for usage in the HA patient popula
tion. 

The material itself is poor in flexion, strong when being 
compressed, and it possesses ideal elastic properties (Stone 
et al. 2021). Pyrocarbon has a similar modulus of elasticity 
to that of cortical bone, and it also stimulates the expres
sion of type II collagen promoting the formation of a carti
laginous matrix (Hannoun, Ouenzerfi, Brizuela, et al. 2019). 
The modulus of elasticity allows for the harmonious trans
mission of stress between the implant and bone minimizing 

the phenomenon of stress shielding (Hassler 2012). Metals 
have been reported to lose 30-50% of strength with re
peated loading. Conversely, pyrocarbon has excellent fa
tigue resistance and there have been no fatigue fractures 
reported in mechanical heart valves in over 30 years of 
use (Bellemère 2018; Cao 1996). An in vitro comparison on 
wear properties of pyrocarbon and metal-on-bone shoul
der HA has demonstrated bone volume loss rate, linearized 
bone penetration rate, and surface roughness of cobalt 
chromium test specimens to be 30 times greater than pyro
carbon implants (Klawitter et al. 2020). Another study per
formed by Cook et al. evaluated cartilage wear in the canine 
acetabulum with a variety of different HA components on 
the femoral side including pyrocarbon, CoCr, titanium, and 
aluminum. They found after 18 months that the acetabu
lum cartilage survival rate with pyrocarbon HA was 92% vs 
20% for metal implants (Cook, Thomas, and Kester 1989). 
A different in vivo study of canine knees with osteoarthri
tis compared pyrocarbon implant versus CoCr implants and 
their ability to create fibrocartilage regeneration in the op
posing joint surface. They found pyrocarbon to lead to fi
brocartilage regeneration in 86% of cases versus 25% for 
CoCr (Kawalec et al. 1998). 

BIOMECHANICAL STUDIES 

As mentioned above, the use of pyrocarbon in joint arthro
plasty has been described throughout the literature in re
cent years. However, the majority of studies have focused 
on the application of pyrocarbon in hand and wrist arthro
plasty, with limited research in the context of shoulder 
arthroplasty. Due to its mechanical properties outlined 
above, including increased wear resistance and similarity to 
cortical bone, pyrocarbon implants have grown in popular
ity and are emerging as a topic of discussion for shoulder 
arthroplasty, especially in young active adults. 

For example, in one study by Ramirez et al., looked at 
the wear characteristics of pyrocarbon humeral head im
plants coupled with polyethylene glenoid inserts after 5 
million cycles using the Newcastle Shoulder Wear Simula
tor (Roberson, Bentley, Griscom, et al. 2017). This simulator 
mimics in vivo shoulder conditions and is fully programma
ble to include a wide variety of shoulder range of motion 
and dynamic loads. They then calculated the amount of 
wear on both the pyrocarbon humeral component and the 
polyethylene glenoid component by using gravimetric mea
surements, three-dimensional images with a non-contact
ing profilometer and scanning electron microscopy (Rober
son, Bentley, Griscom, et al. 2017). They discovered that the 
mean roughness value of the polyethylene components de
creased from 296 ± 28 nm to 32 ± 8 nm (P < 0.001), in con
trast to the pyrocarbon humeral heads which remained in 
the same range from 21 ± 2 nm to 20 ± 10 nm (P = 0.855) 
(Roberson, Bentley, Griscom, et al. 2017). Importantly, they 
also found that there was no change of weight of the py
rocarbon implants, indicating no measurable form of wear 
following 5 million cycles in the shoulder simulator (Rober
son, Bentley, Griscom, et al. 2017). 
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Mueller et al. evaluated the effect of ceramic versus 
metallic humeral heads on glenoid polyethylene wear in 
anatomic TSA (Park, Zhang, Chang, et al. 2023). They found 
that the average polyethylene wear rate decreased by 26.7% 
in the ceramic humeral head group when compared to the 
metallic humeral head group (Singh Jagdev et al. 2022). Al
though their study was evaluating the effect of different 
humeral components on polyethylene glenoid components 
in the setting of TSA, this lends to the thought process that 
a prosthesis with similarities to bone might reduce native 
glenoid wear in HA. This was demonstrated by another in 
vitro study that looked at the effect of pyrocarbon and CoCr 
humeral prostheses on wear of cortical bone in fresh bovine 
samples. During their testing, CoCr implants were only sub
ject to roughly 320,000 cycles in the simulator due to com
plete bone consumption/destruction while pyrocarbon im
plants completed the 5 million cycles of testing (Klawitter 
et al. 2020). The difference in surface roughness between 
pyrocarbon and CoCr implants was also notable at 87 ± 55 
nm and 3317 ± 1648 respectively (P < 0.05). Therefore, their 
results suggest that pyrocarbon implants were less dam
aged by bone and ultimately did significantly less damage 
to bone than CoCr prostheses. 

CLINICAL OUTCOMES 

As discussed above, the relatively recent adoption of py
rocarbon implants in the shoulder provides limited oppor
tunity to understand long-term outcomes of HA with this 
material. Additionally, the limited outcome data available 
for pyrocarbon HA must be interpreted within the context 
of revision and failures rates of existing solutions for os
teoarthritis and in the young, active patient. For example, 
TSA in young (<65 years) patients is associated with a 18% 
revision rate, with 54% of patients demonstrating glenoid 
lucency, which may limit options for revision surgery 
(Roberson, Bentley, Griscom, et al. 2017). Additionally, re
vision rates for traditional HA with metal implants may be 
twice that of anatomic total shoulder arthroplasty (Singh 
Jagdev et al. 2022), with progressive glenoid erosion or ro
tator cuff failure necessitating revision procedures. Conse
quently, conversion of failed HA or total shoulder arthro
plasty to reverse total shoulder arthroplasty may be 
associated with scarred tissues plains, difficult glenoid ex
posure, and poor glenoid bone stock. As such, the use of py
rocarbon for HA can be viewed as a potential alternative to 
a clinical challenge with a myriad of imperfect solutions. 

A systematic review of shoulder HA with pyrocarbon 
demonstrates significant improvement of range of motion 
and clinical outcomes, with a 4.8% rate of conversion to 
TSA at a minimum of two years (Park, Zhang, Chang, et 
al. 2023). Large registry studies do suggest that pyrocarbon 
HA have significantly lower revisions rates than tradition 
metal HA with conversion rate to TSA (McBride, Ross, Hoy, 
et al. 2022; Gao et al. 2023), and may offer similar or im
proved revisions rates when compared to anatomic TSA 
in younger patients (Gao et al. 2023). Additionally, in the 
event a pyrocarbon HA needs to be revised, the stem is de
signed to be press fit which is advantageous in the revi

sion setting as there is no cement in the humeral canal. 
Despite this favorable data, total shoulder arthroplasty con
tinues to demonstrate superior improvements in post-op
erative motion and shoulder function, when compared to 
both pyrocarbon (Gao et al. 2023) and metal HA (Garcia, 
Liu, Mahony, et al. 2016). As such, future justification of 
pyrocarbon HA will likely necessitate improved survivor
ship and/or relative preservation of the glenoid for sub
sequent conversion to anatomic or total shoulder arthro
plasty, when compared to total shoulder arthroplasty. 

Importantly, numerous studies demonstrate that the use 
of pyrocarbon does not eliminate the presence of glenoid 
erosion over time, as 20-50% of individuals with pyrocar
bon implants will demonstrate some progression of glenoid 
erosion at intermediate-term follow-up (Park, Zhang, 
Chang, et al. 2023; Cointat, Raynier, Vasseur, et al. 2022; 
Garret et al. 2024). Of note, while the in vivo effect of pyro
carbon on glenoid erosion are unclear, pyrocarbon humeral 
heads are uniquely susceptible to implant fracture. While 
fracture of the humeral head is essentially non-existent in 
metallic implants, implant fracture may occur in up to 5% 
of patients with pyrocarbon HA (McBride, Ross, Hoy, et al. 
2022). Therefore, due to their novel method of failure, sur
geons must be thoughtful in their medical decision making 
when using these implants for clinical practice and appreci
ation of potential drawback of wide-spread adoption of py
rocarbon implants in shoulder arthroplasty. 

Moreover, non-anatomic reconstruction of the humeral 
head is associated with worse clinical outcomes in patients 
undergoing HA with pyrocarbon implants. Non-anatomic 
reconstruction – typically related to overstuffing of the 
humeral head – is strongly associated with worse range of 
motion, clinical outcomes, glenoid erosion, rotator cuff de
ficiency, and revision rates (Cointat, Raynier, Vasseur, et 
al. 2022). Characteristics of morse taper designs in current 
implants has been postulated to contribute to oversizing 
of the humeral head, given additional implant thickness 
needed to support the pyrocarbon implant on a metallic 
tray (Cointat, Raynier, Vasseur, et al. 2022). Thus, the chal
lenge of accurately restoring the humeral center of rotation 
and the impact of anatomic reconstruction on clinical out
comes, this technical aspect of pyrocarbon HA is of para
mount importance as it is in anatomic TSA. 

In summary, the clinical outcomes and survivorship or 
pyrocarbon shoulder implants is limited by the recent 
adoption of the material and the narrow indications for 
HA in modern shoulder surgery. However, HA with pyro
carbon implants demonstrate acceptable clinical outcomes 
and survivorship at intermediate-term outcomes, with 
some evidence to suggest favorable glenoid wear-rates and 
survivorship when compared to traditional metal implants. 
However, the material properties of the implant allow for 
humeral head fracture, which represents a unique cause for 
revision when compared to traditional metallic implants. 
Total shoulder arthroplasty likely provides superior clinical 
function and pain relief in younger patients with os
teoarthritis, but the concerns regarding glenoid loosing and 
osteolysis in younger populations suggest pyrocarbon HA 
may possess a role in the management of osteoarthritis in 
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the young patient with high activity demands or humeral 
osteonecrosis. Further longitudinal data is required to de
fine long-term implant survivorship and delineate if pyro
carbon implants offer long-term benefits for glenoid ero
sion. 

IMPLANTS AVAILABLE 

When it comes to utilizing these pyrocarbon implants in 
the United States, there is only one product which has 
been FDA approved. This is Stryker’s Tornier Pyrocarbon 
Humeral Head (Stryker, Mahwah, NJ, USA), and the first 
case was completed at the Denver Surgery Center in Col
orado on March 20, 2023. 

There are a variety of other pyrocarbon humeral head 
systems which have been developed and used frequently 
internationally but are not FDA approved. One commonly 
used prosthetic is the PyroTITAN system (Integra, Plains
boro, NJ, USA). This implant has had significant utilization 
internationally. In the Australian National Joint Registry, 
this implant demonstrated improved survivorship at 5 years 
follow up for patients under 55 years-old compared with 
all other classes of arthroplasty in this registry (McBride, 
Ross, Hoy, et al. 2022). Another frequently used implant is 
the INSPYRE pyrocarbon interpositional implant (Tornier/
Wright Medical, Bloomington, MN, USA). This implant was 
evaluated in a prospective observational study by Barret et 
al. from France (Tsitlakidis, Doll, Westhauser, et al. 2021). 
Fifty-eight patients received this implant, and at mean fol
low up of 47 +/- 15 months, survival rate was 90% with 
10% requiring revision to TSA (Barret et al. 2020). There are 
other products which have been developed by industry and 
are in the development process, but these three aforemen
tioned systems are the most commonly discussed in the 
medical literature. There is much further work to be done 
from an industry, research, and approval process to make 
more of these implants available for daily use by orthopedic 
surgeons in the United States. 

Additionally, the cost of pyrocarbon implants for HA 
is something that must be considered when selecting im
plants for patients. According to the Pharmaceutical Man
agement Agency (PHARMAC) for New Zealand (2017), a 
43-mm diameter CoCr humeral head implant cost $2,340, 
while the same component created in pyrocarbon cost 
$3,800 New Zealand dollars (Ramírez-Martínez et al. 2020). 
One limitation discussed with pyrocarbon implants in the 
wrist and hand is the increased cost profile compared to 
other implants due to the technologically advanced proper
ties of the material (Daruwalla et al. 2012). Orthopedic sur
geons have to evaluate for each patient clinical scenario if 
the heightened cost of the pyrocarbon is worth the possible 
benefit the implant may offer. The cost analyses and eco
nomic burden of the implant when it comes to the shoul
der has not been studied extensively given the implant is 
relatively early in it clinical use. Further research will be 
needed to fully elucidate its cost effectiveness. 

FUTURE DIRECTIONS 

Management of severe glenohumeral arthritis in adults > 65 
years old has been achieved and well documented with 
anatomic TSA. However, in the young patient (< 60 years-
old), management of this disease process is quite limited 
due to factors including activity level, status of the rotator 
cuff and likelihood of future revision. The introduction of 
pyrocarbon in orthopedics as an alternative for wrist/hand 
arthroplasty and now shoulder arthroplasty has provided 
a solution for the management of glenohumeral arthritis 
in young adults. As mentioned throughout this review, the 
current literature indicates that the use of pyrocarbon 
humeral implants in the setting of HA has decreased wear 
of the native glenoid when compared to the most com
monly used CoCr humeral implants (Klawitter et al. 2020; 
Tsitlakidis, Doll, Westhauser, et al. 2021). However, the use 
of these implants does not come without risks. As described 
above, there is a risk of implant fracture/failure when using 
pyrocarbon for HA at intermediate follow up. Thus, future 
studies are needed in order to address the concerns of im
plant failure and to assess short, intermediate, and long-
term outcomes in young patient populations following HA 
with pyrocarbon implants. This is critical as implant frac
ture is a devastating complication and solutions to this 
problem could lead to easier adoption of pyrocarbon im
plants into clinical practice. Another important realm 
which needs studied is the cost effectiveness of these im
plants, as pyrocarbon implants are more expensive so cost 
benefit analysis must be weighed over time. 

The use of pyrocarbon humeral implants in HA has been 
of interest in recent literature due to its mechanical prop
erties that lend to a reported decreased likelihood of re
vision to TSA in the younger population. Moreover, due 
to its demonstrated pattern of increased wear resistance, 
some studies have evaluated the wear characteristics of 
pyrocarbon implants paired with polyethylene inserts in 
both TSA and RSA and were found to have statistically im
proved rates of wear compared to CoCr, as detailed above 
(Ramírez-Martínez et al. 2020; Mueller, Braun, Schroeder, 
et al. 2017). Therefore, due to its favorable characteristics, 
pyrocarbon implants may continue to emerge throughout 
the field of orthopedics. We think one potential field that 
could possibly be at the forefront of this emergence would 
be hip arthroplasty. Pyrocarbon would avoid the problems 
that come with metal prosthetics and limit osteolysis and 
accelerated wear patterns thus possibly leading to pro
longed implant longevity, however; this has not yet come to 
the market. 

DISCUSSION 

Treatment of glenohumeral joint osteoarthritis in young 
patients remains a challenge. This is due to the increased 
average activity level of this patient population as well as 
the necessity for implant longevity in the setting of joint 
arthroplasty. In young patients, due to the concern for na
tive glenoid erosion with traditional metallic humeral com
ponents following HA, the role of pyrocarbon is being ex
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plored. With modulus similar to cortical bone, pyrocarbon 
has been introduced as an alternative to traditional metallic 
implants in joint arthroplasty. This review aimed to high
light the properties and indications of pyrocarbon in HA, as 
well as synthesize the clinical outcomes and available im
plants for use at this time. 

Pyrocarbon has a similar modulus of elasticity of cortical 
bone and has the ability to form a cartilaginous matrix due 
to the expression of type II collagen (Hannoun, Ouenz
erfi, Brizuela, et al. 2019). Klawitter et al. found that CoCr 
humeral implants resulted in significantly greater rates of 
bone loss and surface roughness when compared to py
rocarbon implants (Klawitter et al. 2020). This was also 
seen in a similar study that found complete loss/destruction 
of glenoid bone when paired with traditional metallic im
plants versus pyrocarbon implants when subject to contin
uous cycles of dynamic range of motion (Mueller, Braun, 
Schroeder, et al. 2017). Another study found that the carti
lage survival rate was significantly higher with pyrocarbon 
HA (92%) versus metal implants (20%) (Cook, Thomas, and 
Kester 1989). One study detailed pyrocarbon’s ability to 
generate a cartilaginous matrix where they found that pyro
carbon led to cartilage regeneration in 86% of cases versus 
25% for CoCr at the opposing joint (Kawalec et al. 1998). 
Additionally, Mathon et al. found glenoid wear to be less 
than 0.6-mm at 3 years follow up, which is 5 times less than 
metallic implants (Mathon et al. 2023). 

Some studies have demonstrated lower revision rates 
with pyrocarbon components in HA when compared to in
dustry standard metal implants (McBride, Ross, Hoy, et al. 
2022; Gao et al. 2023). In their 2023 systematic review, 
Park et al. also had favorable revision rates and clinical 
outcomes with a significant improvement in post-operative 
range of motion (Park, Zhang, Chang, et al. 2023). However, 
TSA continues to demonstrate superior improvements in 
post-operative motion and shoulder function, when com
pared to both pyrocarbon and traditional metallic HA (Gar
cia, Liu, Mahony, et al. 2016). 

In our clinical practice, we have begun to incorporate 
pyrocarbon HA primarily for young patients with shoulder 
pain from proximal humerus AVN. In this setting usually, 
the glenoid is spared. Therefore, the use of the pyrocarbon 
head on the native glenoid cartilage can potentially have 
benefits in glenoid wear over-time compared to a metal 
head. There are also some situations that we consider py
rocarbon HA in young patients with glenohumeral arthritis 
and a high activity level. If these patients need to lift more 
than 30-40 pounds with their operative arm, then we con
sider a HA over an anatomic TSA due to the increased loads. 
In this patient population, we consider a pyrocarbon HA 
over a metal head to try to decrease the glenoid wear over-
time. An example is seen in Figures III-VI of a 36-year-
old male in active-duty military with right glenohumeral 
arthritis. Due to his high activity demands he underwent 
a HA with a pyrocarbon head (Stryker, Mahwah, NJ, USA). 
Figures III and IV demonstrate his significant humeral 
arthritic wear and osteophytes with moderate posterior gle
noid wear. Figure V demonstrates the high offset and low 
offset trial heads compared to the anatomic head cut. We 

Figure III. Central wear pattern of the humerus with        
inferior osteophyte formation.    

Figure IV. Glenoid demonstrates a posterior wear      
pattern with anterior osteophytes but most arthritis        
being humeral based.    

use the anatomic head cut as a template to match the im
plant diameter and offset sizing to avoid overstuffing. Fig
ure VI shows the implanted pyrocarbon HA. 

The most relevant limitation to this study is due to the 
limited amount of literature evaluating the use of pyrocar
bon implants in shoulder arthroplasty, especially in vivo. 
Although some studies are described and mentioned above, 
follow up was limited to short-term follow up. Thus, it 
will be important for future studies to evaluate post-op
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Table I. Overview comparing pyrocarbon vs metal hemiarthroplasty implants        

Pyrocarbon HA Metallic HA 

Indications 

Contraindications 

Advantages 

Disadvantages 

Future Studies 

• Glenohumeral arthritis in young active patients (< 

60-years-old) with intact rotator cuffs 

• Avascular necrosis 

• Proximal humerus fractures 

• Glenohumeral arthritis in young active patients (< 

60-years-old) with intact rotator cuffs 

• Avascular necrosis 

• Proximal humerus fractures 

• Infection 

• Patients with glenohumeral arthritis and low activity 

demand 

• Coracoacromial ligament deficiency 

• Full-thickness rotator cuff tears 

• Infection 

• Patients with glenohumeral arthritis and low activity 

demand 

• Coracoacromial ligament deficiency 

• Full-thickness rotator cuff tears 

• Favorable characteristics profile with similarities to 

cortical bone 

• Maintenance of native glenoid 

• Lower rates of glenoid erosion 

• Inert, stable compound 

• Fibrocartilage generation 

• Decreased revision rate 

• Maintenance of native glenoid 

• Resistance to fracture/failure 

• Decreased cost 

• Easily manufactured 

• Established implant history/outcomes 

• Implant fracture/failure 

• Oversizing causing non-anatomic reconstruction 

• Increased cost 

• Difficult manufacture process 

• Minimal outcome data 

• Formation of free radicals and wear debris 

• Higher rates of glenoid erosion 

• Higher revision rates 

• Long-term studies comparing outcomes and longevity 

of pyrocarbon vs metal HA 

• Use with polyethylene glenoid inserts in TSA or rTSA 

• Comparison of various pyrocarbon implants 

• Long-term studies comparing outcomes and 

longevity of pyrocarbon vs metal HA 

erative outcomes for patients undergoing HA with pyro
carbon implants. Although current research is in favor of 
decreased glenoid wear when using pyrocarbon versus tra
ditional metallic implants for HA, future studies are needed 
to assess implant survival at 5 and 10 years due to the 
increased risk of implant fracture/failure with pyrocarbon. 
Lastly, the only pyrocarbon implant FDA approved for use 
in the U.S.A. is Stryker’s Tornier Pyrocarbon Humeral Head 
(Stryker, Mahwah, NJ, USA). As pyrocarbon implants evolve 
and new products are developed, further biomechanical 
studies should evaluate the survival of these implants com
pared to metal heads. 

CONCLUSION 

This study outlines the biomechanical properties of py
rocarbon as well as indications for use in HA in young 
adults with glenohumeral arthritis or AVN. Pyrocarbon is a 

promising product for this patient population with a ma
jority of studies finding lower rates of revision, decreased 
bone destruction and decreased wear rates when paired 
with polyethylene components compared to industry stan
dard metallic implants. Further research is required to as
sess intermediate and long term outcomes of these im
plants and to compare various pyrocarbon implants to 
other shoulder replacement techniques. 
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Figure V. Anatomic head cut compared with the blue        
low offset trial and the black high-offset trial. In this           
case the cut size matched better to the high-offset          
trial.  
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