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Background: Radial head arthroplasty is the preferred surgical management for complex, unrecon-
structable radial head fractures. There has been increasing use of pyrocarbon prostheses, with potential
tribology and modulus advantages over metallic counterparts. This study aims to assess clinical and
radiological outcomes for radial head replacement after trauma using a modular, uncemented pyro-
carbon prosthesis.
Materials and Methods: Between September 2009 and March 2020, a consecutive series of 22 trauma
cases were available for review. Patients underwent radial head arthroplasty using a pyrocarbon pros-
thesis (Ascension Modular Radial Head System, Austin, TX). Recorded outcomes included clinical
assessment, radiological evaluation, and patient-reported outcome measures specific to elbow function.
Results: Twenty-two patients (7 male, 15 female) with an average age of 51 years (range 21-64) were
analyzed with a minimum 12 months of follow-up. All patients had complex radial head fractures,
categorized as a Mason 3 or 4 injury. At follow-up, mean elbow range of motion included flexion 130�

(range 100�-150�), extension 19� (0-50�), pronation 73� (30�-90�), and supination 70� (10�-90�). The
mean Mayo Elbow Performance Index score was 83 (55-100), and Disabilities of the Arm, Shoulder and
Hand score was 22 (2.5-60). Radiological evaluation showed 14 patients with asymptomatic proximal
neck resorption and two patients with radiological stem loosening. In total, 3 of 22 implants were
revisedd2 were excised, and 1 revised to a long stem for traumatic implant fracture.
Conclusion: Pyrocarbon radial head arthroplasty provided reliable functional results for patients after
unreconstructable radial head fracture. The unique potential for fracture of the prosthesis should be
considered in long-term follow-up, with appropriate activity advice to patients.

© 2021 Published by Elsevier Inc. on behalf of American Shoulder & Elbow Surgeons. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Radial head fractures account for 33% of elbow fractures. They
occur with axial and valgus force and can form part of a spectrum of
injuries ranging from an isolated fracture to fracture combinedwith
subluxation to frank fracture dislocation. For significantly displaced
and/or comminuted factures, primary fixation is preferable to
excision,12 but fractures with loss of cortical contact or more than
three pieces reportedly have unsatisfactory rates of 54% with open
reduction internal fixation.23

If satisfactory primary fixation cannot be achieved, excision or
replacement may be considered. The radial head contributes to
axial, posterior, and lateral stability of the elbow. Therefore, exci-
sion may lead to increased instability and long-term arthritis if
Research Ethics Committee
VICBH-2020-237466(v1).
BiomedSc, Barwon Centre for
ersity Hospital Geelong, Vic-

G. Paltoglou).

alf of American Shoulder & Elbow
there is concomitant capsuloligamentous injury. Excision should
not be performed primarily in these cases.21

Replacement of unreconstructable fractures of the radial head
becomes critical to restoring elbow stability and function.

The ideal radial head arthroplasty would recreate the anatomy
and biomechanics of the elbow and provide long-term durability.
To date, no such “ideal” implant exists. The radial head is elliptical,
not circular, and the cartilage depth is variable.14 Radial head de-
signs are variable with monopolar, bipolar, modular, or monoblock
options available. Variable stem options included cemented or
noncemented stems (fixed or loose). Bearing surfaces are tradi-
tionally metallic, but pyrocarbon (or pyrolytic carbon) has an elastic
modulus similar to bone-improving shared force distribution and
has favorable tribology with a low coefficient of friction and
boundary layer lubrication.20 It may have less wear on the cap-
itellum over an equivalent time period than its metallic counter-
parts.15 This may be important in minimizing capitellar wear. It is
durable and has been used in other arthroplasty procedures, such
as those in shoulders and fingers.17
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Table 1
Patient preoperative and postoperative characteristics, including demographics, outcomes, and complications.

Pt Preoperative Postoperative

Age Gender Mason Transolecranon
fracture

Capitellar
lesion

Nonunion as an
indication

DASH MEPI Complication
revision

Complication
removal

Complication
implant fracture

1 54 Female 3 2.5 100
2 52 Female 3 60 65
3 51 Female 4 27.5 85
4 64 Female 3 2.5 100
5 56 Female 4 Y 20.8 85 Y
6 52 Male 4 Y 2.5 85
7 64 Female 4 37.5 75
8 21 Male 3 38.3 85
9 54 Male 4 22.5 90
10 52 Female 4 Y 54.2 55
11 24 Male 4 Y 23.3 85
12 39 Female 4 Y Y 3.3 90 Y
13 59 Female 3 39.2 80
14 60 Female 4 20.8 85
15 52 Male 3 46.7 70
16 46 Female 3 Y 15 85
17 51 Male 3 24.2 70
18 63 Female 3 4.5 85
19 50 Female 3 Y 2.5 100 Y
20 57 Female 3 15.8 80
21 38 Male 4 Y 17.5 70 Y Y
22 58 Female 3 9.4 100

Mean 51
(21-46)

Females
15

Males 7

3 ¼ 12
4 ¼ 10

3 4 2 Mean DASH 23
(2.5-60)

Mean MEPI 83
(55-100)

2 2 1

DASH, Disability of Arm, Shoulder and Hand; MEPI, Mayo Elbow Performance Index.
“Y” indicates presence of preoperative feature or postoperative complication.
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The aim of this study is to report the functional and radiological
results for radial head arthroplasty in trauma using a modular
uncemented pyrocarbon prosthesis (Ascension radial head; Ascen-
sion Orthopaedics, Austin, TX). It is modular with 2 parts; a press fit
stem in 3 diameters and 2 lengths for cementless fixation, and a
pyrocarbon bearing surface head which comes in 3 diameters.

Materials and Methods

Ethics approval was obtained. We retrospectively assessed 22
consecutive patients who had the Ascension radial head replace-
ment between September 2009 and March 2020. Surgery was
performed by two fellowship-trained elbow surgeons.

Inclusion criteriawere a skeletallymature adult who underwent
an Ascension radial head replacement with a minimum of 12
months of follow-up. Our indications for replacement were trau-
matic unreconstructable radial head fractures, replaced at primary
surgery or as a salvage of symptomatic nonunited or malunited
radial head fractures.

A radiological review was performed by two fellowship-trained
elbow surgeons assessing classification according to the modified
Mason criteria,4 neck resorption according to Chanlalit et al,6

lucency in 7 zones similar to a hip prosthesis according to Abdul-
lah et al,1 heterotopic ossification according to Brooker et al,5 and
radiocapitellar arthritis according to Broberg and Morrey.4

Postoperative outcome was measured with the Disability of
Arm, Shoulder and Hand (DASH) and Mayo Elbow Performance
Index (MEPI) scores. Range of motion was assessed by the patient’s
surgeon using a goniometer.

Surgical technique

The operative method used either a lateral approach or a uni-
versal approach via a posterior incision. The Kocher or Kaplan in-
tervals were used depending on surgeon preference and associated
377
soft-tissue injury plane. The head was resected perpendicular to
the axis of rotation of the forearm at the head-neck junction. The
head or head fragments were placed in a sizing ring to identify the
diameter. The head trial was placed to ensure the head did not
extend beyond the proximal sigmoid notch to prevent overstuffing
as described by Athwal et al.2 The diaphysis was prepared
using a rasp to size the diameter of the stem for a press fit. The
prosthesis was assembled on the operating table, and the stem and
pyrocarbon head were impacted together with a mallet and
inserted. X-rays were taken to assess the prosthesis position and to
confirm the stability of the elbow joint. Postoperatively, patients
were placed in a backslab at 90 degrees and sling. Wounds were
checked at 2 weeks, and then active range of motion commenced
with no lifting or resistance until 6 weeks postoperatively. A hinged
elbow brace was used from 2 to 6 weeks if a collateral ligament
repair was performed.

Results

Patient characteristics and surgical indications are shown in
Table I. Therewere 22 patients included in the study,15 females and
7 males. The mean age was 51 years (range 21-64). Two patients
were unemployed. Three patients had office-based occupations.
The remainder had manual occupations. Mean follow-up duration
was 58 months (12-197 months). There were 12 Mason III fractures
and 10 Mason IV fractures, 9 patients had a terrible triad injury,18

and 3 had transolecranon fracture dislocations. Four patients had
chondral lesions noted on their capitellum at the time of surgery.

Surgical indications

Two patients had revisions of nonunions after previous internal
fixation. The remainder were for primary fixation for fractures. This
included 7 unreconstructable fractures in isolation, 10 acute or
chronic radial head fracture associatedwith elbow instability, and 3



Table 2
Summary of radiological results using described classification systems.

Radiological measurement Number of patients (n ¼ 22)

Neck resorption
Chanlalit
1 2 (9%)
2a 7 (32%)
2b 7 (32%)
3 6 (27%)

Gruen zones
None 10 (45%)
Mild (�2) 5 (23%)
Moderate 3-6 3 (14%)
Severe 7 4 (18%)

Brooker
0 20 (91%)
1 2 (9%)
2 0
3 0
4 0

OA Broberg
0 19 (86%)
1 2 (9%)
2 1 (5%)

Congruent 20 (91%)
Incongruent 2 (9%)
Capitellar erosion 4 (18%)
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acute radial head fractures associated with ulna fracture (Mon-
teggia variant).

Functional results

The mean total arc of elbow flexion/extension was 110� (range
50-145�). The mean flexion was 130� (100-150�), and mean
extension was 19� (0-50�). The mean pronation was 73� (30-90�),
and mean supination was 70� (10-90�). The mean DASH score was
22 points (2.5-60). The mean MEPI score was 83 points (55-100).

Radiological results

Radiological results were available for all 22 patients (Table II).
Fourteen patients had measurable proximal neck resorption.
Twelve of the stems hadmeasurable lucency, but only 4 involved all
7 zones; 2 of those who had all 7 zones involved were revised with
excision arthroplasty (Table I; patient number 5 and 12).

Complications

Four neuropraxias were recorded: 2 ulna nerve, 1 superficial
radial nerve, and 1 posterior interosseous nerve. All neuropraxia
resolved.

In total, 3 of 22 (13.6%) implants were revised, 2 were excised
and 1 revised to a long stem. Two radial head implants were
removed because of symptomatic loosening in the radial shaft; they
were not replaced and acted as radial head excisions. One implant
was removed at 13 months, and the other at 10 months. Both pa-
tients had significant lucency on x-ray (Gruen 7) and forearm pain
(Fig. 1).

One patient fractured the pyrocarbon articulating surface
requiring a revision 5 years after surgery. The patient was a 38-
year-old male who sustained a terrible triad injury in 2014 that
was treated with a pyrocarbon radial head, capitellum chondral
repair with bioabsorbable pins, and an lateral collateral ligament
repair. The patient returned to full contact football in 2019 and
experienced increasing pain after a fall at training. The x-ray and CT
scan did not reveal the implant problem. His pain was ongoing, and
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at diagnostic arthroscopy, it was noted the implant had fractured
but was nondisplaced (Fig. 2). The implant was removed and
treated as a radial head excision. The patient had ongoing elbow
pain and was revised 6 months later with a long-stem
Ascension pyrocarbon prosthesis with a subsequent reduction in
symptoms.

Discussion

Our experience with the pyrocarbon head shows that a good
range of motion and functional scores can be achieved. Capitellar
wear or arthritic change is low and tends to be minor. Lucency
around the stem was common on radiographs, but only 2 were
revised. Fracture of pyrocarbon remains a unique material-related
complication.

Pyrocarbon has a modulus of elasticity similar to cortical bone
and helps facilitate load transfer and preserve cartilage in com-
parison to metal. This may be particularly important in patients
with concomitant capitellar injury as seen in 4 of our patients
(Table I). Cook et al carried out prosthetic replacement of canine
femoral heads with three types of prostheses: pyrocarbon, chrome-
cobalt, and titanium. In terms of survival of joint cartilage at 18
months, pyrocarbon showed 92% survival against 20% for metallic
implants.7 Our results showed very low levels of osteoarthritis on
x-ray.

Radial head designdhead anatomy

Radial head arthroplasty does not recreate the original radial
head anatomy. King et al noted that the radial head is an ellipse, not
a circle shape which is so commonly used in arthroplasty.14 Also,
the depth of cartilage is variable, being thicker in the anterior rim
than in the lateral rim. Sex differences also exist, with males having
thicker cartilage.29 A radial head arthroplasty that perfectly recre-
ates what is lost does not yet exist. However, Shannon et al noted
that neither generic or custom designs improved contact pressure
characteristics in biomechanical cadaveric testing, failing to match
native radial head congruency.25 Changes in kinematics are inevi-
table, but again custom implants, although better, did not show a
statistically significant biomechanical improvement when
compared to off shelf designs.24

Radial head designdstems

Various stem designs are available. These all aim to obtain fix-
ation that is rigid and minimizes loosening. However, the lack of
perfect recreation of the biomechanics and anatomy means that
forces may be translated to the stem. The Ascension stem used in
the present study is a titanium cementless stem. Loosening
requiring revision or removal was found in 2 cases. Forearm pain
was present in both cases, and this has been found to be a strong
indicator of loosening. 19 New onset pain in particular may indicate
loosening, which is what we found. Lucency around the stem was
noted in 12 of our cases. It should be noted that the presence of
lucency around the stem does not always directly correlate with
pain and by itself is not an indication of failure.9

Removal due to loosening

Removal rates may be higher in cementless press fit stems, but
stem length does not seem to be a factor.13 Most removals occur
within 2 years of implantation,13 similar to our 2 cases (at 10 and 13
months). van Riet et al found that most stems were removed for
painful loosening, and capitellar erosion was more common in his
removal group.27 Duckworth8 reported removal of 28% metallic



Figure 1 Patient number 5's x-rays before removal of radial head implant. Demonstrates loosening in all 7 Guren zones.

Figure 2 Intraoperative pictures showing the fractured pyrocarbon head, concomitant
capitellar chondral shear injury, and carbonised synovium with pyrocarbon particles.
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radial head implants with younger age being a risk factor. Flinkkila
et al reported that 9 of 42 radial head replacements were revised at
an average of 11 months.10 They concluded that loosening occurred
early, which is consistent with our findings.10
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Results of the same pyrocarbon radial head replacement

Only 1 other article concerning this prosthesis has been recently
published, by Viswanath and Watts.28 They described similar results
with 36 patients. A mean flexion arc of 105� and prono-supination of
148� was achieved; 10 stems had lucency, and 4 were revised. They
noted lucency to bemore common in their revision group, but as we
only had 2 revision cases, comparisons are difficult.

Results of other pyrocarbon radial head prosthesis from different
manufacturers

The other pyrocarbon radial head available for clinical use is the
MOPYC (Tornier, Montbonnot-Saint-Martin, France). It has a longer
stem, which is expansile and press fit. Abdullah reported on 21
cases. Themean postoperative DASH scorewas 10.8, themeanMEPI
score was 86.4, and the mean flexion was 133� and extension was
17.5� at 12 months postoperatively. They reported lower rates of
periprosthetic loosening than the present study.1 Lamas et al re-
ported on 27 cases.16 The mean visual analogue scale was 1, and the
mean range of flexion was 6-140�, with 81� of pronation and 76� of
supination. Only three of 27 patients had lucencies >2 mm
compared to 7 of our 21 patients. There were 2 dissociations of the
head from the stem. We had no dissociations in our series.

Alleiu reported on 30MOPYC replacements. TheirMEPI scorewas
95, mean extension was 15�, and flexion was 122�. Pronation was
74�, and supinationwas 72�. Therewere 3 cases of stress shielding. In
a larger cohort of 52 patients from the same unit, 48 cases had stress
shielding after a mean of 46 months, and there were 9 cases of
capitellar wear.11We had comparable results with at leastmild stress
shielding visible in 20 of our 21 cases. Presumably, a well-fixed distal
stem leads to stress shielding around the proximal radial neck with
time, a pattern seen in some of our patients.

Only one article compares a metallic and pyrocarbon group in 2
historic cohorts.22 Seventy-five patients had a metallic radial head
(Evolve Wright Medical, Memphis, TN) prosthesis followed up for a
mean of 41.5 months, and 11 patients had an MOPYC with a mean
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follow-up of 46 months. There was no functional difference be-
tween the 2 groups in terms of range of motion or patient-reported
outcomes. Four complications were noted in the Evolve group, and
3 in the MOPYC group.

Fractured pyrocarbon bearing surfaces

A unique complication of pyrocarbon implants is the potential
for fracture.We reported one case in our series that fractured after a
fall in a contact ball sport and axial load. The fracture was difficult
to detect radiologically but was noted on diagnostic arthroscopy.
Fracture has been reported by Boileau in a pyrocarbon shoulder
resurfacing implant.20 The patient presented with acute pain 6
years after index surgery with no trauma. They postulated that
overstuffing, failed subscapularis, and the brittle nature of the
pyrocarbon may have contributed.20 We are the first to report a
similar complication in a radial head prosthesis. Acute pain not
previously experienced by the patient should be further investi-
gated in pyrocarbon implants.

The Ascension pyrocarbon prosthesis requires assembly on the
table before insertion. The head is placed in a holder upside down,
and the stem is impacted into the head. Given the possibility of
fracture, we postulate that careful alignment of the components
before impaction may help distribute forces more evenly. Ideally
this step would be more controlled using an impaction device or
tool that has a more consistent reproducible force, rather than the
surgical team using a mallet.

Limitations

This is a retrospective study with selection bias. Indications for
surgery were mixed, and there was no comparator group. Preop-
erative assessments were not available because of the traumatic
indications for surgery.

Conclusion

After radial head arthroplasty with a modular uncemented
pyrocarbon prosthesis for trauma, our patients showed high func-
tion scores with low pain levels and good range of motion. There
was very little capitellar wear, which is consistent with animal
models using pyrocarbon. Loosening requiring prothesis removal
was only required in 2 of 20 patients despite a short cementless
stem, and these occurred at around 12 months postoperatively.
Fracture of the bearing surface is a unique complication of pyro-
carbon, and new pain after trauma should be investigated.

Disclaimers

Funding: No funding was disclosed by the authors.
Conflicts of interest: The authors, their immediate families, and

any research foundation with which they are affiliated have not
received any financial payments or other benefits from any com-
mercial entity related to the subject of this article.

References

1. Abdulla IN, Molony DC, Symes M, et al. Radial head replacement with pyro-
carbon prosthesis: early clinical results. ANZ J Surg 2015;85:368-72. https://
doi.org/10.1111/ans.12908.

2. Athwal GS, Frank SG, Grewal R, et al. Determination of correct implant size in
radial head arthroplasty to avoid overlengthening: surgical technique. J Bone
Joint Surg Am 2010;92:250-7. https://doi.org/10.2106/JBJS.J.00356.

3. Beingessner DM, Dunning CE, Gordon KD, et al. The effect of radial head
excision and arthroplasty on elbow kinematics and stability. J Bone Joint
380
Surg Am 2004;86:1730-9. https://doi.org/10.2106/00004623-200408000-
00018.

4. Broberg MA, Morrey BF. Results of treatment of fracture-dislocations of the
elbow. Clin Orthop Relat Res 1987:109-19.

5. Brooker AF, Bowerman JW, Robinson RA, et al. Ectopic ossification following
total hip replacement. Incidence and a method of classification. J Bone Joint
Surg Am 1973;55:1629-32.

6. Chanlalit C, Shukla DR, Fitzsimmons JS, et al. Stress shielding around radial
head prostheses. J Hand Surg 2012;37:2118-25. https://doi.org/10.1016/
j.jhsa.2012.06.020.

7. Cook SD, Thomas KA, Kester MA. Wear characteristics of the canine acetab-
ulum against different femoral prostheses. J Bone Joint Surg Br 1989;71:
189-97.

8. Duckworth AD, Wickramasinghe NR, Clement ND, McQueen MM. Radial head
replacement for acute complex fractures: what are the rate and risks factors for
revision or removal? Clin Orthop Relat Res 2014;472:2136-43.

9. Fehringer EV, Burns EM, Knierim A, et al. Radiolucencies surrounding a
smooth-stemmed radial head component may not correlate with forearm pain
or poor elbow function. J Shoulder Elbow Surg 2009;18:275-8. https://doi.org/
10.1016/j.jse.2008.09.012.

10. Flinkkila T, Kaisto T, Sirnio K, et al. Short- to mid-term results of metallic press-
fit radial head arthroplasty in unstable injuries of the elbow. J Bone Joint Surg
Br 2012;94:805-10. https://doi.org/10.1302/0301-620X.94B6.28176.

11. Gauci MO, Winter M, Dumontier C, et al. Clinical and radiologic outcomes of
pyrocarbon radial head prosthesis: midterm results. J Shoulder Elbow Surg
2016;25:98-104. https://doi.org/10.1016/j.jse.2015.08.033.

12. Ikeda M, Sugiyama K, Kang C, et al. Comminuted fractures of the radial head.
Comparison of resection and internal fixation. J Bone Joint Surg Am 2005;87:
76-84. https://doi.org/10.2106/JBJS.C.01323.

13. Kachooei AR, Baradaran A, Ebrahimzadeh MH, et al. The rate of radial head
prosthesis removal or revision: a systematic review and meta-analysis. J Hand
Surg 2018;43:39-53.e31. https://doi.org/10.1016/j.jhsa.2017.08.031.

14. King GJ, Zarzour ZD, Patterson SD, et al. An anthropometric study of the
radial head: implications in the design of a prosthesis. J Arthroplasty
2001;16:112-6.

15. Klawitter JJ, Patton J, More R, et al. In vitro comparison of wear characteristics
of PyroCarbon and metal on bone: shoulder hemiarthroplasty. Shoulder Elbow
2020;12(1 Suppl):11-22. https://doi.org/10.1177/1758573218796837.

16. Lamas C, Castellanos J, Proubasta I, et al. Comminuted radial head fractures
treated with pyrocarbon prosthetic replacement. Hand (N Y) 2011;6:27-33.
https://doi.org/10.1007/s11552-010-9282-8.

17. Logan J, Peters SE, Strauss R, et al. Pyrocardan trapeziometacarpal joint
arthroplasty-medium-term outcomes. J Wrist Surg 2020;9:509-17. https://
doi.org/10.1055/s-0040-1714685.

18. Mathew PK, Athwal GS, King GJ. Terrible triad injury of the elbow: current
concepts. J Am Acad Orthop Surg 2009;17:137-51. https://doi.org/10.5435/
00124635-200903000-00003.

19. O'Driscoll SW, Herald JA. Forearm pain associated with loose radial head
prostheses. J Shoulder Elbow Surg 2012;21:92-7. https://doi.org/10.1016/
j.jse.2011.05.008.

20. Pangaud C, Gonzalez JF, Galvin JW, et al. Fracture of pyrocarbon humeral head
resurfacing implant: a case report. J Shoulder Elbow Surg 2020;29:e306-12.
https://doi.org/10.1016/j.jse.2020.02.028.

21. Pomianowski S, Morrey BF, Neale PG, et al. Contribution of monoblock and
bipolar radial head prostheses to valgus stability of the elbow. J Bone Joint Surg
Am 2001;83:1829-34.

22. Raven TF, Banken L, Schmidmaier G, et al. Evaluation of two different types
of radial head prosthesis in practical use. Using either Evolve(R) or
MoPyC((R)) radial head prosthesis in the treatment of comminuted radial
head fractures. Orthop Rev (Pavia) 2020;12:8386. https://doi.org/10.4081/
or.2020.8386.

23. Rineer CA, Guitton TG, Ring D. Radial head fractures: loss of cortical contact is
associated with concomitant fracture or dislocation. J Shoulder Elbow Surg
2010;19:21-5. https://doi.org/10.1016/j.jse.2009.05.015.

24. Shannon HL, Deluce SR, Giles JW, et al. The effect of radial head implant shape
on radiocapitellar kinematics during in vitro forearm rotation.
J Shoulder Elbow Surg 2015;24:258-64. https://doi.org/10.1016/j.jse.
2014.09.019.

25. Shannon HL, Deluce SR, Lalone EA, et al. Effect of radial head implant shape on
joint contact area and location during static loading. J Hand Surg 2015;40:716-
22. https://doi.org/10.1016/j.jhsa.2014.12.017.

26. van Riet RP, Morrey BF, O'Driscoll SW, et al. Associated injuries complicating
radial head fractures: a demographic study. Clin Orthop Relat Res 2005;441:
351-5. https://doi.org/10.1097/01.blo.0000180606.30981.78.

27. van Riet RP, Sanchez-Sotelo J, Morrey BF. Failure of metal radial head
replacement. J Bone Joint Surg Br 2010;92:661-7. https://doi.org/10.1302/
0301-620X.92B5.23067.

28. Viswanath AI, Watts AC. Survivorship of anatomic press-fit short-stem radial
head replacement with a pyrocarbon bearing. Shoulder Elbow 2021. https://
doi.org/10.1177/17585732211024182.

29. Yeung C, Deluce S, Willing R, et al. Regional variations in cartilage thickness of
the radial head: implications for prosthesis design. J Hand Surg 2015;40:2364-
71. https://doi.org/10.1016/j.jhsa.2015.09.005.

https://doi.org/10.1111/ans.12908
https://doi.org/10.1111/ans.12908
https://doi.org/10.2106/JBJS.J.00356
https://doi.org/10.2106/00004623-200408000-00018
https://doi.org/10.2106/00004623-200408000-00018
http://refhub.elsevier.com/S2666-6391(21)00077-8/sref4
http://refhub.elsevier.com/S2666-6391(21)00077-8/sref4
http://refhub.elsevier.com/S2666-6391(21)00077-8/sref5
http://refhub.elsevier.com/S2666-6391(21)00077-8/sref5
http://refhub.elsevier.com/S2666-6391(21)00077-8/sref5
https://doi.org/10.1016/j.jhsa.2012.06.020
https://doi.org/10.1016/j.jhsa.2012.06.020
http://refhub.elsevier.com/S2666-6391(21)00077-8/sref7
http://refhub.elsevier.com/S2666-6391(21)00077-8/sref7
http://refhub.elsevier.com/S2666-6391(21)00077-8/sref7
http://refhub.elsevier.com/S2666-6391(21)00077-8/sref8a
http://refhub.elsevier.com/S2666-6391(21)00077-8/sref8a
http://refhub.elsevier.com/S2666-6391(21)00077-8/sref8a
https://doi.org/10.1016/j.jse.2008.09.012
https://doi.org/10.1016/j.jse.2008.09.012
https://doi.org/10.1302/0301-620X.94B6.28176
https://doi.org/10.1016/j.jse.2015.08.033
https://doi.org/10.2106/JBJS.C.01323
https://doi.org/10.1016/j.jhsa.2017.08.031
http://refhub.elsevier.com/S2666-6391(21)00077-8/sref13
http://refhub.elsevier.com/S2666-6391(21)00077-8/sref13
http://refhub.elsevier.com/S2666-6391(21)00077-8/sref13
https://doi.org/10.1177/1758573218796837
https://doi.org/10.1007/s11552-010-9282-8
https://doi.org/10.1055/s-0040-1714685
https://doi.org/10.1055/s-0040-1714685
https://doi.org/10.5435/00124635-200903000-00003
https://doi.org/10.5435/00124635-200903000-00003
https://doi.org/10.1016/j.jse.2011.05.008
https://doi.org/10.1016/j.jse.2011.05.008
https://doi.org/10.1016/j.jse.2020.02.028
http://refhub.elsevier.com/S2666-6391(21)00077-8/sref20
http://refhub.elsevier.com/S2666-6391(21)00077-8/sref20
http://refhub.elsevier.com/S2666-6391(21)00077-8/sref20
https://doi.org/10.4081/or.2020.8386
https://doi.org/10.4081/or.2020.8386
https://doi.org/10.1016/j.jse.2009.05.015
https://doi.org/10.1016/j.jse.2014.09.019
https://doi.org/10.1016/j.jse.2014.09.019
https://doi.org/10.1016/j.jhsa.2014.12.017
https://doi.org/10.1097/01.blo.0000180606.30981.78
https://doi.org/10.1302/0301-620X.92B5.23067
https://doi.org/10.1302/0301-620X.92B5.23067
https://doi.org/10.1177/17585732211024182
https://doi.org/10.1177/17585732211024182
https://doi.org/10.1016/j.jhsa.2015.09.005

	Retrospective review of pyrocarbon radial head replacement
	Materials and Methods
	Surgical technique

	Results
	Surgical indications
	Functional results
	Radiological results
	Complications

	Discussion
	Radial head design—head anatomy
	Radial head design—stems
	Removal due to loosening
	Results of the same pyrocarbon radial head replacement
	Results of other pyrocarbon radial head prosthesis from different manufacturers
	Fractured pyrocarbon bearing surfaces
	Limitations

	Conclusion
	Disclaimers
	References


