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Surgical revision of radial head fractures:
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Background: Radial head fractures lead to persisting disability in a considerable number of cases. This
study aimed to investigate their most common revision causes and procedures.
Methods: This multicenter retrospective study reviewed the cases of 466 adult patients who had under-
gone surgical revision after operative or nonoperative treatment of a radial head fracture. The initial diagnosis
was a Mason type I fracture in 13.0%, Mason type II fracture in 14.6%, Mason type III fracture in 22.8%,
Mason type IV fracture in 20.9%, terrible-triad injury in 12.8%, Monteggia-like lesion in 13.1%, and Essex-
Lopresti lesion in 2.0%. Initial treatment was nonoperative in 30.2%, open reduction and internal fixation
(ORIF) in 44.9%, radial head arthroplasty in 16.6%, radial head resection in 3.7%, sole treatment of con-
comitant injuries in 2.6%, and fragment excision in 2.0%. Up to 3 revision causes and procedures were
recorded per case.
The Institutional Review Board of the Medical Faculty of the University of
Cologne approved this study (approval No. 16-461). Investigation
performed by the German Society for Shoulder and Elbow Surgery
(DVSE).
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Results: The most common complications were stiffness (67.4%), instability (36.5%), painful osteoar-
thritis (29.2%), ORIF related (14.8%), nonunion or necrosis (9.2%), radial head arthroplasty related (7.5%),
ulnar neuropathy (6.0%), and infection (2.6%). Revision procedures frequently included arthrolysis (42.1%),
arthroplasty (24.9%), implant removal (23.6%), ligament repair or reconstruction (23.0%), débridement
(14.2%), repeated ORIF (8.2%), and/or radial head resection (7.7%). Mason type I or II fractures were
primarily revised because of stiffness and painful osteoarthritis. Complications after Mason type III frac-
tures were predominantly ORIF related. Fracture-dislocations showed a wide range of complications, with
instability and stiffness comprising the most common causes of revision.
Conclusions: The complications of radial head fractures are characteristic to their classification. Knowl-
edge of these findings might guide surgeons in treating these injuries and may help counsel patients accordingly.
Level of evidence: Level IV; Case Series; Treatment Study
© 2018 Journal of Shoulder and Elbow Surgery Board of Trustees. All rights reserved.
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The radial head is vital to the biomechanics of the elbow
joint. It provides a bony constraint against posterolateral ro-
tation as well as valgus distortion of the elbow and plays a
major role in axial load transmission along the forearm.33,34,44

Fractures of the radial head are the most common elbow frac-
tures in adults, with a reported incidence of 55 per 100,000
persons per year, and usually result from a fall on an out-
stretched arm.12 With a mean age at the time of injury of 43
years, this pathology commonly affects young and active pa-
tients who rely on physiological elbow function for everyday
activities.13,37

Rather than occurring as an isolated injury, radial head frac-
tures are typically accompanied by concomitant fractures and/
or soft-tissue lesions. These additional injuries include, among
others, collateral ligament tears, dislocations, and fractures
of the proximal ulna and the capitulum, as well as disrup-
tions of the interosseous membrane.24,25,31,35,41,42 The complexity
of these osteoligamentous combination injuries may explain
the persisting disability frequently encountered after radial
head fractures.9,13,16,23,26,27,29,39 A revision rate of up to 15% has
been reported at 2 years after surgical treatment of radial head
fractures.28

Despite this, we still lack definitive information about both
the most common causes of revision after radial head frac-
tures and their associated salvage procedures. We therefore
studied the complications of radial head fractures in a ret-
rospective, multicenter investigation to identify the most
common causes leading to surgical revision and the most fre-
quently performed revision and salvage procedures.

Materials and methods

This retrospective multicenter investigation was performed by
the elbow committee of the German Society of Shoulder and Elbow
Surgery (Deutsche Vereinigung für Schulter- und Ellenbogenchirurgie
[DVSE]) and the elbow and hand committee of the Society for Ar-
throscopy and Joint Surgery (Gesellschaft für Arthroskopie und
Gelenkchirurgie [AGA]) involving 1 Swiss and 11 German ortho-
pedic and trauma departments. Adult patients who had undergone
surgical revision between 2012 and 2016 after conservative or
operative treatment of radial head fractures were included in this
study by means of a retrospective chart and radiographic review.

Obtained data included the sex and age of patients, as well as
the affected side, initial diagnosis, and initial treatment. The time
from injury and/or prior surgery to revision, with up to 3 causes of
revision and up to 3 revision or salvage procedures per patient, was
recorded.

Overall, 466 patients who underwent surgical revision after a radial
head fracture were found and included in this investigation. The mean
age at the time of revision was 44.5 ± 16.3 years, and 55.7% of pa-
tients were men and 44.3% were women. The left side was injured
in 65.0% of cases; the right side, in 35.0%. The mean time from
injury or prior surgery to revision was 5.7 ± 13.2 years.

The initial diagnosis was available in 438 cases (94.0%; in the
remainder, no prior radiographs were available) and predomi-
nantly consisted of multifragmentary injuries and fracture-dislocations
(Fig. 1). The primary treatment was available for 457 patients (98.1%).
Conservative therapy, mainly by temporary immobilization with the
precise duration of immobilization infrequently documented, was
performed in 138 patients (30.2%), whereas 319 patients (69.8%)
were treated surgically (Fig. 2).

Results

Overall revision causes and procedures

Overall, the most common causes of revision among the 466
patients were stiffness (314 cases, 67.4%), instability (170
cases, 36.5%), and post-traumatic osteoarthritis (136 cases,
29.2%). Of the 170 cases of revision with instability, 65
(38.2%) had posterolateral rotatory instability of stage II to
III, 38 (22.4%) had valgus instability, 28 (16.5%) had mul-
tidirectional instability, 19 (11.2%) had varus posteromedial
rotatory instability, 9 (5.3%) had longitudinal forearm insta-
bility, 9 (5.3%) had persisting elbow dislocation, and 2 (1.1%)
had proximal radioulnar instability; 38 of these revisions
(22.4%) were associated with concomitant coronoid frac-
tures. Less frequently, we observed complications directly
related to open reduction and internal fixation (ORIF) (69
cases, 14.8%), symptomatic nonunion or (partial) necrosis of
the radial head (43 cases, 9.2%), complications related to radial



Figure 1 Initial diagnosis in study population (n = 438).

Table I Most common revision procedures after radial head
fractures

Revision procedure n %

Arthrolysis 196 42.1
Open 104 22.3
Arthroscopic 92 19.8

Arthroplasty 116 24.9
RHA 76 16.3
Revision RHA 24 5.2
RCA 3 0.6
TEA 13 2.8

Implant removal 110 23.6
Removal of hardware 83 17.8
Removal of radial head implant 27 5.8

Ligament repair or reconstruction 107 23.0
LCL repair 17 3.6
UCL repair 4 0.9
Bilateral repair 7 1.5
LUCL reconstruction 55 11.8
UCL reconstruction 14 3.0
Box-loop reconstruction14,18 4 0.9
Central band or IOM reconstruction 4 0.9
Annular ligament reconstruction 2 0.4

Joint débridement 66 14.2
With microfracturing 38 8.2
With loose body removal 24 5.2
With plica resection 14 3.0
With joint lavage 12 2.6

Repeated ORIF 38 8.2
Radial head resection 36 7.7

With interposition arthroplasty 8 1.7
Ulnar nerve release 28 6.0

With anterior transposition 20 4.3
Hinged external fixator 11 2.4
Coronoid reconstruction 5 1.1

n, number of cases; RHA, radial head arthroplasty; RCA, radiocapitellar
arthroplasty; TEA, total elbow arthroplasty; LCL, lateral collateral liga-
ment; UCL, ulnar collateral ligament; LUCL, lateral ulnar collateral ligament;
IOM, interosseous membrane; ORIF, open reduction and internal fixation.
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head arthroplasty (35 cases, 7.5%), ulnar neuropathy (28 cases,
6.0%), and infection (12 cases, 2.6%).

The most common revision procedures comprised ar-
throlysis (42.1%), arthroplasty (24.9%), implant removal
(23.6%), and ligament repair or reconstruction (23.0%).14,18

Other common revision procedures included joint débridement
(14.2%), repeated ORIF (8.2%), radial head resection (7.7%),
and ulnar nerve release (6.0%) (Table I).

Revision causes depending on fracture
classification

For Mason type I and type II injuries, the main revision causes
were stiffness and symptomatic osteoarthritis (Figs. 3 and 4).
For Mason type III fractures, however, apart from elbow stiff-
ness, surgical revision was performed predominantly because
of nonunion or necrosis and/or loss of reduction (Fig. 5). For
fracture-dislocations (Mason type IV fractures, terrible-
triad injuries, and Monteggia-like injuries), we observed a
broad variety of complications, with instability and stiff-
ness presenting the main reasons for revision (Figs. 6, 7,
and 8).

Revision causes depending on initial treatment

The most common complications after conservative therapy
were stiffness, symptomatic osteoarthritis, instability, and sec-
ondary fracture displacement (Fig. 9). After ORIF, revisions
were performed mainly because of stiffness, instability, loss
of reduction, symptomatic osteoarthritis, radial head necro-
sis, and plate and/or screw impingement (Fig. 10). Radial head
arthroplasty commonly resulted in surgical revision for stiff-
ness, overlengthening, symptomatic osteoarthritis, instability,
ulnar neuropathy and mal-tracking, loosening, breakage, and/
or disassembly of the radial head implant (Fig. 11).



Figure 2 Initial treatment in study population (n = 457). ORIF, open reduction and internal fixation; RH, radial head.

Figure 3 Surgical revision causes after Mason type I fractures (n = 57). OA, osteoarthritis.
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Discussion

Disability persists in a considerable proportion of patients who
have had radial head fractures, especially those with con-
comitant osteoligamentous injuries. Patients can be counseled
that stiffness, instability, and painful osteoarthritis present the
most frequently observed sequelae and that arthrolysis, partial
or total joint replacement, hardware removal, and collateral
ligament repair or reconstruction are the most common sur-
gical revision procedures.

A broad array of complications accompany fracture-
dislocations, the most common of which are instability and
stiffness. In contrast, causes of surgical revision after
isolated 2-part fractures of the radial head (Mason types I and
II) primarily comprised painful osteoarthritis and stiffness.
Although detailed information on specific conservative treat-
ment regimens was not conclusively retrievable in this
retrospective analysis, immobilization of the elbow in a splint
for more than 2 weeks was documented in approximately two-
thirds of nonoperatively treated cases. This may emphasize
the clinical importance of early functional aftercare of con-
servatively treated nondisplaced or slightly displaced radial
head fractures.19 It has to be considered that Mason type I
fractures comprise approximately 74% of all radial head
fractures.12 In our study, only 13% of all revision cases were
related to an initial Mason type I injury. Overall, complications



Figure 4 Surgical revision causes after Mason type II fractures (n = 64). OA, osteoarthritis; RH, radial head; HO, heterotopic ossifica-
tion. *After nonoperative treatment. **After open reduction and internal fixation.

Figure 5 Surgical revision causes after Mason type III fractures (n = 100). RH, radial head; OA, osteoarthritis; HW, hardware; RHA, radial
head arthroplasty; HO, heterotopic ossification; RN, radial nerve. *After open reduction and internal fixation. **After nonoperative treatment.
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rarely occur after Mason type I injuries—even though the ab-
solute number of revision cases presented in this investigation
is rather high owing to its multicenter design.

Of 64 patients who underwent surgical revision after a
Mason type II fracture, 30 (47%) were initially treated con-
servatively. However, the conservatively treated group
comprised 76% of cases (19 of 25) with painful osteoarthri-
tis after a Mason type II injury. This finding agrees with the
results of Lindenhovius et al30 and Akesson et al,1 who
found post-traumatic degenerative changes in only 12.5%
of operatively treated Mason type II fractures whereas 82%
of patients undergoing conservative therapy showed signs
of osteoarthritis. ORIF of Mason type II fractures may there-
fore lower the risk of post-traumatic osteoarthritis and could
thereby affirm the findings of the systematic review by
Kaas et al,26 who observed a more reliable outcome of
surgical treatment (93% successful outcome) compared with
nonoperative therapy (80% successful outcome). Consider-
ing the minimally invasive treatment options currently available
with arthroscopically assisted fracture fixation,20,32,38 osteo-
synthesis can thus be recommended to the young and active
patient to more likely evade the invasive salvage procedures
for painful osteoarthritis.2,22

Even lower-grade radial head fractures can be accompa-
nied by—mainly capsuloligamentous—concomitant
injuries.4,24,25 With 27 cases of Mason type I and type II frac-
tures requiring revision surgery owing to ligamentous
instability, our investigation underlines this.

When we looked at comminuted radial head fractures
(Mason type III) in this case series, a large number of com-
plications were related to ORIF, which was performed in 74
of 100 cases. At first glance, this finding may support the



Figure 6 Surgical revision causes after Mason type IV fractures (n = 93). OA, osteoarthritis; RH, radial head; HW, hardware; HO, het-
erotopic ossification; RHA, radial head arthroplasty. *After open reduction and internal fixation. **After nonoperative treatment.

Figure 7 Surgical revision causes after terrible-triad injuries (n = 57). OA, osteoarthritis; RH, radial head; RHA, radial head arthroplasty;
HW, hardware; HO, heterotopic ossification; CRPS, complex regional pain syndrome.

Figure 8 Surgical revision causes after Monteggia-like lesions (n = 58). OA, osteoarthritis; HW, hardware; RH, radial head; RU, radio-
ulnar; RHA, radial head arthroplasty; CRPS, complex regional pain syndrome.
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Figure 9 Surgical revision causes after conservative treatment of radial head fractures (n = 138). OA, osteoarthritis; RH, radial head; HO,
heterotopic ossification. *After aspiration of hematoma and/or effusion.

Figure 10 Surgical revision causes after open reduction and internal fixation (ORIF) of radial head fractures (n = 205). OA, osteoarthri-
tis; RH, radial head; HW, hardware; HO, heterotopic ossification; RN, radial nerve; CRPS, complex regional pain syndrome.
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statement of Ring et al,36 who in 2002 recommended radial
head replacement whenever 3 or more articular fragments are
present. However, in most cases in this study, ORIF of the
radial head was performed with hand plates (Fig. 12) rather
than precontoured radial head locking plates, which have re-
cently shown promising results for the treatment of
comminuted radial head fractures.5,10 This could also explain
why short-term to midterm revision rates after ORIF of the
radial head in terrible-triad injuries are considerably higher
when compared with radial head replacement because rele-
vant comparative studies have not included anatomically
pre-shaped radial head plates.29,43 Given the imperfect bio-
mechanical properties7,8,21,40,44 and the subsequent mediocre
midterm to long-term results of radial head arthroplasty,6,9,13

its indication should be considered carefully in light
of potentially disastrous and at times unsalvageable
complications.11,17,23

In fracture-dislocations, however, restoring joint stability
is of primary concern and can only be sufficiently obtained
by replacement of the radial head if ORIF is not feasible.3

This is supported by our investigation, in which extensive re-
vision surgery with radial head replacement, collateral ligament
(and coronoid) repair or reconstruction, and—if necessary—a
temporary hinged external fixator were required whenever
primary radial head resection was performed for fracture-
dislocations (n = 14) (Fig. 13).15 Of those 14 cases, 3 could



Figure 11 Surgical revision causes after radial head arthroplasty (n = 76). OA, osteoarthritis; RHA, radial head arthroplasty; HO, hetero-
topic ossification; RU, radioulnar.
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only be salvaged by total elbow arthroplasty, which empha-
sizes the importance of primary restoration of elbow stability
to avoid debilitating fracture sequelae.

This study is limited by its retrospective design. Another
limitation of this work is the fact that the indications for re-
vision surgery and the choice of revision procedure (or
procedures) were left to the discretion of the respective sur-
geons rather than being set by uniformly observed, predefined
criteria. Although this could create a certain degree of bias,
the study’s multicenter design also reflects the broad-based
reality of surgical revision of radial head fractures. Finally,
the results of this investigation are limited by the circum-
stance that the total number of radial head fractures, out of
which this cohort with surgically relevant complications was
extracted, is unknown. This is because most cases were pri-
marily treated in other hospitals and referred to one of the
participating institutions in this study once a complication oc-
curred. Therefore, these results cannot inform us about overall
complication rates. Nevertheless, this study reveals the most
common causes of revision seen in clinical practice.

Conclusion

Stiffness, instability, and painful osteoarthritis are the most
frequently encountered causes of revision after radial head
fractures. Lower-grade radial head fractures primarily lead
to revision for stiffness and painful osteoarthritis. Com-
plications in comminuted radial head fractures are
predominantly ORIF related; however, modern
precontoured locking radial head plates have only been
used in a small number of these cases. A broad spectrum
of complications is seen in fracture-dislocations, with in-
stability and stiffness being the most common.
Patients can be counseled that arthrolysis, partial or total
joint replacement, hardware removal, and ligament repair
or reconstruction are the most frequently performed re-
vision procedures.

Acknowledgments

The authors thank Marleen Mathiowetz for her contribu-
tion to this work.

Disclaimer

Michael Hackl received a travel grant from Wright/
Tornier and research support from Arthrex and Medartis.

Kilian Wegmann received a travel grant from Wright/
Tornier and research support from Arthrex and
Medartis and is a consultant for Arthrex, Medartis, and
Wright/Tornier.

Boris Hollinger is a consultant for Arthrex and Zimmer
Biomet.

Bilal F. El-Zayat is a consultant for ConMed and Smith
& Nephew.

Helmut Lill is a consultant for Arthrex and DePuy
Synthes.

Jörg Weber is a consultant for Arthrex.
Lars P. Müller received research support from Arthrex

and Medartis and is a consultant for Arthrex, Medartis,
and Wright/Tornier.

The other authors, their immediate families, and any
research foundations with which they are affiliated have
not received any financial payments or other benefits from
any commercial entity related to the subject of this article.



Figure 12 Case of a Mason type III fracture. (A, B) Conventional radiographs after trauma in a 63-year-old male patient with concom-
itant dissociation of the distal radioulnar joint, that is, an Essex-Lopresti lesion. The patient was referred 6 months after open reduction and
internal fixation of the radial head with a hand plate (L, left). (C) Conventional radiographs revealed loss of reduction with bending of the
plate, which could not withstand axial loading with longitudinal forearm instability. (D) The unstable fixation led to necrosis with screw
perforation into the joint. Surgical revision was performed with radial head replacement, ulna shortening osteotomy, and central band re-
construction with temporary arthrodesis of the distal radioulnar joint. (E) Conventional radiographs before and after revision.
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Figure 13 Case of a Mason type IV fracture in a 22-year-old female patient. (A) Radiographs after trauma revealing posterior elbow dis-
location along with a comminuted radial head fracture. (B) Postoperative radiographs after radial head resection. (C) The patient was referred
after she sustained multiple redislocations. Preoperative fluoroscopy revealed gross instability on slight valgus stress. (D) Surgical revision
was performed with radial head arthroplasty and bilateral ligament repair and augmentation (right). The ulnar collateral ligament and the
common flexor tendons were completely detached from their humeral origin (left). (E) Follow-up radiographs (R, right).
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