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Abstract
Purpose  It is generally accepted that a radial head fracture (RHF) with more than three parts is not suitable for repair; 
therefore, most authors suggest straightforward radial head arthroplasty (RHA). With up to 20% risk for reoperation after 
RHA, improvement in reduction and fixation techniques may represent a valuable alternative before further extending the 
indications for arthroplasty. To determine the functional results and radiological failure rate after osteosynthesis of multi-
fragmentary RHF with more than three articular fragments. We specifically determined (1) the one-year Broberg and Morrey 
functional elbow score, (2) duration of fracture healing, (3) complication rate, and (4) number of patients converted to RHA.
Methods  This study is a retrospective single-center case series. All patients who underwent primary osteosynthesis for 
RHF between 2012 and 2019 were included. Nine patients with an average age of 52 years had an average clinical and/or 
radiological follow-up of 49 months.
Results  The preoperative imaging identified nine fractures with four fragments. Three patients underwent osteosynthesis 
with plates and screws, whereas six patients underwent osteosynthesis with only screws. The mean Broberg and Morrey 
score was 95 points. Overall, eight of the nine patients had satisfactory results. All patients retained their radial heads and 
showed radiological fracture healing. Only two patients presented with low-grade complications requiring no further surgery.
Conclusion  Our study showed that osteosynthesis of RHF with up to four fragments can achieve good functional results 
with a low complication rate and seems to be a valid alternative to RHA.

Keywords  Elbow · Radial head · Mason III/IV · Osteosynthesis · ORIF · Fracture

Introduction

Radial head fractures are the most common type of elbow 
fractures. They represent approximately 75% of all proximal 
forearm fractures and 2%–5% of all adult fractures [1].

The treatment of type III/IV comminuted radial head frac-
tures according to Mason Johnston’s classification remains 
controversial. It is generally accepted that radial head frac-
tures with more than three parts are unsuitable for repair. 
According to the literature published by Ring et al. [2, 3], 
92% of patients with a radial head fracture with more than 
three articular fragments had an unsatisfactory result after 
open reduction and internal fixation (ORIF); therefore, most 
authors suggest a straightforward radial head arthroplasty 
(RHA) [3–6].

However, the management of multi-fragmentary fractures 
of the radial head with radial head replacement seems to 
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have a 20% risk for reoperation due to stiffness and painful 
loosening [7].

Facing this high complication rate, improvement in 
reduction and fixation techniques may represent a valu-
able alternative before further extending the indications for 
arthroplasty. The purpose of this retrospective study was 
to determine the functional results and radiological failure 
rate following ORIF of displaced fractures of the radial head 
types III and IV according to Mason/Johnston classifica-
tion using headless compression screws (HCS) and/or low-
profile 1.2–2.3 locking compression plates. We specifically 
determined (1) the minimum one-year Broberg and Morrey 
functional elbow score, (2) duration of fracture healing, (3) 
complication rate, and (4) number of patients who converted 
to RHA.

This study was approved by the local Institutional Review 
Board (CER-VD Project-ID 2020-00488).

Materials and methods

Study design and patient selection

The present study was a clinical and radiographic follow-up 
study of a consecutive case series (level of evidence IV) of 
patients who had undergone primary ORIF with headless 
and/or countered plates and screws for a radial head frac-
ture. Of 114 consecutive patients diagnosed with acute radial 
head fractures at our institution between January 2012 and 
June 2019, we included 35 skeletally mature patients with 
Mason-III/IV fractures.

We excluded all patients with severe cognitive impair-
ment (n = 1), radial head fracture with three or less intra-
articular fragments (n = 17), concomitant upper limb frac-
tures (n = 4 of which one with associated Essex-Lopresti 
and three with associated multi-fragmentary proximal ulna 
fracture on the same side), primary prosthesis implanta-
tion (n = 1), less than 1-year follow-up (n = 1), leaving 11 
patients. Of these, one refused to participate and one moved 
to a foreign country and was lost to follow-up, leaving nine 
elbows for evaluation (Fig. 1). The patients were considered 
unreachable if no response was obtained after three consecu-
tive phone calls on different days of the week and no further 
contact information from alternative sources was available. 
Informed consent was obtained from all individual partici-
pants included in the study.

Demographics

The cohort comprised five men and four women with a mean 
age of 50 (range, 28–71) years. Six patients were right-
handed, and half of them injured the dominant side. A sum-
mary of the patient demographics is presented in Table 1.

Patient management

The initial diagnosis in the emergency department was 
made via radiographic examination. In the case of ini-
tial elbow dislocation, reduction was performed in the 
emergency ward under sedation, followed by radiologi-
cal evaluation. All patients received a temporary posterior 
elbow splint.

Fracture and ligament lesion characteristics

The fractures were classified according to the Mason 
classification modified by Johnston [8]. Five fractures 
were Mason-III, and four were Mason-IV. Preoperative 

Fig. 1   Chart flow of radial head fracture between 2012 and 2019
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computed tomography (CT) revealed nine fractures with 
four fragments. Three patients also had associated neck 
fracture. According to the Regan and Morrey classifica-
tion, coronoid fractures were present in seven patients 
comprising three type-I and four type-II fractures. Asso-
ciated ligament injuries are summarized in Table 1 and 
were present in six patients.

Surgery was indicated for comminuted displaced radial 
head fractures with mechanical block-to-motion.

Surgical technique

The patient was placed in the supine position on the operat-
ing table. The affected limb was placed on the chest or table 
with the forearm in pronation. The lateral epicondyle and 
the radial head were palpated. An incision was made from 
the posterior aspect of the lateral epicondyle, distal to the 
posterior border of the ulna, approximately 5–6 cm from the 
tip of the olecranon.

Table 1   Patient’s demographics, fracture characteristics, intra-operative parameters, osteosynthesis modalities

LCL lateral collateral ligament, MCL medial collateral ligament, LUCL lateral ulnar collateral ligament

Parameter Case

1 2 3 4 5 6 7 8 9

Demographic
Age (years) 35 47 63 38 47 71 60 58 28
Sex M M F M M F F F M
Side Left Right Left Right Right Right Left Right Right
Dominant side Yes Yes Yes – – Yes – – Yes
Profession Jurist Optician Secretary Works supervisor Electrician Pensioner Pensioner Office employee Farmer employee
Fracture charac-

teristics
Mason type III III III IV III III IV IV IV
Number of frag-

ments
4 4 4 4 4 4 4 4 4

Associated neck 
fracture

Yes – – – Yes – – Yes –

Coronoid fracture 
type (Regan–
Morrey)

– – II II II I II I I

Associated liga-
ment injuries

– – – LCL/MCL LCL/MCL LCL LUCL LUCL LCL

Intraoperative 
parameters

Time to surgery 
(days)

3 15 5 8 7 11 9 4 8

Surgery duration 
(min)

93 63 80 125 165 110 115 120 150

Osteosynthesis 
modality

Headless com-
pression screw 
(HCS) only/
number of 
screws

No/1 Yes/4 Yes/4 Yes/3 No/3 Yes/5 Yes/4 No/4 Yes/8

Plate osteosyn-
thesis

Straight 
and 
Y-plate

– – – T-plate – – Y-Plate –

Coronoid and 
ligament repair

Coronoids anchor 
fixation

– – Yes Yes Yes – – Yes –

Ligament repair – – – LCL/MCL LCL/MCL LCL LUCL LUCL LCL
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A slightly ventrally shifted approach was preferable with 
respect to the radio-humeral joint; we used an approach 
between the classic Kocher and Kaplan's approach [9] with 
a splitting of the extensor digitorum communis.

With the correct height of the muscle section, it was pos-
sible to avoid a longer incision (≈ 2 cm in all cases), reduc-
ing complications such as stiffness. In addition, the incision 
should not be extended distally to the neck of the radius to 
avoid damage to the radial nerve because it extends antero-
laterally along the joint capsule.

Particular attention was paid to avoid a complete section 
of the annular ligament if still intact. The partial preservation 
of the ligament can help to achieve and maintain the frag-
ment reduction. Once on the fractured fragments, the main 
part of the procedure is dedicated to anatomical fragments 
reduction. Reduction was performed with a dentist hook and 
was considered anatomical if a step or space < 1 mm was 
present on inspection and palpation. Gap reduction is usu-
ally less demanding than step-dislocation reduction. Impac-
tion of the fragments was reported in all treated fractures. 
Impaction may only be present in the main fragment or 
involve small adjacent fragments. Temporary stabilization 
with K-wires is not mandatory and can sometimes critically 
reduce the field of freedom in pro-supination required for 
fixation, or worse, still occupy important cartilage surfaces 
of the head where headless cortical screws could be placed.

Thus, correct positioning of the HCS was decisive. 
We used 1.5 mm HCS Synthes (DePuy Synthes® Rayn-
ham, MA, USA). When drilling and tightening screws 
in a plane parallel to the surface of the radial head, care 
must be taken to not lose the reduction, which would eas-
ily create gaps between the fragments. The tightening of 
the screws must be sufficient to create a stable construc-
tion; however, shear forces must be avoided. Insertion of 
screws perpendicular to the fracture line should be tar-
geted whenever possible. After reducing and securing the 

joint surface, head–neck fixation was initiated. Creating 
a stable structure between the head and neck is important 
to withstand axial forces. In the case of neck fractures, 
we obtained it with a small T-plate or Y-plate Aptus® 
Trilock 1.2/1.5, and 2.0/2.3 systems (Medartis, Basel, 
Switzerland) (Fig. 2). When necessary, additional HCS 
screws can be placed under the plate. Alternatively, axial 
stability could be achieved without plating, by using direct 
HCS through the angle of the articular surface of the radial 
head and aiming at the cortical neck bone or immediately 
distal to the neck. The thread of the screw tip anchors in 
the contralateral cortical bone, whereas the thread of the 
head in the proximal cortical bone creates some compres-
sion at the radial head creating some. Strengthening this 
system with two or three screws provides sufficient axial 
stability, similar to a table with three crossed legs (“Tripod 
technique”).

Regan and Morrey type-II coronoid fractures were 
addressed before radial head fractures. We fixed the 
coronoid processes with the anchor Healicoil 4.5 
(Smith&Nephew®, London, England). The insertion of 
the anchor through a lateral approach is done by posi-
tioning the impacted part of the radial head in front of 
the coronoid and bending the elbow slightly more than 
90 degrees. The Regan and Morrey type-I fractures were 
treated conservatively.

Collateral ligament ruptures were addressed as neces-
sary. The lateral ulnar collateral ligament (LUCL) and lat-
eral collateral ligament complex were fixed with Healicoil 
4.5 anchors (Smith & Nephew®, London, England) and 
Krackow sutures. The anterior medial collateral ligament 
(aMCL) stability was assessed intraoperatively using the 
valgus stress test. Owing to instability, the aMCL was 
fixed with a transosseous suture through the medial epi-
condyle or anchors.

Fig. 2   Preoperative radiograph, axial CT scan and postoperative radiograph of a 4-part radial head fracture treated by ORIF with plates
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Intraoperative parameters and material

The mean duration until surgery was 8 (range 3–15) days, 
while the mean duration of the surgical procedure was 113 
(range 63–165) minutes. Three patients underwent osteosyn-
thesis with plate and screws and six patients with HCS only 
(Table 1). Additional surgical procedures, such as coronoid 
fixation and ligament repair, are summarized in Table 1.

Postoperative protocol

During the 6 post-operative weeks, only limited flexion/
extension of 90-0-0 and free pro-supination was permitted. 
All patients underwent physiotherapy for early mobilization. 
We applied postoperatively a posterior elbow splint at 90° 
elbow flexion for 3 weeks. The patients had to remove the 
splint at home during the day in a safe environment and were 
allowed to move the elbow with respect of the prescribed 
limitation. However, they had to wear it at night and leave 
home. No charges were allowed until radiological consolida-
tion was achieved.

Postoperative clinical and radiological follow‑up

Patients were followed up at 6  weeks and 3, 6, and 
12 months clinically, with a mean clinical follow-up of 49 
(range 12–87) months after ORIF. Radiological follow-up 
consisting of biplanar radiographs was performed until at 
least the fracture healed.

Clinical evaluation was based on the Broberg and Morrey 
elbow functional scores at the last follow-up. Flexion–exten-
sion was measured in neutral position and pro-supination 
with 90° elbow flexion. During the pro-supination exam-
ination, the patient held a metal bar in his hand, and the 
angle between the bar and the horizontal plane was meas-
ured. Elbow instability was tested using the valgus and 
varus stress tests at each follow-up and compared with the 
healthy side. The clinical results were grouped as "excel-
lent,” "good,” "fair," and "poor,” corresponding to a score 
of 100–95, 94–80, 79–60, and < 60, respectively. The results 
classified as “fair” and “poor,” as well as a forearm rota-
tion < 100° were considered unsatisfactory.

Radiologically, antero-posterior and lateral views of the 
elbow were obtained in the neutral forearm position and 
compared with postoperative radiographs. Fixation failure 
was defined in case of ≥ 1-mm displacement of the frag-
ments. Non-union was defined as the failure of radiographic 
consolidation on radiographs after six months. Fixation fail-
ure and non-union were considered unsatisfactory. The com-
plications were graded according to the method described 
by Sink et al. [10].

Results

(1) Broberg and Morrey functional elbow score and clini-
cal analysis

The mean Broberg and Morrey scores were 95 (range 
75–100) points at a mean clinical follow-up of 49 (range 
12–87) months after ORIF. The results were rated excel-
lent in six patients, good in two, and fair in one at the final 
follow-up. Overall, eight of the nine patients had satisfactory 
results (Table 2).

The mean arc of elbow flexion–extension motion was 
125° (range 85°–160°), with a mean flexion of 135° (range 
110°–150°) and a mean extension deficit of 10° (range 
0°–35°). The mean arc of forearm pro-supination was 169° 
(range 135°–180°), with a mean pronation of 83° (range 
55°–90°) and a mean supination of 86° (range 60°–90°). 
All the elbows were stable.

(2) Duration of fracture healing

All patients showed radiological healing of the fractures at 
a mean of 9 (range, 6–13) weeks.

(3) Complications rate
According to Sink et al. [10] complication classification 

system for orthopedics surgery, two of the nine patients 
developed complications, one class I and one class II.

Case 5 showed anterior heterotopic ossification (HO) at the 
6-week radiological follow-up, with functional limitation 
in both planes of motion graded as grade-IIC according to 
the Hastings classification (flexion/extension 100-70-0 and 
pronation/supination 40-0-30). After the administration 
of indomethacin for one month, HO remained stable. The 
patient’s motion improved with intensive physiotherapy and 

Table 2   Clinical outcomes

Case Flexion/extension (°) Pro/supination (°) Broberg and 
Morrey score

1 150/0/10 90/0/90 100
2 135/35/0 85/0/85 93
3 135/5/0 85/0/90 100
4 143/9/0 55/0/88 91
5 110/25/0 75/0/60 75
6 135/0/2 90/0/90 99
7 135/9/0 90/0/90 98
8 135/6/0 84/0/90 99
9 140/5/0 90/0/90 100
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was asymptomatic (flexion/extension 110-25-0 and prona-
tion/supination 75-0-60 at 1-year follow-up).

Case 6 showed displacement of a fragment of the radial 
head on postoperative radiography. An additional CT scan 
showed an acceptable construction, and no additional sur-
geries were performed. During three weeks, the patient was 
immobilized with an elbow cast in a full supination cast. No 
further displacement was noted on follow-up radiography, 
and Broberg and Morrey scores were rated as excellent at 
the final follow-up (Table 2).

No cases of infection were registered. No implant removal 
was necessary.

(4) Number of patients converted to RHA

No patients needed conversion to RHA.

Discussion

To the best of our knowledge, this is the first study on the 
functional outcomes after ORIF of radial head fractures, 
focusing specifically on fractures with more than three 
fragments.

Multi-fragmentary Mason-III/IV radial head fractures 
remain a surgical challenge. According to the literature, 
such fractures should not be treated by radial head resec-
tion but either by reconstruction or replacement because of 
persistent elbow pain, instability, and loss of strength [11, 
12, 22]. Based on our experience, we prefer to perform pri-
mary ORIF after radial head fractures with more than three 
fragments. In our case series, all patients were treated with 
plating and/or headless screws. Eight of the nine patients had 
satisfactory results, with a mean Broberg and Morrey func-
tional score of 95 points and few complications. The mean 
range of motion was 135° of flexion with an extension deficit 
of 10° and pronation/supination of 83°-0-86°. All fractures 
healed and no conversion to RHA was necessary at the mean 
clinical follow-up of 49 months.

Comparing the results of our cohort with those of pre-
vious studies, we found similar [13–16] or better [2, 5] 
mean Broberg and Morrey scores at final follow-up. After 
overviewing the literature, we found only a few studies in 
which the number of fragments were counted [2, 15–17]. 
By comparing groups of radial head fractures with more 
than three fragments, we found similar results to those of 
other studies [15–17], except for those by Ring et al., Chen 
et al., and Ruan et al. [2, 4, 5], who found a lower satis-
faction rate of 1 of 14, 15 of 23, and 1 of 8, respectively. 
This difference can be explained by analyzing the inclu-
sion criteria. In their cohort, Ring et al. had indeed 48% 
of patients, with more complex trauma than an isolated 
radial head fracture, such as concomitant Essex-Lopresti 

lesions or Monteggia fractures that can lead to bad func-
tional results due to stiffness [18]. Patients with complex 
injuries were excluded to avoid potential bias.

Regarding the range of motion, we had similar results 
concerning flexion and extension deficits, but the mean 
pro-supination seemed to be better (Table 3). We hypoth-
esize that the minimally invasive approach, which includes 
fewer soft tissue dissections, the extensor split interval that 
preserves the lateral ulnar collateral ligament, and respect 
for the integrity of the annular ligament during surgery, 
could explain the reduced postoperative stiffness and insta-
bility. Only case 5 in our cohort showed unsatisfactory 
results. This fair Broberg and Morrey score was due to 
diminished pro-supination caused by HO, a complication 
that leads to joint stiffness and elbow disability. However, 
with a flexion/extension of 110°/25°/0 and a pro-supina-
tion of 75°/0/60°, it was sufficient to perform his regular 
professional activity as an electrical technician.

With a low complication rate, no pseudarthrosis, and no 
conversion to RHA or radial head excision, our second-
ary outcomes were comparable to or better than those of 
previous reports on osteosynthesis of comminuted radial 
head fractures (Table 3).

Furthermore, in contrast to other studies, we did not 
remove any materials. The causes of removal are inho-
mogeneous, such as annular ligament irritation, painful 
hardware, or the patient’s wish [14, 16], but we hypoth-
esize that our results are a consequence of the use of 
headless screws or low-profile plates that do not disturb 
pro-supination.

Since the publication of Ring et al. [2], many surgeons 
follow the recommendation that if more than three fragments 
are present, osteosynthesis should no longer be considered a 
therapeutic option, and primary RHA should be performed.

RHA following a severely comminuted fracture has 
shown inhomogeneous results in the current literature. Some 
authors have reported a high satisfaction rate with a low 
reoperation rate [13, 19–21], whereas others have reported 
a reoperation rate of up to 28% [22–24].

These results are supported by one recent meta-analyses 
of long-term results after RHA for radial head fractures, in 
which Davey et al. [7] showed reoperation rates of 20% (86 
of 432 with 65 patients who underwent prosthesis removal) 
at 8 years of follow-up.

The most prevalent reasons for revision or failure of 
RHA are symptomatic loosening, stiffness, pain, oversizing 
or overlengthening, dissociation of the prosthesis, erosions 
of the capitellum, and progressive symptomatic osteoarthri-
tis of the ulno-humeral joint [25]. The radial head shows 
many anatomical variations. Owing to its non-circular shape, 
there is currently no implant that matches the exact shape 
and reproduces the biomechanics of the radial head [26]. 
Hence, even when the prosthesis is perfectly implanted, the 
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radial head and capitellum no longer exhibit an anatomical 
relationship.

Considering that the mean patient age at radial head 
replacement was 50 years, even a long-term moderate rate 
of prosthesis removal could significantly affect the quality 
of life of this active patient population [27]. These argu-
ments favor preservation of the radial head. Therefore, we 
believe that paying attention to the details in the preparation 
of the approach and reduction could greatly and reproducibly 
improve the results after ORIF of multi-fragmentary radial 
head fractures.

Our study has several limitations. First, this was a non-
randomized retrospective study with no comparative groups. 
Second, despite the long recruitment period, only a small 
number of patients were included. However, multi-frag-
mentary radial head fractures are uncommon, and those 
with more than three fragments are even rarer. Our cohort 
was composed only of fracture cases with four fragments. 
Third, the modality of osteosynthesis is not uniform, but 
corresponds well to a pragmatic, real-life condition in which 
surgeons must adapt the fixation material to each fracture.

Conclusions

Our study shows that ORIF of radial head fractures with up 
to four fragments can achieve good functional results with 
a low complication rate and seems to be a valid alterna-
tive to radial head replacement. In our opinion, the presence 
of more than three fragments as a cut-off for the primary 
implantation of an RHA must be challenged.
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