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Abstract
Background: In this retrospective study we analyzed a consecutive series of patients affected by isolated
radial head Mason III fractures and treated with an on-table reconstruction technique combined with
miniplate internal fixation or prosthesis.
Methods: This study included 42 patients affected by isolated radial head Mason III fractures and treated
between Jan 2012 and Jan 2019. Twenty-four patients (average age 45.6 years) were treated with an ontable reconstruction technique combined with miniplate internal fixation. The remaining 18 (average age
44.5 years) were treated with prosthesis. From a clinical point of view, we evaluated the patients
according to the Broberg–Morrey scoring system and the (disabilities of the arm, shoulder, and hand)
DASH questionnaire for parameters.
Results: We found similar results in both the groups according to Broberg–Morrey score system and the
DASH questionnaire at the last follow-up. The scores of the prosthesis group were better than those of
the internal fixation group at the 1st, 3rd, and 6th month follow-up post-operation.
Conclusion: Both the on-table reconstruction technique combined with the miniplate internal fixation and
prosthesis can be effective in treating patients with isolated Mason III radial head fractures. There was no
difference in elbow function between the two groups at the last follow-up; however, a prosthesis favors
early functional recovery of the elbow.

Highlights
Capitellectomy can decrease the anti-valgus ability of elbow joints and cause other complications.
The on-table reconstruction technique with mini-plate internal fixation and prosthesis can effectively
treat Mason III and IV radial head fractures.
Prosthesis offers early functional recovery of the elbow after Mason III and IV radial head fractures．
A patient's age, elbow function requirements, and economic factors must be considered before
concluding if a prosthesis is the best treatment.

Background
A radial head fracture is a common injury of the elbow joint, accounting for more than 30% of all elbow
fractures [1]. The treatment of radial head fractures is based on the fracture type and the presence of any
associated injury. Masson classification is commonly used for radial head fractures. There is little
question that a Mason type I fracture, because of nondisplacement, should be managed without surgery.
Open reduction and internal fixation has been a preferred treatment option for simple Mason II fractures
and has given excellent results, but its use in the treatment of type III fractures remains controversial[2].
Highly comminuted complex Mason III fractures that cannot be reconstituted have poor outcomes when
treated by open reduction and internal fxation[3]. Capitellectomy can cause elbow varus deformity, radial
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displacement, unstable elbow joints, and other complications[4]. Therefore, prosthesis are often used in
the treatment of Mason III fractures[5]. However, complications described in prosthesis are in common in
almost all the papers, aseptic mobilization, erosion of the capitellum, osteoarthritis, and heterotopic
ossifcation[6].
The management of this issue remains a matter of controversy. This retrospective study was to assess
two of the treatments for isolated Mason III fractures. We analyzed the clinical results between 2012 and
2019, obtained remotely, from on table reconstruction combined with miniplate fixation and prosthesis of
radial head fractures. This study was approved by the Ethics Committee of Xiaoshan District Hospital of
TCM (No. 2012011).

Patients And Methods
All study participants provided informed consent. Forty-two patients surgically treated for radial head
isolated Masson III fractures between Jan 2012 to Jan 2019 were selected for this study (Fig. 1). There
were 27 males and 15 females with an average age of 45.2 years (range: 31–68 years). All the patients
included in the study were affected by isolated Masson III radial head fractures without any other lesion
affecting the interested elbow. The patients were divided into two groups, group A and B depending on
the different treatment methods. The group A consisted of 24 patients were treated with miniplate
internal fixation in combination with the on-table reconstruction technique. Among the remaining 18
patients in group B and they were treated with prosthesis.

Perioperative preparation
The affected side was immobilized before the operation, and the preoperative examinations, including
elbow and forearm X-ray and elbow CT(Fig. 2a), to clarify the fracture classification and combined injury,
were conducted.

Surgical methods
All the operations were performed by the same surgeons. Group A and group B underwent surgery using
the methodology discussed below.
Group A: the skin and subcutaneous tissue were incised using the Kocher approach. The forearm was
kept pronated to avoid injury to the deep branch of the radial nerve. The radial head was fully exposed
after incising the annular ligament. All the precise fracture pieces were anatomically reduced on the
operating table(Fig. 2b). The larger fracture pieces were fixed with screws or Herbert nails(Fig. 2c), and
the smaller ones were temporarily fixed with a 0.8-mm Kirschner wire. Extremely small fracture pieces
were removed. A miniplate was used to fix and reconstruct the articular surface of the radial head.
Fracture reduction was observed under direct vision and C-arm fluoroscopy in order to ensure that the
screw or the Kirschner wire did not pass through the articular cartilage surface. The annular ligament,
joint capsule, and lateral collateral ligament were repaired with a direct suture or anchor to strengthen the
Page 3/11

stability of the lateral elbow joint. For those with an obvious bone defect of the radial neck, the
autogenous bone was taken from the lateral condyle of the humerus to prevent nonunion and
displacement.
Group B: The surgical incision was the same as in group A. The broken bones were removed, and the
radial head bone blocks were spliced on the prosthesis template. A suitable prosthesis model was
selected according to its diameter. The bone marrow cavity of the proximal radius was repaired and
polished with a special medullary cavity file to facilitate the implantation of the prosthesis. The proximal
end of the radius was removed smoothly so that the radius and the neck of the prosthesis could be
completely anastomosed. The medullary cavity was reamed with a cavity file from small to large. After
the prosthesis test model was placed and the stability of the brachioradial joint was confirmed, the
matching artificial radial head (Zimmer) was placed into the medullary cavity of the radial neck, and the
elbow joint was passively flexed and extended. The elbow joint was checked for good activity and medial
and lateral stability(Fig. 3a,3b,3c). C-arm fluoroscopy confirmed that the prosthesis position was
satisfactory and the humeroradial joint position was good.

Postoperative treatment
Oral indomethacin, 25 mg/day, was administered postoperatively to prevent heterotopic ossification. The
elbow joints in group A could be actively and passively flexed and extended on the second day after the
operation. The forearm rotation movement began 2 weeks after the operation; load-bearing activities were
avoided for 4 weeks post-operation. According to the situation of fracture healing, weight-bearing
activities began 8 weeks after the operation. The patients in group B gradually carried out active and
passive activities of the elbow joints on the second day after the operation, and gradually increased
muscle strength training around the elbow.

Follow-up and evaluation of efficacy
The fracture healing and prosthesis position were observed by X-ray. We evaluated the patients according
to the Broberg–Morrey score system[7] and the DASH questionnaire[8]. The Broberg–Morrey functional
score was mainly based on the elbow joint and forearm flexion and extension, rotational range of motion,
muscle strength, stability, and subjective pain. The range of motion was 40 points, strength was 20
points, stability was 5 points, and pain was 35 points, adding up to 100 points. The DASH questionnaire
was used to evaluate the patients' upper limb functions, based on the degree of postoperative limb
function limitation; 0 meant that the function was completely normal and 100 meant that there was no
function

Statistical analysis
SPSS v. 22 was used for data analysis. For continuous quantitative data, approximately normal
distributions are presented as mean and standard deviation (mean ± SD) and the values were evaluated
via an independent t-test. Median was used to describe skewed distributions and between-group
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differences were assessed via the independent Mann-Whitney U test; the values were analyzed via
Pearson chi-square or Fisher's exact test. Statistical significance was defined as P < 0.05.

Results

General conditions
Epidemiological showed that the mean age, gender, operative time, hospital stay, time to operation, and
the follow-up period in both groups are comparable (p > 0.05). Details of the epidemiology and
perioperative parameters are listed in Table 1. No radial head necrosis was found in the two groups and
one case of traumatic arthritis was found in group A. No infection, nerve injury, internal fixation, or
prosthesis loosening occurred in both groups.
Table 1. Epidemiology and perioperative parameters of radial head fractures

P-value <0.05. No statistically significant difference between two groups in terms of epidemiology and
perioperative parameters

Clinical efficacy evaluation
According to the Broberg-Morrey scoring system, the scores of group A were 80.6 ± 6.2, 81.9 ± 5.8, 84.4 ±
5.2 and 91.2 ± 8.1 at the end of the 1st, 3rd, 6th month and the last follow up post-operation, respectively.
Meanwhile, the scores of group B were 84.5 ± 7.2, 86.8 ± 6.4, 89.6 ± 3.8 and 92.1 ± 7.4. The DASH scores
of group A were 25.1 ± 4.7, 21.4 ± 4.2, 19.2 ± 3.7 and 11.5 ± 3.1 at the end of the 1st, 3rd, 6th month and at
the last follow up post-operation. Meanwhile, the scores of group B were 21.1 ± 5.2, 17.5 ± 4.1, 13.3 ± 3.1,
and 12.1 ± 3.4.The difference of the Broberg-Morrey and DASH scores between these two groups was
statistically significant at the 1st, 3rd, and 6th month follow-up (p<0.05), but not statistically significant
(p>0.05) at the last follow-up.
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Discussion
Mason type III fracture of the radial head is defifined as a comminuted, displaced fracture involving the
entire radial head[9].For Masson III radial head fractures, capitellectomy is often used in the early stages.
Although a satisfactory range of motion of the elbow joint can be obtained in the early stage, the stability
of the elbow joint is significantly decreased in the long-term[10]. With increased knowledge of the applied
anatomy and biomechanics of the elbow joint, the radial head is considered an important structure to
maintain lateral stability of the elbow joint and transmit load[11]. Excision can cause elbow varus
deformity, radial displacement, unstable elbow joint and other complications[4]. Due to the radial head’s
contribution to elbow stability, in absence of other bony or ligamentous lesions both internal fixation and
prosthesis can be good treatment in these kinds of fractures[12, 13].
However, a prosthesis is expensive, and prosthesis loosening, sinking, and prosthesis wear may occur in
the long-term after surgery[6]. It is necessary to consider the patient's age, elbow function requirements,
and economic factors comprehensively before concluding if a prosthesis is the best treatment. When
considering a prosthesis, the following points should be addressed: 1) the osteotomy plane must be
accurately grasped. If it is too high, the implanted prosthesis will be tight. If it is too low, the implanted
prosthesis will be unable to make contact with the capitellum and result in an unsatisfactory surgical
effect; 2) selecting the appropriate radial head prosthesis. If the diameter of the radial head prosthesis
does not match that of the upper radioulnar joint, it can lead to the cam effect and affect the rotation
center of the elbow joint; 3) it is necessary to repair the anterior joint capsule, lateral collateral ligament,
and extensor insertion. Checking the stability of the elbow joint with the varus and valgus tension during
the operation, to ensure the dynamic and static stability of the elbow joint to the greatest extent, is very
important.
The on-table reconstruction technique refers to the removal of all the fracture pieces of the radial head
and precise reduction under direct vision on the operating table. As Masson III fractures involving the
articular surface of the radial head are often more than three pieces, the in vivo space for reduction is
narrow, and reduction is usually more difficult[14]. In our study, the larger fracture fragments were removed
out and reduced by screws,the small fracture fragments were temporarily fixed with multiple fine
Kirschner wires. The radial head was then put back into the elbow joint cavity for miniplate fixation after
complete external splicing. The literature reports that this technique does not increase the probability of
ischemic necrosis of the radial head[14, 15]. In the past, it was considered that the reduction and fixation
were difficult in patients with more than 3 pieces of fracture and the failure rate of internal fixation and
the probability of nonunion were high. However, in recent years, with the clinical application of the ontable reconstruction technology for Masson III radial head fractures, open reduction and miniplate
fixation can obtain satisfactory clinical efficacy[14, 15]. The miniplate with a low notch has good flexibility
and elasticity. It is easy to shape during operation and can provide good stability[16]. However, the
disadvantages of on-table reconstruction combined with miniplate fixation are as follows: 1) patients
with obvious bone defects are more likely to form fracture non-union at a later stage; 2) for multiple
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elbow injuries, it generally needs to be fixed for 2–4 weeks, and too long a braking time is not conducive
to the early functional exercise of the elbow.
There are several limitations in this study, including its retrospective nature, the small sample size, and
the short follow-up time. The medium and long-term efficacy and safety need to be further confirmed in
future studies. A randomized prospective trial with a large sample size and long-term follow-up is required
to make more definitive conclusions.

Conclusion
According to this study and the most recent literature, both the on-table reconstruction technique
combined with mini-plate internal fixation and a prosthesis can be effective in treating patients with
isolated Mason III radial head fractures. There was no difference in the elbow function between the two
groups at the last follow-up, but a prosthesis offers early functional recovery of the elbow.
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Figures

Figure 1
A flow chart showing number of patients in this study.
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Figure 2
Preoperative X-ray showing Mason III radial head fracture (A), on-table reconstruction with preliminary
fixation (B), postoperative X-ray showed that the fracture was reduced and the internal fixation position
was satisfactory(C).

Figure 3
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Anteroposterior (A) and lateral (B) X-ray images of a patient with Mason III radial head fracture.
Replacement by radial head prosthesis(C).
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