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Outcome of Radial Head Arthroplasty in Comminuted Radial Head
Fractures: Short and Midterm Results
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Abstract

Background: Comminuted radial head fractures are often associated with secondary injuries and elbow instability.
Objectives: The aim of this retrospective study was to evaluate how well the modular metallic radial head implant EVOLVE® prosthesis
restores functional range of motion (ROM) and stability of the elbow in acute care.
Patients and Methods: Eighty-five patients with comminuted radial head fractures and associated injuries received treatment with an
EVOLVE® prosthesis between May 2001 and November 2009. Seventy-five patients were available for follow-up. On average, patients were
followed for 41.5 months (33.0: 4.0 - 93.0). Outcome assessment was done on the basis of pain, ROM, strength, radiographic findings, and
functional rating scores such as Broberg and Morrey, the Mayo elbow performance index (MEPI), and disabilities of the arm, shoulder and
hand (DASH). Our study is currently the largest analysis of clinical outcome of a modular radial head replacement in the literature.
Results: Overall, there were 2 (2.7%) Mason II fractures, 21 (28%) Mason III fractures, and 52 (69.3%) Mason IV fractures. Arbeitsgemeinschaft
fur osteosynthesefragen (AO) classification was also determined. Of the 85 patients in our study, 75 were available for follow-up. Follow-up
averaged 41.5 months (range, 4 - 93 months). Average scores for the cohort were as follows: Morrey, 85.7 (median 90.2; range 44.4 - 100); MEPI,
83.3 (85.0; 40.0 - 100); and DASH 26.1 points (22.5; 0.0 - 75.8). Mean flexion/extension in the affected joint was 125.7°/16.5°/0° in comparison
to the noninjured side 138.5°/0°/1.2°. Mean pronation/supination was 70.5°/0°/67.1° in comparison to the noninjured side 83.6°/0°/84.3°.
Handgrip strength of the injured compared to the non-injured arm was 78.8%. The following complications were also documented: 58
patients had periprosthetic radioluceny shown to be neither clinically significant nor relevant according to evaluated scores; 26 patients
had moderate or severe periarticular ossification, and scored substantially worse according to MEPI and Morrey. Four patients required
revisional surgery due to loosening of the prosthesis and chronic pain. In addition, one patient required a neurolysis of the ulnaris nerve,
one developed a neobursa, and one had extensive swelling and blistering. The time interval between injury and treatment appeared to
have an effect on results. Thirty-five patients were treated within the first 5 days after accident and showed better results than the 40
patients who were treated after 5 days.
Conclusions: Comminuted radial head fractures with elbow instability can be treated well with a modular radial head prosthesis, which
restores stability in acute treatment. The modular radial head arthroplasty used in this study showed promising findings in short to
midterm results.
Keywords: Radial Head, Fracture, Prosthesis, Arthroplasty, Elbow Instability

1. Background
The incidence of radial head fractures constitutes about
2% to 5 % of all adult fractures (1, 2) and they are responsible for one third of all elbow injuries (3-5). When radial
head fractures occur in combination with damage to the
collateral ligaments of the elbow, damage to these structures results in gross instability to the elbow joint (6, 7),
causing the radial head to become the primary stabilizer
(8). Managing the radial head is important in restoring
stability to the elbow joint and enabling early mobilization. In general, injuries to the radial head are treated

accordingly: Mason I injuries are treated conservatively;
Mason II injuries conservatively or if displaced with open
reduction and internal fixation (ORIF) (9-11); and Mason
III fractures with ORIF or radial head prosthesis (12). The
resection of the radial head has received ever more criticism (9, 10) and is now only recommended for isolated
fractures with no ligament injury (13-17). In any case, it is
important that the joint is functionally stable following
surgery (18) and early mobilization is possible to prevent
elbow stiffening.
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A controversy exists regarding the treatment of Mason
III and IV radial head fractures with some authors recommending ORIF and others the radial head prosthesis
(19-26). Authors have expressed some concern over the
use of radial head prostheses because of associated complications such as loss of motion, neuropathy of the ulnar nerve or posterior interosseous nerve, radiolucency,
and periprosthetic osteolysis (27). In addition, there is
concern that younger patients will suffer long-term consequences, which have not yet been adequately documented (23). Nevertheless, the radial head prosthesis has
in many ways become increasingly more established as
the treatment of choice for comminuted fractures, which
often have associated ligament injuries further compromising stability (28).
The first generation of radial head prostheses including
Swanson’s silicon and the Vitallium prostheses had less
than satisfactory results due to implant dislocations and
breaks with up to 50% of implantations resulting in an
aseptic prosthetic slip (2, 8, 29, 30). In addition, silicon from
the implant has been associated with osteoporosis and synovitis (31). Further developments in radial head prostheses have lead to improved biomechanical properties.
Modular metallic implants appear to have more free
movement and there is reduced strain on the implant,
which could decrease implant loosening and wear (32).
In this study, we used the EVOLVE® prosthesis, which is a
modular metallic system with two variable components,
the head and stem joined to one another intraoperatively. Its polished surface replaces the rotating function of
the radial head (8, 30) though does not appear to quite
achieve complete restoration of the radial head’s function (32). Of the few modular models on the market, the
EVOLVE® implant (Wright Medical Technology Inc., Arlington, Tennessee, USA) used in this study was shown
to have superior valgus stability in cadaver elbows (32).
It has remained the standard prosthesis for radial head
fractures in our center for over 10 years, showing in our
first examination good results despite periprosthetic lucency in some patients (33).

2. Objectives

This study aimed to evaluate the clinical outcomes of
patients who received this implant, measured using functional rating scores according to Broberg and Morrey, the
Mayo elbow performance index (MEPI), and the DASHquestionnaire. Our study is currently the largest analysis
in the literature of clinical outcome of a modular metallic
prosthesis for the treatment of radial head fractures.

3. Patients and Methods
3.1. Patient Characteristics

Between 2001 and 2009, 85 patients with a comminuted
fracture of the radial head and associated injuries (Table
1) were treated with the EVOLVE® prosthesis. Seventy-five
2

patients (88.2%) were available for follow-up. The average
patient age was 55.9 years (mean: 55; minimum: 26 - maximum: 85), and the ratio of males to females was 35:40
(M:F). The dominant handed side was involved in 38 cases.
Fractures were classified according to the Mason classification system modified by Johnston (34) and the AO
classification (35).
Demographic data such as age, occupation, mechanism
of injury, localization of injury, and presence of an additional injury were recorded. Associated injuries were also
recorded. There was failed internal fixation of the radial
head in 7 cases (16 - 154 days), resection or partial resection of the radial head in 5 cases, persistent pain after
conservative treatment in 3 cases and swelling of the elbow following late operative care in other cases.

3.2. Surgery
The placement of a radial head prosthesis was determined intraoperatively on the basis of elbow instability.
Indications included a comminuted fracture of the radial
head with one or more of the following: elbow dislocation, injury to the collateral ligaments, injury to the interosseous membrane (e.g. Essex Lopresti), and an olecranon fracture.
Surgical treatment was performed eight days after injury on average. Thirty-five patients (46.7%) were treated
within the first five days after injury, and 40 patients
(53.3%) at later time points (mean 30.0; 6 - 265 days).
Delayed treatment was mostly because patients came
from external hospitals several days after injury. All additional injuries to the collateral ligaments or the ventral capsule were treated. Coronoid fractures were also
treated in 84.2%.

3.3. Postoperative Care
Physical therapy involving passive and active assisted
movement began on the first postoperative day. Patients with collateral ligament injury were instructed
to avoid all varus and valgus stress for six weeks. A
dorsal cast was also used to temporarily reduce elbow
extension if a coronoid fracture was present. We also
used motion limited hinged external fixation in three
patients. All patients, unless otherwise indicated, received 75 mg of a NSAID (Voltaren®; Novarits, Basel,
Switzerland) per os for 4 weeks as prophylaxis against
heterotrophic ossification.

3.4. Follow-up
The average follow-up time was 41.5 months (median
33.0; minimum 4 - maximum 93). Patients were asked to
complete standardized questionnaires about their daily
activities and capabilities, focusing on strength, coordination, and functionality of the injured extremity. Perceived
pain and overall satisfaction of medical care were also assessed. The Morrey score (3), MEPI, and DASH (36) were used
Trauma Mon. 2016; 21(1):e20201
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to analyze results. Strength was measured for elbow flexion,
extension, pronation, and supination with Primus RS™ (BTE
Technologies Inc., Hanover, USA). Handgrip strength was
measured with the help of a Jamar® Dynamometer.

3.5. Radiographic Assessment

The elbow was X-rayed in the anterior-posterior, lateral,
and Greenspan radial head views (37) (Figure 1A and B,
Figure 2A and B). If wrist injury was suspected, additional
posterior-anterior wrist stress views were done bilaterally. Radiographs were interpreted by two trauma surgeons. Assessment criteria were the following: correct
articulation of the joint components, position of the implant, humeroulnar arthrosis, prosthesis luxation, periprosthetic lucency (Figure 3) and heterotrophic ossification. Periarticular ossification was classified according to
Brooker (38).

3.6. Statistics

Statistical analysis was done with Excel 2007 (Microsoft©), PASW 18 Statistics, and AMOS 18 (SPSS© IBM).

3.7. Ethical Considerations
The Ethics Committee of the Landesärztekammer Rheinland-Pfalz approved this study (Number
837.322.07(5857)).

4. Results

4.1. Clinical Results

tral zero method) in the affected joint of 127.6°/15.4°/0°;
and a mean pronation/supination of 72.9°/0°/70.2°. The
patients had an average of 89.3 points on the Morrey
score (median 92.0; range 57.2 - 100). According to the
MEPI, patients had on average 88.0 points (95.0; 50.0
- 100).The DASH Score showed an average of 22.3 points
(18.3; 0.0 - 75.8) (Table 3).
The other 18 patients showed a mean flexion/extension (neutral zero method) in the affected joint of
119.7°/20.0°/0° and the mean pronation /supination was
62.9°/0°/57.5°. The patients had an average of 75.1 points
according to the Morrey score (median 77.9; range of 44.4
- 99.4). Patients had an average of 70.6 points on the MEPI
(67.5; 40.0 - 100). The DASH score showed an average of
37.7 points (37.5; 0.0 - 74.2) (Table 3).

4.3. Stable Versus Unstable Injuries

There appeared to be differences in Morrey, MEPI, and
DASH between stable and unstable cases. Fifty-two patients with a Mason IV fracture and one patient with a
Essex-Lopresti injury were evaluated as unstable and
showed an average DASH of 25.85 (22.5; 0.0 - 75.83), a Mayo
score of 83.30 (85.0; 40.0 - 100.0), and a Morrey score of
85.05 (88.4; 44.4 - 100.0). The patient with the an EssexLopresti injury showed a DASH score of 25.83 points, a
Mayo score of 95 points, and a Morrey score of 90.70
points by itself. Two patients with a Mason II injury and
20 patients with a Mason III injury were evaluated as stable and showed a DASH score of 26.59 (21.67; 0.0 - 73.33), a
Mayo score of 83.41 (85.0; 50.0 - 100.0), and a Morrey score
of 87.12 (91.3; 63.0 - 100.0).

Of the 85 patients in our study, 75 were available for
follow-up. Follow-up averaged 41.5 months (mean: 33;
range, 4 - 93 months). Average scores for the cohort were
as follows: Morrey, 85.7 (median 90.2; range 44.4 - 100);
MEPI, 83.3 (85.0; 40.0 - 100); and DASH 26.1 points (22.5;
0.0 - 75.8).
In regards to elbow range of motion (ROM), mean
flexion/extension (neutral zero method) in the affected
joint was 125.7°/16.5°/0° in comparison to the noninjured side 138.5°/0°/1.2°. Mean pronation/supination
was 70.5°/0°/67.1° in comparison to the noninjured side,
which was 83.6°/0°/84.3° (Figure 4A and B) (Table 2).
Overall, there were 2 (2.7%) Mason II fractures, 21 (28%)
Mason III fractures, and 52 (69.3%) Mason IV fractures.
According to the AO classification, there was 1 type-21A3fracture (1.3%), 44 type-21B2-fractures (58.7%), 2 type-21C1fractures (2.7%), 13 type-21C2-fractures (17.3%), and 15
type-21C3-fracures (20%).

4.4. Wrist Flexibility, Elbow Strength, Handgrip
Strength, Arm Diameter, and Cubitus Valgus

4.2. Initial Versus Delayed Treatment

4.5. Occupational Rehabilitation

Fifty-seven patients were initially treated with the radial
head prosthesis; 18 patients were treated after initial osteosynthesis or resection. The 57 patients treated initially
with a prosthesis showed: mean flexion/extension (neu-

At the time of accident, 52 patients (69.3%) were employed. Time off work due to injury was on average 138
days (93, 5 - 546 days). Four patients had not yet returned
to their jobs at the time of examination, 29 patients
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Wrist flexibility was mostly the same on the injured as
on the non-injured side with some deviation; 8 patients
showed mild instability in the elbow to valgus stress (lateral deviation < 5°); 3 patients showed mild instability
on the contralateral side. One patient showed moderate
instability (5° < lateral deviation < 10°). Mean strength of
elbow flexion, extension, pronation, and supination was
as follows in the injured arm compared to non-injured
extremity: 71.5% for flexion, 79.1% for extension, 79.9% for
pronation, and 80.0% for supination. Handgrip strength
of the injured compared to the non-injured arm was 78.8%.
The ratio of the arm diameter of the injured to non-injured
arm was on average without pathological findings.
Cubitus valgus on the affected side measured 7.7° and
on the non-affected side 6.9°.
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(55.8%) returned to their employment without disability,
and 20 patients (38.5%) returned to work with restricted
capabilities. Five patients (7.7%) needed to change their
workplace. Of the 16 patients with physically strenuous
employment, 3 required training for alternative employment, 5 patients could go back to work with light modifications at their working place, and 8 patients returned to
work with no restrictions.

4.6. Radiological Finding
Radiographs of 73 patients in follow-up examinations
revealed that in all but one case, radial head implants
articulated congruently. In the one exception, prosthetic
displacement was observed, but there appeared to be not
associated pain nor highly impaired ROM.
Fifty-eight patients (80.6%) had radiolucency lines
around the stem of the prosthesis with an average width
of 1 mm (Figure 3).
Periarticular ossification was classified according to
Brooker et al. (38). Twenty patients (27.4%) showed no
periprosthetic ossification, 27 patients (52.1%) showed
minimal to considerable ossification, 15 patients showed
moderate, and 11 patients (15.1%) showed extensive periprosthetic ossification.
Severe humeroulnar arthrosis was diagnosed in 3 patients (4.1%); 23 patients (31.5%) had considerable humeroulnar arthrosis; 21 patients (28.8%) slight; and 26 patients (35.6%) had none.

4.7. Subjective Patient Ratings
Seventy-six percent of patients reported the absence of

pain or only slight pain; 24.0% reported regular and/or
constant pain; 77.3% of patients reported a reduction in
strength.
Fifty-five patients (73.3%) rated the operative results as
good or very good; 14 patients (18.7%) were satisfied with
the results; and 6 (8.0%) were dissatisfied. Thirty-three
patients reported no restrictions at all in their daily activities; 38 reported resting the affected extremity on a
daily basis; and four reported serious restrictions in daily
activities.

4.8. Complications

Eleven patients showed extensive periprosthetic ossification. In 3 cases, prosthetic revision was necessary. In one
case, a new identical prosthesis was implanted because of
disconnection of the head stem interface. In two cases, revisional surgery was necessary because of persistent pain
and radiologic findings of loosening of the prosthesis. One
of these patients required complete removal of the implant because of persisting pain. In 1 case, the implant was
displaced according to radiographs performed during the
study. Revisional surgery was offered to the patient; however, the patient refused due to lack of pain and good ROM.
Overall, 4 cases required the removal of the radial head
prosthesis. One case was already mentioned above; one
case experienced a loosening after falling down on the
same arm five months after the first operation; the other
two cases showed periprosthetic lucency with persistent
pain. No deep infection of the prosthesis or joint was noted.
In addition, one patient required a neurolysis of the ulnaris nerve, one developed a neobursa, and one had extensive swelling and blistering.

Table 1. Distribution of Accompanying Injuries in Absolute and Percental Data
Accompanying Injuries

Fracture of Proc.coronoideusa
Regan-Morrey type I

Regan-Morrey type II

Regan-Morrey type III

Avulsion of Lig.coll.radiale
Avulsion of Lig.coll.ulnare
Capsular avulsion

Fracture of the olecranon

Fracture of the shaft of ulna
Open lesion (Tscherne I°)

Open lesion (Tscherne II°)

Fracture of capitellum humeri
Monteggia lesion

Essex-Lopresti lesion

Fracture of the scaphoid
Fracture of the thumb
Total

aIn 59.4% we had a fracture of Proc.coronoideus.
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No. (%)
38 (59.4)
11
8

19

18 (28.1)

13 (20.3)
9 (14.1)
5 (7.8)

4 (6.3)
5 (7.8)
2 (3.1)
1 (1.6)

2 (3.1)
1 (1.6)
1 (1.6)
1 (1.6)
64 (100)

Trauma Mon. 2016; 21(1):e20201
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Figure 1. A, Anterior-Posterior (A.p.) Radiograph of the Left Elbow at
Trauma Date; B, Lateral Radiograph of the Left Elbow at Trauma Date

Trauma Mon. 2016; 21(1):e20201

Figure 2. A, Anterior-Posterior (A.P.) Radiograph of the Left Elbow 19
Months After Trauma; B, Lateral Radiograph of the Elbow 19 Months After
Trauma With Minor Radiolucency Lines Around the Stem
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Table 2. Clinical Results Average (Median; Minimum - Maximum)

Distribution Morrey Score
94.00

Morrey Score (Pt.s)

92,00

Elbow flexion

90,00

Etension deficit

88,00
86,00

Mean Morrey Score
Linear (Mean Morrey Score)

84,00

Supination
Pronation

Cubitus valgus

Handgrip strength

82,00

wrist flexion

80,00

0
0,5 1
1,5
2
2,5 3
3,5
Deossification around the stem in mm

Wrist extension

Figure 3. Distribution of Mean Morrey Score (pts.), Depending on Degree
of Deossification Around the Stem (mm)

Radial abduction
Ulnar abduction

Injured Extremity

Non-injured
Extremity

125.7° (130°; 90 - 150°)

138.5° (140°; 120 - 150°)

16.5° (15°; 0 bis 50°)

−1.2° (0°; −10 - 30°)

67.1° (80°; −45 - 90°)

84.3° (85°; 60 - 90°)

70.5° (80°; 0 - 90°)

83.6° (80°; 70 - 90°)

7.7° (10°; 0 - 20°)

6.9° (5°; 0 - 20°)

25.1 kg (24; 4 - 50 kg)

32.4 kg (32; 10 - 56 kg)

67.4° (70°; 7 - 90°)

71.6° (70°; 20 - 90°)

66.1° (70°; 30 - 90°)

69.8° (70°; 40 - 90°)

8.2° (5°; 0 - 30°)

8.3° (5°; 5 - 30°)

30.4° (30°; 10 - 50°)

31.7° (30°; 15 - 50°)

Figure 4. A, Demonstration of ROM (Range of Motion) 24 Months After Radial Head Arthroplasty of the Left Elbow. Maximum Extension of the Elbow Joint;
B, Demonstration of ROM (Range of Motion). Maximum Flexion of the Elbow Joint

Table 3. Clinical Results Initial or Later Treatment with Radial Head (RH) Prosthesis Average (Median; Minimum - Maximum)
Elbow flexion

Extension deficit
Supination
Pronation

Morrey score
MEPI

DASH

Initial Treatment

Later Treatment

127.6° (130°; 90 - 150°)

119.7° (122.5°; 90 - 140°)

70.2° (80°; −45 - 90°)

57.5° (60°; −30 - 90°)

89.3 (92; 57.2 - 100)

75.1 (77.9; 44,4 - 99,4°)

22.3 (18.3; 0 - 75,8)

37,7° (37.5°; 0 - 74,2°)

15.4° (10°; 0 bis 50°)
72.9° (80°; 0 - 90°)
88.0 (95; 50 - 100)

Abbreviations: MEPI, Mayo elbow performance index; DASH, disabilities of arm, shoulder and hand.

20.0° (22.5°; 0° - 45°)
62.8° (65°; 10 - 90°)

70.6 (67.5; 40 - 100)

5. Discussion
To our knowledge, our study is the largest analysis of
clinical outcome of a modular radial head replacement in
the literature. Our results show that the EVOLVE® prosthesis can restore joint integrity in fractures associated with
elbow injuries and clinical outcome is better if implanted
directly after injury. As in similar studies, the inclusion of
a comparison group was impossible. This was because almost all patients in our center with comminuted fractures
were treated with an EVOLVE® prosthesis; nevertheless,
our results confirm those of previous studies and contrib6

ute greatly to current research on prosthetic devices or operative methods for radial head fractures.
The older generation of radial head prosthetic devices
including the silicone implants and early “mono-block”
models did not fulfill the biomechanical requirements
of the elbow joint, and therefore did not become established as a standard treatment option (39-41). Because
osteosynthesis was not an option for treating comminuted fractures due to its failure to adequately restore
stability to the elbow (2, 4, 5, 11, 42), radial head resection
Trauma Mon. 2016; 21(1):e20201
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without a replacement arthroplasty of any sort remained
the standard operative technique for comminuted fractures for many years (4, 42-44). However, resection involves a loss of stability which carries with it associated
complications such as the proximal displacement of the
radius and premature humeroulnar osteoarthritis (4, 11,
43-47). The newer radial head prosthetic devices, such as
the EVOLVE® prosthesis in this study, were developed to
improve upon previous models by maximizing radiocapetallar congruency and contact forces and allow for
early mobilization (48).
Indeed, our functional and radiological results for the
modular prosthesis showed a good surgical outcome using a modular metallic prosthesis. Average scores for our
cohort were as follows: Morrey, 85.7 (median 90.2; range
44.4 - 100); MEPI, 83.3 (85.0; 40.0 - 100); and DASH 26.1 points
(22.5; 0.0 - 75.8). This is despite having an especially high
number of associated injuries; we diagnosed additional
injuries to the elbow in 85.3% of case, which is significantly
higher than the 30% - 68% reported in the literature (49,
50). The combination of these injuries with radial head
resection without an implant would probably have led to
instability of the elbow and late complications (3, 6, 32, 42).
Other authors have also described good results in line
with our findings. Grewal et al. (8) investigated the use
of a modular metallic prosthesis in the treatment of 26
patients with a radial head fracture of the arm. This was
the first study documenting short-term results. They reported an average MEPI of 82 and DASH of 24.4 (8), which
is very close to our findings. Only two patients in the Grewal et al. (8) study were reported as having poor results
based on MEPI. Both had a terrible-triad injury. Other authors have also documented poor results for terrible triad injuries (8, 21, 41, 51, 52). Though we recorded no results
for patients with a terrible triad, one patient in our study
had an Essex-Lopresti injury and results were surprisingly good; the Morrey score was 90.7, and MEPI was 95.0.
In the largest investigation of a bipolar prosthesis,
Zunkiewicz et al. reported a slightly higher MEPI of 92.1
and a lower DASH of 13.8 (48). Authors reported good results with a bipolar prosthesis with a telescoping stem
despite a patient pool with many associated injuries.
Measurements of elbow flexion/extension and pronation/supination in our patient pool were similar to those
reported by Zunkiewicz et al. (48) Our mean flexion/extension (neutral zero method) of the affected joint was
125.7°/16.5°/0° compared to an flexion/extension arc of
126° in an earlier study. Mean pronation/supination was
70.5°/0°/67.1° compared to 69°/0°/74°. In addition, similar
to our study, they found that results were better in patients with initial vs. later reconstructive treatment.
Concerning radiological findings, Grewal et al. observed
substantially less heterotopic ossification in their cohort
with only six of 26 patients showing radiological signs
and only one patient showing severe ossification (8). Our
data showed that 27 patients had minimal to considerable ossification, 15 patients moderate, and 11 patients
Trauma Mon. 2016; 21(1):e20201

showed extensive ossification. A significant decline in the
Morrey score (P = 0.036) was correlated with an increase
in heterotopic ossification.
A correlation between periprosthetic radiolucency and
outcome was not determined in our study and has not
been observed by other authors (8, 49, 53, 54). In fact, 58
patients (80.6%) were noted to have a line of deossification
around the prosthesis stem in our cohort and patients
showing periprosthetic deossification measuring 0.5 - 1
mm had slightly better results than those having no deossification around the stem (Figure 3). Perhaps one explanation for the extensive periprosthetic radiolucency in this
study is that the polished surface of the material is not suitable for growth of bone into the prosthesis. Causes of periprosthetic radiolucency, however, are yet to be identified
and we assume that these radiological findings are signs
of evasive movement of the radial head prosthesis in the
proximal radius to prevent transfer of high pressure levels
to the capitulum humeri as stated by Harrington et al. (55).
Perhaps an explanation for the good results in our study
is that the modular metallic prosthesis functions as an exact fit with the humeroulnar joint, so that neither understuffing nor overstuffing occurs. Understuffing can lead to
excessive laxity and overstuffing can cause reposition difficulties such as hyperpressure on the capitulum humeri
with a range of tolerance of ± 2 mm (56). In our study we
measured the radial head intraoperatively and varied the
prosthesis height accordingly. Radiographs confirmed
joint congruencies and overstuffing was avoided.
The implantation of a modular prosthesis in combination with ligament reconstruction and early postoperative rehabilitation allows one to avoid the biomechanical
disadvantages associated with radial head excision. In
conducting this study, we came to the conclusion that
the current classification of fractures based on Mason
and AO is neither helpful in determining proper treatment nor in judging prognosis for high grade radial
head fractures. This is because the role of ligament injury
of the elbow is not taken into account. Another classification system is needed. We also believe that long-term results for assessing the relevance of deossification around
the stem found in some patients are needed. Overall, we
found that comminuted radial head fractures with elbow
instability can be treated well with a modular metallic radial head prosthesis, which restores stability and integrity of the joint. The primary therapy with the prosthesis
outclasses the secondary treatment.
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