
Joint Diseases and
Related Surgery

Jt Dis Relat Surg

2023;34(3):716-723

ORIGINAL ARTICLE

Received: April 17, 2023
Accepted: July 11, 2023
Published online: September 20, 2023

Correspondence: İbrahim Faruk Adıgüzel, MD. Etlik Şehir 
Hastanesi, El Cerrahisi Kliniği, 06170 Yenimahalle, Ankara, Türkiye.

E-mail: ifarukadgzl@gmail.com

Doi: 10.52312/jdrs.2023.1161

The radial head plays an essential role in elbow 
joint biomechanics. The radiocapitellar joint stabilizes 
the elbow against the axial and valgus loads. The 
radial head is the major contributor to longitudinal 
stabilization of the forearm and prevents proximal 
migration of the radius. Approximately 60% of the 
elbow mechanical load is transmitted through the 
radial column and, following the excision of the radial 
head, axial load would be transmitted through the 
ulnar column.[1,2]

Fractures of the radial head account for 
17 to 19% of all cases of elbow traumas and 33% of all 
fractures involving the elbow.[1] Treatment is initiated 
according to the type of fracture and accompanying 

Objectives: In this study, we aimed to compare functional 
outcomes and complication rates of tripod technique and 
locked plate fixation used in Mason type 3 radial head 
fractures.
Patients and methods: Between January 2012 and December 
2019, a total of 27 patients (16 males, 11 females; median age: 
43.2 years; range, 20 to 68 years) with Mason type 3 radial 
head fractures were retrospectively analyzed. The patients were 
divided into two groups according to fixation method used. 
Group 1 consisted of 12 patients who were treated with tripod 
technique, and Group 2 consisted of 15 patients who were 
treated with locked plate fixation. Operation time, follow-up 
period, length of hospital stay, union time, Disabilities of Arm, 
Shoulder and Hand (DASH) scores, range of motions and 
complications were recorded.
Results: The median time to bone union was 
46.7 days in Group 1, which was significantly shorter than 
Group 2 (p<0.001). The median forearm pronation-supination 
arc was 123.75° (range, 30° to 180°) in Group 1 and 
was 94° (range, 45° to 180°) in Group 2. There was no 
significant difference in the forearm rotation between 
the groups. The median elbow flexion-extension arc was 
99.17° (range, 65° to 130°) in Group 1 and was 80.33° 
(range, 30° to 130°) in Group 2. No statistically significant 
difference was found in the flexion-extension and pronation-
supination arc degrees. There was no significant difference in 
the postoperative DASH scores between the groups (p=0.464).
Conclusion: Our study results demonstrate that comparable 
results can be achieved in both techniques regarding functional 
outcome and range of motion. With a shorter union time and less 
complication rates, the tripod technique should be considered 
as the primary treatment method for the comminuted radial 
head fractures without a metaphyseal defect.
Keywords: Fracture fixation, Mason type 3 fracture, plate-screw fixation, 
radial head fracture, tripod technique.
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injuries. Radial head fractures were first classified 
according to Mason classification.[3] Non-displaced 
or minimally displaced (<2 mm) fractures were 
classified as type 1, displaced (>2 mm) fractures 
were classified as type 2, and displaced and 
multifragmentary fractures were classified as type 3. 
Medial collateral ligament (MCL) injury accompanies 
54% of Mason type 3 fractures, and lateral ulnar 
collateral ligament (LUCL) injury is associated with 
80% of the injuries. It has been shown via magnetic 
resonance imaging (MRI) that these injuries are 
accompanied by capitellar chondral defects and 
intraosseous membrane injuries.[4,5]

Although radial head excision (RHE) has 
traditionally been used for Mason type 3 fractures, 
it has been largely discredited due to elbow joint 
instability, proximal migration of the radius, and 
posterolateral rotatory instability.[6] Currently, 
metal prostheses stand out as the most successful 
treatment option for multifragmentary radial head 
fractures.[6] Although there are many radial head 
prosthesis (RHP) designs, due to the complexity 
of the radial head anatomy and its highly variable 
structure, continued efforts have been carried out 
to improve existing designs.[7] The risk of revision 
surgery is relatively high in young patients, due 
to early loosening, impingement and heterotopic 
ossification.[8]

Internal fixation of Mason type 3 radial head 
fractures is quite difficult and challenging. 
Hotchkiss[9] modified the Mason classification and 
described type 3 fractures as non-reconstructable 
fractures based on radiological and intraoperative 
configuration that often require resection. However, 
with the improvement of internal fixation methods, 
clinical and radiological results are reported as 
effective as RHP.[10,11] Two methods evolved for 
internal fixation: fixation with locked plates and 
cross cannulated screwing (tripod technique) 
method. Despite the biomechanical studies showing 
that fixation with locked plates is superior in 
stabilization, some authors have reported 
that the tripod technique provides comparable 
stability.[12,13] In addition, it has been suggested that 
the tripod technique yields earlier union and lower 
complication rates.[14] To the best of our knowledge, 
there is no study comparing these two methods in 
the literature.[15]

In the present study, we aimed to compare clinical 
and radiological results of two prominent methods, 
locked plate fixation and tripod technique which are 
alternatives to RHP in Mason type 3 fractures.

PATIENTS AND METHODS

This single-center, retrospective cohort study 
was conducted at University of Health Sciences, 
Baltalimanı Bone Diseases Training and Research 
Hospital, Department of Hand Surgery between 
January 2012 and December 2019. A total of 
43 patients treated for Mason type 3 isolated radial 
head fracture by two different surgical teams were 
screened. While the first of these teams used locked 
plate fixation in Mason type 3 radial head fractures, 
the second team used the tripod technique with 
cross cannulated screws. The experience levels of 
members of both surgical teams consisting of hand 
and upper extremity surgeons were similar.[16]

Inclusion criteria were as follows: age >18 years 
and having open reduction and internal fixation 
(ORIF) for the Mason type 3 radial head fractures. 
Sixteen patients who were under 18 years of age at the 
time of surgery (n=2), who had open fracture (n=1), 
who had fractures fixed with combined techniques 
(n=4), who had concomitant fractures of the elbow 
needed fixation (n=9), who had concomitant fractures 
of the ipsilateral upper extremity (n=3), who had a 
follow-up of <12 months (n=2) were excluded from the 
study. Finally, a total of 27 patients were included. The 
patients were divided into two groups according to 
fixation method used. Group 1 consisted of 12 patients 
who were treated with tripod technique, and Group 2 
consisted of 15 patients who were treated with locked 
plate fixation.

Demographic data of the patients, injuries 
accompanying radial head fracture, elbow joint 
range of motion (ROM), union time, Disabilities 
of Arm, Shoulder and Hand (DASH) scores, 
complications and additional surgical interventions 
were collected from the patients’ medical files. 
Clinical and radiographic evaluations were made 
at two, four, six weeks and at three, six, and 
18 months.

Surgical technique

In both groups, the Kocher approach was used 
for exposure and the anconeus and the extensor 
carpi ulnaris muscle interval was dissected to reach 
the fracture. The annular ligament was incised and 
extended distally enouqgh to allow for adequate 
exposure of the fracture fragments. The fracture 
fragments of the radial head were temporarily reduced 
with reduction clamps or Kirschner wires (K-wires), by 
preserving periosteal attachment as much as possible. 
Fracture fixations were made without completely 
removing the radial head.
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In the tripod technique, a K-wire was inserted 
through fracture fragments before drilling. As 
the K-wires could easily break during drilling, 
special care was paid. The wires were placed in 
such a way that they did not collide with each 
other. The radial head fragments were fixed with 
2.5-mm headless cannulated screws. Then, trials 
of pronation-supination were performed, and two 
more obliquely oriented headless cannulated screws 
were placed from the proximal radial head into 
proximal neck. In this technique, at last two headless 
compression screws placed orthogonally were used 
to achieve the fixation of the fracture fragments 
proximally and secured the fragments into the 
distal radial neck and, thus, rotational stability was 

achieved. The screws were countersunk beneath the 
articular surface to prevent impingement (Figure 1).

In the locked plate technique, the dissection 
was extended toward the radius neck to place the 
plate accurately. The fragments of the radial head 
were fixed with a headless cannulated screw when 
necessary. Afterwards, the fixation was achieved 
with a proximal anatomical radius plate applied 
in the non-articular safe zone of the radial head 
(Figure 2).

In both techniques, the rotation arc must be 
checked after fracture fixation. The presence of 
impingement with forearm movements after fixation 
was checked in both groups. Annular ligament was 

FIGURE 1. Anteroposterior (a) and lateral (b) radiographs of a 42-year-old man 
having Mason type 3 radial head fracture. (c) and (d) demonstrate postoperative 
radiographs of the healed radial head treated with tripod technique.

(a)

(c)

(b)

(d)
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repaired in all cases. If there was damage to the lateral 
collateral ligament, it was fixed through the same 
incision. If there was a MCL injury, it was repaired 
with a medial approach.

An angle-adjustable hinged elbow brace was 
applied in the neutral position postoperatively 
and patients immobilized in the brace for the first 
10 to 14 days after surgery. Elbow flexion and 
extension, rotation movements were allowed with 
an angle-adjustable elbow brace after 10 to 14 days 
and active motions were allowed after four weeks 
postoperatively. If the ligament repair was performed, 
active movement onset time was able to be delayed 
until six weeks postoperatively.

Statistical analysis

Statistical analysis was performed using the SPSS 
version 23.0 software (IBM Corp., Armonk, NY, 
USA). Continuous data were expressed in median 
(min-max), while categorical data were expressed 
in number and frequency. The distribution of the 
data was examined with histogram graphs. The 
chi-square test was used for categorical data and 
the Mann-Whitney U test was used for numerical 
independent groups. A p value of <0.05 was 
considered statistically significant.

RESULTS

Median follow-up period was 73.2 (range, 25 to 97) 
months in Group 1 and 84.8 (range, 26 to 109) months 

FIGURE 2. Preoperative (a, b) and  postoperative (c, d) radiographs of a 34-year-
old man having Mason type 3 radial head fracture. Fracture fixation was achieved 
with a proximal anatomical radius plate applied in the non-articular safe zone of 
the radial head.

(a)

(c)

(b)

(d)
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in Group 2. During follow-up, complete clinical and 
radiographic data of the patients were obtained. 
Patient demographics according to the surgical 
technique are shown in Table I.

The rate of concomitant injuries was higher 
in Group 2. In Group 1, coronoid fractures were 
detected in three patients, LUCL rupture in two 
patients, and MCL rupture in one patient. In 
Group 2, radial head fracture was accompanied by 
coronoid fracture in four patients, LUCL rupture in 
three patients, and MCL rupture in two patients.

The union of the fracture was defined as bony 
bridging across the fracture site. Absence of pain with 
axial loading was accepted as a clinical examination 

finding compatible with union. Bone union was 
achieved in a shorter time in Group 1 (median: 
46.7 days) (p<0.001). In the postoperative period, 
in Group 1, surgical release was performed in one 
patient due to heterotopic ossification, due to stiff 
elbow in another patient, and radial head resection 
and prosthesis was performed in one patient due 
to material failure. In Group 2, surgical release was 
performed in two patients due to stiff elbow, radial 
head resection due to material failure in one patient, 
radial head resection and prosthesis in one patient 
due to material failure, and tendon transfer after 
posterior interosseous nerve injury in one patient 
and debridement surgery was performed in one 
patient due to infection.

TAbLE I
Patient demographics according to surgical technique

Group 1 (n=12) Group 2 (n=15)

n % Median Min-Max n % Median Min-Max p

Age (year) 44.2 28-60 44.5 22-68 0.883

Sex

Male

Female

8

4

67

33

8

7

53

47

0.930

Mean follow-up (month) 73.2 25-97 84.8 26-109 0.744

Surgical side 

Right

Left

7

5

58

42

9

6

60

40

0.722

Number of fracture fragments

Three

Four

9

3

75

25

12

3

80

20

0.756

Patients having accompanying injuries 6 50 9 60 0.603

TAbLE II
Intraoperative and postoperative data of the patients

Group 1 (n=12) Group 2 (n=15)

n Median Min-Max n Median Min-Max p

Duration of the surgery (min) 114.9 65-184 121.2 83-204 0.270

Hospital stay (day) 1.6 1-4 2.6 1-11 0.744

Union time (day) 45.7 38-68 71.7 52-104 <0.001

DASH Score 28.4 17.2-39.2 30.6 17.5-44.2 0.464

Flexion-Extension arc (deg) 99.2 60-130 80.3 30-130 0.162

Supination-Pronation arc (deg) 123.8 30-180 94 30-180 0.121

Complications

Minor

Major

2

1

3

3

0.635

DASH: Disabilities of arm, shoulder and hand.
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The median forearm pronation-supination 
arc was 123.75° (range, 30° to 180°) in Group 1 
and was 94° (range, 45° to 180°) in Group 2. There 
was no significant difference between the groups. 
The median elbow flexion-extension arc was 
99.17° (range, 65° to 130°) in Group 1 and was 80.33° 
(range, 30° to 130°) in Group 2. No statistically 
significant difference was found regarding the 
flexion-extension and pronation-supination arc 
degrees. There was no significant difference in the 
postoperative DASH scores between the groups 
(p=0.464) (Table II).

DISCUSSION

In the present study, we evaluated the results of two 
different treatments applied in our clinic for the 
treatment of Mason type 3 fractures. In appropriate 
fractures with the use of tripod technique, favorable 
results were obtained in terms of union times, DASH 
scores, complications, and joint ROM.

Elbow biomechanics and the role of the radial 
head in load transfer and elbow stabilization have 
been well established recently. Currently, resection 
procedures carried out in multifragmentary fractures 
have been replaced by prosthesis or internal fixation 
methods to maintain radial length. Experimental 
studies have shown that laxity increases, and 
kinematics is impaired with radial head resection.[17] 
Radial head resection can only be performed in stable 
elbows, since the entire axial load is carried by 
the ulnar column in case of radial head resection; 
however, the vast majority of Mason type 3 fractures 
are accompanied by injuries that impair elbow joint 
stability, such as collateral ligament injuries and 
interosseous membrane injuries. Therefore, radial 
head resection may be applied in very limited 
circumstances.[6] Ikeda et al.[11] retrospectively 
analyzed the outcomes of multifragmentary radial 
head fractures and concluded that cases treated with 
ORIF had better results than cases who had acute 
radial head resection. We also do not perform radial 
head resection as the acute treatment of the radial 
head fractures in our clinical practice, due to the 
serious elbow and wrist joint problems occurred in 
patients after acute radial head resection.

Radial head prostheses are used for 
non-reconstructable comminuted fractures. Radial 
head anatomy, however, is complex and highly 
diverse. Implants used for arthroplasty cannot fully 
replicate the anatomy of the radial head. Even under 
the most favorable conditions, it may not be possible 
to insert an anatomical RHP.[18] In addition, the risk of 
heterotopic ossification is increased due to excessive 

soft tissue dissection, which may result in decreased 
forearm and elbow joint ROM.[19] That is why an 
attempt to achieve biological healing on the fracture 
line as much as possible remains the most correct 
method currently.

With the development of new techniques and 
implants for surgical treatment of multifragmentary 
radial head fractures, the interest in biological 
preservation of the radial head with internal 
fixation methods has increased. Plates, screws, and 
K-wires can be used for internal fixation; however, 
it is controversial that with which method better 
outcome can be obtained. Fixation strengths of 
plate-screw or headless cannulated screw fixation in 
radial head and neck fractures have been compared 
in biomechanical studies. It has been shown that 
plate-screw fixation and screw fixation alone provide 
fixation with similar strength and stiffness with 
comparable failure forces, stresses, and strains.[13] 
However, locked plate has been thought to be more 
appropriate in axially unstable and comminuted 
neck fractures.[20]

To obtain full forearm rotation and not to cause 
impingement at the proximal radioulnar joint, 
proper placement of the plate must be ensured 
at the safe zone of the radial head.[21] In general, 
good to excellent results have been reported 
with plate fixation; however, severe limitation in 
pronation-supination arc may be observed in the 
postoperative period.[22] Although acquired degrees 
of both flexion-extension and supination-pronation 
were lower in patients who had fixation with 
plate-screw, there was no statistically significant 
difference between the groups. More soft tissue 
dissection and profile thickness of the plate used may 
be the reason for the relative limitation of movement. 
Soft tissue dissection should be performed in the 
neck region to place the plate in the safe zone, which 
increases the risk of heterotopic ossification and 
devascularization of the radial head. The plates may 
irritate the surrounding tissues and cause adhesions 
in soft tissues, restriction in forearm rotation, loss 
of fixation, and painful crepitation.[23] Although it 
was not expected in patients who were treated with 
tripod technique, release surgery was required in 
one of our patients due to heterotopic ossification 
after screw fixation. In addition, further soft tissue 
dissection required during plate application may 
also endanger the radial nerve. In Group 2, we 
encountered one patient who had a posterior interior 
nerve injury.

Complications related to locked plates can occur 
due to incompatibility of the plates due to the 
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anatomical variations of the radial head and neck. 
Burkhart et al.[24] reported that that there was not 
necessarily a single plate design compatible with 
the complex anatomy of the radial head. Giannicola 
et al.[25] reported that this incompatibility might 
cause implant failure, displacement of the fracture, 
non-union or elbow stiffness.

Metaphyseal defects can lead to valgus impaction, 
and plate fixation should be performed for these 
fractures. The cross cannulated screw technique is 
a good choice for fractures without a metaphyseal 
defect. Fixation using headless compression screws 
is a less invasive approach. Unlike the plate, the 
screws can be also placed outside the safe zone, on 
the fragments within the joint; therefore, less stiffness 
and over stuffing can be observed.[26] In addition, 
the screws increase compression at the fracture line, 
stabilize the fracture and allow faster union with the 
effect of less periosteal stripping.[27] In our study, the 
union time of the screw-fixed group was found to be 
significantly shorter.

Nonetheless, there are some limitations to this 
study such as single-center, retrospective design 
and a relatively small sample size. In addition, 
surgical procedures were performed by two 
different surgical teams. Although their experience 
levels were similar, there was no randomization, 
and the fractures were not fully standardized. 
Finally, longer-term follow-up data might have 
allowed us to evaluate arthrosis and heterotopic 
ossification more accurately.

In conclusion, similar ROM and satisfactory 
results were obtained in both groups in our study. 
Of note, the median union time was shorter with 
the tripod technique. Based on these findings, we 
recommend that the tripod technique should be the 
primary treatment method for the comminuted radial 
head fractures without metaphyseal defect. However, 
further multi-center, large-scale, long-term studies are 
needed to establish more reliable conclusions on this 
subject.
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