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Open reduction and internal fixation of
radial head fractures

Radius bas1 kiriklarinda agik rediiksiyon ve
internal tespit uygulamalari
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Serkan AYKUT, Nazan YALCIN

BACKGROUND

We evaluated the radiologic and functional outcomes of
patients with radial head fractures managed with open reduc-
tion and internal fixation.

METHODS

Between 1998-2003, 15 patients (7 males, 8 females; mean
age 34.1; range 18 to 49 years) with radial head fracture were
treated with open reduction and internal fixation. Follow-up
time was 54.6 months (42-78). Three fractures were Mason
type II, 8 were III and 4 were IV. They were evaluated by
anteroposterior and lateral radiographs and functionally by
Broberg and Morrey criteria.

RESULTS

All the fractures except in 1 patient with Mason type III had
united. The mean range of motion of the elbow was 20° to 145°
with 71.9° of pronation and 83.2° of supination. According to
Broberg and Morrey criteria, the outcome was excellent in 8,
good in 4, fair in 1 and bad in 2. Excision and prosthetic
replacement were performed in 1 patient because of implant
failure.

CONCLUSION

We suggest open reduction and internal fixation even in com-
minuted cases because it gives satisfactory elbow function and
avoids radial shortening, loss of motion and wrist joint dys-
function as a result of radial head excision. When it fails, exci-
sion and prosthetic replacement can be done later.
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AMAC
Acik rediiksiyon ve internal tespit uygulanan radius bagi kirik-
I1 olgulari n radyolojik ve fonksiyonel sonuglar1 degerlendirildi.

GEREC VE YONTEM

1998-2003 yillar1 arasinda radius bagi kirig1 ile bagvuran ve
acik rediiksiyon ve internal tespit uygulanan 15 olgu (7 erkek-
8 kadin; ortalama yas 34,1; dagilim 18-49) degerlendirildi. Ta-
kip siiresi 54,6 (dagilim 42-78) aydi. Mason siniflandirmasina
gore olgularin 3’ii tip 11, 8’1 tip III ve 4’ii tip IV idi. Radyolo-
jik degerlendirme arka-6n ve yan radyografilerle, fonksiyonel
degerlendirme Broberg ve Morrey olciitlerine gore yapildi.

BULGULAR

Kaynamama tespit edilen tip IIT kirikli olgu diginda tiim kirik-
larda kaynama saptandi. Dirsek eklemi fleksiyonu 20°-145°
arasinda saptandi. Ortalama pronasyon 71,9° ve supinasyon
83,2° idi. Sekiz olguda miikemmel, 4 olguda iyi, 1 olguda orta
ve 2 olguda kotii sonug alindi.implant yetersizigi nedeni ile 1
olguda radius bas1 eksizyonu ve protez uygulamasi yapildi.

SONUC

Radius bag1 kiriklarinda agik rediiksiyon ve internal tespit uygu-
lamasmi dirsek fonksiyonlarinda tatmin edici sonuglar elde
edilmesi ve ayrica radius bagi eksizyonu sonrasi olusan radius
kisali§inin, el bilegi eklemi disfonksiyonunun ve hareket kisit-
Iiliginin 6nlenmesi nedeniyle par¢alanma miktarinin fazla oldu-
§u durumlarda bile 6nermekteyiz. Ayrica, kotii sonug elde edil-
diginde eksizyon ve protez uygulamasi daha sonra yapilabilir.

Anahtar Sozciikler: Dirsek; Kirschner teli; agik rediiksiyon ve inter-
nal tespit; radius bas1 kirig.
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It is now known that excision of the radial head
due to fractures without replacement leads to insta-
bility of both the distal radioulnar and elbow joints
as well as disabling pain interfering with daily activ-
ities. Additionally, some limitations in range of
motion of joints, cubitus valgus, dysfunction of ulnar
nerve, posttraumatic osteoarthritis, proximal radial
migration, and inferior radioulnar joint subluxation
have been reported as early and long-term complica-
tions after excision of the radial head."”' Those seri-
ous problems have led researchers to perform bio-
mechanical studies to increase our understanding of
the functions of the radial head not only for the
elbow joint but also the forearm and wrist joints.*"
After injury to the medial collateral ligament itself or
with interosseous membrane, the only primary stabi-
lizing segment of the elbow against compressive
forces and valgus stress is the radial head. As a
result, authors have begun to do open reduction and
internal fixation with AO mini-plates with screws,
Herbert screws and other forms of fixation even in
comminuted fractures of the radial head in conjunc-
tion with the progress in fixation materials.”'® In
fractures not amenable to open reduction and inter-
nal fixation, replacement with prosthesis may be
decided.

In this study, we aimed to evaluate patients with
radial head fractures managed with open reduction
and internal fixation.

MATERIALS AND METHODS

Between 1998 and 2003, open reduction and
internal fixation was performed in 15 patients with
radial head fractures. There were 7 (46.7%) males
and 8 (53.3%) females, with a mean age of 34.1
years (18-49). The mean follow-up time was 54.6
months (42-78). On admission, patients were diag-
nosed to have radial head fracture based on physical
examination and radiographs involving the elbow,
forearm and wrist. Mason criteria” were used in the
classification of fractures. According to this classifi-
cation system, fracture including more than 30% of
the radial head is designated as Mason type II and
comminuted fractures of the radial head as Mason
type IIL. If a Mason type III fracture is associated
with dislocation of the elbow and ligamentous
injuries, it is classified as Mason type IV fracture.
There were 3 (20%) Mason type II, 8 (53.3%)
Mason type III and 4 (26.7%) Mason type IV frac-
tures. The mechanism of injury was fall on the out-
stretched hand in 8 (53.3%) and fall on the elbow
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joint itself in 7 (46.7%). Associated injuries were
olecranon fracture in 2 and elbow dislocation in 1.
Coexisting olecranon fractures were fixed concomi-
tantly. There were no associated neurovascular
injuries.

All the operations were performed with pneumat-
ic tourniquet and under axillary anesthesia. Patients
with isolated radial head fracture were approached
with Kocher’s lateral incision to expose the radial
head between the anconeus and extensor carpi
ulnaris. The incision was not extended distally in
order to not harm the posterior interosseous nerve.
Once the fracture fragments were held with small
forceps, they were temporarily fixed with 1 mm
Kirschner wires. In 1 (6.7%) patient with Mason
type III and 1 (6.7%) patient with Mason type IV
fracture, the operations were performed under urgent
conditions and 1 mm Kirschner wires were used as
the fixation material in these cases. We used Normed
(Normed, Germany) 2.3 mm cannulated screws in 3
(20%) patients with Mason type II, 6 (40%) patients
with Mason type III and 1 (6.7%) patient with
Mason type IV fractures. In 2 (13.3%) patients with
Mason type IV fracture, Normed low-profile mini
plate with screws and cannulated screws (Normed,
Germany) were used (Fig. 1). The Kirschner wires,
screw heads and mini plate were placed on the
nonarticular portion of the radial head in order to not
interfere with the forearm pronation and supination
in the proximal radioulnar region. The screw heads
were countersunk below the articular surface.
Ipsilateral olecranon fractures were fixated with ten-
sion band wiring technique. After fixation, we exam-
ined the alignment and movement of the radial head
both radiologically and by manipulating the forearm
manually. After irrigation, the tourniquet was deflat-
ed and hemostasis was achieved. A drain was placed
in the joint space and the incision was closed accord-
ing to the anatomy.

A long arm plaster splint was applied with the
elbow in 90° of flexion. After three days, patients
with Kirschner wire fixation were put in long arm
cylindrical plaster cast, which was kept in place for
four weeks. In the remainder of the patients, long
arm plaster splint was used for three weeks. After
removal of the cast, physical rehabilitation program
was started. Kirschner wires were removed six
weeks postoperatively.

Clinical evaluation was done with Broberg and
Morrey criteria (Table 1). All the patients were
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evaluated and compared with the contralateral
extremity. At the last follow-up, any symptoms relat-
ed to the elbow were recorded. Physical assessment
included measurement of range of movement of the
elbow and forearm, the stability of the elbow and
presence of any problem related to the distal radioul-
nar joint. A standard, long-limb goniometer was used
to measure the range of movement. Flexion and
extension of the elbow was measured with the fore-
arm in neutral rotation and range of pronation and
supination with the elbow in 90° of flexion.
Radiologic assessment included anteroposterior and
lateral radiographs of the elbow, forearm and wrist,
allowing measurement of carrying angle and evalua-

tion of bony union, congruency of joint surfaces,
posttraumatic osteoarthritis, proximal radial migra-
tion, ulnar variance, and subluxation or dislocation
of the distal radioulnar joint. All the radiological
parameters were compared with the contralateral
extremity.

RESULTS

All the fractures except one were united without
evidence of radial head avascular necrosis.
Nonunion was seen in one patient with Mason type
III fracture.

One patient with Mason type III fracture had
some crepitation and pain in the movements of

Fig. 1. (a) Preoperative anteroposterior radiograph of a 43-
year-old male patient with Mason type IV radial head
fracture. (b) Preoperative lateral radiograph of the
same patient with Mason type IV radial head fracture.
(c) Postoperative 65th month anteroposterior radi-
ograph of the same patient with Mason type IV radial
head fracture fixated with mini plate and screws. (d)
Postoperative 65th month lateral radiograph of the
same patient with Mason type IV radial head fracture
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with mini plate and screws. (e) Postoperative 65th month photograph of the same patient showing supination of both
forearms. (f) Postoperative 65th month photograph of the same patient showing pronation of both forearms. (g)
Postoperative 65th month photograph of the same patient showing flexion of both elbows. (h) Postoperative 65th
month photograph of the same patient showing extension of both elbows.
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Table 1. Broberg and Morrey criteria

Variable Point
Motion
degree of flexion (0.2° arc) 27
degree of pronation (0.1° arc) 6
degree of supination (0.1° arc) 7
Strength
normal 20
mild loss (80% of opposite side) 13
moderate loss (50% of opposite side) 5
severe loss (limits everyday tasks, disabling) 0
Stability
normal 5
mild loss (80% of opposite side) 4
moderate loss 2
severe loss (limits everyday tasks) 0
Pain
none 35
mild (with activity, no medication) 28
moderate (with or after activity) 15
severe (at rest, constant medication, disabling) 0

95-100: excellent; 80-94: good; 60-79: fair; 0-59: bad.

pronation and supination of the forearm. Another
patient with Mason type 1V fracture, who was a high
school teacher, complained of pain and difficulty in
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writing activities on the blackboard. Her dominant
arm had fractured.

Mean flexion of elbow was 135° (20° to 145°)
and mean loss of extension was 8° (-38° to 5° hyper-
extension). Mean pronation and supination of fore-
arm were 71.9° (15° to 80°) and 83.2° (15° to 90°),
respectively. In physical examination, no sign of
instability in the elbow joints was detected. Reflex
sympathetic dystrophy was not observed in any of
the patients.

In radiological evaluation, mean increase in car-
rying angle and ulnar variance were 2° and 1 mm,
respectively. In one case with Mason type IV radial
head fracture, mild arthritic changes in the elbow
joint were observed at the last follow-up.

Implant failure was noticed in one patient with
Mason type IV fracture in the early postoperative
period and she was managed with prosthetic replace-
ment. No other problems related to the fixation
materials were found in the other patients.

According to Broberg and Morrey criteria, the
outcome was excellent in 8 (53.3%), good in 4
(26.7%), fair in 1 (6.7%) and bad in 2 (13.3%)
patients (Table 2).

Table 2. Details of patients with radial head fracture treated with open reduction and internal fixation

No Fracture Gender Age Mechanism of Fracture/  Coexisting Operation Fixation Follow-up Range of movement Result
type injury Dominant s.  injuries time (d) material time (m) Flexion/ « Pronation/
Extension (°) « Supination (°)
1 1 Male 42 Fall on the L/R Left 2.3 mm screws 66 145/-2 « 80/90 Excellent
outstretched hand olec. fr.
2 I Male 32 Fall on the L/R 2.3 mm screws 78 145/-5 « 78/88 Excellent
outstretched hand
3 1 Male 18 Fall on the R/R 2.3 mm screws 42 145/5 « 80/90 Excellent
outstretched hand
4 111 Female 40 Fall on the R/R 2.3 mm screws 72 145/-5 « 78/90 Excellent
outstretched hand
5 111 Female 27 Fall on elbow R/R 2.3 mm screws 52 145/0 « 80/90 Excellent
6 111 Female 31 Fall on elbow L/R 2.3 mm screws 47 145/0 « 78/90 Excellent
7 111 Male 38 Fall on the R/R 2.3 mm screws 59 145/0 « 80/90 Excellent
outstretched hand
8 111 Female 26 Fall on the R/R 2.3 mm screws 46 143/-5 « 78/90 Excellent
outstretched hand
9 111 Female 28 Fall on the L/R Multiple K wires 58 142/-10 « 68/87 Good
outstretched hand
10 111 Male 40 Fall on elbow R/R 2.3 mm screws 54 143/-10 « 75/86 Good
11 111 Female 39 Fall on elbow R/R Right Mini plate + Screws 42 138/-15 « 66/85 Bad
olec. fr. (Nonunion)
12 v Female 28 Fall on elbow R/R Elbow Mini plate + Screws 42 20/-38 « 15/15 Bad (prost-
dislocation hetic repl.)
13 v Female 49 Fall on the R/R Multiple K wires 52 140/-15 « 70/85 Fair
outstretched hand
14 v Male 44 Fall on elbow R/R 2.3 mm screws 44 142/-10 « 78/86 Good
15 v Male 43 Fall on elbow L/R Mini plate + Screws 65 142/-10 « 75/86 Good

L: Left; R: Right; K: Kirschner; fr: Fracture; -: Loss of extension.
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DISCUSSION

Although excision of the radial head in the treat-
ment of radial head fractures, especially if the frac-
ture is comminuted, has yielded good long-term
results, it has some disadvantages. Pain and instabil-
ity in the wrist, forearm and elbow region due to
proximal radial migration and cubitus valgus have
been reported to be the most frequently encountered
problems."* Additionally, weakness in those
extremities in which the radial head was excised and
posttraumatic osteoarthritis in the long-term have
also been detected."* To prevent those short- and
long-term problems related to excision of the radial
head, some researchers have advised reconstruction
of the fractured radial head or its replacement with
radial head prosthesis when amenable to open reduc-
tion and internal fixation."”""*'**"

Although it has been known that prosthetic
replacement provided immediate stability and good
short-term results in the treatment of radial head
fractures, studies with prosthetic replacements have
yielded different outcomes with respect to the vari-
ous types of prosthesis."**" Furthermore, the long-
term effects of contact between a metal prosthesis
and the capitellar articular cartilage are not known
and there are problems related with the size and
shape of the implant itself, making the application
challenging.”” Knight et al."” performed a study in
which they applied primary vitallium prosthesis in
31 patients with comminuted radial head fracture.
After a mean follow-up of 4.5 years, they had
removed two prostheses because of loosening and
found no dislocation in any of their patients. Morrey
et al.”” applied primary silicon prosthesis to 17
patients with radial head fracture. After a mean of
6.7 years follow-up, they had found five implant
failures in 11 cases with bad results and had removed
four of these loosened prostheses. They recommend-
ed not using silicon prosthesis in trauma cases. In
addition, it has been shown both clinically and bio-
mechanically that the silicon prosthesis could not
withstand valgus stress and axial loading.”"***! Bain
et al.,"” in a study with 16 patients, performed titani-
um prosthesis, ligament repair and early mobiliza-
tion. After a mean follow-up period of 2.8 years,
they reported 8 excellent, 5 good and 3 fair results.
Thus, definitive indications for prosthetic replace-
ment in treating radial head fractures are not clear.

Another treatment option for radial head fracture
is open reduction and internal fixation. Although this
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treatment protocol has given good results in Mason
type II fractures, studies with Mason type III and
Mason type IV fractures have yielded variable func-
tional outcome.”"""” Mason"” noted that type II par-
tial articular fractures with more than one fragment
were particularly likely to lead to restriction of fore-
arm rotation, and he recommended resection. Ring et
al."™ reported four patients with a partial articular
fracture as a part of a complex injury pattern result-
ing in restricted forearm rotation. They pointed out
that only isolated partial articular radial head frac-
tures gave good results. In our study, since we had
three patients with isolated Mason type II fracture,
the excellent outcome according to Broberg and
Morrey criteria can be explained by the fracture
being isolated. Ring et al.,"” in the same study with
30 Mason type II and 26 Mason type III radial head
fractures, in which the treatment of choice was open
reduction and internal fixation, after a mean follow-
up period of 48 months, concluded that open reduc-
tion and internal fixation gave good results in Mason
type III fractures only when the number of commin-
uted fragments was three or less. Otherwise, they
suggested excision of the radial head with or without
prosthetic replacement. Sanders and French"® per-
formed open reduction and internal fixation in eight
patients with comminuted radial head fracture and
reported the results of six of them. After a mean fol-
low-up of 12 months, they concluded that open
reduction and internal fixation was suitable for com-
minuted fractures of the radial head. They did not
observe radial shortening, loss of range of move-
ment or wrist joint dysfunction in their patients. In
this study, we had 3 Mason type II, 8 Mason type 111
and 4 Mason type IV fractures, in which open reduc-
tion and internal fixation was used. After a mean of
32 months follow-up, we had 12 excellent and good,
1 fair and 2 bad results. The fair result was a Mason
type IV patient who was a high school teacher. She
was operated with multiple Kirschner wires in emer-
gent conditions. In the follow-up period, we
observed minor degenerative changes in her elbow
radiographs and she complained only of some
aching pain while writing on the blackboard. We had
two bad results. One was Mason type III fracture
accompanied with olecranon fracture. Nonunion of
the fracture was seen during the follow-up period.
The remaining bad result was a patient with Mason
type IV fracture. Implant failure in the early postop-
erative period was noticed and radial head excision
with prosthetic replacement was done. She was sat-
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isfied with the result. It seems that Mason type IV
fracture of the radial head gives the low functional
outcome more often than the other types.

For internal fixation of radial head fractures, var-
ious fixation materials, such as Kirschner wires,
low-profile mini plates with screws and low profile
mini screws have been used, with different clinical
outcomes reported.""'>'" Tkeda et al."" used T-shaped
low profile mini plates with screws in 13 Mason type
III and IV fractures and reported that they achieved
union in all patients. They determined no problem
with that fixation material. Ring et al."” used 2.0 mm
plates with screws, 2.0 mm screws and Kirschner
wires in their 56 patients with Mason type II and
Mason type III radial head fracture. After follow-up,
they reported three implant failures and seven
implant failures or plate brake due to nonunion.
Sanders and French"® performed open reduction and
internal fixation in eight patients with comminuted
radial head fractures and found no problem related to
the fixation material. In our study, we used
Kirschner wires in 1 Mason type III and 1 Mason
type IV, and low profile mini plate with screws in 1
Mason type III and 2 Mason type IV fractures. The
rest of the fractures were fixated with low profile 2.3
mm screws. We found one implant failure with mini
plate and screws in one case with Mason type III
fracture.

Different time intervals between injury and oper-
ation have been reported in the literature."*"*"
Edwards and Jupiter,” in a study with seven dis-
placed radial head fractures, operated three of them
in one week and concluded that it was important to
do the surgery before loss of soft tissue balance.
Ikeda et al."" performed open reduction and internal
fixation in 10 patients with comminuted radial head
fracture in a mean time interval of 10 (7-16) days
and reported no unsatisfactory results. Geel and
Palmer,"” in their study with 19 patients treated with
open reduction and internal fixation, reported 14
excellent and 5 fair results and recommended early
open reduction and internal fixation of all displaced
or angulated radial head fractures. In our study,
patients were operated in the first week in all cases.
Although we had no control group with which to
compare the timing of surgery, we agree with
Edwards and Jupiter™ and think that our 12 excel-
lent and good outcomes can be attributed to the early
surgery applied in our study.

In conclusion, in view of the complications relat-
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ed with excision of the radial head, problems and
obscurity associated with applications of prosthetic
replacements, improvements in fixation materials,
and the satisfactory clinical outcomes observed in
our patients with Mason types II, III and IV radial
head fractures treated with open reduction and inter-
nal fixation, we suggest this treatment protocol in
radial head fractures, even in cases of comminuted
fractures.

REFERENCES

1. Broberg MA, Morrey BE. Results of delayed excision of the
radial head after fracture. J Bone Joint Surg [Am]
1986;68:669-74.

2. Coleman DA, Blair WF, Shurr D. Resection of the radial
head for fracture of the radial head. Long-term follow-up of
seventeen cases. J Bone Joint Surg [Am] 1987;69:385-92.

3. Fuchs S, Chylarecki C. Do functional deficits result from
radial head resection? J Shoulder Elbow Surg 1999;8:247-
51.

4. Tkeda M, Oka Y. Function after early radial head resection
for fracture: a retrospective evaluation of 15 patients fol-
lowed for 3-18 years. Acta Orthop Scand 2000;71:191-4.

5. Eren OT, Tezer M, Armagan R, Kiiciikkkaya M, Kuzgun U.
Results of excision of the radial head in comminuted frac-
tures. [Article in Turkish] Acta Orthop Traumatol Turc
2002;36:12-6.

6. Jensen SL, Olsen BS, Sgjbjerg JO. Elbow joint kinematics
after excision of the radial head. J Shoulder Elbow Surg
1999;8:238-41.

7. Morrey BF, Chao EY, Hui FC. Biomechanical study of the
elbow following excision of the radial head. J Bone Joint
Surg [Am] 1979;61:63-8.

8. Shepard MF, Markolf KL, Dunbar AM. Effects of radial
head excision and distal radial shortening on load-sharing in
cadaver forearms. J Bone Joint Surg [Am] 2001;83-A:92-
100.

9. Esser RD, Davis S, Taavao T. Fractures of the radial head
treated by internal fixation: late results in 26 cases. J Orthop
Trauma 1995;9:318-23.

10.Geel CW, Palmer AK. Radial head fractures and their effect
on the distal radioulnar joint. A rationale for treatment. Clin
Orthop Relat Res 1992;(275):79-84.

11.Ikeda M, Sugiyama K, Kang C, Takagaki T, Oka Y.
Comminuted fractures of the radial head. Comparison of
resection and internal fixation. J Bone Joint Surg [Am]
2005;87:76-84.

12.King GJ, Evans DC, Kellam JF. Open reduction and internal
fixation of radial head fractures. J Orthop Trauma
1991;5:21-8.

13.McArthur RA. Herbert screw fixation of fracture of the head
of the radius. Clin Orthop Relat Res 1987;(224):79-87.

14.Morrey BF. Current concepts in the treatment of fractures of
the radial head, the olecranon, and the coronoid. Instr Course
Lect 1995;44:175-85.

15.Ring D, Quintero J, Jupiter JB. Open reduction and internal
fixation of fractures of the radial head. J] Bone Joint Surg
[Am] 2002;84-A:1811-5.

16.Sanders RA, French HG. Open reduction and internal fixa-

Mayis - May 2009



Open reduction and internal fixation of radial head fractures

tion of comminuted radial head fractures. Am J Sports Med
1986;14:130-5.

17.Mason ML. Some observations on fractures of the head of
the radius with a review of one hundred cases. Br J Surg
1954;42:123-32.

18.Bain GI, Ashwood N, Baird R, Unni R. Management of
Mason type-III radial head fractures with a titanium prosthe-
sis, ligament repair, and early mobilization. Surgical tech-
nique. J Bone Joint Surg [Am] 2005;87 Suppl 1(Pt 1):136-
47.

19.Knight DJ, Rymaszewski LA, Amis AA, Miller JH. Primary
replacement of the fractured radial head with a metal pros-
thesis. J Bone Joint Surg [Br] 1993;75:572-6.

20.Morrey BF, Askew L, Chao EY. Silastic prosthetic replace-
ment for the radial head. J Bone Joint Surg [Am]

Cilt - Vol. 15 Sayi - No. 3

1981;63:454-8.

21. Moro JK, Werier J, MacDermid JC, Patterson SD, King GJ.
Arthroplasty with a metal radial head for unreconstructible
fractures of the radial head. J Bone Joint Surg [Am] 2001;83-
A:1201-11.

22.Carn RM, Medige J, Curtain D, Koenig A. Silicone rubber
replacement of the severely fractured radial head. Clin
Orthop Relat Res 1986;(209):259-69.

23.Pribyl CR, Kester MA, Cook SD, Edmunds JO, Brunet ME.
The effect of the radial head and prosthetic radial head
replacement on resisting valgus stress at the elbow.
Orthopedics 1986;9:723-6.

24.Edwards GS Jr, Jupiter JB. Radial head fractures with acute
distal radioulnar dislocation. Essex-Lopresti revisited. Clin
Orthop Relat Res 1988;(234):61-9.

255



