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ABSTRACT

BACKGROUND: To investigate the outcomes of patients undergoing open reduction and internal fixation with olecranon os-
teotomy due to AO type13C fractures of the distal humerus.

METHODS: Data of 39 patients (mean age, 44.7 years; males, 56.4%) undergoing surgery with the diagnosis of AO type 13C distal 
humeral fractures were retrospectively evaluated. Patients’ demographic characteristics, medical history, and radiological and functional 
outcomes were recorded. The patients were evaluated at the final follow-up according to the Mayo Elbow Performance Index (MEPI).

RESULTS: The mean degrees of flexion and extension loss were 102.2 degrees (range, 60–120 degrees) and 11.4 degrees (range, 
0–25 degrees), respectively, at the final follow-up. According to the MEPI score, outcomes were excellent in seven, good in 12, fair in 
13, and poor in seven patients. All patients achieved a radiological union of the fracture site within the first postoperative six months. It 
was found that the loss of extension was more severe, the range of flexion was decreased, and the mean MEPI score was lower in the 
patients with type C3 fractures than in those with type C1 and type C2 fractures. No significant difference was determined between 
fixation techniques (tension band vs. cannulated screw) regarding the functional outcomes.

CONCLUSION: Our results revealed better prognosis in AO type C1 and type C2 fractures than in AO type C3 fractures and no 
different effects of two fixation techniques in olecranon osteotomy on the outcomes.
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Management of the distal humerus fractures has long been a 
problem for orthopedic surgeons. Restricted movement and 
pain occurring after treatment negatively affect the treatment 
outcomes. Currently, the utility of conservative methods is 
limited due to the advancements in implant technology and 
developments of new techniques. Therefore, surgery is the 
mostly preferred treatment for the management of the distal 
humerus fractures.[4]

The present study aimed to investigate the outcomes of 
patients who underwent open reduction and internal 

  O R I G I N A L  A R T I C L E

INTRODUCTION

Fractures of the elbow, 30% of which include fractures of 
the humerus, account for 7% of all fractures in adults.[1] The 
elbow joint has the highest contribution to the functional 
movement of the upper extremity. Treatment of elbow frac-
tures is challenging due to the complex anatomic structure 
of the elbow joint.[2] Correction of an insufficient or unstable 
surgical fixation is always more difficult than the initial op-
eration. It is important to provide an appropriate means of 
therapy to restore upper extremity functions.[3]
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fixation with olecranon osteotomy due to AO type 13C frac-
tures.

MATERIALS AND METHODS

The present study was designed as a retrospective compara-
tive study. Data of 39 adult patients who underwent surgical 
treatment with the diagnosis of AO type 13C fractures of 
the distal humerus (Fig. 1), according to the AO principles,[5] 
were retrospectively evaluated. In addition to the demo-
graphic characteristics of the patients, data regarding cause 
of injury, type of fracture according to the Gustilo–Anderson 
classification,[6] the surgical approach and the technique used, 
fixation technique, duration of follow-up, and radiological and 
functional outcomes were recorded.

The patients were operated on for a mean duration of 3.8 
days (range, 1–16 days) after sustaining trauma. All patients 
underwent open reduction and internal fixation with ole-
cranon osteotomy. Fixation of the osteotomy site was per-

formed using cannulated screws in 21 patients and using ten-
sion bands in 18 patients. The fixation technique was chosen 
depending on the preference of the responsible surgeon. The 
medial and lateral columns were fixed using plates in 19 pa-
tients, and transcondylar screws were used to strengthen the 
fixation in eight of these 19 patients. The fixation was per-
formed using medial and posterolateral plates in 20 patients, 
and transcondylar screws were used to strengthen the fixa-
tion in 12 of these 20 patients (Fig. 2).

After the operation, the operated extremities of all patients 
were immobilized in a long arm splint, with the elbow flexed 
at 90 degrees and with the forearm held in the neutral posi-
tion; the cast was removed after resolution of edema at 15-
day checkup. Prophylaxis with intravenous cefazolin (3 g/day) 
was administered for the first 48 h until removal of the drain. 
After removal of the splint, all patients participated in an ex-
ercise program supervised by a physiotherapist. The mean 
length of hospital stay was 5 days (range, 3–15 days). The 
patients were evaluated at the final follow-up visit accord-
ing to the Mayo Elbow Performance Index (MEPI).[7] A MEPI 
score of <60 was evaluated as poor, a MEPI score of 60–74 
was evaluated as fair, a MEPI score of 75–89 was evaluated 
as good, and a MEPI score of ≥90 was evaluated as excellent.

Statistical Analysis
Data analysis was performed using the IBM SPSS Statistics for 

Figure 1. Anteroposterior and lateral X-rays of a type C3 distal 
intra-articular humeral fracture.

Figure 2. Anteroposterior and lateral views at the postoperative 
5th month of a 27-year-old female patient in whom fixation was 
performed using medial and posterolateral plates and transcond-
ylar screw was used.

Table 1. General characteristics of the study patients

Characteristics Patients
  (n=39)

Age (year), Mean±SD, 44.7±12.3

Median (minimum-maximum) 44 (20–69)

Gender, n (%) 

 Males 22 (56.4)

 Females 17 (43.6)

Cause of injury, n (%) 

 Traffic accidents 26 (66.7)

 Fall 13 (33.3)

Type of fracture according to the AO

principles, n (%) 

 C1 10 (25.6)

 C2 14 (35.9)

 C3 15 (38.5)

Presence of multiple fractures, n (%) 24 (61.5)

Presence of open fracture*, n (%) 7 (17.9)

Duration of follow-up, months 36.7±19.4

Mean±SD, median (minimum-maximum) 30 (10–83)

*All open fractures were type 1 open fractures according to the Gustilo-Ander-
son classification. SD: Standard deviation.
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Windows, version 22.0 (IBM Corp., Armonk, NY, USA). De-
scriptive statistics were expressed as number and percentage 
for categorical variables and as mean, median, standard de-
viation, and minimum and maximum for numerical variables. 
Comparison of two independent groups was performed using 
independent t-test for normally distributed variables and us-
ing Mann–Whitney U-test with the Monte Carlo simulation 
technique for non-normally distributed variables. For mul-
tiple group comparisons, one-way analysis of variance was 
performed, and the least significant difference was used for 

post-hoc analysis of normally distributed variables, whereas 
for non-normally distributed variables, Kruskal–Wallis H tests 
were tested using the Monte Carlo simulation technique, and 
non-parametric post-hoc test was performed for post-hoc 
analysis. Comparison of categorical variables was performed 
using Pearson’s chi square test with the Monte Carlo simula-
tion technique A p-value of <0.05 was considered statistically 
significant.

RESULTS

The mean age of the patients (n=39) at the time of admis-
sion was 44.7±12.3 years, and 56.4% of them were males. 
The general characteristics of the patients are summarized 
in Table 1.

Superficial wound-site infections were observed in the early 
postoperative period in three patients. These patients were 
treated with appropriate intravenous antibiotics and healed 
without any sequelae. Three patients developed ulnar nerve 
palsy in the postoperative period. Implant removal was 
planned in the early period after observing the evidence of 
union, and ulnar nerve transposition was performed in all pa-
tients. Recovery of the ulnar nerve palsy was not achieved in 
one patient. Heterotrophic ossification was observed in two 
patients at 12 months during the follow-up period. A radio-
logical union of the fracture site was achieved within the first 
postoperative six months in all patients. None of the patients 
experienced nonunion of the olecranon osteotomy site. The 
findings of the patients at the postoperative and follow-up 
periods are presented in Table 2.

Evaluation of the patients according to the type of fractures 
determined based on AO principles revealed that the loss 
of extension was more severe, the range of flexion was de-
creased, and the MEPI score was lower in the patients with 

Table 2. Findings of the patients at the postoperative and 
follow-up periods

Characteristics Patients
  (n=39)

Postoperative complications, n (%) 

 Superficial wound site infection 3 (7.7)

 Ulnar nerve problem 3 (7.7)

 Heterotrophic ossification 2 (5.1)

According to the MEPI score, n (%) 

 Excellent 7 (17.9)

 Good 12 (30.8)

 Fair 13 (33.3)

 Poor 7 (17.9)

Functionality at the last follow-up

Mean±SD, Median (Minimum-Maximum) 

 Elbow joint flexion, degree 102.2±12.3

  105 (60–120)

 Loss of extension, degree 11.4±6.97

  10 (0–25)

MEPI: Mayo Elbow Performance Index; SD: Standard deviation.

Table 3. Characteristics of the patients according to the type of fractures based on the AO principles

 Fracture type p

  Type C1  Type C2 Type C3 
  (n=10) (n=14) (n=15) 

Mayo Elbow Performance Index score, Mean±SD 81.0±12.2a 77.1±10.7a 62.0±13.2 0.001

Flexion, degree, Mean±SD 111.5±6.7a 106.4±6.6a 92.0±12.2 <0.001

Presence of loss of extension, n (%) 5 (50.0) 13 (92.9) 15 (100.0) 0.001

Loss of extension, degree

Median (Minimum-Maximum) 2.5 (0–20)a 10 (0–20)a 20 (10–25) <0.001

Presence of complication, n (%) 1 (10.0) 3 (21.4) 1 (6.7) 0.508

Osteotomy fixation type, n (%)    

 Cannulated screw 3 (30.0) 9 (64.3) 9 (60.0) 0.243

 Tension band 7 (70.0) 5 (35.7) 6 (40.0) 

aSignificantly different from the patients with type C3 fracture at p<0.001. SD: Standard deviation.
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type 13C3 fractures compared with the patients with type 
13C1 and type 13C2 fractures (Table 3).

In the present study, no significant difference was determined 
between the two fixation techniques (tension band vs. can-
nulated screw) with respect to the functional outcomes and 
complications (Table 4).

DISCUSSION
Management of the distal humerus fractures is challenging 
due to its complex anatomic structure and poor bone re-
serve. The main goal of treatment is to provide a complete 
range of joint motion and a painless and stable joint.[8]

The optimal treatment for the distal humerus fractures is 
surgery, and the surgical technique to be selected in these 
fractures is related to the fracture type.[9,10] A medial or lat-
eral incision can be preferred in single-column fractures in-
volving the joint. A posterior incision can provide better visi-
bility of the surgical site in bicolumnar fractures affecting both 
columns and involving the joint. An olecranon osteotomy is a 
technique used in posterior incisions. This technique provides 
better surgical visibility than other techniques such as triceps 
incision and separation.[9] In the present study, all patients 
underwent olecranon osteotomy.

Different fixation techniques have been used in previous 
studies. Flinkkilä et al.[11] reported parallel plate fixation as an 
effective method for the treatment of comminuted fractures 
of the distal humerus. Sanchez-Sotelo et al.[12] suggested that 
using 2.7-mm locking screws in addition to medial and lateral 
plates would increase the stability in comminuted fractures. 
Babhulkar and Babhulkar[13] reported successful outcomes 
using posterior transolecranon approach, dual fixation of 
both columns, and restoration of the continuity of articular 
surface. In the present study, double plates were used in all 
patients; we believe this is important in the treatment of such 
complex fractures. Moreover, in the present study, fixation of 
the osteotomy site was performed using cannulated screws 
in 21 patients and tension bands in 18 patients; no significant 

difference was determined between the two fixation tech-
niques in terms of functional outcomes and complications.

Complications may occur in distal humeral fractures either 
due to the injury itself or due to treatment. It has been re-
ported that complications are more frequently observed in 
open fractures than in closed fractures.[14] Majority of the 
patients (82.1%) in the present study had closed fractures. 
Evaluation of the patients according to the fracture types 
determined based on AO principles revealed a more severe 
loss of extension, a decreased range of flexion, a lower MEPI 
score in the patients with type 13C3 fractures than in those 
with type 13C1 and type 13C2 fractures.

One of the complications encountered in distal humeral frac-
tures is infection. The rate of surgical site infections has been 
reported to range between 3% and 12% in the distal humerus 
fractures.[15,16] In the present study, a superficial infection was 
observed in three patients. The patients did not require de-
bridement, and all recovered with the administration of an 
appropriate anti-biotherapy recommended by infectious dis-
ease specialists and with the use of wound dressing.

The rate of ulnar nerve injury has been reported to be 0%–
12% in fractures of the elbow joint.[11,15,17] Protection of the 
ulnar nerve is recommended in posterior approaches. How-
ever, there is a debate over the necessity of anterior transpo-
sition of the ulnar nerve. Wang et al.[18] recommended that 
anterior transposition of the ulnar nerve should be routinely 
performed. In the present study, the ulnar nerve was identi-
fied in all patients; however, transposition was not performed. 
Ulnar nerve palsy was observed in three patients, and ulnar 
nerve transposition was performed in the postoperative 6th 
month. However, we do not perform a routine ulnar nerve 
transposition during our surgical treatments in such cases.

Another important complication following the treatment of 
elbow fractures is the presence of heterotrophic ossification 
that results in a limited range of motion.[19] Anti-inflammatory 
drugs (such as indomethacin) and radiation therapy have been 
suggested as a part of the surgical treatment of heterotrophic 
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Table 4. Characteristics of the patients according to the osteotomy fixation type

 Osteotomy fixation with p

 Cannulated screw Tension band 
 n=21 n=18 

Mayo Elbow Performance Index score, Median (Minimum-Maximum) 80 (35–90) 72.5 (45–90) 0.995

Flexion, degree, Mean±SD 101.0±14.5 103.6±9.4 0.508

Presence of loss of extension, n (%) 18 (85.7) 15 (83.3) 1.000

Loss of extension, degree, Median (Minimum-Maximum) 10 (0–25) 10 (0–20) 0.854

Presence of complication, n (%) 3 (14.3) 2 (11.1) 1.000

SD: Standard deviation.
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ossification.[19] In distal humerus fractures, the rate of het-
erotrophic ossification as a complication has been reported to 
be 0%–15%.[15,17,20] In the present study, none of the patients 
were administered prophylactic indomethacin; two patients, 
who had a type 13C3 fracture at the initial presentation, de-
veloped heterotrophic ossification and were monitored.

Nonunions are encountered as unwanted complications for 
orthopedists after surgical treatment of the elbow joint.[21] 
The complication of nonunion of the olecranon has been re-
ported at a rate of 3%–7% after the treatment of type 13C 
fractures of the distal humerus.[15,20] In the present study, 
none of the patients experienced a complication related to 
the union of the olecranon.

Rehabilitation after surgery is of major importance in distal 
humerus fractures. Appropriate rehabilitation techniques im-
prove patient outcomes.[22] In the present study, the mean 
duration of follow-up was 36.7 months. After the treatment, 
the mean degrees of flexion and loss of extension were found 
to be 102.2 and 11.4 degrees, respectively. In their study, 
Ozdemir et al.[15] reported the mean degree of flexion in the 
elbow joint as 115.1 degrees and the mean degree of loss 
of extension as 26.3 degrees. In studies evaluating functional 
outcomes of surgical treatment of elbow fractures, the rate 
of patients with excellent and good outcomes after the treat-
ment were reported as 62% by Ozdemir et al.,[15] as 81% by 
Flinkkilä et al.,[11] as 72% and 86% in their two different groups 
by Babhulkar and Babhulkar,[13] and 92% by Schmidt-Horlohé 
et al.[20] In the present study, excellent and good outcomes 
were obtained in 48.7% (n=19) of the patients.

The main limitation of the present study was the absence of 
a control group including patients treated using a different 
surgical procedure. Another limitation was the absence of 
a patient group including patients treated with plate-screw 
fixation technique for olecranon fixation.

In conclusion, complex fractures of the distal humerus are 
difficult to treat. Functional outcomes worsen when the frac-
ture type becomes more complex. The results of the present 
study revealed that the prognosis in type C1 and type C2 
fractures was better than in type C3 fractures and that the 
type of fixation (tension band or cannulated screw) in olecra-
non osteotomy did not influence the outcome.
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OLGU SUNUMU

AO Tip C humerus distal kırıklarında olekranon osteotomisi ile açık redüksiyon
ve internal tespit: Fonksiyonel ve klinik sonuçlar
Dr. Zeynel Mert Asfuroğlu,1 Dr. Ulukan İnan,2 Dr. Hakan Ömeroğlu3

1Eskişehir Devlet Hastanesi, Ortopedi ve Travmatoloji Kliniği, Eskişehir
2Osmangazi Üniversitesi Tıp Fakültesi, Ortopedi ve Travmatoloji Anabilim Dalı, Eskişehir
3TOBB ETÜ Hastanesi, Ortopedi ve Travmatoloji Kliniği, Ankara

AMAÇ: Çalışmada AO tip 13C humerus distal kırıklarında olekranon osteotomisi ile birlikte açık redüksiyon ve internal tespit yapılan hastaların 
fonksiyonel ve klinik sonuçlarını ortaya koymaktır.
GEREÇ VE YÖNTEM: AO Tip 13C distal humerus kırığı tanısı mevcut olan ve cerrahisi yapılan 39 hasta (ortalama yaş, 44.7; Erkek, %56.4) geriye 
dönük olarak değerlendirildi. Hastaların demografik verileri, tıbbi öyküleri, radyolojik ve fonksiyonel sonuçları kayıt altına alındı. Hastaların fonksiyo-
nel sonuçları Mayo Dirsek Performans Puanlama Sistemi’ne (MEPI) göre değerlendirildi.
BULGULAR: Ortalama dirsek fleksiyon derecesi 102.2 (60–120 derece) ve ortalama ekstansiyon kaybı derecesi 11.4 (0–25 derece) olarak hesap-
landı. Mayo Dirsek Performans Puanlama skorlama sistemine göre yedi hastada mükemmel, 12 hastada iyi, 13 hastada orta ve 7 hastada kötü sonuç 
elde edildi. Tüm hastalarda ameliyat sonrası altıncı ayda radyolojik olarak kaynama görüldü. Tip 13C3 kırıklarda tip 13C1 ve 13C2’ye göre daha fazla 
ekstansiyon kaybı, daha düşük fleksiyon derecesi ve daha düşük ortalama MEPI skoru tespit edildi. Fonksiyonel sonuçlara bakıldığında olekranon 
fiksasyon yönteminin (tansiyon bant ve kanüle vida) anlamlı farklılık yaratmadığı tespit edildi.
TARTIŞMA: AO tip 13C1 ve tip 13C2 kırıkların klinik ve fonksiyonel sonuçlarının AO tip 13C3 kırıklara göre daha iyi olduğu ve iki farklı olekranon 
fiksasyon yönteminde fonksiyonel sonuçların değişmediği görüldü.
Anahtar sözcükler: Dirsek eklemi; osteotomi; parçalı kırıklar.
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