
http://e-jbm.org/  175

Copyright © 2017 The Korean Society for Bone and 
Mineral Research

This is an Open Access article distributed under the terms 
of the Creative Commons Attribution Non-Commercial Li-
cense (http://creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial use, distribu-
tion, and reproduction in any medium, provided the original 
work is properly cited.

Olecranon Fractures Have Features of Osteoporotic 
Fracture
Seong Cheol Park1, Hyun Sik Gong1,2, Kahyun Kim1, Seung Hoo Lee1, Sehun Kim1, Goo Hyun Baek1

1Department of Orthopedic Surgery, Seoul National University College of Medicine, Seoul;  
2Department of Orthopedic Surgery, Seoul National University Bundang Hospital, Seongnam, Korea

Background: To determine whether olecranon fractures have osteoporotic features such 
as age-dependent, low bone attenuation and low-energy trauma as a cause of injury. 
Methods: Elbow computed tomography (CT) and medical record review were performed 
in 114 patients (53 males and 61 females) with acute olecranon fractures. The mean age 
was 57 years. Bone attenuation was measured on the central part of the olecranon on 
sagittal CT images avoiding the fracture, and on the distal humerus (distal metaphysis 
and medial and lateral condyles) on coronal CT images. We compared bone attenuation 
and causes of injury (high or low energy trauma) between younger (<50 years) and old-
er (≥50 years) patients in each gender. Multiple regression analysis was performed to 
determine the effect of age and gender on bone attenuation. Results: Mean bone atten-
uation in older male and female patients was significantly lower than in younger patients, 
except at the medial condyle in men. The proportion of low-energy trauma in older male 
patients was significantly higher than in younger male patients. In female patients, low-
energy trauma was predominant in both younger and older patients. Age and female 
gender had significantly negative effects on bone attenuation. Conclusions: This study 
demonstrated that olecranon fractures have osteoporotic features, including age-de-
pendent low bone attenuation and low-energy trauma as the predominant cause of in-
jury. Our results suggest that osteoporosis evaluation should be considered for patients 
aged 50 years or more with olecranon fractures. 
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INTRODUCTION

Osteoporosis, a serious systemic disease, is associated with increased morbidity, 
mortality, and economic cost.[1-4] Osteoporotic (fragility) fractures are fractures 
resulting from low-energy mechanical forces that would not normally result in a 
fracture according to National Institute for Health and Care Excellence clinical 
guidelines.[5] Several studies have suggested that the vertebrae, hip, proximal 
humerus, and distal radius fractures are major osteoporotic fractures.[4,6] Frac-
tures of the femur diaphysis, ankle, and rib have also been included as osteopo-
rotic fractures.[7-10] Previous studies have shown that history of an osteoporotic 
fracture is a risk factor of future fracture.[1,11-15] Therefore, patients with a prior 
fracture should receive further evaluation for osteoporosis and fracture risks. 

Although fractures around the elbow are common,[16] there is less evidence 
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showing that they have features of osteoporotic fracture. A 
few studies have mentioned that radial head and distal 
humerus fractures are potentially osteoporotic fractures.
[17-20] However, whether olecranon fractures have osteo-
porotic features have not been evaluated yet. Therefore, 
the objective of this study was to determine whether olec-
ranon fractures might have features of osteoporotic frac-
ture such as age-dependent low bone attenuation and 
low-energy trauma as the cause of injury. 

METHODS

1. Subjects
This study was approved by the Institutional Review 

Board of our hospital. We reviewed consecutive patients 
with acute olecranon fracture between March 2004 and 
February 2016 who were treated at our institution, an ur-
ban tertiary referral hospital. The inclusion criteria were: 1) 
acute olecranon fracture; 2) age of 20 years or more; and 3) 
available computed tomography (CT) scan of the elbow 
and medical record that documented the causes of injury. 
Exclusion criteria were: 1) avulsion fracture; 2) interval of 
more than 1 week between injury and CT examination; 3) 
CT scan taken at other hospitals; 4) rheumatoid arthritis, 
previous elbow trauma history, or any other conditions that 
could affect bone quality around the elbow.

A total of 114 patients who met the inclusion criteria were 

analyzed, including 53 males and 61 females. Their mean 
age was 57 years with standard deviation (SD) of 20 years. 
The causes of injury were categorized into high-energy trau-
ma and low-energy trauma. Motorcycle accidents, car traffic 
accidents, fall from a height over a standing height, and 
sports accidents such as skiing were considered as high-en-
ergy trauma whereas slips and falls from a height less than a 
standing height were considered as low-energy trauma.[21]

2. CT measurement
Elbow CT examinations were performed using Brilliance 

iCT (Philips Healthcare, Cleveland, OH, USA) at 120 or 140 
kVP with patient in supine position. CT images were ob-
tained and measurements were performed using picture 
archiving and communication system (PACS). Bone attenu-
ation was measured by placing a circular region of interest 
(ROI) on sagittal images of the olecranon and at the distal 
humerus (distal metaphysis and medial and lateral con-
dyles) on coronal images where each region appeared to 
be the largest (Fig. 1). A circular ROI with a diameter of 3 
mm was manually placed on the cancellous portion of 
each region while avoiding subchondral bone area and 
fracture line. Mean bone attenuation of each region was 
recorded as Hounsfield units (HU). Bone attenuations were 
measured by one of the authors who was blinded to the 
patient’s information. For inter- and intra- observer reliabil-
ity, CT images of 20 patients were selected randomly. For 

Fig. 1. Computed tomography images of 86-year-old female patient with olecranon fracture. Bone attenuation was measured by placing a circular 
region of interest at (A) medial and lateral condyles, (B) center of distal humerus, and (C) olecranon. HU, Hounsfield units.
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these 20 patients, the above-mentioned author measured 
bone attenuation once again after an interval of 4 weeks 
for intra-observer reliability. Another author measured the 
bone attenuation to determine inter-observer reliability. 

3. Analyses
Patients were divided into two age groups. The older 

age group consisted of patients who were 50 years of age 
or older. The younger age group consisted of those who 
were less than 50 years old. We chose this age as a cut-off 
value because several previous studies have used the age 
of 50 as the cut-off value for osteoporosis evaluation. In 
addition, it has been reported that bone mineral density 
(BMD) remains fairly constant until about 50 years of age.
[7,22-25] Bone attenuation between groups was compared 
using Student’s t-test, after confirming the normality of the 
data by variance-equivalence test. The proportions of high- 
or low- energy trauma were compared between groups 
with χ2 test. 

The effects of age and gender on bone attenuation of 
the olecranon and the distal humerus were analyzed for all 
patients by multiple linear regression analysis. Indepen-
dent variables were age and gender. Dependent variables 
were bone attenuations of the olecranon, lateral condyle, 
medial condyle, or the center of the distal humerus. In ad-
dition, the relationships between bone attenuation of the 
olecranon and age in both genders were assessed by spear-
man’s correlation coefficient. 

To determine the statistical power, primary outcome 
variable was bone attenuation on the olecranon. To deter-
mine a difference of 87 HU (50% of the mean bone attenu-
ation) between two groups with a pooled SD of 82 HU (for 

an effect size of 1), a power analysis indicated that a sam-
ple size of 18 patients in each group would provide 80% 
statistical power to detect this effect size between groups 
(α=0.05, β=0.2) using t-test. Thus, the number of patients 
in each group of this study satisfied the statistical power. 
All statistical analyses were performed using the SPSS ver-
sion 23.0 (SPSS Inc., Chicago, IL, USA). Statistical significance 
was considered when P-value was less than 0.05. 

RESULTS

1. CT measurement
Mean bone attenuations of the olecranon, the lateral 

condyle of the distal humerus, the medial condyle, and the 
center were 174 (SD, 82), 130 (SD, 90), 117 (SD, 95), and 
140 (SD, 69) HU, respectively. In male patients, the mean 
bone attenuation of the older age group was significantly 
lower than that of the younger age group in the olecranon 
(P=0.014), lateral condyle (P=0.013), and the center of the 
distal humerus (P=0.011) (Table 1). The difference in the 
medial condyle of the distal humerus was not statistically 
significant (P=0.056) between the two age groups. In fe-
male patients, the mean bone attenuations of the older 
age group were significantly lower than those of the young-
er age group in all measured areas (P<0.001).

2. Cause of injury
In male patients, the proportion of olecranon fractures 

caused by low-energy trauma in the older age group was 
significantly higher than that in the younger age group 
(P=0.033) (Table 2). In female patients, low-energy trauma 
was more common in both younger and older patients, 

Table 1. Comparison of bone attenuation between the younger and older age groups

Male Female

Younger age group 
(<50 years)

Older age group  
(≥50 years) P-value Younger age group 

(<50 years)
Older age group  

(≥50 years) P-value

No. of patients 31 22 - 19 42 -

Mean age (year) 37±9 67±12 - 36±10 72±11 -

Mean bone attenuation (HU)

   Olecranon 238±84 181±74 0.014 192±73 114±35 <0.001

   Lateral condyle 197±84 143±63 0.013 145±50 65±43 <0.001

   Medial condyle 239±81 192±96 0.056 190±42 89±62 <0.001

   Distal humerus center 191±52 148±67 0.011 171±55 85±43 <0.001

The data is presented as number or mean±standard deviation.
HU, Hounsfield units.
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Table 2. Comparison of cause of injury between the younger and 
older age groups

Younger age group Older age group
P-valueLow-

energy
High-

energy
Low-

energy
High-

energy

Male 8 (25.8%) 23 (74.2%) 12 (54.5%) 10 (45.5%) 0.033

Female 13 (68.4%) 6 (31.6%) 34 (81.0%) 8 (19.0%) 0.281

Table 3. Effects of age and gender on bone attenuation 

β (95% CI) P-value

Olecranon

   Age (year) -1.822 (-2.14 to -1.504) <0.001

   Female gender -56.203 (-68.672 to -43.734) <0.001

   Intercept 361.327 (338.733 to 383.921) <0.001

Lateral condyle

   Age (year) -2.231 (-2.515 to -1.947) <0.001

   Female gender -63.814 (-74.954 to -52.674) <0.001

   Intercept 352.895 (332.708 to 373.082) <0.001

Medial condyle

   Age (year) -2.495 (-2.833 to -2.157) <0.001

   Female gender -64.762 (-77.999 to -51.525) <0.001

   Intercept 401.202 (377.216 to 425.188) <0.001

Distal humerus center

   Age (year) -2.001 (-2.241 to -1.761) <0.001

   Female gender -39.106 (-48.51 to -29.702) <0.001

   Intercept 310.689 (293.649 to 327.729) <0.001

CI, confidence interval.

Fig. 2. Correlation between bone attenuation of the olecranon and age.
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with no significant intergroup difference (P=0.281).

3. Effect of age and gender on bone attenuation
Multiple linear regression analysis revealed that age and 

female gender independently had negative effect on bone 
attenuation (Table 3). In spearman’s correlation coefficient, 
mean bone attenuation of the olecranon was negatively 
correlated with age in both male (r=-1.909, P=0.003) and 
female (r=-1.772, P<0.001) patients (Fig. 2).

4. Reliability of CT measurement
Intraclass correlation coefficient (ICC) values for intra- and 

inter- observer reliability are shown in Table 4. All ICC val-

Table 4. ICC values of inter- and intra-observer reliabilities (95% CI)

Lateral condyle Medial condyle Center Olecranon

Inter-observer 0.958 (0.894 to 0.983) 0.905 (0.761 to 0.963) 0.851 (0.623 to 0.941) 0.981 (0.953 to 0.993)

Intra-observer 0.945 (0.862 to 0.978) 0.935 (0.835 to 0.974) 0.883 (0.703 to 0.954) 0.975 (0.937 to 0.990)

ICC, intraclass correlation coefficient; CI, confidence interval.

ues were >0.8, indicating excellent inter- and intra- observ-
er reliabilities. 
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DISCUSSION 

Several studies have suggested that fractures of the ver-
tebrae, hip, proximal humerus, and distal radius are major 
osteoporotic fractures. Fractures of the femur diaphysis, 
ankle, and rib also have features of osteoporotic fracture.
[7-10,17-20] However, whether olecranon fractures have 
osteoporotic features has not been reported yet. This study 
demonstrates that olecranon fractures also have osteopo-
rotic features such as age-dependent low bone attenua-
tion and low-energy trauma as a cause of injury. 

We used elbow CT as a surrogate examination of BMD at 
the olecranon and the distal humerus. Several studies have 
demonstrated that the average bone attenuation on CT of 
the spine is correlated with BMD on dual energy X-ray ab-
sorptiometry (DXA).[26-28] In addition, it has been report-
ed that bone attenuation on CT of the ankle or the wrist 
can be used as marker of bone quality.[7,29,30] Romme et 
al.[26] have found that bone attenuation of the thoracic 
spine on routine chest CT is correlated strongly with BMD 
in patients with chronic obstructive pulmonary disease. 
They have reported that the attenuation threshold of 147 
HU has the highest sensitivity and specificity for osteopo-
rosis.[26] Schreiber et al.[27] have also evaluated CT of the 
distal radius and found that the attenuation threshold at 
218 HU for females has optimum sensitivity and specificity 
for increased risk of distal radius fracture. Our results re-
vealed that the mean bone attenuation of the elbow in 
women in the older age group ranged from 65 HU (SD, 43 
HU) in the lateral condyle to 114 HU (SD, 35) in the olecra-
non, which were relatively low compared to the reported 
attenuation threshold HU values for osteoporosis in the 
thoracic spine or the wrist. Further studies correlating bone 
attenuation on elbow CT with BMD on DXA are needed to 
confirm their relationship and determine the HU threshold 
for detecting osteoporosis. 

This study has several limitations. First, the number of 
patients was not large. In addition, patients included in 
this study were all Koreans recruited from a tertiary referral 
hospital. Therefore, the population in this study may not 
represent the general characteristic of all patients with olec-
ranon fracture. However, evaluation with a single CT scan-
ner made the measurement of bone attenuation reliable 
in this study. Second, this study did not involve control group. 
Elbow CT examinations could not be performed for age- 

and sex-matched patients without olecranon fracture be-
cause of radiation exposure. In addition, patients who had 
elbow CT scan without fracture had a certain condition 
that could affect bone quality such as rheumatoid arthritis. 
Third, analysis of bone attenuation involved only cancel-
lous bone. However, both cancellous and cortical bones 
are important for mechanical strength. High-resolution 
peripheral quantitative CT that can quantify cortical poros-
ity in vivo may further reveal cortical bone quality of the 
olecranon.[31] Fourth, olecranon fractures typically occur 
from a direct blow to the proximal ulna or indirectly from 
forceful contraction of the triceps against resistance during 
a fall. However, some fractures can occur when the elbow 
is hyperextended as the olecranon is impinged at the olec-
ranon fossa of the distal humerus.[32] The exact mecha-
nism of injury could not be confirmed in this study based 
on medical record. The injuries that involve contraction of 
the triceps or hyperextension of the elbow might not be 
classified into low or high-energy trauma based on the 
height of a fall. Further studies on injury mechanism and 
energy level needed to cause fracture are needed to deter-
mine whether such injuries are also osteoporotic fractures.

In conclusion, our results demonstrate that olecranon 
fractures have features of osteoporotic fracture, including 
age-dependent low bone attenuation in both genders and 
low-energy trauma as predominant cause of injury in men 
aged 50 years or more and in women regardless of young-
er or older. Our results suggest that patients aged 50 years 
or more with olecranon fracture should be evaluated for 
osteoporosis and fracture risks for secondary prevention of 
subsequent fractures. 
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