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Abstract: The olecranon aperture is an anatomical variant of the humerus that communicates the olecranon fossa with the
coronoid fossa. It is also known as the supratrochlear foramen. Older anatomical textbooks refer to it as a rare variation
caused by the perforation of the thin bony plate which separates both fossae. This anatomical variant may be confused as
an osteolytic lesion of the humerus in radiographic images. The present work aims to perform a meta-analysis of the olec-
ranon aperture. Heterogeneity between studies was evaluated using I2 estimation and the Cochran Q statistic test. A random
effect model was used for all analyses. A total of sixty-one studies (20,338 humeri) were included in this meta-analysis. The
pooled prevalence of the olecranon aperture was 21.9% (95% confidence interval: 18.6% to 25.3%). This variant was more
commonly found in female than in male bones (statistically significant difference). The olecranon aperture is a common
anatomical variant among the general population, although individuals from Africa possess a higher predisposition to
develop it. The name supratrochlear foramen is incorrect, as foramina are conduit to vessels or nerves, as such, we propose

the term olecranon aperture.
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Introduction

The olecranon aperture of the humerus (OAH) (also known
as the septal aperture, supratrochlear foramen or foramen
olecrani) is an anatomic variant. It is located at its distal
epiphysis and is characterized as a perforation of the bony
wall that separates the olecranon fossa and the coronoid
fossa (Fig. 1) (Chagas et al. 2016; Scheuer & Black 2000;
Tubbs et al. 2016).

The prevalence of the OAH is highly variable, as it can
range from 0.3% (Papaloucas et al. 2011) to 47% (Glanville
1967). This has been subject to debate, as the data so far
observed different prevalence rates between numerous eth-
nic groups (Chagas et al. 2016; Mays 2008; Ming-Tzu 1935;
Myszka 2015).

According to the literature the aperture was firstly
described by Meckel (Chagas etal. 2016; Meckel 1831;
Papaloucas et al. 2011). Its description is present in clas-
sic (Cruveilhier 1851; Meckel 1831; Sharpey et al. 1864;
Spalteholz 1975; Testut & Latarjet 1958; Wolf-Heidegger
1971) and a few recent anatomical textbooks/atlases (Platzer

© 2019 E. Schweizerbart’sche Verlagsbuchhandlung, 70176 Stuttgart, Germany

DOI: 10.1127/homo/2019/1025

2013; Schiinke et al. 2011). The olecranon aperture is also
mentioned in veterinary orthopedics (DeCamp et al. 2016),
veterinary anatomy (Ruberte et al. 2017; Sisson et al. 1975)
and osteology books (Scheuer & Black 2000). However,
in some recent books it is completely absent (Gilroy et al.
2016; Latarjet & Liard 2011; Moore et al. 2014; Netter 2014;
Rouviere & Delmas 2002; Standring 2008).

The olecranon aperture possesses clinical and surgical
significances, since it can be misdiagnosed as an osteolytic
lesion in radiographs and predispose low-energy fractures.
Furthermore, it has been observed that presence of the OAH
is somehow related to a narrow medullary canal, which may
alter the preoperative planning of intramedullary nailing,
a gold standard procedure to treat supracondylar fractures
(Akpinar et al. 2003; Chagas etal. 2016; Li etal. 2015;
Paraskevas et al. 2010; Sunday et al. 2014).

Moreover, the OAH is known for its anthropological
aspect, as it is more commonly found in individuals from
ancient times such as the Neolithic period and among non-
human primates (Chagas et al. 2016; Lamb 1890; Testut &
Latarjet 1958).
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Fig. 1. The olecranon aperture of the humerus.

The study presented herein aimed to perform a meta-
analysis of the OAH with the purpose of establishing the
prevalence of this variation among the general population
and discuss its morphological, clinical and anthropological
aspects.

Material and methods

Systematic review and inclusion and exclusion
criteria

This review was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) statement (Moher et al. 2009) and the Evidence-
Based Anatomy guidelines (Henry et al. 2016). Institutional
review board approval was not required. Inclusion criteria
for studies in this meta-analysis were: original research man-
uscripts, scientific journals and theses; papers that involved
human patients or involved cadaveric samples with a sample
of 20 bones or more. The literature search was performed
in April 1%t 2018. Editorials, commentaries, letters to the

editor, conference abstracts, case reports and papers with a
sample less than 20 bones were excluded.

Search strategy

The search was performed in three major electronic data-
bases: Public MEDLINE, PubMed, Scopus, the Scientific
Electronic Online Library (SciELO), TRIP, Google Scholar,
Cochrane. There were no restrictions regarding language or
date. The terms used in this search were: “supratrochlear
foramen”, “septal aperture”, “olecranon aperture”, “supra-
trochlear aperture”, and “olecranon foramen”, separately.
Furthermore, the reference list of retrieved articles was
reviewed in order to identify studies that were not identified
from the preliminary literature searches.

Data extraction and quality assessment

Data from the included studies were individually extracted
by two reviewers (L.A.S.P., C.A.A.C.). Data to be extracted
included: year, country, total sample size (including side and
sex), prevalence, shape and morphometric data of the olec-
ranon aperture, whenever possible, thus, any paper which



had only the prevalence, was not excluded from this meta-
analysis, but was excluded from the sex or side pooled data,
for instance. This was performed with the purpose of includ-
ing as many works as possible. If possible, the authors of a
particular manuscript were contacted for clarification in the
event of any discrepancies.

Statistical analysis
The statistical analysis was performed with the aid of
MedCalc Statistical Software version 14.8.1 (MedCalc
Software bvba, Ostend, Belgium) and the MetaXL version
2.0 by EpiGear Pty Ltd (Wilston, Queensland, Australia).
Heterogeneity between studies was evaluated using I2
estimation and the Cochran Q statistic test. A random effect
model was used for all analyses. The two-tailed z-test was
used in order to compare proportions between the sex and
sides of the bones (p < 0.05 was considered as significant)
and the two-tailed Student’s t-test was performed to detect
any significant difference of the measurements between the
left and right sides (p < 0.05 was considered as significant).
The Chi-squared test was performed to verify differences
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among the regional prevalence of the OAH (p < 0.05 was
considered as significant).

Study identification

The keywords “supratrochlear foramen”, “septal aperture”,
“olecranon aperture”, “supratrochlear aperture”, and “olecra-
non foramen” when searched separately, yielded 106 articles
on the PubMed database, 7 articles on the SciELO data-
base, 58 articles on Scopus, 27 on the TRIP database, 191
in MEDLINE, 131 on the ScienceDirect, 0 on the Cochrane
and 975 on the Google Scholar database. Thus, a total of
1495 papers were found.

After the exclusion of repeated articles, application of
exclusion criteria (editorials, commentaries, letters to the edi-
tor, conference abstracts, case reports and papers with a sample
less than 20 bones), application of inclusion criteria (original
research manuscripts, scientific journals and theses; papers
that involved human patients or involved cadaveric samples
with a sample of 20 bones or more) and reference searching,
141 papers were fully reviewed and 61 studies were included
in this meta-analysis. The search process is depicted in Fig. 2.
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-]
-.—3 Studies included in
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Fig. 2. Flowchart depicting the search process.
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Characteristics of included studies

A total of sixty-one studies were included in this meta-anal-
ysis (Ajay et al. 2010; Akabori 1934; Akpinar et al. 2003;
Ananthi et al. 2011; Arunkumar et al. 2015; Aydin Kabakci
et al. 2017; Bhanu & Sankar 2012; Burute et al. 2016; Chagas
et al. 2016; Dang et al. 2016; Deshmukh et al. 2018; Diwan
et al. 2013; Erdogmus et al. 2014; Ferguson & Stewart 1940;
Glanville 1967; Gnes et al. 2018; Jadhav 2015; Joshi et al.
2017; Joshi et al. 2016; Koyun et al. 2011; Krishnamurthy
etal. 2011; Kubicka etal. 2015; Li etal. 2015; Mahajan
2011; Mahitha et al. 2016; Manjappa & Premchand 2014;
Mathew et al. 2016; Mays 2008; Mayuri et al. 2013; Ming-
Tzu 1935; Myszka 2015; Nagar 2011; Nagar et al. 2015;
Nagshi et al. 2015; Nayak et al. 2009; Nayak et al. 2007;
Ndou et al. 2013; Neiberg 2014; Olah 1990; Oztiirk et al.
2000; Papaloucas et al. 2011; Paraskevas et al. 2010; Patel
etal. 2013; Perdikis & Joffe 1962; Pietrusewsky et al.
1991; Raghavendra et al. 2014; Ramamurthi 2016; Riesle
& Dastugue 1983; Savitha & Dakshayani 2016; Shivaleela
et al. 2016; Singhal & Rao 2007; Smith 1976; Sunday et al.
2014; Taxman 1994; Trotter 1934; Varalakshmi et al. 2014;
Veerappan et al. 2013; Veldman 2013; Vladimirovich 2014;
Woo 1943; Yutian & Yingyi 1984).

Fifty-five of the studies were conducted using dry bone
samples (Ajay et al. 2010; Akabori 1934; Arunkumar et al.
2015; Aydin Kabakei et al. 2017; Bhanu & Sankar 2012;
Burute et al. 2016; Dang et al. 2016; Deshmukh et al. 2018;
Diwan et al. 2013; Erdogmus et al. 2014; Ferguson & Stewart
1940; Glanville 1967; Gnes et al. 2018; Jadhav 2015; Joshi
etal. 2017; Joshi et al. 2016; Krishnamurthy et al. 2011; Li
et al. 2015; Mahajan 2011; Mahitha et al. 2016; Manjappa &
Premchand 2014; Mathew et al. 2016; Mays 2008; Mayuri
et al. 2013; Ming-Tzu 1935; Myszka 2015; Nagar2011; Nagar
et al. 2015; Nagshi et al. 2015; Nayak et al. 2009; Nayak et al.
2007; Ndou et al. 2013; Neiberg 2014; Olah 1990; Oztiirk
et al. 2000; Papaloucas et al. 2011; Paraskevas et al. 2010;
Patel et al. 2013; Perdikis & Joffe 1962; Pietrusewsky et al.
1991; Raghavendra et al. 2014; Ramamurthi 2016; Riesle
& Dastugue 1983; Savitha & Dakshayani 2016; Shivaleela
et al. 2016; Singhal & Rao 2007; Smith 1976; Sunday et al.
2014; Taxman 1994; Trotter 1934; Varalakshmi et al. 2014;
Veldman 2013; Vladimirovich 2014; Woo 1943; Yutian &
Yingyi 1984), and six were imaging studies (Akpinar et al.
2003; Ananthi et al. 2011; Chagas et al. 2016; Koyun et al.
2011; Kubicka etal. 2015; Veerappan et al. 2013); these
(55+6=61) were used in further analyses.

The study performed by Glanville (1967) included two
samples from different regions (Netherlands and Africa),
while the study conducted by Perdikis and Joffe (1962)
provided three samples from different continents (Africa,
Europe and Asia).

Twenty-eight studies were from South Asia (India) (Ajay
etal. 2010; Ananthi etal. 2011; Arunkumar etal. 2015;
Bhanu & Sankar 2012; Burute et al. 2016; Dang et al. 2016;

Table 1. Number of studies by region.

Region

Africa 4
America

South Asia 28
Middle East

East Asia 6
Europe 12

Deshmukh et al. 2018; Diwan etal. 2013; Jadhav 2015;
Joshi etal. 2017; Joshi etal. 2016; Krishnamurthy et al.
2011; Mahajan 2011; Mabhitha etal. 2016; Manjappa &
Premchand 2014; Mathew et al. 2016; Mayuri et al. 2013;
Nagshi et al. 2015; Nayak et al. 2009; Nayak et al. 2007;
Patel etal. 2013; Raghavendra etal. 2014; Ramamurthi
2016; Savitha & Dakshayani 2016; Shivaleela et al. 2016;
Singhal & Rao 2007; Varalakshmi et al. 2014; Veerappan
etal. 2013). Twelve studies were from Europe (Poland,
England, Greece, Netherlands, Western Russia, Hungary,
Yugoslavia and Rome) (Glanville 1967; Gnes et al. 2018;
Kubicka et al. 2015; Mays 2008; Myszka 2015; Olah 1990;
Papaloucas et al. 2011; Paraskevas et al. 2010; Perdikis &
Joffe 1962; Smith 1976; Veldman 2013; Vladimirovich
2014). Eight studies came from the Middle East (Turkey
and Israel) (Akpinar et al. 2003; Aydin Kabakci et al. 2017;
Erdogmus et al. 2014; Koyun et al. 2011; Nagar 2011; Nagar
etal. 2015; Oztiirk etal. 2000; Riesle & Dastugue 1983).
Six studies came from East Asia (China, Japan and Korea)
(Akabori 1934; Li et al. 2015; Ming-Tzu 1935; Perdikis and
Joffe 1962; Woo 1943; Yutian & Yingyi 1984). Six studies
were from America (Brazil and United States of America)
(Chagas etal. 2016; Ferguson & Stewart 1940; Neiberg
2014; Pietrusewsky et al. 1991; Taxman 1994; Trotter 1934)
and four studies represented Africa (South Africa, Nigeria,
Congo, Angola, Zambia and Mali) (Glanville 1967; Ndou
et al. 2013; Perdikis and Joffe 1962; Sunday et al. 2014).
These data are also summarized in Table 1.

Pooled prevalence and shape of the OAH

A total of sixty-one studies (n =20338) were included in the
analysis of the OAH. The overall pooled prevalence of the
OAH was 21.9% (95% confidence interval [CI]: 18.6% to
25.3%).

The OAH was present in 26.6% (95% CI: 21.5% to
31.9%) of 6866 left humeri and in 19.4% (95% CI: 15.3%
to 23.8%) of 6860 right humeri in forty-one studies. This
was considered to be a statistically significant difference
(p <0.05).

The OAH was present in 21.9% (95% CI: 13.5% to
31.8%) of the female sample and in 12.1% (95% CI: 7.4%
to 17.6%) of the male sample. This was considered to be a
statistically significant difference (p < 0.05).
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Table 2. Pooled prevalence of the olecranon aperture and its shape.

Sample N Pooled prevalence 95% CI p-value
Overall 20338 21.9% 18.6% t0 25.3% -
Left 6866 26.6% 21.5% to 31.9% <0.05
Right 6860 19.4% 15.3% to 23.8%

Female 3703 21.9% 13.5% to 31.8% <0.05
Male 6033 12.1% 7.4% to0 17.6%

Shape 1611 -

Oval - 71.0% -

Round - 22.5% - <0.05
Triangular - 3.5% -

Irregular - 3.0% -

N = number of humeri; CI = confidence interval; p < 0.05 was considered significant.

Twenty-four studies (n = 1611) were included in the
analysis of the shape the OAH. In 71.0% (95% CI: 61.6% to
76.0%) the shape of the OAH was oval, in 22.5% (95% CI:
17.1% to 28.4%) the shape of the OAH was round, in 3.5%
(95% CI: 1.9% to 5.5%) the shape of the OAH was triangular
and in 3.0% (95% CI: 1.2% to 5.6%) the shape of the OAH
was irregular. This data can be found in Table 2.

According to this meta-analysis, studies performed in
Africa had the highest prevalence of the OAH (31.0%), while
the studies performed in Europe had the lowest prevalence
of the OAH (11.1%). These data are summarized in Table 3.

Statistically significant difference (p <0.05) was observed
between the pooled prevalence of OAH from studies per-
formed in Africa and the prevalence reported in studies from
South Asia, Middle East, East Asia and Europe (Table 4).

Results of studies conducted in America showed statisti-
cal significance (p < 0.05) when compared with results from
Middle East and Europe. Results of studies conducted in
South Asia showed statistical significance (p < 0.05) when
compared with those reported in papers from Africa, Middle
East and Europe.

The pooled prevalence reported in studies from the Middle
East showed statistical significance against all other regions.
Likewise, the pooled prevalence from Europe showed sta-
tistical significance when compared with the prevalence in
all other regions except East Asia. The latter also showed
statistical significance when compared with the prevalence
in all other regions, except, as previously mentioned, results
of European studies.

Morphometric analysis

Twenty-two studies (1086 bones) had data regarding the
vertical diameter (VD) and the horizontal diameter (HD)
of the OAH. The pooled VD was 4.09 mm (standard devia-
tion [SD] = 0.86 mm; 95% CI: 3.71 mm to 4.48 mm), and
4.43 mm (SD = 0.83 mm; 95% CI: 4.06 mm to 4.80 mm)
for the right and left sides, respectively. The pooled HD was

Table 3. Regional pooled prevalence of the olecranon aperture.

Region N prevl; ;’e"l:‘c’g %) 95% CI

Africa 3386 31.0% 20.3% to 42.8%
America 2290 29.6% 17.9% to 42.8%
South Asia | 7103 27.5% 25.2% to 29.8%
Middle East | 1735 18.3% 11.1% to 26.7%
East Asia 1533 13.5% 9.5% to 18.0%
Europe 3591 11.1% 5.3% to 18.7%

N=number of humeri; CI = confidence interval; p < 0.05 was con-
sidered significant.

5.06 (SD = 1.08 mm; 95% CI: 4.59 mm to 5.53 mm) and
5.45 (SD = 1.31 mm; 95% CI: 4.87 mm to 6.03 mm) for the
right and left sides, respectively.

The difference between left and right side means was not
statistically significant at p > 0.05. The results are summa-
rized in Table 5.

Discussion

The meta-analysis presented herein compiled data regarding
the frequency, shape and size of the OAH in a large number
of studies and a large sample of bones. The olecranon aper-
ture was present in 21.9% of 20338 humeri.

According to the literature, the OAH has a predilection
for the left side and is more common in women (Chagas
et al. 2016; Kubicka et al. 2015; Lamb 1890; Mathew et al.
2016). The findings presented in this meta-analysis cor-
roborated that fact and further added that this difference is
statistically significant. Some studies, however, had differ-
ent results, for example, the work performed by Nayak et al.
(2009) showed a predilection for the right side, while in the
work conducted by Diwan et al. (2013) the OAH was more
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Table 4. p-values of the Chi-squared test between regions (p < 0.05 was considered significant).

Region Africa America South Asia Middle East East Asia Europe
Africa - >0.05 <0.05 <0.05 <0.05 <0.05
America >0.05 - >0.05 <0.05 >0.05 <0.05
South Asia <0.05 >0.05 - <0.05 <0.05 <0.05
Middle East <0.05 <0.05 <0.05 - <0.05 <0.05
East Asia <0.05 <0.05 <0.05 <0.05 - >0.05
Europe <0.05 <0.05 <0.05 <0.05 >0.05 -

Table 5. Pooled morphometric data of the olecranon aperture
(N =1086).

Side Measurement | Mean (mm) | SD (mm) | p-value
. VD 4.09 0.86
Right
HD 5.06 1.08
> (.05
VD 443 0.83
Left
HD 5.45 1.31

N = number of humeri; VD = vertical diameter; HD = horizontal
diameter; SD=Standard deviation; p <0.05 is considered significant.

common in males. In contrast, Singhal & Rao (2007) showed
a similar frequency for side (27.9% and 27.8% for the right
and left sides, respectively).

Despite side predilection, there were no significant differ-
ences between the size of the foramen between the right and
left sides. This is in accordance with a few isolated studies
(Chagas et al. 2016; Li et al. 2015).

Regional differences were also present, as samples from
Africa and India showed a statistically significant higher
prevalence than the samples from other populations. In
addition, older studies proposed that African populations
had a higher prevalence of the OAH than populations from
other regions (Hirsh 1927; Lamb 1890). The same has been
observed in this meta-analysis, although the number of ana-
lyzed studies was not satisfactory (4 studies).

The term “olecranon foramen” is present in older ana-
tomical textbooks (Testut & Latarjet 1958) and older articles
(Lamb 1890), however, most papers, recent articles and ana-
tomical textbooks preferred the term supratrochlear foramen
(Chagas etal. 2016; Dang et al. 2016; Diwan et al. 2013;
Erdogmus et al. 2014; Tubbs etal. 2016), intercondyloid
foramen (Ananthi et al. 2011), septal aperture (Mays 2008;
Ming-Tzu 1935; Myszka 2015) or supratrochlear aperture
(Ndou 2016; Ndou & Schepartz 2016), according to our bib-
liographic search.

As pointed out by Shivaleela et al. (2016), foramina are
conduits for the passage of nerves or vessels, and apertures
are merely openings in bones, further reiterating a nomen-
clature review of this anatomical variant. In addition, recent
studies have shown that there are many divergences within
the Nomina Anatomica, hence, re-evaluation of these ambig-
uous terms is needed (Strzelec et al. 2017).

In addition, Roaf (1957) reported a case of the median
nerve passing through this aperture, although the author
could not confirm that hypothesis. It seems that it was
only a case of intra-articular/intra-osseous entrapment of
the median nerve caused by traumatic injury during callus
formation, a rare complication of elbow fractures (Akansel
et al. 2003; Erra et al. 2013). As such, we propose herein
that this anatomical variant of the humerus should be labeled
as “olecranon aperture”, as it does not give passage to any
nerve or vessel.

It has been known that the OAH is highly prevalent in
some higher primates (gorilla, orangutan, and chimpanzee),
while in other primates, such as the gibbon, it shows a low
prevalence (Hirsch 1928; Schultz 1937). In other animals,
such as cattle, dogs, pigs and rabbits the OAH can also be
present (Adams & Crabtree 2008; Haziroglu & Ozer 1990;
Sisson et al. 1975). In these animals, the OAH can be used as
an anatomical landmark to place pins to treat humeral frac-
tures (Ruberte et al. 2017).

The presence of the OAH has been attributed to many
causes, and the articles published by Erdogmus et al. (2014),
Myszka (2015) and Chagas et al. (2016) give a good sum-
mary of these causes. We will discuss only some of the
causes in the following paragraphs.

Bone robusticity was thought to be the cause of the OAH
(Benfer & McKern 1966). This theory was revisited by Ndou
& Schepartz (2016) who concluded that there was a signifi-
cant correlation between bone measurements (such as epi-
condylar breadth and humerus length) and the presence of
the OAH, as they observed that bones with the OAH had
smaller measurements.

Another question arises if we take into account the fact
that the thin bony membrane that separates the olecranon and
coronoid fossa is always present until the age of seven years
(Nayak et al. 2009). Akabori (1934) stated that the olecranon
aperture is absent or rare in embryonic and infantile humeri
and the youngest humerus examined by him which had the
OAH was from a 9 year-old female.

If the OAH appears whenever there is more pressure
on the olecranon fossa, why it is not more prevalent in the
elderly? This question remains unanswered. In fact, the arti-
cle by Myszka (2015) found the opposite: younger humeri
had a higher percentage of the OAH, although the studied
sample was small. It is hard to obtain accurate data regard-



ing the age of a bone, and it is even harder to obtain bones
completely free of pathologies, since the elderly people are
more prone to develop diseases that affect bones and joints,
which may confuse the observer when studying the OAH,
as it may be caused by external factors (Geusens & van den
Bergh 2016; Myszka 2015).

The clinical significance of this aperture can be appreci-
ated by a radiologist and an orthopedist, as it can be confused
for an osteolytic lesion (Arunkumar etal. 2015; Chagas
etal. 2016; Erdogmus et al. 2014). Osteochondritis disse-
cans of the thin wall between the olecranon and coronoid
fossae have been reported (Chagas et al. 2016; Tubbs et al.
2016). The presence of the olecranon aperture has also been
reported to predispose low-energy fractures of the distal
humerus (Sahajpal & Pichora 20006).

Moreover, the studies conducted by Akpinar et al. (2003),
Veerappan et al. (2013) and Paraskevas et al. (2010) showed
that humeri with the OAH had a narrower medullary canal,
thus imposing higher obstacles in intramedullary nailing
procedures — an operation performed to treat supracondylar
fractures. A recent study performed by Ndou et al. (2017),
however, found no relation whatsoever with the width of the
medullary canal and the presence of the OAH.

In summary, there are still numerous questions regard-
ing the etiology of the OAH despite several morphological,
biomechanical and anthropological studies performed over
the years.

Furthermore, there should be a revision of the nomencla-
ture regarding this variation, since the names “supratrochlear
foramen” and “septal aperture” are not accurate. We propose
a name “olecranon aperture” due to its spatial relationship
with the olecranon and the fact that it is not conduit for ves-
sels or nerves.
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