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Abstract

Background: The supratrochlear foramen (STF) is an aperture present at the bony septum in the lower end of humerus that separates olecranon fossa from
coronoid fossa. Although it holds significant clinical importance, it has not been extensively studied.

Aim: The present study is carried out to assess incidence, morphologic and morphometric variation of the supratrochlear foramen (STF).

Materials and Methods: The study was carried out on 200 dry, unpaired, adult human humeri of unknown sex, in the Anatomy Department, NRSMC, Kolkata.
They were observed macroscopically for the incidence, location, shape & dimensions of the supratrochlear foramina. The opacity/ translucency of the bony
septum was observed in those bones where the foramen was absent.

Results: The supratrochlear foramen was present in 36 humerus (18%) and was more on the left side (26). The commonest shape observed was oval (19)
followed by a circular & triangular shape (12 & 5 in number respectively). In majority of bones the supratrochlear septum was opaque. The mean transverse
(MTD) and vertical diameter (MVD) of the foramen was measured separately on both sides. The mean distance of the foramen from lateral epicondyle of
humerus was 23.08 + 1.62 mm on left side and 21.59 + 1.70 mm on right side. The mean distance of the foramen from medial epicondyle of humerus were
found to be 21.59 + 1.88 mm on left side & 20.59+ 1.54mm on right side.

Conclusions: This study was helpful not only for Orthopaedic Surgeons in preoperative planning of intramedullary nailing in Supracondylar fractures but also
for Radiologists, Anatomists & anthropologists. The STF is radiolucent area in radiograph & the knowledge about this feature prevents from misinterpreting
it as an osteolytic or cystic lesion.
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intercondylar foramen, septal aperture and supratrochlear

] ] aperture.> Meckel (1825) was the first person to note this
S_upratrochlear foramen (STF) is occasmnal_ly present_at the  foramen. Shape of the foramen may vary (oval, round or
distal end of the humerus. The humerus articulates with the triangular) or sometimes there are many perforations like

ulna to form the humero-ulnar part of the elbow joint. There  gjave. Its incidence varies between 0 — 60% among different
are coronoid fossa and olecranon fossa which come into races. Individuals with this modification are able to
contact with coronoid and olecranon processes of ulnaduring  gyerextend their elbow joints.5 According to Hirsh (1927) the
flexion & extension of joint respectively.! These fossae are supratrochlear septum is always present up to seven years of
separated by a bony septum known as supratrochlear septum  aqe after which it may be absorbed to form the supratrochlear
whose thickness determines its opacity or translucency.  fgramen.6 It has been studied in cattle, dog, rats and other
Usually, the thickness of the septum varies from 0.5 -1 cm.? primates.”® Darwin considered the presence of STF as a

If the septum is perforated, STF is formed in the lower end of - prqof of evolution of humans from lower primates as it was
humerus. STF is also named as epitrochlear foramen, 350 present in cattle, dog, rats and other primates.®

1. Introduction
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There may be many factors like genetic or mechanical
stress that lead to the development of this foramen. The
genetic theory was proposed by Chapman et al in 1996.%°
According to this theory the role of T-Box genes is important.
That was also affirmed by Hirsh.* The mechanical theory
was proposed by Glanville.'? He stated that repetitive flexion
and extension of elbow joint may cause damage. However,
which factor plays a more significant role still remains
ambiguous.®

The humerus with STF was found to have narrow
intramedullary cavity.** Supracondylar fracture is very
common in children and usually treated by intramedullary
nailing. If STF is present antegrade nailing is preferable than
retrograde to prevent iatrogenic fracture.'® So the bony defect
plays a significant role in altering treatment and outcome of
the fracture at lower end of humerus. Supratrochlear foramen
increases susceptibility to fracture on mild trauma.*6

For radiological interpretation one must be careful as this
area of STF appears more radiolucent and can be mistakenly
diagnosed as cystic or osteolytic lesion.’

2. Aims and Objective

To study the prevalence and morphometry of supratrochlear
foramen and to compare them with the existing literature.

3. Materials and Methods

The present study was done on 200 randomised, dried, adult
unpaired humeri (100 left sided and 100 right sided) of
unknown gender and free of pathological changes, available
in the Department of Anatomy, NRS Medical College,
Kolkata, West Bengal during the study period (August 2023
to January 2024). The bones with fractures were excluded
from the study. Measurements were made only on humeri
with fused upper epiphyses (i.e. >20 years of age, which
means the growth is complete in the bones under study). In
each humerus presence of the supratrochlear foramen was
identified and their various shapes were studied. The
transverse and vertical diameter of STF and their distance
from medial and lateral epicondyle were measured with
vernier calipers. All data were recorded.

True cases of foramina were differentiated from post-
depositional damage. The STFs, observed in this study, are
of three different shapes i.e. oval, circular & triangular. The
transverse diameter (TD) & vertical diameter (VD) of the
foramen and the distance from the lateral margin of the
foramen to the lateral epicondyle (LM-LE) & from the medial
margin of the foramen to the medial epicondyle (MM-ME)
was also noted carefully. The translucency and opacity of the
septum was noted by throwing white LED light behind the
supratrochlear septum to the anterior direction in those
humeri where foramen was absent.

Each measurement is taken by one investigator to avoid
inter-observer bias. Each measurement is taken thrice and
then their mean is recorded.

All the observations are tabulated using Microsoft Excel
Software. Statistical analysis was done for the association of
different groups by using SPSS version 20 and mean,
standard deviation and range were calculated. The level of
significance was set at 0.05.

4, Result

Out of the 200-humerus studied, 36 cases (18 %) showed the
presence of STF. The foramen is present in 26 (26%) cases
on the left side and in 10 (10%) cases on the right side (Table
1).

The incidence of STF was greater on the left side (26%)
as compared to the right side (10%). The STF was absent in
164 cases (82%) in total. Among them, they are absent in 74
cases (74%) on the left side and 90 cases (90%) on the right
side.

Regarding the shape, there were 19 oval (14 on left side
& 5onright side), 12 circular (9 on left side & 3 on right side)
and 5 triangular (3 on left side & 2 on right side) cases,
respectively (Graph 1).

Out of 36 humeri with STF majority of the foramina (19
i..52.78%) were of oval shape, 12 foramina (33.33%) were
circular in shape and 5 (13.89%) are of in triangular shape.

Shape of STF

circular traingular
* Right side ¥ Leftside

Graph 1: The frequency of various shapes of STF.

Out of the 200 bones studied, 36 cases (18 %) showed
the presence of STF. Only 31(15.5%) humerus bones showed
translucency of the septum present between coronoid &
olecranon fossa. Out of them 17 (8.5%) belonged to left side
and 14 (7%) belonged to right side. Rest of the bones had
opaque bony septum present between coronoid fossa and
olecranon fossa, 57 (42.86%) on left side & 76 (57.14%) on
right side (Graph 2, Graph 3).
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Table 1: Incidence of supratrochlear foramen in present study (200 humeri i.e. 100 right and 100 left sided).

Right Left Both sides taken together
(N - 100) (N - 100)
Types of humerus Number | Percentage | Number | Percentage Number Percentage
With STF 10 10% 26 26% 36 18%
Without STF 90 90% 74 74% 164 82%
Total 100 100% 100 100% 200 100

Table 2: Mean transverse & vertical diameter (Distance) of STF and mean distance between the margins of STF and

corresponding epicondyles in right, left side of humerus.

In mm Right Left

Range Mean Range Mean
MTD 3.8-6.0 5.03+/-.68 3.8-6.2 5.1+/-.76
MVD 2.9-5.7 3.99+/-.91 3.1-5.8 4.2+/- .68
LM-LE 18.7-24.1 21.59+/-1.70 20.2-25.7 23.08+/-1.62
MM-ME 18.5-23.7 20.59+/-1.54 16.9-24.3 21.59+/-1.88
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Graph 2: Frequency of STF, translucency & opaque
septum in right humerus.

STF in Left Humerus

On right side, correlation coefficient (r) of MTD & MVD
is +0.5. Correlation coefficient (r) of MTD and LM-LEC &
MM-MEC are +0.104 and +0.134 respectively. Correlation
coefficient (r) of MVD and LM-LEC & MM-MEC are +0.30
and +0.043 respectively.

On left side, correlation coefficient (r) of MTD & MVD
is +0.48. Correlation coefficient (r) of MTD and LM-LEC &
MM-MEC are +0.41 and +0.29 respectively. Correlation
coefficient (r) of MVD and LM-LEC & MM-MEC are +0.25
and +0.21 respectively.

When both sides bone taken together, the Mean
transverse, vertical diameter of STF The mean Distance
between the lateral margin of Foramen and Lateral
Epicondyle (LM-LE) of humerus (when both sided bones are
considered together) noted in Table 3.

Table 3: Mean transverse & vertical Diameter (Distance) of
STF and mean distance between the margins of STF and
corresponding epicondyles - (Both side taken together).

Range (in mm) Mean
MTD 3.8-6.2 5.08+/-.73
MVD 2.9-5.8 4.15+/-.75
LM-LE 18.7-25.7 22.67+/-1.76
MM-ME 16.9-24.3 21.31+/-1.83

B STF ® Translucent

m Opaque

Graph 3: Frequency of STF, translucency & opaque septum
in left humerus.

When the both sides are considered separately, on right
side, MTD & MVD are 5.03+/-.68 and 3.99+/-.91
respectively. On left side, MTD & MVD are 5.1+/-.76 and
4.2+/-.68 mm respectively (Table 2).

Correlation coefficient (r) of the parameters is
calculated. Correlation coefficient (r) of MTD & MVD is
+0.041. Correlation coefficient (r) of MTD and LM-LE &
MM-ME are +0.02 and  -0.13 respectively. Correlation
coefficient (r) of MVD and LM-LE & MM-ME are +0.072
and +0.01 respectively.
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Figure 2: Oval STF

Figure 3: Triangular STF

N

Figure 4: Translucent STF

Figure 5: Opaque STF

Figure 6: Measurement with slide caliper

5. Discussion

The bony septum present between the olecranon and
coronoid fossae of the humerus could be completely opaque
at one extreme. Conversely, it may be fairly translucent at the
other extreme of the spectrum. In the case where the septum
is completely absent it forms supratrochlear foramen (STF)
or supratrochlear aperture. 8

No neurovascular structure passes through STF.
According to Glanville EV only the openings through which
neurovascular structures pass should get the status of
foramen. So, supratrochlear foramen should better be
considered as aperture rather than foramen.*? However, a
patient presented with pain and weakness in superior
extremity was detected to have median nerve passing through
STF.% In fact, in subhuman species (like cats) STF is more
regular feature and carry neuro-vascular structure without
complication. Darwin had opined this feature as a sign of
evolutionary connection between human and subhuman
species.?

Some have opined that bone atrophy after ossification is
the reason behind the formation of STF.%

Anthropologists suggest that STF was more prevalent
among our ancestors as they had to perform heavy load work.
The intermittent pressure between the bony processes during
strenuous work had caused absorption of bony tissue leading
to generation of foramen.!!
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The incidences of STF among different races represent
both aspects, evolutionary as well as clinical significance.?"
23 Desmoulins had considered STF as racial abnormality or
atavistic in origin.?

Akabori had observed the incidences of STF were very
rare in embryo or infant. He also found this feature was very
low among above 60-year aged persons.?

Hardlicka had a different view stating that intermittent
pressure should cause hyperaemia in bony tissue resulting in
their strengthening rather than making it weak. For this
reason, STF was not more prevalent in old population.*

Many researchers had suggested that if STF was a
product of mechanical stress they should be more commonly
seen on right side. But, from their study they had concluded
that this feature was observed less in stronger limb. So, they
considered this as a phylogenetic and atavistic feature.?52

One report has suggested that although primarily
pressure from olecranon process act as strengthening factor
later insufficient blood supply result in degeneration
followed by foramen formation. In some studies, it has been
found that STF starts appearing after 7 years due to
insufficiency in blood supply though it is absent in embryonic
life.?’

Impingement of olecranon and coronoid processes on
lamina of humerus in weaker lax joint resulting in laminar
perforation leading to STF formation.3282°

In many studies, it is observed that the formation of
supratrochlear foramen is more prevalent in weaker and
lighter bones.?6:30-32

Higher frequency of Supratrochlear foramina in females
and nondominant extremity as observed by Nayak G et al. in
their study.

The knowledge of STF is very important in surgical
field. It acts as a stress riser resulting in supracondylar
fracture of humerus.’® Kuhn et al. have proposed that the
supracondylar fracture remains stable if the periosteum,
ligaments and fibrous capsule around the elbow joint remain
intact.3*

On the other hand, Sahajpal and Pichora have proposed
that humerus with STF is prone to supracondylar fractures of
humerus which may be of unusual fracture pattern types.
Special care has to be taken during management of the
fracture. Furthermore, due to more bilateral involvement of
STF, the contralateral extremity should be checked for the
presence of STF & also inform the patient of the potential risk
of a low energy fracture.®

The supracondylar fractures are very common (17%) in
the paediatric age group.®®%® They are treated by
intramedullary nailing with retrograde approach.

Table 4: Comparison of data (MTD & MVD) of current study with some previous studies:

Authors Left side Left side Vertical Right side Right side
Transverse Diameter (mm) Transverse Vertical
Diameter (mm) Diameter (mm) Diameter (mm)
Mathew et al.® 4.88+1.63 3.37+1.25 524+ 1.76 3.82+1.07
Arunkumar et al.t’ 5.39+1.57 3.84+1.2 5.67+£1.71 3.9+1.32
Nayak G et al.% 6.57 £ 2.50 5.28 £1.60 50+1.58 3.20+0.8
Nayak et al.®® 6.55 + 2.47 4.85+1.64 5.99 £ 1.47 3.81+£0.97
Krishnamurthy et al.*? 6.50 + 2.59 470+ 1.69 5.26 + 2.47 4.0+1.52
Bhanu and Sankar*® 6.92+2.00 4.86+1.20 6.68+0.80 5.75+1.50
Dang et al.* 5.21+2.13 3.94+1.40 5.14+1.165 3.79+0.68
Joshi et al.*® 6.48+2.47 4.68+1.43 5.5+£2.89 3.75+1.48
Bahsi IIhan* 5.64+1.96 4.82+1.33 6.55+2.84 4.81+1.38
Present study 5.1 +0.76 4.2+0.68 5.03 £0.68 3.9940.91
Table 5: Comparison of data (Shape of the STF) of present study with some previous studies:
Authors Humeri with STF Oval Round Triangular
Arunkumar et al. 7 76 71(93.4%) 2(2.6%) 3(4%)
S R Nayak et al. *® 132 123(93%) 7(5%) 2(2%)
Dang et al.* 30 12(40%) 18(60%) 0(0%)
Thejeshwari H G et al.*’ 140 128(91.4%) 7(5%) 5(3.5%)
G. Sailaja et al.*® 124 81(65.32%) 39(31.45%) 4(3.2%)
Present study 36 19(52.78%) 12(33.33%) 5(13.89%)
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The endosteal diameter of medullary canal of humerus is
6 or 7 mm. The isthmus is found at the junction of middle and
lower third of the shaft. The medullary canal extends distally
with a fairly constant diameter up to the supracondylar
region.¥’

Apkinar et al. have reported humeri with septal aperture
having very narrow medullary canal.®® Chhabra P K et al.
have also found a significantly smaller canal width in bones
with STF in their study.®®

Parakevas et al. have concluded that the distal part of
medullary canal in humerus with STF was narrower and
shorter than humeri without STF which can result in
secondary fractures during retrograde intramedullary nailing.
So, they perform an antegrade medullary nailing in these
cases if surgery is required.'

In the present study, the percentage of STF was found
to be 18%. Different studies on the Indian population have
shown varying incidences from 19.2% to 34.4%.%151835 The
incidence for the STF varies among different populations
like, 57% in Libyans, 47% in Africans, 18.1 % in Japanese
and the lowest prevalence is found in Greeks (0.304%).
Therefore, it could be utilized as an important tool for racial
differentiation.1223.28:40

Various shapes of the STF were identified and noted. In
this study, the data derived from mean diameters for the STF
(vertical and transverse) and the measurements of distances
of STF from medial and lateral epicondyles were of immense
use during surgical management of the supracondylar
fractures, i.e., the choice of nailing procedures in operative
intervention. This information prevents radiologists from
misinterpreting STFs as cystic or osteolytic lesions.*!
Collected data of present study compare with the previous
studies. (Table 4, Table 5)

A case of osteochondritis dissecans, a necrotic lesion of
bone, involving the supratrochlear septum, has been
mentioned in the literature.?®

De Wilde et al described STF as “Pseudo lesion” in an X
ray & CT imaging of the upper limb and which could be
mistaken as an osteolytic or cystic lesion.*

6. Limitation of Study

Our study evaluated from dry humerus bone only. It is
thought that studying on a wider population of living
individuals using radiologic imaging methods (X-ray & CT
Scan) will contribute the more precise data of a particular
region about incidence, shape & dimension of STF. Because
the proper knowledge of STF is essential for orthopaedic
surgeon for preoperative planning in fractures management
of distal end of humerus and to choose ideal nailing
procedure. The concept of STF, if present in mind there will
be less chance of the Radiologists to misdiagnose it as
osteolytic or cystic lesions.

7. Conclusion

In the present study, the percentage of STF was found to be
18%, more in left side of humerus. The data obtained from
the present study corroborate the findings of the previous
studies. The STF is one of the evolutionary link between the
lower animals and humans. The knowledge of STF is
essential for Anatomist, Anthropologist, Orthopaedic
Surgeon & Radiologist.
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