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a b s t r a c t

The anatomy of the elbow joint had been studied extensively over the last 2 decades. The increased
understanding of the anatomy and contribution of the anatomical structures to the elbow biomechanics
had enabled surgeons to improve the results of surgical reconstruction and fracture fixation. This review
articles intend to summarise the salient functional and clinical anatomical and relevant biomechanical
data that had been published recently.

© 2021
Introduction

The elbow joint is one of the most complex joints in the human
body as it incorporates 3 articulations within its joint capsule,
namely the ulno-humeral joint, radio-capitellar joint and the
proximal radio-ulnar joint. The ulno-humeral and radio-capitellar
joint allows sagittal plane flexion and extension movement
whereas the radio-capitellar joint and the proximal radio-ulnar
joint provides the rotation of the forearm in the coronal plane.
The intricate interplay between the 3 articulations and the collat-
eral ligaments provides the stable functional elbowwhich connects
the shoulder to the hand and positions the hand in space by
changing the length of the upper limb with flexion-extension and
altering the position of the hand with rotation of the forearm The
aim of this review is to outline the updated salient surgical anatomy
and biomechanical features of these anatomical structures to aid
surgical management of the elbow joint pathology especially dur-
ing trauma surgery.
Anatomy of the distal humerus

The humerus is relatively straight in the coronal plane but it has
an apex posterior bow of approximately 10� at the junction of
approximately middle and distal one third in the sagittal plane.1

(Fig. 1). The canal of the distal humerus changes from being cir-
cular in proximal humerus to being triangular in distal humerus.2,3
).
The distal humerus flattens and widens into medial and lateral
columns. The lateral column, which give rises to the capitellum
diverges away from the humeral shaft more than the medial col-
umn which give rise to the trochlea. Hence, the spool-shaped
trochlea is centred over the distal humerus in line with the long
axis of the humeral shaft.4 The capitellum is not spherical but
ellipsoidal with a greater radius of curvature in the medial-lateral
direction.5 The trochlea contains two well-marked borders, i.e.,
the prominent medial and the smaller lateral ridge, which are
divided by a centre sulcus called the trochlear groove. The depth of
the trochlear sulcus and the two ridges form an average 142�6 open
angle (trochlear notch angle, Fig. 2) downwards on the coronal
plane. The apex of the medial and lateral faces of the coronoid keys
into this notch. The medial ridge of the trochlea is more prominent
than the lateral ridge, which causes 6�e8� of valgus tilt at its
articulation with the ulna.7 (Fig. 2) This contributed to the carrying
angle of the elbow, which is defined by the angle formed between
the long axis of the humerus with the long axis of the ulna. The
capitellum on the other hand is flexed forward in the sagittal plane
by an average on approximately 40�.8 As such the flexion extension
axis of the elbow is not parallel to the coronal plane but is internal
rotated by approximately 14�.9 (Fig. 3) This has resulted in the
difference in the carrying anglewhen the elbowmoves from flexion
to extension.10,11 The carrying angle is approximately 10e15� in
male and 15e20� in female.6 The flexion extension axis of the hu-
merus has been defined to pass from the geometric centres of the
trochlea and the capitellum.12 Clinically the trans-epicondylar axis
approximates the actual flexion extension axis of the elbowand can
be used as a guide.13
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Fig. 1. Showing apex posterior, anterior angulated distal humerus on sagittal plane
with the capitellum flexed anteriorly by approximately 30e40� . Centre drill hole on
the capitellum is the site of origin of the lateral collateral ligament complex.

Fig. 2. Showing the valgus angulation of articular segment relative to the shaft and the
trochlear notch angle (angulated line), of average 142� .
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The capsule and collateral ligaments

The elbow capsule extends from proximal to the radial and
coronoid fossa anteriorly and olecranon fossa posteriorly and attach
to the anterior margin of the coronoid and to the annular ligaments
and articular margin of the sigmoid notch posteriorly. The fibre of
anterior elbow capsule had been shown14 to run in 3 distinct
pattern and hence described as 3 bands, namely the anterolateral
band originating from the lateral supracondylar ridge to the
annular ligament; the anteromedial band from superior medial
trochlear ridge to the annular ligament and the anterior transverse
band crossing the elbow in a medial to lateral direction from the
central and inferior-anterior trochlear ridge to the anteromedial
annular ligament and the coronoid tip. Similar pattern of distinct
bands was also observed in the posterior capsule. The facts that
these bands showed different fibre orientations suggested that they
play an important but undefined role in elbow joint strain and
stability. In fact, a consistent distribution pattern of articular sen-
sory receptors was observed in the anterior elbow capsule.15

The medial and lateral collateral ligament of the elbows had
been classified as the primary stabiliser of the elbow. These
2

ligaments are thickened capsule and appeared as a more distinctive
structure from the adjacent capsular structure. The medial collat-
eral ligament (MCL) has been described as consisting of three
components: the anterior bundle, the posterior bundle, and the
transverse ligament.16 Themost important component, the anterior
bundle of MCL, originates from the anteroinferior surface of the
medial epicondyle and inserts onto the anteromedial aspect of the
coronoid process, the sublime tubercle (Fig. 4).

The lateral collateral ligament (LCL) complex consists of four
components, namely the radial collateral ligament, the lateral ulnar
collateral ligament, the annular ligament, and the accessory
collateral ligament. The annular ligament attaches to the anterior
and posterior margins of the lesser sigmoid notch. The remaining
LCL complex collectively originates along the inferior surface of the
lateral epicondyle (Fig. 5). The lateral ulnar collateral ligament
inserted into the supinator crest and form a hammock behind the
radial head to prevent varus and posterolateral instability.17 The
radial and accessory collateral ligaments insert into the annular
ligament and helps to stabilizes the radial head.
The anatomy of proximal ulna

The proximal ulna has a complex anatomy. It has been shown to
have a dorsal angulation in sagittal plane (PUDA),18 a varus angu-
lation in coronal plane and a torsional angulation in the axial plane.
Restoring the anatomy of this complex 3-dimensional angulation of
the ulna is important especially in fixation of Monteggia or trans-
olecranon fracture dislocation.18



Fig. 3. The distal humeral articular segment and the trans-epicondylar line (oblique
line) are internally rotated (arrow) relative to the posterior flat surface of the humeral
shaft (horizontal line).

Fig. 4. Showing MCL rupture from its attachment at the inferior medial epicondyle in a patie
exposing the origin in top right photo and opposition of the ligament back to the origin in
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Rouleau et al.2 showed that the PUDA (Fig. 6) was present in 96%
of the radiographs of Caucasian cadavers (n ¼ 50). The average
PUDA was reported as 5.7� (range, 0.2�e11.8�; SD, 2.4�) and was
located at an average of 47mm distal to the olecranon tip. Although
some interobserver variation and methodological difference may
account for the reported difference, different range of PUDA for
different population had been reported in the literature.18e20 The
distances from the tip of olecranon to the apex of the PUDA had
been reported to range between 45.2 mm and 86.3 mm.2,7

The PUDAwas shown to correlated to the range of motion of the
elbow.21 Elbows with a smaller PUDA (<4.9�) had been shown to
have significantly greater terminal extension (mean of 4.2�) but
similar terminal flexion compared with elbow with larger PUDA.

The proximal ulna has varus angulation (tip of the apex pointing
radially) (Fig. 7). The point of angulation from the tip of olecranon
ranges from 73.7 to 85.4 mm .3,10,22 In a Turkish cohort, the varus
angulation was found 9.3� ± 2.2� (range 4�e15�) and the varus
angulation point was 73.7 ± 6.8 mm (range 59.9e91 mm) from the
tip of olecranon.,3 Slight variation in varus angulation has been
reported by various authors using the slightly different methodol-
ogy and different ethnic cohort. The average value ranges from
8.48� to 17.7�.3,5,6,23,24 Mark Morrey of the Mayo Clinic, USA has
described it as the “rule of 8”meaning 8� radial bow approximately
8 cm from the tip of the olecranon (personal communication). The
apex of varus angulation and the dorsal angulation expressed as
distance from the tip of olecranon can only be served as a reference.
It would be more useful to express this as a ratio to the total length
nt with posteromedial elbow dislocation. The forceps is holding the ruptured ligament
the bottom right photo.



Fig. 5. Showing rare rupture of the LUCL from its attachment to the supinator crest(A). forceps holding the ruptured ligament(B), reflected ligament revealing the radial head and
capitellum (C).

Fig. 6. Showing the PUDA (horizontal lines); vertical line showing the coronoid height
with the sublime tubercle at the bottom of the line.

Fig. 7. Showing varus angulation of the proximal ulna.
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of ulna. Yong et al. reported the average length ratio of the dorsal
and varus angulation apex to the total ulnar length was 26.4%
(range 19.8e30.7%) and 32.7% (range 27.5e37.5%), respectively5

whilst Hopf et al. reported these ratio as 23.2% (PUDA) and 18.9%
(VA).6 Wang et al. reported the tip-apex ratio for PUDA was 0.29
(range, 0.23e0.33).12 These apices of angulation were all situated
distal to the lesser sigmoid notch. This location of the varus
4



Fig. 8. Showing torsional angle of the olecranon relative to the coronoid.

Fig. 9. Showing maximum and minimum diameter of the elliptical radial head.
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angulation may have an impact on the biomechanics of tension
band wiring. The line of pull of the tensile triceps force will not be
straight if the distal osseous hole for passing the tension band wire
is distal to the apex of angulation and potentially creating a dis-
placing sliding force: implying that the distal osseous hole should
not be more than 7e8 cm from the tip of the olecranon.

The olecranon of the proximal ulna is also rotated externally
relative to the distal ulnar shaft and this pertained to the proximal
ulna torsional angle (Fig. 8). Yong at el7 described that the flat
posterior surface of the olecranon is rotated externally towards the
radius relative to the flat subcutaneous border of the distal ulna.
Depending on the method of measurement, the torsional angle
varies from a mean of 11.1�e22.5�.4,7

The mean width of the olecranon bare area (lacking articular
cartilage) was 0.53 cm (range, 0.13e0.97 cm), and the mean dis-
tance from the triceps insertion to the corresponding area of the
bare spot on the dorsal cortex was 2.1 cm (range, 1.4e2.5 cm).25

Over-compression of the olecranon bare area during fracture
reduction to obtain articular cartilage reduction can result in a
narrowed trochlear fossa and incongruent radius of curvature.

The medullary canal diameter of ulna tapers to its narrowest
diameter at approximately just after mid shaft and then widen
again. In a CT study of the proximal ulna, Hopf et al. reported the
smallest diameter of the medullary canal was 4.2 mm (SD 1.1 mm)
which was located at 141.3 mm (SD 19.7 mm) from the olecranon
tip in a German cohort with an average ulna length of 253.6 mm
(SD 19.9 mm).8

On the other hand,Wang et al. reported that themedullary canal
is not circular but elliptical with the mean inner diameters of the
medullary canal at the apex of the varus angulation 0.71 cm (range,
0.42e1.25 cm) for medial-lateral and 0.74 cm (range, 0.50e1.24 cm)
for antero-posterior dimension (10).

Functional anatomy of the proximal ulna in relationship to
elbow stability

The proximal ulna has a few important osseous structureswhich
play important roles in elbow stability. The olecranon and coronoid
5

processes comprise the greater sigmoid notch of the ulna, which
articulates with the trochlea of the distal humerus. The olecranon
blocks the anterior translation of the ulna with respect to the distal
humerus, whereas an intact coronoid process resists posterior
translation of the proximal ulna in extension beyond 30� or greater.
The posterior olecranon height measured from the posterior cortex
of the olecranon to the tip was reported to be 24.6 ± 2.6 mm (range
19.4e29 mm) in a Turkish study.4 An et al. showed that removal of
more than 25% of the proximal olecranon resulted in increased
instability during varus rotational stress whereas removal of 50% of
the olecranon can result in significant loss of stability in anterior or
volar displacement of the ulna.26

The coronoid is a triangular bone arising from the anterior
proximal ulna. The coronoid process is an interesting osseous
structure as it is intimately related to 3 important anatomical
structures. On the medial side, the sublime tubercle arises from the
medal coronoid whereas on the lateral side, the coronoid hosts the
lesser sigmoid notch and the supinator crest, which arises imme-
diately inferior and distal to the lesser sigmoid notch. The sublime
tubercle and the supinator crest are the sites of attachment of the
medial and lateral collateral ligament complexes, respectively.
Hence the coronoid plays an important role in the stability of the
elbow. Bernard Morrey of the Mayo Clinic, USA describes it as ‘the
most valuable piece of real estate in the elbow’ (personal
communication). The coronoid process has been divided into
anteromedial facet, anterolateral facet and the base. The “tip” of the
coronoid, which is intra-articular in location, is the apex of the
process where the anteromedial and anterolateral facet meets.
Understanding the anatomy of the coronoid is important to
appreciate various classification and management of coronoid
fractures. Doornberg and Ring had described the involvement of
different anatomical area of the coronoid with differentmechanism
of injury.27 The large fractures of the coronoid process are associ-
ated with anterior and posterior olecranon fractureedislocations,
small transverse fractures are associated with terrible-triad in-
juries, and anteromedial facet fractures are associated with varus



Fig. 10. Showing the neck-shaft and neck-head angles.
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posteromedial rotational instability pattern injuries.
The coronoid process height, with its base defined by the trough

of the trochlear notch and the slope change of the distal coronoid
process, is about 15 mm and was 42% of the ulnar height.28 The
olecranon-coronoid angle ranged between 33� and 38�. The capsule
of the elbow joint inserts approximately 1.9 mm distal to the
osseous edge of the tip of coronoid. The total cartilage and bone
thickness proximal to the capsule was 4.7e5.9 mm.29,30 The ante-
rior capsule of the elbow joint had a substantial attachment at the
radial side (11.9 ± 2.2 mm) of the coronoid compared to that at the
ulnar side (6.1 ± 1 mm).16 The O'Driscoll classification of coronoid
tip fracture divide the tip fracture into subtype 1 of tip fractures
involving �2 mm of the coronoid, and subtype 2 of tip fractures
involving >2 mm.31 This subtype classification essentially distin-
guish the inclusion of capsular attachment in the fracture. The
basilar fracture on the other hand was classified as including at
least 50% of the coronoid height which would include the broad
attachment of the capsule and thus adequately repaired basilar
fracture would add to stability of the elbow. In fact, histological
studies had shown that dense slow adapting Ruffini corpuscles and
fast acting Pacinian corpuscles are found mainly in the anterior
6

elbow capsule.32,33 Thesemechanoreceptors detect changes in joint
pressure, regulate muscle reflexes and control acceleration and
joint motion which in combination play an important role in neu-
romodulation of the elbow joint stability. 34 Adams et al.35 identi-
fied an oblique ‘‘anterolateral’’ type fractures involving the
anterolateral portion of the coronoid and the lesser sigmoid notch.
This type of fracture usually occurs with posterolateral valgus
instability and elbow dislocation, sometimes associated with a
radial head fracture and/or “terrible triad” injury. The anterolateral
oblique fracture may represent the more severe spectrum of the tip
fracture and Adams et al. recommended fixation of the antero-
lateral facet if the fragment is more than 5 mm.36 A modified
Regan-Morrey classification was introduced based on the study
from Adams et al.,30,37 a separate oblique subtype which involve
either the anterolateral facet with the lesser sigmoid (type IV-L) or
anteromedial facet with the sublime tubercle (type-M).

Using 3D CT to compare articular facet configuration, Kataoka
et al. showed that the tip of olecranon mimics 89.2 ± 6.9% of the
articular surface of the coronoid whereas the proximal and lateral
radial head covers 80.3% ± 11.2% and 81.5% ± 11.0% of the coronoid
articular surface, respectively.38 Hence these are potential source
for the autograft reconstruction of comminuted coronoid fracture.
Alolabi et al. showed that reconstruction of the coronoid using the
tip of the ipsilateral olecranon was an effective method for
restoring normal kinematics over a range of elbowmotion from 20�

to 120� in a cadaveric model of an elbow with a 40% coronoid
deficiency.39

Anatomy of the proximal radius

The radial head has complex anatomy, and it has been described
as circular or ellipsoidal with a 1e2 mm depression in the mid
portion defined as the dish or the fovea radialis.40,41 The radial head
articulates with the capitellum proximally and the lesser sigmoid
notch of the ulna medially.

Two third of circumference of the radial head has thickened
articular cartilage42 as compared to non-articulating one third of
the rim (113�) which has thin cartilage. With the radius in neutral
position, the cartilage is thickest in the posteromedial region43

although the variation within the rim is small (range,
0.76e1.73 mm The area bounded by the radial styloid and Lister
tubercle correspond to the non-articular portion of the radial head.
Another useful anatomical landmark is the bicipital tuberosity
which is offset from the radial head and is situated opposite the
non-articular portion of radial head.44

The concave surface of the radial head articulates with the
convex surface of the humeral capitellum acting as a buttress,
providing stability by the concavity compression mechanism and
tensioning of the lateral collateral ligament complex, and resisting
external rotation at the ulnohumeral joint.45 The concave proximal
surface of the radial head has been described to have 3 diameters:
namely the maximum, minimum and dish diameter (Fig. 9). The
maximum and minimum diameters pertained to the ellipsoidal
shape of the radial head. However, the difference in the diameter is
only in the range of 1e2 mm43,46 and the mean diameter had been
reported to be approximately between 20 and 29 mm.43,46e48 The
difference is probably due to a combination of difference method-
ology in measurement and ethnic or gender difference. The dish
diameter pertained to the deepened dish on the concave surface.
The dish is circular whereas the whole radial head circumference is
elliptical. Hence the fovea radialis (the centre of the dish) which
articulates with the capitellum is not in the centre of the radial head
circumference but is offset.43 The axial view revealed that the fovea
radialis was backward eccentric in full supination and forward
eccentric in full pronation. In an elliptical radial head, the
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orientation of the long axis is perpendicular to the radial notchwith
the forearm in neutral rotation.49 The radial head does not rotate
precisely around a specific centre in full pronation and supination
due to this “non-circular shape”.48,50 With pronation the radial
head translates anteriorly, placing the posterior annular ligament
under tension while in supination the radial head translates pos-
teriorly, placing the anterior portion of the annular ligament under
tension. Altering this offset with a circular radial head replacement
has a significant effect on the axial rotation of the ulna during
flexion-extension and rotation of the ulna during gravity valgus
stress were altered.51

The mean radial head height is approximately
9.8e11.89 mm.44,48,51,52 Although there is slight difference in radial
head height in the anterior, posterior, radial, and ulnar aspects of
the radial head, contributed by the cartilage thickness, the differ-
ence is insignificant.51 Van Riet et al. showed that the length of the
lesser sigmoid notch is a reliable predictor of radial head height.53

The radial neck height measured from the radial tuberosity is
around 13 mm.54

The angle between the neck and the diaphysis is around
152e178�48,55,56; slight difference reported in angle for circular and
elliptical head is due to the shape of the radial head.48 (Fig. 10) The
radial head is also inclined by an average of 2.5� relative to the
neck.50 Finally, the ulnar notch of the proximal radius internally
rotates relative to the radial notch of the proximal ulna with the
forearm in neutral rotation. This forms a torsional angle with an
average value of 53.5�.

Conclusion

The anatomy of the elbow joint had been studied extensively
over the last 2 decades. The increased understanding of the anat-
omy and contribution of the anatomical structures to the elbow
biomechanics had enabled surgeons to improve the results of sur-
gical reconstruction and fracture fixation.
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