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Background: Tricipital aponeurosis (TA) has gained attraction as a constant and
reliable landmark to identify the location of radial nerve in the setting of fracture
distal humeri. The aponeurosis itself shows variant anatomical patterns. In this
study, we intend to provide a comprehensive description and functional classifi-
cation of observed anatomical variations with possible clinical implications.
Materials and methods: Sixty arms belonging to 30 adult cadavers were studied.
TA was examined grossly to document variations in its shape and classified ac-
cordingly. Subsequently, length and breadth of TA were measured. The distance
of the radial nerve (RN) from the point of confluence and from the lateral border
of TA was also measured (tricepso-radial distance [TRD]). These distances were
correlated with the different patterns of TA obtained.

Results: Based on the shape of the proximal apex of TA or point of confluence
and frequency of their occurrence, we propose a new classification of 4 patterns
for the TA anatomy. Pattern I: classically seen as the triangular proximal apex
(76.67%), pattern Il: tongue shaped or blunt proximal apex (18.33%), pattern Il
bifurcated or dual proximal apex (3.33%), pattern IV: as the absence of TA (1.67%).
The mean of length and breadth of TA was 16.58 + 2.05cmand 3.61 = 0.67 cm,
respectively. The mean distance of RN from point of confluence and lateral border
of TAwas 3.57 = 0.19 cm and 2.04 = 0.56 cm, respectively. The length, breadth
of TA and TRD differs amongst the different patterns of TA.

Conclusions: Anatomical variations in the shape and size of TA are frequently
encountered. The proposed, hitherto undescribed, classification may make operat-
ing surgeon aware of these morphological variations and help prevent iatrogenic
injury to RN. Such classification is simple and unique; however, its success relies
upon universal acceptance. (Folia Morphol 2022; 81, 4: 1022-1030)
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INTRODUCTION

Fracture of the humeral shaft constitutes 1-3%
of all the fractures [27]. Fractures involving the distal
third of the humerus require surgical intervention to
achieve skeletal stability [17, 20, 26]. Several surgical
approaches have been described, such as anterior,
anterolateral, lateral, medial, and posterior triceps
splitting approaches [16]. Amongst them, the pos-
terior approach (triceps splitting) offers excellent ex-
posure of humeral diaphysis and distal metaphysis
[31]. However, such intervention may injure the radial
nerve (RN). The long tortuous course and proximity
with the periosteum make the RN very prone to in-
jury. RN palsies are mainly two types, primary and
secondary. Primary palsies are those mostly due to
fracture humeral shaft and include 11.8% of all cases
reported [26]. Secondary or iatrogenic palsies can
occur during any kind of operative interventions for
unstable humeral fractures, such as open reduction
and internal fixation with plating or intramedullary
nailing [4, 6, 8, 10, 11]. These iatrogenic palsies are
not uncommon in routine practices and are of major
concern for the protection of the radial nerve [29]. The
radial nerve must be identified and mobilised from the
operative field throughout the procedure [11]. Iden-
tification of the nerve is critical, some studies have
established the anatomic relationship of the RN with
various bony landmarks, such as medial epicondyle,
lateral epicondyle of humerus and tip of the acromion
[4, 6, 8, 10, 11]. Previously orthopaedic surgeons
used to depend on these landmarks to identify the RN
during surgical exploration of the humerus but the
wide range of these proposed anatomic relationships
may pose trouble in localising the RN during surgery.
Moreover, such relationships with bony landmarks
may not hold true in clinical settings, especially with
fractures of the distal third of the humerus [6]. The
‘proximal apex’ or ‘the point confluence’ of tricipital
aponeurosis appear to be more consistent and reliable
anatomic landmarks to locate the RN more precisely
during the “triceps splitting’ approach to the humerus
[8, 27]. On the other hand, the location of the nerve
immediately adjoining the lateral border of aponeu-
rosis (< 1.00 cm) can be considered “safe” for soft
tissue dissection while surgically approaching distal
humeral fractures through lateral approach [20, 24].
However, the anatomical variations in the shape and
dimensions of the tricipital aponeurosis (TA) have
not been described in detail despite these details are
imperative for an orthopaedic surgeon to know [19].
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Such variations are pivotal in its universal acceptance
as a reliable surgical landmark. With such context, our
primary aim was to document various shapes, sizes of
TA, and measure the distance of RN from pre-deter-
mined landmarks of TA (proximal apex or confluence
of TA, lateral border of TA). The secondary aim was
to propose a new classification for the TA anatomy
based on variant patterns attained and correlate them
with the measured variables.

MATERIALS AND METHODS

Sixty upper limbs belonging to 30 formalin em-
balmed cadavers (23 male, 7 female) aged between
45 to 60 years with a mean age of 55.84 = 7.74
years were examined in this study. We have used 10%
formalin solution for body preservation as it may be
considered as a standardized method of fixation with
minimal tissue hardening and volume shrinkage ef-
fect. Arms having any gross malformation/deformity
or signs of the previous injury were excluded from
the study. The specimens were prepared through
scapula-thoracic disarticulation and midclavicular am-
putation. Each cadaveric upper extremity was placed
at 90-degree flexion at the elbow joint as this is
the most common position used intraoperatively.
A posterior midline skin incision starting from the tip
of the acromion up to the tip of the subcutaneous
olecranon was given. Subcutaneous tissue and deep
fascia were also incised in the same line exposing the
triceps muscle. The shiny TA was immediately visible
on the posterior arm inserted into the posterior rough
area of the subcutaneous olecranon. The TA repre-
sents the convergence of the long and lateral heads of
the triceps muscle bellies, forming a shiny layer lying
between the deep fascia superficially and perioste-
um of the distal humeral dia-metaphyseal segment
underneath. It can be readily identified by its shiny
pearl white colour. Proximally, the TA runs obliquely
upwards over the posterior aspect of the arm, creat-
ing two apices, one proximal (main), the other distal
or lateral. The proximal apex is also known as the
point of confluence (the meeting point of two heads
of triceps with the proximal end of the TA). Wide
variations were noted in the shape of the proximal
apex of the TA. Based on the observations and their
frequency of occurrence, we propose a new classifi-
cation of 4 patterns for the TA anatomy. The pattern
I: classical variant with the triangular proximal apex
coincides with the point of confluence; pattern II:
tongue-shaped or blunt proximal apex coincides with
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Figure 1. Measurement of tricepso-radial distance posterior
approach; straight distance between point of confluence and
radial nerve (RN) (dotted line).

the point of confluence; pattern Ill: bifurcated or dou-
ble triangular proximal apex does not coincide with
the point of confluence; pattern IV: as the absence of
TA. After noting the various shapes, we have meas-
ured the length and breadth of TA by the methods
described ahead. The straight distance between the
point of confluence of TA (A) to the tip of the olecra-
non was measured and recorded as length. We have
marked the proximal or medial apex as point ‘A’ (in the
majority of cases ‘point of confluence’ coincides with
proximal apex) and distal or lateral apex as point ‘B’.
The breadth of TA was not uniform throughout its
whole length. So, we have measured the breadth at
3 equidistant points splitting the length of TA into
4 equal segments. Proximally, the first point was at the
level of the distal apex (B), followed by 2 more equi-
distant points along the length. The mean of these

—_ PROXIMAL APEX/
POINT OF
CONFLUENCE (A)

DISTAL APEX (B)

. TRICEPS
| APONEUROSIS

Figure 2. Measurement of tricepso-radial distance in lateral ap-
proach; distances between the lateral border of tricipital aponeu-
rosis and radial nerve measured at four equidistant points (red
marked line) along lateral its border and mean were taken.

3 distances was taken as the average breadth of TA.
Subsequently, the distance of the RN from the point
of confluence and lateral border of TA was also meas-
ured (tricepso-radial distance [TRD]) (Figs. 1, 2). All
the measurements were taken by the same individual,
using digital vernier callipers (Mitutoyo, Japan) with
the least count of 0.01 mm. The measurements were
repeated 2 times, and the mean was taken as final
for further analysis. Results were expressed as mean
+ standard deviation. Correlation analysis was done
between the distances measured (length, breadth
of TA and TRD) and various patterns of TA obtained.

Statistical analysis

Subsequent statistical analysis through paired,
2-tailed Student t-test was performed (Microsoft Excel
2007; Microsoft, Redmond, WA, USA).
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Figure 3. Classical variant of tricipital aponeurosis (TA) with the triangular proximal apex (A). Proximal apex coincides with confluence of TA.
Medial border is straight while lateral border is oblique or curved. Dotted line showing the location of radial nerve (RN) after separation of the
two heads of triceps. (Schematic drawing is the mirror images of the actual photograph); B — distal apex.

f——CURVED MEDIAL
BORDER

Figure 4. Tongue shaped or blunt proximal apex (A) coincides with point of confluence. Both the medial and lateral border are oblique or
curved. (Schematic drawing is the mirror image of the actual photograph); RN — radial nerve; TA — tricipital aponeurosis.

RESULTS

Based on the observations and the frequency of
occurrence of anatomical variations in the shape
and size of the proximal apex of TA, we observed
4 different patterns: pattern I: classical variant with
the triangular proximal apex coincides with the point
of confluence; pattern Il: tongue-shaped or blunt
proximal apex coincides with the point of confluence;
pattern Ill: bifurcated or double triangular proximal
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apex does not coincide with the point of confluence;
pattern IV: as the absence of TA.

The classical variant or pattern | was observed
most commonly (76.67%; Fig. 3), followed by pattern
I1 (18.33%; Fig. 4) and pattern Ill (3.33%; Fig. 5). Pat-
tern IV was found in only 1 specimen (1.67%; Fig. 6).
In this solitary specimen, the 2 heads of the triceps
were inserted into the fibrous intramuscular septum
which carried the insertion downward up to the tip
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Figure 5. Bifurcated or double triangular proximal apex. A1 denotes the medial proximal apex; A2 denotes the lateral proximal apex coincides
with confluence of aponeurosis. Medial border is straight while lateral border is oblique or curved. (Schematic drawing is the mirror image of
the actual photograph); B — distal apex; RN — radial nerve; TA — tricipital aponeurosis.
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Figure 6. Tricipital aponeurosis was absent, the two heads of the triceps inserted into the fibrous intramuscular septum. No proximal apex,
the meeting point of two heads of triceps with fibrous septa forms the point of confluence (A). (Schematic drawing is the mirror image of the
actual photograph); RN — radial nerve.

of the olecranon. The percentage distribution of TA of the RN from the point of confluence of TA (TRD, at
pattern did not show any gender difference (Table 1). point of confluence) and the lateral border of triceps
The mean length and breadth of TAwas 5.22 + 0.60 cm, aponeurosis (TRD, along the lateral border of TA) was
and 4.17 £ 0.45 cm, respectively. The mean distance 3.57 = 0.19 cm and 2.04 = 0.56 cm, respectively.
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Table 1. The percentage distribution of TA shape among female and male

Pattern Male (N = 23 x 2 = 46) Female (N=7 x 2 = 14)
Number Percentage Number Percentage
I 34 73.91% 12 85.71%
Il 9 19.56% 2 14.28%
[ 2 4.34% Nil
v 1 2.17% Nil
Table 2. The morphometric measurements of tricipital aponeurosis for male and female
Morphometric variable Sex
Male Female
Mean Range Mean Range
TA length 16.35 12.80-20.30 16.96 15.30-20.00
TA breadth 3.55 2.50-4.50 3.60 2.80-4.30
TRD (at point of confluence) 3.58 3.00-4.00 3.54 3.00-3.80
TRD (along the lateral border of TA) 1.98 1.00-3.00 2.23 1.50-2.80
TA — tricipital aponeurosis; TRD — tricepso-radial distance
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Figure 7. Boxplot depicting data set of the variables and their
correlation. X axis: Patterns of tricipital aponeurosis (TA);

Y axis: tricepso-radial distance at the point of confluence;
TRD — tricepso-radial distance.

None of the measured variables showed any existing
gender difference (Table 2).

Based on the morphological classification of TA,
the morphometric variables (length and breadth of
TA, TRDs) were examined.

The mean of TA length was 16.3 cm (range: 12.70-
-20.30 cm), 16.1 cm (range: 13.00-20.00 cm),
17.6 cm (range: 16.80-18.30 cm) for patterns |, I,
and lll, respectively.
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Pattern

Figure 8. Boxplot depicting data set of the variables and their
correlation. X axis: Patterns of tricipital aponeurosis (TA);

Y axis: tricepso-radial distance along the lateral border of TA;
TRD — tricepso-radial distance.

Similarly, the mean of TA width was 4.17 cm
(range: 2.50-4.30 cm), 3.68 cm (range: 2.70-4.40 cm),
and 3.70 cm (range: 3.10-4.30 cm) for patterns I, II,
and I, respectively.

The mean distance of the RN from point of con-
fluence (TRD at the point of confluence) was 3.56 cm
(range: 3.00-4.00 cm), 3.60 cm (range: 3.50-4.00 cm),
3.65 cm (range: 3.60-3.70 cm), and 3.70 cm for
patterns I, II, Ill, and IV, respectively.
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Similarly, the mean distance of the RN from the lat-
eral border of TA (TRD along the lateral border of TA)
was 2.09 cm (range: 1.00-3.00 cm), 1.77 cm (range:
1.00-2.70 cm), 2.10 cm (range: 1.80-2.40 cm), and
2.60 cm for patterns I, II, lll, and 1V, respectively.

A significant correlation was found between the
anatomical pattern of TA and safe distance of radial
nerve, i.e. TRD at point of confluence (Fig. 7) and TRD
along the lateral border of TA (Fig. 8).

DISCUSSION

The radial nerve lies in close approximation with
the periosteum while running through the spiral
groove in the posterior compartment of the arm.
Fracture of the distal humerus may either injure the
RN or derange its usual course. So, identification and
localisation of the RN is a prerequisite for surgical
repair of the fractured humerus. Various authors have
studied the location of RN in relation to the bony
landmarks (lateral epicondyle, tip of acromion, tip of
olecranon, and radial groove) [6, 9, 13, 14, 25, 28].
Most of these studies did not have any correlative
value, with wide inter-observer variability, and are dif-
ficult for surgeons to access intraoperatively [2, 15].
Based on cadaveric dissections, these studies show
that the distance of the RN within the spiral groove
from the tip of the lateral epicondyle of the humerus
ranges from 10 cm to 18 cm. Whereas the distance
of the RN from the tip of the acromion ranges from
14 cm to 17 cm. Considering the wide range of these
proposed anatomic relationships, it may be cumber-
some to localize the RN during the posterior approach
to the humerus.

Moreover, in the setting of the fractured humerus
with dislocation of the distal fragment, such anatom-
ic relationships may not hold true [18] and it may
be imprudent for a surgeon to rely on these bony
landmarks to localise RN during operative fixation of
fractures [1]. Therefore, in case of comminuted frac-
ture of the humerus, a non-osseous superficial soft
tissue landmark may guide the orthopaedic surgeon
to identify the RN and prevent potential iatrogenic
injury. Few studies are describing the relationship of
the RN to superficial soft tissue landmarks like the
apex of the TA, triceps tendon, the point of conflu-
ence of TA and lateral border of TA [1, 11, 13, 25].
Among these, the ‘point of confluence’ or ‘proximal
apex’ of TAis an easily distinguishable and constantly
available superficial soft tissue structure that may be
considered as a useful landmark for surgical explora-
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tion of RN during posterior triceps splitting approach.
In such an approach, a longitudinal incision is given
along the length of the TA directed below upwards.
The upward extension of the triceps split depends
upon the distance between the RN and the ‘point
of confluence’. Various authors have measured this
distance and depending on the results obtained, they
have advocated a ‘safe zone’ for RN dissection [1, 3,
23, 25]. The apex of TA is especially helpful in locali-
sation of radial nerve in the setting of the distal third
humerus shaft fracture as this soft tissue landmark is
formed by the long head and lateral head of triceps
and their attachments are well proximal to the level
of injury, thus, not likely to change with trauma [1].
Patra et al [22] named this distance as tricepso-ra-
dial distance (TRD at the point of confluence) and
reported this as the most consistent one for RN
localisation.

Few authors [7, 20, 21, 23] have reported the lat-
eral border of the TA as a useful and reliable guide to
locating the RN on the lateral aspect of the humerus
in a range of positions during lateral approach. De-
pending upon the closest distance of the nerve from
the lateral border of TA, they have also proposed
a 'safe zone’ for soft tissue dissection during the appli-
cation of pre-contoured anatomic plates in the lateral
column. So, it's a proven fact that TA is potentially
a stable and reliable superficial soft tissue landmark
to locate and protect the RN intraoperatively.

Reviewing literature leaves us with much uncer-
tainty as the so-called ‘safe zone’ for RN varies widely
among different studies. This can be due to the differ-
ences in measuring techniques, inter-observer error,
sample size, ethnicity and most importantly variant
patterns of the TA under study.

Variations in the morphology and morphometry
of TA are not uncommon phenomenon. Most of the
previous studies have focused on the relationship
between RN and TA but none of them have addressed
the issue of the variant anatomy of TA. In the present
work, we have studied the variations in the shape of
the TA and reported four variant patterns. The pattern
| was reported to be the most common. Most of the
previous authors, although have not spoken much
about the morphological variations of TA but have
described pattern | as the classical variant [24]. Any
deviation in the shape of the TA, especially the shape
of its ‘proximal apex’ or ‘confluence’ can literally alter
the length of the triceps split and so-called ‘safe zone’
for RN dissection in the posterior approach.
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Study results of the current work showed varia-
tions in the mean distance of RN from point of conflu-
ence. It was highest in pattern IV, gradually decreased
and became lowest in the pattern I. Although, no
significant correlation was reported between TRD
(at point of confluence) and TA patterns. Similarly,
the mean distance between the lateral border of TA
and RN also varies among different patterned TA but
a significant correlation could not be established. The
mean distance of the RN from the lateral border of
TA was highest in pattern IV and lowest in pattern II.
So, depending upon the values of TRD, pattern IV
may be considered the safest one for RNs. In such
a pattern, surgeons have more freedom of soft tissue
mobilisation without injuring the nerve.

The morphometric variables of the TA (length and
breadth), although varies among different patterned
TA, does not seem to impact TRD or ‘safe distance’
directly. These values are more crucial when ortho-
paedic surgeons using TA as a graft for olecranon
osteotomy or the TATA approach.

The intraarticular distal humerus fractures are
notorious for its complication in form of stiff elbows.
Such conditions can be managed through various
approaches, such as Campbell’s triceps aponeuro-
sis tongue approach (TATA approach), olecranon
osteotomy, and triceps reflecting anconeus pedicle
approach, with each one having its share of merits
and demerits [5, 27, 30]. TATA approach has shown
good to excellent results. It gives stable, pain-free
elbows with a good range of movement and without
stiffness [12]. In this procedure, a rectangular flap of
a portion of muscle along with aponeurosis is elevat-
ed from proximally to distally up to olecranon leaving
a rim of aponeurosis behind for future reattachment.
Underneath the triceps muscle is split and retracted
medially as well as laterally. The elbow is gently flexed,
while the olecranon is pulled through the aponeurotic
tongue. After suturing both limbs of triceps muscles,
TA was reattached to the rim of the aponeurosis.
A better understanding of the length and breadth
of TA is desirable for the successful placement of the
implant in the TATA approach. Pattern IV although
rarest, such re-constructive surgeries are not desirable
in such instances.

Limitations of the study

The smaller number of female cadavers (7) than
that of the males (23) did not allow us to compare
our findings between sexes. Moreover, due to the
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non-availability of literature on this topic, we could
not compare our findings with others. The interin-
dividual variations inbuilt, body fat and body mass
index can effectively influence the value of the meas-
ured variables.

CONCLUSIONS

Tricipital aponeurosis may act as a reliable and
readily identifiable landmark to protect RN during
surgical intervention. However, variant anatomy of
TA may hinder the purpose, as the so-called ‘safe
zone' for radial nerve varies pattern-wise. We propose
a new classification of TA anatomy. Such classification
is a simpler and better way to describe TA anatomy;
however, its success relies upon universal acceptance
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