
Introduction
Intraosseous infusions (IO) are widely used when the
intravenous route is not available.[1] Although the anteri-
or proximal tibia is conventionally used for IO route,[2]

the proximal humerus has recently been preferred to
reduce the medullary pressure and pain. However,
detecting reliable anatomical landmarks in this area is
difficult due to the high soft tissue thickness in the prox-
imal humerus region. This method is particularly diffi-
cult in people with a prominent deltoid muscle. IO per-
formed on the proximal humerus are reported to have a
success rate of 76% in various studies while this rate is
given as 92% for the proximal tibia.[3] From this point of
view, the distal radius where the overlying soft tissue
thickness is much lower, can be preferred for IO in the

upper extremity. The dorsal tubercle (DT) or Lister's
tubercle, which is the most prominent protrusion in the
dorsal part of the distal radius, can especially be used as
an anatomical mark for many invasive procedures.[4–7]

Since IO are performed in primary health centers,
they are mostly conducted without a guide or USG.[8]

Therefore, important formations near the intervention
area are at risk of injury during invasive procedures. For
example, the biceps tendon and branches of the axillary
artery are located right next to the greater tubercle serv-
ing a potential risk of injury during the interventions tar-
geted to the proximal humerus. 

The tibia, humerus, and sternum are of the most
common used bones for IO.[8–10] However, the number of
studies to determine the safe areas on the distal radius for
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Abstract

Objectives: The aim of the study was to determine the soft tissue thickness overlying the dorsal tubercle and the relation-
ship with adjacent anatomical structures in the distal radius for using this area as an alternative intraosseous route. 

Methods: Contrast-enhanced MR images of 56 adult patients (28 females, 28 males) without any wrist pathology were evalu-
ated. The shape of dorsal tubercle and its relations with neighboring tendons and vessels with a diameter larger than 2 mm was
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the distance of the dorsal tubercle to closest tendon on the radial and ulnar sides, as well as its distance to the bone edges on
the ulnar and radial sides, and the cortical bone thickness of the radius was evaluated. 

Results: The dorsal tubercle had sharp edges in 40 cases (71.4%), blunt in 12 cases (21.4%), and hump in 4 (%7.1) cases.
Branches of dorsal venous plexus were found on its surface in 11 cases, extensor pollicis longus tendon only was found super-
ficial to the dorsal tubercle in 7 cases while both extensor pollicis longus and dorsal venous branches were found in 2 cases. 

Conclusion: Dorsal tubercle of the distal radius can be considered as an important alternative route for IO infusions since it
can be easily accessed without having a risk of injury to important structures, and can provide effective flow. 
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the intraosseous route is inadequate. Although the corti-
cal bone thickness of the distal radius is well known,[11–13]

the safety of the region for intraosseous procedures has
not been confirmed.

The aim of the study was to determine the soft tissue
thickness overlying the DT in the distal radius region
and to evaluate the adjacent anatomical structures using
magnetic resonance (MR) images, and to determine
whether this area can be used as an alternative IO route
safely or not. 

Materials and Methods
The contrast-enhanced MR images of 56 adult patients
(28 females, 28 males) without any wrist pathology from
archives of Ankara Medical Park Hospital were used
(Tables 1 and 2). The cases were randomly selected from
Radiology archives in terms of their ages, genders and
sides, and only one side of each case was included to the
study. The age distribution of the gender groups analyzed
by two-tailed t test was statistically similar (p=0.81).

DICOM images of distal forearm with hand obtained
from the MR sections (Siemens Aera® 1.5 T, slice thick-
ness: 3 mm, both T1 and T2 weighted images) were eval-
uated with the Adobe Photoshop CC® (Adobe Inc. version
21.2.4 for Windows®, San Jose, CA, USA) software. The
number of pixels per 10 mm was calibrated using the scales
present in the MR sections. Every 28 pixels corresponded
to 10 mm during this calibration and subsequent measure-
ments were conducted accordingly. Measurements were
made with a precision of one tenth of a millimeter.

The long axes of the radius and ulna were arranged
parallel to the imaging surface in the axial sections before
the measurements if positional anomalies due to rotation
were present. Two measurements were performed at dif-
ferent times by the same observer for each case, and the
mean values of these measurements were used.
Intraobserver reliability was calculated with SPSS®
(Version 20.1, Chicago, IL, USA) for all the parameters
(intra-class correlation coefficients >0.910). 

The DT was morphologically classified under three
groups: sharp, where it peaks with a difference of 2 mm or
more from the other protrusions in the dorsal region;
hump, if there is a height difference of less than 2 mm
between the protrusions; and blunt, if two significant pro-
trusions are not present (Figure 1). In each group, the
most protruding point of DT was taken as reference for
measurements. 

The sections where DT was the most prominent were
used for measurements. The shape of the DT, the neigh-
boring tendons and the neurovascular structures with a

diameter larger than 2 mm were identified in the axial T1-
weighted sections and recorded. The superficial branch of
the radial nerve was not taken into consideration since its
branches were less than 2 mm in this area.

The soft tissue thickness above the most protruding
point of the DT, the distance between the closest tendon
on the radial and ulnar sides, the distance between the DT
and the bony edges on the ulnar and radial sides, and the
cortical bone thickness of the radius in these sections was
measured (Figures 2–4). 
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Table 1
Demographic information of patients.

Mean±SD Range (min–max)

Age (year) 38±9.64 22–62

Weight (kg) 68±9.24 54–100

Height (cm) 167±7.44 155–189

BMI (kg/m2) 24.4±3.01 18.6–34.1

BMI: body mass index; SD: standard deviation.

Table 2
Gender, age and side distribution of patients. 

Gender Side Mean age±SD (year) n (%)

Males Right 38.25±9.80 16 (28.6%)
Left 38.70±9.78 12 (21.4%)

Females Right 38.15±9.33 16 (28.6%)
Left 38.81±10.32 12 (21.4%)

Total 56 (100.0%)

SD: standard deviation; n: number.

Figure 1. Classification of dorsal tubercle according to its shape as sharp
(1), blunt (2), and hump (3).



Contrast ratios where the medullary and cortical
bone could be distinguished most clearly were used in
the measurement of the cortical bone thickness of the
radius in the T2-weighted sections in which DT was the
most prominent (Figure 4).

Results
DT shapes were classified under three groups and were
identified as sharp, blunt and hump (Figure 1). The DT
was sharp in 40 (71.4%) (22 females, 18 males) cases,
blunt in 12 cases (21.4%) (6 females, 6 males), and hump
in 4 (%7.1) cases (all male). No significant difference
was found between the genders and the morphological
type.

The tip of the DT separated the extensor pollicis
longus (EPL) and extensor carpi radialis brevis (ECRB)
tendons in 41 (73.2%) cases and the EPL and extensor
digitorum (ED) tendons in 6 cases (10.7%). 

The vessels and tendons located superficial to the tip
of the DT were identified by examining other sections as
well. Vessels with a thickness of 2 mm or more were only
the branches of dorsal venous plexus (DVB) and were
found on the surface of the DT in 11 cases (3 females, 8
males). EPL tendon was superficial to the DT in 7 cases
(5 females, 2 males). Both EPL tendon and DVB was
superficial to the DT in 2 cases (all males). No tendon or
vein larger than 2 mm in diameter was found on the DT
surface in 36 cases (20 females, 16 males) (Figure 5 and
Table 3). 

In all cases, the branches originating from the superfi-
cial branch of the radial nerve fell below 2 mm in diame-
ter before the DT level, thus were not considered in meas-
urements. 
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Figure 2. Landmarks used for measurements on an axial wrist MRI. 1:
measurement of soft tissue thickness over the tip of the dorsal tubercle;
2: measurement of the horizontal distance between the tip of the dor-
sal tubercle and the closest tendon on the radial side; 3: measurement
of the horizontal distance between the tip of the dorsal tubercle and the
closest tendon on the and ulnar side, a: extensor carpi radialis brevis ten-
don; b: extensor pollicis longus tendon;  red dot: tip of the dorsal tuber-
cle, DT-RED: the horizontal distance between the tip of dorsal tubercle
and the radial bony edge; DT-UED: the horizontal distance between the
tip of the dorsal tubercle and the ulnar bony edge; E-E: edge to edge
distance. The green vertical lines were drawn for guidance.

Figure 3. ×3 magnification of Figure 1 focusing on dorsal tubercle to demonstrate the measurements. 1: measurement of soft tissue thickness over
the tip of the dorsal tubercle;  2: measurement of the horizontal distance between the tip of the dorsal tubercle and the closest tendon on the radial
side; 3: measurement of the horizontal distance between the tip of the dorsal tubercle and the closest tendon on the and ulnar side, a: extensor carpi
radialis brevis tendon; b: extensor pollicis longus tendon;  red dot: tip of the dorsal tubercle. The green vertical line was a grid line for guidance.



The following measurements were done (Figures
2–4) and the results were given in Table 4.

• soft tissue thickness over the tip of the DT

• the horizontal distance between the tip of the DT
and the closest tendons on the radial and ulnar sides

• the horizontal distance between the tip of the DT and
the ulnar (DT-UED) and radial (DT-RED) bony
edges

• the total horizontal distances between the radial and
ulnar bony edges (E-E) 

• cortical bone thickness (CBT) of distal radius
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Figure 4. Cortical bone measurements on the distal radius. Cortical bone is demonstrated by red arrows in both T1- and T2-weighted images of the
same section. 

Figure 5. Structures superficial to the dorsal tubercle. (a) a branch of dorsal venous plexus was demonstrated with red arrow; (b) tendon of extensor
pollicis longus was demonstrated with red arrow; (c) green and red arrows were used for demonstrating the branch of dorsal venous plexus and exten-
sor pollicis longus tendon respectively.  

Table 3
Structures located superficial to the tip of the dorsal tubercle. 

Females Males Total

Only DVB 3 8 11 (19.6%)

Only EPL 5 2 7 (12.5%)

EPL and DVB 0 2 2 (3.6%)

Total 8 12 20 (35.7%)

EPL: extensor pollicis longus; DVB: branches of dorsal venous plexus.

Table 4
Results of the measurements. 

n Minimum Maximum Mean±SD

STT (mm) 56 1.9 10.4 4.6±1.7

DT-RCT (mm) 56 0.0 5.8 1.7±1.2

DT-UCT (mm) 56 0.0 9.8 2.3±1.8

DT-RED (mm) 56 9.4 20.3 14.5±2.3

DT-UED (mm) 56 28.1 40.2 34.5±3.3

E-E (mm) 56 40.0 56.9 49.0±4.1

CBT (mm) 56 0.7 1.8 1.1±0.2

CBT: cortical bone thickness; DT-RCT: distance of the closest tendon to the dorsal

tubercle from the radial side; DT-RED: the horizontal distance between the tip of dor-

sal tubercle and the radial bony edge; DT-UCT: distance of the closest tendon to the

dorsal tubercle from the ulnar side; DT-UED: the horizontal distance between the tip

of the dorsal tubercle and the ulnar bony edge; E-E: edge to edge distance; SD: stan-

dard deviation; STT: soft tissue thickness over the dorsal tubercle.

a b c



There was a positive correlation between soft tissue
thickness with body mass index (BMI) of the cases
(Pearson correlation coefficient=0.497, p=0.000).

Discussion
The diversity of IO is important in terms of early inter-
vention to the patient under emergency conditions.
Various areas on the upper and lower extremities may
need to be identified for an effective infusion in the cases
of limb losses, burns, and war injuries.[14] In addition to
this, new IO routes can become vital when more vascular
access is needed in emergency. Therefore, safe and effec-
tive intraosseous routes other than the standard anterior
tibial approach and proximal humerus may also be need-
ed.

The regions can be selected in accordance with three
criteria: easy detection without a guide or by radiological
examination, having a proximal location, and the ability to
provide an effective fluid flow.[8,14,15] Additionally, being
close to the central circulation (the heart) can also be con-
sidered as an advantage, and the upper extremity and the
body may be more suitable in this respect.

The DT and its shape can easily be detected by palpa-
tion. Chan et al.[16] divided DT into 3 main types accord-
ing to its shape and emphasized its relationship with EPL
previously. We suggest that DT can be classified accord-
ing to the characteristics of its tip as sharp, hump and
blunt. The DT with a sharp tip could be more suitable for
intraosseous infusions and 71% of the cases were found to
be of this type in our study. It may be difficult to reach the
DT with a blunt or hump tip and it may be possible to
injure an overlying tendon in such cases. 

We observed that the structures which can be injured
on the DT surface were DVB and the EPL tendon. The
DT was superficially covered by the DVB in 20%, by the
EPL tendon in 13%, and by both in 3% of our cases.
Considering that the injuries to the DVB are acceptable
for such an intervention, the most important structure in
the region becomes the EPL tendon, which was located
exactly on the DT in 16% of our cases, in total. Although
it was reported that the distance between DT and the
closest superficial branch of radial nerve is approximately
16 mm, it is important to note that no neuronal structure
thicker than 2 mm was found adjacent to the DT in our
study.[6]

The mean soft tissue thickness above the tip of the DT
was 4.6±1.7 mm in our cases and we suggest that this dis-
tance can easily be passed through with a standard IO nee-
dle. Rush et al.[1] have reported that the humerus may need
a longer needle than the tibia. Hence, the distal radius

may be a more preferable point when compared to the
greater tubercle of humerus.

The closest adjacent tendons to the tip of the DT on
the radial and ulnar sides were ECRB and EPL.
However, the tip of the DT separated the EPL and ED
tendons in 6 cases (11%). The mean distance of the DT
to the EPL and ED tendons was 1.7±1.2 mm and 2.3±1.8
mm, respectively, on the radial and ulnar sides. Adding
these two values indicates that a horizontal line of
approximately 4.0 mm will be suitable for IO infusions as
intraosseous needles are generally 15 G caliber (the
outer diameter of the needle is 1.83 mm and the inner
diameter is 1.37 mm).[17]

CB thickness is important to prevent the IO needle
from damaging the bone. In this context, the mean CB
thickness in the sections where the DT was most distinct
was 1.1±0.2 mm in our study. Our measurements were
performed on standard T1-weighted sections and the T1
sequence may not be sufficient for cortical bone measure-
ments by itself.[18] However, it can be thought that our
measurements give an idea regarding CB thickness in the
distal radius region. Computed tomography or microstruc-
tural studies for detecting CB thickness at the distal radius
region will be more useful.[19,20] CB has been reported to be
approximately 4 mm for the humeral head and 6 mm for
the tibia diaphysis.[1,21] Since the CB at distal radius is thin-
ner than the aforementioned structures, the force needed
to be applied during infusion should be less as well. 

An IO route over the humerus was reported to have
a better flow compared to the tibia in a study made on
animals.[15] This can be explained by the better vascular-
ization of the humerus and its proximity to the heart.
Lamas et al.[22] showed that the distal radius was better
supplied by various arteries and pointed DT as the
entrance of one of these arteries.[22] Therefore, radius,
just like the humerus, can be considered as a better alter-
native to the tibia in terms of a strong vascular supply
and proximity to the heart.

In conclusion, we suggest that the DT of the distal
radius can be considered as an important alternative
route for IO since it can be easily accessed without hav-
ing a risk of injury to important structures, and can pro-
vide effective flow. 
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