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Background Ideal internal fixation of the scaphoid relies on adequate bone stock for
screw purchase; so, knowledge of regional bone density of the scaphoid is crucial.
Questions/Purpose The purpose of this study was to evaluate regional variations in
scaphoid bone density.

Materials and Methods Three-dimensional CT models of fractured scaphoids were
created and sectioned into proximal/distal segments and then into quadrants (volar/
dorsal/radial/ulnar). Concentric shells in the proximal and distal pole were constructed
in 2-mm increments moving from exterior to interior. Bone density was measured in
Hounsfield units (HU).

Results Bone density of the distal scaphoid (453.2 &+ 70.8 HU) was less than the
proximal scaphoid (619.8 4+ 124.2 HU). There was no difference in bone density
between the four quadrants in either pole. In both the poles, the first subchondral shell
was the densest. In both the proximal and distal poles, bone density decreased
significantly in all three deeper shells.

Conclusion The proximal scaphoid had a greater density than the distal scaphoid.
Within the poles, there was no difference in bone density between the quadrants. The
subchondral 2-mm shell had the greatest density. Bone density dropped off signifi-
cantly between the first and second shell in both the proximal and distal scaphoids.
Clinical Relevance In scaphoid fracture ORIF, optimal screw placement engages the
subchondral 2-mm shell, especially in the distal pole, which has an overall lower bone
density, and the second shell has only two-third the density of the first shell.

Internal fixation of the scaphoid has become increasingly
popular as the first-line treatment for scaphoid fractures and
is encouraged for the treatment of nonunions.'” Ideal
internal fixation relies on adequate bone stock for screw
purchase; so, knowledge of regional bone density of the
scaphoid is crucial.

Increased subchondral bone density has been described
due to increased local forces, and for this reason, subchondral
screws have been cited as superior.4'5 These cadaver wrist
studies have demonstrated increased bone density at the
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scaphoid and lunate fossa of the radius and corresponding
increase in bone density in the scaphoid. Actual density of
the subchondral bone, though, has never been formally
measured. Increased bone density in the proximal pole of
the scaphoid has also been described, likely due to increases
in loading.? In a study by Cheung et al, in 2006,° wrist CT
scans were reviewed, and proximal pole scaphoid marrow
density was compared with distal pole marrow density.
Proximal pole marrow density was found to be significantly
higher than the distal pole density but differences in
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subchondral bone were not addressed. In 2012, Lee et al®
looked at the osseous microarchitecture of the scaphoid.
They performed micro CT scans of cadaver scaphoids and
mapped out subchondral bone thickness and bone mineral
density in eight different regions of the scaphoid. They found
differences in subchondral bone thickness throughout the
scaphoid; however, the density of the subchondral bone
compared with the interior scaphoid was not reported.

We hypothesized that the bone density of the scaphoid
was variable. We measured scaphoid bone density in con-
centric rings beginning at the most superficial subchondral
bone and progressing internally into the core of the scaphoid.
We also compared the proximal and distal poles of the
scaphoid and evaluated the four quadrants of the proximal
and distal poles (radial/ulnar/dorsal/volar).

Materials and Methods

Twelve acute scaphoid waist fractures were evaluated. All
twelve fractures were nondisplaced. The average patient age
was 34.3 years old (range, 18-62). Nine fractures were
reported in male patients and three in female patients. Six
patients were left hand dominant and six were right hand
dominant. Average time from injury to CT scan was 11 days
(range, 2-41 days). Three-dimensional models of fractured
scaphoids were created using preoperative CT scans. Mimics
(Materialise, Leuven, Belgium) software was used to indicate
the proximal and distal poles on the in-line scaphoid refor-
matted images. After the proximal and distal poles were
located, the scaphoid was sectioned in thirds to create
proximal and distal sections (=Fig. 1). The proximal and
distal poles were evaluated in the following two ways: (1)
Two-millimeter concentric shells were created from the
outer scaphoid segments to inner scaphoid of the proximal
and distal poles (=Fig. 2) and (2) the proximal and distal
poles of the scaphoid were divided into quadrants in radial-

Fig. 1 Sectioning of the scaphoid into proximal and distal poles.
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Fig. 2 Two-mm concentric shells measuring scaphoid bone density
from exterior (blue) to interior (red). (A) Proximal pole. (B) Distal pole.

ulnar and volar-dorsal directions for comparison between
these regions as well (~Fig. 3). Hounsfield units (HUs) were
then measured in each region of the scaphoid to evaluate
bone density using the method previously described by
Schreiber et al.”® Bone density of the scaphoid proximal
and distal poles, the distal radius, and the capitate was
measured by averaging three axial sections proximal to the
physeal scar in the distal radius and three cross sections in
the carpal bones as described by Schreiber et al.”® Cortical
regions were included in these measurements.

One-way ANOVAs were utilized to analyze the differences
in bone density between the proximal pole, distal pole, and
radius with multiple comparisons, and the p-values were
adjusted using the Bonferroni technique. A similar statistical
technique was used to compare bone density between the
quadrants created. The incremental change in bone density
of the 2-mm shells was analyzed using a general linear model
to account for the clustered nature of the data with the
Bonferroni technique used for p-value adjustments in the
multiple comparison analyses. All data were reported as
mean =+ standard error. The p-values less than 0.05 were
considered significant.

Results

Average bone density of the concentric shells and quadrants
of scaphoid and of the distal radius and the capitate is listed
in =Table 1.

Fig. 3 Division of the scaphoid into radial volar (red), radial dorsal
(blue), ulnar volar (yellow), and ulnar dorsal (green) quadrants.
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Table 1 Mean and standard deviation of bone density in HU of 900,00
four concentric shells and four quadrants of the proximal and 800,00 |
distal poles of the scaphoid, and of the distal radius, and _maeon
: H |
Capltate E o Ulrar Walar
£ 50000
=2 W Aadial Volar
Proximal pole | Distal pole E‘\mﬂ ' Ulrar Dorsal
Scaphoid concentric g mnf S
shells i
First shell 710.5 + 129.1 | 623.2 + 107.8 oo |
Second shell 567.5 + 126.9 | 395.4 + 89.9 o e
Third shell 512.7 + 94.4 333.8 £ 72.6 Fig. 4 Average bone density of ulnar volar (yellow), radial volar (red),
ulnar dorsal (green), and radial dorsal (blue) quadrants in the distal
Fourth shell 486.0 + 77.4 295.1 + 81.3 and proximal poles of the scaphoid.
Scaphoid quadrants
Radial volar quadrant 605.6 +£ 100.5 | 472.2 £ 92.0
Radial dorsal quadrant | 649.2 = 1183 | 5147 + 742 | Quadrants
adial dorsal quadran . - . . There was no significant difference in the bone density
Ulnar volar quadrant 638.4 +145.0 | 550.6 = 115.4 |  petween the four quadrants in the proximal (p > 0.05) or
Ulnar dorsal quadrant | 673.3 £ 139.7 | 553.5 +£ 114.2 distal poles of the scaphoid (p > 0.05; ~Fig. 4, ~Table 1).
Distal radius 272.9 + 85.5 hell
Concentric Shells
Capitat 447.0 + 66.1
aptate In both poles, the first subchondral 2-mm shell had a greater

Proximal versus Distal Pole

There was a significant difference in bone density between
the radius, proximal pole, and distal pole (p < 0.01). The
bone density of the distal pole was less than the proximal
pole (453.2 + 70.8 vs.619.8 4- 124.2 HU,p < 0.01). The bone
density of both the distal (453.2 &+ 70.8 HU) and proximal
(619.8 £+ 124.2 HU) poles of the scaphoid were significantly
greater than the bone density of the distal radius
(2729 + 85.5 HU, p < 0.01 for both comparisons).
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bone density than the remaining deeper shells (~Fig. 5,
=Table 1).

Proximal Pole

The outermost shells in the proximal scaphoid had a greater
bone density than the innermost shells, and the bone density
decreased from the subchondral to the innermost shell
(=Fig. 5A). When the bone density was compared with the
subchondral densest shell, it dropped to 80% in the second
shell, 72% in the third shell, and 68% in the interior most,
fourth shell. The bone density of the subchondral shell
(710.5 + 129.1 HU) was significantly greater than the bone
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Fig.5 Bonedensity of 2-mm incremental shells of (A) proximal pole and (B) distal pole of the scaphoid. Shell 1 (blue) is the subchondral shell and
shell 4 (red) is the innermost shell. Bone density as a percentage of shell 1 is indicated above the corresponding bar of each shell.
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density of the second (567.5 + 126.9 HU, p < 0.05), third
(512.7 £ 94.4 HU, p = 0.001), and fourth (486.0 &+ 77.4 HU,
p < 0.001) inner shells.

Distal Pole

In the distal pole of the scaphoid, the bone density also
decreased from the outermost shells to the innermost shells
(=Fig. 5B). Bone density of the second shell was 63% of the
bone density of the subchondral shell and this decreased to
54 and 47% of the subchondral shell in the third and fourth
shells, respectively. The bone density of the subchondral
shell (623.2 + 107.8 HU) was significantly greater than the
bone density of the second (395.4 4+ 89.9 HU, p < 0.001),
third (333.8 &+ 72.6, p < 0.001), and fourth (295.1 & 81.3
HU, p < 0.001) inner shells.

Discussion

The correlation of bone density to compression and pull-out
screw strength has been shown at multiple sites in the
body.>'3 For this reason, a clear understanding of the
relative bone density of different regions of the scaphoid is
essential to allow for screw placement that will yield max-
imum compression and strength.

Proximal versus Distal Pole

The proximal pole of the scaphoid had a greater bone density
than the distal pole. This corroborates the work done by
Cheung et al in 2006,° who showed an increase in proximal
pole density in intact and fractured scaphoids. Loading
patterns across the wrist and the changes from the fracture
may explain this difference. It has been hypothesized that the
proximal pole of the scaphoid had increased bone density
because the radioscaphoid joint sustained the majority of
force transmission from the carpus to the forearm.*'%1°
Madelay et al in 2006'® hypothesized that this difference
might be due to a relative decrease in distal pole bone density
following scaphoid fracture. They showed a disproportionate
reduction in bone density in the distal pole as compared with
the proximal pole as time from fracture increased, thereby
producing an overall denser proximal pole after fracture.
Clinically, with decreased distal pole density, it is important
to maximize length of fixation in the distal pole. With volar
retrograde screws, this is already accomplished because the
head is sunk right below the articular surface. With ante-
grade dorsal screws, the decreased bone density in the distal
pole makes it important to have as long a screw as possible in
the distal pole to engage as much of the less dense distal pole
as possible.

Quadrants

Within the proximal and distal scaphoid, we found no
differences in bone density between dorsal, volar, radial,
or ulnar quadrants. This contrasts the work done in 2012 by
Lee et al” in which they reported the radial side of the body of
the scaphoid to have the highest bone density followed by
the midcarpal body (articulating with distal radius and
capitate). The lowest bone mineral density was the radial
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side of the distal tuberosity articulating with the trapezium.
This study was performed in an elderly population (average
age, 61.2 years) of nonfractured scaphoids, which may be the
reason for this difference as the population of scaphoid
fractures were typically younger and more active. Clinically,
the lack of difference in bone density of the quadrants means
that the location of the starting or endpoint of the screw will
not affect the compression strength of the screw based on
bone density. For example, a dorsal screw is not better than a
volar one, and a radial screw is not better than an ulnar one.
Although the volar radial bone was the least dense, this was
not significant.

Concentric Shells

The subchondral 2-mm shell of the scaphoid had the greatest
bone density. Bone density in the scaphoid decreased from
the subchondral shell to its core, with significant differences
between the subchondral shell and all the other shells. In the
distal pole, the second shell had only two-third the density of
the subchondral shell. In the proximal pole, the third shell
had only three-fourth the density of the subchondral shell.
This demonstrates the importance of subchondral screw
placement, especially in the distal pole. Because of the
overall decreased density of the distal pole and the signifi-
cant drop in density deep to the subchondral shell, it is
especially important that the leading tip of the screw be
subchondral for maximal screw purchase.

Biomechanical studies have shown that centrally placed
longer screws, 2 mm from the cortex, resulted in greater
stability across varying forearm-wrist positions compared
with shorter screws.'”-'® This correlates with our finding
that the greatest bone density was in the subchondral shell.

This computational model of actual scaphoid fractures
has many strengths. We were able to evaluate scaphoids that
represented normal age and gender of patients who tradi-
tionally sustained scaphoid fractures. This is in contrast to
typical cadaver studies. We also used fractured scaphoids,
with the inherent changes that occurred after fracture and
would have affected bone density in this population.

We used a method of determining bone density using CT
scans rather than dual-energy X-ray absorptiometry (DEXA),
which some may consider a limitation. However, this method
of correlating HU with DEXA scores has been shown to be
reliable.”® Our distal radius and capitate bone density find-
ings are comparable to those of Schreiber et al. Additionally,
Todisco et al in 2005'® showed that bone mineral density on
CT scan directly correlated to bone volume on histomorpho-
metry. Norton in 20012° showed that HU correlated with
bone quality, and Ahlo in 19982 showed a significant
correlation between HU and trabecular bone mineral
density.

In conclusion, for scaphoid fracture fixation, maximal
screw purchase engages the subchondral 2-mm shell of
both poles. It is especially important for scaphoid screws
to engage the 2-mm subchondral bone in the distal pole due
to the overall lower bone density in the distal pole and
because the subchondral shell has 157% of the bone density
of the next deeper shell. While it is advantageous to have
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ideal screw purchase for fracture-implant construct stability,
itis unacceptable to leave a screw prominent in the joint, and
ideal screw placement should be within subchondral bone.

Note
This work was performed at the Hospital for Special
Surgery, New York.
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