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Abstract
Background To date, only plain radiographic definitions of
normal anatomical parameters have been described. Our study
aims to describe normal anatomic measurements of small and
ring metacarpals using a novel digital reconstruction tech-
nique based on raw CT image data. We hypothesize that cur-
rent plain radiographic data incorrectly describes normal
metacarpal anatomy in the lateral plane.
Methods Thirty-five scans of the small and 30 scans of the
ring metacarpals form the basis for this study. Using a custom
digital 3D image reformatting software, CT sections were re-
constructed in the plane of each studied metacarpal. The 3D
images were converted to sagittal and coronal weighted pro-
jections to represent lateral and posteroanterior (PA) 2D im-
ages that are equivalent to Bperfect orthogonal^ radiographs.
Using a customized image measurement program, shaft
lengths, shaft-bending angle (SBA), and capital-axis angle
(CAA) were measured.
Results Our results show that CAA averaged 14 and 12° in
the ring and small metacarpals, respectively. Apex dorsal SBA
averaged 12 and 10° in the ring and small metacarpals, respec-
tively. On the PA images, the shafts are nearly straight. In
contrast to prior reported values, we found the CAA to be less
acute and the metacarpal curvature less pronounced on the
lateral projection. We also demonstrated that much of the
metacarpal apex dorsal bend is in the shaft itself.
Conclusion Normal anatomic parameters of metacarpals are
based primarily on radiographic data, and as such are limited

due to bony overlap in the lateral plane, as well as imperfect
radiographic projections that are known to distort anatomical
relationships. This novel method of image reconstruction
eliminates metacarpal overlap and defines precise anatomical
reference for metacarpals.
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Introduction

Metacarpal neck fractures of the small and ring fingers
typically occur as a result of a direct trauma. These
injuries are common, with an incidence of 13.6 per
100,000 person-years for acute hospital care in the
USA [8]. In addition, these fracture types account for
18 % of all hand injuries [4]. Indications for surgical
treatment are based on the degree of fracture angulation
and rotational alignment.

There is no consensus regarding a standard method of
radiographic measurement of these fractures. Recent stud-
ies underscore the difficulty in reliably measuring the
magnitude of displacement and angulation [5, 6, 10, 11].
Accurate measurement of deformity is important in
assessing the extent of injury and determining an appro-
priate course of treatment [1, 2, 9]. Although some degree
of deformity can be tolerated with little functional conse-
quence, the goal of surgical treatment of metacarpal frac-
tures is restoration of normal anatomy. As such, a good
understanding of the normal anatomy is important in
repairing or reconstructing metacarpal fractures.

There is a paucity of data detailing the normal radiographic
anatomy, with only one report using plain radiographs to mea-
sure morphometric parameters. Due to bony overlap in the
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lateral radiographic projection, our understanding of the meta-
carpal anatomy in this plane is significantly limited [2]. The
purpose of this study is to describe the precise anatomy of
normal small and ring metacarpals to serve as reference. We
used a novel method of image manipulation of computer to-
mography (CT) images to eliminate difficulties inherent in
measuring the anatomy in the lateral plane using radiograph,
such as the overlap phenomenon.

Methods and Materials

After the institutional review board approval of the project, 50
consecutive hand CT scans were identified retrospectively
using a radiographic database. De-identified raw images from
each scan were evaluated for adequate resolution, proper se-
quences, complete visualization of the metacarpals and no

obvious prior injury, severe arthritic changes, or other anom-
alies affecting the fourth and fifth metacarpals. Scans which
were deemed inadequate based on these properties, or those in
which there were any acute or chronic pathologic changes
involving the small and ring metacarpals were excluded from
study analysis.

Thirty-five scans of the small metacarpal and 30
scans of the ring metacarpal were included in this study.
We aimed to power our study to discriminate 5° of
change (paralleling the error range in measurement of
conventional radiographs). To achieve this power, 15
scans were required. Doubling the required sample size
allowed for the discrimination of nearly 3° of difference
with statistical significance.

Using a digital 3D image reconstruction program
(TeraRecon, Foster City, CA), the raw data point files from the
CTscanswere reconstructed in three planes [7, 12]. These planes

Fig. 1 The process of defining
the radiographic planes based on
anatomical axis. 3D
reconstruction of anatomical axis
based on fine cut CT raw data
points. a Line drawn
perpendicular to the volar and
dorsal cortices, bisecting the head
(white arrow). b Line drawn from
center point in the metacarpal
head to the mid of the metacarpal
base

Fig. 2 Virtual AP and lateral
reconstructed X-rays (RaySum)
in perfect projection
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were utilized to generate coronal and sagittal projections
(RaySum) of each metacarpal individually based on the geomet-
ric axis of each bone. At the metacarpal head, a transverse (axial)
line was drawn perpendicular to the volar and dorsal cortices and
at the level of the radial collateral ligament recess, bisecting the
head (Fig. 1a). Next, a line was drawn from this center point in
the metacarpal head to the midpoint (anteroposterior (AP) and
mediolateral) of the metacarpal base found on the axial view
(Fig. 1b). From these, AP and lateral RaySum projections were
constructed of the individual metacarpals within the field of
view. This reconstruction produced virtual AP and lateral images
of the individual digits (Fig. 2). All images were calibrated for
size (pixel to distance calibration based on the radiographic
marker and digital scale) to ensure accurate measurement.

Using an imaging measurement software (Rontgen
Monogrammetric Analysis, Institute of Orthopaedics,
Oswestry, UK), metacarpal anatomical relationships as de-
fined by Braakman [2] were measured. The shaft lengths,
shaft-bending angle (SBA), and capital-axis angle (CAA)
were found on the lateral and AP views (Fig. 3). The SBA
was measured by drawing lines transversely that divided the
metacarpal into four equal sections to establish the proximal,
middle, and distal portions. A line was drawn from the mid-
point of the proximal line to the midpoint of the middle line.

Then a line was drawn from the midpoint of the distal line to
the midpoint of the middle line. The intersection of these two
lines creates the SBA (Fig. 3a). The CAAwas found by draw-
ing a line at the midpoint of the widest part of the cartilage cap
and measuring the angle it makes to the metacarpal axis
(Fig. 3b).

The shaft length was defined as the distance from the center
of the most distal part of the distal condyle to the middle of the
bony prominences at the metacarpal base and was measured
on both coronal and sagittal images. The SBA is defined as the
angle within the shaft of the metacarpal in the AP and lateral
planes. By convention, radial bend (apex ulnar) was given a
positive value, and ulnar bend (apex radial) was given a

Fig. 3 Measurement of shaft bending angle (SBA) and capital-axis angle
(CAA). a The SBA was measured by drawing lines transversely that
divided the metacarpal into four equal sections to establish the proximal,
middle, and distal portions. A line was drawn from the midpoint of the
proximal line to the midpoint of the middle line. Then a line was drawn

from the midpoint of the distal line to the midpoint of the middle line. The
intersection of these two lines creates the SBA. b The CAAwas found by
drawing a line at the midpoint of the widest part of the cartilage cap and
measuring the angle it makes to the metacarpal axis

Table 1 Demographics
Average age (years) 47

Age range (years) 17–87

Male 22

Female 13

Total 35

Table 2 Results

Averaged measurements Fifth metacarpal Fourth metacarpal

(mm) SD (mm) SD

Metacarpal length 89 21 95 22

Proximal third diameter (lateral) 13 4 14 5

Distal third diameter (lateral) 16 4 16 4

Proximal third diameter (AP) 16 5 14 4

Distal third diameter (AP) 16 5 16 5

(deg) SD (deg) SD

Shaft bending angle (lateral) 10 3 12 3

Capital-axis angle (lateral) 12 6 14 12

Shaft bending angle (AP) 1 2 0 1

Radius of curvature (lateral) 256 mm 228 mm

Angles: + = apex dorsa/apex radial

SD standard deviation
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negative value. Similarly, volar bend was given a positive,
while dorsal bend was given a negative value.

Results

The demographics of our study population are indicated in
Table 1.

The measurements were tabulated and are summarized in
Table 2. On average, the small metacarpals were 6 mm shorter
than the ring metacarpals. There was no significant difference
between the diameters of the ring and small metacarpals in their
proximal and distal thirds. Shaft bending angles on theAP view
demonstrate minimal angulation. This indicates that in the cor-
onal plane, the metacarpals are essentially straight. However, in
the sagittal plane, the metacarpals are not straight and as ex-
pected have an inherent bend. On the lateral view, the small

finger metacarpal is slightly straighter (SBA 10°vs ring SBA
12°). The small and ring metacarpals have comparable radii of
curvature (215 mm for the small vs 213 mm for the ring).
Figures 4a–d show the distribution of the CAA and SBA of
the ring and small metacarpals in our study population.

Using computer simulation, 3D reconstruction of average
metacarpal relationships may be modeled. Figure 5 demon-
strates the mean anatomic relationships of the ring and small
metacarpals.

Discussion

Metacarpal fractures are common injuries. An understanding
of the normal anatomy of the metacarpals is important both in
assessing injured hands and in reconstructing fractures and
post-traumatic deformity. It has been demonstrated that

Fig. 4 a–d Distribution of measured relationships
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accurate evaluation of true metacarpal anatomy is difficult
with conventional radiographs [5, 6, 10, 11]. Our current un-
derstanding of normal metacarpal anatomy is based on the
work of Braakman et al. [2], who used radiographs to measure
normal metacarpals. They measured capital and subcapital
angulations, proximal articular inclination, and the shaft bend-
ing angles on PA and oblique radiographs to define normal
values. In their study, CAA averaged 22 and 27° on the PA
and 19 and 24° on the oblique radiographs for the ring and
small metacarpals, respectively. They found that SBAwas 2°
in all tested digits in both projections. These measurements
were not dependent on age, sex, or hand dominance in their
study. Although our results were similar to theirs, we found
the CAA to be less acute and the metacarpal curvature less
pronounced. Our results show that CAA averaged 14 and 12°
in the ring and small metacarpals, respectively, compared to
19 and 24° according to Braakman [2]. We also demonstrated
that much of the metacarpal apex dorsal bend is in the shaft
itself. SBA averaged 12 and 10° (apex dorsal on the Blateral
view^) in the ring and small metacarpals, respectively. This
relationship is important to consider when reconstructing
metacarpals or when deciding how large a deformity is.
Previous studies underestimate this relationship [2]. On the
Btrue AP view,^ the both metacarpal shafts are nearly straight.
We found the SBA to be minimal, average 0 and 1° on the AP
view in ring and small metacarpals, respectively (apex radial).

Knowledge of the normal dimensions and anatomic con-
figuration of the ring and small metacarpals is valuable. First,
it is important to have an understanding of normal metacarpal
anatomy in assessing pathologic conditions such as fracture.
Acceptable limits of angulation in ring and small metacarpal
shaft fractures are 20–30 and 30–40°, respectively [3]. We

found that the metacarpals have an inherent apex dorsal
bow, as evidenced by the 12° and 10° shaft bending angle of
the ring and small metacarpals, respectively. Thus, any assess-
ment of fracture angulation needs to take into account this
alignment. Similarly, the metacarpal necks of the ring and
small metacarpals are normally angulated 14 and 12°, respec-
tively, apex dorsal. The overall posture of the metacarpal can
be described as a gradual smooth bend in the shaft as well as
an additional distal bend at the neck. A nondisplaced fracture
may therefore still be associated with some degree of (normal)
angulation. In the coronal plane, however, there is little inher-
ent curvature to the metacarpal. Almost any degree of angu-
lation in the coronal plane beyond a few degrees is likely to be
abnormal.

Surgical correction of metacarpal fractures or malunions
also requires knowledge of the normal anatomy. Anatomic
reduction of a metacarpal neck or shaft fracture should ac-
count for the normal anatomical relationships including the
gentle bow in the sagittal plane.

In post-traumatic reconstruction of massive bone loss from
as gunshot wounds, infection, or tumor resection, knowledge
of the normal dimensions of the metacarpals is critical to guide
reconstruction. We found that the small metacarpal is, on av-
erage, 6 mm shorter than the adjacent ring metacarpal.
Understanding this relationship may aid in the reconstruction
of large deformities and bone defects.

Strengths of this study include the use of 3D reconstruction
to measure the normal metacarpal anatomy. Radiographs of
metacarpal anatomy can be difficult to measure accurately due
to overlap of the adjacent metacarpals and variable rotation of
the hand during positioning. True orthogonal views are diffi-
cult to obtain or standardize. By using CTscans, we were able

Fig. 5 Averaged anatomical
model of metacarpal relationships
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to maximize the accuracy and the radiological depiction of the
anatomy and consistency in measurements. We reformatted
the CT images rather than using the standard Bsagittal cuts,^
which inherently may not be in the plane of all the metacar-
pals. Reformats that are along the axis of the long bone lead to
better resolution and more accurate measurement of geometric
relationships.

All metacarpals examined were in isolated lateral or AP
positions as a result of the reconstruction, a perspective that
is nearly impossible to recreate using radiographs. We gained
standardized radiographic projections as they relate to the an-
atomic parameters in the lateral plane and AP planes.
Braakman’s [2] measurements may have been limited for this
reason. Our reported results are free of the above distortions
and represent anatomical relationships.

This study is limited by the relatively small study popula-
tion that may not be a representative of the population in
general, and this may introduce sampling bias. We did not
stratify age differences, ethnicity, handedness, or different
genders. Although evidence suggests minimal variation in
metacarpal anatomy between men and women [2], it is pre-
sumable that men and women may have subtle differences in
anatomy and this may skew our results.

The design of this study was based on a complicated 3D
reconstruction model of determining metacarpal angulation
and anatomy. We do not expect or intend that this model of
measurement would be applicable to everyday clinical prac-
tice. Rather, we sought to provide a reliable clinical reference
for the determination of anatomical parameters in the metacar-
pals. Further, a study of the index and long metacarpals would
similarly be useful.

Our results can aid understanding the anatomical relation-
ships in the ring and small metacarpals. The measured values
for these bones can serve as reference for further investiga-
tions and clinical decision making. Knowledge of this anato-
my is beneficial in evaluating and treating disorders of these
rays.
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