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Background: Ideal fixation for metacarpal fracture should provide immediate stability to allow early rehabilitation. Locked
intramedullary nail may fulfill the need. Metecarpal geometry has to be studied in order to design the locked intramedullary
nail.
Objective: To study metacarpal geometry in adult cadaver for locked intramedullary nail design.
Material and Method: Radiographs of metacarpals taken from 50 embalmed adult cadavers were measured for essential
parameters for locked intramedullary nail design. Total length, proximal metaphyseal width, distal metaphyseal width,
isthmus width and medullary canal width were measured. The parameters were analyzed by descriptive statistic.
Results: The average total lengths were ranged from 44.53 to 65.42 mm. The average metaphyseal widths of metacarpal bone
were between 11.42 to 16.42 mm. The average medullary canal widths were between 3.05 to 6.74 mm. The extreme small (less
than 3 mm) medullary canals were found in index, middle, ring and small metacarpals.
Conclusion: The results of our study provide crucial preliminary data for locked metacarpal nail design for adult patient.
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Fracture of metacarpal bone is a common
fracture in the hand. The overall incidence is 18% of all
fractures in forearm and hand(1). Poorly treated
metacarpal fractures may cause stiffness, shortening
and scissoring fingers(2). Various types of treatment
have been proposed(3). Unstable and malaligned
metacarpal shaft fractures need a stable fixation to
provide adequate strength to resist possible deforming
forces. The ideal method of fixation should provide
stable fixation to allow early rehabilitation while
minimizing soft tissue damage. It should also be simple
and easy to perform.

Intramedullary fixations have been an
interesting technique due to benefit by lack of soft
tissue stripping around fracture site. Flexible nail
function an internal splint, prevents displacement by
filling up the canal together with three-point fixation
mechanism. Multiple techniques have been published
in literatures. Single intramedullary pin is limited to
simple transverse fracture where rotation is controlled

by the intermetacarpal ligament(4). Multiple small pre-
bent intramedullary pins or “Bouquet osteosynthesis”
add more stability to rotational control by three-point
fixation mechanism of Ender’s concept(5-7). Although
both techniques are more stable, they are still
contraindicated in long oblique and bicortical
comminution and need period of postoperative
immobilization(6). Recently, Orbay et al(4) have reported
success in using intramedullary nail with locking
option. By its locking mechanism, indication of
intramedullary nail is expanded to spiral and
comminuted fractures. However, they still recommended
a metacarpophalangeal, flexion block splint in these
unstable patterns. Some drawbacks are that the proximal
end of a nail may irritate extensor tendons, the patient
needs splinting to prevent extensor tendon irritation
and the nail needs to be removed routinely.

 Locked intramedullary nail has a potential to
be the standard fixation for metacarpal shaft fractures
in order to provide an immediate stability for all fracture
configurations with less soft tissue disturbance. The
authors anticipate a benefit of developing a new locked
intramedullary nail for adults. In the present study, the
authors aimed to provide geometry of adult cadaveric
metacarpal bone for further development of a locked
intramedullary metacarpal nail.
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In proximal part, the average proximal metaphyseal width
(PW) is ranged from 11.42 mm (95% confidence interval
[CI], 10.20-12.64 mm) in ring metacarpal to 16.42 mm
(95% confidence interval [CI], 14.71-18.13 mm) in index
metacarpal (Table 1, 2).

Discussion
Ideal metacarpal nail fixation should be simple

but strong enough to resist all plane of deforming forces
regardless of fracture patterns to allow immediate
rehabilitation with less soft tissue violation. Moreover,
secondary removal should not be necessary. Single
intramedullary pin, wiring and multiple pre-bent pins
do not provide sufficient stability in unstable fracture
configurations (long oblique, spiral and, bicortical
comminution). Plating is stable method of fixation but
own major disadvantages of soft tissue adhesion and
stiffness. Locked intramedullary nail may achieve ideal
metacarpal fixation characteristics.

To our knowledge, this is the first study to
provide complete morphologic information important
for designing locked metacarpal nail. A previous
cadaveric study by Khanpetch P et al(8) reported mean
lengths of metacarpal were between 40.6 to 64.9 mm,
mean base width, comparable to our proximal width
(PW), were between 7.6 to 15.6 mm and mean head
widths, comparable to our distal width (DW), were
between 8.2 to 13.9 mm. However, the investigators
did not measure the canal diameter that is crucial for

Material and Method
The authors harvested 50 hands from

embalmed adult cadavers (age ranged from 56 to 85
years at the time of death). Not all cadavers had a history
of fracture in hand. Surrounding soft tissue was stripped
off metacarpal bones. All specimens were evaluated by
inspection for any sign of previous fracture, malunion
and surgery involving the bone. None of the specimen
was rejected. The authors placed each bone on
radiolucent board and fixed them with cardboard mount.
The authors then obtained radiograph for each
metacarpal both in posteroanterior and lateral views.
The interested parameters were measured in plain
radiograph using non-digital vernier caliper including
total length (TL), proximal metaphyseal width (PW),
distal metaphyseal width (DW), isthmus width (IW)
and medullary canal diameter (CW) at the narrowest
part (Fig. 1). TL was the greatest length of metacarpal,
metaphyseal width was the widest diameter of
metaphysis, isthmus width was the narrowest shaft of
metacarpal and medullary canal diameter was the
narrowest part of medullary canal measured between
inner cortexes at the same level. All measurements were
analyzed using SPSS version 15.0 software.

Results
The average isthmus width (IW) of ring

metacarpal was 5.89 mm (95% confidence interval [CI],
5.01-6.77 mm) which was the smallest one. The IW of
metacarpal are larger in order from ring, small, middle,
index and to the thumb metacarpal. The average
medullary canal width (CW) of ring is also smallest
which is equal to 3.05 mm (95% confidence interval
[CI], 2.27-3.83 mm) measured in lateral radiograph. The
average CW was wider in the same order with cortical
average IW. Narrow CW (less than 3 mm) can be found
in index, middle ring and small metacarpals.

The average total length (TL) is ranged from
44.53 mm (95% confidence interval [CI], 42.49-46.57 mm)
of thumb metacarpal to 65.42 mm (95% confidence
interval [CI], 61.67- 69.17 mm) of index metacarpal. The
shortest metacarpal in the present study belonged to
small metacarpal (40.4 mm), while the longest were from
index metacarpal (73.1 mm).

The average distal metaphyseal width (DW)
of ring and small are apparently smaller than other
metacarpals. The narrowest average DW measured from
small metacarpal in frontal plane was 11.89 mm (95%
confidence interval [CI], 10.84-12.94 mm). The widest
average DW is 15.26 mm (95% confidence interval [CI],
13.6-16.92 mm) from index metacarpal in sagittal plane. Fig. 1 Parameters measured in the study.

TL = total length; PW = proximal metaphyseal width; DW =
distal metaphyseal width; IW = isthmus width; CW =
medullary canal width
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nail design. Extreme short metacarpals and small
metaphyseal portions in this study belonged to female
cadavers. Our measurement expected to be higher due
to being uncategorized by sex.

The smallest medullary canal was 3.05 mm
(95% confidence interval [CI], 2.27-3.83 mm) from ring
metacarpal. The intramedullary nail diameter should be
largest, yet small enough to insert into most
metacarpals. Therefore, we considered 3 mm-diameter
nail would be appropriate for metacarpal. If the diameter
is smaller than 3 mm, it will decrease stiffness of a nail
as well as affect a size of screws and locking screw
holes. Because metacarpal is not a weight-bearing bone,
metacarpal nail act as stable internal splinting to allow
early rehabilitation, larger size of nail may not be
necessary. A careful pre-operative template is needed
in extremely small medullary canal especially in index,
middle, ring and small metacarpal.

The total length of metacarpal indicates an
appropriate length of the nail. The present study found
average metacarpal length ranged from 44.53 to 65.42
mm. The thumb metacarpal is relatively short and has
the shortest length in the present study, 40.4 mm, similar
findings also found in previous study(8). The nail must
be shorter than the actual length of the metacarpal to
allow proximal tip of nail to sink into the bone to prevent
impingement between nail tip and extensor apparatus.
From this study, appropriate length should be between
30 to 55 mm to fit all possible lengths of metacarpal,
especially extremely short metacarpal in female
thumb(11).

The proximal and distal metacarpal widths in
the present study provide data for proper locking screw
length for metacarpal nail. The average metacarpal
widths are between 11.42 to 16.42 mm. According to
the measurement of the metacarpal width, the locking
screw length should range from 10 to 18 mm. Shorter
screw lengths have to be provided for very small
metaphysis in females(8).

The population in the present study was
typical Southeast Asian adult that may differ from other
ethnics(9-11). Measuring bone geometry from radiograph
may not represent an actual size of medullary canal
because of poorly defined inner cortex in some samples.
Nevertheless, the locked metacarpal nail does not have
to be perfectly fit to a canal. The locking screw at both
ends add stability to bone-nail construct, so nail
diameter can be small to fit to most of canals.

Conclusion
The results of the present study provide

preliminary data for locked metacarpal nail design.
The average medullary canal widths of metacarpal
are between 3.05 to 6.74 mm. The average lengths of
metacarpal range were from 44.53 to 65.42 mm. In
addition, the average metaphyseal widths were between
11.42 to 16.42 mm. These measurements are crucial data
for designing locked metacarpal nail for adults.
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