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We present two cases of complex metacarpal fractures treated with an intramedullary locking nail. This
is an emerging fixation method that minimizes tissue insult, provides sufficient stability, and allows early
mobilization. Locking nails accommodate the capture of fractured fragments in complex unstable pat-
terns and provide longitudinal and rotational stability. The described intrafocal technique is intended to
improve coaxial placement of the wire into the medullary canal.
ght © 2024, THE AUTHORS. Published by Elsevier Inc. on behalf of The American Society for Surgery of the Hand.
s is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Metacarpal fractures occur most frequently in young men
because of forceful axial load from various mechanisms.1 Recent
investigation demonstrated an increased rate of metacarpal frac-
tures across the late 2010s.2 A majority of these fractures are simple
stable patterns that perform favorably with conservative treatment.
Unstable fractures require internal fixation to reduce the risk of
shortening, rotational deformity, and consequential dysfunction.
Stiffness is one of the most common complications following sur-
gical treatment, which highlights the importance of postoperative
mobilization.3

Metacarpal fracture fixation has evolved as surgeons attempted
to optimize the continuum between construct stability and early
mobilization. Kirschner wires (K-wires) are used to fix stable frac-
tures because these options do not provide longitudinal or rota-
tional stability. The unique “Bouquet osteosynthesis” uses multiple
wires to improve construct stability; however, an immobilization
phase and the exposed wires reduce the utility of this option.
Although plate and screw constructs are biomechanically advan-
tageous compared with K-wires and have demonstrated satisfac-
tory clinical outcomes, the extent of soft tissue disruption required
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for implantation may increase the risk of extensor tendon
dysfunction and dysesthetic scar.4e6

Intramedullary nails (IMNs) provide stable fixation, and the
minimally invasive nature of this technique is clinically and bio-
logically advantageous. Furthermore, the biomechanical profile of
threaded metacarpal nails has demonstrated superiority over plate
and screw and K-wire constructs.7e9 Because of the morphology of
the metacarpal canal, novel design threaded nails may provide a
more suitable intramedullary fit compared with headless
compression screws.8,10 Metacarpal locking nails have been
recently described although evidence remains limited.11e13 The
frequency of recent reports on IMNs for metacarpal fracture in-
dicates increased utilization of this technique.

We report on two cases of metacarpal fracture treated with an
intramedullary locking nail. Furthermore, we review the literature
to aggregate the clinical and biomechanical evidence for novel
design metacarpal nails. Informed consent by each patient was
given prior to the collection of case data.

Case Report

Case 1

A 25-year-old man sustained a gunshot to the left hand. Radi-
ography demonstrated a comminuted unstable shaft fracture of the
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Figure 1. A Coronal maximum intensity projection of venous phase contrast-enhanced computed tomography (CT) of a 52-year-old man showed a replaced right hepatic artery (red
arrowhead) parallel to the portal vein (blue arrowhead) arising from the superior mesenteric artery (red arrow), and Sarin type I gastroesophageal varices (asterisk). B Digital
subtraction angiography (DSA) image following portal puncture and advancement of a microcatheter showed opacification of the superior mesenteric artery and replaced right
hepatic artery. C DSA of the replaced right hepatic artery from right femoral arterial access showed opacification of both hepatic arterial (red arrowhead) and portal venous (blue
arrowhead) branches, confirming arterioportal fistula formation. D After repositioning of the transjugular wire and catheter into the portal system, a covered stent was deployed
across the tract. E Portal DSA following deployment of the covered stent and coil embolization of the varices showed flow through the shunt with decreased flow into the varices. F
Completion arteriogram confirmed complete resolution of the arterioportal shunt, and no arterial extravasation or pseudoaneurysm.
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index metacarpal (Fig. 1AeC). The decision was made for surgical
fixation with a locking nail inserted in retrograde fashion. The
metacarpal locking nail (Skeletal Dynamics) is titanium with
proximal and distal locking options for 1.9-mm screws. The screw
holes are positioned near the ends of the nail to facilitate capture of
short segment fractures. The nail can be rotated to align the tra-
jectory of the locking screws for fragment fixation. Intrafocal
techniquewas used to facilitate coaxial placement of the guidewire
into the proximal or distal canal. A reduction wire was passed
through the skin and fracture site into the distal fragment. The wire
was driven out the metacarpal head distally with the meta-
carpophalangeal joint in flexion. This allowed control of the distal
fragment to facilitate reduction. The fracture was reduced and
confirmed fluoroscopically. Then, the wire was advanced into the
proximal fragment up to the base of the metacarpal. Sequential
manual reaming was performed to maximize nail diameter with
the canal. The nail was attached to a guide and then inserted
retrograde, with impaction as needed. Provisional K-wire fixation
was inserted proximally and distally, and then, the near cortex was
drilled for the unicortical locking screws. At 9 months after surgery,
the patient had complete range of motionwith intact sensation and
minimal pain during activities of daily living. Anatomic alignment
was noted clinically and radiographically (Fig. 1DeF).

Case 2

A 58-year-old woman sustained a hand injury from a closing car
door. Radiographic investigation demonstrated long oblique frac-
tures of the index and middle metacarpal (Fig. 2A, B). Surgical
fixation with a locking nail was indicated due to concern for
instability which is common in this fracture pattern and in multiple
metacarpal fractures. Percutaneous clamping was used to maintain
position of the proximal and distal fragments during anterograde
wire insertion. The nail was provisionally pinned proximally and
distally during drilling and insertion of the locking screws (Fig. 2C,
D). The middle metacarpal was treated in a similar fashion
following the index metacarpal. At 7 months after surgery, the
patient demonstrated clinical stability, no evidence of deformity
with a complete composite fist, and nearly full restoration of
function (Fig. 2E, F).

Literature review

The review was narrowed to novel rigid nails intended for
intramedullary fixation of metacarpal fractures. Headless
compression screws and flexible nails were not included. Across 3
retrospective series (N ¼ 135) (Table 1), threaded nails demon-
strated a mean time to radiographic union of 8.7 weeks.14e16 The
most common complications were bent screws and stiffness (9%
and 6.8%, respectively, in one study).16 In aggregate, the functional
outcomes were satisfactory with low rates of complication. Three
biomechanical reports compared threaded nails with K-wires and
plate and screw constructs (Table 2).7e9 Each report applied three-
point bending loads intended to simulate the native forces that act
on the metacarpals in the sagittal plane. Beaumont et al9 (N ¼ 88)
tested a 3.6-mm and a 4.5-mm nail across simulated shaft fractures
in the index, middle, ring, and little metacarpals. Metacarpals fixed
with a nail had normalized force and stiffness values that were
significantly closer to the native bone than those fixed with a plate
and screw construct. Wallace et al7 (N¼ 14) did not provide the size



Figure 2. A and B Radiography demonstrating long oblique fractures of the index and middle metacarpal. C and D The nails were provisionally pinned, and the screws inserted
under fluoroscopic guidance. E and F Radiography of locking nail fixation for metacarpal fracture at 7 months after surgery.

Table 1
Summarization for Reviewed Studies on Clinical Outcomes Following Nail Fixation of Metacarpal Fracture

Study N F/U (wk) Injury/Fracture Pattern Nail Type

Bach et al,19 2006 10 104 Metacarpal shaft Locking nail (Smith and Nephew)
Baum et al,14 2023 11 12 Metacarpal fracture with

CMC dislocation
Threaded nail (INnate)

Giron et al,15 2023 80 10 NR Threaded nail (INnate)
Hoelscher,16 2024 44 6 Metacarpal shaft Threaded nail (INnate)
Niempoog et al,11 2018 3 106 Metacarpal shaft Locking nail

CMC, carpometacarpal; F/U, postoperative follow-up; N, sample size for metacarpal outcomes; NR, not reported.
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of the tested nail(s) across simulated neck fractures of the index,
middle, ring, and little fifth metacarpal. The nail demonstrated
significantly higher load to failure (P ¼.039) compared with the
plate and screw construct. Patel et al8 simulated neck fractures in 16
matched pairs of ring and little metacarpals, then reamed with a
2.7-mm drill; however, no nail size was reported. Metacarpals fixed
with a nail demonstrated significantly higher load to failure
(P ¼.005) and stiffness compared with those fixed with K-wires (P
<.001). Two of the three biomechanical studies did not report a nail
diameter, which is a curious omission for an investigation into the



Table 2
Summarization for Reviewed Studies on Biomechanical Outcomes for Nail Fixation of Metacarpal Fracture

Study N* Loading Protocol* Fracture Location Nail Type

Beaumont et al,9 2024 34 with nails, 30 with plates 3-point bending Metacarpal shaft Threaded nail (INnate)
Patel et al,8 2023 16 with nails, 16 with wires 3-point bending Metacarpal neck Threaded nail (INnate)
Wallace et al,7 2023 8 with nails, 6 with plates 3-point bending Metacarpal neck Threaded nail (INnate)
Boonyasirikool et al,12 2018* 10 with nails, 10 with plates, 10 with wires 3-point bending Metacarpal shaft Locking nail

* N, sample size for metacarpal fixation, Boonyasirikool et al tested chicken bone.
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stability properties of a fixation device. The anatomical work by
Boonyasirikool and Niempoog10 noted that metacarpal nails should
maximize fit within the medullary canal. The mean canal width at
the isthmus of the ring finger was 3 mm, which was the smallest
size across the index, middle, ring, and small metacarpals. The
biomechanical study by Beaumont et al9 reported that nine 3.6-mm
nails and one 4.5-mm nail were used in the ring finger. The authors
reported that metacarpals fixed with the 4.5-mm nail had signifi-
cantly higher normalized stiffness than those fixed with a 3.6-mm
nail. Although undersizing is prudent when there is concern for
endosteal compromise, the surgeon should aim to maximize fit
within the canal space.

The concept of locking intramedullary fixation for metacarpal
fractures was initially described in themid-1990s by Gonzalez et al17

and then reported in 2006 by Orbay and Touhami18 and Bach et al.19

The techniques described by Gonzalez et al17 and Bach et al19 pro-
vided sufficient stability; however, the extensive approach necessi-
tated a period of immobilization. This techniquewas often limited to
injuries with extensive soft tissue disruption that provided access for
implantation. Orbay and Touhami18 reported satisfactory results for
flexible nailing with a proximal locking mechanism. To minimize
tissue abrasion, a plastic cap covering the exposed end of the wire or
block splinting was used. Novel design locking nails for metacarpal
fracture are rigid with locking options intended to facilitate frag-
mentary capture of a wider spectrum of fractures.13 Complex pat-
terns including spiral fractures, combination head split and shaft
fractures, and cases with central segmental bone loss may be best
addressed with locking nails. Furthermore, locking nails may be
more advantageous than threaded nails in multiple metacarpal
fractures because of the commonality of instability in these cases.
Niempoog et al11 and Boonyasirikool et al12 reported clinical and
biomechanical results, respectively, for a stainless-steel locking nail
with multiple options for 1.5-mm screws. Unlimited motion was
encouraged on day one after surgery, with progressive loading pa-
rameters. The authors describe retrograde insertion for the middle
metacarpals, with anterograde for the border metacarpals that avoid
the extensor tendons. Niempoog et al11 reported that full motionwas
achieved in all cases at 4 weeks and radiographic union at 4e6
weeks after surgery. Boonyasirikool et al12 reported a significantly
higher load (P <.05) to failure in bending for the same locking nail
compared with a dorsal plate and crossed K-wires. Importantly, the
peak static load in the nail group was greater than those that may be
encountered during normal activities.20,21

Flexible nails were not included in this review as these devices
have differing biomechanical and outcome profiles. Although the
literature demonstrates satisfactory clinical outcomes for flexible
nails, the locking mechanism may increase the risk of complication
and the biomechanical properties of flexible nails may be inferior to
that of K-wire constructs.4,22

The financial ramifications of intramedullary fixation of meta-
carpal fractures are an important consideration. Brewer et al23 re-
ported increased follow-up costs associated with K-wire fixation
compared with intramedullary screw of all finger fractures,
including those of the metacarpal. The increased costs with K-wire
fixation were because of the removal procedure with requisite
imaging and additional clinic visits that may not be as frequent
with intramedullary fixation.

The aggregate literature demonstrates clinical and biomechanical
efficacy for IMN fixation of metacarpal fractures. The noted advan-
tages include minimal soft tissue disruption, ability for early mobi-
lization, and low rates of construct failure. The evolution of devices
and techniques has expanded the use of IMN with encouraging
short-term results. Early flexible nails achieved satisfactory results
within a limited spectrum of fracture patterns. Threaded and locking
nails are more stable in bending than flexible nails, and locking nails
provide improved longitudinal and rotational stability compared
with flexible nails. These characteristics have expanded the fracture
patterns that can be effectively stabilized with intramedullary fixa-
tion. Furthermore, the strength and durability of threaded and
locking nails are advantageous during early mobilization in the
young active population that commonly requires metacarpal frac-
ture stabilization. The majority of reports on metacarpal threaded
and locking nails were published between 2018 and 2023, which
illustrate the increased interest and utilization of this treatment.

Discussion

Intramedullary nailing for metacarpal fractures is an emerging
fixation method that minimizes tissue insult, provides sufficient
stability, and allows early mobilization. Novel design threaded nails
have optimized canal fit and biomechanical profile. However,
condylar splits, long oblique and spiral fractures, and those with
central segmental bone loss may not be sufficiently stabilized by
threaded nails. Locking nails accommodate the capture of fractured
fragments in complex unstable patterns and provide longitudinal
and rotational stability.

The described intrafocal technique is intended to improve co-
axial placement of the wire into the medullary canal. This tech-
nique avoids multiple wire passes through the articular surface as
trajectory is optimized prior to passing the wire through the
articular surface. As with any approach, the surgeon must be
conscious of the surrounding structures because the wire entry
point may vary based on the metacarpal and the fracture pattern.
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