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Abstract

Context: Hand injuries are a common emergency department presentation. Metacarpal fractures account for 40% of all hand frac-
tures and can be seen in the setting of low or high energy trauma. The most common injury pattern is a metacarpal neck fracture.
In this study, the authors aim to review the surgical indications for metacarpal neck fractures, the fixation options available along
with the risk and benefits of each.

Evidence Acquisition: Literature review of the different treatment modalities for metacarpal neck fractures. Review focuses on
surgical indications and the risks and benefits of different operative techniques.

Results: The indications for surgery are based on the amount of dorsal angulation of the distal fragment. The ulnar digits can toler-
ate greater angulation as the radial digits more easily lose grip strength. The most widely utilized fixation techniques are pinning
with k-wires, dorsal plating, or intramedullary fixation. There is currently no consensus on an optimal fixation technique as sur-
gical management has been found to have a complication rate up to 36%. Plate and screw fixation demonstrated especially high
complication rates.

Conclusions: Metacarpal neck fractures are a common injury in young and active patients that results in substantial missed time
from work. While the surgical indications are well-described, there is no consensus on the optimal treatment modality because
of high complication rates. Dorsal plating has higher complication rates than closed reduction and percutaneous pinning, but is
necessary in comminuted fractures. The lack of an ideal fixation construct suggests that further study of the commonly utilized

techniques as well as novel techniques is necessary.
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1. Context

Hand injuries are a common presentation to an emer-
gency department (1). Fractures involving the hand ac-
count for up to 28% of all fractures encountered (2). While
the most common fractures of the hand are of the distal
phalanx (3), metacarpal fractures alone account for about
40% of all hand fractures with 1.5 million injuries occur-
ring annually (4, 5). They are the second most common
fracture to present to an orthopaedic surgeon (after distal
radius fractures) with an incidence 0f 130.3 per 100,000 pa-
tients annually (6). The economic burden is particularly
high in these patients as they typically affect young and
healthy men (7)leading to missed time from work. Isolated
metacarpal injuries can resultin up to 3 - 6 weeks of missed
time with non-operative management alone (8-10). There-
fore, optimizing treatment of these injuries may have sig-
nificant benefits in both quality of life and return to work
for these patients.

Among metacarpal fractures, the metacarpal neck is
the most common site of injury (11). Metacarpal neck frac-
tures typically result from a patient striking a solid surface
with a clenched fist causing volar comminution and dor-
sal apex angulation (12, 13). The most frequent scenario
encountered is a fracture of fifth metacarpal neck other-
wise known as the “boxer’s fracture.” Metacarpal neck frac-
tures provide a particular dilemma to orthopaedic sur-
geons as there is no consensus for their management (14,
15). Non-operative management typically delivers an ac-
ceptable outcome, but can be associated with a poor cos-
metic result, weakness, extensor lag, and palmar promi-
nence (16). Conversely, with surgical intervention there
have been reports of high complication rates, up to 36%
(17-19). The controversy surrounding the management of
metacarpal neck fractures, prompted review of the treat-
ment options available.
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2. Evidence Acquisition

This article will provide an evidence-based review of
the presentation and different surgical management op-
tions for metacarpal neck fractures. This is intended to
clarify the surgical options for these injuries with the spe-
cific risks and benefits for each technique. We will re-
view the typical presentation of metacarpal neck fractures,
radiographic findings, surgical indications, and fixation
techniques available to the surgeon.

PubMed was used as an electronic search engine in
this review. The search terms used to identify studies were
“metacarpal fractures” and “metacarpal neck fractures”.
All studies were scrutinized to reflect a wide spectrum of
treatment options for metacarpal neck fractures. Addi-
tionally, two widely circulated orthopaedic textbooks were
utilized for general information on the presentation, ra-
diographic features, surgical indications and fixation tech-
niques.

3. Results

3.1. History and Physical Examination

A thorough history and physical exam must be done
for evaluation of metacarpal neck fractures. Key aspects of
the patient history include age, hand dominance and occu-
pation as they can significantly affect management. Mech-
anism of injury is an important variable for early manage-
ment and outcome of metacarpal neck fractures. The clas-
sic presentation of a metacarpal neck fracture is a patient
that strikes a solid surface with a closed fist (12, 13). How-
ever, these injuries can also occur in multiply injured poly-
trauma patients. Metacarpal neck fractures can be subtle,
as can most hand fractures, in the setting of a multiply
injured patient which can lead to delays in diagnosis and
treatment (20).

The first component of physical examination is care-
ful inspection of the skin and soft tissue. The clinician
must be careful to fully examine for lacerations to rule out
an open fracture. Wounds over the metacarpophalangeal
(MCP) joints should be considered to communicate with
the fracture or the MCP joint until proven otherwise (Fig-
ure 1). For less obvious injuries, localized swelling, ecchy-
mosis and tenderness to palpation can be helpful isolating
the fracture. MCP joint depression or loss of normal joint
contour may be present (Figure 2). If there is a soft tissue
defect, the patient should receive both tetanus prophylaxis
as well as antibiotic prophylaxis that covers common oral
flora (amoxicillin/clavulanic acid), presuming the lacera-
tion was from a tooth sustained from punching someone
in the mouth, also known as a “fight bite” (21, 22).

Figure 1. Fight Bite Sustained With Metacarpal Neck Fracture

Figure 2. Note the Altered Contour and Deformity of the Fifth Small Finger ray Along
the Border due to an Underlying Angulated Metacarpal Neck Fracture

Additionally, the specifics of the deformity can be
noted. Shortening of the ray can be assessed by compar-
ison to the contralateral hand. The rotational alignment
should also be evaluated. A rotational deformity may not
be appreciated with the fingers in extension, however test-
ing them in flexion may reveal subtle deformity. Normally
in flexion, the digits will point to the distal pole of the
scaphoid, but in metacarpal fractures with rotational de-
formity, there will be some degree of external rotation of
the affected finger (Figure 3). If the patient is unable to ac-
tively flex his or her fingers due to pain, this deformity will
also be present with passive flexion.

Finally, a neurovascular examination is undertaken
prior to any local anesthetic or reduction attempt. Dis-
tal capillary refill should be less than two seconds and
two point discrimination should be less than 6 mm. Dor-
sal wounds may be associated with deficits of the dor-
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Figure 3. Note the Rotational Deformity due to an Underlying Spiral Metacarpal
Fracture

Rotational deformity is most accentuated with active or passive finger flexion, while
angular deformity is most prominent with finger extension.

sal sensory branches of the ulnar or radial nerves. Sim-
ilarly, volar wounds are commonly associated with digi-
tal nerve injury. Motor function is checked in the finger
flexors and extensors. Extensor tendons can be lacerated
and retracted especially when dorsal wounds are present.
“Pseudo-clawing” (hyperextension) of the ray may result
after repeated attempts to extend the finger if the angula-
tion of the metacarpal neck fracture is advanced (23, 24).
Evaluation of finger extension and grip strength in the sub-
acute or chronic setting (not acutely) should also be noted.

3.2. Imaging

Imaging and subsequent diagnosis of metacarpal neck
fractures can be readily achieved with plain radiographs.
Anteroposterior, lateral and oblique radiographs of the af-
fected digit should preferably be obtained. A “skyline” view
of the metacarpophalangeal joint has been described and
can show a vertical impaction defect in the metacarpal
head which is typically sustained as a result of tooth pen-
etration through the extensor hood into the joint (25). In-
jured digits should be viewed individually to minimize
overlap of other digits. Additionally, every attempt at a
perfect lateral should be made as it has been shown that
the obliquity of the hand at the time of radiograph can
effect the angulation measurement (26). Advanced imag-
ing is typically not necessary unless there is concern for
intra-articular extension of the fracture to the metacarpal
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head. Articular involvement would best be evaluated by
computed tomography (CT).

Imaging should be surveyed for comminution, dis-
placement, angulation, shortening and fractures to sur-
rounding bones of the hand and wrist (Figure 4A - C).
There are two different techniques for measuring angula-
tion on the lateral radiograph. In one, the angle is mea-
sured between the line along the longitudinal axis of the
metacarpal shaft (medullary canal) and the line from the
center of the metacarpal head to the fracture site (Figure
4D). In the other, the angle is measured after drawing two
lines tangential to the dorsal cortices of the proximal and
distal fragments using the intersecting angle between the
two lines as the measure of the fracture angulation (this
method may underestimate angulation) (Figure 4E). Nor-
mal angulation of the 5th metacarpal neck is fifteen de-
grees using the first of the aforementioned methods (12).
The measurement of fracture angulation of small finger
metacarpal neck fractures is subject to a high degree of
inter- and intraobserver variability (27). Reliability and va-
lidity can be adequate only when the degree of small fin-
ger metacarpal neck fracture angulation is measured af-
ter drawing lines on lateral radiographs. Oblique radio-
graph measurements consistently produce higher read-
ings (28). Finally, one must account for the fact that the
normal metacarpal head-to-neck angle is 15 degrees so any
fracture angulation is equal to the measured angle on the
lateral radiograph minus 15 degrees.

3.3. Surgical Indications

There are a number of surgical indications for
metacarpal neck fractures. Firstly, open fractures are
an absolute indication for irrigation, debridement, and
fracture reduction (29). Secondly, if there is extension
of the fracture into the metacarpal head with greater
than 1 mm of displacement or any intra-articular fracture
fragment blocking joint motion, surgery is recommended
(29). Finally, and most commonly, the degree of volar an-
gulation and displacement is used to determine operative
versus nonoperative management. If volar angulation
is not corrected, patients can have a prominent dorsal
deformity, decreased grip strength, a prominent palmar
metacarpal head and pseudo clawing (Figure 2) (23, 24).
The degrees of volar angulation for each digit that may be
considered for surgical fixation are (29):

-150 for the index finger

-250 for the long finger

-350 for the ring finger

-450 for the small finger

Notably, the angular criteria for surgical interven-
tion is highly variable with some authors accepting up
to 700 of angulation (8, 18, 30). The acceptable degree
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Figure 4. Radiographic Assessment of Metacarpal Neck Fractures, Note the Dorsal Angulation

A, B and C, PA, lateral, and oblique X-rays demonstrating displaced, dorsally angulated fifth metacarpal neck fracture; D, measurement of dorsal angulation between the
line along the longitudinal axis of the metacarpal shaft (medullary canal) and the line from the center of the metacarpal head to the fracture site; E, measurement of dorsal
angulation between the two lines tangential to the dorsal cortices of the proximal and distal fragments using the intersecting angle between the two lines as the measure of

the fracture angulation.

of angulation increases for the more ulnar digits owing
to the compensatory movement of the 4th and 5th car-
pometacarpal joints. Less angulation of the second and
third metacarpals can be tolerated due to the fact that their
CMC joints are much less mobile. When considering oper-
ative indications, it is important to note that in the small
finger, greater than 30 degrees of angulation is associated
with a decrease in flexor digiti minimi grip strength and
range of motion (30).

3.4. Surgical Technique

3.4.1. Closed Reduction and Pinning
Metacarpal neck fractures are reduced by maximal flex-
ion of the metcarpophalangeal (MCP) joint with an axial

load directed dorsally across the flexed proximal interpha-
langeal (PIP) joint. The fracture site can then be pinned by
three different techniques.

3.4.1.1. Cross Pinning

This technique utilizes 0.9 or 1.1 mm K-wires placed dis-
tal to the fracture site at the flare of the metacarpal neck
or in the collateral recess of the metacarpal head. The pins
are advanced in a retrograde fashion bicortically without
crossing at the fracture site to control rotation (Figure 5).

3.4.1.2. Crucifix Pinning

This technique utilizes a 1.6 mm K-wire placed ret-
rograde through the head and into the intermedullary
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Figure 5. Radiographic Assessment of Metacarpal Neck Fracture After Reduction and Cross-pinning

Aand B, PA and lateral X-rays demonstrating cross-pinning construct showing reduction of the metacarpal neck fracture.

canal,and then placing a 0.045 K-wire laterally through the
metacarpal head and advancing it bicortically into the ad-
jacent metacarpal head to hold the rotation (Figure 6).

Crossed Pins

Figure 6. Crucifix Pinning Showing Reduction of the Metacarpal Neck Fracture by
Two-crossed Pins

Arch Trauma Res. 2016; 5(3):€32933.

3.4.1.3. Bouquet Pinning

This technique utilizes a “bouquet” of typically three K-
wires placed for intramedullary fixation in antegrade fash-
ion. These have a dorsal bend to preferentially support
the dorsal aspect of the metacarpal head to hold reduction
(Figure 7) (31,32).

Benefits of the technique include:

- Minimally invasive

- Good post-operative range of motion (97.7% com-
pared to contralateral side) (33)

Complications/Drawbacks of the technique include:

- Less stable with extensive comminution (29)

- Pinsite infection (34)

-Nonunion/malunion (35)

- Tendon adhesion and joint contracture from pro-
longed immobilization

- Need to protect exposed pins

3.4.2. Plate and Screw Fixation

Plate and screw fixation (open reduction, internal fix-
ation) is performed dorsally with retraction of the exten-
sor tendons and subperiosteal exposure of the metacarpal
neck. Partial or complete incision of the sagittal band may
be necessary for distal exposure, but should be repaired
upon closure. The distal exposure may be limited by the
MCP joint capsule, potentially necessitating arthrotomy.
With full exposure, the fracture is reduced and a plate is
applied with a minimum of two screws placed in the shaft
and a minimum of two screws placed into the head and
neck. The volar cartilage may prohibit bicortical fixation
of the distal fracture fragment. Two potential solutions are
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Figure 7. Bouquet Pinning Showing Reduction of the Metacarpal Neck Fracture by
Three Antegrade Pins

placing the distal screws obliquely in different planes or by
utilizing unicortical locking screws (Figure 8) (29).

Figure 8. Plate and Screw Fixation of Metacarpal Neck Fracture

Benefits of the technique:

- Most biomechanically stable construct (36)

- Can be used to treat multiple concurrent metacarpal
neck fractures (29)

-Can be used when significant comminution precludes
closed reduction and percutaneous pinning (29)

Complications of the technique:

- Higher rates of stiffness/poor post-operative range of
motion (58.7% compared to contralateral side) (33, 37)

-Metacarpal head avascular necrosis (33)

- Extensor tendon injury (17)

-Nonunion/malunion (37)

-Hardware irritation

3.4.3. Intramedullary Fixation

Distal fragment reduced by maximal flexion of the MCP
joint with an axial load directed dorsally across the flexed
PIP joint. Intramedullary fixation of the fracture can be
accomplished with antegrade placement of pre-fabricated
intramedullary nails (Figure 9) (29) or retrograde fixation
with a headless compression screw placed through the
metacarpal head (Figure 10).

Benefits of the techniques:

- Improved range of motion compared to k-wire cross-
pinning (38)

- Lower incidence of shortening compared to k-wire
cross-pinning (38)

Complications/Drawbacks of the techniques:

-Nonunion/malunion (35)

- Limited rotational stability

4. Conclusions

Metacarpal neck fractures are common injuries of the
hand. These injuries often result in missed time from work.
In patients with the classic mechanism of injury of strik-
ing a solid surface, careful scrutiny for lacerations is crit-
ical as this may represent an open fracture. After diag-
nosis of a metacarpal neck fracture, surgery is indicated
for open fractures, displaced intra-articular fractures, or in
cases with unacceptable angulation. There is no consen-
sus among hand surgeons as to the single most effective
technique. As such, multiple fixation constructs exist as
described with various risks and benefits that the clinician
must weigh. While this review offers some guidance, the
lackof anideal surgical fixation technique necessitates fur-
ther investigation of our current treatment strategies as
well as the development of further novel techniques that
may lead to improved outcomes.
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Figure 9. Intramedullary Fixation of Metacarpal Fractures With Commercially Available Nails Placed Antegrade

Later removal is required, (Courtesy Jorge Orbay, MD).

Figure 10. Fluoroscopic Assessment of Metacarpal Neck Fracture Treated by Reduction and Intramedullary Fixation With a Headless Compression Screw

A and B, Intramedullary fixation with a headless compression screw is best indicated for neck and not shaft fractures, the technique requires exposure of the metacarpal
head through a split in the extensor mechanism; C, D and E, the fracture is reduced and the guidewire is directed retrograde through the metacarpal head. Since the fracture
typically flexes, the guidewire should be placed slightly volar in the metacarpal head as it is directed into the shaft, thereby aiding in reduction of the fracture by extending
the fracture as the screw is inserted; F, the headless compression screw is then passed over the guidewire. The length of the screw should be measured so that it ends in the
isthmus of the fracture and not the base in order to obtain good fixation while avoiding over-correction of the normal bow of the metacarpal; G, H and I, adequate reduction
is held by one of these headless compression screws.
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