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Background

Phalangeal, distal radius, and metacarpal fractures are
the most frequent upper limb fractures, respectively (1).
The incidence of metacarpal fractures in the United States
of America (USA) is 13.6 among every 100000 population
annually (2). Metacarpal fractures compose 30-40 percent
of all hand fractures (3).

Metacarpal fractures most commonly are seen in
males during 10-30 years of age, mainly after low-energy
trauma like a fall from a low height or contact to hard
objects such as a wall and involves predominantly the
neck zone of the 5™ metacarpus (2). Fifth metacarpal base
fractures (“reverse Bennett” or “baby Bennett” fractures)
are the most common metacarpal base fractures (4).

The treatment goals for metacarpal fractures are
acceptable alignment, stable reduction, sufficient bony
union, and normal range of motion (ROM).

Indications for surgical treatment are based on the
degree of fracture angulation, rotational alignment, and
shortening. The aim of this review article is to review the
main concept of metacarpal fracture and show the
practical methods to measure metacarpal shortening,
angulation, and malrotation after fractures.

History and Physical Examinations

History taking should be focused on mechanism of
trauma, identifying the most painful site and finally, the
patient’s comorbidities. Axial loading, torsion, and a direct
blow may lead to transverse, oblique, and comminuted
metacarpal shaft fractures, respectively (5).

Physical examination should include estimating the
severity of swelling and soft tissue injuries, searching for
maximal point tenderness, any bony deformity or wound,
digit shortening, loss of knuckle, overlap or underlap of
fingers, distal neurovascular evaluation, and determining
the active and passive ROM of wrist and fingers.

Imaging

True anteroposterior (AP), oblique, and lateral views
are needed to assess hand fractures, especially fracture
geometry, comminution, angulation, and shortening.
Degree of fracture angulation, rotational alignment, and
shortening analyzed by plain radiographs or examination
are paramount to decide the correct management of

different metacarpal fractures.

Articular fractures involving less than 20% of the joint
surface and nondisplaced or minimally displaced shaft
fractures, without significant angulation, malrotation, or
shortening are treated with immobilization in the
intrinsic plus position (6). Bony apposition of at least 50%
and maximal bone shortening of 5 mm is acceptable. 25%
articular surface involvement or more and 1 mm step-off is
assumed unacceptable. Also, displaced oblique or spiral
metacarpal fractures with malrotation, displaced
fractures of the metacarpal base with carpometacarpal
(CMC) joint subluxation, digital malrotation, metacarpal
shortening > 5 mm, multiple metacarpal fractures and
displaced Bennett , and Rolando or reverse Bennett
fractures are regarded as unstable and require reduction
and bony fixation (7, 8).

Metacarpal Malrotation

Importance: Malrotation and angular deformity
following first metacarpal fractures are unaesthetic but
rarely cause dysfunction due to the compensatory motion
of the first CMC joint. Up to 30 degrees of lateral angulation
is accepted for extra-articular fractures (9). Small "5" degrees
of rotation in 2"%5"™ metacarpals lead to a 1.5-cm finger
overlap that causes cosmetic and functional problems (5).

Assessment: Malrotation is not captured by
radiographs. Thus, the patient is asked to flex and extend
the fingers while the alignment of the nail plates is
observed. Malrotation may be subtle, so comparing the
fingers on the both side is helpful. If the patient cannot
perform active finger flexion, passive wrist extension and
flexion (the tenodesis effect) will be done to observe the
digital cascade (5, 10). Malrotation leads to dysfunction
because the deformity is magnified distally, and usually
results from an unstable spiral or oblique fracture (10).
Axial deformity is obvious, but malrotation needs exact
examination of finger movement from extension to
full flexion. 10 degrees of malrotation at the metacarpal
bone result in 2-cm overlap or underlap at fingertip
(Figures 1and 2) (11).

Management: Correction of malrotation can be gained
with an osteotomy at the previous fracture site or at the
metaphysis. Osteotomy near the metacarpal base is good
to treat malrotation (12) but the transverse metacarpal
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Ilgament is the main limiting factor (18 degrees in the 2™
, and4™ and 30 degrees in the 5™ metacarpal bones are
the upper limits) (13).

#id

Figure 1. Overlap of the 4™ digit on the 3™ finger suggests a
possible 4™ metacarpal malrotation

Metacarpal Shortening

Importance: Metacarpal shortening is unaesthetic due
to loss of the knuckle made by the metacarpal head and is
dysfunctional. Each 2 mm of metacarpal shortening leads
to 7 degrees of extension lag. The patient may hyperextend
the metacarpophalangeal (MCP) joint (up to 20 degrees) to
compensate for the extension lag. Therefore, metacarpal
shortening of more than 6 mm cannot be compensated by
this mechanism and needs to be managed with open
reduction and internal fixation (ORIF) (8).

Figure 2. Second digit positioning under the 3" finger is a clinical
clue for a possible 2™ metacarpal malrotation

Assessment

Method 1-Clinical Signs: The metacarpal shortening can
be suspected in the presence of any prominence in the
dorsum of the hand or distal portion of palm. Also, loss of
digital knuckle is another clue suggesting this diagnosis.

Method 2-Archibald’s Sign (Metacarpal Sign):

Archibald’s sign is shortening of metacarpal bones. When
a line 1s drawn tangential to the distal aspects of the 4™

and 5™ metacarpal heads, the extensmn of this line
normally passes distally to the 3 metacarpal head and
does not intersect the 3™ metacarpus (negative
metacarpal sign). Borderline metacarpal sign is present
when such a line intersects the 3™ metacarpal head.
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Positive metacarpal sign relates to situations durm%
which the line intersects the distal end of the 3"
metacarpal (Figure 3) (14).

Figure 3. Positive metacarpal sign

P051t1ve metacarpal sign is seen in fractures of the 3™

hand 5™ metacarpals with shortening that amount of
shortenmg is described in method 5. Metacarpal sign is
also seen in Turner syndrome (TS), Albright’s hereditary
osteodystrophy (AHO), pseudo-hypoparathyroidism (PHP),
basal cell nevus syndrome (BCNS), sickle cell anemia (SCA),
hereditary multiple exostosis (HME), idiopathic primary
hypoparathyroidism, and homocystinuria (15-18). An
isolated short fifth metacarpal may be also idiopathic (19)
or associated with familial variant of type 1 diabetes
mellitus (DM) (14, 20, 21). Bone shortening is increased
from distal phalanges to metacarpals in TS, differentiating
TS from normal individuals (22).

Method 3-Relationship between Volar Angulation and
Metac.ﬂpa] Shortenin, {Mean capital-axis angles (CAA) are
14° and 12° in the 4™ and 5™ metacarpals, respectlvely
Mean apex dorsal shaft -bending angle (SBA) are 12° and 10°
in the 4™ and 5" metacarpals, respectively. On the
posteroanterior (PA) view, the shafts are straight. CAA is
less acute and the metacarpal volar angulation is less
prominent on the lateral view. Much of the metacarpal
apex dorsal bend is w1th1n the shaft. 5™ metacarpal is 6
mm shorter than the 4" metacarpal Sl§n1f1cant difference
between the diameters of the 4™ and 5™ metacarpals is not
present in their proximal and dlstal thirds (23). The AP
view shows a better view of the 5™ metacarpal than PA
view; thus, AP view is the preferred view (due to the volar
curve of the metacarpals). There is a linear association
between volar angulation and shortening in the
metacarpal fractures (each 2.4° of volar angulation
indicates 1 mm of metacarpal shortening) (24).

Method 4-Shortening Absolute Value (SH-Abs) (Side
Difference): The length of the metacarpal is measured on
the AP view as the distance between the most proximal
and distal point of the midline longitudinal axis on the
metacarpus. This length is subtracted from the length of
the corresponding metacarpus on the contralateral side
to estimate the level of shortening. The SH-Abs is the
most valid method for measuring the metacarpal
shortening (25).

Method 5-Shortening Stipulated (SH-Stip): In the AP
Vlew a llne is drawn through the most distal point of the
3" and 4™ metacarpal heads. The dlstance from this line to
the most distal point of the fractured 5™ metacarpal is the
amount of shortening (Figure 4). SH-Stip is a reliable
option and is simpler than the SH-Abs method for
shortening measurement in the 5™ metacarpal fractures
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when 1 mm is subtracted from the measured shortening
(25) and also in 3 and 4™ metacarpal fractures.

Figure 4. Shortening stipulated (SH-Stip) method for measuring
5" metacarpal shortening

Method 6-Proportional Method (Proportion of Hand
Segments between the Corresponding Fingers of the Right
and Left Hands):The interarticular distance is measured as
the distance between the midpoint of the base and head of
all the metacarpals and phalanges (proximal, middle, and
distal) by electronic calipers (26). The phalangeal width,
the cortical width, the hand breadth, the thickness, and
the circumference are usually different markedly between
the right and the left hands. Thus, the lengths of the
phalanges and metacarpals and the ratio of phalangeal
and metacarpal bones are different slightly between the
corresponding fingers of the left and the right hands. The
difference is mostly much less than 0.5%. The normal ratio
of the phalanges and metacarpals is very helpful in
reconstruction of hand, especially correction of bony
defects of metacarpals and phalanges in the cases of
tumor or trauma. Length of first, second, third, fourth, and
fifth metacarpal bones is 46.22 + 3.94 mm, 68.12 + 6.27 mm,
64.60 * 5.38 mm, 58.00 + 5.06 mm, and 53.69 + 4.36 mm,
respectively. The incremental dimensions of first, second,
third, fourth, and fifth metacarpal bones relative to
corresponding distal phalanx are shown as ratios: 2.1, 4.3,
3.7,3.4,and 3.4, respectively (27).

Metacarpal Angulation

Importance: Angular malunion occurs more
frequently in transverse metacarpal fractures and is
mostly apex-dorsal in the sagittal plane. The maximal
acceptable sagittal angulation in the 2™ to 5™ metacarpus
is 10, 10, 20, and 30 degrees, respectively. As the 4" and 5™
CMC joints are more mobile, more angular deformity can
be tolerated in 4™ and 5™ metacarpus. Marked angular
malunion is an indication for an opening or closing wedge
osteotomy. A closing wedge osteotomy is technically
simpler and does not lead to marked shortening (28).

35-60 degrees of angular malunion of fifth metacarpal
neck fractures have unaesthetic appearance that results in
unhappiness of all patients and mostly complaining of
grip discomfort because of the palmar prominence of the
metacarpal head. The standard PA and 45 degrees oblique
views of these fractures do not show an accurate volar
angulation. A true lateral view of the fifth metacarpal is
needed with a cupped-palm view without overlap of the
other metacarpals (Figure 5). In this view, the palms of the
hands are placed together. Then the ulnar borders of the

J Orthop Spine Trauma. 2020; 6(1): 9-13.

palms and the little fingers are kept in close contact while
the palms are cupped with all finger tips remaining in
contact. This results in flexion of 4™ and 5™ CMC joints
bringing them forwards, clear of the other metacarpals
while still maintaining the true lateral view. combination
of volar and radial angulation at the malunion site is
common that should be considered during correction and
osteotomy (29).

S50
Figure 5. The cupped-palm view for measuring angular deformity

of the 5™ metacarpal fracture

Assessment: The lateral view, preferably standardized
with a position device, should be taken to improve the
validity of the assessment of volar angulation at the fracture
site. To avoid the metacarpal overlap in the lateral view,
medullary canal-oblique (MC-30) method can be used. If
MC-30 method is used, the volar angulation in the fracture is
10° over-estimated. MC-lateral (MC-90) method is the
preferred method to measure volar angulation, because it
has significant inter-observer and intra-observer reliability
and validity (accuracy), with a maximum of 5° difference in
mean volar angulation measured by observers. Mean volar
angulation of 15° is considered in the metacarpal neck when
MC90 method is used. In medullary method (MC-90,
Figure 6), the distal line is drawn from the center of MC in
the neck fracture to the most distal and central point of the
metacarpal head, and the proximal line is drawn from the
center of the MC in the shaft, irrespective of where the line
exits from the metacarpal base.

Figure 6. Medullary canal-90 degrees lateral view (MC-90) method
for measuring the angular metacarpal deformity
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In dorsal cortex (DC) method [DC-lateral (DC-90),
Figure 7|, the lines are drawn at the most dorsal aspects of
the metacarpal cortices, independently of the small
tuberosities where the collateral ligaments are attached.
The most valid method is MC-90 (24, 25, 26).

Figure 7. Dorsal cortex-90 degrees lateral view (DC-90) method
for measuring the angulation of metacarpal fractures

Conclusion

Metacarpal bones are one of the most frequent sites for
upper limb fractures. Careful history and physical
examination helps diagnose and manage this entity.
Knowing the correct way for estimating metacarpal
shortening, malrotation, and angulation is necessary to
decide the best management for metacarpal fractures.
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