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Purpose: Metacarpal fractures are common in hand surgery. Metacarpal shortening ranging from
2 mm to as much as 10 mm has been deemed acceptable in the literature. We examined the effect
of metacarpal shortening on interosseous muscle architecture and predicted force production
capacity based on the standard muscle length-tension curve (commonly known as the Blix curve).

Methods: The dorsal interosseous muscles between the middle and ring finger metacarpals from 9
adult human cadaver hands were exposed and studied. The ring finger metacarpal was translated
proximally in 2-mm increments in relation to a stationary middle finger metacarpal. Digital images
were obtained and analyzed to define the length and orientation of individual muscle fibers with
each incremental change in position.

Results: Interosseous muscle fiber length increased and pennation angle decreased uniformly with
increasing proximal translation of the ring finger metacarpal. At 10 mm of shortening the fiber
length had increased to 20.8 * 1.8 mm, or to approximately 125% of optimum fiber length, and
the pennation angle had decreased to 6.7° % 2.2° or by approximately 50%.

Conclusions: The interosseous muscles have been shown to have a high fiber-to-muscle length
ratio. This ratio indicates that these muscles function optimally over a short range of lengths,
leaving them vulnerable to derangement in function owing to alteration in the surrounding bony
architecture. Based on the standard muscle length—tension relationship we had predicted a steady
linear decrease in interosseous power with proximal translation of the metacarpal. The results
indicate an initial linear progression with a plateau at approximately 8 mm of shortening. At 2 mm
of shortening there is an approximately 8% loss of power generation, at 10 mm of metacarpal
shortening we predict the interosseous muscle to be capable of only approximately 55% of its
optimum power compared with the resting position. () Hand Surg 2004;29A:689-693. Copyright
© 2004 by the American Society for Surgery of the Hand.)
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Figure 1. Experimental setup. The middle finger metacarpal and proximal phalanx have been transfixed to the board. The frame
is affixed to the board independent of the specimen. Proximal translation of the metacarpal is to the left of the image.

Metacarpal fractures are seen commonly in hand
surgery. Although the clinical guidelines for meta-
carpa rotation and angulation after reduction are
well described,™? published guidelines for the ac-
ceptable degree of metacarpal shortening after frac-
ture ranges from 2 to 10 mm.*™ Anecdotal experi-
ence suggests that aslittle as 2 mm of shortening may
affect grip strength and, ultimately, hand function.
We hypothesize that the basis for the change in
strength observed with metacarpal shortening is an
ateration in the properties of the dorsal and palmar
interosseous muscles. Because these muscles are
highly pennated with relatively short fibers and a
high pennation angle,® it is possible that even small
amounts of metacarpal shortening can cause enough
interosseous fiber length and pennation angle change
to affect function. There are no anatomic data avail-
able, however, to smulate such a shortening; we
have therefore smulated this situation in cadaver
specimens. We hypothesize that metacarpal shorten-
ing has a functional effect on muscle fibers, specifi-
cally via extrapolation,” on the sarcomere lengths in
the dorsal and palmar interosseous muscles, which
can significantly alter the power generated during
grip activities.

Materials and Methods

Power analysis was performed and indicated 8 hands
would be required. Ten hands were initialy selected,
alowing for errors in technique. One hand showed
ulnar neuropathy, leaving 9 fresh-frozen adult human
cadaver specimens without notable musculoskeletal de-
fect or deformity and intact from the midhumeral level.

The hand was amputated at the level of the radiocarpa
joint. The dorsal skin was incised from the wrigt to the
middle finger proxima interphaanged joint and re-
flected to the radia and ulnar sides. Extrinsic extensor
tendons then were exposed and resected to expose the
third dorsd interosseous muscle (DI#3) between the
middle and ring finger metacarpal. Remaining subcuta-
neous tissue was removed so that the DI#3 and its
central tendon were exposed from the metacarpa base
to the leved of the metacarpa head. Care was taken not
to injure the musclefibers, tendon, or surrounding struc-
tures.

The specimen was fixed to a plywood board with
smooth K-wires placed through the head and base of
the middle finger metacarpal and through the middie
finger proxima phalanx to maintain it in neutral
abduction. Two Steinmann pins were driven into the
base and head of the ring finger metacarpal and then
clamped (Agee WristJack; Hand Biomechanics, Sac-
ramento, CA) to the board. The apparatus used con-
tains a worm gear that alows incremental, con-
trolled, longitudinal trandation of the clamp in
relation to the stationary body. After the specimen
was fixed to the board and clamped with the meta-
carpal maintained in their normal anatomic aign-
ment the carpals were removed en bloc to allow
proximal tranglation of the ring finger metacarpal in
relation to the middle finger metacarpal. The dorsal
and volar ligaments linking the metacarpal bases and
the volar ligament linking the metacarpal heads also
were released (Fig. 1).

By using the protocol of Lieber et a”® the indi-
vidual muscle fiber bundles within the DI#3 were
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Figure 2. Experimental setup. Proximal and distal fibers are marked with insect pins (arrowheads). The frame is at the bottom
of the picture. The carpus is to the right of the image. Translation of the metacarpal is to the right of the image.

differentiated under loupe dissection and their origins
on the ring finger metacarpal and insertions at the
central tendon were demarcated with insect pins.
This was performed for a fiber bundle originating
near the ring finger metacarpal base and for another
fiber that was more distal but still alowed observa-
tion of the insertion site where the tendon coursed
between the metacarpal heads. Once fibers were la-
beled the ring finger metacarpal was translated prox-
imally in 2-mm increments in relation to the middle
finger metacarpal.

To record changes in configuration of the dorsa
interosseous muscle, digital photographs (Nikon 995
camera; Nikon, Melville, NY; uncompressed .tiff for-
mat) were obtained in the initial configuration and at
each trandation increment. The camera was oriented
perpendicular to the major plane of the interosseous
muscle and care was taken to ensure that the insertion
sites of each insect pin were visible. A calibrated scale
and a label indicating trandation distance were placed
into the field at the level of the dorsa interosseous
muscle. Photographs were obtained at trandation dis-
tances of 0, 2, 4, 6, 8, and 10 mm, as well as at the
distance at which the muscle failed by tearing either in
midsubstance or near its attachment to metacarpal peri-
osteum. This failure distance was consistently 18.00 =
1.07 mm (mean £ SD, n = 9) of proxima trandation
of the metacarpal.

Dorsal interosseous muscle fiber lengths and fiber

to middle finger metacarpal angles were quantified
from digital images (National Institute of Health
Image Version 1.62; a public domain image analysis
program available at http://rsb.info.nih.gov/ij/index.
html). Images were calibrated relative to the standard
scale present in each image. The positions of proxi-
mal and distal dorsal interosseous muscle fiber origin
and insertion loci, asindicated by the embedded ends
of the insect pins, then were digitized in a Cartesian
coordinate system. Likewise, the coordinates of the
centers of the middle finger head and base were
determined (marked by Steinmann pin sites). The
slope of the axis of the middle finger metacarpal in
the Cartesian plane was determined mathematically
(see equation 1, Appendix A; this appendix can be
viewed at the Journal’s Web site, www.jhandsurg.
org). Inasimilar manner, equation 1 then was used to
calculate the slope of each muscle fiber in this plane
(see equation 2, Appendix A).

Fiber length of the muscles was determined from
the coordinates of their origins and insertions from
the calibrated digital photographs (see equation 3,
Appendix A). Data are presented in the text and
figures as mean = standard error of the mean unless
otherwise noted.

Results

Interosseous muscle fiber length increased and pen-
nation angle decreased monotonically with increas-
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Figure 3. (A) Change in fiber length at each increment of
shortening. ®, Proximal fiber length (mm); O, distal fiber
length (mm). (B) Change in pennation angle at each incre-
ment of shortening. The far right point represents failure of
the interosseous muscle. ®, Proximal fiber angle (°); O, distal
fiber angle (°).

ing proximal translation of the ring finger metacarpal
(Figs. 2, 3). Both linear and second-order polynomial
regression revealed that fiber length and pennation
angle changed significantly with metacarpal transla-
tion (p < .01). There was no significant differencein
the behavior of the proximal muscle fibers compared
with the distal muscle fibers (Fig. 3) based on the
lack of significant difference in regression coeffi-
cients from these regions (p > .4). This result indi-
cates that the interosseous muscles act as a single
unit—that is, as if both the ring and small finger
origins were translating proximally in response to
this fracture simulation model. At 10 mm of meta-
carpal shortening the interosseous muscle fiber
length increased to 20.8 = 1.8 mm, or to approxi-
mately 125% of optimum fiber length, and pennation
angle had decreased to 6.7° = 2.2°, or by approxi-
mately 50%. Based on previously published data
indicating that the interosseous muscles are at a sar-
comere length of approximately 2.5 uwm with the
middle finger in neutral adduction-abduction, these

data permit calculations that indicate a 0.73 = 0.12
wm sarcomere length change, which would corre-
spond to a force decrease of approximately 50%."8

Discussion

Skeletal muscle function is related quantitatively to
skeletal muscle architecture.® In general, muscles with
long fibers appear to be adapted for excurson whereas
muscles with short fibers function better for force gen-
eration. The pamar and dorsd interossai are architec-
turally smilar and have short fiber lengths suggesting
adaptation for force generation in the hand.® Loss of
intrindc muscle function owing to low ulnar nerve
palsy has been shown to lead to aloss of grip strength
of between approximately 60%™° and 90% and results
in a flexion force in individua fingers approximately
12% of normal.** Injection studies in which the ulnar
nerve is paralyzed temporarily have shown a loss of
grip strength of approximately 38%.%2 In the extrinsic
muscles, metacarpal shortening of greater than 3 mm
decreases flexion and extension force ratios.* Clinical
guidelines suggest that shortening of up to 10 mm may
be accepted without major compromise in function™>;
however, other investigators have reported functional
compromise with less than 5 mm of metacarpa short-
ening.®

Metacarpal fractures are seen commonly in the
practice of hand surgery.* It is well established that
dterations from normal anatomy can affect the final
outcome of these injuries.** Rotational malalignment
of more than approximately 5° in the metacarpal
usualy is not well tolerated.? Alterations in force
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Figure 4. Shift along a standardized length-tension curve of
the sarcomere length of the interosseous muscle associated
with metacarpal shortening. The normal resting position of
the interosseous muscle is indicated by the left-hand line and
normal contraction of the interosseous muscle would be to
the left of the curve. Fiber length is correlated to sarcomere
length as described by Jacobson et al.®



generation of the extrinsic muscles have been shown
with angular deformities of approximately 30°.%
Clinically accepted guidelines for metacarpal short-
ening, however, encompass a range of 2 mm?® to 10
mm.*>

Strauch et a® showed an average of 7° of extension
lag for every 2 mm of metacarpal shortening but pro-
vided no clinica guidelines for treatment. Based on
previous reports® it is known that the interosseous mus-
clesin the resting position, with the metacarpo-phalan-
ged joints extended, are at the maxima point on the
force generation curve. Contraction of the interosseous
muscles in the normal state will shorten the fibers and
force generation capacity will sart to decrease (Fig. 4).
Initidly norma flexion of the metacarpa joint shortens
interosseous muscle fibers, whereas force generation is
predicted to increase until the maximal force generation
position is achieved, at which point force generation
decreases. Our data indicate that fractures of the meta-
carpal that cause proximal trandation of the metacarpal
will lengthen the fibers of the interosseous muscles
digta to the level of the fracture. This in turn moves
these fibers further along the x-axis of the dope of the
length-tension generation curve, resulting in a loss of
force production. A proximal trandation of the entire
bone of 2 mm will cause an approximately 8% decrease
in force capacity, and a 10-mm proximal trandation
leads to an almost 45% loss of interosseous power in
the resting position.

We chose the middle—ring finger interspace be-
cause the small finger can accommodate significant
aterations in normal anatomy with reasonable suc-
cess and the carpometacarpal joint moves in opposi-
tion to the flexion-extension arc. The situation de-
scribed in this study involves trand ation of the entire
metacarpal. Clinical fractures, however, are less
likely to involve the entire bone, so a less pro-
nounced effect would be expected. In addition, clin-
ical fractures distal to the termination of the muscu-
lotendinous unit will have the opposite effect,
functionally slackening the muscle tension rather
than stretching it. We decided to examine only the
dorsal interosseous muscle because of the destructive
dissection required to examine the palmar interosse-
ous muscle. Based on earlier work the relationships
discussed are assumed to hold true in the palmar
interosseous muscle.”® Stability of the system after
sectioning of the transverse-metacarpal ligament
could be questioned; however, aninitial trial run was
performed without sectioning of the transverse—
metacarpal ligament. The frame and worm gear were
unable to overcome the ligament, so with an intact
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ligament only approximately 5 mm of proximal
translation was obtained.

The contribution of all of the interosseous muscles
to grip strength is estimated at approximately 40% to
90%.*12 The potentia impact of the loss of nearly
half of the force from a given interosseous muscle is
substantial. Although clinical restoration of metacar-
pal length and the appropriate length of the interosse-
ous muscles is no guarantee of normal hand function
after a metacarpal fracture, our data support the idea
that even a minimal alteration in the bony architec-
ture of the hand will affect the architecture of the
interosseous muscles. This could have a considerable
impact on hand function and shows that restoration
of normal anatomy should be a goal of treatment.
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