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Abstract

Background: The extensor digiti minimi (EDM) tendon is commonly divided into a radial slip (EDM-R) and an ulnar slip
(EDM-U). To our knowledge, the degree to which each EDM slip concomitantly abducts the small finger with active extension
has not been formally tested. This study sought to characterize the comparative contributions of finger abduction inherent
to each slip of the EDM to observe the sequelae of active small finger extension following transfer of the contralateral
slip. Methods: Eighteen fresh-frozen cadaveric hands were used in this study. Starting with the hand in resting position, a
controlled traction of 10 N was applied to each slip of the EDM tendon. The range of small finger abduction with respect
to the fixed ring finger was recorded utilizing infrared reflective markers tracked through the range of motion using a digital
video camera. Results: The mean abduction of the small finger when the radial slip of the EDM tendon was tested was
13.33° (95% confidence interval [Cl]: 10.10°-16.55°), which was significantly different (P <.001) than small finger abduction
produced by the ulnar slip of the EDM, with a mean of 23.72° (95% Cl: 19.40°-28.04°). Conclusions: Given the fact that
the ulnar slip of the EDM tendon is shown to be the major contributor of aberrant abduction with active small finger
extension, as traction on this slip produces almost twice as much abduction as the radial slip, the EDM-U is the ideal donor
graft with respect to tendon transfers of the EDM.
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Introduction Prior descriptive anatomical studies have demonstrated
that the vast majority of EDM tendons (75%-84%) are dupli-
cated, presenting as 2 slips: 1 radial (EDM-R) and 1 ulnar
(EDM-U).”"™® A number of different operations have been
proposed to treat ulnar nerve palsy abduction deformities of
the little finger via these 2 slips. Blacker et al described 2
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The Wartenberg sign is classically described as an abduc-
tion deformity of the small finger that occurs in the setting
of ulnar neuropathy, wherein the radially innervated extrin-
sic extensors act unopposed to the hand intrinsics.'®'” The
abducted position of the extended small finger can impede
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radial collateral ligament of the fifth MCP joint.** Dellon
described a modification to the latter procedure, wherein the
EDM-U is transposed to the radial side of the extensor
hood.* van Aaken adapted a technique first proposed by Bel-
lan et al, which transposed both slips of the EDM tendons to
the radial aspect of the extensor hood."'* All these authors
demonstrated successful clinical outcomes by correcting
Wartenberg sign through radialization of the EDM slip(s) at
the MCP joint.

To date, an important clinical implication of the relative
contributions of the EDM-U and EDM-R that has not
received as much recognition is the redundancy of small
finger extension within the EDM extensor mechanism,
making it an attractive option for tendon transfer. However,
the extent to which the EDM-R and the EDM-U contribute
to small finger abduction has not been formally tested. A
deeper understanding of the extent to which sole contribu-
tion of each slip of the EDM extensor mechanism produces
superfluous small finger abduction has major implications
in the utilization of the EDM mechanism for tendon trans-
fers. Therefore, this biomechanical study aims to character-
ize the relative contributions of each EDM slip to small
finger abduction.

Materials and Methods

Eighteen fresh-frozen cadaveric hands were obtained from
adult donors (ages 18-80) of both genders. Specimens from
donors with structural deformities of the hand, or medical
history of systemic conditions (eg, rheumatoid arthritis,
gout) that could potentially confound biomechanical test-
ing, were excluded. The 2 slips of the EDM tendon were
identified (Figure 1) and separated within its connective tis-
sue sheath following meticulous superficial dissection.
Starting with the hand in resting position, a controlled trac-
tion of 10 N was applied to each slip through a 2-0 vicryl
suture with the trajectory of the tension directed midline
along the shaft of the fifth metacarpal. Reflective markers
were placed at the distal phalanx of the ring finger and at the
fourth web space as reference points for determining angu-
lar displacement during small finger abduction. A third
marker was also placed at the distal phalanx of the small
finger to measure abduction from the hand; 1.6-mm
Kirschner wires were used to transfix the distal phalanges
of the index and ring fingers to keep the hand fixed in place.
The testing apparatus is demonstrated in Figure 2.

The range of small finger abduction with respect to the
fixed ring finger was tracked using a 1.3-MP digital camera
equipped with an infrared LED array (Hamswan, Shenzhen,
China) fitted with an internal filter to reduce visible spec-
trum light transmission to the image sensor. The resultant
footage was then analyzed with video analysis software to
determine the range and maximum angle of small finger
abduction. The degree of small finger extension was not
examined in this study.

Figure I. The 2 slips of the extensor digiti minimi tendon.
Note. EDM-U = extensor digiti minimi-ulnar; EDM-R = extensor digiti
minimi-radial.

Figure 2. Testing apparatus that facilitated duplicate tensioning
of extensor digiti minimi-radial versus extensor digiti minimi-ulnar.

Infrared footage was imported into the Fiji software
package running ImagelJ version 1.49m'*" to determine the
range and maximum angle of small finger abduction for
each of the 2 conditions. Mean values for angular displace-
ment were generated for each condition along with ranges,
standard deviations, and 95% confidence intervals.

Results

All 18 of the tested specimens had 2 slips of the EDM ten-
don. Eight of the specimens had an extensor digitorum
communis to the small finger (EDC-V), while the small fin-
gers in the other 10 hands solely possessed the junctura
tendinum from the EDC. As shown in Table 1, the mean
abduction of the small finger when the EDM-U was
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Table 1. Small Finger Abduction With Respect to EDM Slip.

EDM slip Mean small finger abduction EDM slip vs baseline abduction EDM-U vs EDM-R abduction
EDM-U 23.72° P <.00l P<.00l
EDM-R 13.33° P <.00l

Note. EDM = extensor digiti minimi; EDM-U = extensor digiti minimi-ulnar; EDM-R = extensor digiti minimi-radial.

Resting

A =0.00°

EDC-V

A =4282°

EDM

-

A = 22.54°

Figure 3. Exemplar of the 3 comparative measurements of small finger abduction within the same cadaveric specimen.
Note. EDC-V = extensor digitorum communis to the small finger; EDM = extensor digiti minimi.

tensioned was 23.72° (95% confidence interval [CI]:
19.40°-28.04°), which was significantly greater (P < .001)
than the abduction produced by tensioning the EDM-R of
13.33° (95% CI: 10.10°-16.55°). Figure 3 depicts the mea-
surements recorded from the cadaveric hand with the most
extreme difference in small finger abduction between the
EDM-R and the EDM-U.

Discussion

Wartenberg sign can result from ulnar nerve palsy, traumatic
avulsion of the third palmar interosseous, contracture of the
hypothenar musculature, a lax palmar plate, and rheumatoid
arthritis.*>'*'*'® Regardless of the etiology, radialization of
the EDM tendon to the extensor hood has repeatedly been
shown to correct this abduction deformity."**'* More spe-
cifically, the EDM-U is the workhorse of this transposition,
as this branch of the EDM tendon is believed to be the prin-
cipal causative force of the abduction deformity.>** Blacker
et al accounted for this finding with the observation that the
EDM-U runs ulnar to the metacarpal head and thus contrib-
utes to ulnar deviation of the small finger. Furthermore, it
was demonstrated that this branch of the EDM tendon inserts
on the abductor digiti minimi and, as a result, indirectly
potentiates the abducting force.’

This study offers a biomechanical model that supports
the notion that the EDM-U plays a more appreciable role in
aberrant small finger abduction with active extension than
that of the EDM-R tendon. The difference in measured
small finger abduction was almost 2-fold higher in EDM-U,
suggesting that isolated tendon transfer of the EDM-R ten-
don has a greater potential to cause iatrogenic Wartenberg
sign. Conversely, isolated EDM-U tendon transfer would,

in effect, radialize small finger extensor contribution, thus
mitigating any unwanted small finger abduction.

Interestingly, the cadaveric hands in our series all pos-
sessed 2 slips of the EDM tendon, which has been found to
be the most common variant, followed by single slips, and
then triple slip EDM’s.'® Also, only 44% of hands in this
study had a dedicated EDC-V; this corresponded to the fre-
quency of this tendon morphology reported by other cadav-
eric studies.”!" This variation in tendon anatomy has major
implications in that a tendon transfer of the entire EDM ten-
don away from the fifth digit would be imprudent in hands
in which both the EDC-V and junctura are absent.’

The scope of this study is limited in that only one plane
of motion of the small finger was examined. There was no
comparison of small finger extension between the 2 slips,
which is the primary action of this complex. Such measure-
ments could be very informative, particularly in the setting
of tendon transfers, to determine whether there is also a sig-
nificant difference of small finger extension between the
EDM slips. Furthermore, while the ~10° difference in angu-
lar small finger abduction between the EDM-U and EDM-R
was found to be statistically significant, this finding may
not yield any clinical significance or functional deficit, as
seen in Wartenberg sign. However, any amount of unwar-
ranted small finger abduction following tendon transfer
should be avoided, if possible; thus, we believe this contrast
is still worth reporting.

This study illustrates the predominant role of the
EDM-U in aberrant small finger abduction with active
extension. Refined understanding of the role of this ten-
don has important implications, especially when consider-
ing tendon transfers to limit extraneous small finger
abduction with active extension. This study supports the
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notion that tendon transfer of the EDM-U, rather than the
EDM-R, is more likely to mitigate unwanted abduction of
the small finger.
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