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Anatomy of the Distal End of Flexor
Digitorum Longus Tendon and
Percutaneous Release Technique:

A Cadaveric Study
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Abstract

Background: The transfer of flexor-to-extensor is widely used to correct lesser toe deformity and joint instability. The
flexor digitorum longus tendon (FDLT) is percutaneously transected at the distal end and then routed dorsally to the
proximal phalanx. The transected tendon must have enough mobility and length for the transfer. The purpose of this study
was to dissect the distal end of FDLT and identify the optimal technique to percutaneously release FDLT.

Methods: Eight fresh adult forefoot specimens were dissected to describe the relationship between the tendon and the
neurovascular bundle and measure the width and length of the distal end of FDLT. Another 7 specimens were used to create
the percutaneous release model and test the strength required to pull out FDLT proximally. The tendons were randomly
released at the base of the distal phalanx (BDP), the space of the distal interphalangeal joint (SDIP), and the neck of the
middle phalanx (NMP).

Results: At the distal interphalangeal (DIP) joint, the neurovascular bundle begins to migrate toward the center of the toe
and branches off toward the center of the toe belly. The distal end of FDLT can be divided into 3 parts: the distal phalanx part
(DPP), the capsule part (CP), and the middle phalanx part (MPP). There was a significant difference in width and length among
the 3 parts. The strength required to pull out FDLT proximally was about 168, 96, and 20 N, respectively, for BDP, SDIP, and
NMP.

Conclusion: The distal end of FDLT can be anatomically described at 3 locations: DPP, CP, and MPP. The tight vinculum
brevis and the distal capsule are strong enough to resist proximal retraction. Percutaneous release at NMP can be performed
safely and effectively.

Clinical Relevance: Percutaneous release at NMP can be performed safely and effectively during flexor-to-extensor
transfer.

Keywords: FDLT, vinculum brevis, plantar capsule, BDP, NMP

Introduction

Taylor reported the treatment of claw toes by multiple trans-
fers of flexor into extensor tendons in 1951.'° The transfer of
flexor-to-extensor is widely used to correct lesser toe defor-
mity and stabilize the metatarsophalangeal joint. It was orig-
inally designed to treat flexible claw toes.® Now, this process
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is often combined with plantar plate repair, proximal inter-
phalangeal arthrodesis, or Weil osteotomy to treat more
complicated lesser toe deformities.>*”* In addition to flex-
ible claw toes, the indications of the procedure include the
hammer toe, the crossover toe, and the metatarsophalangeal
(MTP) joint instability, even some of the lesser toe
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Figure |. Model of cutting off the distal end of flexor digitorum longus tendon (FDLT) at different levels. Cutting at base of the distal
phalanx (BDP): (A1) anteroposterior view; (A2) lateral view. Cutting at space of the distal interphalangeal joint (SDIP): (BI) anteropos-
terior view; (B2) lateral view. Cutting at neck of the middle phalanx (NMP): (C1) anteroposterior view; (C2) lateral view. (D) Relationships
among the 3 cutting levels: |, FDLT; 2, proximal part of the vinculum brevis; 3, head of the middle phalanx; 4, BDP; 5, flexor digital brevis

tendon; 6, capsule. Line a: BDP; line b: SDIP; line c: NMP.

deformities in rheumatoid conditions, stroke, and spinal
cord injury."!

In order to ensure that the tendon to be transferred will be
of appropriate length, some authors feel that the flexor ten-
don should be cut as far distally as possible."'! Most authors
advocate that flexor digitorum longus tendon (FDLT) should
be transected percutaneously at its insertion into the base of
the distal phalanx.>*’* For effective transfer, it is necessary
for the tendon to have sufficient mobility and length.

The purpose of this study was to assess the anatomy and
determine the most effective way of releasing FDLT for
flexor-to-extensor transfer.

Materials and Methods

Fifteen fresh-frozen adult forefoot specimens were used for
this study, including 8 left and 7 right, nine male and six
female. Red latex perfusion was used in 8 specimens, and no
latex perfusion was used in 7 feet. The experiments were
performed on the second, third, and fourth toes of each foot.
The fresh human tissue lab at Duke University supplied the
specimens. None of the specimens had any obvious lesser
toe deformity. All specimens were thawed for 24 hours at
room temperature prior to dissection.

The 8 feet, which were perfused with red latex through
the dorsal pedis artery, were used for gross anatomy. Plantar
skin and superficial soft tissue were removed, exposing the
tendon sheath and the bilateral neurovascular bundles. The

space between the distal end of the FDLT and the proper
digital nerve and artery was observed in each specimen.

The vascular nerve bundles and superficial soft tissue
were removed, exposing the tendon and its insertion distally.
The distal end of the FDLT was divided into 3 components:
the distal part (distal bone insertion), the middle part (cap-
sule of the distal interphalangeal joint), and the proximal part
(the soft vinculum brevis). The length and width of the 3
parts were measured using electronic digital calipers.

Toe specimens from another 7 feet without red latex per-
fusion were cut off at the base of the metatarsal bone. The
plantar flexor tendon sheath, FDLT, MTP, distal interpha-
langeal (DIP) joint, and proximal interphalangeal (PIP) joint
were kept intact. The flexor tendon sheath was opened to Al
pulley. The distal end of FDLT was exposed clearly, so it
could be cut accurately for the experiment. Twenty-one toes
from 7 feet were randomly divided into 3 groups according
to the random numbers produced by the Excel form
(Figure 1D). The tendons in group A were cut at the base
of distal phalanx (BDP) (Figure 1A); group B were cut at the
distal interphalangeal joint space (SDIP) (Figure 1B); those
in group C were cut in the neck of the middle phalanx (NMP)
(Figure 1C). The toe was then fixed on the test bench, the
metatarsophalangeal joint and the interphalangeal joints
were kept at the 0-degree position. The proximal end of the
FDLT was also fixed on the test bench without any tension.
The INSTRON (model 1321, from the orthopedic biomecha-
nics laboratory at Duke University) was used to test the force
required to pull out the distal end of the FDLT (Figure 2).



Wei et al

MODEL 1

Figure 2. Method, establishment, and equipment used in the
biomechanical test.

Sample size was conducted via PASS 14.0 (NCSS, LLC,
Kaysville, UT). Experimental plan was to release the tendon
at 3 different levels and hypothesized an SD of 50 N. The
significance level was set to alpha=0.05. The result of sam-
ple size was 18. An additional specimen was reserved for
each group in order to allow for potential damage during the
test. All continuous variables are reported as means + SDs.
Normal distribution in continuous variable was verified with
the Kolmogorov-Smirnov test. One-way analysis of variance
was performed for continuous variables between the differ-
ent levels of toes, depending on the normality of the data
distribution. Statistical significance was defined as P <.05.
SPSS software (version 18.0; SPSS, Inc, an IBM Company,
Chicago, IL) was used for all statistical analyses.

Results

Tendon Anatomy

The neurovascular bundles, which arise from the plantar
intermetatarsal nerve and artery, located on both sides of the
tendon sheath, travel distally along the tendon sheath. The
plantar digital nerves lay plantar to the plantar digital
arteries. The neurovascular bundles migrate medially as they
travel distally. The artery migrates centrally and forms an
anastomosis with the contralateral artery, forming the arter-
ial arch at the base of the distal phalanx. The arterial arch
gives off several branches toward the toe tip (Figure 3). The

Figure 3. Relationship between the neurovascular bundle and the
distal end of flexor digitorum longus tendon (FDLT) (the left
second toe). |, fat pad; 2, pulp artery; 3, distal transverse arch;

4, proper plantar digital artery; 5, distal end of the FDLT; 6, pulley;
and 7, proper plantar digital nerve.

neurovascular bundle and the arterial arch overlapped the
tendon in the base of the distal phalanx. The nerve also
migrates centrally a little and gives off branches to the
toe tip.

FDLT leaves the tendon sheath distally and widens gra-
dually, finally attaching to the distal phalanx. The distal end
of FDLT can be divided into 3 parts: the distal phalanx part
(DPP), the capsular part (CP), and the middle phalanx part
(MPP) (Figure 4). The DPP lies in the plantar side of the
distal phalanx, also called the bony insertion. The CP lies in
the space of the DIP, connected to the capsular (plantar
plate) through the tight vinculum brevis. The MPP is con-
nected to the middle phalanx through the loose vinculum
brevis. The lengths of the 3 parts are shown in Table 1, and
the widths in Table 2.

Biomechanical Strength Needed to Pull
Out the Tendon

The distal end of the FDLT was transected at the BDP, SDIP,
and NMP and then the force required to pull out the FDLT
proximally was tested. The results of the 3 groups are shown
in Table 3. The tendons in group A were cut at the BDP, and
FDLT was connected to the middle and distal phalanx
through the soft vinculum brevis, capsule, and vinculum
longus. The force required to pull out FDLT proximally was
quite high (Figure 5A). In 2 cases, we failed to pull it out. In
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left 3rd toe

Figure 4. Division of the distal part of flexor digitorum longus tendon (FDLT) (left third toe): (A) anteroposterior view; (B) Lateral view.
I, FDLT; 2, distal interphalangeal joint (DIP); 3, base of the distal phalanx (BDP); 4, proximal interphalangeal joint (PIP); 5, proximal part of
the vinculum brevis; 6, FDLT; 7, capsule of the DIP. Abbreviations: DPP, distal phalanx part; CP, capsule part; MPP, middle phalanx part.

Table I. Length of the Distal End of FDLT.

Second Toe, mm Third Toe, mm Fourth Toe, mm P

(Mean + SD)  (Mean + SD)  (Mean + SD) Value
DPP 77 + 13 73 + 14 63 + 1.2 121
CP 45+ 1.2 41+ 1.0 35+ 08 .200
MPP 50 + 1.7 4.1 + 1.5 34+ 1.0 .090

Abbreviations: CP, capsular part; DPP, distal phalanx part; MPP, middle
phalanx part.

Table 2. Width of the Distal End of FDLT.

DPP, mm CP, mm MPP, mm
(Mean + SD) (Mean + SD) (Mean + SD) P Value
Second toe 7.9 + 0.8 55+ 08 44 + 03 <00l
Third toe 74 + 13 55+ LI 43 +£07 <00l
Fourth toe 6.8 + 1.0 48 + 0.7 40 + 0.6  <.00l

Abbreviations: CP, capsular part; DPP, distal phalanx part; MPP, middle
phalanx part.

group B, tendons were cut at the SDIP, and the FDLT was
connected to the middle phalanx through the soft vinculum
brevis, part of the capsule, and vinculum longus. Moderate
force was required to pull the FDLT out proximally, less
than in group A, but still very high (Figure 5B). In group
C, tendons were cut at the NMP, and the FDLT was
connected to the middle phalanx through the soft vincu-
lum brevis and vinculum longus alone. For this reason,

Table 3. Strength Required to Pull Out the FDLT Proximally.

95% ClI
Strength, N Lower  Upper
n (Mean + SD) Bound Bound P Value
Group A 5 1682 + 135 I151.4 185.0 <.001
Group B 7 96.3 + 15.8 81.7 I11.0
Group C 7 205 + 9.9 11.4 29.6

Abbreviation: ClI, confidence interval; FDLT, flexor digitorum longus
tendon.

the FDLT was easily pulled out through the proximal
incision (Figure 5C).

Discussion

From the anatomic dissection, the neurovascular bundles
travel along the flexor tendon sheath. They moved toward
the center of the toe in the distal phalanx, then formed a
transverse arch and gave rise to several branches into the
belly of the toe. The bony insertion of FDLT is fan-shaped
and located on the plantar side of the distal phalanx. The
tendon in the distal phalanx is closely related to the neuro-
vascular bundle and its branches. With percutaneous release
of FDLT, the more distal the cutting plane is, the greater the
risk of damage to the neurovascular bundle. FDLT is still
wide at the BDP, so percutaneous release is more difficult
and it becomes more likely that the tendon needs to be cut
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Figure 5. (A) Cutting at the base of the distal phalanx (BDP).
(B) Cutting at the space of the distal interphalangeal joint (SDIP).
(C) Cutting at the neck of the middle phalanx (NMP).

repeatedly. FDLT becomes narrow proximally and then
enters the flexor tendon sheath. In the NMP, FDLT is nar-
row and limited in the flexor tendon sheath, so percuta-
neous cutting is easier and safer with respect to the
neurovascular bundle.

The plantar capsule of the DIP is thickened significantly.
FDLT is connected to the plantar capsule through the tight
vinculum brevis. The test results show that the intact vincu-
lum brevis and capsule can resist strong tension. As a result,
it can be very difficult to pull out the tendon proximally, as
shown with the pullout force reaching 168 N, and the cases
in which it was not possible to pull it out. Sasaki reported 2
cases in which full flexion of the PIP was produced by the
intact short vinculum after complete division of both flexor

tendons.'® The vinculum brevis of the flexor digitorum pro-
fundus tendon was found to apply traction to the volar plate
on flexion of the DIP.

Percutaneous release at the SDIP, although part of the
capsule and the tight vinculum brevis will be cut, often
leaves part of the capsule and the tight vinculum brevis
connected, and so leaves the tendon capable of resisting the
strong extension force. The force needed to pull out the
FDLT proximally can reach about 96 N. With regard to
percutaneous release at the NMP, only the loose vinculum
brevis and longus connect the FDLT to the phalanx. The
force required to pull out FDLT proximally is only 20 N.
At that level, there is very little connection of the tendon to
the bone or soft tissues. Many previous works mention that
the FDLT should be transected at its insertion into the
BDP.>*7® The length of the CP is about 4.0 mm; percuta-
neous release at the NMP will not increase the tension of the
tendon after transposition.

Kwon reported that through a small transverse “stab”
incision made at the level of the distal plantar flexion crease
(under the DIP), the FDLT is percutaneously released from
the BDP using a No. 11 blade.® The flexor digitorum longus
is released distally through a stab incision just distal to the
distal interphalangeal flexion crease, with care taken not to
enter the DIP.> A technique for percutaneous tenotomy and
the capsule release at the level of the DIP has been
described.” If the capsule is completely transected, it can
easily render the plantar of DIP unstable.

Taylor brought the FDLT around the lateral aspect of the
proximal phalanx and sutured to the extensor expansion.'> In
Parrish’s modification, the long flexor is divided longitudin-
ally. Each half is brought out on each side of the proximal
phalanx and sutured to itself and then to dorsal expansions of
the extensor tendon.'? Many authors advocate that the FDLT
be transferred to the proximal dorsal side, sutured end to end,
or sutured with the central part of the extensor tendon.'*
Myerson sutured the transferred tendon stump through
a knot under the tension with the MTP in approximately
30 degrees of dorsiflexion and the ankle in neutral dorsiflex-
ion.'® Optimizing tendon length and excursion may render
these techniques more feasible.

Because of the limitations of the specimens, this study
had only 15 specimens, from both men and women. It is
inevitable that there will be differences in tendons from feet
of different sizes. This is only a single-center study. A multi-
center clinical study is needed in the future. Future research
will have greater numbers of specimens, and note the size of
each foot.

Conclusion

The distal end of FDLT can be anatomically described at 3
distinct locations: DPP, CP, and MPP. Based on this study,
the vinculum brevis and the distal capsule resist proximal
retraction; therefore, percutaneous release at NMP can be
performed safely and is most effective. The neurovascular
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bundle begins to migrate toward the center of the toe at the
distal interphalangeal joint.
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