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INTRODUCTION
The deltoid ligament complex and the spring ligament
complex have been shown to be significant structural
stabilizers for proper foot function. These ligaments
can be considered one larger complex anatomically and
functionally (1-3). Controversy exists in determining which
ligaments play the greatest part in preventing valgus ankle
tilt and rotational stability of the ankle (4-8). Injury of these
ligaments can cause catastrophic deformity, dysfunction,
and pain. Rupture of the deltoid ligament and spring
ligaments are often associated with concomitant fracture,
chronic flatfoot deformity, and poor results of total ankle
arthroplasty or triple arthrodesis (3,9-13). The authors
propose a case of combined reconstruction of both deltoid
and spring ligaments that may be advantageous for use in
numerous clinical situations because of its anatomic and
biomechanic considerations.

ANATOMY AND BIOMECHANICS
The anatomy of the deltoid ligament has varied greatly in the
literature, but the literature agrees on some more consistent
ligamentous bands. The number of ligaments ranges from
4 to 8 ligaments (14-18). There is a general agreement that
the deltoid ligament complex is comprised of a superficial
and deep layer. The superficial layer of the deltoid ligament
consists of a tibionavicular ligament, tibiospring ligament,

Figure 1. Combined deltoid ligament (beige allograft tendon) with spring
ligament (blue suture tape) reconstruction.

and tibiocalcaneal ligament in many reports. The deep
deltoid ligaments consist of the deep posterior tibiotalar
ligament, superficial posterior tibiotalar ligament, and the
anterior tibiotalar (11). In Milner et al’s cadaveric study,
they found the tibionavicular ligament, tibiospring ligament,
and the deep posterior tibiotalar ligament to be constant
throughout all of the 40 specimens dissected (17).
The term spring ligament is a misnomer and should be
considered an articular sling. There are, in fact, no “spring”
properties of this ligament histologically nor biomechanically
(1,19). It is also a misnomer because it is not only 1 ligament.
It has been described as being up to 3 ligaments, although
it is most recognized as a 2-ligament complex consisting
of the superomedial calcaneonavicular ligament and
inferior calcaneonavicular ligament (20). The superomedial
calcaneonavicular ligament ligament is broader and contains
an avascular articular facet for articulation with the talus.
Davis et al studied 38 cadaver specimens and found the
spring ligament to have histologic components of significant
load-bearing without any elastin or special elastic properties.
In their biomechanic testing of the spring ligament, they
found that the spring ligament had strength similar to ankle
ligaments (1,19) (Figures 1, 2).

Figure 2. Stress eversion radiograph demonstrated
23 degrees of eversion of the tibio-talar joint.
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The anatomy and biomechanics of the spring and
deltoid ligaments are integral and this can be reflected in
surgical reconstruction. Davis et al proposed a relationship
between the spring and deltoid ligament and suggested its
connection to pes planus. It has been suggested that these
2 ligaments should be considered part of 1 ligamentous
complex because of the broad insertion of the superficial
deltoid on the spring ligament and due to their complex
interaction to stabilize the talus functionally (1-3).

SURGICAL TECHNIQUE
A 50-year-old man presented to our outpatient office
reporting continued ankle pain and difficulty walking
after sustaining an injury while playing recreational
football 2 months prior. Severe eversion of greater than
45 degrees with mild crepitus of the ankle joint was seen
on examination. There was a positive anterior drawer sign.
Upon heel strike during gait examination, there was visible
subluxation of the ankle into an everted position. Stress
eversion radiographs demonstrated 23 degrees of eversion
of the tibio-talar joint (Figure 2). Magnetic resonance
imaging (MRI) was positive for deltoid, spring, and anteriortalofibular ligament ruptures.
The patient was brought to the operating room lying
in the supine position and was prepped and draped in the
usual fashion. A thigh tourniquet was inflated to 300 mm
Hg. Upon fluoroscopic examination, there was widening of
the medial clear space. A 9-cm curvilinear incision over the
medial malleolus was made, curving down to the medial
cuneiform. Blunt dissection was performed to expose the
posterior tibial tendon and the flexor hallucis longus tendon.
The sustentaculum tali, the talar body, and medial malleolus
were identified. The posterior tibial tendon was then further
dissected down to the navicular. Upon inspection of the
superficial and deep deltoid ligaments and spring ligament,
there were no visible remnants appreciated. Next a guide
wire was passed up through the medial malleolus going
posterior to anterior exiting the anterior tibia (Figure 3A).
A small incision was made to the anterior tibia to allow
the wire to be passed through. A 4.0 drill was then used to
drill over the wire. The hole was then over drilled with a 5.0
drill to a depth of 30 mm to allow for the semi-tendinosus
allograft to pass part way through the tibia. Next, a semitendinosus allograft that was presutured was then passed
from the medial malleolus up in through the tibia with the
suture button passing out of the anterior tibia (Figure 3B).
The tibial suture button was then placed down on the tibia
and the graft was anchored into the tibia. A 3.0 drill was used
in the medial aspect of the talar body. The shorter limb of
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the graft was placed into the talar body and a bio-tenodesis
screw was then placed to anchor the deep deltoid limb of
the reconstruction. A 4.0 drill was used to drill through the
sustentaculum tali. The longer limb of the semitendinosus
allograft was then passed deep to the posterior tibial tendon
into the drill hole in the sustentaculum tali. Along with the
graft, 2 arms of the internal brace were also anchored into
the drill hole using 1 bio-tenodesis screw (Figures 3C, 3D).
Next, the ankle was placed at 90 degrees and the
subtalar joint was placed in a neutral position. While in this
position, the suture button was fully tensioned at the tibial
end, thus pulling the graft up the canal and tightening the
newly reconstructed deltoid ligaments. This completed the
superficial and deep deltoid reconstruction, and fluoroscopy
was employed to confirm that the ankle joint had symmetric
gutters and was stable under eversion stress (Figure 4A).
A drill hole was made through the navicular from
dorsal to plantar. The 2 arms of the internal brace that
were previously anchored into the sustentaculum tali were
then passed through the hole, 1 dorsal-to-plantar and the
other plantar-to-dorsal forming a hammock like effect. The
internal brace reconstruction was then tensioned and biotenodesed with a 3.5 bio-tenodesis screw from dorsal-toplantar (Figures 4B-D). There was adequate exposure for
this entire procedure without resection of the posterior
tibial tendon. The spring ligament reconstruction was
noted to be adequate. PRP was then injected over the graft
and incision sites. Amniotic graft was then placed over the
tendon to prevent adhesions.
Next the ankle was put through an anterior drawer test
and there was noted to be over 20-mm of anterior translation.
There was a preoperative diagnosis of anterior talofibular
ligament tear seen on MRI and at this point the decision
was made to repair the lateral ankle ligaments. A 3-cm
incision was made at the distal aspect of the fibula. Blunt
dissection was made down to the fibula and the anterior
talofibular ligament was noted to be completely torn. The
body of the talus was then predrilled and the suture tape was
biotenodesed into the nonarticulating surface of the talar
body. The fibula was predrilled and the 2 arms of the suture
tape were then biotenodesed into the fibula. At that point,
the reconstruction was stressed with an anterior drawer test
resulting in approximately 5-mm of motion. Amniotic graft
was placed into the lateral incision as well.
Subcutaneous tissue was closed with 2-0 and 3-0 vicryl
and the skin was closed with staples. A wound vac over the
medial and lateral incisions was used due to the amount of
swelling expected to be created from these procedures. The
patient was placed in a posterior splint and made nonweightbearing for 6 weeks (Figure 5).
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Figure 3A. Deltoid reconstruction begins with a
guide wire that was passed up through the medial
malleolus going posterior to anterior exiting the
anterior tibia. A small incision was made to the
anterior tibia to allow the wire to be passed through.

Figure 3B. The allograft tendon passed from the
medial malleolus up through the tibia with the
suture button passing out of the anterior tibia.

Figure 3C. A Freer pointing towards where the
short arm of the tendon allograft will be inserted
into the talar body.

Figure 3D. The longer limb of the allograft
tendon was then passed deep to the posterior tibial
tendon. A guide wire was placed just inferior to
the sustentaculum tali for cannulated drilling. The
allograft tendon was anchored into the drill hole
just beneath the sustentaculum tali. Along with the
graft, 2 arms of suture tape were also anchored into
the drill hole using 1 bio-tenodesis screw.
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Figure 4A. Spring ligament reconstruction begins
with the 2 arms of suture tape that have been
anchored just inferior to the sustentaculum tali.

Figure 4B. A drill hole was made through the
navicular from dorsal to plantar. The 2 arms
of the suture tape that were anchored into the
sustentaculum tali were then passed through the
hole, one dorsal-to-plantar and the other plantarto-dorsal (pictured) forming a hammock like effect.

Figure 4C. The internal brace reconstruction of the
spring ligament was then tensioned.

Figure 4D. The internal brace was anchored with a
3.5 bio-tenodesis screw from dorsal-to-plantar.
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Figure 5. Intra-operative fluoroscopy demonstrating an even
mortise medially and laterally.

DISCUSSION
The literature describes numerous techniques for
reconstruction or repair of either the deltoid ligament or
the spring ligament as separate procedures; however, there
have been very few examples of repairing both together. The
combined technique that the authors present was highly
effective in this limited case study and has the added benefits
of taking into account the anatomy and biomechanics of
these ligaments.
The deltoid ligament is often compromised in
bimalleolar equivalent ankle fractures, but controversy exists
over whether or not to repair the ligament or fix it indirectly
with syndesmotic fixation. Historically, the literature has
discouraged many from repairing the deltoid ligament
in bimalleolar equivalent ankle fractures (11). However,
as Luckino et al pointed out, the majority of the limited
research available on necessity for deltoid repair in ankle
fractures was level IV evidence with less than satisfactory
results (21). Other critics, point to the fact that these studies
did not assess medial instability during stress examinations
or direct visualization. Hsu and Anderson et al, in their
study measuring outcomes of 14 NFL players with ankle
fracture and subsequent repair with deltoid ligament repair
had favorable results, including an 86% return to sport.
Hsu and Anderson state that they now routinely repair the
deltoid in these injuries based on their findings of complete
avulsion of the superficial deltoid with infolding that can
prevent adequate reduction and cause persistent pain and
instability (12).

Contrastingly, Yu et al’s multicenter retrospective
review of ankle fractures found 131 patients with deltoid
ruptures that were repaired when medial clear space was
persistently >5 mm after fibular fracture fixation. Their
study demonstrated no significant difference in outcomes,
but there was no standardization of treatment or patients
without increased medial clear space after fibular fixation
that had deltoid repair (22). Jones and Nunley actually
compared 27 patients sustaining bimalleolar equivalent
ankle fractures that were split into 2 groups: 15 patients
were treated with lateral malleolus open reduction with
internal fixation (ORIF) with trans-syndesmotic fixation,
whereas 12 were treated with lateral malleolus ORIF with
deep deltoid ligament repair with suture anchor. They found
no statistical difference in outcomes (9).
Adult acquired flatfoot deformity routinely progresses
to medial column collapse and or a valgus ankle that requires
spring and or deltoid ligament reconstruction, respectively.
Numerous reconstruction techniques have been proposed
for the attenuation of the deltoid ligament and spring
ligaments in the adult acquired flatfoot deformity. The
literature favors reconstruction rather than reefing up and
repair of native tissue due to reports of native tissue repairs
and reefing up failing over time due to poor quality of
the tissues. Some deltoid reconstruction techniques have
been criticized for only repairing the deep portion of the
deltoid ligament (6,23,24). Other techniques only repair
the superficial portion. Close et al biomechanic testing
of the ankle ligaments found that with all of the lateral
structures removed, the intact deltoid ligament allows only
2 mm of separation between the talus and medial malleolus.
When the deep deltoid ligament is released, the talus can
be separated from the medial malleolus by 3.7 mm (25).
The authors as well as many others proposed techniques for
deltoid reconstruction using autograft or allograft tissue to
reconstruct both the superficial and deep deltoid ligaments
(26,27).
Haddad et al proposed a deltoid reconstruction
technique using anterior tibial tendon allograft attached
to sutures and suture buttons that are passed through drill
holes in the tibia, talus, and calcaneus. In their cadaver study,
they were able to restore eversion and external rotation
stability to the talus during biomechanic testing (24). The
authors’ proposed technique involves a deltoid ligament
reconstruction component that is similar to Haddad’s
previous studies. The spring ligament reconstruction
presented was performed using Arthrex InternalBrace. This
procedure has the potential to be augmented with flexor
digitorum longus transfer for added support and dynamic
stabilization. Anatomically, the origin of the superomedial
calcaneonavicular ligament was shared with the insertion
point of the tibiocalcaneal fibers of the superficial deltoid
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ligament (1). The procedure described in this case study
uses this common ligamentous attachment site to more
accurately reconstruct both ligaments anatomically.
In conclusion, combined deltoid and spring ligamentous
injuries may necessitate surgical treatment if pain, deformity,
and mechanical instability persist. The authors have
demonstrated an effective technique for a combined repair
of both the spring ligament and the deltoid ligament.
This technique is relatively easily done and may be used in
numerous clinical situations including acute ligamentous
injuries, stage IV flatfoot, or TAR with valgus ankles and
AAFD.
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