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the calcaneus.3 This “conservative” 
osseous procedure was the first ex-
tra-articular attempt to prevent the 
partial anteriomedial dislocation of the 
talus on the calcaneus.
	 Conversion of a non-metallic into 
a titanium sinus tarsi implant created 
a re-energized excitement to a new 
generation of foot surgeons.4 The use 
of titanium made more sense, but 

there remained two significant prob-
lems, patient tolerance and device dis-
placement. The removal rates of the 
first generation metallic arthroerei-
sis devices have ranged from 38% to 
100%.5,6 A second generation EOTTS 
device emerged with reduced toler-
ance issues and lower removal rates.

Anatomy Review and Function of 
the Sinus Tarsi
	 The sinus tarsi is a naturally 
occurring space between the talus 
and calcaneus. It serves as a ful-
crum point for the transfer of forces 
obliquely between the talus onto the 

Foot specialists globally, 
both orthopedic and podiat-
ric, have found extra-osse-
ous talotarsal stabilization 
(EOTTS) to be a very pow-

erful solution, when indicated. Yet, 
EOTTS still remains one of the most 
under-utilized procedures. The pur-
pose of this article is to increase the 
foot specialist’s knowledge on EOTTS 

so that more patients can benefit 
from this minimally invasive option.

Evolution of Sinus Tarsi Implants
	 The birth of the “arthroereisis” 
procedure has been credited to Wol-
lenberg, who in 1912 first performed 
a joint-blocking procedure for genu 
recurvatum.1 Toupet, in 1920, pub-
lished his results for a posterior block 
of the ankle joint for foot drop.2 There 
is little doubt that these attempts to 
physiologically restore joint motion 
without anatomic interference of a 
joint influenced E.F.S. Chambers, MD, 
who published his paper on the inser-
tion of a bone graft into the floor of 

This procedure is used when an arch support isn’t sufficient 
and reconstructive surgery is too aggressive.
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Figure 1-A: Weight-bearing lateral radiograph showing an aligned talotarsal joint. Arrows indicate the 
normal force distribution. 1-B shows talotarsal joint displacement with arrows showing abnormal 
force distribution anteriorly.
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pared to extra-osseous devices that 
do not involve the penetration of the 
device into bone (Figures 4A,4B).
	 The overall success rate is deter-
mined by the type of device used. Type 
I arthroereisis joint-blocking devices 
have a significantly higher removal 
rate over non-joint blocking Type II 
devices.13,14 Arthroereisis devices are in-
serted into the lateral half of the sinus 
tarsi, the least stable area. They act as 
a door-jam to block the anteriomedial 
rotation of the lateral process of the 
talus. These devices are also placed 
from lateral to medial within the sinus 

tarsal mechanism (calcaneus and na-
vicular) both posteriorly and anteri-
orly (Figures 1A, 1B).
	 Of importance is its anterior-lat-
eral-distal-plantar to posterior-medi-
al-proximal-dorsal orientation. The 
weight-bearing forces, at heel strike, 
pass posteriolaterally through the back 
of the heel, and at full-plantar-foot con-
tact the forces shift anteriomedially.
	 There are two anatomic regions 
of the sinus tarsi. The lateral, super-
ficial portion is conically shaped and 
referred to as the “sinus” portion. 
The deeper, medial cylindrical space 
is the canalis tarsi region. The major-
ity of motion occurs within the sinus 
over the canalis portion, making the 
canalis portion the most stable area 
and the outer sinus the least stable. 
There are many ligamentous attach-
ments between the talus and calcane-
us, including the interosseous talocal-
caneal (Figure 2).7,8

Function of Sinus Tarsi Implants
	 A sinus tarsi implant is used to 
stabilize the talus without surgically 
altering the articular facets of the TTJ. 
The sinus tarsi device acts as a “stent” 
to internally prevent the obliteration 
of the sinus tarsi. This re-establishes 
the axis point at the entrance to the 
canalis tarsi. Instantly, the forces pass-
ing posteriorly are normalized with 
decreased forces acting anteriomedi-

ally on the osseous and soft tissues 
on the medial column of the foot.9 It 
is important to note that a sinus tarsi 
device is not implanted into a joint. 
There is no articular cartilage within 
the sinus tarsi (Figure 3A, 3B).

Classification of Sinus Tarsi 
Implants
	 There are joint-blocking or lim-
iting arthroereisis devices and non-
joint blocking devices.10 Additionally, 
there are intra-osseous devices that 
are partially inserted into either the 
talus or calcaneus.11,12 These devices 
are used with less frequency com-

A sinus tarsi implant 
is used to stabilize the talus without 

surgically altering the articular facets of the TTJ.

Extra-osseous Talotarsal (from page 105)
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Figure 2: Plantar surface of the talus shows the 
lateral “sinus” portion (A) and medial canalis (B) 
portion of the sinus tarsi.

Figure 3-A: Shows partial dislocation of the talus on the calcaneus resulting in the obliteration of the 
sinus tarsi. 3-B shows the placement of a sinus tarsi implant with re-opening of the sinus tarsi.

Figure 4-A: Plantar view of the talus showing a type I arthroereisis device. 4-B: shows the placement 
of a Type II non-joint blocking sinus tarsi implant.



www.podiatrym.comJUNE/JULY 2015 |  PODIATRY MANAGEMENT 

108

INNOVATIONS IN PODIATRIC SURGERY

correct a foot over-pronation condi-
tion. Displacement of the talus on 
the tarsal mechanism is the cause 
of over-pronation. This unlocks the 
mid-tarsal joint, creating instabili-
ty primarily on the medial column 
of the foot. Subsequently, excessive 
strain is placed on the supporting soft 
tissue structures and joints. Eventu-
ally, the repeated exposure of exces-
sive force leads to secondary symp-
toms such as “growing pains”, heel 
pain, plantar fasciitis, posterior tibial 
tendon dysfunction, 1st ray disor-
ders, hallux limitus, hallux valgus, 
metatarsalgia, and flexor stabilization 

hammertoes (Figures 5 A-F).
	 There are many benefits 
that are derived from a foot 
orthosis, except for stabiliz-
ing the talotarsal joint. The 
effectiveness of an arch sup-
port to realign and stabilize 
the TTJ has never been clear-
ly established.24 How exact-
ly does something placed on 
the plantar aspect of the foot 
realign and stabilize the talus 
or the TTJ? A foot orthosis 
has minimal to no positive 
effect on the TTJ.25 Actual-
ly, an orthosis can lead to 
an increase of the TTJ dis-
placement deformity.31 Think 
about the number of patients 
daily, monthly, or annually 
who are told to buy arch sup-
ports to re-align their feet. 
The majority of these pa-
tients should be considered 
as potential candidates for an 
EOTTS procedure.

EOTTS as a Superior Option 
for “Fixing” Over-pronation
	 The partial dislocation of 
the talus on the tarsal mecha-
nism is the leading etiologic 
factor to many foot and ankle 
deformities.26 The goal of any 
treatment is to eliminate the 

Continued on page 110

portion of the sinus tarsi, not in align-
ment with the oblique orientation of 
the sinus tarsi. These arthroereisis 

devices function against the normal 
talotarsal range of motion. The combi-
nation of these design limitations has 
led to a higher degree of removal.
	 The non-blocking sinus tarsi stent 
is placed deeper into the sinus tarsi. 
A Type II device stabilizes the talus 
at the axis point and it allows tri-
plane talotarsal joint motion. There 
have been numerous scientific papers 
published on the positive results of 
the type II sinus tarsi stent.14-23

Utilization of Sinus Tarsi Implants
	 The leading reason a patient is 
told to obtain arch supports is to 

Displacement of the talus on the tarsal mechanism 
is the cause of over-pronation.

Extra-osseous Talotarsal (from page 106)

Figure 5-A: Weight-bearing dorsoplantar radiograph showing 
the anteriomedial talotarsal joint displacement. 5-B same patient 
standing on a custom-molded orthosis. 5-C is same patient with 
the placement of a type II sinus tarsi implant. 5-D is same patient 
lateral weight-bearing x-ray barefoot. 5-E x-ray is with the pa-
tient standing on their orthosis. 5-F is after the placement of a 
type II sinus tarsi implant.
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re-align the TTJ. 
The integr i ty  of 
the posterior tibial 
tendon (PTT) must 
be taken into con-
sideration because 
it is often severely 
weakened or even 
over-stretched due 
to the years or de-
cades of excessive 
forces acting on it. 
Typically, a stage 
1 posterior tibial 
tendon dysfunction 
(PTTD) does not re-
quire additional ten-
don repair. Stage 2 
PTTD often requires 

the combination of procedures along 
with a tendon augmentation.
	 The alignment and stability of 
the first ray is also very important. 
Talotarsal joint displacement increas-

es the forces acting on the medial 
column of the foot. This places ex-
cessive force on the 1st ray and can 
lead to weakening of the supporting 
ligaments and further misalignment 
dorsal-medially. Failure to identify 
and treat instability or structural mis-
alignment of the 1st ray could com-
promise the success of an EOTTS 
procedure.
	 Limited 1st metatarsophalangeal 
joint MPJ motion can lead to a com-
pensatory abduction of the forefoot. 
This would also lead to increased 
strain to the TTJ. Conservative or 
surgical options to restore 1st MPJ 
motion must be considered.
	 Talotarsal joint range of motion is 
an objective finding that is difficult to 
replicate from one observer to anoth-
er. An “industry standard” is the use 
of weight-bearing radiographs. These 
images produce subjective data that 
is reproducible from clinician to cli-
nician. The talar second metatarsal 
angle on the dorsoplantar (DP) im-

underlying etiologic factor along with 
ameliorating associated symptoms. Ad-
dressing the symptoms without remov-
ing the underlying etiology will result 
in a chronic re-occurring condition.
	 Most conservative treatments 
serve as temporary measures. It 
gives the patient a “false sense of 
treatment.” Patients think that their 
foot mis-alignment is “cured” with 
an arch support; unfortunately, this 
simply isn’t the case. Excessive ab-
normal forces continue to take their 
negative toll on the osseous and soft 
tissues within the foot and ankle and, 
most times, these conditions progress 
from bad to worse.
	 The use of osseous and soft tissue 
reconstructive surgery such as talocal-
caneal arthrodesis, medial displacing 
calcaneal osteotomy, lateral column 
lengthening (Evan’s calcaneal oste-
otomy with insertion of bone graft), 
mid-foot osteotomies combined with 
tendon balancing procedures may be 
another option to consider. There are 
significant risks and potential compli-
cations associated with these proce-
dures and long-term risks of disease to 
the adjoining joints (Figure 6).3

Patient Selection Criteria for an 
EOTTS Procedure
	 There is a complex algorithm 
to determine who is or isn’t a can-

didate, combined with stand-alone 
or combination of required treat-
ment modalities or additional surgi-
cal procedures. If these factors are 
unidentified or under-addressed, 

there could be a compromised pa-
tient satisfaction outcome. The flex-
ibility or reducibility of the TTJD 
deformity must be evaluated with 

the patient, both 
non-weight-bearing 
and weight-bearing. 
Failure to evaluate 
the weight-bearing 
stance and dynamic 
phases of gait could 
reveal unidentified 
co-existing deformi-
ties. A positive in-
dication that the pa-
tient is a potential 
candidate for the 
EOTTS procedure 
is the ability to re-
align the TTJ while 
standing.
	 S u s p i c i o n 
for the use of an 
E O T T S  d e v i c e 
should occur if the 
weight-bearing pa-
tient is unable to 

Extra-osseous Talotarsal (from page 108)

Continued on page 111

Figure 6: Weight-bearing lateral radiograph show a talotarsal joint dis-
placement. 6-B shows the placement of sinus tarsi stent. 6-C shows the 
option of traditional rearfoot reconstructive surgery.

Figure 7-A: Shows an “x-ray” vision view of a talotarsal joint displacement 
deformity. 7-B shows the same foot with the talotarsal joint re-aligned.

A positive indication that the patient is 
a potential candidate for the EOTTS procedure is the 

ability to re-align the TTJ while standing.
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ages provides the best transverse hindfoot-forefoot mea-
surement.27 The lateral talar declination angle provides a 
sagittal plane measurement.
	 “Dynamic” radiographic evaluation can be obtained 
by taking two sets of images; first, with the weight-bear-

ing hindfoot in relaxed stance and a second set with the 
TTJ placed into alignment, neither pronated nor supinat-
ed. These comparative images document the reducibility 
of the talar dislocation deformity. There are many specific 
radiographic parameters to be evaluated. For instance, a 
coalition deformity could also be ruled out if there is a 
“re-opening” of the sinus tarsi. Weight-bearing fluorosco-
py or CT images would also provide very valuable diag-
nostic information (Figures 7 A,B).

“Dynamic” radiographic evaluation 
can be obtained by taking two sets 

of images; first, with the weight-bearing 
hindfoot in relaxed stance and a second 
set with the TTJ placed into alignment, 

neither pronated nor supinated.

Extra-osseous Talotarsal (from page 110)

Continued on page 112

Figure 8-A: Weight-bearing radiograph showing a lower than normal 
calcaneal inclination angle along with a talotarsal joint displacement defor-
mity. 8-B shows another foot with a normal calcaneal inclination angle but 
with a talotarsal joint displacement.
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from most, is to simply reverse or re-
move the sinus tarsi implant, which 
is an advantage of the EOTTS proce-
dure, unlike traditional reconstruc-
tion. There are simply some patients 
who, regardless of their positive re-
sult, will remain “unhappy.”
	 The shoes that patients wear 
post-EOTTS could have a negative 
impact. Shoes simply don’t last as 
long as they used to. During the 
normal gait cycle, the majority of 
weight-bearing forces hit the poste-
riolateral aspect of the shoe. Even-
tually, this area on the shoe wears 
out, and this will lead to an over-su-
pination of TTJ. Excessive strain is 
placed on the lateral TTJ supporting 
ligaments.
	 If an EOTTS patient complains 
of lateral soft tissue pain, one of the 
first considerations is to evaluate the 
shoes that the patient is and has been 
wearing, along with radiographic 
verification that there hasn’t been 

	 The calcaneal inclination angle 
(CIA) must be evaluated. A lower 
than normal CIA will also contribute 
to an anterior shift of forces. EOTTS 
has not been shown to effectively 
correct a lower than normal CIA.29 
A tendo-Achilles lengthening (TAL) 
or gastrocnemius recession proce-
dure could be required. A TAL or 
gastroc-recession procedure is not 
always needed or required for an 
EOTTS. The major deciding factor is 
the CIA (Figure 8).

Poor Patient Satisfaction Outcomes
	 There are foot specialists who 
don’t perform or advocate the EOTTS 
procedure, but who may have had a 
patient present to them in pain after 
undergoing an EOTTS procedure. If 
such foot specialists see even a lim-
ited number of patients who expe-
rience pain or other complications 
from an EOTTS procedure, they will 

develop a negative impression of this 
form of treatment. There are many 
potential factors for a patient to have 
an unsatisfactory outcome.
	 It is very unfortunate that many 
foot specialists fail to treat these pa-
tients with conservative measures 
or to address the underlying cause 
of discomfort. The recommendation, 

Extra-osseous Talotarsal (from page 111)

Continued on page 113
Figure 9: Shows worn-out shoe that could com-
promise the results of the EOTTS procedure.
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551-557.
	 22 Graham ME, Jawrani NT, Chikka 
A, Rogers R. Surgical Treatment of Hyper-
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Surg 51(5): 2012 548-555.
	 23 Bali N, Theivendra K, Prem H. 
Computed Tomography Review of Tarsal 
Canal Anatomy with Reference to Fit-
ting of Sinus tarsi Implants in the Tarsal 
Canal. J Foot Ankle Surg. 52 (2013) 714—
716.
	 24 Nester CJ1, Hutchins S, Bowker P. 
Effect of foot orthoses on rearfoot com-
plex kinematics during walking gait. Foot 
Ankle Int. 22(2)(2001) 133-9.
	 25 Steber, SJ, Ko?odziej, L: Analysis of 
Radiographic Outcomes Comparing Foot 
Orthosis to Extra-osseous Talotarsal Sta-
bilization in the Treatment of Recurrent 
Talotarsal Joint Dislocation. J Minim Inva-
sive Orthop 1(8) (2014), 1-11.
	 26 Stovitz SD, Coetzee JC. Hyperpro-
nation and foot pain: steps toward pain-
free feet. Pys Sports Med. (2004) 32 (8) 
19-26.
	 27 Graham ME1, Chikka A, Jones PC. 
Validation of the talar-second metatarsal 
angle as a standard measurement for ra-
diographic evaluation. J Am Podiatr Med 
Assoc. 101 (6)(2011) 475-83.

displacement of the stent or loss of 
correction (Figure 9).
	 There have been many patients 
who have only had ETTOS performed 
unilaterally even though a TTJD 
condition was found in both feet. 
The issue here is that the uncorrect-
ed foot will continue to adversely 
affect the internally corrected foot. 
Patients must be told that both feet 
require re-alignment and that the first 
corrected foot will continue to have 
pain-soreness until the contra-lateral 
limb is stabilized.

Conclusion
	 EOTTS is one of the most un-
der-utilized orthopedic procedures. 
The publication of many peer-re-
viewed scientific studies has helped 
to narrow the indications for this 
very powerful minimally invasive 
solution to recurrent talotarsal joint 
displacement. Surgeons considering 
the use of a sinus tarsi implant need 
to undergo training in order to under-
stand patient selection, surgical tech-
nique, and how to prevent or handle 
post-op issues.
	 Foot specialists must consid-
er that there is a segment of the 
population where an arch support 
isn’t sufficient and reconstructive 
surgery is too aggressive. These 
patients could benefit from, and 
should be told about, the EOTTS 
option, regardless of insurance cov-
erage limitations. PM
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