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Abstract:
Background:
Adult acquired flatfoot deformity is a commonly seen condition with a large clinical spectrum. It ranges from asymptomatic subjects
to severely disabled arthritic patients. Posterior tibialis tendon dysfunction is a common cause of adult acquired flatfoot deformity.
Methods:
This article systematically reviews the published literature from books and journals that were either originally written or later
translated into the English language regarding the subject of posterior tibialis tendon dysfunction.
Results:
Posterior tibialis tendon dysfunction is a primary soft tissue tendinopathy of the posterior tibialis that leads to altered foot
biomechanics. Although the natural history of posterior tibialis tendon dysfunction is not fully known, it has mostly been agreed that
it is a progressive disorder. While clinical examination is important in diagnosing adult acquired flat-feet; further investigation is
often required to delineate the different aetiologies and stage of the disease. The literature describes many different management
choices for the different stages of posterior tibialis tendon dysfunction.
Conclusion:
Because of the wide range of symptom and deformity severity, surgical reconstruction is based on a-la-carte. The consensus is that a
plethora of reconstructive options needs to be available and the list of procedures should be tailored to tackle the different symptoms,
especially when managing complex multi-planar reconstructions.
Keywords: Flatfoot, Adult acquired flatfoot deformity, Posterior tibial tendon dysfunction, Posterior tibial tendon insufficiency,
Posterior tibial tendon, Pes planus, Calcaneovalgus, Foot arch.

1. INTRODUCTION
Flatfoot is a clinical entity which involves the flattening of the medial foot arch; it comprises of a large clinical
spectrum with multiple aetiologies [1 - 4]. It is often differentiated into 2 major groups according to the age of
presentation; this is because the congenital and adult types have distinct and differing aetiologies.
The overall prevalence of flatfeet has been reported to range from 5-15% in the general population; roughly 7-15%
of these patients are symptomatic and will seek medical attention [5 - 8]. Rough calculations show that this figure
equates to roughly 1 out of 100 people in the entire population seeking medical management for symptomatic flatfeet.
1% prevalence is not a high number but it does comprise a significant portion of work in a sub-specialised foot and
ankle clinic. However, these statistics are difficult to interpret since the exact definition and diagnostic criteria of
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flatfeet are unclear. While most experts agree that late stage symptomatic cases are relatively clear-cut; the prevalence
of asymptomatic flatfoot is still under intense debate.
The fundamental, yet unanswered question is: what is the normal of foot arch? Multiple investigators have used
various innovative methods and state-of-the-art technologies to measure and quantify foot arches [9 - 11], but none have
established a standard normative value or proven that their method is superior to the others. As of the current
knowledge, there is no gold standard measurement tool or universally accepted normal variation range. Radiological
parameters may provide a framework for objective measurement; but as with the clinical parameters, none have been
fully validated and the coveted normal values are not yet agreed upon [12 - 14].
Because of the wide and varied aetiologies, this article will take a pragmatic approach and focus solely on adult
acquired flatfoot deformity due to posterior tibial tendon dysfunction/insufficiency. It is the most commonly seen
flatfoot condition which entails a large clinical spectrum ranging from pure soft tissue tendinopathy to full-fledged
arthropathy [15, 16].
2. ANATOMY
2.1. Course
The posterior tibialis muscle originates from the posterior proximal tibia, interosseous membrane and proximal
fibula; it is in the deep posterior compartment of the leg and turns at the medial malleolus, changing its line of pull from
the vertical one to the horizontal one [17, 18]. The myotendinous junction is situated at the distal third of the leg and
only the tendinous portion turns at the medial malleolus; anterior subluxation is prevented by a flexor retinaculum
which binds the tendon into the shallow groove at the medial malleolus. It has a broad insertion into the plantar medial
midfoot; with a major portion inserting into the navicular tuberosity, another into the sustentaculum tali, and the
remaining portion inserting into the entire plantar midfoot except for the 5th metatarsal.
2.2. Vascularity
The posterior tibialis is relatively prone to develop insufficiency due to its relatively unique tendon sheath. A
generic tendon sheath usually comprises of 3 layers: an outer parietal layer which provides a fibro-osseous canal, a
middle mesotenon layer which usually contains the blood supply, and a visceral layer immediately surrounding the
tendon. In the posterior tibialis, the mesotenon, which usually contains the vascular supply, is incomplete; this
jeopardises its overall blood supply [19]. The vascularity is good at the musculotendinous junction (with supplies from
the posterior tibial artery) and the osseous-tendon junction (with supplies from the periosteal branches of the medial
plantar artery which originates from the posterior tibial artery). But the middle watershed portion between these 2 points
is termed as the zone of hypovascularity; some have documented this zone to roughly span from 14mm from the
navicular insertion up to the medial malleolus. It is in this hypovascular zone, in which, tendinopathy is significantly
observed [20].
2.3. Function
Due to its anatomical course, the axis of action of the posterior tibialis is posterior to the tibial-talar (ankle) joint and
thus functions as a plantar flexor of the ankle. At the subtalar joint; its axis is medial and inferior, thus it acts as an
adductor and supinator; which results in the combined motion of midfoot inversion.
Aside from its active motion, the posterior tibialis also helps maintain the foot arches. Generally, structures which
provide arch support can be divided into static and dynamic types. Structures which provide static support include the
bone as weFIGll as the plantar ligaments.
Various theories including the truss and beam theories have been proposed to explain their mechanism of action.
The plantar ligaments include the long and short plantar ligaments, calcaneo-navicular (spring) ligament, and the
bifurcate ligament. All these ligaments are insertion points of the posterior tibialis muscle; thus the intrinsic tension in
the posterior tibialis muscle helps maintain integral tightness in these ligaments. If the tension from the posterior tibialis
is lost; it is not uncommon to see associated failure in these plantar ligaments, especially the calcaneo-navicular
ligament [21]. Aside from the static arch restraints; the posterior tibialis and intrinsic muscles provide a dynamic
maintenance of foot arches.
In the initial stance phase; the posterior tibialis muscles fires to stabilise the hindfoot from valgus and decelerates
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midfoot pronation. At mid-stance, it initiates inversion at the subtalar joint, effectively locking the midfoot articulation
which provides the required foot rigidity for effective toe-off. Contraction of the posterior tibialis adducts and
plantarflexes the navicular on the talar head; buttressing the medial arch against collapse. As stated, the posterior tibialis
inserts into the plantar ligaments; thus a contraction in this tendon leads to increased tension in the plantar ligaments
which pulls the cuboid medially. More importantly, via the link of the calcaneo-cuboid ligaments; the cuboid also pulls
the calcaneum medially as an additional medial support for the talus [22].
2.4. Pathophysiology
The natural history of posterior tibialis tendon dysfunction is not fully known, but most agree that it is a progressive
disorder. Although the exact pathophysiology is not well understood, this primary soft tissue tendinopathy in the
posterior tibialis leads to altered foot biomechanics. This results in secondary reactive changes including subsequent
ligament and tendon attenuation, reactive hallux valgus due to transversely shifted weight bearing and secondary
osteoarthritis due to instability. The commonly used staging system developed by Johnson and Strom and subsequently
modified by Bluman and Myerson splits the disease into 4 different clinical stages correlating to different
pathoanatomies within the disease spectrum [23, 24].
The first two stages have only soft tissue problems while the third and fourth stages have resulted in associated joint
arthritis. Stage 1 is isolated posterior tibialis tendinopathy without a significant change in tendon length. The second
stage involves permanent changes in the posterior tibialis tendon which can be elongated in stage 2a and attenuated in
the more advanced stage 2b. Stage 3 is defined when features of subtalar arthritis occur, and stage 4 signifies
involvement of the ankle joint. While clinical examination is important in diagnosing adult acquired flatfeet; further
investigation is often required to delineate the different aetiologies and stage of the disease.
2.5. Investigations
Investigations for flat feet include radiological imaging as well as various forms of foot pressure analysis.
The most common is the X-ray; which should be weight-bearing images that show the usual alignment in the
physiological stance phase. Aside from ruling out other flatfoot aetiologies such as tarsal coalition; X-rays also help to
quantify the degree of deformity. A host of radiological parameters has been proposed to quantify foot arches
objectively. The talo-metatarsal angle in the lateral standing view of the foot is the angle between the lines bisecting the
talus and 1st metatarsal shaft. A negative talo-metatarsal angle signifies a break in the midfoot, which is commonly
noticed when the foot arch collapses. Normative values in the lateral talo-metatarsal ankle has been quoted to range
from -4 - 4 degrees [25, 26]. The cuneiform height is another lesser known method of measurement which has been
reported to be more accurate and has less inter-observer error compared to the talo-metatarsal angle measurement. The
height difference between the middle cuneiform base and the 5th metatarsal base is measured; with normative values
suggested at around 18mm. However, the available published evidence is inconclusive. On the dorsal-plantar
projection; the talo-calcaneal angle is situated between the mid-axial line of the talus and mid-axial line of the
calcaneum. The mid-talar line should pass at the lateral 1st web space while the mid-calcaneal line should pass the 4th
metatarsal. The angle between these 2 lines is the talo-calcaneal angle which is reported to range from 25-40 degrees.
Another measurement is the talo-navicular coverage which consists of two lines, one bisecting the talus and the other
bisecting the navicular. It measures the articular coverage of the navicular on the talus and is usually 35-50 degrees;
anything more than 50 degrees signifies some hindfoot valgus deformity.
Aside from X-rays, ultrasound is helpful in evaluating the posterior tibialis tendon. The benefit of ultrasound is that
it allows real-time dynamic assessment of the tendon, but it is operator dependent [27]. It has been reported that a
tendon width of more than 6mm is suggestive of tenosynovitis; especially if associated with the presence of a ‘target
sign’ which is a hypo-echoic rim of fluid surrounding the hyper-echoic tendon substance. Some have reported that a
tendon substance size of >4mm or a sheath size of >7mm is representative of tenosynovitis in the posterior tibialis
tendon.
More advanced imaging modalities such as CT has also been suggested, but its greatest use is for the exclusion of
bony flatfeet aetiologies such as tarsal coalition. For adult acquired flatfeet; MRI is preferred over CT because it
provides better visualisation of soft tissue structures. Its sensitivity is reported to be 95% compared to 90% via CT, and
it has a higher chance to accurately diagnose longitudinally split tears [28]. An artefact known as the ‘magic angle
effect’ is seen on T1 weighted MRI images; it occurs at the turning point of the posterior tibialis tendon which is
situated near the medial malleolus. This artefact gives a false image similar to a ruptured tendon; however, it is easily
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differentiated from a true tendon rupture by obtaining a true axial plane image perpendicular to the tendon at this level.
In addition, T2 weighted images do not have this magic angle effect artefact [29]. T1 weighted MRI shows a thickened
posterior tibialis tendon substance and sheath, especially compared with the adjacent flexor hallucis longus tendon. T2
images also allow visualisation of the hyper-intense peri-tendinous collection; a thickness of >2mm is considered
abnormal.
Aside from anatomical imaging; foot pressure analysis are also important investigations for objective assessment of
foot arches. Various footprint and foot pressure analysis are available such as the Harris mat, with different
measurements parameters like the Staheli index [30, 31]. These measurements all give information on foot arches, but
these parameters have not been fully validated and tested [32].
2.6. Stage 1 Posterior Tibial Tendon Dysfunction
In stage 1 disease with pure tendinopathy without significant elongation or rupture, the symptoms are usually pain
over the medial foot as well as decreased endurance. On physical examination, there is evidence of inflammation such
as erythema, swelling, increased temperature and localised tenderness over the posterior tibialis tendon. The medial foot
arch is usually maintained and the overall foot alignment is normal. Posterior tibialis muscle power is only subtly
decreased with a grossly normal single leg heel raise; however, the decreased endurance results in failure to perform
multiple successive single leg heel raises.
X-rays are usually unremarkable, but ultrasound and MRI reveal evidence of tenosynovitis such as the target sign.
Management begins with non-surgical options. Immobilisation and rest with a plaster cast are the traditional
methods which provide good protection; assuming it is tolerated by the patient. Other devices such as a controlled ankle
movement walker boot are also solid choices and have less muscular atrophy compared to plaster casting. These are
often the preferred choice since allowing partial weight bearing walking has also been suggested to stimulate better
collagen organisation [33]. Orthotics have also been widely used to eliminate forefoot pronation and rest the posterior
tibialis tendon. Many different forms have been described such as the UCBL / Arizona brace/ ankle foot orthosis and
the simpler medial heel wedge.
In additional to immobilisation; pharmacological management is also important. Analgesics such as various NSAID
in oral and injectable forms have been used to alleviate the pain. Use of corticosteroids is controversial because
although in theory, they can help subdue the inflammation, but it has also been reported that they create unwanted
microvascular attenuation which further jeopardises the tendon circulation. Other novel therapies such as platelet rich
plasma might be beneficial, but published evidence is lacking [34].
Physiotherapy also helps in two regards; first, it aids in decreasing the swelling in acute inflammation. Once the
initial inflammation has subsided, physiotherapy to strengthen the posterior tibialis can be performed. Methods to
decrease the initial swelling include cryotherapy and iontophoresis. Iontophoresis is a procedure which transmits
localised dexamethasone via an electrical current deep to the skin into the inflamed tendon. As stated above, some have
raised concerns about steroids jeopardising the tendon’s circulation, but results are inconclusive. Heat and ultrasound
are usually not used in the acute phase as they exacerbate inflammation and worsen the clinical inflammation. Once the
inflammation has subdued, strengthening of the posterior tibialis can be performed by simple repetitions of the single
leg heel raise, or with the addition of external weights and devices such as resistance bands [5].
Surgery is usually reserved for the recalcitrant cases or in cases associated with inflammatory arthropathies as it has
been shown they require more aggressive management. In stage 1 PTTD, the mainstay of surgical treatment is
synovectomy since literature from the 1950s and 1960s by the likes of Fowler and Langenskiold have documented
improvement [35 - 37]. Minimally invasive techniques for tendon synovectomy have been published with fairly good
outcomes. Endoscopic synovectomy of the posterior tibialis tendon is performed using a 2.7mm arthroscope with the
visualisation portal near its navicular insertion and a more proximal working portal for synovectomy [35]. However, the
traditional open procedure with a roughly 5cm wound along the tendon course is still the standard. An important
precaution is to have a backup plan of proceeding to more advanced repair/reconstruction if significant intra-substance
degeneration is found intra-operatively. This is important because although pre-operative investigations have acceptable
accuracy, some more advanced stages are still missed [38].
2.7. Stage 2 Posterior Tibial Tendon Dysfunction
Stage 2 posterior tibial tendon dysfunction is a wider spectrum of disease compared to stage 1 and is more
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commonly seen in the orthopaedic setting. It has irreversible tendon changes with elongation in stage 2a and
progressing to tendon rupture in stage 2b [39].
Symptoms are similar to stage 1 with predominantly inflammatory discomfort. This is sometimes associated with
decreased strength in the posterior tibialis which usually manifests as decreased endurance in the earlier stages. Physical
examination shows the inflammatory signs of swelling, erythema and tenderness over the course of the posterior
tibialis. The hindfoot is often in valgus which is flexible; the midfoot medial arch is flattened but returns upon single leg
raise and the forefoot may be abducted and supinated. Stage 2b disease will also have a larger element of lateral heel
pain compared to 2a; especially over the sinus tarsi region.
Investigations would reveal a midfoot break at the talo-metatarsal angle, the talo-calcaneal angle and a decreased
cuneiform height. Normative values of the talometartarsal angle were stipulated to range from -4°-4° by Gould; while
Saltzman commented that a talocalcaneal angle of <12° is considered normal. The cuneiform height is measured by
identifying the difference between the middle cuneiform and the 5th metatarsal base. Other useful imaging modalities
include ultrasound and MRI. In stage 2a disease, ultrasound will show similar tenosynovitis changes as seen in stage 1;
the degenerative tendons turns from being hyper-echoic to hypo-echoic. Stage 2b disease may show the empty groove
sign, which signifies a ruptured tendon gap. MRI can reveal an elongated and thinned tendon; because of this
elongation, it is reportedly less hypertrophic when compared to the tendon size in stage 1 disease. On comparison with
the adjacent flexor digitorum longus tendon, the posterior tibialis tendon may be even smaller in diameter.
Surgical management is more complex as the elongated or ruptured tendon requires more than a simple
synovectomy; the general principle is to have an arsenal of reconstruction options to perform as required. Since stage 2
disease, by definition, should not have any associated arthropathy; soft tissue reconstructive procedures are preferred
over bone and joint reconstruction techniques. A tendon transfer is often the management of choice with some reporting
on the use of the flexor hallucis longus while others preferring the flexor digitorum longus. The flexor digitorum longus
is directly adjacent to the posterior tibialis tendon and is easy to manipulate as it has the same line of pull. In addition, it
is an in-phase muscle at mid-stance and allows to maintain hallux flexion by sparing the flexor hallucis longus [40].
Lesser toe flexion is also partially retained since the flexor hallucis longus has attachments on the flexor digitorum
longus tendons. However, the flexor digitorum longus is comparatively thin and small, thus the transfer of the flexor
hallucis longus is often preferred due to its more matched size to the posterior tibialis. In conjunction with the tendon
transfer, calcaneonavicular ligament plication is often performed in the same instance [41, 42]. This can be performed
via a traditional open approach, or an endoscopically assisted approach [43 - 45]. Endoscopic-assisted posterior tibialis
reconstruction can be performed by using the medial half of the anterior tibialis tendon as a primary transfer which is
augmented by the flexor digitorum longus. This is done by first establishing a posterior tibialis tendon portal near its
navicular insertion for visualisation, and then a working portal at the proximal end of the tendinopathy; synovectomy is
performed if necessary. The anterior tibialis is visualised with a portal near its insertion, and the tendon is traced until
the myotendinous junction is identified; the myotendinous junction is the site of the proximal portal and the medial half
of the anterior tibialis tendon is harvested down to the insertion. This graft is transferred to the posterior tibialis and
anchored proximal to the diseased tendon; flexor digitorum longus tendoscopy is performed and then it is augmented
onto the posterior tibialis tendon. This construct is then protected with a subtalar arthroereisis which is inserted under
fluoroscopic assistance [41, 43].
Regardless of the method of reconstruction; a protective mechanism is required to prevent premature re-elongation
or re-rupture of the reconstructed posterior tibialis. The most commonly used protection is some form of calcaneal
osteotomy; this corrects calcaneal-valgus and shifts the line of pull of the Achilles tendon away from being a deforming
force. These osteotomies are increasingly performed via minimally invasive methods using percutaneous techniques
[46]. The medial slide calcaneal osteotomy shifts the mechanical pull of the Achilles tendon medially, offloading the
transferred flexor digitorum longus [47] and shifts the weight bearing axis of the heel closer to the weight bearing axis
of the tibia, effectively decreasing the valgus causing force.
Other commonly used calcaneal osteotomies include the double calcaneal osteotomy and the percutaneous
osteotomy [48]. Aside from calcaneal osteotomies; the option of subtalar arthroereisis is gaining in popularity to protect
the reconstruction. Originally mostly used in the paediatric population, arthroereisis has been adopted for use the adult
acquired flatfoot deformity with good results. It is a device which stabilises the subtalar joint and prevents excessive
hindfoot valgus by supporting the talus and preventing its plantar-medial displacement [49 - 51].
In addition to the previous procedures, calcaneo-navicular ligament reconstruction and repair has also been reported
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to be a useful adjunct. The ligament is split into 3 major bands, the superior-medial, medial plantar oblique and the
plantar inferior complex [52, 53]. Reconstruction of the calcaneo-navicular ligament with a peroneal longus graft can be
performed with acceptable results; however high-level evidence with direct comparisons is lacking [54].
The lateral column of the foot is sometimes shortened and a lateral column lengthening procedure can be performed
such as the Evans lateral calcaneal opening wedge osteotomy. If there is significant lateral impingement or when the
talo-navicular joint is abducted, a step cut calcaneal lateral column lengthening osteotomy can also be a good choice;
however one should be careful to avoid fusion of the subtalar and talo-navicular joints.
At the forefoot, the aim is to maintain the tripod mechanism. If there is a fixed dorsiflexion of the first ray, a plantarflexion opening wedge osteotomy of the medial cuneiform is the adjunct procedure. This cotton osteotomy is usually
preferred over corrective 1st metatarsal-cuneiform fusion because it is easier to perform; however, the 1st metatarsalcuneiform fusion has a better corrective power and can be used in cases with a more severe deformity [55, 56].
In addition to these reconstructive procedures; some cases require selective arthrodesis. Since stage 2 disease does
not have significant joint arthritis, the principle is to perform isolated arthrodesis in a minimal number of joints. Results
of isolated subtalar arthrodesis, calcaneal-cuboid interposition arthrodesis and medial column arthrodesis have been
reported. These isolated arthrodesis can be performed via the traditional open approach, or via minimally invasive
techniques [57 - 60].
Lastly, after the a-la-carte reconstruction of the hindfoot, midfoot and forefoot; if significant equinus is present; a
posterior muscle group lengthening procedure such as the gastrocnemius recession should be considered.
2.8. Stage 3 Posterior Tibial Tendon Dysfunction
Stage 3 is when the disease has progressed and has evidence of subtalar joint arthropathy and degeneration. Arthritic
symptoms will be present in addition to the inflammatory symptoms seen in the earlier stages. Due to the bone and joint
pathology; the deformity may be fixed instead of the flexible deformity seen in pure soft tissue conditions. There is
decreased subtalar joint motion with a fixed hindfoot valgus, midfoot planus and forefoot abduction with supination.
X-rays is diagnostic and will show evidence of subtalar arthritis; USG and MRI are less useful to guide management
in this advanced stage. They do show additional information such as confirming a ruptured tendon and revealing the
absence of a normal T1 fat signal along with T2 bone oedema from sub-fibular impingement at the sinus tarsi.
Management usually involves some form of arthrodesis since the joint is already arthritic. As with stage 2, this is
usually an a-la-carte reconstruction without a one-size-fits-all procedure. Isolated arthrodesis of the subtalar joint, talonavicular joint and the calcaneo-cuboid joint have been documented to be useful. Some cases will require triple
arthrodesis which can be done via traditional open or minimally invasive approaches. Minimally invasive triple
arthrodesis can be done under arthroscopic assistance with the patient supine; subtalar arthroscopy is performed via the
anterolateral and middle subtalar portals. Arthroscopic denuding of the cartilage is performed along with lateral
capsular and ligamentous release. After the subtalar joint has been adequately prepared, mid-tarsal arthroscopy with the
lateral, dorsal-lateral, dorsal-medial and medial portals is performed. The calcaneo-cuboid joint is visualised via the
lateral and dorsal-lateral midfoot portals while the talo-navicular joint is approached with the medial, dorsal-medial and
dorsal-lateral midfoot portals. Arthroscopic denuding of the articular cartilage is performed under arthroscopic
visualisation and transfixion of the foot in the desired alignment is achieved with fluoroscopic guidance. The autologous
iliac bone graft can be used as an adjunct procedure to improve fusion rates. As with the stage 2 disease, an additional
posterior muscle group lengthening procedure can be performed if there is persistent equinus deformity [61, 62].
2.9. Stage 4 Posterior Tibial Tendon Dysfunction
The end stage disease involving degeneration of the tibio-talar joint is less commonly seen. Symptoms are the same
as previous stages, with additional arthritic ankle pain and stiffness.
The deformity is fixed with a valgus ankle, calcaneal valgus, midfoot planus and forefoot abduction with supination.
X-rays shows tibio-talar arthritis in addition to subtalar arthritis and planus deformity; as with stage 3 disease; USG
and MRI provide minimal additional information at this late stage.
The long-standing ankle instability is often associated with deltoid ligament insufficiency. Since motion in the tibiotalar joint is more important than in the subtalar joint; fusion is often left as a last resort. If arthritis in the tibial-talar
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joint isn’t too severe; triple arthrodesis in addition to a calcaneal osteotomy with deltoid ligament repair can be
considered [63, 64]. Simple repair of the deltoid ligament is not always applicable, which has led to the development of
various deltoid reconstruction techniques [65]. One of the most common is the Haddad technique using an autograft
such as the semitendinosus tendon; others grafts such as the peroneus longus have also been proposed to reconstruct the
deltoid ligament complex [66]. This can be performed using a lateral and medial foot incisions; the peroneus longus is
harvested and transferred to the medial side through the sinus tarsi and tarsal canal. This tendon graft is then sutured
onto the superficial deltoid ligament and split into 2 limbs. One limb is passed in a figure-of-8 manner through two
bone tunnels in the medial malleolus to reconstruct the superficial deltoid ligament, while the other limb is tensioned
through an interosseous tunnel at the talus [67].
If the arthritis is too severe, a salvage procedure such as pan-talar fusion can be considered. However, the results are
generally poor in these severe end-stage deformity cases [68]. Ankle arthroplasty may be a good solution in the future,
but the current technique and prosthesis design are still relatively in its infancy.
CONCLUSION
Adult acquired flatfoot deformity is a commonly seen condition with a large clinical spectrum. It ranges from
asymptomatic subjects to severely disabled arthritic patients. Because of the different severity and multiplanar
deformity, surgical reconstruction is based on an a-la-carte basis; a plethora of reconstructive options need to be
available when tackling complex reconstructions.
LIST OF ABBREVIATIONS
● CT

=

Computed Tomography

● MRI

=

Magnetic Resonance Imaging

● NSAID

=

Non-Steroidal Anti-Inflammatory Drugs

● UCBL

=

University of California Berkeley Laboratory Shoe Insert

● USG

=

Ultrasonography

CONSENT FOR PUBLICATION
Not applicable.
CONFLICT OF INTEREST
The authors confirm that there are no conflicts of interest in this article.
ACKNOWLEDGMENTS
Declared none.
REFERENCES
[1]

Vulcano E, Deland JT, Ellis SJ. Approach and treatment of the adult acquired flatfoot deformity. Curr Rev Musculoskelet Med 2013; 6(4):
294-303.
[http://dx.doi.org/10.1007/s12178-013-9173-z] [PMID: 23765382]

[2]

Nielsen MD, Dodson EE, Shadrick DL, Catanzariti AR, Mendicino RW, Malay DS. Nonoperative care for the treatment of adult-acquired
flatfoot deformity. J Foot Ankle Surg 2011; 50(3): 311-4.
[http://dx.doi.org/10.1053/j.jfas.2011.02.002] [PMID: 21458301]

[3]

Deland JT. Adult-acquired flatfoot deformity. J Am Acad Orthop Surg 2008; 16(7): 399-406.
[http://dx.doi.org/10.5435/00124635-200807000-00005] [PMID: 18611997]

[4]

Lui TH. Arthroscopy and endoscopy of the foot and ankle: indications for new techniques. Arthroscopy 2007; 23(8): 889-902.
[http://dx.doi.org/10.1016/j.arthro.2007.03.003] [PMID: 17681212]

[5]

Lee MS, Vanore JV, Thomas JL, et al. Diagnosis and treatment of adult flatfoot. J Foot Ankle Surg 2005; 44(2): 78-113.
[http://dx.doi.org/10.1053/j.jfas.2004.12.001] [PMID: 15768358]

[6]

Ferciot CF. The etiology of developmental flatfoot. Clin Orthop Relat Res 1972; 85(85): 7-10.
[http://dx.doi.org/10.1097/00003086-197206000-00003] [PMID: 5036934]

[7]

Harris RI, Beath T. Hypermobile flat-foot with short tendo achillis. J Bone Joint Surg Am 1948; 30A(1): 116-40.
[http://dx.doi.org/10.2106/00004623-194830010-00013] [PMID: 18921631]

Posterior Tibial Tendon Dysfunction

The Open Orthopaedics Journal, 2017, Volume 11 721

[8]

Sadeghi-Demneh E, Jafarian F, Melvin JM, Azadinia F, Shamsi F, Jafarpishe M. Flatfoot in school-age children: Prevalence and associated
factors. Foot Ankle Spec 2015; 8(3): 186-93.
[http://dx.doi.org/10.1177/1938640015578520] [PMID: 25819811]

[9]

Sneyers CJ, Lysens R, Feys H, Andries R. Influence of malalignment of feet on the plantar pressure pattern in running. Foot Ankle Int 1995;
16(10): 624-32.
[http://dx.doi.org/10.1177/107110079501601008] [PMID: 8574374]

[10]

Phillipson A, Klenerman L. Footprints and arches. J Bone Joint Surg Br 1993; 75(1): 163.
[PMID: 8421021]

[11]

Tareco JM, Miller NH, MacWilliams BA, Michelson JD. Defining flatfoot. Foot Ankle Int 1999; 20(7): 456-60.
[http://dx.doi.org/10.1177/107110079902000711] [PMID: 10437930]

[12]

Saltzman CL, el-Khoury GY. The hindfoot alignment view. Foot Ankle Int 1995; 16(9): 572-6.
[http://dx.doi.org/10.1177/107110079501600911] [PMID: 8563927]

[13]

Yao L, Gentili A, Cracchiolo A. MR imaging findings in spring ligament insufficiency. Skeletal Radiol 1999; 28(5): 245-50.
[http://dx.doi.org/10.1007/s002560050510] [PMID: 10424329]

[14]

Shibuya N, Ramanujam CL, Garcia GM. Association of tibialis posterior tendon pathology with other radiographic findings in the foot: A
case-control study. J Foot Ankle Surg 2008; 47(6): 546-53.
[http://dx.doi.org/10.1053/j.jfas.2008.08.010] [PMID: 19239865]

[15]

Mann RA. Adult acquired flatfoot deformity. Treatment of dysfunction of the posterior tibial tendon. J Bone Joint Surg Am 1997; 79(9):
1434.
[http://dx.doi.org/10.2106/00004623-199709000-00023] [PMID: 9314408]

[16]

Lapidus PW, Seidenstein H. Chronic non-specific tenosynovitis with effusion about the ankle; report of three cases. J Bone Joint Surg Am
1950; 32A(1): 175-9.
[http://dx.doi.org/10.2106/00004623-195032010-00016] [PMID: 15401731]

[17]

Blake RL, Anderson K, Ferguson H. Posterior tibial tendinitis. A literature review with case reports. J Am Podiatr Med Assoc 1994; 84(3):
141-9.
[http://dx.doi.org/10.7547/87507315-84-3-141] [PMID: 8040813]

[18]

Supple KM, Hanft JR, Murphy BJ, Janecki CJ, Kogler GF. Posterior tibial tendon dysfunction. Semin Arthritis Rheum 1992; 22(2): 106-13.
[http://dx.doi.org/10.1016/0049-0172(92)90004-W] [PMID: 1439842]

[19]

Wertheimer SJ, Weber CA, Loder BG, Calderone DR, Frascone ST. The role of endoscopy in treatment of stenosing posterior tibial
tenosynovitis. J Foot Ankle Surg 1995; 34(1): 15-22.
[http://dx.doi.org/10.1016/S1067-2516(09)80097-5] [PMID: 7780388]

[20]

Frey C, Shereff M, Greenidge N. Vascularity of the posterior tibial tendon. J Bone Joint Surg Am 1990; 72(6): 884-8.
[http://dx.doi.org/10.2106/00004623-199072060-00014] [PMID: 2195033]

[21]

Sarrafian SK. Functional characteristics of the foot and plantar aponeurosis under tibiotalar loading. Foot Ankle 1987; 8(1): 4-18.
[http://dx.doi.org/10.1177/107110078700800103] [PMID: 3623360]

[22]

Lapidus PW. Kinesiology and mechanical anatomy of the tarsal joints. Clin Orthop Relat Res 1963; 30(30): 20-36.
[PMID: 4968239]

[23]

Johnson KA, Strom DE. Tibialis posterior tendon dysfunction. Clin Orthop Relat Res 1989; (239): 196-206.
[PMID: 2912622]

[24]

Bluman EM, Myerson MS. Stage IV posterior tibial tendon rupture. Foot Ankle Clin 2007; 12(2): 341-62.
[http://dx.doi.org/10.1016/j.fcl.2007.03.004] [PMID: 17561206]

[25]

Sangeorzan BJ, Mosca V, Hansen ST Jr. Effect of calcaneal lengthening on relationships among the hindfoot, midfoot, and forefoot. Foot
Ankle 1993; 14(3): 136-41.
[http://dx.doi.org/10.1177/107110079301400305] [PMID: 8491427]

[26]

Gould N. Graphing the adult foot and ankle. Foot Ankle 1982; 2(4): 213-9.
[http://dx.doi.org/10.1177/107110078200200407] [PMID: 7068062]

[27]

Hsu TC, Wang CL, Wang TG, Chiang IP, Hsieh FJ. Ultrasonographic examination of the posterior tibial tendon. Foot Ankle Int 1997; 18(1):
34-8.
[http://dx.doi.org/10.1177/107110079701800107] [PMID: 9013112]

[28]

Rosenberg ZS. Chronic rupture of the posterior tibial tendon. Magn Reson Imaging Clin N Am 1994; 2(1): 79-87.
[PMID: 7584241]

[29]

Khoury NJ, el-Khoury GY, Saltzman CL, Brandser EA. MR imaging of posterior tibial tendon dysfunction. AJR Am J Roentgenol 1996;
167(3): 675-82.
[http://dx.doi.org/10.2214/ajr.167.3.8751680] [PMID: 8751680]

[30]

Coughlin MJ, Kaz A. Correlation of Harris mats, physical exam, pictures, and radiographic measurements in adult flatfoot deformity. Foot
Ankle Int 2009; 30(7): 604-12.

722 The Open Orthopaedics Journal, 2017, Volume 11

Ling and Lui

[http://dx.doi.org/10.3113/FAI.2009.0604] [PMID: 19589305]
[31]

Plumarom Y, Imjaijitt W, Chaiphrom N. Comparison between Staheli index on Harris mat footprint and Talar-first metatarsal angle for the
diagnosis of flatfeet. J Med Assoc Thai 2014; 97(Suppl. 2): S131-5.
[PMID: 25518186]

[32]

Hawes MR, Nachbauer W, Sovak D, Nigg BM. Footprint parameters as a measure of arch height. Foot Ankle 1992; 13(1): 22-6.
[http://dx.doi.org/10.1177/107110079201300104] [PMID: 1577337]

[33]

Chen YJ, Liang SC. Diagnostic efficacy of ultrasonography in stage I posterior tibial tendon dysfunction: Sonographic-surgical correlation. J
Ultrasound Med 1997; 16(6): 417-23.
[http://dx.doi.org/10.7863/jum.1997.16.6.417] [PMID: 9315187]

[34]

Holmes GB Jr, Mann RA. Possible epidemiological factors associated with rupture of the posterior tibial tendon. Foot Ankle 1992; 13(2):
70-9.
[http://dx.doi.org/10.1177/107110079201300204] [PMID: 1349292]

[35]

Chow HT, Chan KB, Lui TH. Tendoscopic debridement for stage I posterior tibial tendon dysfunction. Knee Surg Sports Traumatol Arthrosc
2005; 13(8): 695-8.
[http://dx.doi.org/10.1007/s00167-005-0635-8] [PMID: 15952006]

[36]

Funk DA, Cass JR, Johnson KA. Acquired adult flat foot secondary to posterior tibial-tendon pathology. J Bone Joint Surg Am 1986; 68(1):
95-102.
[http://dx.doi.org/10.2106/00004623-198668010-00012] [PMID: 3941124]

[37]

Myerson M, Solomon G, Shereff M. Posterior tibial tendon dysfunction: its association with seronegative inflammatory disease. Foot Ankle
1989; 9(5): 219-25.
[http://dx.doi.org/10.1177/107110078900900503] [PMID: 2731833]

[38]

Crates JM, Richardson EG. Treatment of stage I posterior tibial tendon dysfunction with medial soft tissue procedures. Clin Orthop Relat Res
1999; (365): 46-9.
[http://dx.doi.org/10.1097/00003086-199908000-00006] [PMID: 10627685]

[39]

Key JA. Partial rupture of the tendon of the posterior tibial muscle. J Bone Joint Surg Am 1953; 35-A(4): 1006-8.
[http://dx.doi.org/10.2106/00004623-195335040-00021] [PMID: 13108904]

[40]

Mann RA, Thompson FM. Rupture of the posterior tibial tendon causing flat foot. Surgical treatment. J Bone Joint Surg Am 1985; 67(4):
556-61.
[http://dx.doi.org/10.2106/00004623-198567040-00009] [PMID: 3980501]

[41]

Lui TH. Endoscopic assisted posterior tibial tendon reconstruction for stage 2 posterior tibial tendon insufficiency. Knee Surg Sports
Traumatol Arthrosc 2007; 15(10): 1228-34.
[http://dx.doi.org/10.1007/s00167-006-0282-8] [PMID: 17235618]

[42]

Goldner JL, Keats PK, Bassett FH III, Clippinger FW. Progressive talipes equinovalgus due to trauma or degeneration of the posterior tibial
tendon and medial plantar ligaments. Orthop Clin North Am 1974; 5(1): 39-51.
[PMID: 4809543]

[43]

Lui TH. Whole length flexor hallucis longus transfer with a minimally invasive approach: technique tip. Foot Ankle Int 2011; 32(7): 730-4.
[http://dx.doi.org/10.3113/FAI.2011.0730] [PMID: 21972771]

[44]

Lui TH, Chan KB, Chan LK. Cadaveric study of zone 2 flexor hallucis longus tendon sheath. Arthroscopy 2010; 26(6): 808-12.
[http://dx.doi.org/10.1016/j.arthro.2009.11.007] [PMID: 20511039]

[45]

Lui TH, Chan KB, Chan LK. Zone 2 flexor hallucis longus tendoscopy: A cadaveric study. Foot Ankle Int 2009; 30(5): 447-51.
[http://dx.doi.org/10.3113/FAI-2009-0447] [PMID: 19439147]

[46]

Nyska M, Parks BG, Chu IT, Myerson MS. The contribution of the medial calcaneal osteotomy to the correction of flatfoot deformities. Foot
Ankle Int 2001; 22(4): 278-82.
[http://dx.doi.org/10.1177/107110070102200402] [PMID: 11354439]

[47]

Sung I-H, Lee S, Otis JC, Deland JT. Posterior tibial tendon force requirement in early heel rise after calcaneal osteotomies. Foot Ankle Int
2002; 23(9): 842-9.
[http://dx.doi.org/10.1177/107110070202300912] [PMID: 12356183]

[48]

Lui TH. Percutaneous Posterior Calcaneal Osteotomy. J Foot Ankle Surg 2015; 54(6): 1188-92.
[http://dx.doi.org/10.1053/j.jfas.2015.04.027] [PMID: 26190778]

[49]

Chong DY, Macwilliams BA, Hennessey TA, Teske N, Stevens PM. Prospective comparison of subtalar arthroereisis with lateral column
lengthening for painful flatfeet. J Pediatr Orthop B 2015; 24(4): 345-53.
[http://dx.doi.org/10.1097/BPB.0000000000000179] [PMID: 25856275]

[50]

Lui TH. Spontaneous subtalar fusion: an irreversible complication of subtalar arthroereisis. J Foot Ankle Surg 2014; 53(5): 652-6.
[http://dx.doi.org/10.1053/j.jfas.2014.04.005] [PMID: 24846157]

[51]

Fernández de Retana P, Alvarez F, Bacca G. Is there a role for subtalar arthroereisis in the management of adult acquired flatfoot? Foot Ankle
Clin 2012; 17(2): 271-81.
[http://dx.doi.org/10.1016/j.fcl.2012.03.006] [PMID: 22541525]

Posterior Tibial Tendon Dysfunction

The Open Orthopaedics Journal, 2017, Volume 11 723

[52]

Gazdag AR, Cracchiolo A III. Rupture of the posterior tibial tendon. Evaluation of injury of the spring ligament and clinical assessment of
tendon transfer and ligament repair. J Bone Joint Surg Am 1997; 79(5): 675-81.
[http://dx.doi.org/10.2106/00004623-199705000-00006] [PMID: 9160939]

[53]

Williams BR, Ellis SJ, Deyer TW, Pavlov H, Deland JT. Reconstruction of the spring ligament using a peroneus longus autograft tendon
transfer. Foot Ankle Int 2010; 31(7): 567-77.
[http://dx.doi.org/10.3113/FAI.2010.0567] [PMID: 20663422]

[54]

Choi K, Lee S, Otis JC, Deland JT. Anatomical reconstruction of the spring ligament using peroneus longus tendon graft. Foot Ankle Int
2003; 24(5): 430-6.
[http://dx.doi.org/10.1177/107110070302400510] [PMID: 12801201]

[55]

Yarmel D, Mote G, Treaster A. The Cotton osteotomy: A technical guide. J Foot Ankle Surg 2009; 48(4): 506-12.
[http://dx.doi.org/10.1053/j.jfas.2009.04.003] [PMID: 19577731]

[56]

Demetracopoulos CA, Nair P, Malzberg A, Deland JT. Outcomes of a Stepcut Lengthening Calcaneal Osteotomy for Adult-Acquired Flatfoot
Deformity. Foot Ankle Int 2015; 36(7): 749-55.
[http://dx.doi.org/10.1177/1071100715574933] [PMID: 25733680]

[57]

Lui TH. Clinical tips: anterior subtalar (talocalcaneonavicular) arthroscopy. Foot Ankle Int 2008; 29(1): 94-6.
[http://dx.doi.org/10.3113/FAI.2008.0094] [PMID: 18275746]

[58]

Mosier-LaClair S, Pomeroy G, Manoli A II. Operative treatment of the difficult stage 2 adult acquired flatfoot deformity. Foot Ankle Clin
2001; 6(1): 95-119.
[http://dx.doi.org/10.1016/S1083-7515(03)00083-4] [PMID: 11385931]

[59]

Lui TH, Tong SC. Subtalar arthroscopy: When, why and how. World J Orthop 2015; 6(1): 56-61.
[http://dx.doi.org/10.5312/wjo.v6.i1.56] [PMID: 25621211]

[60]

Carranza-Bencano A, Tejero S, Del Castillo-Blanco G, Fernández-Torres JJ, Alegrete-Parra A. Minimal incision surgery for tibiotalocalcaneal
arthrodesis. Foot Ankle Int 2014; 35(3): 272-84.
[http://dx.doi.org/10.1177/1071100713515447] [PMID: 24334275]

[61]

Wapner KL. Triple arthrodesis in adults. J Am Acad Orthop Surg 1998; 6(3): 188-96.
[http://dx.doi.org/10.5435/00124635-199805000-00007] [PMID: 9682081]

[62]

Lui TH. New technique of arthroscopic triple arthrodesis. Arthroscopy 2006; 22(4): 464.e1-5.
[http://dx.doi.org/10.1016/j.arthro.2005.06.032] [PMID: 16581466]

[63]

Lui TH, Chan LK. Safety and efficacy of talonavicular arthroscopy in arthroscopic triple arthrodesis. A cadaveric study. Knee Surg Sports
Traumatol Arthrosc 2010; 18(5): 607-11.
[http://dx.doi.org/10.1007/s00167-010-1098-0] [PMID: 20217388]

[64]

Maskill MP, Loveland JD, Mendicino RW, Saltrick K, Catanzariti AR. Triple arthrodesis for the adult-acquired flatfoot deformity. Clin
Podiatr Med Surg 2007; 24(4): 765-78.
[http://dx.doi.org/10.1016/j.cpm.2007.07.005] [PMID: 17908643]

[65]

Jeng CL, Bluman EM, Myerson MS. Minimally invasive deltoid ligament reconstruction for stage IV flatfoot deformity. Foot Ankle Int 2011;
32(1): 21-30.
[http://dx.doi.org/10.3113/FAI.2011.0021] [PMID: 21288431]

[66]

Haddad SL, Dedhia S, Ren Y, Rotstein J, Zhang L-Q. Deltoid ligament reconstruction: a novel technique with biomechanical analysis. Foot
Ankle Int 2010; 31(7): 639-51.
[http://dx.doi.org/10.3113/FAI.2010.0639] [PMID: 20663434]

[67]

Lui TH. Technical tips: reconstruction of deep and superficial deltoid ligaments by peroneus longus tendon in stage 4 posterior tibial tendon
dysfunction. Foot Ankle Surg 2014; 20(4): 295-7.
[http://dx.doi.org/10.1016/j.fas.2014.04.006] [PMID: 25457670]

[68]

Kelly IP, Nunley JA. Treatment of stage 4 adult acquired flatfoot. Foot Ankle Clin 2001; 6(1): 167-78.
[http://dx.doi.org/10.1016/S1083-7515(03)00074-3] [PMID: 11385924]

© 2017 Samuel Ka-Kin Ling and Tun Hing Lui.
This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a
copy of which is available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.

