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Evaluation of posterior tibial pathology:
comparison of sonography and MR imaging

Abstract Objective: To compare
the results of sonographic (US) and
magnetic resonance (MR) imaging in
detecting pathology of the posterior
tibial tendon (PTT) in patients with
PTT dysfunction. Design: Twenty-
two ankles that were clinically sus-
pected by the orthopedic surgeon to
have PTT dysfunction were evaluated
with US (10 MHz linear-array trans-
ducer) and 1.5 T MR examinations
within the same day. The US and MR
studies were conducted and inter-
preted by two sonologists and two
musculoskeletal radiologists who
were masked to the results of the
other study. Four patients had bilateral
studies. Classic clinical findings were
utilized as a standard reference in
staging PTT dysfunction. Patients:
Eighteen women (mean age 61 years,
age range 39—86 years). Results:
Based on a commonly accepted stag-
ing system for PTT dysfunction, 6
ankles were classified as stage I, 11
ankles as stage II, and 5 ankles as
stage III. All stage I ankles were
interpreted as having an intact PTT
by both MR imaging and US. In the
stage II and III tendons, MR imaging

Introduction

The diagnosis of posterior tibial tendon (PTT) dysfunction
is often made by history and physical findings alone [1, 2].
However, clinical findings may occasionally be confusing,
making the diagnosis a challenge, especially in acute or
subacute presentations [3, 4]. Early recognition of PTT

demonstrated PTT tears in 12 of 22
examinations, including 11 partial
tears and 1 complete tear. US dem-
onstrated PTT tears in 8 of 22
examinations, including 8 partial tears
and no complete tears. The findings
of US and MR imaging were con-
sistent in 17 of 22 cases (77%). The
five inconsistencies were as follows:
in 4 cases, US reported tendinosis
when MR imaging interpreted partial
tears (no change in management); in
one case, US diagnosed a partial tear
when MR reported a complete tear of
the PTT (no change in management
because the clinical findings were
more consistent with a partial tear).
Conclusions: In this study, US and
MR imaging of the PTT were con-
cordant in the majority of cases. US
was slightly less sensitive than MR
imaging for PTT pathology, but these
discrepancies did not affect clinical
management.

Keywords Posterior tibial tendon -
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dysfunction is critical in preventing irreversible deformity
and disability [4]. Imaging of the symptomatic PTT has

proven to be a valuable tool in diagnosis, as well as in
surgical and treatment planning [5].

MR imaging has been established as the “gold standard”
for detection of ankle tendon abnormalities [2-6, 9].
Several authors have reported on the high accuracy of MR
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imaging in detecting ankle tendon tears [6, 7, 9, 10]. Re-
cently, numerous studies have documented the effective-
ness of sonography (US) as an alternative diagnostic tool
for investigating pathology of the PTT [3, 11-15]. The
superficial location of the PTT makes it well suited for
imaging by high-resolution US. The development of linear-
array high-frequency transducers makes it possible to pro-
duce high-resolution images that can display inner tendon
structure [6, 16, 7, 18].

The purpose of this preliminary study was to compare
US and MR imaging of PTT pathology in patients with
PTT dysfunction.

Patients and methods

This study was performed on 18 patients who were ex-
amined over a 3-year period, with clinical symptoms of
PTT dysfunction. All 18 patients subsequently underwent
US and MR imaging within the same day. Four patients
who had bilateral symptoms had bilateral studies done. The
results of the US examinations were not used for clinical
management, but solely for the purposes of this study. All
the subjects were women, whose ages ranged from 39 to 86
years, with a mean age of 61 years. All patients presented
with symptoms and signs of PTT dysfunction, and a history
of chronic ankle pain of greater than 6 weeks’ duration.

Patient histories and physical examinations were per-
formed by the same orthopedic surgeon, who specializes in
foot and ankle surgery. Classic clinical findings were uti-
lized as a standard reference, using the staging system of
PTT dysfunction of Johnson and Strom [19]. This type of
examination has been considered to be an acceptable stan-
dard of reference in prior studies of the PTT [7, 20-22].
Clinically, 16 of the 22 tendons had stage II, III, or IV
dysfunction, and were thus considered to have high clinical
suspicion for either a partial or full-thickness tear. The other
6 tendons had stage I dysfunction.

US examinations were performed in real time by the
same sonologist experienced in musculoskeletal US. All
contralateral asymptomatic ankles were scanned for use as
a comparison. Static images were all retrospectively inter-
preted in consensus by the original sonologist as well as a
second experienced sonologist who specializes in muscu-
loskeletal US. Although the sonologists were not masked
to the symptomatic ankle, they were masked to the clinical
staging and the results of the MR examinations. Each ex-
amination was performed using a 10 MHz linear-array
transducer with a commercially available ultrasound unit
(ATL Ultramark 9-HDI, Bothell, Wash.). During the exam-
ination, subjects were in the prone or lateral decubitus po-
sition. The PTT was imaged in two segments: above and
behind the medial malleolus, starting approximately 8 cm
superior to the medial malleolus; and between the medial
malleolus and the insertion of the PTT on the tarsal na-
vicular. Once the PTT was imaged longitudinally, sequen-

tial transverse images (perpendicular to the long axis of
the tendon) were obtained. The adjacent flexor digitorum
longus tendon was used as a visual comparison in this
projection.

Diagnostic criteria on US were as follows. Complete
PTT tear was defined as marked disruption of the fibrillary
pattern of the tendon, such that tendon continuity was no
longer maintained. Partial PTT tear was defined as a linear
hypoechoic disruption of the fibrillary pattern not involv-
ing the entire tendon thickness. PTT tendinosis was de-
fined as focal or diffuse tendon thickening accompanied by
heterogeneous echotexture; hypoechoic foci in the PTT
were called tendinosis rather than tear if they were rounded
in shape rather than linear, and showed no overt disruption
of the fibrillary pattern.

MR examinations were performed on only the symp-
tomatic ankles. Four patients had bilateral studies. All ex-
aminations were retrospectively interpreted in consensus
by two musculoskeletal radiologists who were masked to
the clinical staging of the ankles along with the US find-
ings. All MR imaging was performed using a 1.5 T scanner
(Signa; GE Medical Systems, Milwaukee, Wis.) with an
extremity coil around the ankle (field of view 14-18 cm).
The protocol consisted of imaging in sagittal, axial, and
coronal planes; the axial plane was defined as being par-
allel to the long axis of the foot. Two sets of axial images
were obtained. One was intermediate-weighted to optimize
the signal-to-noise ratio: proton density fast spin echo
(FSE) using a TR/TE (effective) of 2500-3800/34-38 ms,
an echo train length of 4, slice thickness 4 mm, skip 1 mm,
and a matrix of 256x256 with 2 signals averaged. The
other axial sequence consisted of a fat-suppressed T2-
weighted FSE sequence that was acquired with a TR/TE
(effective) of 3000-6000/60-90 ms, an echo train length of
8, slice thickness of 4 mm, skip 1 mm, and a matrix of
256x192 with 2-3 signals averaged. Coronal images were
acquired using the same T2-weighted FSE technique.
Sagittal spin echo TI-weighted images (TR/TE=400-
700/8-14, slice thickness 3 mm, skip 1 mm, matrix
256256, 2 signals averaged) and sagittal fast spin echo
inversion recovery images (TR/TE/TI=2000—4000/40—
60/150 ms, an echo train length of 8, slice thickness 4 mm,
skip 1 mm, matrix 256% 192, 3 signals averaged) were also
acquired. Contrast was not used in any examination.

Diagnostic criteria for MR imaging were as follows.
Complete PTT tear was defined as complete discontinu-
ity of the tendon with a fluid gap. Partial PTT tear was
defined as intratendinous signal approaching that of fluid
on fluid-sensitive sequences. PTT tendinosis was defined
as focal thickening or thinning of the tendon, or intra-
tendinous signal less than that of fluid on fluid-sensitive
sequences.

The results of the clinical, US, and MR examinations
were compared. The study was completed according to the
protocol approved by our Institutional Review Board. In-
formed consent was obtained from all subjects.
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Fig. 1A-C A 60-year-old woman with stage II PTT dysfunction,
and partial PTT tear seen on sonography and MR imaging. A Axial
and B longitudinal sonographic images of right PTT at the level of
distal tibia (7) demonstrate linear hypoechoic partial tear (arrows).

Results

Of the 22 ankle studies, US demonstrated tears of the
posterior tibial tendon in 8 ankles (8 partial tears) compared
with 12 tears (11 partial tears; 1 complete tear) diagnosed
by MR imaging. Breakdown by clinical staging is as
follows:

— Of the 6 stage I ankles, neither US nor MR imaging
diagnosed any tears.

— Of the 11 stage II ankles, US diagnosed partial tears of
the PTT in 6 ankles. MR imaging also diagnosed par-

C Axial fast spin-echo fat-suppressed T2-weighted MR image
(6000/72) of the right PTT shows partial disruption of the fibers of
the tendon near its insertion, indicated by foci of fluid signal
intensity (arrow)

tial tears in the same 6 ankles (Fig. 1). In the remaining
5 stage II tendons, US diagnosed tendinosis of the PTT
in 2 ankles and reported 3 normal tendons. However,
MR imaging identified partial tears in the 2 ankles that
were read as tendinosis by US (Fig. 2). The 3 tendons
that were read as normal on US demonstrated ten-
dinosis on MR imaging.

— Of the 5 stage III ankles, US diagnosed partial tears
of the PTT in 2 ankles. MR imaging demonstrated
partial tears in the same 2 ankles. Of the 3 remaining
stage III ankles, US diagnosed tendinosis of the PTT
in 1 ankle and reported 2 normal tendons. MR imaging

Fig. 2A-C A 73-year-old woman with stage Il PTT dysfunction, and
tendinosis seen on sonography and MR imaging. A Axial sonograph-
ic image of the left PTT at the level of distal tibia (7) demonstrates
a rounded hypoechoic abnormality (arrowheads) occupying the ma-
jority of the tendon circumference. B Longitudinal sonographic

image at the level of the distal tibia (7) shows that the superficial
fibers of the PTT are diffusely hypoechoic (arrows) but otherwise
intact, consistent with severe tendinosis C Axial fast spin-echo pro-
ton density-weighted (2200/20) MR image shows a thickened, ten-
dinotic distal PTT (arrow)
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also identified a partial tear in the ankle that was read
as tendinosis by US, and diagnosed tendinosis in an
ankle that was reported normal by US. In one of the
stage 111 cases, MR imaging demonstrated a complete
tear of the PTT where US only visualized a partial tear

(Fig. 3).

Previous studies demonstrate that US and MR findings
of partial tear and tendinosis are quite comparable and
differentiating the two does not affect management [6, 17].
Therefore, the data were then categorized into three groups:
normal, tendinosis/partial tear, and complete tear. Based on

these categories, the findings of the MR and US exam-
inations were concordant in 6 of 6 stage I tendons (100%),
8 of 11 stage II tendons (73%), and 3 of 5 stage III tendons
(60%). Overall, the findings of the MR and US examina-
tions were concordant in 17 of the 22 ankles (77%) (Table 1).

Discussion

Although diagnostic staging of PTT dysfunction remains
primarily clinical, imaging studies in select patients are
necessary for treatment planning [5]. PTT dysfunction re-

Fig. 3A-D  An 83-year-old woman with stage III PTT dysfunction.
Serial axial MR images demonstrated a complete PTT tear that was
interpreted as partial on sonography. A Axial fast spin-echo fat-
suppressed T2-weighted MR image (4800/72) of the left PTT
superior to the ankle joint shows thickening of the PTT (arrow) near
the myotendinous junction. B T2-weighted MR image (4800/72) at
the level of the ankle joint shows fluid signal (arrow) in the normal
location of the PTT, next to the flexor digitorum longus tendon

(arrowhead). C T2-weighted MR image (4800/72) inferior to the
ankle joint shows revisualization of a thickened PTT (arrow) ante-
rior to the flexor digitorum longus tendon (arrowhead). D Corre-
sponding longitudinal sonogram of the left PTT obtained at and just
below the medial malleolus shows a thickened tendon (arrow) with
peritendinous fluid (asterisk). Arrowhead demonstrates the tear that
was interpreted as partial on ultrasonography but complete on MR
imaging
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Table 1 Concordance between the US and MR imaging findings
based on the clinical stage of PTT dysfunction

US MR
imaging

Stage Diagnosis Concordance

I (n=6) Normal
Tendinosis/partial tear
Complete tear
Normal
Tendinosis/partial tear
Complete tear
Normal
Tendinosis/partial tear

Complete tear

6/6 (100%)
I (n=11) 8/11 (73%)

I (n=5) 3/5 (60%)

S WO WO o

6
0
0
0
11
0
0
4
1

fers to a broad spectrum of pathology that may produce
similar signs and symptoms. These include tendon avulsion
from its navicular insertion, intrasubstance tendon tear,
partial tendon tear, and tenosynovitis without tear [5, 21,
23, 24]. There are other potential causes of acquired flat-
foot in the adult that are not secondary to PTT dysfunction.
These include tarsal coalition, inflammatory arthropathy,
neuropathic arthropathy, tarsometatarsal osteoarthritis, neu-
romuscular disease, and traumatic ligamentous disruption
of the mid-foot [20, 25, 26]. The various pathologies may
at times be indistinguishable by clinical findings and plain
radiographs, making the diagnosis a challenge [21, 23]. In
addition, due to the natural progression of the disorder, early
recognition of dysfunction is critical in preventing irrevers-
ible deformity and disability [4, 15, 25]. Therefore, imag-
ing of the symptomatic PTT has proven to be a valuable
tool in diagnosis, as well as in surgical planning [2, 5, 10, 18].

MR imaging has been established as the current imaging
gold standard for detection of ankle tendon abnormalities
[2, 6-9]. In 1988, Rosenberg, et al. [10] reported an MR
sensitivity of 95%, specificity of 100%, and an accuracy of
96% in detecting tears of the PTT. Numerous authors have
since documented the benefits of MR imaging for
preoperative planning for ankle tendon reconstructive
surgery [2, 5, 7-10]. MR imaging is useful in localizing
the site and extent of rupture, which can aid in the
operative approach [5]. However, MR imaging has its
limitations. Khoury et al. reported that MR imaging char-
acteristics of tendinosis and partial tear overlap [6]. De-
generative posterior tibial tendons are infrequently seen as
MR signal abnormality, and most appear normal [17, 27].
Secondary signs, such as medial tubercle hypertrophy and
the appearance of an accessory navicular bone, are often
necessary to diagnose subtle partial tears with confidence
[7, 28, 29]. A recent study by Rockett et al. could not
duplicate the sensitivity and accuracy of MR imaging in
detecting ankle tendon tears that was previously recorded
by Rosenberg et al. [10, 13].

High-resolution US is another imaging option that can
depict PTT pathology [3, 11-16, 30-32]. The recent vast

improvement in US technology and the development of
high-frequency transducers has allowed for superior image
resolution and quality. The individual fibrils of a superficial
tendon such as the PTT can be visualized with a spatial
resolution of less than 0.1 mm in vitro [17, 33], and US is
thus far superior to MR imaging at evaluating inner tendon
ultrastructure [11, 16-18, 33]. Several authors in recent
years have confirmed that US evaluates PTT pathology
with high accuracy [3, 11-15]. A review of the literature
revealed three comparisons of US and MR imaging in
evaluating the PTT. Rockett et al. examined 15 posterior
tibial tendons with US and MR imaging, and compared the
results with surgical findings. US was found to be more
accurate than MR imaging, with 100% sensitivity, 90%
specificity, and 94% accuracy. In comparison, MR imaging
had 23% sensitivity, 100% specificity, and 66% accuracy
[13]. These results were supported by those of Gerling et
al., who showed that US and MR imaging performed at the
same level in evaluating PTT tears; in that study, US
demonstrated 69% sensitivity, 81% specificity, and 72%
accuracy in comparison with a 73% sensitivity, 69% speci-
ficity, and 72% accuracy for MR imaging [34]. Premkumar
et al. recently performed a comparative study of 44 pos-
terior tibial tendons with US and MR imaging [35]. The
sensitivity and specificity for diagnosing tendinopathy
with US was 80% and 90% respectively when compared
to MR imaging, and 90% and 80% when diagnosing pe-
ritendinitis. However, this study did not look specifically
at PTT tears [35].

In an attempt to replicate the results of these recent
studies, we performed a study that compared MR imaging
and US for PTT evaluation. US compared favorably with
MR imaging, the current imaging “gold standard.” Both
examinations were consistent in identifying PTT pathology
in 17 of 22 cases (77%), and were in agreement in all of the
stage I ankles. In evaluating the stage II and III ankles, all
discrepancies between US and MR imaging involved dif-
ferentiating tendinosis from partial tears, and partial tears
from complete tears. This result was not surprising, con-
sidering that previous studies have shown that the US
and MR findings of partial tear and tendinosis overlap,
and thus at times cannot be differentiated from each other
[6, 17]. Moreover, the distinction between tendinosis and
partial tear may not be of clinical significance since patients
with partial tears, tendinosis, or tenosynovitis of the PTT
are managed similarly. More importantly, these conditions
need to be differentiated from complete tears, as treatment
may be different. In our one case where MR imaging iden-
tified a complete tear that was reported as a partial tear on
US, the management of the patient was not affected because
the clinical findings were more consistent with partial tear.

This study was limited by the small sample size, so that
the findings should be considered only as preliminary.
Furthermore, there was no surgical proof since all of our
patients were treated conservatively, and MR imaging is
an imperfect gold standard. It is conceivable that in some
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cases when there were discrepant findings between US and
MR imaging, US may actually have been correct. A true
prospective study with surgical correlation and/or outcome
analysis could better address this issue.

To summarize, in this study US compared favorably with
MR imaging for imaging PTT pathology. There was com-

plete agreement in all clinically stage I ankles. For clinical
stages II and 11, although MR imaging detected more tears,
these tendons were all interpreted as abnormal on US, and

clinical management was therefore not altered. US offers

a more convenient and less expensive alternative to MR
imaging for detecting PTT tears.
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