
© 2021 Journal of Medical Ultrasound | Published by Wolters Kluwer - Medknow20

Original Article

Introduction

Posterior tibial tendon dysfunction  (PTTD) is one of the 
most common associated conditions with adult acquired pes 
planus and most commonly occurs in middle‑aged to elderly 
women.[1‑6] However, athletes may also be affected, especially 
those involved in high stress or repetitive activities.[3,7‑10] PTTD 
refers to a spectrum of abnormalities of the posterior tibial 
tendon  (PTT) resulting in decreased tendon functionality. 
The one end of the spectrum includes posterior tibial 
tenosynovitis (PTTS) and on the other end, complete rupture of 
the PTT with a marked clinical deformity.[3‑5] If not diagnosed 
and treated early, it can result in significant pain, disability, 
and a hindfoot pes planovalgus deformity requiring invasive 
and complex surgical treatments.[1‑6,11‑20] In the PTTD staging 
classification developed by Johnson and Strom in 1989, PTTS 
is considered stage 1.[2,3,21‑23] Furthermore, tenosynovial fluid, 
even with a normal‑appearing PTT, has been shown to be 

an early indication of stage 1 PTTD.[24] Therefore, earlier 
detection of PTTS is critical, allowing the use of conservative 
treatments which have been shown to slow the progression of 
the disease.[2‑5,25‑28]

The evaluation for PTTD includes both clinical and imaging 
findings. DeOrio et al., in 2011, described a clinical finding 
that corresponds with PTTD referred to as “the posterior tibial 
edema sign.”[29] This finding of pitting subcutaneous (subQ) 
edema at the medial ankle, along the course of the PTT, was 
validated in a small subset of their study cohort, utilizing 
magnetic resonance imaging  (MRI). However, the use of 
musculoskeletal  (MSK) ultrasound  (US) has significantly 
increased over the past decades, given its many advantages 
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and lower cost when compared to MRI.[3,30,31] US has also been 
shown to be highly sensitive, accurate, and specific for PTTD, 
and furthermore, it has been reported that US is slightly more 
accurate than 3 Tesla MRI in the diagnosis of PTTD.[2‑4,21,32,33] 
Since PTTD is based on the tendon’s functionality, the unique 
dynamic features of US allow the radiologist to determine a 
degree of function through imaging.[3] Given these benefits and 
advantages, we found it imperative to evaluate this association 
utilizing US.

The purpose of this study is to evaluate the association of the 
sonographic finding of medial ankle subQ edema and PTTS to 
help determine if this US finding could be an early indicator of 
PTTD. This simple sonographic finding, if detected early, could 
allow prompt intervention to prevent further complications and 
healthcare costs related to the progression of PTTD.

Materials and Methods

This study was performed in accordance with the ethical 
standards of our institutional research committee and with 
the 1964 Declaration of Helsinki and its later amendments 
or comparable ethical standards. Institutional review board 
approval was obtained for this retrospective study, and 
informed consent was waived (Henry Ford Health System IRB 
# 13862, May 3, 2020). Our study complied with the Health 
Insurance Portability and Accountability Act.

Selection of study cohorts
This retrospective study had a target population including 
all adult patients from July 2015 to March 2020 found by 
chart review and review of the radiology information system 
database to have had an ankle US with the reported diagnosis 
of either PTTS or a normal PTT. This resulted in 57 patients 
with PTTS and 48 patients with a normal PTT.

All the examinations were performed by trained dedicated 
MSK sonographers, all of whom possess the registered 
MSK sonographer designation through the American 
Registry for Diagnostic Medical Sonography  (Rockville, 
MD). Each US was performed utilizing 9‑18‑MHz 
linear transducers  (GE LOGIQ E9 unit; General Electric 
Company, Milwaukee, WI). The US examinations were 
interpreted by 1 of 9 fellowship‑trained MSK radiologists, 
all of whom are highly skilled in MSK US performance 
and interpretation  (clinical experience ranging from 3 
to 33  years). These examinations were performed and 
interpreted in real‑time, prior to any knowledge of this study.

Exclusion criteria by search of these US reports and chart 
review consisted of those patients with a prior PTT repair, 
a history of ankle or foot trauma or cellulitis within 3 
months, or other causes of subQ edema including a history 
of lymphedema, generalized edema, anasarca, congestive 
heart failure, chronic venous insufficiency, hepatic disease, 
ascites, renal disease, or dialysis. Furthermore, those US ankle 
examinations that did not include the medial ankle, those 
not performed for evaluation of the PTT (e.g., tibial nerve), 

or those performed only for the purposes of an US‑guided 
injection were excluded.

The final study cohorts consisted of the remaining patients; one 
group of 40 patients with PTTS and one group of 37 patients 
with a normal PTT. Demographic information about age and 
gender, in addition to body mass index (BMI) and body weight, 
were recorded for these 77 patients. Using that sample size 
along with a two‑sided alpha level of 0.05, the Chi‑square test 
would allow us to achieve a statistical power of 99%.

For each of these 77 US examinations, a radiology resident 
placed the study in the original presentation state and it was 
de‑identified so that all image markings and annotations were 
removed. A single, static, representative, short‑axis US image 
of the medial ankle with the PTT, at the level of 1 cm proximal 
to the tip of the medial malleolus was then saved. These 77 
images were then cropped [Figures 1 and 2] to include only 
the subQ tissues, without the PTT or tendon sheath, and were 
placed in an image viewer in a random order, using a random 
number generator.

Examination review
Those 77 US images were then evaluated independently 
by 2 fellowship‑trained MSK radiologists  (11  years and 
3 years of clinical experience, respectively), who both have 
specific training and experience with MSK US. These 2 MSK 
radiologists separately reviewed the randomized 77 static 
images of the subQ tissues, blinded to the status and images of 
the PTT, patient cohort, and the patient’s history, and assigned 
each image as positive or negative for the presence of subQ 
edema.

SubQ edema was considered positive when the subQ fat 
appeared thickened, echogenic, and demonstrated linear to 
curvilinear hypoechoic to anechoic areas interposed between 
the surrounding more echogenic fat, corresponding with 
fluid  [Figure 1]. The positive subQ edema designation was 
reserved for those that would be considered severe subQ edema 
by Yabunaka, et al. and grade 2 (highest grade) by Suehiro, 
et al.[34,35] Those that were equivocal for meeting these criteria 
and those having normal‑appearing subQ fat were given a 
negative designation [Figure 2a].

Statistical analysis
The association between the presence or absence of medial 
ankle subQ edema and the presence or absence of PTTS by US 
was evaluated. Demographic comparisons of age and gender, 
in addition to BMI and body weight, were also performed 
between those with PTTS and those with a normal PTT. 
The comparisons were performed using Chi‑square tests for 
categorical data and the two‑sided sample t‑tests for numerical 
data.  The sensitivity and specificity were also calculated. In 
addition, the Cohen Kappa statistics were used to determine 
the degree of inter‑observer agreement between the 2 MSK 
radiologists. All analyses were performed using SAS 9.4 (SAS 
Institute Inc., Cary, NC, USA). Statistical significance was 
defined as a P < 0.05.
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Results

Study groups
Of the 40 patients with PTTS, 25 (62.5%) were women and 
15 (37.5%) were men. The age range was 21–75 years with 
a mean age of 52.4. The mean BMI was 32.8 kg/m2 and the 
mean body weight was 94.4 kg.

Of the 37 patients with a normal PTT, 28 (75.7%) were women 
and 9 (24.3%) were men. The age range was 18–70 years with 
a mean age of 46.5. The mean BMI was 33.3 kg/m2 and the 
mean body weight was 93.9 kg.

Findings
The first MSK radiologist designated 42 of the total 77 images 
as positive for medial ankle subQ edema and 35 as negative 
for edema [Table 1]. A total of 33 of the 40 (82.5%) patients 
with PTTS were labeled as positive for subQ edema and 28 
of the 37 (75.7%) patients with a normal PTT were labeled 
as negative for subQ edema  (sensitivity 82.5%, specificity 
75.7%). Of those 42 labeled as positive for subQ edema, 
33 (78.6%) had PTTS. Of the 35 designated as negative for 
subQ edema, 28 (80%) had a normal PTT. 

The second MSK radiologist labeled 46 of the total 77 images 
as positive for medial ankle subQ edema and 31 as negative 
for edema [Table 1]. A total of 33 of the 40 (82.5%) patients 
with PTTS were labeled as positive for subQ edema and 24 
of the 37 (64.9%) patients with a normal PTT were labeled 
as negative for subQ edema  (sensitivity 82.5%, specificity 
64.9%). Of those 46 designated as positive for subQ edema, 
33 (71.7%) had PTTS. Of the 31 labeled as negative for subQ 
edema, 24 (77.4%) had a normal PTT.

Concerning inter‑observer agreement, the 2 MSK radiologists 
demonstrated substantial agreement  (κ‑value  =  0.79; 95% 
confidence intervals: 0.65, 0.93) with only 8 of the 77 image 
labels (4 from each group) being discordant.

Statistical significance
Statistical significance was seen when accounting for 
both MSK radiologists’ findings  [Table  1]. The first MSK 
radiologist’s findings of positive medial ankle subQ edema in 
33 of the 40 (82.5%) patients with PTTS and no subQ edema in 
28 of the 37 (75.7%) patients with a normal PTT is statistically 
significant (P < 0.001).

Similarly, the second MSK radiologist’s findings of positive 
medial ankle subQ edema in 33 of the 40 (82.5%) patients with 
PTTS and no subQ edema in 24 of the 37 (64.9%) patients 
with a normal PTT is also statistically significant (P < 0.001).

In regards to age, those with PTTS were slightly 
older than those with a normal PTT, albeit statistically 
insignificant (P = 0.065) [Table 2]. No statistical significance 
was identified in regards to gender, BMI, or body weight when 
comparing those with PTTS to those with a normal PTT [Table 2].

Discussion

At a large institution performing a substantially high volume of 
MSK US, we found it essential to perform a study, specifically 
utilizing US, to determine the association between medial ankle 
subQ edema and PTTS in an effort to help detect PTTD at an 
earlier stage. Our findings demonstrate a statistically significant 
association for the sonographic finding of medial ankle subQ 
edema and the presence of PTTS.

Figure 1: Sonographic findings of medial ankle subcutaneous edema 
and posterior tibial tenosynovitis in a 48‑year‑old woman with severe 
left medial ankle pain. Shor t‑axis ultrasound image demonstrates 
increased echogenicity of the subcutaneous fat with interposed 
curvilinear hypoechogenicity corresponding with fluid and consistent 
with severe subcutaneous edema (empty rectangle). The empty rectangle 
also depicts the area cropped for the radiologist image review. The 
posterior tibial tendon (solid arrow) is also seen adjacent to the medial 
malleolus (solid star). Posterior tibial tenosynovitis is manifest by complex 
hypoechogenicity in the tendon sheath  (empty star), circumferentially 
surrounding the tendon. The flexor digitorum longus tendon  (triangle) 
and posterior tibial artery and paired veins are also present (empty arrow)

Figure 2: Normal sonographic appearance of the right medial ankle and 
posterior tibial tendon in a 34‑year‑old man. (a) Short‑axis and (b) long‑axis 
ultrasound images demonstrate the normal appearance of the subcutaneous 
fat with the absence of any edema (empty rectangle). The empty rectangle 
also represents the area cropped for the image review. The normal posterior 
tibial tendon (solid arrows) at the level of the medial malleolus (stars) is also 
shown with the normal homogenous, defined, hyperechoic, fibrillary pattern 
and no evidence of tenosynovitis. The flexor digitorum longus tendon (triangle) 
and posterior tibial vascular structures are also depicted (empty arrow)
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The PTT is the primary stabilizer of the longitudinal arch of 
the foot.[1,36‑38] PTTD is one of the most common conditions 
associated with adult acquired pes planus, and if not diagnosed 
and treated early, can result in significant pain, disability, 
and a foot and ankle deformity with pes planus and hindfoot 
valgus  (hindfoot pes planovalgus).[1‑3] In stage I, especially 
in the younger athletic population, PTTD may present with 
tenosynovitis.[3,9,10,39] Although a small amount of compressible, 
anechoic, physiologic fluid can normally be seen in the 
PTT tendon sheath, this fluid should measure <1–2 mm in 
thickness and not be circumferential. In addition, there should 
not be any fluid at the distal 1–2 cm of the tendon which 
is devoid of a tendon sheath  [Figure  2b].[1,3,33] PTTS also 
presents as a hypoechoic rind surrounding the PTT within 
the sheath, resulting from complex fluid with associated 
echogenic debris or thickened synovium, with or without 
hyperemia [Figures 1 and 3].[1,3,21,33]

Patients with PTTD often present with clinical findings such 
as medial foot pain, weakness, difficulty weight‑bearing, or 
a flatfoot deformity. However, diabetic patients who are at a 
much higher risk for PTTD, if also neuropathic, often present 
late with PTT rupture and a hindfoot pes planovalgus deformity 
requiring complex surgical treatments.[1,3,13,40] If these patients 
could be detected at an earlier stage, this could prevent further 
complications and unnecessary healthcare costs related to the 
more invasive and complex procedures required for treatments 
in the later stages of PTTD.

In 2011, DeOrio et  al. described a clinical finding that 
corresponds with PTTD referred to as “the posterior tibial 
edema sign.”[29] This sign refers to the presence of pitting 
edema that is more pronounced along the course of the 

PTT, adjacent to the medial malleolus, when compared to 
the anterior tibia. Utilizing MRI for a small subset of their 
patient cohort, they found that this clinical finding was 86% 
sensitive and 100% specific for PTTD. Furthermore, in 
2019, Gonzalez et al., also using MRI, found that even with 
a normal‑appearing PTT, in the absence of MRI‑detectable 
intrasubstance tendon pathology, PTTS corresponded with 
stage 1 PTTD.[24]

Table 1: Associations between medial ankle subcutaneous edema and posterior tibial tenosynovitis for both reviewing 
musculoskeletal radiologists

Tenosynovitis (n=40), n (%) Normal tendon (n=37), n (%) P
Radiologist 1

Positive edema (n=42) 33 (82.5) 9 (24.3) <0.001 (C)
No edema (n=35) 7 (17.5) 28 (75.7)

Radiologist 2
Positive edema (n=46) 33 (82.5) 13 (35.1) <0.001 (C)
No edema (n=31) 7 (17.5) 24 (64.9)

Categorical data is represented as frequency (percent of column). C=Chi-square test

Table 2: Patient demographics, body mass index, and body weight among the study cohorts and the significance 
between those with posterior tibial tenosynovitis and those with a normal posterior tibial tendon

Patient data All patients (n=77) PTTS (n=40) Normal PTT (n=37) P
Age, years (mean±SD) 50.5±13.9 52.4±12.6 46.5±14.8 0.065 (T)
Gender, n (%)

Female 53 (68.8) 25 (62.5) 28 (75.7) 0.212 (C)
Male 24 (31.2) 15 (37.5) 9 (24.3)

BMI, kg/m2 (mean±SD) 33±6.8 32.8±7.4 33.3±6.0 0.745 (T)
Body weight, kg (mean±SD) 94.1±22.5 94.4±18.9 93.9±25.5 0.923 (T)
Categorical data is represented as frequency (percent of column). Numerical data is represented as mean±SD. BMI: Body mass index, PTTS: Posterior 
tibial tenosynovitis, PTT: Posterior tibial tendon, SD: Standard deviation, C: Chi-square test and T: Two-sided sample t-test

Figure  3: Sonographic images of posterior tibial tenosynovitis in a 
62‑year‑old woman with severe left medial ankle pain.  (a) Short‑axis 
image and  (b) long‑axis panoramic image demonstrate significant 
posterior tibial tenosynovitis manifest by the complex hypoechoic rind and 
complex fluid within the tendon sheath (empty stars), circumferentially 
surrounding the posterior tibial tendon (arrows), adjacent to the medial 
malleolus  (solid stars). The tendon  (arrows) is also thickened and 
heterogeneously hypoechoic consistent with associated tendinosis
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US or MRI plays a crucial role in the diagnosis and staging 
of PTTD.[2‑4,21,33] MSK US at our institution is most often 
used to evaluate the PTT. US has been shown to have a 
similar accuracy to MRI in diagnosing PTTD with a reported 
sensitivity of 100%, accuracy of 93%, and specificity of 88% in 
detecting PTT tears.[2‑4,21,32,33] In one study, high‑resolution US 
has even been shown to be slightly more accurate than 3 Tesla 
MRI in the diagnosis of PTTD.[29] Furthermore, the dynamic 
capabilities of US with compression and real‑time maneuvers 
are crucial in diagnosing tenosynovitis and tendon subluxation 
which can be early signs of PTTD.[3,21,41,42] Additional benefits 
of using US over MRI include the ability to perform real‑time 
Doppler analysis, the ease of accessibility and comparing 
with the contralateral side, and the lower cost.[31] Given these 
advantages and benefits, US allows the radiologist to determine 
a degree of function through imaging.[3] Therefore, US has 
been recommended as the imaging modality of choice for 
PTTD.[3,4,21,32]

The findings of our study suggest that when medial ankle subQ 
edema is seen by US, this should signal further interrogation of 
the PTT. This is especially the case in those having ankle US 
examinations for reasons other than evaluating the PTT, for 
example, in those performed for the evaluation of tarsal tunnel 
syndrome or tibial neuropathy or a dedicated Doppler vascular 
study. Furthermore, with the increasing use of point‑of‑care 
US, if subQ edema is clinically suspected at the medial ankle, 
US can be a simple method for imaging confirmation and 
given this study’s findings, suggests further evaluation for the 
diagnosis of PTTD.

The limitations of this study should be acknowledged 
when interpreting the results. First, given the retrospective 
nature of the study, we had a higher proportion of female 
patients, although similarly in both groups and expected in 
the PTTS group, since PTTD is more common in women. 
A  future prospective investigation with a controlled 
equal number of male and female participants could 
be performed. Additionally, a future prospective study 
comparing different areas of the ankle and lower leg for 
differing degrees of subQ and correlating with the degree 
of PTTS may prove beneficial. Finally, we did not have 
correlative MRI findings to confirm the sonographic 
presence or absence of PTTS. In our institution, given the 
benefits of US, the majority of patients with ankle pain are 
evaluated using US and typically do not have a comparison 
or follow‑up MRI.

Conclusion

The sonographic finding of medial ankle subQ edema, not 
associated with other underlying causes, is significantly 
associated with the presence of PTTS and therefore stage 1 
PTTD. Further studies could evaluate if this simple sonographic 
finding is an early indicator of PTTD which if detected early, 
could potentially help prevent further complications and 
health‑care costs related to the progression of the disease.
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