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This study evaluated the clinical application of high-frequency color Doppler ultrasonography (HFCDU) in the
diagnosis, treatment, and rehabilitation of Achilles tendon injury.

A total of 68 patients with suspected Achilles tendon injury were examined by HFCDU. There were 42 Achilles
tendon injury patients who underwent surgery, and they were randomly divided into a routine treatment group
(n=21) and a rehabilitation group (n=21). HFCDU was performed at weeks 1, 3, 6, and 9, and months 3, 6, 9,
12, and 24 after the operation. The thickness of the injured Achilles tendon, echo, blood flow, and tissue ad-
hesion were compared to those of the uninjured side.

Of the 68 patients, 14 had normal ultrasound presentation with strong echo; 7 had laceration, presenting as
swelling and decreased echo; 26 had partial tear, presenting as discontinued rupture with no or low echo; 19
had complete rupture, presenting as discontinued fibers with hypoechoic hemorrhage and hyperechoic fat tis-
sue between ends; 1 had plantar tendon rupture and periapical hemorrhage; and 1 had acute Achilles tendon-
itis. The postoperative tendon thickness decreased over time, echo turned homogeneous, blood flow and ad-
hesions decreased, and these results were consistent with clinical symptoms. Patient condition and ultrasound
recovery were better in the rehabilitation group, and the diameter of the injured tendon increased compared
with the uninjured side.

HFCDU can determine the types and extent of tendon injuries, and can help in the diagnosis, treatment, and
rehabilitation of Achilles tendon injury.
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Background

The Achilles tendon is one of the most powerful tendons of the
human body and it can withstand great forces. In recent years,
Achilles tendon injury usually occurs during public sports and
recreational activities. Achilles tendon injuries can be catego-
rized as open injury or closed injury. The open injury is easi-
er to diagnose, while the closed injury is harder to diagnose,
and the diagnosis of the latter depends more on experience
and is prone to misdiagnosis. Early diagnosis reduces the inci-
dence of post-trauma complications and maximizes the motor
function [1,2], and therefore is vital for subsequent treatment.

X-ray evaluation of Achilles tendon injury has relatively low
sensitivity and specificity (possibly due to its low resolution),
and is often used in auxiliary examination or in bone-dam-
age exclusion for patients with acute trauma. MRI examina-
tion has the advantage of high soft tissue resolution, show-
ing not only the site and degree of the Achilles tendon injury,
but also the edema and bleeding in surrounding soft tissues.
However, MRI examination is time-consuming and expen-
sive and is therefore not widely used in evaluating Achilles
tendon injury. High-frequency color Doppler ultrasonography
(HFCDU) can provide high-resolution images of soft tissues [3]
to clearly distinguish subcutaneous tissue, Achilles tendon,
aponeurosis, and surrounding connective tissue. It also gives
details of Achilles tendon injuries, such as location and inju-
ry scope. Therefore, HFCDU may reduce the clinical misdiag-
nosis and evaluate Achilles tendon recovery after treatment,
serving as an effective, affordable, noninvasive, and easy to
perform examination method. This study evaluated the effi-
cacy of HFCDU in the diagnosis, treatment, and rehabilitation
of Achilles tendon injury.

Material and Methods

Subjects

A total of 68 patients with Achilles tendon injury were recruit-
ed, including 48 males and 20 females, with the mean age of
31.2 years (with a standard deviation of 7.9 years) ranging
from 18 to 50 years. The main clinical symptoms were ipsilat-
eral leg pain, swelling, and limited ankle mobility. All of them
had closed injury as confirmed by MRI examination or sur-
gery. The study was approved by the Medical Ethics Board of
Liaocheng People’s Hospital. Informed consent was obtained
from all patients or their families.

Ultrasound evaluation with HFCDU

Patients were in lateral position for vertical and horizontal
scanning of the Achilles tendon. The ankle joint was passively
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stretched, and the triceps were squeezed for dynamic observa-
tion. The scan images were compared with that of the healthy
side. The ultrasound was performed using a Philips iu22 and
GE color Doppler ultrasound apparatus with probe frequency
of 5-10 Mhz. Two ultrasound physicians evaluated and mea-
sured the ultrasound and another 2 physicians followed up
the patients and performed statistical analysis.

Surgery treatment

Surgery was performed based on the results of HFCDU and
Kuwade [4] classifications. Type I: patients with partial fracture
less than 50% can choose non-surgery or surgery treatment;
Type Il: patients with complete injury and defects less than 3
cm can choose staged suture; Type Ill: patients with complete
injury and defects of 3-6 cm can choose reinforcement sutures
of plantar tendon or flip gastrocnemius tendon; Type IV: pa-
tients with complete injury and defects greater than 6 cm can
choose reversed gastrocnemius tendon suture repair or free
tendon transplantation. A total of 42 patients received surgi-
cal treatment and the other 26 patients were treated with the
routine procedure. According to the methods of rehabilitation
after surgery, these 42 patients were randomly divided into 2
groups by Urn randomization: a routine treatment group (21
patients) and a rehabilitation treatment group (21 patients).
The rehabilitation program included fixation (0-4 weeks), ac-
tivity and muscle strength practice (4-12 weeks), and consol-
idation period (13-24 weeks).

Treatment evaluation

HFCDU was performed at weeks 1, 3, 6, and 9, and at months
3, 6,9, 12, and 24 after the operation. The changes in the
Achilles tendon were recorded, including the thickness (per-
centage of follow-up thickness vs. postoperative thickness),
echo (degree and uniformity), blood flow (the blood flow signal
with the same blood flow speed, gain, and depth), and the slid-
ing distance with plantar flexion at 15°. The scores of Achilles
tendon recovery are shown in Table 1. The scores were cate-
gorized into 4 scales: excellent (9-12 points), very good (6-8
points), good (3-5 points), and poor (0-2 points).

Achilles tendon recovery was evaluated in comparison with
the uninjured side, using the Amer-Lindholm evaluation meth-
od, as follows. 1) Excellent efficacy: patients can walk normal-
ly without discomfort or abnormal muscle strength; patient
can raise heels; calf circumference decreased less than 1 cm;
dorsiflexion or plantar flexion angle reduced less than 5°. 2)
Satisfactory efficacy: patients can walk with slight difficulty,
discomfort, and mild muscle strength; patient can raise heels
with efforts; calf circumference decreased less than 3 ¢cm; dor-
siflexion reduced between 5 to 10°; plantar flexion angle re-
duced between 5 to 15°. 3) Poor efficacy: patients can walk
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Table 1. The ultrasound evaluation of Achilles tendon in recovery.
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Blood signal strips

Degree of adhesion

(amount) (sliding distance (mm))
0 100% Low, uneven >5 0
T 90%-99%  lowuneven 5 o1
-z 80%-89% | High uneven - - 2
s @% Higheven o2

Figure 1. Imaging features of Achilles tendon injury on HFCDU before surgery. (A) Normal Achilles tendon with clear fiber texture
(arrow) of the right foot of a 27-year-old male. (B) Achilles tendon after contusion of the right foot of a 29-year-old male:
swelling, thickening, reduced echo, and no significant fiber loss (arrow). (C) Partial tear of Achilles tendon of the left foot
of a 50-year-old female: discontinued fiber, hypoechoic area, and irregular edges (thin arrow); swollen and contracted ends
(thick arrow). (D) Discontinued Achilles tendon fibers and retracted tendon ends of the left foot of a 42-year-old female (thick
arrow); hypoechoic hemorrhage and hyperechoic fat tissues between ends (thin arrow).

with severe difficulty, discomfort, and weak muscle strength;
patient cannot raise heels; calf circumference decreased more
than 3 cm; dorsiflexion reduced more than 10° plantar flex-
ion angle reduced more than 15°.

Statistical analysis

The data were analyzed using SPSS 16.0 (IBM, USA). The mea-
surement data are expressed as mean + standard deviation. The
t test and ANOVA were used to compare differences between
the 2 groups. P<0.05 was considered statistically significant.

Results

Imaging features of Achilles tendon injury on HFCDU
before surgery

The features of Achilles tendon injury on HFCDU are shown
in Figure 1. Normal Achilles tendon showed strong echo with
fine homogeneity on longitudinal section (Figure 1A). It was
connected with the gastrocnemius, soleus, and calcaneus,
with clear upper and lower boundaries. On the cross-section,
the starting, middle, and end points of the Achilles tendon
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Table 2. Ultrasound evaluations of Achilles tendon injury.
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True positive

False positive

Injury type Number of cases
Laceration 8
""""""" Partial tear 25
""""""" Ruptwre 20
I 53

7 1
T >
"""""""""""" w1
e s

presented as oval, round, and crescent-shaped homogeneous
strong echo, respectively. As shown in Figure 1B, in Achilles
tendon laceration, Achilles tendon was swollen and thickened,
with reduced echo, blurred fiber texture, and no significant fi-
ber loss. For partial tear of Achilles tendon (Figure 1C), Achilles
tendon fibers were partially discontinuous with low or no echo
in the torn area, no smooth edges, irregular ends, and echo-
free area around the tear. For complete injury of Achilles ten-
don (Figure 1D), Achilles tendon was discontinuous with hy-
poechoic hemorrhage or hyperechoic high-fat adipose tissues
in the gap between the proximal and distal ends, and swollen
and thickened retracted tendon tissues.

Diagnostic evaluation

To evaluate the diagnostic value of HFCDU, the sensitivity,
specificity, and accuracy were compared. Of the 68 suspected
Achilles tendon injury cases, 53 cases showed abnormal ul-
trasound presentations and 15 cases were normal. Of the 15
cases with normal ultrasound presentations, 1 was Achilles
tendon rupture. As shown in Table 2, of the 53 cases with ab-
normal ultrasound presentations, 25 cases were with partial
tear (including 1 case had plantar tendon rupture and periapi-
cal hemorrhage and 1 case had acute Achilles tendonitis); 20
cases were with complete rapture (including 1 case had par-
tial tear); and 8 cases were with laceration (including 1 case
had Achilles tendon rupture). The tear sites of Achilles ten-
don were about 2—6 cm above the calcaneal attachment point.
Compared with surgery or MRI results (Table 2), there were
49 cases of true-positive, 4 cases of false-positive, 14 cases
of true-negative, and 1 case of false-negative. The sensitivi-
ty was 98% (49/50), specificity was 78% (14/18), and accu-
racy was 93% (63/68), suggesting that HFCDU has high diag-
nostic sensitivity, specificity, and accuracy in the diagnosis of
Achilles tendon injury.

Imaging features of Achilles tendon injury on HFCDU after
surgery

HFCDU was performed at weeks 1, 3, 6, and 9 and at months
3,6,9, 12, and 24 after the operation. Representative imag-
es are shown in Figure 2. The ultrasound at week 1 showed
thickened Achilles tendon, hypoechoic and cluttered echo, and

increased and disordered blood flow signal (Figure 2A). The ul-
trasound at week 3 (Figure 2B) showed thickened Achilles ten-
don, hypoechoic and uneven echo, continuous signal of Achilles
tendon, and slightly reduced blood flow signal compared with
that at week 1. The ultrasound at week 6 (Figure 2C) showed
decreased thickening Achilles tendon, hypoechoic and uneven
echo, continuous signal of Achilles tendon, and improved blood
flow signal compared with that at week 3. The ultrasound at
week 9 (Figure 2D) showed that the anteroposterior diameter
of the Achilles tendon was smaller than that at week 6 after
surgery, echo was less uniform, and Achilles tendon fiber con-
tinuity was good, with a little blood flow in the Achilles tendon
by CDFI. The ultrasound at month 3 (Figure 2E) showed signif-
icantly reduced thickness of the Achilles tendon (still thicker
than the healthy side), enhanced and even echo, and contin-
uous signal of the Achilles tendon without blood flow signal.
The ultrasound at month 6 (Figure 2F) showed no changes of
thickness, close to normal and uniform echo, continuous and
complete signal, and no significant blood flow signal. The ul-
trasound at month 9 (Figure 2G) revealed that the anteropos-
terior diameter of the Achilles tendon was smaller than that at
month 6 after surgery, echo was less uniform, and Achilles ten-
don fiber continuity was complete. CDFI showed that the blood
flow signal in the Achilles tendon was reduced. The ultrasound
at month 12 (Figure 2H) showed smaller anteroposterior diam-
eter of the Achilles tendon than at month 9 after surgery, en-
hanced echo, intact Achilles tendon fiber continuity, and de-
creased blood flow signal on CDFI. The ultrasound at month
24 (Figure 2I) showed reduced Achilles tendon thickness (still
thicker than the healthy side), normal echo with patchy hyper-
echo, hypoecho on the back of the Achilles tendon, and no sig-
nificant blood flow signal.

Treatment evaluation

To evaluate the treatment efficacy, the rehabilitation group
was compared with the routine treatment group. One case had
a secondary injury due to inappropriate training in the rou-
tine treatment group and was treated with another surgery
(Figure 3). The overall treatment effects were excellent in 29
cases (69%), satisfactory in 11 cases (26.3%), and poor in 2
cases (4.7%). The combined excellent and satisfactory rate was
95.3% (Table 3). The treatment efficacy in the rehabilitation
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Figure 2. Imaging features of Achilles tendon injury on HFCDU after surgery. HFCDU was performed at week 1 (A), week 3 (B), week 6
(©), week 9 (D), month 3 (E), month 6 (F), month 9 (G), month 12 (H), and month 24 (1) after the operation in the left foot of
a 31-year-old male. Representative ultrasound images are shown. Arrows indicate the echo and the blood signals.

group was higher than that of the routine treatment group,
but the difference was not statistically significant.

Of the 42 cases of Achilles tendon injury, 30 cases were acute
injuries (less than 1 week between injury and operations),
and 12 cases were old injury. The recovery of the acute in-
jury was significantly better than that of the chronic inju-
ry (P<0.01) (Table 4). As shown in Table 5, the postoperative
Achilles tendon recovery rate of the rehabilitation treatment
group was significantly higher than that of the conventional
treatment group at different time points (P<0.05). The Achilles

Figure 3. Secondary injury due to excessive exercise. The tendon was obviously swollen after the operation. As shown
representative image of the right foot in a 33-year- in Table 6, the average anteroposterior diameter of the injured
old male is shown. Arrow refers to the continuously Achilles tendon was 14.7+3.6 mm and the transverse diame-

interrupted Achilles tendon fibers caused by the

o 8 ter was 28.2+4.5 mm. The average anteroposterior diameter
secondary injury and the irregular echo-free cracks.

of the healthy Achilles tendon was 6.2+0.8 mm, and the trans-
verse diameter was 15.3+2.4 mm. Both diameters of the in-
jured Achilles tendon were significantly higher than those of
the healthy Achilles tendons (P<0.01).
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Table 3. The 1-year postoperative treatment efficacy between rehabilitation treatment group and routine treatment group.

Excellent Satisfactory Bad
Rehabilitation treatment group (n=21) 18 3 0
Routine treatment group (n=21) n s >
CPvalle 00522 02722 06480

Table 4. The 1-year postoperative treatment efficacy between acute injury group and old injury group.

Excellent Satisfactory Bad
Acute injury group (n=30) 28 2 0
Odinuygoup =1 o o >
CPvale o001t o001 00594

Table 5. The postoperative ultrasound evaluations between rehabilitation treatment group and routine treatment group at different
time points.

Groups Time Excellent Great Good Poor

Rehabilitation treatment group (n=21) 9 weeks 2 7 9 3
3months o n o1 o
Cemonths v s o o
Ctyear 20 o1 o o
 iweek o o o au
3weeks o o o au
Ceweeks o 1 5 15
Routine treatment group (n=21) 9week513 77777777777777777777777 1 1 777777777777777777777777 6 7777777777
3months s B3 3 o
Cemonths o o o1 o
Ctyear 7 s o o

Table 6. Comparison of the anteroposterior diameter and the transverse diameter between the injured and the healthy Achilles

tendon.
The injured Achilles tendon The healthy Achilles tendon
T value P value
(mm) (mm)
The anteroposterior diameter 14.743.6 6.2+0.8 26.26136 0.0001
The transverse diameter 28.2+4.5 15.3+2.4 31.82657 0.0001
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Discussion

Achilles tendon injury is one of the most common types of ankle
tendon injury, with increasing incidences in recent years [5,6].
This injury has various complications and is not easy to repair
and heal due to the anatomical and physiological character-
istics of the Achilles tendon and its surrounding tissues [7,8].
Therefore, early diagnosis and treatment are essential for its
prognosis. Consistent with previous reports [9,10], our results
showed that the sensitivity, specificity, and accuracy of HFCDU
in the diagnosis of Achilles tendon injury were 98% (49/50),
78% (14/18), and 93% (63/68), respectively.

Of the 15 cases with normal ultrasound features, 1 case had a
mild tear. The patient had the history of tendon paratyphoid in-
flammation, which manifested as a hypoechoic halo around the
Achilles tendon and led to the misdiagnosis. Of the 8 cases of
laceration, 1 case was focal Achilles tendonitis and tendon tear,
showing as obviously enlarged Achilles tendon with focal hy-
poecho, blurred fiber texture, and no significant fiber loss. The
echo was not obvious in the sites of tear, possibly due to the
longer duration. Of the 25 cases of partial tear, 1 case had plan-
tar tendon rupture with periapical hemorrhage; it showed liquid
echo around the tendon and torn muscle fibers. Surgery showed
the muscle fibers were ruptured plantar tendon, and the blood
fell around the tendon, leading to hemorrhage. One case was
acute Achilles tendonitis, presenting as focal swelling and reduced
echo, similar to Achilles tendon tear. Of the 20 cases of complete
rupture, 1 case was a partial tear due to its large tear scope, lit-
tle tendon attachment, and interference of surrounding tissues.

In this study, the site of the Achilles tendon tear was 2—-6 cm
above the calcaneal attachment point, depending on its blood
supply and biomechanical characteristics. The blood supply is
rich at both ends of the Achilles tendon in adults. However, the
number and diameter of blood vessels is less in the middle sec-
tion; therefore, the poor blood supply leads to more injuries.

In this study, the ultrasound-guided treatment was 95.3% sat-
isfactory or above in 42 cases of partial or complete rupture.
Kainberger et al. [11] suggested ultrasound examination be-
fore the treatment selection, especially for those who choose
not to have surgeries; otherwise, patients with a large gap be-
tween ruptured ends are at risk of being missed. The preop-
erative ultrasound examination can determine the types and
extent of Achilles tendon injuries, locate the ends, and mea-
sure the gap size, helping physicians to decide on the surgical
approach and reduce the scope of surgery [12].

In this study, in the routine treatment group, 1 case had a sec-
ondary injury due to excessive exercise, indicating the impor-
tance of a physician-guided rehabilitation program, including
muscle strength, mobility, flexibility, and stability training [13].
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Timely diagnosis is essential for subsequent treatment and bet-
ter prognosis. Many old injuries result from failed conservative
treatment, misdiagnosis, or improper handling. Of these, mis-
diagnosis is the most frequent, with a reported rate of 20-30%
in the USA [14] and 66.7% in China. The misdiagnosis is due
to 1) severe swelling or 2) mistakenly believed loss of plantar
function and negative Thompson sign due to scar formation.
Qiguang Zhang et al. [15] reported that un-sutured Achilles ten-
don rupture leads to triceps degeneration and tendon contrac-
ture after 1 week. Badalihan et al. [16] have shown the prog-
nosis is better in patients with a rupture within 1 week than in
those with longer duration. During a 5-year follow-up, the av-
erage plantar flexion of the ruptured side was 91% that of the
healthy side in patients who received surgery within 1 week,
while it was 74% in those who received surgery after 1 week,
which is consistent with our study. Early detection and early
treatment of Achilles tendon injury are of great importance [17].

Acute injury and chronic injury are distinct on ultrasound.
The acute injury shows clear edges with great tendon sliding,
whereas the chronic injury shows dull ends, extensive adhe-
sion, and scar formation of subcutaneous fat, Achilles tendon,
and surrounding tissues. The scar formation may be related
with necrosis, hemorrhage, and exudation of the Achilles ten-
don and its surrounding tissues [16].

The time of Achilles tendon rehabilitation depends on the heal-
ing time, and usually requires about 6 weeks. Excise starting
at 6 weeks may be late for minor injuries but early for severe
injuries. We tried to identify the most suitable exercise time
by ultrasound. The disordered echo and blood flow of injured
sites at week 1 indicates severe inflammation or stapled stump.
The swelling, increased echo, and decreased blood flow indi-
cates the healing and reduced inflammation at week 3. The
decreased tendon size and continuous fiber echo at week 6 in-
dicates the recovery and warrants ankle joint flexion and ex-
tension training. Early training (before 6 weeks) may lead to
secondary injury, as was found in our study. The tendon diam-
eter was still increased at month 3; however, the functions im-
proved. Thus, patients may retain quality of life. No differenc-
es were detected between month 3 and month 6. Calcification
showed at the end of month 24. In conclusion, the continuity
of tendon fiber and low blood flow signal on ultrasound allows
weight-bearing exercise. The degree of exercise may increase
as the blood flow disappears. It also shows the guidance of
ultrasound on subsequent functional exercise.

The diameters of postoperative Achilles tendon increased,
which is consistent with Bleakney’s study [18]. The largest di-
ameter was 4 times the size of the health side in our study.
The Achilles tendon thickness decreased over time with uni-
formity, less blood flow, and lower adhesion. These results
were better in the rehabilitation group than in the routine
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treatment group. The increased tendon diameter, changed
tendon shape, and hyperecho are associated with postoper-
ative proliferation. The unclear tendon edges were related to
its surrounding tissues. The decreased echo intensity, atypical
fiber-like echo, focal hypoechoic areas, and fiber changes may
be associated with hyperplasia, focal degeneration (including
fat-like degeneration), and necrosis of small blood vessels in
the Achilles tendon.

Our study is limited by its small sample size and short follow-
up time. Further studies with larger sample sizes and longer

follow-up times are warranted.
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Conclusions

In conclusion, ultrasound has important clinical value in the
diagnosis and treatment of Achilles tendon injury. Ultrasound
can show the type and extent of Achilles tendon injury, and
guide subsequent treatments. The intraoperative ultrasound
guidance can reduce the injury and postoperative adhesion.
Early postoperative monitoring is important in further exercise.
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