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Original Article 

Sonographic Appearance of Surgically Repaired  
Achilles Tendons 

Kao-Shang Shih,  Ya-Ping Huang,1  Tyng-Guey Wang,1  Chun-Sheng Wu,2  Ching-Chuan Jiang3 
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Institute of Biomechanical Engineering, National Taiwan University, Taipei; 

1Departments of Physical Medicine and Rehabilitation, and 3Orthopedic Surgery,  

National Taiwan University Hospital, Taipei; 

2Department of Orthopedic Surgery, Taipei City Hospital, Zhongxiao Branch, Taipei. 

 

 

Background and purpose: Ultrasonography is an accurate and non-invasive imaging tool for assessing 
a ruptured Achilles tendon. This study attempts to correlate the sonographic appearances of surgically 
repaired Achilles tendons with their clinical outcomes. 
Methods: Ten patients (3 men and 7 women) with surgically repaired Achilles tendons were enrolled in this 
study. All patients had unilateral Achilles tendon ruptures related to sports injuries. All were treated by the same 
orthopedic surgeon at a University Hospital, from January 1990 to September 2000. Patients had a mean 
age of 47.2 years (range: 22-66). Mean post-surgical duration was 6.0 years (range: 2.1-12.1). All patients 
had good Achilles functioning at their examinations. Ultrasonographic examination was carried out with a 
10 MHz linear-array ultrasound transducer. Continuity, thickness, echogenicity, vascularity and mobility 
of the repaired tendons were assessed. The subjects’ normal tendons were also examined as controls.  
Results: All repaired Achilles tendons showed good sonographic continuity. Most had reduced echogenicity, 
and focal hypoechogenic areas were noted in 4 cases. None had increased vascularity. However, the 
diameters of the repaired tendons were significant thicker than controls (8.48±1.96mm vs. 4.90±0.54mm, 
p< 0.01). Only one subject had ultrasonographic morphology similar to her uninjured side, and she also had 
excellent mobility in her repaired tendon. All 10 patients had good clinical Achilles tendon performance. 
Conclusions: Morphological changes in repaired Achilles tendons persist for many years. There was no 
correlation between sonographic appearance and clinical outcome. ( Tw J Phys Med Rehabil 2008; 
36(1): 23 - 30 ) 
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  INTRODUCTION   
 

    The Achilles tendon is the largest and strongest 

tendon in the human body, and most of its injuries are 

sports related.[1] Clinical Achilles examination is con-

founded by plantar flexion compensation from the poste-

rior tibial, peroneal, and plantar muscles.[2] Both ultra-
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sonography and magnetic resonance imaging can diag-

nose and monitor Achilles injuries accurately.[3-7] Ultra-

sonography is a non-ionizing imaging tool that has 

proven itself ideal for assessment of pathological muscle 

and tendon conditions, such as Achilles rupture.[8-10] It has 

many advantages, including real-time imaging, conven-

ience, cost-effectiveness and dynamic viewing, making it 

the most popular assessment tool for Achilles injuries.[9,11]  

    Ultrasonography has been used to evaluate Achilles 

tendons after surgical repair.[12] Sonographic findings 

have been shown to be in line with histological evalua-

tions.[9] The authors of that study suggested that ultra-

sound would prove importance in Achilles assessment. 

Some studies have shown that decreased tendon gliding 

and echogenic changes correlate with clinical outcomes. 

However, Rupp et al., examined 60 patients that under-

went Achilles surgery and found poor correlation between 

sonography and clinical outcome.[4] This study attempts 

to define the sonographic images of surgically repaired 

Achilles tendons and clarify their relationships with 

clinical outcomes. 
 

  MATERIALS AND METHODS   
 

    Ten patients (3 men and 7 women) with complete 

Achilles tendon ruptures (all sports related) that had been 

surgically repaired were retrospectively enrolled in this 

study. All were treated by the same orthopedic surgeon at 

a University Hospital (from Jan. 1990 to Sep. 2000). 

Subjects had a mean age of 47.2 years (range: 22-66). 

Injuries were seven lefts and three rights. All patients 

underwent medial paratenon tendon repair. End-to-end 

running sutures with number one Dexons were performed. 

Short leg casts in 20 degree equinus positions of the ankle 

joints were applied immediately after surgery and re-

mained on for two weeks. They were then changed to 

casts that positioned the ankles neutrally that remained 

for four weeks. Patients with bilateral injuries, open 

wounds or infections were excluded. No subjects suffered 

from further Achilles trauma.  

    Sonography was performed using a 10 MHz real-time 

linear-array transducer (HDI 5000; Advanced Technology 

Laboratories, Bothell, WA, USA). All examinations were 

performed by the same experienced sonographer. Patients 

were examined in the prone position with the feet hanging 

over the edge of the scanning table. All sonographic 

examinations and measurements were performed with 

ankles in the neutral position (Figure 1). Continuity, 

anterior-posterior diameter and echogenicity were re-

corded. Achilles vascularity was quantitatively evaluated 

by power Doppler. Repaired tendon mobility was as-

sessed by dynamic study. Opposite Achilles tendons were 

examined as controls. 

    Examination began with a longitudinal scan for the 

control and then the repaired tendons. Achilles tendon 

continuity was also checked. If there was a focal 

hypoechoic area within the tendon, its area was measured. 

Echogenicity was then determined, with focus on local 

hypoechoic areas. Anterior-posterior diameter was measured 

at 1, 2, 3 and 4 cm proximity to the tendon’s calcaneal 

insertion. Vascularity was determined at 85% gain in the 

power Doppler mode. The transverse view was scanned at 

the calcaneal insertion level. Dynamic longitudinal study 

was performed to assess motion and gliding conditions 

for the repaired tendons with passive movement of the 

ankle joint and isometric contraction of the calf muscle. 

Gliding characteristics between the Achilles tendon and the 

surrounding tissue were rated good when the tendon 

moved alone during passive ankle motion and rated limited 

when the surrounding tissue moved with the tendon. Simple 

finding scores (Table 1) were used to evaluate the clinical 

outcome. Any pain sensations reported when patients tiptoed 

(repeated five times) with one standing leg, stretched the 

ankle, compressed the Achilles tendon, did daily activities, 

or returned to sports, were noted. Each item of pain 

counted as one point. A 0-5 scale indicated excellent, very 

good, good, fair, poor, and very poor clinical outcome. 

According to simple finding scores of clinical outcome, 

the subjects were divided into asymptomatic group (0 

scale) and symptomatic group (1-5 scale). 

    Wilcoxon rank sum test was used to evaluate diame-

ter differences between the repaired and control tendons. 

Fisher’s exact test was used to correlate clinical outcome 

with static sonographic morphology of diameter and 

echogenicity (p < .05). Fisher’s exact test was also used 

to determine correlation between clinical outcome and 

dynamic sonographic gliding characteristics (p < .05). 
 

  RESULTS   
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    The average post-surgical duration was 6.0 years (range: 

2.1-12.1). All repaired tendons had good continuity. How-

ever, focal hypoechogenic areas were detected in 4 subjects 

(Figure 2), but neither calcification spots nor focal hypere-

chogenic areas were found. Anterior-posterior diameters of 

the repaired tendons at 1, 2, 3 and 4 cm, proximal to the 

calcaneus bone, were 7.93±1.75, 8.60±2.21, 8.69±2.09, 

8.69±2.08mm, respectively. Control diameters were 4.92±

0.88, 4.85±0.56, 4.96±0.50 and 4.86±0.67mm, and all 

were significantly thinner than the repaired tendons (p<0.01, 

Table 2). Nine subjects had decreased general echogenicity 

(Figure 3), and none had increased vascularity. One 

female had almost the same sonography on both sides 

(Figure 4). She also had good gliding characteristics, 

while the others nine had limited gliding.  

    Clinical outcomes were excellent for 4 patients, very 

good for 4, and good in 2. There was no correlation 

between clinical outcome and ultrasound morphology 

(p=0.4). Moreover, there was still no correlation between 

clinical outcome and gilding characteristics (p=0.4). 

 

 

Table 1.  Simple finding score of subjects 

 Induce pain Not induced pain 

Tiptoe with one leg standing for five times 1 0 

Stretch the ankle 1 0 

Compress the Achilles tendon 1 0 

Do daily activity 1 0 

Return to sport 1 0 

Score: excellent - 0 point, very good -1 point, good - 2 points, fair - 3 points, poor - 4 points, very poor -5 points 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 (A) (B) 

Figure 1. (A) Examination of the Achilles tendon: patients were 
placed in prone position with a goniometer to keep the 
ankle in a neutral position. (B) Illustration of Achilles 
tendon: the anterior-posterior diameter was measured at 
1, 2, 3 and 4 cm (arrows) proximal to the tendon inser-
tion of calcaneus (arrowhead). 

 

Figure 2. Repaired Achilles tendon 
(between calipers) had good 
continuity of Achilles ten-
don with focal hypoechoic 
area (arrows). 
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Table 2. The anterior-posterior diameter of the repaired Achilles tendon at 1cm, 2cm, 3cm, and 4cm proxi-
mally to the calcaneus bone 

Proximal to calcaneous bone Control group Operative group p value by Wilcoxon test 

1cm  4.92±0.88 7.93±1.75 0.007 

2cm  4.85±0.56 8.60±2.21 0.005 

3cm  4.96±0.50 8.69±2.09 0.005 

4cm  4.86±0.67 8.69±2.08 0.005 

Average 4.90±0.54 8.48±1.96 0.005 

 

   

Figure 3. Repaired Achilles tendon: increased thickness of anterior-posterior diameter and generally reduced 
echogenicity. Calipers indicate the measurement of the tendon thickness. 

 

Figure 4. Left repaired Achilles tendon (between calipers) of the patient who started physical therapy    
two weeks after repair, with almost normal pictures when compared to sound side. 
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  DISCUSSION   
 

    Results show that decreased echogenicity and 

increased thickness remain for at least two years for 

repaired Achilles tendons, which is in line with most 

previous reports.[4,5,13] Mean anterior-posterior diameters 

for normal Achilles tendons have been reported no greater 

than 6mm, with echogenic texture, while repaired Achil-

les tendon are greater than 6.5mm, with intervening 

hypoechogenic areas.[14-16] One biopsy specimen report 

demonstrated that repaired Achilles tendon have abnor-

mal fiber structure, decreased collagen staining, increased 

non-collagenous extracellular matrix and focal variations 

in cellularity.[17] Martinoli et al., also found that repaired 

Achilles tendons showed a disorganized pattern of soft 

tissue and loss of fibrillar tendon structure pattern at 18 

months after surgery.[13] This would explain the 

long-lasting echogenic alterations seen in this study. 

Furthermore, the increased thickness and ill-defined 

demarcation of the paratenon implies that scar tissue 

modification is not complete, even after many years. 

    The study showed no increased vascularity in the 

repaired Achilles tendons. Normally, the tendon injury 

healing process has three phases, with the first being 

angiogenesis with acute inflammation (1 to 7 days after 

injury), followed by proliferation with scar formation (7 

to 21 days) and maturation and remodeling (three weeks 

to 1+years).[18] Each stage requires adequate blood supply 

for delivery and removal of cells and metabolic substrates 

at the injury site.[19] Vascular regression continues as the 

scar matures, and a fibrous, avascular scar will eventually 

form.[20]  

    Power Doppler ultrasound is an accurate microvasular-

ity assessment tool.[15,16] Normal tendon blood flow cannot 

be visualized by Doppler due to the relatively low flow rate. 

However, newer vessels with higher flow rates can be 

visualized during the healing process.[21,22] Stephen et al., 

reported that an initial high flow state may exist within and 

around repaired tendons, and the total blood flow amount 

consistently and predictably decreases with time. That study 

concluded that vascular response may implicate the process 

of tendon healing.[23] The increased vascularity showed by 

power Doppler indicated a possible healing progress of 

repaired tendon, and persisted until avascular scar forma-

tion. However, patients in our study had no increased vascu-

larity at 2 years after surgery. Healing may have been 

complete. Increased vascularity might indicate re-injury.  

    Nine of our ten subjects had poor gliding. Peritendinous 

adhesion has already been shown to be the major postopera-

tive complication associated with tendon healing.[24] Scar 

formation provides initial physical continuity at the repair 

site, but scar proliferation attachment to surrounding tissue is 

not expected. Adhesion, formed by accumulated scar tissue 

around the repair site, interferes with tendon gliding.[25] Thus, 

scar formation control is essential to restoring tendon integ-

rity. The only case in this study with nearly normal sono-

graphic findings and good mobility of the Achilles tendon is 

a sprinter at the international level. She received early 

intensive rehabilitation two weeks after surgery and a 

well-tailored physical therapy program afterwards. After 

repair, she returned to her sport and performed well. Previ-

ous studies have shown that early functional rehabilitation 

has minor postoperative complications without increasing 

re-rupture or infection rates while increasing tendon density 

values, tensile strength, adhesion absence and patient satis-

faction.[26,27] In addition, Weigl et al., found that early mobi-

lization of the repaired tendon can enhance healing.[11] They 

used sonography to define the Achilles healing stages after 

tendomuscular lengthening in children with cerebral palsy 

and concluded that the healing process lasted for months, 

even years, and that early mobilization could improve 

tendon healing and shorten its duration. Nevertheless, other 

prognostic factors interfered with functional outcome, and 

further study may be done. 

    This study shows good functional recovery for all 

the repaired Achilles tendons although most of them had 

abnormal sonographic pictures. Many studies reported 

sonograms of repaired Achilles tendons showed changes 

of echogenicity and thickness. However, there are argu-

ments for the values of ultrasonographic findings to 

predict the clinical outcomes. One study has indicated 

that ultrasonography effectively predicts clinical outcome 

for repaired Achilles tendons.[9] Our results are to the 

contrary, which is in line with most studies.[3,4,6,28,29] This 

supported that sonographic findings of repaired tendon 

were poorly correlated with clinical outcomes. 
 

  CONCLUSION   
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    Ultrasonography can reveal long lasting morpho-

logical changes to repaired Achilles tendons. However, 

ultrasonographic features do not correlate with clinical 

outcome. 
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手術修復後阿基里氏腱超音波影像之臨床應用 
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    目的：高頻超音波在診斷阿基里氏腱斷裂具有相當高的準確度，理論上應該可用以評估手術修補後

阿基里氏腱癒合的情形。本研究欲探討手術修補後阿基里氏腱的超音波表現與臨床表現的相關性。 

    材料與方法：本研究共收集民國 79年 1月至 89年 9月因運動傷害導致單側阿基里氏腱斷裂，而於

台大醫院接受手術修補的患者 10人（3位男性，7位女性；平均年齡：47.2歲，年齡範圍：22-66歲），

以超音波作為追蹤工具（平均追蹤時間：6.0 年，追蹤時間範圍： 2.1-12.1 年），所有患者於接受超音

波檢查追蹤時的阿基里氏腱功能良好。使用的超音波檢查儀器為 HDI 5000 (Advanced Technology Labo-

ratories, Bothell, WA, USA)，並利用 10MHz線性排列探頭(linear array transducer)來量測術後阿基里氏腱

的連續性、厚度、回音度、血液灌流、及肌腱活動度。所有患者以手術對側的阿基里氏腱作為對照組。 

    結果：10位患者修補後阿基里氏腱於超音波圖像顯示具有良好的連續性，且皆無血液灌流增加的情

形；其中有 4位患者存在局部低回音的間隙。共有 9位患者術後阿基里氏腱的厚度均較健側來的厚（平

均值±標準差，實驗組：8.48±1.96mm，對照組：4.90±0.54mm，P< 0.001），且回音度均較健側低；僅有

一位患者的超音波表現幾乎與健側完全相同。所有患者阿基里氏腱都具有極佳的臨床性能。 

    結論：手術修補後阿基里氏腱的型態變化可持續數年，但其超音波的表現與臨床表現並無明顯相關

性。（台灣復健醫誌 2008；36(1)：23 - 30） 

 

關鍵字：超音波(ultrasonography)，阿基里氏腱(Achilles tendon)，手術(surgery) 
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