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Abstract
Aim of the study: Reliable assessment of Achilles tendon structure (architecture and morphol-
ogy) may help prevent clinical symptoms or progression of Achilles tendinopathy. The objec-
tive of this study was to determine the interrater reliability of musculoskeletal ultrasonography 
for the assessment of the mid-portion of the Achilles tendon: (1) structure, (2) anteroposterior 
diameter and (3) neovascularization, in asymptomatic military personnel. Material and meth-
ods: Two sonographers acquired B-mode images of the Achilles tendon mid-portion in 74 
volunteers (148 tendons) in short-axis and long-axis planes to assess its structure and measure 
the maximum anteroposterior diameter. Power Doppler ultrasound was performed to assess 
neovascularization. Tendon structure and neovascularization were graded using a modified 
four-graded Öhberg score. Results: Weighted kappa for assessing tendon structure showed 
almost perfect agreement (0.87; 95% CI: 0.79, 0.95). Spearman’s rho showed: a very high 
positive interobserver correlation for tendon structure (0.92; 95% CI: 0.89, 0.94), a very high 
positive interobserver correlation for the diameter measurement in the short-axis plane (0.91; 
95% CI: 0.87, 0.93) and a high positive interobserver correlation in the long-axis plane (0.87; 
95% CI: 0.83, 0.91). The Wilcoxon signed-rank test showed no significant differences between 
observers during diameter measurements (p value >0.05). Both sonographers reported absent 
neovascularization in all the subjects, resulting in overall Öhberg score of 0. Conclusions:  
(1) Interrater reliability of ultrasonography for grading the mid-portion Achilles tendon struc-
ture shows almost perfect agreement, and (2) ultrasonography is highly reliable in measuring 
the anteroposterior diameter. (3) In a large group of asymptomatic service members neovas-
cularization of the Achilles tendon is consistently absent. 
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Introduction

Achilles tendinopathy is a condition that is clinically 
characterized by pain, swelling and impaired function, 
typically related to sports or exercise overuse(1,2). The aver-
age age at the first presentation is 43 years(3). However, 
in highly active subjects, tendinopathy can occur at a 
younger age(4). Achilles tendon disorders are common 
in military personnel. Individuals who are overweight, 
report moderate alcohol use and those with a prior diag-
nosis of tendinopathy are at higher risk for developing 
pathology(5). 

Although Achilles tendinopathy incorporates elements of 
the inflammatory response, it is generally considered to 
represent a degenerative condition(6,7). Degenerative ten-
don abnormalities are common in asymptomatic individu-
als above the age of 35 years(8). In sporting populations, 
they have been identified in up to 59% of asymptomatic 
athletes(7). Such tendon changes are predictive of future 
symptomatic tendinopathy, with at least a sevenfold 
increased risk(7).

Musculoskeletal ultrasonography (MSU) is currently able 
to detect early changes in tendon structure (architecture 
and morphology) due to its excellent spatial resolution(9). 
MSU-based assessment of the Achilles tendon can help 
in making a diagnosis or defining treatment strategy. It 
may also identify individuals at risk for Achilles tendi-
nopathy and allow preventative programs to be imple-
mented(7). The department of sports medicine of the 
Royal Netherlands Armed Forces is exploring all options 
to predict and reduce dropout from military training due 
to injuries. Therefore, we sought to determine the inter-
rater reliability of MSU for assessing the mid-portion 
Achilles tendon: (1) structure (2) anteroposterior diam-
eter and (3) neovascularization, in a cohort of asymp-
tomatic service members. 

Material and methods

This cross-sectional study was approved by the ethics 
committee METC Brabant, Tilburg, the Netherlands 
(approval number NW2018-72) and by the Joint Health 
Care Division of the Ministry of Defence. All partici-
pants provided written informed consent before par-
ticipation. Sample size calculation was performed 
according to recently published guidelines(11). Based on 
a default α of .05 and statistical power (1-β) of .80, a 
sample size of 74 subjects was calculated. In January 
and February 2019, asymptomatic service members 
were recruited from an infantry unit in the Royal 
Netherlands Army. Men and women in the age range of 
18–58 years were eligible for inclusion. The exclusion 
criteria were: (1) an episode of Achilles tendinopathy 
within the last 12 months, (2) prior Achilles tendon sur-
gery, (3) rheumatoid arthritis, diabetes mellitus, psoria-
sis or spondyloarthropathy, and (4) recent or current 
(at the time of recruitment to the study) use of statins, 
fluoroquinolones or corticosteroids(12).

Grayscale MSU and power Doppler ultrasound (PDU) 
examinations were performed (Philips CX50, Philips, 
Eindhoven, the Netherlands) and measurements were 
obtained with an L12-3 MHz broadband linear-array 
transducer. The machine settings for MSU and PDU 
were standardized. A week before performing the mea-
surements in the study participants, both sonographers 
(two physical therapists, MSc in MSU, with at least 
5 years of experience) defined and agreed standard-
ized consistent settings and practiced on a volunteer. 
All studies were performed independently by the two 
sonographers, blinded to each other’s measurements to 
prevent review bias.

Short axis views followed by long axis views of the mid-
portion of the Achilles tendon were acquired according 
to the “Musculoskeletal Ultrasound Technical Guidelines 
VI. Ankle”, published online by the European Society of 
Musculoskeletal Radiology (ESSR)(13).

To minimize observer bias, both tendon structure and 
neovascularization were graded using the modified four-
graded Öhberg score (Tab. 1)(10). 

All investigations started with grading tendon structure 
while subjects were lying prone on the examination 
table with the ankle joints flexed at 90°. The transducer 
was placed as perpendicular as possible, with a uniform 
layer of gel applied to minimize anisotropy artifacts 
and to standardize the scanning technique. The maxi-
mum anteroposterior Achilles tendon diameter was 
measured in the Achilles tendon mid-portion, located 
2–6 centimeters proximal to the superior border of the 
calcaneus. At first the thickest part of the tendon was 
determined in short axis views. Subsequently, this part 
of the tendon was scanned longitudinally, and the diam-
eter was measured in this plane. After the dimensional 
measures were completed, the participants were asked 
to relax the foot for assessment of neovascularization. 
Transducer pressure was as minimal as possible for this 
assessment. For calculating percentages of structural 
abnormalities, a tendon was considered structurally 
abnormal if one of the two sonographers graded it as 
Öhberg score 1–3.

The statistical analysis was performed using MedCalc® 
statistics (version 18.11.3). The Kolmogorov-Smirnov 
test was used to assess the normality of data(14). Ordinal 
data (Öhberg scores for tendon structure) and ratio data 
(anteroposterior Achilles tendon diameter) were not nor-
mally distributed. Non-parametric tests were therefore 
chosen to assess the interrater reliability and differences 
between paired samples. The Spearman’s rank correla-
tion coefficient (Spearman`s rho: ρ) was used to calcu-
late the correlation between raters in assessing Achilles 
tendon structure and measuring the anteroposterior ten-
don diameter(15). Interrater reliability for evaluation of 
the Achilles tendon structure was calculated as weighted 
Kappa-coefficient (kw)(16). The Wilcoxon signed-rank test 
was applied to evaluate quantitative differences between 
sonographers in measuring the tendon diameter. 
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asymptomatic service members of 35 years and older. In 
this age group (27 participants, 54 tendons), 18 Achilles 
tendons (33.3%) were considered abnormal. Bilateral 
Achilles abnormalities were present in 9 out of 74 par-
ticipants (12%).

Both sonographers reported that none of the service 
members showed signs of Achilles tendon neovascular-
ization on PDU, resulting in overall Öhberg scores of 0. 
The distribution of the pattern of the observed Achilles 
tendon structure is presented in Table 3. Measurements of 
the Achilles tendon anteroposterior diameter are shown 
in Table 4. 

Weighted Kappa for assessing the Achilles tendon struc-
ture showed almost perfect agreement (kw 0.87; 95% 
CI: 0.79, 0.95). Spearman’s rho showed: (1) a very high 
positive interobserver correlation for Achilles tendon 
structure (ρ 0.92; 95% CI: 0.89, 0.94), (2) a very high 
positive interobserver correlation for the anteropos-
terior diameter measurement in the short-axis plane 
(ρ 0.91; 95% CI: 0.87, 0.93) and (3) a high positive cor-
relation in the LA plane (ρ 0.87; 95% CI: 0.83, 0.91). 
The Wilcoxon signed-rank test showed no significant 
differences (= p-value >0.05) between the observers for 
both long-axis (p = 0.073) and short-axis (p = 0.189) 
measurements. 

The Bland-Altman plot graphically visualizes the differ-
ences between observers 1 and 2 in measuring the short-
axis Achilles tendon diameter (Fig. 1) and long-axis tendon 
diameter (Fig. 2). The paired differences are plotted against 
the mean difference for both observers. The mean differ-
ence between observers was -0.004 cm (95% CI: -0.009, 
0.001) for measuring the short-axis tendon diameter and 
0.003 cm (95% CI: -0.002, 0.008) for the long-axis tendon 
diameter. 

Discussion

Asymptomatic Achilles tendon abnormalities are predic-
tive of future symptomatic tendinopathy(7). MSU assess-
ment of tendon structure may help prevent clinical symp-
toms by identifying high-risk individuals, and allowing 
preventative interventions to be implemented(7). Our 
results demonstrate that in asymptomatic service mem-
bers, MSU shows almost perfect agreement and a very 
high interobserver correlation in grading Achilles tendon 
structure using the Öhberg score. These results differ 
from Sunding et al.(10), who reported a poor to moderate 

Bland-Altman plots were constructed to represent the 
interrater agreement(17). 

Results

Seventy-four infantry soldiers (all men) were included 
in the study. Demographic data are presented in Table 
2. In total, 148 tendons (74 participants) were evaluated 
of which 28 tendons (18.9%) showed signs of degenera-
tion, and were subsequently graded as abnormal (Öhberg 
score 1 or more). In participants under the age of 35 years 
(47 participants, 94 tendons), 10 tendons (11%) were 
graded as abnormal. Most abnormalities were seen in 

Öhberg score for Achilles tendon structure Öhberg score for neovascularization
0 Normal structure (homogeneous echogenicity) No neovascularization
1 Light structural changes (discrete hypoechogenic areas) Mild neovascularization (a few solitary blood vessels)

2 Moderate structural changes  
(some well-defined hypoechogenic areas)

Moderate neovascularization  
(moderate quantity, most transversal blood vessels)

3 Severe structural changes (extended hypoechogenic areas) Severe neovascularization (several, mostly horizontal blood vessels 
spread in the whole depth of the tendon)

Tab. 1.  The modified four-graded Öhberg score for Achilles tendon structure and neovascularization10

Mean* Range

Age (years) 33 ± 11.7 18–59

Height (cm) 183 ± 6.2 164–199

Weight (kg) 85 ± 10.7 63–120

BMI 25.4 ± 2,3 21–31

* Values are mean ± SD

n – number of participants; BMI – body mass index

Tab. 2.  Demographics (n = 74, 148 Achilles tendons)

Observer 1 Observer 2
Öhberg 
score

Tendons 
(n =)

% of 148 
tendons

Tendons 
(n =)

% of 148 
tendons

0 120 81.1 124 83.8
1 23 15.5 18 12.2
2 3 1.4 6 4.1
3 2 1.4 0 0.0
Total 148 100 148 100
n – number of tendons

Tab. 3.  The distribution of the pattern of the Achilles tendon struc-
ture for two observers using the Öhberg score (n = 74, 148 
Achilles tendons)

Short axis Long axis
Thickness 

(mm)  
Mean*

Range (mm)
Min–Max

Thickness 
(mm)  

Mean*

Range (mm)
Min–Max

Observer 1 5.0 (4.9, 5.2) 3.7–10.6 5.0 (4.8, 5.2) 3.5–11.4
Observer 2 5.1 (4.9, 5.2) 3.7–10.9 5.0 (4.8, 5.1) 3.2–11.1
Combined 5.1 (4.9, 5.2) 3.7–10.9 5.0 (4.9, 5.1) 3.2–11.4
*Values in parentheses are 95% confidence interval

Tab. 4.  MSU measurements of the Achilles tendon anteroposterior 
diameter (n = 74, 148 Achilles tendons)
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interobserver reliability and a weak to moderate interob-
server correlation for grading Achilles tendon struc-
ture(10). The different findings of these two studies may 
be attributed to different study populations. We evaluated 
a cohort of asymptomatic participants, while Sunding et 
al.(10) recruited both symptomatic and asymptomatic indi-
viduals. A larger variation in tendon architecture among 
the symptomatic participants could have contributed to 
the lower interobserver agreement and correlation. Most 
Achilles tendons in our study were graded with Öhberg 
scores 0 and 1, whilst Öhberg scores 2 and 3 were found 
to be rare (Tab. 3). 

Furthermore, in our study both sonographers were equally 
experienced, while Sunding et al.(10) used observers with 
different experience levels. 

We also found a very high positive correlation for mea-
suring Achilles tendon anteroposterior diameter in the 
short-axis plane and a high positive correlation in the 
long-axis plane. These findings are consistent with previ-
ous studies(10,18). 

Almost 19% of all asymptomatic Achilles tendons exam-
ined in our study showed degenerative signs on MSU. 
In contrast, Nicol et al.(19) reported a much higher 
prevalence of degenerative Achilles tendon changes in 
asymptomatic service members of the British Armed 
Forces: 59% of all asymptomatic Achilles tendons exhib-
ited ultrasonographic signs of degeneration. Different 
inclusion and exclusion criteria for service members 
to participate may explain the large difference in the 
prevalence between both studies. In our study, individu-
als who experienced an episode of Achilles tendinopa-
thy within the last 12 months were excluded, while the 

British authors allowed subjects with a recent episode of 
Achilles tendinopathy when free of symptoms for at least 
four weeks. Tendon degeneration on MSU appears to be 
more common in service members with a prior history of 
symptomatic Achilles tendinopathy(19), which most likely 
has contributed to the higher percentage of abnormal 
tendons in their study. Furthermore, Nicol et al.(19) did 
not mention excluding service members on the basis of 
various disorders or medication use, while both these 
factors are known to cause tendon degeneration(12). This 
can also account for the higher prevalence of abnormal 
Achilles tendons in their study.

Achilles tendinopathy is often associated with neovascu-
larization, but the clinical significance is somewhat con-
tested(20–22). It is assumed that asymptomatic tendons show 
no signs of neovascularization on PDU, although some 
studies suggest the opposite(23,24). In contrast, patients with 
symptomatic tendinopathy do not always exhibit signs of 
neovascularization on PDU(22). In our current study, we did 
not observe neovascularization in any of the 148 asymp-
tomatic Achilles tendons examined. From this we may con-
clude that this phenomenon is possibly limited to patho-
logical tendons.

During the assessment of Achilles tendon diameter, we 
frequently observed that the thickest part of the Achilles 
tendon mid-portion was often the location where the plan-
taris tendon inserted on the Achilles tendon. The plantaris 
tendon is reported to be present in 92–94% of individu-
als(25). In most cases, it inserts into the medial border of 
the mid-portion Achilles tendon, while in 6–8% of individ-
uals the tendon inserts into the flexor retinaculum(25). In 
our study we observed subjects in whom the plantaris ten-
don was not present or visible. We also evaluated subjects 

Fig. 1.  The Bland-Altman plot graphically visualizes the differences 
between observers 1 and 2 in measuring the Achilles tendon 
short-axis diameter. The paired differences are plotted against 
the mean difference for both observers (solid horizontal black 
line). The two broken red lines represent the upper and lower 
95% limit of agreement (LOA). The mean difference between 
observers was -0.004 cm (95% CI: -0.009, 0.001), the lower 
LOA was -0.066 cm (95% CI: -0.075, -0.057) and the upper 
LOA was 0.058 cm (95% CI: 0.049, 0.067). SD – standard de-
viation; LOA – limits of agreement; CI – confidence interval

Fig. 2.  The Bland-Altman plot graphically visualizes the differences 
between observers 1 and 2 in measuring the Achilles tendon 
long-axis diameter. The paired differences are plotted against 
the mean difference for both observers (solid horizontal black 
line). The two broken red lines represent the upper and lower 
95% LOA. The mean difference between observers was 0.003 cm  
(95% CI: -0.002, 0.008), the lower LOA was -0.06 cm (95% CI: 
-0.07, -0.05) and the upper LOA was 0.07 cm (95% CI: 0.06, 
0.08). SD – standard deviation; LOA – limits of agreement; 
CI – confidence interval
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population, Owens et al.(5) found no evidence that gender 
might be a risk factor for mid-portion Achilles tendinopa-
thy; however, there is conflicting evidence regarding its 
significance in the general population.

Our high reliability scores may not be applicable to 
the assessment of moderate or severe Achilles tendon 
changes, as these changes were rare in our study popu-
lation (Tab. 3). Discriminating normal tendons (Fig. 3 
and Fig. 4) from abnormal tendons may be easier than 
judging whether a specific Achilles tendon shows mod-
erate or severe signs of degeneration (Fig. 5 and Fig. 6). 
Most tendon abnormalities occurred in service members 
of 35 years and older, as previously reported in the litera-
ture(8). Increasing the minimum age for inclusion to 35 
years, could result in finding more moderate or severe 
Achilles tendon abnormalities. 

with visible plantaris tendons, in whom it was sometimes 
difficult to distinguish the plantaris tendon from the bor-
ders of the Achilles tendon. Therefore, when quantifying 
or comparing Achilles tendon diameter, sonographers 
should consider the locoregional anatomy, including the 
presence or absence of the plantaris tendon.

This study has several limitations. First, the absolute size 
of the anteroposterior tendon measurements may be an 
overestimation, since the tendon borders of the plantaris 
tendon and Achilles tendon were not always discernable 
on MSU.

Second, our study results may be limited to the male gen-
der because we were not able to recruit any female volun-
teers. In the unit where we recruited participants, only 8 
out of 440 service members were women. In the military 

Fig. 3.  MSU image of a volunteer with Öhberg score 0, short-axis 
view (++ anterior and posterior border of the Achilles ten-
don). The tendon structure was graded as normal with ho-
mogeneous echogenicity

Fig. 4.  MSU image of a volunteer with Öhberg score 0, long-axis 
view (++ anterior and posterior border of the Achilles ten-
don). The tendon structure was graded as normal with ho-
mogeneous echogenicity

Fig. 5.  Short-axis view of an MSU image in which observer 1 graded 
the Öhberg score as 3, while observer 2 graded the Öhberg score 
as 2 (++ anterior and posterior border of the Achilles tendon). 
Discriminating severe structural changes (extended hypoechoge-
nic areas) from moderate structural changes (some well-defined 
hypoechogenic areas) turned out to be difficult in this subject

Fig. 6.  Long axis view of an MSU image in which observer 1 graded 
the Öhberg score as 3, while observer 2 graded the Öhberg 
score as 2. Discriminating severe structural changes (exten-
ded hypoechogenic areas) from moderate structural changes 
(some well-defined hypoechogenic areas) turned out to be dif-
ficult in this subject
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Conclusion

In asymptomatic individuals, MSU is highly reliable for 
grading mid-portion Achilles tendon structure and mea-
suring anteroposterior tendon diameter. The absence of 
neovascularization in our asymptomatic population sug-
gests that this phenomenon may be limited to pathologi-
cal Achilles tendons. Caution should be warranted when 
generalizing our reliability results to individuals with 
symptomatic or severe Achilles tendon changes, as these 
changes appear to be more difficult to grade. 
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