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ABSTRACT  Background: In recent years, treatment for Achilles tendon 

rupture (ATR) went through radical changes: from the conser-

vative non-weight bearing approach to a functional protocol. 

This functional protocol allows complete weight bearing after 

only 2 weeks by placing the foot in a plastic boot in tapered 

down equines and using interchangeable wedges under the 

heel. This change of approach has dramatically lowered the 

rate of re-rupture.

  Objectives: To describe our preliminary results with this func-

tional protocol and to assess outcome measures in the func-

tional conservative treatment. 

  Methods: The study comprised 15 people who were evaluated 

clinically and by sonograph. We measured calf circumference, 

ankle joint range of motion (ROM), and single-leg heel-rise test 

(SLHRT). In addition, standard scoring methods (Achilles Ten-

don Rupture Score and Physical Activity Scale) were examined. 

  Results: In our cohort 14 people successfully gained SLHRT. 

The mean Achilles Tendon Rupture Score functional question-

naire and Physical Activity Scale physical activity question-

naire score was 85.6 of 100, and 4.7 of 6, respectively. There 

were no significant differences in ankle ROM compared to the 

uninjured limb. There was statistically significant reduction 

in the calf circumference and soleus muscle thickness sono-

graphically.

  Conclusions: It seems that the conservative functional treat-

ment of ATR demonstrates good functional outcomes, with the 

patients returning to close to normal activity, although noted 

muscle wasting and weakness. This protocol presents a true 

alternative to surgery and should be considered for most 

non-insertional Achilles tendon tears. 
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The Achilles tendon is the thickest and strongest tendon in the 
body and the most common to tear [1]. An Achilles tendon 

rupture (ATR) is a significant injury, which can lead to signif-
icant impairment of function. Recovery lasts from 6 months to 
2 years after the injury, and in most cases there is no return to 
full activity [2,3]. In professional athletes, the rate of return to 

pre-injury performance is estimated at only 50–60% [4]. The 
rate of ATRs ranges from 5.5–18 per 100,000 people, and has 
been rising in recent decades [5-8].

ATR diagnosis is made primarily on the basis of history and 
physical examination. Although the diagnosis is mainly clinical, 
imaging modalities such as ultrasound and magnetic resonance 
imaging (MRI) are used to confirm the diagnosis, to distinguish 
between partial or full rupture, and to estimate the gap between 
the tear edges [9-11].

The preferred treatment for acute Achilles tendon used to 
be surgical by suturing the tendon [12, 13]. Open and minimal 
invasive methods and different suturing methods were devel-
oped, and the most important outcome measure in treatment 
was the risk of re-rupture. Re-rupture, according to studies, was 
significantly lower in surgical treatment of all types compared 
to conservative treatment (< 3% vs. 10%–12% in conservative 
treatment) [1,2,14,15]. This resulted in a clear preference for 
the surgical option despite the significant surgical complications 
(up to 10% of all ATRs surgeries), including surgical site in-
fection, wound dehiscence, sural nerve injury, and a significant 
thickening of the tendon due to a particularly thick suture [1].

The traditional conservative approach, which was reserved for 
patients who were not fit for surgery, was based on holding the 
leg in a cast in extreme equinus position (thereby bringing the two 
sides of the torn tendon closer) for several weeks with no weight 
bearing. This approach caused discomfort among patients and, 
as noted, presented inferior results compared to surgery, both in 
terms of rate of re-rupture and in terms of satisfaction with treat-
ment and return to function. In recent years, following studies 
that have shown that early full weight bearing has achieved bet-
ter results than the traditional approach [2,14,16], changes have 
been made in the conservative approach, now called conservative 
functional therapy. This approach allows for full weight bearing 
after 2 weeks from the diagnosis of the rupture, while placing the 
foot in an equinus position by using a walking boot and four in-
terchangeable wedges under the heel (every 2 weeks one wedge is 
removed, thus less equinus is achieved gradually). In a survey that 
was made among orthopedic surgeons most of them still chose the 
traditional conservative treatment, whereas the use of functional 
conservative treatment was preferred by less than 10% of them 
[17]. We believe that this knowledge gap should be addressed.
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A large meta-analysis showed that in cases treated conser-
vatively while implementing functional rehabilitation proto-
cols with early range of motion (ROM), the re-rupture rate was 
not statistically different from the surgical treatment (1.7%) 
[1]. However, in a non-functional conservative treatment, the 
re-rupture rate was significantly higher (absolute risk reduction 
of 8.8% in favor of the surgical option). In addition to the risk 
of re-rupture, the difference in risk for other significant compli-
cations was 15.8% in favor of non-operative treatment (regard-
less of protocol type). In comparing the results of the treatment, 
the functional treatment showed similar results for the surgical 
treatment in terms of ROM, calves circumference, gross motor 
force (GMF), and functional results based on patient reports, 
where the only measure in which surgical treatment was prefer-
able was a quicker return to work (19.16 days earlier).

In recent years, functional conservative treatment has gained 
popularity, and many medical centers have adopted functional 
conservative protocols for most ruptures.

From this perspective, and given the many potential compli-
cations of the surgical treatment, and in view of the success of 
the functional treatment, in June 2013 our institution began to 
adopt a conservative approach and in fact suggested all the pa-
tients diagnosed with ATR the functional conservative treatment 
using a functional protocol. In this protocol [18] patients are 
treated with a non-weight bearing short leg cast in equinus for 
2 weeks, and then start using a full weight bearing, plastic boot 
with four interchangeable wedges under the heel [Figure 1]. The 
wedges are taken off gradually every 2 weeks. After 10 weeks, 
weight bearing with any shoe and one heel lift (one wedge) is 
allowed. After 22 weeks from the date of the injury, the patient 
is allowed to walk without any wedges.

The main purpose of this study was to describe our initial ex-
perience with the functional conservative treatment, which made 
a true difference in our department perspectives of ATRs, moving 
from a surgical for most cases, to a conservative approach.

PATIENTS AND METHODS

We conducted a retrospective study. Of 20 subjects treated with 
a functional approach who were found to be eligible for the 
study, 15 agreed to participate. Inclusion criteria were defined as 
patients who are 18 years old or older, treated by functional con-
servative treatment protocol with a sonographically diagnosed 
complete ATR during the study period. Patients with prior injury 
to the Achilles tendon, previous ankle injury such as a fracture 
or disability, or any kind of previous injury to the intact side or 
any disability on this side were not eligible. In addition, patients 
with muscular disease or who did not give informed consent 
were excluded from the study. Open traumatic tears and inser-
tional tears were also excluded.

The following data was collected: age, sex, injured side, 
mechanism of injury, leg dominance, and whether they expe-
rienced pain in the affected limb prior to injury. If noted in the 
patient’s medical note, the gap size and distance of the tear from 
the calcaneus were also collected.

The patients in the study participated in physical tests and mea-
sures. We measured the calf circumference 20 cm proximal to the 
edge of the medial malleolus in both extremities. We also asked the 
patients to perform single-leg heel-rise test (SLHRT) and measured 
ROM with the knee in flexion and in extension (Silfverskiold test).

To perform patient reported outcome measure (PROM), the 
participants completed two common questionnaires: Achilles 
Tendon Rupture Score (ATRS) and Physical Activity Scale (PAS) 
[2,19]. ATRS is a questionnaire measuring symptoms and return to 
function in a scale of 1 to 100, with a lower score expressing more 
symptoms and a greater limitation in physical activity. It con-
tains questions phrased as “Are you limited because of decreased 
strength in the calf?” and questions regarding symptoms such as 
fatigue, stiffness, and limitations of activities such as running and 

Table 1. Demographic and pre-injury data

Initial gap > 
1.5 cm, n (%)

Initial gap < 
1 cm, n (%)

Total, 
n (%)

5 (100%)7 (100%)15 (100%)Total

1 (25%)6 (86%)7 (46.6%)NoInjured 
during sport 3 (75%)1 (14%)8 (53.3%)Yes

1 (20%)1 (14%)2 (13%)Female
Gender

4 (80%)6 (86%)13 (87%)Male

3 (60%)3 (43%)7 (47%)< 51
Age

2 (40%)4 (57%)8 (53%)> 51

3 (60%)6 (86%)11 (73%)Left
Injury side

2 (40%)1 (14%)4 (27%)Right

2 (40%)6 (86%)10 (67%)NoDominant 
leg injury 3 (60%)1 (14%)5 (33%)Yes

3 (60%)5 (71%)11 (73%)NoPain before 
injury 1 (40%)2 (29%)4 (27%)Yes

Figure 1. A full weight bearing, plastic boot with four interchangeable 
wedges under the heel
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Table 2. Physical evaluation and questionnaires results 

 Soleus muscles 
difference (%)

Number Mean Median Standard deviation Minimum Maximum P value

Age (years)

Total 15 52.6 51.0 13.6 27.0 75.0

0.376< 26% 9 50.1 51.0 13.8 27.0 70.0

40+ 6 56.3 50.5 13.6 44.0 75.0

ATRS 
questionnaires

Total 15 85.6 91.0 11.5 66.0 100.0

0.554< 26% 9 87 93 12 70 100

40+ 6 84 86 12 66 97

PAS 
questionnaires

Total 15 4.7 5.0 1.5 1.0 6.0

0.621< 26% 9 4.3 5.0 1.9 1.0 6.0

40+ 6 5.2 5.0 0.4 5.0 6.0

Calf 
circumference - 
injured leg (cm)

Total 15 29.9 30.0 1.7 26.0 32.0

0.635< 26% 9 30.0 30.0 1.9 26.0 32.0

40+ 6 29.8 30.0 1.5 28.0 31.5

Calf 
circumference, 
healthy leg (cm)

Total 15 31.3 31.0 2.4 26.5 37.0

0.232< 26% 9 30.9 30.0 2.9 26.5 37.0

40+ 6 31.8 31.8 1.6 30.0 34.0

Calf 
circumference, 
difference (%)

Total 15 4.2 3.3 4.1 -1.6 13.5

0.018< 26% 9 2.6 1.9 4.5 -1.6 13.5

40+ 6 6.5 7.0 2.3 3.3 9.7

ROM at knee 
extension, 
injured leg (°)

Total 15 17.0 15.0 3.2 10.0 20.0

0.693< 26% 9 16.7 15.0 3.5 10.0 20.0

40+ 6 17.5 17.5 2.7 15.0 20.0

ROM at knee 
extension, 
healthy leg (°)

Total 15 17.7 20.0 3.2 10.0 20.0

0.586< 26% 9 17.2 20.0 3.6 10.0 20.0

40+ 6 18.3 20.0 2.6 15.0 20.0

ROM at knee 
extension, 
difference (%)

Total 15 3.3 0.0 8.8 0.0 25.0

0.765< 26% 9 2.8 0.0 8.3 0.0 25.0

40+ 6 4.2 0.0 10.2 0.0 25.0

ROM at knee 
flexion, injured 
leg (°)

Total 15 22.2 20.0 3.8 15.0 30.0

0.413< 26% 9 21.4 20.0 3.7 15.0 25.0

40+ 6 23.3 22.5 4.1 20.0 30.0

ROM at knee 
flexion, healthy 
leg (°)

Total 15 23.3 25.0 3.1 20.0 30.0

0.465< 26% 9 22.8 25.0 2.6 20.0 25.0

40+ 6 24.2 25.0 3.8 20.0 30.0

ROM at 
knee flexion, 
difference (%)

Total 15 4.9 0.0 10.2 0.0 28.0

0.674< 26% 9 5.9 0.0 11.7 0.0 28.0

40+ 6 3.3 0.0 8.2 0.0 20.0

ATRS = Achilles Tendon Rupture Score, PAS = Physical Activity Scale, ROM = range of motion
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jumping. It is a validated and reliable tool for estimation of symp-
toms and return to activity after Achilles tendon rupture [19]. PAS 
is a rating system measuring return to function, from 1 to 6, with 
grade 1 indicating "no exercise" and a score of 6 meaning "high 
physical activity several times a week". PAS is a general activity 
scale but it is commonly used, in addition to ATRS, as a tool to 
estimate return to activity after Achilles tendon rupture [20].

Last, the subjects underwent a sonogoraphic evaluation mea-
suring the following: remaining gap in the ruptured area (if pres-
ent), Achilles tendon width, Achilles tendon length, distance of 
the scar tissue from the musculotendinous junction and to its 
insertion to the calacaneus, and soleus muscle thickness in the 
healthy and injured side. We also performed a dynamic sonog-
raphy, with ankle in extreme dorsi and plantar flexion to test the 
ability of the tendon scar tissue to stretch.

Statistical analyses were performed using IBM Statistical Pack-
age for the Social Sciences statistics software, version 21 (SPSS, 
IBM Corp, Armonk, NY, USA). Patient characteristics and treat-

ment outcomes were described using descriptive statistics (per-
centages, averages, median, and standard deviation). Comparison 
of healthy limb and limb was conducted using a non-parametric 
test. Differences were considered statistically significant when the 
P < 0.05. The data was collected during the 12-month study period.

RESULTS

The study was comprised of 15 eligible individuals. Of those, 13 
(86.6%) were men and 2 (13.3%) were women, with an average 
age of 52.6 years. Eight individuals (53.3%) were injured during 
sports activity (4 in soccer, 2 in tennis, and 2 in basketball) and 
seven (46.6%) during routine daily activities. Most of the individ-
uals were injured in their left leg (73.3%), which was also their 
non-dominant leg (66.67%). Eleven patients (73.3%) did not ex-
perience pain or tenderness in the affected area before the injury, 
compared to 36.6% who reported previous discomfort or pain in 
the ruptured Achilles. In 12 (80%) of the 15 cases, the gap was 

Table 3. Sonography examinations results

 Soleus Muscles 
Difference (%)

Number Mean Median
Standard 
deviation

Minimum Maximum P value

Tendon thickening, 
injured leg (cm)

Total 15 1.2 1.1 0.2 0.9 1.6

0.113< 26% 9 1.2 1.2 0.2 1.0 1.6

40+ 6 1.1 1.0 0.1 0.9 1.3

Tendon length - 
injured leg (cm)

Total 15 12.0 12.0 1.9 7.9 14.0

0.401< 26% 9 12.5 13.0 1.4 10.0 14.0

40+ 6 11.3 11.0 2.4 7.9 14.0

Distance of the 
suspected area from 
the tendon insertion 
(cm)

Total 15 5.7 5.5 1.3 3.3 7.9

0.125< 26% 9 6.1 6.0 1.1 4.5 7.9

40+ 6 5.0 4.9 1.5 3.3 7.5

Distance from the 
musculotendinous 
junction (cm)

Total 13 3.3 3.5 2.7 0.0 8.5

0.614< 26% 7 3.0 3.4 3.2 0.0 8.5

40+ 6 3.6 3.5 2.2 1.2 7.2

Gap before treatment 
(cm)

Total 12 1.3 1.0 0.6 0.7 2.3

0.572< 26% 6 1.5 1.4 0.7 0.8 2.2

40+ 6 1.2 1.0 0.6 0.7 2.3

Soleus muscle width, 
injured leg (cm)

Total 15 0.9 0.9 0.2 0.5 1.3

0.042< 26% 9 1.0 1.1 0.2 0.7 1.3

40+ 6 0.8 0.8 0.2 0.5 0.9

Soleus muscle width, 
healthy leg (cm)

Total 15 1.3 1.3 0.3 0.7 1.7

0.074< 26% 9 1.2 1.2 0.3 0.7 1.4

40+ 6 1.4 1.5 0.3 0.9 1.7

Soleus muscles 
difference (%)

Total 15 25.0 25.0 20.3 0.000 53.8

0.001< 26% 9 10.4 7.7 10.0 0.0 25.0

40+ 6 46.9 45.8 5.6 40.0 53.8
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measured in the initial sonographic evaluation performed at diag-
nosis, with the average interval between the torn tendon margin 
being 1.3 ± 0.6 cm. In the remaining three cases (20%) the exact 
gap length was not determined due to difficulty in measurement 
due to tissue injury, hematoma, or local edema. Demographic and 
injury data are summarized in Table 1.The mean ± standard de-
viation follow-up period after completing the treatment protocol 
was 30 months [14].

The mean score of the subjects in the ATRS and PAS question-
naires was 85.6 ± 11.5 and 4.7 ± 1.5, respectively. The average calf 
circumference on the affected side was 29.9 ± 1.7 cm, with an av-
erage difference of 4.2 ± 1.6 cm less than the healthy side. A statis-
tically significant difference (P value = 0.03) was found in the calf 
circumference of the injured leg compared with the healthy leg. 

Ankle ROM (dorsiflexion) in full knee extension and 90 de-
grees flexion was 17.0° ± 3.2° and 22.2° ± 3.8°, with an average 
difference of 3.3° ± 8.8° and 4.9° ±10.2° less than the healthy 
ankle ROM, respectively. These differences are not statistically 
significant.

In the SLHRT, 14 patients (93.3%) were successful and one 
failed (6.6%).

The average width of the tendon on the injured side was 1.2 ± 0.2 
cm, and its average length was 12.0 ± 1.9 cm. The average distance of 
the rupture point from the tendon insertion was 5.7 ± 1.3 cm, and the 
average distance from the musculotendinous junction 3.3 ± 2.7 cm. 
In three cases (20%), chronic changes were detected at the location of 
the rupture which were demonstrated by the presence of focal fibrotic 
fullness in the ruptured area. The average thickness of the injured 
side soleus muscle was 0.9 ± 0.2 cm compared to 1.3 ± 0.3 cm at the 
healthy side muscle, with an average muscle wasting of 25.0% ± 20% 
compared to the healthy side. This result was statistically significant 
(P = 0.02). The results are summarized in Table 2 and Table 3.

DISCUSSION

Under this protocol, the patients achieved good functional re-
sults while avoiding surgical complications. Patients demon-
strated good satisfaction with the treatment, as expressed in 
high scores in the ATRS and PAS questionnaires, similar to a 
previous work [21].

However, there was a statistically significant reduction in the 
calf circumference of the injured leg compared to the healthy 
one, and soleus muscle wasting was found in the affected limbs. 

This work is intended to describe the initial experience of our 
department in the functional conservative treatment protocol for 
ATRs. The preliminary results are encouraging, but the small 
cohort of the study is one of its limitations.

CONCLUSIONS

A vigorous rehabilitation protocol to achieve prior limb circum-
ference and strength is as important as the treatment protocol 
itself for effective recovery after acute Achilles tendon rupture.
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