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Clinical outcomes of heel-elevating insole application in the
late phase of functional rehabilitation after Achilles tendon
rupture
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Background: The optimal treatment for Achilles tendon rupture has long been debated and is still subject to considerable controversy. Tendon elongation occurs during the first 6 months of recovery; during which, re-rupture or elongation
of an Achilles tendon that is not fully healed can occur. The current study reports the clinical results of the application of
heel-elevating insoles to both feet to prevent tendon elongation in the late phase of the rehabilitation process.
Methods: This study included 14 patients with acute or chronic Achilles tendon rupture who showed tendon elongation
in the rehabilitation phase. The mean follow-up duration was 12.9 months, and the mean age of the patients was 45.7
years. Out of 14 cases, 11 had acute rupture and 3 had chronic rupture. Heel-elevating insoles were applied in the 6th
month of rehabilitation. The clinical outcomes, including various patient-reported outcome measures, were evaluated.
Results: All patients could perform a single heel raise at the last follow-up. The side-to-side difference in maximal calf
circumference was 1.8 ± 1.2 cm. Of 4 cases in which tendon elongation was present in the initial rehabilitation phase in
which a brace was worn, 2 (2/14, 14.3%) had persistent elongation at the last follow-up. No wound complications or infections were observed after the surgery. The mean Achilles tendon Total Rupture Score, Foot Function Index, Foot and
Ankle Outcome Score, American Orthopaedic Foot and Ankle Society ankle-hindfoot score, and Visual Analogue Scale
for pain were 88.7 ± 6.9, 1.6% ± 1.8%, 94.4 ± 4.0, 96.6 ± 4.9, and 0.5 ± 0.5, respectively.
Conclusion: Good clinical results were demonstrated in patients who showed tendon elongation during the rehabilitation phase after Achilles tendon rupture. Heel-elevating insoles were applied in the late phase of the rehabilitation process, and may aid rehabilitation after Achilles tendon rupture.
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INTRODUCTION
The optimal treatment for Achilles tendon rupture has
long been debated and is still subject to considerable
controversy [1]. While surgery has traditionally been
considered as the primary mode of treatment, studies on
conservative treatments with early functional rehabilitation have shown only small differences in the rates of
re-rupture compared with surgery [2]. Regardless of the
treatment modality, it is difficult to restore calf muscle
strength to normal levels [3,4], which makes it difficult to
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conclude which treatment is superior in all aspects. Recently, the importance of initiating early functional rehabilitation, regardless of the treatment modality, has been
emphasized [5,6]. Early functional rehabilitation has been
reported to have a positive clinical association with early
return to previous activity levels, high patient satisfaction,
and functional improvement [7]. While the current rehabilitation protocol is very detailed for the first 3 months,
the subsequent phase lacks detailed recommendations
[2,8]. Moreover, even with surgical repair, tendon elongation occurs during the first 6 months of recovery [9];
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therefore, systematic follow-up is mandatory during this
period in order to obtain successful outcomes [10]. The
patient’s activity, which is allowed to perform with the affected foot, is gradually increased after the first 3 months
of rehabilitation. Various problems can occur during the
late phase of the rehabilitation process, including, tendon
re-rupture and elongation of incompletely healed tendons [10]. Therefore, in the current study, we report the
clinical course of cases in which heel-elevating insoles
were used on both feet to prevent tendon elongation. It
was hypothesized that patients who use heel-elevating
insoles will have a better clinical course.

METHODS
We enrolled a total of 14 patients (11 males and 3 females) who experienced acute or chronic Achilles tendon
rupture between January 2019 and March 2020, and who
were followed up for at least 6 months at Kyung Hee University Hosptal at Gangdong. All patients showed tendon
elongation in the rehabilitation phase. The mean followup period was 12.9 ± 3.6 months (range, 6–19 months)
and the mean age at the time of injury was 45.7 ± 14.8
years (range, 25–78 years). Classifying the study population by age, two patients were in their 20s, four in their
30s, one in his 40s, five in their 50s, one in his 60s, and
one in his 70s. Among the 14 cases, there were 11 cases of
acute rupture and 3 cases of chronic rupture. The treatment modality to be used in each case was determined
after an adequate explanation was provided to each
patient. Surgery was performed in 3 of the 11 cases of
acute rupture and in all cases of chronic rupture. We retrospectively analyzed the electronic medical data of each
patient with the approval of the Research Ethics Review
Committee (IRB No. 2020-09-036) of the institute, and the
informed consent was waived.

Operative procedures
The operative procedure for the repair of acute ruptures
was as follows: The patient was placed in the prone position and a midline longitudinal incision approximately 5
cm in length was made centering on the ruptured part;
the paratenon and mesotenon were then sequentially
dissected. The ruptured stump was prepped and repaired
using the Krackow method with PDSTMII #1 (polydioxanone) absorbable sutures (Ethicon, Somerville, NJ, USA),
and a circumferential suture was created using Monosyn®
2-0 sutures (Braun, Melsungen, Germany). The distal and
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proximal ends of the rupture were approximated, and
proper continuity of the tendon was confirmed using the
Thompson squeeze test during surgery. The paratenon
was sutured with Monosyn® 3-0 sutures and the skin was
sutured with Ethilon® 4-0 nylon sutures.
Chronic ruptures were repaired using a reconstruction
technique that used allogeneic semitendinosus tendon
grafting as described by Maffulli et al. [11]. The patient
was placed in the prone position and a 3-cm longitudinal incision was made at the proximal and distal stump
areas. After isolation of the proximal stump, the semitendinosus tendon was passed horizontally through the
stump and fixed with non-absorbable sutures. A distal
incision was then made to expose the posterior tubercle
of the calcaneus and a bone tunnel was created. The allograft tendon that was connected to the proximal rupture was then carefully passed through the subcutaneous
layer and fixed to the bone tunnel using a bioabsorbable
interference screw while maintaining proper tension by
positioning the ankle in plantarflexion. After fixation, the
augmented suture was added to the distal stump and the
allograft was passed through.

Postoperative care and rehabilitation
In operative cases, a plaster splint was placed for 2 weeks
postoperatively with the affected foot in plantarflexion,
whereas in nonoperative cases, a plaster splint was applied for 3 weeks. Gradual weightbearing was tolerated
from the start of postoperative care and crutches were
used according to the needs of individual patients. After removal of the splint, three heel wedges were placed
inside a Controlled Ankle Motion (CAM) walker walker
brace to elevate the heel by 3 cm; a wedge was removed
every 2 weeks. The brace was maintained for 8 to 10
weeks and active plantarflexion exercises were recommended occasionally. Double heel raise exercises were
performed after 6 to 8 weeks, and single heel raise exercises were performed after 10 to 12 weeks. Ankle dorsiflexion exercises were not recommended for the first 3
months. After the initial 3 months, the brace was removed
and heel-elevating insoles were applied to both feet. Patients were gradually and actively encouraged to resume
sports activities. For the heel insole, a commercially available 1.5- to 2-cm high sponge or silicone material was
used. Patients were recommended to wear the insole for
up to 6 months, and the duration of use was adjusted for
each case according to the physical examination findings
during follow-up consults. In cases of re-rupture during
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the rehabilitation period, nonoperative treatments were
applied and no additional operative procedures were
performed. In these cases, the rehabilitation protocol was
repeated from the beginning by reapplying the plaster
splint for 3 weeks with the affected foot in plantarflexion.

0–4.5 cm). In the early phase of wearing the CAM walker
brace, 4 cases (4/14, 28.6%) showed a positive Matles test
and elongation of the tendon; in these cases, heel wedges
were reapplied on the brace. Among the 4 cases with
tendon elongation, 2 cases (2/14, 14.3%) showed a positive Matles test at the final follow-up. One patient complained of a decrease in muscle strength due to tendon
elongation after the index surgery at another institute; in
this case, flexor hallucis longus transfer was performed.
Subsequently, re-rupture due to excessive exercise and
low compliance in the early phase of the rehabilitation
program was identified. Thus, in line with the conservative treatment plan, a plaster splint was applied for 3
weeks and functional rehabilitation was repeated. During
a follow-up that was performed 13 months after the index
surgery, there was still minimal tendon elongation and
the patient’s Matles test continued to be positive; however, the patient could perform a single heel raise. There
were no cases of wound complications or infections
after surgery. As for the results of patient-reported outcome measures, the mean ATRS, FFI, FAOS, AOFAS, and
VAS scores at the final follow-up were 88.7 ± 6.9 (range,
74–98), 1.6% ± 1.8% (range, 0%–6.5%), 94.4 ± 4.0 (range,
86.5–100), 96.6 ± 4.9 (range, 88–100), and 0.5 ± 0.5 (range,
0–1), respectively (Table 1).

Clinical assessments
At the last follow-up, the single heel raise test and the
side-to-side differences in maximum calf circumference
(MCC) were analyzed to evaluate the strength of the
calf muscle. Complications including elongation or rerupture of the Achilles tendon were also checked. Tendon
elongation was assessed using Matles test [12]. Patient reported outcomes were measured using the Achilles tendon Total Rupture Score (ATRS) [13], Foot Function Index
(FFI) [14], Foot and Ankle Outcome Score (FAOS) [15],
American Orthopaedic Foot and Ankle Society (AOFAS)
ankle-hindfoot score [16], and the Visual Analogue Scale
(VAS) for pain [17].

RESULTS
At the last follow-up consult, all patients were able to perform the single heel raise test (14/14, 100%). The mean
side-to-side difference in MCC was 1.8 ± 1.2 cm (range,
Table 1. Patient demographics and clinical data

Elonga- Single
F/U
tion in heel Matles
STSD of
dura- Rerup- initial raise test in
MCC ATRS
tion
ture rehabili- test in
last
(cm)
(mo)
tation
last
F/U
phase
F/U

Case
No.

Sex
(M/F)

Age
(yr)

1

F

51

Acute

Nonoperative

12

–

+

–

–

1.0

2

M

53

Acute

Nonoperative

12

–

–

–

–

3

M

51

Chronic Operative

19

–

–

–

–

4

M

33

Chronic Operative

13

–

+

–

5

M

35

Acute

Nonoperative

18

–

–

–

6

F

59

Acute

Nonoperative

16

–

–

7

M

35

Acute

Nonoperative

15

–

8

M

25

Acute

Nonoperative

12

–

Onset

Treatment

FFI
(%)

FAOS

AOFAS

VAS

94

0

95.8

100

1

2.5

98

0

100

100

0

0

96

0

99.0

100

1

–

1.0

81

1.2

92.8

100

1

–

1.5

86

2.4

94.5

100

1

–

–

1.0

97

0

97.5

100

0

–

–

–

4.5

74

6.5

90.2

90

1

–

–

–

1.0

89

1.2

98.0

88

0

9

M

63

Chronic Operative

13

+

+

–

+

3.5

82

2.9

86.5

97

0

10

F

27

Acute

Nonoperative

14

+

–

–

–

1.5

85

1.2

91.0

90

1

11

M

50

Acute

Operative

13

–

–

–

–

1.0

85

2.4

91.7

100

0

12

M

78

Acute

Nonoperative

12

–

+

–

+

1.5

96

0

97.3

100

0

13

M

30

Acute

Operative

6

–

–

–

–

3.0

87

3.5

89.6

88

1

14

M

44

Acute

Operative

6

–

–

–

–

1.5

92

0.6

97.5

100

0

M, male; F, female; F/U, follow-up; STSD, side-to-side differences; MCC, maximum calf circumference; ATRS, Achilles tendon Total Rupture Score; FFI,
Foot Function Index; FAOS, Foot and Ankle Outcome Score; AOFAS, American Orthopaedic Foot and Ankle Society ankle-hindfoot score; VAS, Visual
Analogue Scale for pain.
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DISCUSSION
Despite advances in treatment strategies and improved
rehabilitation protocols, Achilles tendon ruptures often
show long-term functional decline even after treatment
[2]. Lantto et al. [18] reported that the muscle strength of
the lower limbs does not recover to normal levels even 10
years after surgery. Tendon elongation during the recovery process is a known prognostic factor for subsequent
functional deficits [19]. Thus, the development of an optimal protocol to reduce the degree of tendon elongation is
meaningful.
The healing and remodeling processes of a ruptured
Achilles tendon require more than 1 year to complete [20].
In particular, approximately 50% of the overall tendon
elongation occurs in the first 3 months, while the remaining 50% occurs between 3 months and 6 months; this
should be considered during the late phase of the rehabilitation process [9]. It is necessary for a patient to have
a thorough understanding of the rehabilitation process,
good compliance, and systematic follow-up for the first
6 months in order to obtain successful results [10,21].
Nevertheless, the rehabilitation protocols presented in
numerous studies have yet to reach a consensus. In particular, while a detailed plan for weight bearing and controlled range of motion exercises has been established
for the first 3 months, the rehabilitation protocols after
this period are less detailed [2]. Patients find it difficult to
wear the required rehabilitation braces for the prescribed
length of time. In particular, when wearing a boot orthosis, changes in gait pattern and difficulties in balancing,
which are due to the thickness of the sole, make it difficult for patients to wear the brace for a sufficient length
of time [22]. If the patient shows poor compliance, there
is a concern that early detachment of the orthosis could
lead to poor treatment results.
Tendon elongation of approximately 0.15–3.1 cm occurs after Achilles tendon rupture, with approximately
50% of this elongation occurring 3–6 months after the
index injury [23]. Thus, if heel-elevating insoles with a
height of approximately 1.5–2 cm were to be applied during this period, elongation may be prevented during the
late phase of rehabilitation. Furthermore, heel-elevating
insoles with a height of less than 3 cm do not show any
significant effects on balance or gait pattern [24]. Therefore, the use of these insoles is expected to improve patient compliance.
The utility of the single heel raise test, which can be
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easily performed in outpatient clinics, has been widely
accepted [19,25,26]. The Matles test is also useful for diagnosing Achilles tendon ruptures and has high sensitivity
(0.88) and specificity (0.85) [12,27]; this test also reflects
the tension and functional length of the Achilles tendon.
Silbernagel et al. reported that Achilles tendon elongation
is significantly associated with the degree of heel raises
[19]. That is, when the Achilles tendon heals with elongation, exercise efficiency decreases due to a change in the
length-tension relationship of the triceps surae muscletendon unit. The absence of elongation may lead to good
clinical results.
Among the patient-reported outcome scales used in
this study, the AOFAS is the most widely used in cases relating to the foot and ankle area [16]; however, it has not
been fully validated [28]. The ATRS has been validated
by several studies and is a widely used index for evaluating outcomes after treatment of Achilles tendon rupture;
the ATRS contains many subjective items pertaining to
quality of life, such as daily discomfort and sports activity [13]. The FFI is meaningful in that it is easy to use and
has a significant association with the 36-item short form
survey (SF-36) [14]. Furthermore, the FAOS is one of the
best outcome measurement tools for evaluating patients
with various foot and ankle conditions [29]. In this study,
clinical results were confirmed through various properly
validated scales as described above.
This study has several limitations. First, the number of
cases is small and the follow-up period is short. Second,
this is a retrospective case series in which statistical significance could not be verified. Third, quantitative analysis of calf muscle strength or radiologic measurement of
elongation was not performed. Despite these limitations,
this study is meaningful as the clinical results were analyzed using several validated scales, and good clinical results without specific complications were obtained using
a simple and easily available device.
In conclusion, good clinical results were demonstrated
in patients who showed tendon elongation during the
rehabilitation phase after Achilles tendon rupture. Heelelevating insoles were applied in the late phase of the
rehabilitation process, and may aid the rehabilitation
process after Achilles tendon rupture.

CONFLICT OF INTEREST
No potential conflict of interest relevant to this article was
reported.

33

Jungtae Ahn, Bi O Jeong. Supplement to functional rehabilitation for Achilles tendon ruptures

REFERENCES
1. Thevendran G, Sarraf KM, Patel NK, Sadri A, Rosenfeld P. The
ruptured Achilles tendon: a current overview from biology of rupture to treatment. Musculoskelet Surg 2013;97:9-20.
2. Willits K, Amendola A, Bryant D, et al. Operative versus nonoperative treatment of acute Achilles tendon ruptures: a multicenter
randomized trial using accelerated functional rehabilitation. J
Bone Joint Surg Am 2010;92:2767-75.
3. Lantto I, Heikkinen J, Flinkkila T, et al. A prospective randomized
trial comparing surgical and nonsurgical treatments of acute
Achilles tendon ruptures. Am J Sports Med 2016;44:2406-14.
4. Olsson N, Silbernagel KG, Eriksson BI, et al. Stable surgical repair
with accelerated rehabilitation versus nonsurgical treatment for
acute Achilles tendon ruptures: a randomized controlled study.
Am J Sports Med 2013;41:2867-76.
5. Brumann M, Baumbach SF, Mutschler W, Polzer H. Accelerated
rehabilitation following Achilles tendon repair after acute rupture:
development of an evidence-based treatment protocol. Injury
2014;45:1782-90.
6. Huang J, Wang C, Ma X, Wang X, Zhang C, Chen L. Rehabilitation
regimen after surgical treatment of acute Achilles tendon ruptures: a systematic review with meta-analysis. Am J Sports Med
2015;43:1008-16.
7. Park SH, Lee HS, Young KW, Seo SG. Treatment of acute Achilles
tendon rupture. Clin Orthop Surg 2020;12:1-8.
8. Barfod KW, Bencke J, Lauridsen HB, Ban I, Ebskov L, Troelsen A.
Nonoperative dynamic treatment of acute Achilles tendon rupture: the influence of early weight-bearing on clinical outcome:
a blinded, randomized controlled trial. J Bone Joint Surg Am
2014;96:1497-503.
9. Eliasson P, Agergaard AS, Couppé C, et al. The ruptured Achilles
tendon elongates for 6 months after surgical repair regardless of
early or late weightbearing in combination with ankle mobilization: a randomized clinical trial. Am J Sports Med 2018;46:2492502.
10. Glazebrook M, Rubinger D. Functional rehabilitation for nonsurgical treatment of acute Achilles tendon rupture. Foot Ankle Clin
2019;24:387-98.
11. Maffulli N, Loppini M, Longo UG, Maffulli GD, Denaro V. Minimally
invasive reconstruction of chronic Achilles tendon ruptures using
the ipsilateral free semitendinosus tendon graft and interference
screw fixation. Am J Sports Med 2013;41:1100-7.
12. Matles AL. Rupture of the tendo Achilles: another diagnostic sign.
Bull Hosp Joint Dis 1975;36:48-51.
13. Nilsson-Helander K, Thomeé R, Silbernagel KG, et al. The Achilles
tendon Total Rupture Score (ATRS): development and validation.
Am J Sports Med 2007;35:421-6.
14. Budiman-Mak E, Conrad KJ, Roach KE. The Foot Function
Index: a measure of foot pain and disability. J Clin Epidemiol
1991;44:561-70.
15. Knobloch K, Schreibmueller L, Longo UG, Vogt PM. Eccentric
exercises for the management of tendinopathy of the main body

34

of the Achilles tendon with or without an AirHeel Brace. A randomized controlled trial. B: effects of compliance. Disabil Rehabil
2008;30:1692-6.
16. Kitaoka HB, Alexander IJ, Adelaar RS, Nunley JA, Myerson MS,
Sanders M. Clinical rating systems for the ankle-hindfoot, midfoot, hallux, and lesser toes. Foot Ankle Int 1994;15:349-53.
17. Scott J, Huskisson EC. Graphic representation of pain. Pain
1976;2:175-84.
18. Lantto I, Heikkinen J, Flinkkila T, et al. Early functional treatment
versus cast immobilization in tension after Achilles rupture repair: results of a prospective randomized trial with 10 or more
years of follow-up. Am J Sports Med 2015;43:2302-9.
19. Silbernagel KG, Steele R, Manal K. Deficits in heel-rise height
and Achilles tendon elongation occur in patients recovering from
an Achilles tendon rupture. Am J Sports Med 2012;40:1564-71.
20. Young SR, Gardiner B, Mehdizadeh A, Rubenson J, Umberger B,
Smith DW. Adaptive remodeling of Achilles tendon: a multi-scale
computational model. PLoS Comput Biol 2016;12:e1005106.
21. Neumayer F, Mouhsine E, Arlettaz Y, Gremion G, Wettstein
M, Crevoisier X. A new conservative-dynamic treatment for
the acute ruptured Achilles tendon. Arch Orthop Trauma Surg
2010;130:363-8.
22. Park SY, Park DJ. Changes of gait pattern, muscle activity, and
perceived comfort in response to variations of height-elevating
insoles in young adults. J Exerc Rehabil 2018;14:100-5.
23. Diniz P, Pacheco J, Guerra-Pinto F, Pereira H, Ferreira FC, Kerkhoffs G. Achilles tendon elongation after acute rupture: is it a
problem? A systematic review. Knee Surg Sports Traumatol Arthrosc 2020 May 3 [Epub].
24. Weon JH, Cha HG. The influence of high heeled shoes on balance ability and walking in healthy women. J Phys Ther Sci
2018;30:910-2.
25. Song SJ, Lee M, Shin MJ, Suh JS. Correlation between a rupture
of the hypovascular zone and early single heel raising after Achilles tendon repair. J Korean Foot Ankle Soc 2018;22:21-5.
26. Olsson N, Karlsson J, Eriksson BI, Brorsson A, Lundberg M, Silbernagel KG. Ability to perform a single heel-rise is significantly
related to patient-reported outcome after Achilles tendon rupture. Scand J Med Sci Sports 2014;24:152-8.
27. Maffulli N. The clinical diagnosis of subcutaneous tear of the
Achilles tendon. A prospective study in 174 patients. Am J Sports
Med 1998;26:266-70.
28. Ibrahim T, Beiri A, Azzabi M, Best AJ, Taylor GJ, Menon DK. Reliability and validity of the subjective component of the American
Orthopaedic Foot and Ankle Society clinical rating scales. J Foot
Ankle Surg 2007;46:65-74.
29. Sierevelt IN, Zwiers R, Schats W, et al. Measurement properties
of the most commonly used Foot- and Ankle-Specific Questionnaires: the FFI, FAOS and FAAM. A systematic review. Knee Surg
Sports Traumatol Arthrosc 2018;26:2059-73.

www.e-aosm.org

