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Introduction

The management of acute Achilles tendon (AT) ruptures is 
debated. The process of tendon healing results in a fibrotic 
scar that impairs elasticity and may promote adherences,17,23 
and impacts negatively on functional outcomes.1,17,27 
Furthermore, the prolonged recovery causes absence from 
sports and reduces quality of life.27,45 In selected patients 
with AT rupture, surgery is recommended, and several 
surgical interventions have been proposed.2,6,19,28,34,36 
Postoperative rehabilitation aims to prevent muscle atro-
phy and allow safe timely return to daily activities, sports, 
and other recreational activities. During the rehabilitation 
period, the AT undergoes profound structural remodeling 
and elongation.25,41,44 Therefore, the rehabilitation program 
must be strictly coordinated and well structured. We have 
been advocates of early weightbearing, early mobilization 
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Abstract
Background: Following percutaneous repair of acute Achilles tendon (AT) ruptures, early postoperative weightbearing 
is advocated; however, it is debatable how aggressive rehabilitation should be. We compared the clinical and functional 
outcomes in 2 groups of patients who followed either our “traditional” or a “slowed down” rehabilitation after percutaneous 
surgical repair.
Methods: Sixty patients were prospectively recruited to a slowed down (29 patients) or a traditional (31 patients) 
rehabilitation program. Both groups were allowed immediate weightbearing postoperatively; a removable brace with 5 
heel wedges was applied at 2 weeks. In the slowed-down group, 1 wedge was removed after 4 weeks. Gradual removal of 
the boot took place after 4 wedges were kept for 4 weeks. In the traditional group, 1 wedge was removed every 2 weeks, 
with removal of the boot after 2 wedges had been kept for 2 weeks. The AT Resting Angle (ATRA) evaluated tendon 
elongation. Patient reported functional outcomes were assessed using the AT Rupture Score (ATRS). Calf circumference 
difference and the isometric plantarflexion strength of the gastro-soleus complex were evaluated.
Results: At the 12-month follow-up, both ATRA and ATRS were more favorable in the slowed-down group. The 
isometric strength and the calf circumference were more similar to the contralateral leg in the slowed-down group than 
in the traditional one.
Conclusion: Following percutaneous repair of acute Achilles tendon patients undergoing slowed down rehabilitation 
performed better than the traditional one. These conclusions must be considered within the limitations of the present study.
Level of Evidence: Level II, prospective comparative study.
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of the ankle with resistance exercises introduced at 4 weeks, 
and we have encouraged patients to discard relatively early 
the plantar cast at 2 weeks, and the brace, at 8 weeks, follow-
ing percutaneous repair of Achilles tendon ruptures.4,17,42,43,53 
This regimen, though successful, has been associated with 
an increased rate of postsurgical tendon elongation, regard-
less of whether absorbable or nonabsorbable suture material 
had been used for its repair,59 with functionally relevant 
decrease in strength of the gastro-soleus complex even with 
small amounts of elongation.8 Therefore, a prospective 
comparative study was conducted. Our hypothesis was that 
a “slowed down” rehabilitation program has advantages 
over our traditional protocol at 12 months in terms of calf 
circumference, isometric muscle strength, functional out-
come, and tendon elongation after percutaneous repair of 
the AT.

Material and Methods

Study design

The present study was conducted according to the 
Consolidated Standards of Reporting Trials: the CONSORT 
statement.40 The present investigation was approved by our 
local ethics committee, and all patients gave their signed 
informed consent to participate. Patients were prospectively 
recruited at 2 different hospitals (the San Giovanni and 
Ruggi d’Aragona Hospital in Salerno and the Fucito 
Hospital in Mercato San Severino). Both were part of the 
same state-funded public health care system, but in differ-
ent towns, with patients attending exclusively one or the 
other hospital. Patients were recruited between 2014 and 
2017, being secondary or tertiary referrals to the senior 
author. To be eligible for inclusion, patients had to satisfy 
the following criteria: (1) primary AT repair, (2) complete 
the traditional or slowed down rehabilitation protocol, (3) 
age 18-50 years, and (4) ability to understand the nature of 
the treatment and the study. The exclusion criteria were (1) 
infections, (2) uncontrolled chronic disease, (3) pregnancy 
or lactation, (4) any blood abnormalities, (5) malignancy, 
(6) immunodeficiency, (7) previous or concurrent lower 
limb conditions that may have influenced the results of the 
study, (8) chronic Achilles tendinopathy, and (9) rerupture 
of the AT.

All procedures were performed by one experienced sur-
geon (N.M.) using a previously described percutaneous 
technique.5 Low-molecular-weight heparin thrombopro-
phylaxis was used for 6 weeks. Postoperatively, a synthetic 
below-knee cast in maximum equinus, leaving the metatar-
sal heads free, was applied to all patients, regardless of the 
postoperative rehabilitation regimen. Full weightbearing 
mobilization on the metatarsal heads using elbow crutches 
was immediately allowed as tolerated. At the same time, 
active flexion and extension of the hallux, toes and knee, 

isometric exercises for the calf muscles, and straight leg 
raises were prescribed.

Traditional Rehabilitation

The cast was removed after 2 weeks, an Aircast boot ortho-
sis with 5 heel wedges (XP Walker, DJO Ltd, Guilford, 
England, United Kingdom) with the foot in maximum plan-
tarflexion was applied, and full weightbearing in the Aircast 
boot was allowed. More demanding physiotherapy was 
started, including proprioception, ankle plantarflexion, 
inversion, and eversion exercises. Dorsiflexion and stretch-
ing exercises were not allowed.35 Beginning from the sec-
ond until the eighth postoperative week, 1 heel wedge was 
removed every 2 weeks. At the eighth postoperative week, 
the Aircast boot was removed after the patients had been on 
2 wedges for 2 weeks. Patients had normally regained a 
plantigrade ankle at that stage.28,31,32 Plyometric exercises 
were permitted 4 months after the index procedure, and 
patients were allowed to return to their normal activity, 
including sports, when they felt confident with doing so.30

Slowed-Down Rehabilitation

Our slowed-down rehabilitation protocol is also based on 
the “early weightbearing” concept. However, removal of 
heel wedges to achieve a plantigrade foot starts 4 weeks 
later, and the Aircast boot is removed in a more gradual 
fashion (Table 1). From the eighth week postsurgery and 
over the course of 2 further weeks, patients were instructed 
to remove the brace increasing from 1 to 4 hours in the 
morning and again during the afternoon. At this stage, when 
not wearing the brace, patients were bearing weight on the 
operated leg, and were instructed to use a 15-mm heel 
wedge. At full removal of the brace, patients were required 
to use the 15-mm heel wedge for another month, and had 
normally regained a plantigrade ankle by that time. Only at 
that stage (after approximately 12 weeks) were they allowed 
to start eccentric exercises of the gastro-soleus complex. 
Plyometric exercises were permitted at 5 months after the 
index procedure, and patients were allowed to return to 
their normal activity, including sports, when they felt confi-
dent with doing so.30

Outcomes of Interest

Age and gender of the patients recruited to the study were 
recorded at admission. At the 12-month follow-up, the 
patients were reviewed. To evaluate tendon elongation, the 
AT resting angle (ATRA)6 was measured. The angle was 
measured with the patient prone and the knee flexed to 90 
degrees: the ATRA is the angle between the long axis of the 
fibula and the line from the tip of the fibula to the head of 
the fifth metatarsal.7 To assess patient-reported functional 
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outcome, the AT rupture score (ATRS) was administered.4 
Calf circumference was measured with the patient seated 
and the leg hanging over the side of an examination couch, 
with the knee flexed to at 90 degrees. The examiner was 
careful to not compress the calf during the measurement 
process. The calf circumference was measured 15 cm below 
the medial palpable knee joint line using a standard metallic 
tape measure with 1-mm increments. This process was 
repeated twice and the average used for statistical analysis. 
The isometric plantarflexion strength of the gastro-soleus 
muscle complex was also evaluated at neutral position (0 
degrees) as previously described.30 All these measurements 
were performed in the operated and compared to the healthy 
contralateral side.

Statistical Analysis

With the ATRA as the main outcome with an effect size of 
1.4 and alpha value of 0.05, it was estimated that 24 indi-
viduals per group would be required to adequately power 

the study.16 The IBM SPSS Software was used to calculate 
the arithmetic mean and standard deviation to each continu-
ous measure. For the comparisons, the mean difference 
(MD) was used. The Shapiro-Wilk test was performed to 
investigate data distribution. For variables that satisfied the 
assumptions for parametric assumptions, the t test were per-
formed, and the nonparametric Mann-Whitney U test for 
non-normally distributed variables. P values <.05 were 
considered statistically significant. T value, degrees of free-
dom, and 95% confidence intervals were calculated. The 
association between tendon elongation (ATRA), functional 
outcome (ATRS), gastro-soleus complex strength, and calf 
circumference difference were investigated. The Stata/MP 
(StataCorp, College Station, TX) was used. A linear model 
correlation analysis through the Pearson product-moment 
correlation coefficient (r) was used for parametric data, and 
the Spearman coefficient (ρ) for nonparametric variables. 
The Cauchy-Schwarz formula was used for inequality: +1 
is considered as positive linear correlation, whereas −1 a 
negative one. Values of <0.3, 0.3 to 0.5, and >0.5 were 

Table 1. Schematic Comparison of the 2 Rehabilitation Protocols.

Traditional Rehabilitation Slowed-Down Rehabilitation

Equinus cast 0-2 wk 0-2 wk
Removable boot in maximum 

plantarflexion (5 wedges) and full 
weightbearing allowed

2 wk 2 wk

Proprioception, ankle 
plantarflexion, inversion, and 
eversion exercises, allowed

2 wk, unsupervised 2 wk, under physiotherapist’s supervision

Dorsiflexion and stretching 
exercises

Not allowed Not allowed

Isometric gastro-soleus training Allowed after 2 wk Allowed after 2 wk
Removing boot wedges One wedge removed every 2 wk, with 

removal of the boot after 2 wedges 
were kept for 2 wk

One wedge removed after 4 wk. Gradual removal of 
the boot after 4 wedged were kept for 4 wk

Crutches discarded One crutch at approx. 2 wk (within 
48 h after Aircast boot was applied)

Both crutches at 4 wk

After 6 wk

Concentric exercises of the 
gastro-soleus complex

At 4 wk After at least 6 wk

Plantarflexion, inversion, and 
eversion exercises against 
resistance

4 wk After at least 6 wk

Aircast boot removed 8 wk—walking on plantigrade foot 12 wk
(at 10 wk gradually discontinued the use of the brace 

by removing it increasingly from 1 to 4 hours in 
the morning and again during the afternoon, still 
using one 15-mm heel wedge out of boot).

Patients used 1 heel wedge of 15 mm, from 12-16 
wk.

Eccentric ankle exercises 8 wk 16 wk
Plyometric exercises 4 mo 5 mo
Normal daily activity, sports Later than 4 mo, when feeling 

confident
Later than 5 mo, when feeling confident
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considered to have small, medium, and strong correla-
tion, respectively. The overall significance was performed 
through the χ2 test, with values of P <.05 considered sta-
tistically significant. A linear regression model was then 
performed for the significant correlations. Added-variable 
plots were also performed for each comparison.

Results

Recruitment Process

A total of 85 patients were assessed for eligibility. Of them, 
25 were not eligible because of rerupture (n = 2), declined 
to participate (n = 2), difficult geographical location (n = 
5), previous surgery to same limb (n = 4), uncontrolled 
metabolic conditions (n = 7), declared to be unable to com-
plete rehabilitation programme (n = 3), and on long-term 
oral anticoagulants (n = 2). Ultimately, 60 patients were 
retained for the present analysis (Figure 1).

Patient Demographic

All 60 patients practiced sport at the recreational level, with 
1 to 3 sessions weekly. In the slowed-down group, 29 
patients were enrolled, 19 (66%) of whom were male. The 
mean age was 39.2 ± 8.7 years, with a mean time from 
diagnosis to surgery of 4.1 ± 2.3 days. In the traditional 
rehabilitation group, 31 patients were enrolled, 24 (77%) of 
whom were male. The mean age was 35.8 ± 9.5 years, with 
mean time from diagnosis to surgery of 4.2 ± 2.7 days. 
Baseline comparability was found in terms of gender, age, 
and time from diagnosis to surgery between the 2 cohorts. 
Patient demographics are shown in Table 2.

Outcomes of Interest

At the 12-month follow-up, the ATRA (+3.35; P < .0001) 
and ATRS (+1.87; P = .0007) differences were both more 
favorable in the slowed-down group. The evaluation of calf 

Figure 1. Flow diagram of the recruitment process.
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circumference showed better results in the slowed-down 
group, in which the circumference difference to the contra-
lateral leg was smaller than in the traditional group (–0.50; 
P = .003). Similarly, the isometric strength also showed 
better results in the slowed-down group, in which the 
strength difference with the contralateral leg was smaller 
than in the traditional group (–14.42; P = .003). These 
results are shown in detail in Table 3. No patient experi-
enced complications (infections, reruptures, loss of signifi-
cant range of motion) during the follow-up in both groups.

Analysis of Factors Related to the Outcome

Multivariate analysis showed an association between ATRA 
and ATRS ( r  = 0.26; P = .04). Calf circumference differ-
ence was associated with ATRA ( r  = −0.29; P = .003) and 
ATRS ( r  = −0.40; P = .001). Isometric strength difference 
was associated with ATRA (r = −0.36; P = .004), ATRS 
( r  = −0.28; P = .03) and calf circumference difference 
( r  = −0.31; P = .01). Added-variable plots of each regres-
sion are shown in Figure 2.

Discussion

The present study showed that a more cautious rehabilita-
tion regimen resulted in a more favorable ATRA and ATRS 
compared to our standard protocol in patients undergoing 
primary percutaneous AT repair. We stress, however, that 
both regimens involved immediate postoperative weight-
bearing and early physiotherapy and mobilization. Calf 
circumference and isometric strength were more similar to 
the contralateral leg in patients who underwent such more 

cautious rehabilitation program. Moreover, there was evi-
dence of a positive association between ATRA and ATRS, 
as well as between isometric strength and calf circumfer-
ence. There was evidence of a negative association between 
calf circumference difference and increased difference in 
ATRA, as well as between isometric strength difference 
with ATRA.

AT ruptures lead to functional impairment and reduced 
muscle strength and endurance, representing a cause of 
sport retirement and long-term functional impairment.19,33 
Management of these patients should aim to develop strate-
gies increasing functional outcomes and avoiding possible 
complications.10,11,13,19,29,37 To our knowledge, this is the 
first study that compares 2 modes of rehabilitation, both 
involving early weightbearing and mobilization, but one 
retaining longer protection in a removable boot.

Rehabilitation takes place during a complex and only 
partially defined healing process, directed to restore tendon 
function. The poor vascularization and cellularity of ten-
dons certainly influence the healing process,3,20 which can 
last more than 1 year. Unfortunately, knowledge of the pro-
cess regarding tendon healing is limited. This results from 
various issues. First, most experimental tissue is harvested 
from acute tears.46 Moreover, there is significant variance 
between species in the healing pathways, and there is no 
appropriate animal model of actual Achilles tendon rup-
ture for experimental studies.8,9,50,54 However, the tendon 
healing process is typically composed of 3 temporally 
partially overlapping phases: inflammation, proliferation, 
and remodeling.21,57 The inflammation phase starts directly 
after the acute rupture, with subsequent bleeding, platelet 
activation, and secretion of cytokines.52,57 This phase lasts 

Table 2. Patient Demographics.

Endpoint
Traditional
(n = 31)

Slowed Down
(n = 29) P

Gender, male, % 77 (24 of 31) 66 (19 of 29) .3
Age, y, mean ± SD 35.8 ± 9.5 39.2 ± 8.7 .2
Time from injury to surgery, d, mean ± SD 4.2 ± 2.7 4.1 ± 2.3 .9

Table 3. Comparison of ATRA, ATRS, Calf, and Isometric Strength Difference at 12-Month Follow-up.a

Endpoint

Traditional 
(n = 31)

Slowed Down 
(n = 29)

MD 95% CI t Value DF PMean SD Mean SD

ATRA, degrees −4.48 3.31 −1.14 1.48 3.35 1.99-4.68 4.98 58 <.0001
ATRS, 0-100 90.06 1.82 91.93 2.22 1.87 0.82-2.91 3.57 58 .0007
Calf circumference, cm 1.32 0.65 0.81 0.60 −0.50 −0.83 to −0.18 −3.15 58 .003
Iso strength, N/m 47.94 21.04 33.52 13.81 −14.42 −23.67 to −5.14 −3.11 58 .003

Abbreviations: ATRA, AT resting angle; ATRS, AT rupture score; CI, confidence interval; DF, degrees of freedom; MD, mean difference.
aData are presented as the difference between the operated leg and the contralateral.
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few days,38 and is followed by proliferation and migration 
of intrinsic resident cells (tenocytes and fibroblasts) and 
extrinsic cell populations (macrophages and other immune 
cells) to the injury site, with a complex secretion of cyto-
kines such as insulinlike growth factor 1, platelet-derived 
growth factor, transforming growth factor–beta, and 
growth differentiation factor.14,15,26,39,49,52,58 This results in 
an early immature tissue formed by unorganized extracel-
lular matrix with high content in fibronectin, proteogly-
cans, and collagen III.18,23,24 This stage lasts up to 2 
months.38 Rehabilitation typically takes place during this 
phase. Therefore, patients must be followed by expert phy-
sicians and supervised by a trained physiotherapist.

ATRA is an indirect measure of the passive tension of AT 
from the ankle. Reduction of the ATRA between the oper-
ated and contralateral leg correlates with reduced tendon 
elongation. One centimeter of tendon elongation results in 
an increase of dorsiflexion of 10 degrees.12 Following AT 
rupture, a reduced plantar flexion strength up to 20% is 
expected.22,47,55 Moreover, AT rupture has been associated 
with reduced activity of the gastro-soleo complex compared 
with the uninjured side.48 These data suggest that reduced 
plantarflexion strength may be related to lengthening of the 
tendon during healing.40,45 Results from this study confirm 
this hypothesis. Furthermore, we identified an association 
between calf circumference difference, isometric muscle 
strength, ATRA and ATRS. Although these results have 
been found in a cohort of only 60 patients, they are statisti-
cally significant and reliable, and likely to be clinically 
relevant.

This study does not come without limitations. The rela-
tively low number of subjects included in the study repre-
sents the most important limitation of the present study. 
Future larger investigations should address this point. The 
orthopedic centers in which the patients were taken care of 
are a well-known excellence for the treatment of tendon 
conditions. The patients and the surgeon were not blinded 
to the procedure and to rehabilitation therapies, assess-
ment, or cluster groups. This represents a possible source 
of detection bias. We are aware that this is not a random-
ized controlled trial. The lack of randomization involved in 
the allocation to treatment throws a barrier up to the infer-
ence about the efficacy of the rehabilitation regime itself. 
In this context, it is difficult to know how comparable the 2 
groups at baseline are: despite the lack of marginal differ-
ences in age and gender, the relatively small group sizes 
may not provide sufficient power to detect differences if 
they exist. There are likely many unmeasured, and possibly 
unmeasurable, variables introducing selection biases that 
cannot be solved without a randomized trial or some other 
type of allocation scheme. Our power analysis determined 
that 24 individuals per group would be required to ade-
quately power the study.16 We exceeded the number deter-
mined by the analysis to impart greater clinical relevance 
and generalizability to our investigation.4-7,8 However, we 
acknowledge that the high risk of selection bias and other 
unmeasured confounders may exert an influence in power-
ing the sample size. Despite the weaknesses of the present 
investigation, our selection and recruitment process, our 
assessment criteria, and our follow-up were extremely 

Figure 2. Added-variable plots of each linear regression.
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rigorous, and performed in strict scientific fashion. Finally, 
the number of patients involved in the present investigation 
is comparable to what reported by other studies on the 
management of this particular musculoskeletal ailment. 
The present study compared the outcomes in patients who 
followed 2 different rehabilitation protocols after percuta-
neous surgical repair.

A previous meta-analysis demonstrated that percutane-
ous AT repair compared to the open technique promote 
shorter surgical duration, reduce rate of infections, but 
higher incidence of sural nerve damage, whereas no differ-
ence was found in terms of rerupture, calf circumference, 
and range of motion.56 Biomechanical studies suggest that 
AT strength following reconstruction may be reduced fol-
lowing percutaneous procedures.51 Future studies should 
validate these results in using other AT repair strategies.

The most important strength of the present study was 
that all the surgeries were performed by the same fellow-
ship-trained surgeon with long surgical experience and sci-
entific expertise in the field of Achilles tendon surgery. All 
the surgical procedures were performed in the same fashion 
and with the same instruments, modalities, and materials. 
Also, all the patients were secondary and tertiary referrals, 
and they had already decided that they wanted to undergo 
surgical repair. In addition, no patient was lost to follow-up, 
a likely consequence of the preliminary screening process 
effected to enter the study, and of the motivation of both the 
patients and the research team. The outcomes of interest 
were not evaluated at admission, thus limiting the power to 
assess between-group baseline comparability. However, as 
all the patients suffered from an acute tear of the Achilles 
tendon, preoperative strength assessment of the calf muscle 
complex of the leg to be operated on is clearly ethically 
questionable. Data from a prior study, which used similar 
outcome measures, by our research group was used to esti-
mate a priori sample size.6

Conclusion

In our study population, slowed-down rehabilitation resulted 
in more favorable ATRA and ATRS compared to the tradi-
tional protocol in patients after primary percutaneous AT 
repair. Calf circumference and isometric strength were 
closer to the contralateral leg in the patients who underwent 
more cautious rehabilitation.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this arti-
cle. ICMJE forms for all authors are available online.

Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

ORCID iDs

Nicola Maffulli MD, MS, PhD,  https://orcid.org/0000-0002 
-5327-3702
Nikolaos Gougoulias MD, PhD,  https://orcid.org/0000-0001 
-8455-0007

References

 1. Ahmad Z, Wardale J, Brooks R, Henson F, Noorani A,  
Rushton N. Exploring the application of stem cells in tendon 
repair and regeneration. Arthroscopy. 2012;28(7):1018-1029.

 2. Baumfeld D, Baumfeld T, Spiezia F, Nery C, Zambelli R,  
Maffulli N. Isokinetic functional outcomes of open versus 
percutaneous repair following Achilles tendon tears. Foot 
Ankle Surg. 2019;25(4):503-506.

 3. Benjamin M,  Ralphs JR. Tendons and ligaments—an over-
view. Histol Histopathol. 1997;12(4):1135-1144.

 4. Carmont MR, Gravare Silbernagel K, Brorsson A, Olsson N, 
Maffulli N,  Karlsson J. The Achilles tendon resting angle 
as an indirect measure of Achilles tendon length following 
rupture, repair, and rehabilitation. Asia Pac J Sports Med 
Arthrosc Rehabil Technol. 2015;2(2):49-55.

 5. Carmont MR,  Maffulli N. Modified percutaneous repair 
of ruptured Achilles tendon. Knee Surg Sports Traumatol 
Arthrosc. 2008;16(2):199-203.

 6. Carmont MR, Silbernagel KG, Edge A, Mei-Dan O, 
Karlsson J,  Maffulli N. Functional outcome of percutane-
ous Achilles repair: improvements in Achilles tendon total 
rupture score during the first year. Orthop J Sports Med. 
2013;1(1):2325967113494584.

 7. Carmont MR, Silbernagel KG, Mathy A, Mulji Y, Karlsson 
J,  Maffulli N. Reliability of Achilles tendon resting angle 
and calf circumference measurement techniques. Foot Ankle 
Surg. 2013;19(4):245-249.

 8. Carmont MR, Zellers JA, Brorsson A, Nilsson-Helander 
K, Karlsson J,  Gravare Silbernagel K. Age and tightness 
of repair are predictors of heel-rise height after Achilles 
tendon rupture. Orthop J Sports Med. 2020;8(3):232596 
7120909556.

 9. Carpenter JE, Thomopoulos S,  Soslowsky LJ. Animal mod-
els of tendon and ligament injuries for tissue engineering 
applications. Clin Orthop Relat Res. 1999;367(suppl):S296-
S311.

 10. Chianca V, Zappia M, Oliva F, Luca B,  Maffulli N. Post-
operative MRI and US appearance of the Achilles tendons. J 
Ultrasound. 2020;23(3):387-395.

 11. Clanton T, Stake IK, Bartush K,  Jamieson MD. Minimally 
invasive achilles repair techniques. Orthop Clin North Am. 
2020;51(3):391-402.

 12. Costa ML, Logan K, Heylings D, Donell ST,  Tucker K. The 
effect of achilles tendon lengthening on ankle dorsiflexion: a 
cadaver study. Foot Ankle Int. 2006;27(6):414-417.

 13. D’Hooghe P,  Vinagre G. In adults with acute Achilles ten-
don rupture, a single platelet-rich plasma injection did not 
improve muscle-tendon function at 24 weeks. J Bone Joint 
Surg Am. 2020;102(16):1466.

 14. Dahlgren LA, Mohammed HO,  Nixon AJ. Temporal expres-
sion of growth factors and matrix molecules in healing tendon 
lesions. J Orthop Res. 2005;23(1):84-92.

https://orcid.org/0000-0002-5327-3702
https://orcid.org/0000-0002-5327-3702
https://orcid.org/0000-0001-8455-0007
https://orcid.org/0000-0001-8455-0007


8 Foot & Ankle International 00(0)

 15. de Aro AA, Carneiro GD, Teodoro LFR, et al. Injured Achilles 
tendons treated with adipose-derived stem cells transplanta-
tion and GDF-5. Cells. 2018;7(9):127.

 16. Faul F, Erdfelder E, Lang AG,  Buchner A. G*Power 3: a flex-
ible statistical power analysis program for the social, behav-
ioral, and biomedical sciences. Behav Res Methods. 2007; 
39:175-191.

 17. Frizziero A, Trainito S, Oliva F, Nicoli Aldini N, Masiero 
S,  Maffulli N. The role of eccentric exercise in sport injuries 
rehabilitation. Br Med Bull. 2014;110(1):47-75.

 18. Garner WL, McDonald JA, Koo M, Kuhn C 3rd,  Weeks 
PM. Identification of the collagen-producing cells in healing 
flexor tendons. Plast Reconstr Surg. 1989;83(5):875-879.

 19. Gatz M, Driessen A, Eschweiler J, Tingart M,  Migliorini F. 
Open versus minimally-invasive surgery for Achilles tendon 
rupture: a meta-analysis study. Arch Orthop Trauma Surg. 
2021;141(3):383-401.

 20. Heinemeier KM, Schjerling P, Heinemeier J, Magnusson 
SP,  Kjaer M. Lack of tissue renewal in human adult Achilles 
tendon is revealed by nuclear bomb (14)C. FASEB J. 2013; 
27(5):2074-2079.

 21. Hope M,  Saxby TS. Tendon healing. Foot Ankle Clin. 
2007;12(4):553-567, v.

 22. Horstmann T, Lukas C, Merk J, Brauner T,  Mundermann 
A. Deficits 10-years after Achilles tendon repair. Int J Sports 
Med. 2012;33(6):474-479.

 23. James R, Kesturu G, Balian G,  Chhabra AB. Tendon: biol-
ogy, biomechanics, repair, growth factors, and evolving treat-
ment options. J Hand Surg Am. 2008;33(1):102-112.

 24. Kanazawa T, Soejima T, Noguchi K, et al. Tendon-to-bone 
healing using autologous bone marrow-derived mesenchy-
mal stem cells in ACL reconstruction without a tibial bone 
tunnel—a histological study. Muscles Ligaments Tendons J. 
2014;4(2):201-206.

 25. Kangas J, Pajala A, Ohtonen P,  Leppilahti J. Achilles ten-
don elongation after rupture repair: a randomized comparison 
of 2 postoperative regimens. Am J Sports Med. 2007;35(1): 
59-64.

 26. Klein MB, Yalamanchi N, Pham H, Longaker MT,  Chang 
J. Flexor tendon healing in vitro: effects of TGF-beta on ten-
don cell collagen production. J Hand Surg Am. 2002;27(4): 
615-620.

 27. Lui PP,  Wong OT. Tendon stem cells: experimental and clin-
ical perspectives in tendon and tendon-bone junction repair. 
Muscles Ligaments Tendons J. 2012;2(3):163-168.

 28. Maffulli N, D’Addona A, Gougoulias N, Oliva F,  Maffulli 
GD. Ipsilateral free semitendinosus graft with interference 
screw fixation for surgical management of insertional acute 
Achilles tendon tears. Injury 2020;51(suppl):S73-S79.

 29. Maffulli N, D’Addona A, Gougoulias N, Oliva F,  Maffulli 
GD. Dorsally based closing wedge osteotomy of the calca-
neus for insertional Achilles tendinopathy. Orthop J Sports 
Med. 2020;8(3):2325967120907985.

 30. Maffulli N, D’Addona A, Maffulli GD, Gougoulias N,  Oliva 
F. Delayed (14-30 days) percutaneous repair of Achilles ten-
don ruptures offers equally good results as compared with 
acute repair. Am J Sports Med. 2020;48(5):1181-1188.

 31. Maffulli N, Oliva F, Del Buono A, Florio A,  Maffulli G. 
Surgical management of Achilles tendon re-ruptures: a pro-
spective cohort study. Int Orthop 2015;39(4):707-714.

 32. Maffulli N, Oliva F, Maffulli GD, Buono AD,  Gougoulias 
N. Surgical management of chronic Achilles tendon rup-
tures using less invasive techniques. Foot Ankle Surg. 2018; 
24(2):164-170.

 33. Maffulli N,  Peretti GM. Treatment decisions for acute 
Achilles tendon ruptures. Lancet. 2020;395(10222):397-398.

 34. Maffulli N, Spiezia F, Longo UG,  Denaro V. Less-invasive  
reconstruction of chronic Achilles tendon ruptures using a  
peroneus brevis tendon transfer. Am J Sports Med. 2010; 
38(11):2304-2312.

 35. Maffulli N, Tallon C, Wong J, Lim KP,  Bleakney R. Early 
weightbearing and ankle mobilization after open repair of 
acute midsubstance tears of the achilles tendon. Am J Sports 
Med. 2003;31(5):692-700.

 36. Maffulli N, Via AG,  Oliva F. Chronic Achilles tendon rup-
ture. Open Orthop J. 2017;11:660-669.

 37. Makarewich CA, Swarup I,  Davidson RS. A simple approach 
for determining tendon limb length in open Achilles length-
ening: technical note. J Pediatr Orthop B. 2020;29(4): 
359-362.

 38. Migliorini F, Tingart M,  Maffulli N. Progress with stem cell 
therapies for tendon tissue regeneration. Expert Opin Biol 
Ther. 2020;20(11):1373-1379.

 39. Mikic B, Rossmeier K,  Bierwert L. Sexual dimorphism in the 
effect of GDF-6 deficiency on murine tendon. J Orthop Res. 
2009;27(12):1603-1611.

 40. Moher D, Hopewell S, Schulz KF, et al. CONSORT 2010 
explanation and elaboration: updated guidelines for reporting 
parallel group randomised trials. BMJ. 2010;340:c869.

 41. Nystrom B,  Holmlund D. Separation of tendon ends after 
suture of achilles tendon. Acta Orthop Scand. 1983;54(4): 
620-621.

 42. Olsson N, Silbernagel KG, Eriksson BI, et al. Stable surgi-
cal repair with accelerated rehabilitation versus nonsurgical 
treatment for acute Achilles tendon ruptures: a randomized 
controlled study. Am J Sports Med. 2013;41(12):2867-
2876.

 43. Saxena A, Ewen B,  Maffulli N. Rehabilitation of the operated 
Achilles tendon: parameters for predicting return to activity. 
J Foot Ankle Surg. 2011;50(1):37-40.

 44. Schepull T, Kvist J,  Aspenberg P. Early E-modulus of heal-
ing Achilles tendons correlates with late function: similar 
results with or without surgery. Scand J Med Sci Sports. 
2012;22(1):18-23.

 45. Schneider M, Angele P, Jarvinen TAH,  Docheva D. Rescue 
plan for Achilles: therapeutics steering the fate and functions 
of stem cells in tendon wound healing. Adv Drug Deliv Rev. 
2018;129:352-375.

 46. Sharma P,  Maffulli N. Basic biology of tendon injury and 
healing. Surgeon. 2005;3(5):309-316.

 47. Silbernagel KG, Steele R,  Manal K. Deficits in heel-rise 
height and achilles tendon elongation occur in patients recov-
ering from an Achilles tendon rupture. Am J Sports Med.; 
40(7):1564-1571.



Maffulli et al 9

 48. Suydam SM, Buchanan TS, Manal K,  Silbernagel KG. 
Compensatory muscle activation caused by tendon lengthen-
ing post-Achilles tendon rupture. Knee Surg Sports Traumatol 
Arthrosc. 2015;23(3):868-874.

 49. Thomopoulos S, Harwood FL, Silva MJ, Amiel D,  Gelberman 
RH. Effect of several growth factors on canine flexor tendon 
fibroblast proliferation and collagen synthesis in vitro. J Hand 
Surg Am. 2005;30(3):441-447.

 50. Thomopoulos S, Parks WC, Rifkin DB,  Derwin KA. 
Mechanisms of tendon injury and repair. J Orthop Res. 2015; 
33(6):832-839.

 51. Tian Jian, Yongjun Rui, Yajun Xu, et al. A biomechanical  
comparison of Achilles tendon suture repair techniques: 
locking block modified krackow, kessler, and percutane-
ous Achilles repair system with the early rehabilitation pro-
gram in vitro bovine model. Arch Orthop Trauma Surg. 
2020;140(11):1775-1782.

 52. Voleti PB, Buckley MR,  Soslowsky LJ. Tendon healing: 
repair and regeneration. Annu Rev Biomed Eng. 2012;14: 
47-71.

 53. Wagner P, Wagner E, Ortiz C, Zanolli D, Keller A,  
Maffulli N. Achilles tendoscopy for non insertional Achilles  

tendinopathy. A case series study. Foot Ankle Surg. 2020; 
26(4):421-424.

 54. Warden SJ. Animal models for the study of tendinopathy. 
Br J Sports Med. 2007;41(4):232-240.

 55. Willits K, Amendola A, Bryant D, et al. Operative versus 
nonoperative treatment of acute Achilles tendon ruptures: 
a multicenter randomized trial using accelerated func-
tional rehabilitation. J Bone Joint Surg Am. 2010;92(17): 
2767-2775.

 56. Yang B, Liu Y, Kan S, et al. Outcomes and complications 
of percutaneous versus open repair of acute Achilles tendon 
rupture: a meta-analysis. Int J Surg. 2017;40:178-186.

 57. Yang G, Rothrauff BB,  Tuan RS. Tendon and ligament 
regeneration and repair: clinical relevance and developmen-
tal paradigm. Birth Defects Res C Embryo Today. 2013; 
99(3):203-222.

 58. Yu Y, Bliss JP, Bruce WJ,  Walsh WR. Bone morphogenetic 
proteins and Smad expression in ovine tendon-bone healing. 
Arthroscopy. 2007;23(2):205-210.

 59. Zellers JA, Carmont MR,  Silbernagel KG. Achilles tendon 
resting angle relates to tendon length and function. Foot Ankle 
Int. 2018;39(3):343-348.


