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A R T I C L E I N F O A B S T R A C T

Injuries to the Achilles tendon are a challenge to the foot and ankle surgeon. In recent years, research has led to a
relative change in the way that many surgeons view acute Achilles tendon rupture. In an effort to fully evaluate
these trends, as well as to evaluate all aspects of care for acute Achilles tendon rupture, the American College of
Foot and Ankle Surgeons convened a panel of experts to create a clinical consensus statement to address selected
aspects of care of the acute Achilles tendon injury.
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Executive Summary

The following work represents a clinical consensus statement on the
treatment of Achilles tendon ruptures sponsored by the American Col-
lege of Foot and Ankle Surgeons. A modified Delphi method was used
in an attempt to reach consensus on a series of 13 statements using the
best available evidence and clinical experience.

The panel reached consensus that the following statements were
“appropriate”:

! Patients with increased risk factors for postoperative complications
(diabetes, obesity, cigarette smoking) have special considerations
with regard to deciding operative versus nonoperative manage-
ment of the acute Achilles tendon rupture.

! Acute partial Achilles tendon ruptures should be treated nonopera-
tively.

! Early weightbearing and progressive physical therapy should be
used after repair or at initiation of nonoperative management.

! A posteromedial incision or posterior midline incision are both
acceptable incision placements for repair of Achilles tendon rup-
ture.

The panel reached consensus that the following statements were
“inappropriate”:

! Complete acute Achilles tendon ruptures should always be treated
surgically with primary repair.

! Advanced imaging should be routinely obtained for suspected
Achilles tendon ruptures.

! Augmentation of acute complete Achilles tendon repair with auto-
graft, allograft, and xenograft improves functional outcomes.

! Percutaneous repair results in improved functional outcome com-
pared with traditional open repair.

! Percutaneous repair results in lower rerupture rate compared with
traditional open repair.

The panel reached consensus that the following statements were
“neither appropriate nor inappropriate”:

! Surgical repair of the acute Achilles tendon rupture should occur
within 10 days of the injury.

! Percutaneous repair has a lower rate of wound dehiscence and
postoperative infection compared with traditional open repair.
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! Percutaneous repair of the Achilles tendon has an increased risk of
neurovascular injury.

! Ischemia in the watershed region of the Achilles tendon is a strong
factor in the etiology of Achilles tendon rupture.

Introduction

Clinical consensus statements (CCSs) reflect information synthe-
sized from an organized group of subject matter experts based on avail-
able evidence, expert opinion, experience, uncertainties, and minority
viewpoints. A CCS is not to establish clinical practice guidelines but
rather open the door to discussion on a topic, as opposed to providing
definitive answers. Adherence to consensus statements will not ensure
successful treatment in every clinical situation, and individual clinicians

should make decisions based on all available clinical information,
recent evidence, and circumstances with respect to the appropriate
treatment of an individual patient. This CCS focuses on general topic of
risk factors, etiology, diagnosis, and treatment of Achilles tendon rup-
tures.

Methods

A 5-member panel consisting of practicing foot and ankle surgeons, familiar with the
treatment and etiology of Achilles tendon ruptures, participated in a face-to-face meeting,
several email dialogs, and multiple conference calls. The panel was tasked with developing
a series of clinical consensus statements on the topic of Achilles tendon ruptures. Using
collective clinical experience, a preliminary list of »25 specific statements was developed.
A preliminary literature search using databases such as Medline, EMBASE, Cochrane data-
base, and CINAHL was conducted to assess the availability of published research on each

Table 1
Clinical Consensus Statement Questions and Results

1. Complete acute Achilles tendon ruptures should always be treated surgically with primary repair.
1 2 3 4 5 6 7 8 9
Extremely Inappropriate Extremely Appropriate
Weighted Average: 2.3
2. Patients with increased risk factors for postoperative complications (diabetes, obesity, cigarette smoking) have special considerations with regard to deciding operative versus nonop-

erative management of the acute Achilles tendon rupture.
1 2 3 4 5 6 7 8 9
Extremely Inappropriate Extremely Appropriate
Weighted Average: 8.4
3. Partial Achilles tendon ruptures should be treated nonoperatively.
1 2 3 4 5 6 7 8 9
Extremely Inappropriate Extremely Appropriate
Weighted Average: 8.4
4. Surgical repair of acute Achilles tendon rupture should occur within 10 days of the injury.
1 2 3 4 5 6 7 8 9
Extremely Inappropriate Extremely Appropriate
Weighted Average: 4.4
5. Advanced imaging should be obtained for suspected Achilles tendon rupture.
1 2 3 4 5 6 7 8 9
Extremely Inappropriate Extremely Appropriate
Weighted Average: 2.0
6. Early weightbearing and progressive physical therapy should be used after repair or at initiation of nonoperative management.
1 2 3 4 5 6 7 8 9
Extremely Inappropriate Extremely Appropriate
Weighted Average: 8.6
7. Augmentation of acute complete Achilles tendon repair with autograft, allograft, and xenograft improves functional outcomes.
1 2 3 4 5 6 7 8 9
Extremely Inappropriate Extremely Appropriate
Weighted Average: 1
8. Percutaneous repair has a lower rate of wound dehiscence and postoperative infection compared with traditional open repair.
1 2 3 4 5 6 7 8 9
Extremely Inappropriate Extremely Appropriate
Weighted Average: 5.2
9. Percutaneous repair results in improved functional outcome compared with traditional open repair.
1 2 3 4 5 6 7 8 9
Extremely Inappropriate Extremely Appropriate
Weighted Average: 1.8
10. Percutaneous repair results in lower rerupture rate compared with traditional open repair.
1 2 3 4 5 6 7 8 9
Extremely Inappropriate Extremely Appropriate
Weighted Average: 1.6
11. Percutaneous repair has increased risk of neurovascular injury.
1 2 3 4 5 6 7 8 9
Extremely Inappropriate Extremely Appropriate
Weighted Average: 5.6
12. Posteromedial incision or posterior midline incision are both acceptable incision placements for repair of Achilles tendon rupture.
1 2 3 4 5 6 7 8 9
Extremely Inappropriate Extremely Appropriate
Weighted Average: 8.6
13. Ischemia in the watershed region of the Achilles tendon is a strong factor in the etiology of Achilles tendon rupture.
1 2 3 4 5 6 7 8 9
Extremely Inappropriate Extremely Appropriate
Weighted Average: 2.4
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statement. Based on the results of this preliminary review of the literature, a final list of 13
statements was selected for further exploration and discussion (Table 1).

Consensus Process

A modified Delphi method was used to attain consensus by the
members of the panel (1). The panel was asked to review and anony-
mously rate the appropriateness of each statement. Rating was graded
from 1 (extremely inappropriate) to 9 (extremely appropriate) on a Lik-
ert scale (2). The results were summarized with basic descriptive statis-
tics, kept anonymous, and distributed back to the panel members for
review and discussion. After open discussion of these results, the state-
ments were distributed for a second anonymous rating by the same
panel members. The answers were again analyzed using the same
method. An attempt was made to reach consensus for all statements,
but it was not a requirement. Although this was not a formal systematic
review, each panel member conducted a comprehensive review of the
literature in an attempt to answer each specific statement. The final
draft of the manuscript was submitted to The Journal of Foot and Ankle
Surgery!.

Statement 1. Consensus statement: Complete acute Achilles tendon
ruptures should always be treated surgically with primary repair.

The panel reached consensus that the statement was inappropriate.
Operative versus nonoperative management of acute Achilles ten-

don rupture is a controversial topic in the orthopaedic and podiatric
surgical communities. The strength of the evidence published over the
past 15 years has changed the way the foot and ankle surgeon should
view Achilles tendon rupture, with many randomized clinical control
trials revealing equivalent long-term outcomes in patients treated
nonoperatively compared with those treated with operative manage-
ment (3−7). Historically, nonoperative management was associated
with increased rerupture rate, slower return to sport, and lower func-
tional outcome scores (8). As surgeons began to implement early
weightbearing and early functional rehabilitation, many studies began
to evaluate whether the outcomes of surgical repair were superior to
nonoperative management with accelerated rehabilitation (3−7). Sur-
prisingly, even with evidence supporting nonoperative repair, in the
United States 61% of patients continued to be treated with operative

management, with the ratio of operative to nonoperative treatment
actually increasing from 2007 to 2011 (9). In comparison, the inci-
dence of repair reported in the Canadian literature decreased from
21% to 6.5% from 2010 to 2014 (10). The task of this panel was to
review the literature while also taking a practical look at different
patient populations when determining the correct treatment course.
When reviewing the evidence, the key components that were evalu-
ated when comparing operative versus nonoperative management
were (Table 2)

- Complications other than rerupture;
- Rerupture rate;
- Functional outcome; and
- Return to activity.

When looking only at the Level 1 evidence available, there appears
to be no difference between operative and nonoperative management
with regard to complications, functional outcome, and return to activ-
ity. Although the majority of evidence does not reveal a difference in
rerupture rate between operative and nonoperative treatment (3
−6,11,12), 2 meta-analyses do support that operative management
decreases the risk of rerupture (13,14). Of course, the decision for oper-
ative versus nonoperative management should always be patient spe-
cific, as there is a lack of current high-level studies that evaluate
operative versus nonoperative management in high-performance ath-
letes or the military. There are retrospective reviews and Level III stud-
ies suggesting that operative intervention will return high-functioning
patients to full activity sooner (15), but several other Level I studies do
not corroborate these findings (6,14,16,17). It is important to discuss
the risks and complications of both operative and nonoperative man-
agement with patients and allow for patient input in the decision-mak-
ing process. However, when taking into consideration the current
evidence and the opinion of the panel members, a consensus was
achieved that Achilles tendon ruptures should not always be treated
with operative intervention.

Statement 2. Consensus Statement: Patients with increased risk factors
for postoperative complications (diabetes, obesity, cigarette smoking)

Table 2
Evidence Comparison for Operative Versus Nonoperative Repair

Author Complications Rerupture Rate Functional Outcome Return to Activity Notes

Nilsson-Helander et al (3) No difference No difference No difference in patient
self-assessment of
physical activity at 6
and 12 mo

Willits et al (4) No difference No difference No difference
Keating et al (5) No difference No difference
Olsson et al (6) No difference No difference No difference
Lantto et al (7) Trend towards operative

management, no sta-
tistically significant
difference between
groups

Wilkins et al (13) Lower rate in operative
management

Amendola et al (16) No difference
Van der Eng et al (11) No difference
Soroceanu et al (12) No difference when early func-

tional rehabilitation was
utilized

No difference

Jiang et al (14) Favors operative management No difference in return
to pre-injury sports

Shorter sick leave for
operative patients

Deng et al (17) No difference No difference No difference
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have special considerations with regard to deciding operative versus
nonoperative management of acute Achilles tendon rupture.

The panel reached consensus that this statement is appropriate.
``Multiple factors have been identified as increasing the risk for

postoperative complications in patients in general. The panel
reviewed literature regarding multiple potential risk factors for com-
plications following Achilles tendon rupture treatment. These include
the following.

Diabetes

In a study of 7895 patients, the authors found a higher risk of rup-
ture of the Achilles tendon in women with poorly controlled diabetes
(15). Additional research suggests that high-glucose diets affect Achilles
tendon healing in rats (18). Several other studies involving patients
diagnosed with diabetes found that patients developed superficial
wound infections after percutaneous repair as well as a mini-open
repair. (19,20).

Obesity

With regard to obesity, a retrospective review of patients treated
both surgically and nonoperatively did not find an increased risk of
deep vein thrombophlebitis or pulmonary embolism (21). However, a
second retrospective study found that patients with body mass index
(BMI) >30 were 2 times more likely to develop a wound infection after
Achilles tendon repair then those with BMI <30 (22). Several additional
studies found that obese patients displayed statistically significantly
higher rates of wound complications, venous thromboembolism, and
medical complications (23,24). In contrast, a smaller study did not find
that obesity had any effect on the occurrence of adverse events after
Achilles tendon repair (25).

Smoking

In a retrospective study of 167 cases, Bruggeman et al (26) deter-
mined that smoking is a risk factor for developing infections after open
Achilles tendon repair. The authors also noted that steroid use and
being female were risk factors. Patients with ≥2 risk factors had an
even higher rate of complications, 42.1%. In another prospective study
of 409 cases of Achilles tendon repair, the authors found that 33% of
patients who had a rerupture also abused tobacco (27). Patients
>40 years old and male patients did have lower scores. In a 30-day fol-
low-up study of 615 patients by Pean et al (28), 2% had adverse out-
comes. Smoking, obesity, and diabetes were not factors. In a study of
the medical records of 22 patients with Achilles tendon lacerations,
smoking was not found to be a factor in infections (29). Klos et al (30)
studied 111 tendons with light spectroscopy to measure microperfu-
sion. Smokers were found to have less blood flow in their Achilles ten-
dons.

Statement 3. Consensus Statement: Acute partial Achilles tendon rup-
tures should be treated nonoperatively.

The panel came to a consensus that this statement is appropriate.
The consensus in the literature regarding the treatment of acute par-

tial Achilles tendon ruptures appears to prefer nonoperative treatment,
which coincided with the panel’s expert opinion and general consen-
sus. It is important to note the specification of acute (versus chronic) in
the above statement.

In a 1992 article published in Clinics in Sports Medicine, the authors
recommended that acute partial Achilles tendon ruptures be treated
with casting for 2 to 3 weeks (31). In multiple studies that have been
published since then regarding Achilles tendon ruptures, partial tears
are excluded and all treated nonoperatively (32−34). Furthermore,

there is controversy in the literature regarding nonoperative versus
operative treatment in full ruptures. We can extrapolate that data to
show that if total ruptures can be treated nonoperatively in lieu of sur-
gery, anything less than a full rupture can be and should be treated con-
servatively.

Statement 4. Consensus Statement: Surgical repair of the acute Achilles
tendon rupture should occur within 10 days of the injury.

The Panel came to a consensus that this statement was neither
appropriate nor inappropriate.

Despite being the most common tendon rupture in the lower
extremities, a debate remains on the optimal timing of repair with
regard to acute Achilles tendon ruptures. On a cellular level, Type III col-
lagen synthesis and proliferation occur mostly during the first couple of
days after injury (35). This phase of the inflammatory process suggests
that earlier surgical repair may be most beneficial (36,37). Theoretically,
these histologic changes should result in a decreased probability of
fibrotic tissue formation as often seen with delayed surgical treatment,
thus decreasing the chances of chronic tendinosis and tendon rerup-
ture. Although biocellular studies suggest these processes play an inte-
gral role in the outcomes of tendons treated with early surgical
intervention, they are combatted by the majority of clinical-surgical
data suggesting there is no difference compared with delayed surgical
treatment of acute Achilles tendon rupture (38−40). Although surgical
outcomes performed within a week of injury have shown exceptional
results, it has also been reported that these outcomes are comparable
to those treated as far out as ≥4 weeks (39−41).

With contradicting literature about the optimal timing of surgical
repair of acute Achilles tendon injury, it is important to take postopera-
tive complications and perioperative risk factors into consideration.
With delayed surgical repair of Achilles tendon injuries, there is a sig-
nificantly increased chance of deep venous thrombosis as well as surgi-
cal site infection (29,41,42). Additionally, decreased plantar flexory
power of the Achilles tendon has been reported when treated with
delayed surgical repair (43). With current findings, it is difficult to for-
mally determine the optimal time frame for surgical repair with regard
to acute Achilles tendon injuries. We recommend the treating physician
take into account patient expectations, comorbidities, activity levels,
and the surgeon’s clinical experience and comfort level when determin-
ing optimal timing of surgical repair for each patient.

Statement 5. Consensus Statement: Advanced imaging should be rou-
tinely obtained for suspected Achilles tendon ruptures.

The panel reached the conclusion that this statement was inappro-
priate.

Several diagnostic tests have been described to diagnose Achilles
tendon ruptures. The calf squeeze test was described by both Sim-
monds in 1957 and Thompson in 1962 (44,45). Maffulli (46) reported a
sensitivity to diagnose acute tendon rupture of 0.96 and specificity of
0.93 for the calf squeeze test. A false negative for this test is more likely
with a neglected rupture, in which hematoma has been replaced with
healing tendon tissues. The knee flexion test, also called the passive
ankle dorsiflexion test, described by Matles (47) and Maffulli (46),
reported a sensitivity of 0.88 and specificity of 0.85. A neglected rupture
should still be positive with the knee flexion test, as the tendon will
lengthen with hematoma formation and subsequent tendon reconstitu-
tion. Maffulli (46) also noted that the diagnosis of subcutaneous Achilles
tendon tear can reliably be diagnosed with a combination of the calf
squeeze and knee flexion test. Reiman et al performed a systematic
review with meta-analysis of the utility of clinical measures for the
diagnosis of tendon injuries (48). The calf-squeeze test had a positive
likelihood ratio of 13.51 and a negative likelihood ratio of 0.04, giving it
the ability to rule in or rule out an Achilles tendon tear to a “large and
almost conclusive degree.”
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The American Academy of Orthopedic Surgeons (2009) (49) requires
findings consistent with rupture in ≥2 of the following tests for clinical
diagnosis of Achilles tendon rupture: calf squeeze test, palpable gap,
knee flexion test, or decreased plantarflexion strength. Garras et al (50)
examined the sensitivity of physical exam in comparison to the sensi-
tivity of MRI for diagnosis of acute tendon rupture. In patients with pos-
itive calf squeeze test, knee flexion test, and palpable gap, acute tendon
rupture was confirmed intraoperatively with 100% sensitivity and with
MRI, 90% sensitivity; they recommended that MRI is unnecessary for
diagnosis of acute tendon rupture. The AAOS (2009) (49) regards use of
imaging modalities including radiograph, ultrasound, and MRI to diag-
nose acute tendon rupture as “inconclusive,” with a lack of compelling
evidence to support their use. Imaging may best be performed when
diagnosis with clinical findings is equivocal.

Statement 6. Consensus Statement: Early weightbearing and progres-
sive physical therapy should be used after repair or at initiation of non-
operative management.

The panel came to a consensus that this statement was appropriate.
During the discussion of this statement, the panel agreed that early

weightbearing and progressive physical therapy should be performed
after an Achilles tendon rupture regardless of surgical or nonsurgical
treatment. The panel’s opinion corresponded with the most recent data
available, which suggest that early weightbearing and range of motion
exercise after rupture are critical to long-term outcomes.

Studies that were published before 2005 comparing surgical versus
nonsurgical treatment revealed either an increased rate of rerupture
with conservative treatment or improved patient outcomes with surgi-
cal treatment (51−53). This led researchers to conclude that surgical
treatment is the preferred method of addressing acute rupture. Subse-
quent randomized controlled trials and meta-analyses after 2005, par-
ticularly those using functional bracing and dynamic or active
rehabilitation, produced results discordant with previous conclusions,
including similar or superior outcomes in the non−surgically treated
patients (4,54−61). Likewise, they found no difference in rerupture rate
(4,58); although there were earlier studies that established some
improved outcomes with earlier range of motion and weightbearing
(42,62).

Most notably, in 2012, Soroceanu et al (60) performed a meta-
analysis including 10 randomized controlled trials. They found that
when functional rehabilitation with early range of motion was used,
rerupture rates for surgical and nonsurgical patients were equal,
without significant statistical difference (absolute risk difference
1.7%; p = .45). If such rehabilitation protocols were not used, surgery
was favored because of increased rerupture rates in the nonsurgical
patients. These functional protocols included immediate weightbear-
ing and mobilization as early as 10 days and stand in stark contrast to
traditional conservative treatments of immobilization and non-
weightbearing for 6 to 8 weeks. Soroceanu et al (60) noted that if
functional rehabilitation is not performed, conservative treatment
significantly increased the rerupture rate and concluded that the best
available evidence supports conservative intervention for Achilles
tendon rupture as the preferred treatment if combined with func-
tional rehabilitation (60).

Similarly, Zhang et al (59) in 2015 published a systematic review of
9 overlapping meta-analyses comparing conservative to surgical treat-
ment. The authors found that when functional rehabilitation was used,
conservative intervention was equal to surgical treatment regarding
incidence of rerupture, range of motion, calf circumference, and func-
tional outcomes, and that the incidence of other complications was
reduced with conservative treatment.

Traditionally, patients with acute Achilles tendon ruptures were
immobilized and made non-weightbearing for a prolonged period of
time. However, multiple studies have shown that tendon repair is

actually stimulated by mechanical loading (63,64). Additionally, passive
range of motion after tendon repair has shown enhanced function and
increased tensile strength of the repair (64). This effect may be respon-
sible for the decreased rerupture rate when functional rehabilitation
protocols are used in conservative care.

Studies reporting on functional rehabilitation protocols for conser-
vative treatment and after surgical intervention exhibit great heteroge-
neity. They vary in length of time immobilized, time to weightbearing,
and orthosis type for functional care. Studies are primarily concerned
with nonoperative and operative treatment comparisons, not compari-
son of rehabilitation programs.

Nevertheless, the panel did discuss its preference regarding treat-
ment protocols. After an Achilles tendon surgical repair, care routinely
consists of progressing the patient to weightbearing and rehabilitation
an average of 14 to 21 days postoperatively, or ideally, after the sutures
heal. For nonoperative treatment protocols, the panel recommends
immediate protective weightbearing and daily active plantarflexion.

Regardless of operative or nonoperative treatment, a combination of
immediate weightbearing with early ankle mobilization appears to be
important for optimum patient recovery. Although there has been
some attempt to understand the best course of rehabilitation, research
remains to be performed to more clearly guide evidence-based treat-
ment measures in both settings.

Statement 7. Consensus Statement: Augmentation of acute complete
Achilles tendon repair with autograft, allograft, and xenograft improves
functional outcomes.

The panel came to a consensus that this statement was inappropriate.
Despite a growing body of literature on the use of a variety of mate-

rials to augment Achilles tendon rupture repair, there is inadequate evi-
dence showing that the addition of these materials provides superior
outcomes. Although the addition of these materials has not been clearly
detrimental, the additional effort and cost do not mandate their use.

In a prospective, randomized trial of 60 patients, Pajala et al (64)
evaluated pain, stiffness, subjective weakness, footwear restrictions,
ankle joint range of motion tendon elongation, and calf strength at 3-
and 12-month intervals. The authors compared end-to-end repair with
gastrocnemius turn-down flap augmentation and found that aug-
mented repair held no advantage over end-to-end repair. The same
group of patients were once again studied at 14 years of follow-up by
Heikkinen et al (65). The authors also noted no advantage in plantar-
flexion strength, Leppilahti Achilles score, or RAND 36-item health sur-
vey for augmentation.

In a case series, Shoaib and Mishra (66) reported on 7 patients with
large defects repaired with a synthetic material resulting in satisfactory
outcomes. Lee (67) reported on 9 patients receiving repairs using a
human acellular dermal matrix, also with satisfactory outcomes. Basi-
glini et al (68) reported on a case of a long-term inflammatory response
in a patient treated with a synthetic graft 11 years after implantation.
Ofili et al (69) reviewed 14 cases of delayed repair using allograft, with
satisfactory results. Zhang et al, in a meta-analysis (70), compared aug-
mented repair with nonaugmented repair and discovered that no
improvement in patient satisfaction, rerupture rate, or infection rate
was gained with augmentation. There are several biomechanics studies
evaluating xenograft, collagen ribbing, and extracellular matrix; how-
ever, there is no high-level evidence to suggest that these tissues
improve patient outcomes (71−73).

Statement 8. Consensus Statement: Percutaneous repair has a lower
rate of wound dehiscence and postoperative infection compared with
traditional open repair.

The panel came to a consensus that this statement was neither
appropriate or inappropriate.

With percutaneous repair of the Achilles tendon gaining traction
among foot and ankle surgeons, the hope is that the added expense of
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instrumentation as well as the risk of poor visualization of the repair
can be mitigated by decreased postoperative complications. One would
assume that smaller incisions and less exposure of the tendons would
lead to decreased risk of dehiscence and infection. The evidence for this
statement, however, is sparse and inconclusive at best. In a Level III ret-
rospective review comparing 101 percutaneous repairs with 169 open
repairs, Hsu et al (74) found no statistically significant difference
between groups in wound dehiscence, superficial, or deep infection.
Yang et al (75) performed a meta-analysis of 815 patients in 5 random-
ized controlled trials and 7 retrospective cohort studies. The research-
ers noted a higher rate of deep infection in the open repair group,
although the rate was not statistically significant. They also performed
a subgroup analysis of the randomized controlled trials only and found
no statistically significant difference between groups. Bartel et al (76)
performed a systematic review of mini-open Achilles tendon repair,
evaluating 8 studies and 253 patients. The overall complication rate
was low, with 2% rate of incision problems and 0.8% rate of infection.
Although theoretically, smaller incisions and less dissection would
likely result in decreased wound complications, a lack of compelling
evidence to support that statement prevented the panel from agreeing
or disagreeing with the statement.

Statement 9. Consensus Statement: Percutaneous repair results in
improved functional outcome compared with traditional open repair.

The panel came to a consensus that this statement was inappropriate.
Open repair of acute Achilles tendon rupture has traditionally been

the preferred method of treatment compared with conservative man-
agement. Over the last decade, percutaneous repair of Achilles tendon
ruptures has gained momentum, introducing the debate as to which
technique produces the best postoperative outcomes. A multitude of
studies have compared the functional outcomes of open versus percu-
taneous repair, with the majority remaining in favor of traditional open
methods. American Orthopaedic Foot & Ankle Society scores of Achilles
tendons that underwent open repair are higher than or equal to those
repaired percutaneously (75,77−81). Achilles Tendon Rupture Scores
(ATRS), Modified Thermann total scores, Holz score assessments, and
overall patient satisfaction with regard to functional ability also err on
the side of open repair (77,78,82−85). Additionally, isokinetic variables
have been studied comparing ruptured Achilles tendons repaired both
open and percutaneously. These studies not only demonstrated greater
concentric and eccentric peak torque with open repair, but also less
work needed by the posterior leg muscles to perform peak torques
compared with percutaneous surgical management (77,86).

Although some of the recent literature credits percutaneous repair
with having fewer postoperative complications, the overall functional
outcome remains more favorable when treated via an open technique.
Despite postoperative concerns for acute Achilles tendon rupture treated
with open repair, it continues to have decreased tendon rerupture rates
(75,81,87−89), lower rates of decreased calf circumference (77), and
decreased incidence of sural neuritis (77,78,85). Based on the findings
from the majority of recent literature published, it is inappropriate to
depict percutaneous repair of acute Achilles tendon ruptures as having
better overall functional outcomes compared with traditional open repair.

Statement 10. Consensus Statement: Percutaneous repair results in
lower rerupture rates compared with traditional open repair.

The panel came to a consensus that this statement was inappropriate.
Overall, the literature reports rerupture rates that are comparable to

open repair. Based on the evidence, we cannot say that percutaneous
repair results in decreased rerupture rates.

First, multiple studies have compared complication rates of percuta-
neous acute tendon repair versus open and reported 0 patients with
rerupture in either group (90−95). Lim et al in 2001 (95) found no sig-
nificant difference between the groups: 1 patient of 33 that had percu-
taneous repair had a rerupture, and 2 patients of 33 that had open

repair had a rerupture. Cretnik et al (96,97) published 2 studies, 1 in
2004 and 1 in 2005. The first study prospectively examined percutane-
ous Achilles tendon repair with a minimum 2-year follow up. They
looked at 134 percutaneous procedures, with 1 complete and 4 partial
reruptures, which they stated was comparable to open repairs. The sec-
ond study compared a percutaneous group to an open repair group and
found 3.7% and 2.8% rerupture rates, respectively; 80% of the percutane-
ous reruptures were partial, and 100% of the open reruptures were
complete (97).

A meta-analysis of randomized controlled trials compared open and
percutaneous surgical repair throughout a period of 25 years (98). Six
studies met their inclusion criteria for a total of 277 patients. When the
authors analyzed the data, no significant difference in rerupture rates
was found between the 2 groups, with a risk differential of 0.01. Another
meta-analysis of multiple databases that included 5 randomized con-
trolled trials and 7 retrospective cohort studies for a total of 815 patients
reported no significant difference in regarding rate of rerupture (75).

Statement 11. Consensus Statement: Percutaneous repair of the Achil-
les tendon has an increased risk of neurovascular injury.

The panel reached consensus that the statement was neither
appropriate or inappropriate.

One major concern with minimally invasive surgery is lack of visuali-
zation of adjacent structures that could be damaged during the proce-
dure. With percutaneous Achilles tendon repair, the sural nerve lies
adjacent to the Achilles tendon, putting it at risk of puncture or damage
during repair. Although cadaveric studies have displayed this risk (82),
there is a lack of evidence supporting this finding. Multiple retrospective
studies andmeta-analyses have evaluated sural nerve injuries comparing
open and percutaneous repair, with the incidence ranging between 0%
and 5.5%; however, no difference in statistical significance has been iden-
tified (74,75,76). This limited evidence supports the theory that the risk
is low for sural nerve injury; however, without high-level evidence, the
panel could not find this statement to be appropriate or inappropriate.

Statement 12. Consensus Statement: A posteromedial or posterior mid-
line incision are both acceptable placements for repair of Achilles ten-
don rupture.

The panel came to a consensus that this statement was appropriate.
Multiple studies published on Achilles tendon repair use the poster-

omedial incision and consider it to be the standard incision (4,51,99
−102). Nistor (103) published a prospective randomized trial in 1981
comparing surgical and nonsurgical treatment of acute Achilles tendon
repairs. When analyzing complication rates, 9 of 44 patients who
underwent surgical repair had sural nerve injury; in all 9, a lateral inci-
sion had been used (103).

Interestingly in 2011, Highlander and Greenhagen (104) per-
formed a systematic review of the literature to analyze wound
complications after posterior leg incisions. They found 38 peer-
reviewed articles that met their inclusion criteria; however, it is
important to note they included any type of surgical procedure
that used these incisions, not only Achilles tendon rupture repair.
Seven of the articles used a posterior midline incision, and 31 used
a posterior medial incision. The posterior medial incision group
and the posterior midline incision group had wound complication
rates of 8.3% and 7.0%, respectively. They surmised that surgeons
avoid the posterior midline incision for unfound reasons (104). The
disadvantage to these incisions is that they do not follow skin lines
(105). In conclusion, our panel’s opinion parallels that published in
the literature.

Statement 13. Consensus Statement: Ischemia in the watershed region
of the Achilles tendon is a strong factor in the etiology of Achilles ten-
don rupture.

The panel came to a consensus that this statement was inappropriate.
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As with any tissue, the quality and quantity of vascularization
directly affect a tissue’s response to trauma and provide the basis for
healing. The blood supply to the gastrocnemius and soleus muscles is
usually discussed in 3 separate regions: the musculotendinous junction,
direct supply to the tendon, and the tendon−bone junction. Blood ves-
sels from these regions originate from the perimysium, mesotenon-par-
atenon structure, and periosteum.

The most commonly cited understanding of Achilles tendon blood
flow is based on cadaveric anatomic research done in the 1950s (106).
We have come to regard the midsubstance of the Achilles as relatively
ischemic based on this historic cadaveric research. In 1958, a watershed
area was identified in the midsubstance of the Achilles tendon through
cadaveric injection and analysis of the Achilles peritendinous vessels
(106). (The term “watershed” is a geographic concept identifying the
point at which 2 bodies of water come together from 2 different direc-
tions, or a central zone of land that divides areas drained by different
river systems.) It is this watershed that has been proposed as the etiol-
ogy of an ischemic zone in the tendon and proposed a main determi-
nant in weakness and rupture. The Achilles tendon has been shown to
have multiple sources of blood supply originating distal, proximal, and
from the peritendinous structures (107,108). The question is, however,
does this anatomic distribution of vessels within the tendon tissues
cause a true hemodynamic compromise or ischemia?

Hastad et al (109) tested hemodynamic flow in the tendon using a
sodium washout technique and noted uniform blood flow throughout
the tendon. Astrom et al in 1994 (108) used laser Doppler flow analysis
to assess real-time tendon circulation in 28 normal volunteers. Subjects
were tested with the Doppler probe inserted into the tendon and
hemodynamic flowwas assessed at rest, during calf muscle contracture,
and after vascular occlusion. Findings showed pulsatile flow synchro-
nous with the heart rate evenly distributed throughout the tendon,
with only a slight decrease at the tendon insertion at the calcaneus. Fur-
ther hemodynamic research in live subjects has further strengthened
the notion that blood flow is uniform throughout the tendon including
the watershed zone (110−114). Additional research has shown an
increase in blood flow in the tendon with exercise (110). Boushel noted
that muscle tendon blood flow increased concurrently with exercise
without abnormal shunting of blood (111). Kubo reported that both
blood volume and oxygen saturation after repetitive muscle contrac-
ture did not change, and then found that although oxygen consumption
did not change when comparing eccentric to concentric muscle con-
traction, inflow of blood to the tendon was significantly greater during
eccentric compared with concentric contractions (114).

It has been suggested based on work by Cummins in 1946 (115) that
the twisting of the Achilles tendon fibers distally is a possible cause of
the purported ischemia of the midsubstance of the tendon. This so
called “wringing out” of the tendon, as it has been described by many,
is based on these anatomic observations. Although this an attractive cir-
cumstantial piece of evidence, the effect of this fiber twisting on real-
time blood flow in living tissue has not been confirmed through experi-
mentation. The studies that have shown uniform blood flow through-
out the tendon at rest, with contracture, and exercise noted previously
would argue against this effect. Further research is needed to make the
causal connection between the tendon spatial anatomy (twisting) and
the blood flow within the tendon at all levels.
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