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Operative versus Nonoperative Treatment of
Acute Achilles Tendon Ruptures

A Multicenter Randomized Trial Using Accelerated Functional Rehabilitation

By Kevin Willits, MA, MD, FRCSC, Annunziato Amendola, MD, FRCSC, Dianne Bryant, MSc, PhD,
Nicholas G. Mohtadi, MD, MSc, FRCSC, J. Robert Giffin, MD, FRCSC, Peter Fowler, MD, FRCSC,

Crystal O. Kean, MSc, PhD, and Alexandra Kirkley, MD, MSc, FRCSC

Investigation performed at the Fowler Kennedy Sport Medicine Clinic, London, Ontario,
and the University of Calgary Sport Medicine Centre, Calgary, Alberta, Canada

Background: To date, studies directly comparing the rerupture rate in patients with an Achilles tendon rupture who are
treatedwith surgical repair with the rate in patients treated nonoperatively have been inconclusive but the pooled relative risk
of rerupture favored surgical repair. In all but one study, the limbwas immobilized for six to eight weeks. Published studies of
animals and humans have shown a benefit of early functional stimulus to healing tendons. The purpose of the present study
was to compare the outcomes of patients with an acute Achilles tendon rupture treated with operative repair and accelerated
functional rehabilitation with the outcomes of similar patients treated with accelerated functional rehabilitation alone.

Methods: Patients were randomized to operative or nonoperative treatment for acute Achilles tendon rupture. All pa-
tients underwent an accelerated rehabilitation protocol that featured early weight-bearing and early range of motion. The
primary outcome was the rerupture rate as demonstrated by a positive Thompson squeeze test, the presence of a
palpable gap, and loss of plantar flexion strength. Secondary outcomes included isokinetic strength, the Leppilahti score,
range of motion, and calf circumference measured at three, six, twelve, and twenty-four months after injury.

Results: A total of 144 patients (seventy-two treated operatively and seventy-two treated nonoperatively) were ran-
domized. There were 118males and twenty-six females, and themean age (and standard deviation) was 40.4 ± 8.8 years.
Rerupture occurred in two patients in the operative group and in three patients in the nonoperative group. There was no
clinically important difference between groups with regard to strength, range of motion, calf circumference, or Leppilahti
score. There were thirteen complications in the operative group and six in the nonoperative group, with themain difference
being the greater number of soft-tissue-related complications in the operative group.

Conclusions: This study supports accelerated functional rehabilitation and nonoperative treatment for acute Achilles
tendon ruptures. All measured outcomes of nonoperative treatment were acceptable and were clinically similar to those
for operative treatment. In addition, this study suggests that the application of an accelerated-rehabilitation nonoperative
protocol avoids serious complications related to surgical management.

Level of Evidence: Level I. See Instructions to Authors for a complete description of levels of evidence.

Rupture of the Achilles tendon is one of the most com-
mon tendon injuries in the adult population. The in-
cidence of this injury is increasing as aging adults

continue their participation in high-demand sports1-3. Al-
though the impact of an Achilles tendon rupture is substan-
tial, often resulting in prolonged disability and rehabilitation,

A commentary by Michael S. Aronow, MD,
is available at www.jbjs.org/commentary
and is linked to the online version of
this article.

Disclosure: In support of their research for or preparation of this work, one or more of the authors received, in any one year, outside funding or grants in
excess of $10,000 from Physicians Services, Inc. (PSI) and Aircast, Inc. Neither they nor a member of their immediate families received payments or
other benefits or a commitment or agreement to provide such benefits from a commercial entity.
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the treatment of acute Achilles tendon ruptures remains
controversial.

To date, studies directly comparing the rerupture rate in
patients with an Achilles tendon rupture who are treated with
surgical repair with the rerupture rate with nonoperative
treatment have been inconclusive4-11. In 2002, in a systematic
review and meta-analysis, Bhandari et al.12 pooled the results of
448 patients randomized to either operative or nonoperative
treatment following Achilles tendon rupture and reported a
relative risk of rerupture of 0.32 (95% confidence interval [CI],
0.14 to 0.71) in favor of surgical repair.

In all but one study that was included in the review by
Bhandari et al.12, patients wore a cast for six to eight weeks. Pub-
lished studies of animals and humans, however, have demonstrated
spontaneous healing of tendons without immobilization13-24. Fur-
thermore, there are several reports of the benefit of functional
stimulus to healing tendons8,18,25-28. In studies specific to the Achil-
les tendon, early weight-bearing with protected range of motion
has been shown to achieve favorable outcomes in terms of range
of motion, strength, and return to activities13,14,16,17,21,29 while
minimizing the possibility of healing in a lengthened position
or of rerupture14,23,24.

To date, there have been two small randomized trials
comparing the outcomes of patients with acute Achilles tendon
rupture who were treated operatively with the outcomes of
those treated nonoperatively in which early weight-bearing and
mobilization was the focus of rehabilitation in both groups8,11.
In the first study, reported in 1995 by Thermann and col-
leagues8 and involving fifty patients, functional exercises
(walking, isometrics, and stationary cycling) began two to three
days after injury, followed by range-of-motion exercises at six
weeks, strengthening at eight weeks, and running and jumping
by twelve weeks. In the second study, reported in 2008 by Metz
et al.11,30, in which eighty-three patients were randomized to
conservative treatment or minimally invasive surgical repair,
patients wore a cast for seven days with no weight-bearing and
then wore a functional brace with weight-bearing as tolerated;
sports were permitted at twelve weeks. In both studies, there
was no significant difference between groups with regard to the
rerupture rate. There was also no significant difference between

groups with regard to range of motion, strength, calf circum-
ference, or functional assessment8,11.

The purpose of the current study was to compare the
outcomes of patients with acute Achilles tendon ruptures who
had been treatedwith operative repair and accelerated functional
rehabilitation with the outcomes of similar patients who had
been treated with accelerated functional rehabilitation alone.

Materials and Methods

This randomized controlled trial with a minimum two-
year follow-up was conducted at two Canadian centers,

the Fowler Kennedy SportMedicine Clinic in London, Ontario,
and the University of Calgary Sport Medicine Centre in Cal-
gary, Alberta. Eligibility criteria are provided in Table I. To be
eligible for participation, individuals had to meet all of the
eligibility criteria. The study protocol was approved by the
Human Research Ethics Board at both institutions.

As part of the recruitment process, all patients were informed
of the current literature concerning the treatment of Achilles ten-
don injuries andwere asked to read the information letter outlining
the details of study participation and issues regarding randomiza-
tion to operative or nonoperative treatment. Randomization was
computer-generated and stratified by surgeon. Group allocation
was revealed to patients only after the surgeon determined patient
eligibility and the patient signed the consent document. With the
exception of the presence or absence of surgical repair, all patients in
this study underwent identical treatment.

Operative Treatment
Surgical treatment included a vertical posteromedial incision
thatwas extended directly to the level of the paratenon. Carewas
taken to avoid damage to the soft-tissue envelope by utilizing
only gentle traction of the skin edges for exposure. Two number-
2 nonabsorbable sutures were placed across the tear in a
Krackow-type stitch pattern, with the foot placed in plantar
flexion to appose the tear ends. The contralateral extremity was
used as a guide for the restoration of proper tendon length.
Additional absorbable sutures were placed at the tear site to re-
appose any remaining tendon ends as needed. The paratenon
was carefully repaired with nonabsorbable sutures. Interrupted

TABLE I Eligibility Criteria

Inclusion Criteria Exclusion Criteria

Complete primary Achilles tendon rupture demonstrated by a positive
Thompson squeeze test and the presence of a palpable gap

Additional ipsilateral injury

Open injury

Fluoroquinolone-associated rupture (i.e., rupture within 2 weeks
after taking this medication)

Presenting within 14 days after injury

Between 18 and 70 years of age Insulin-dependent diabetes

Willing and able to comply with and carry out the prescribed rehabilitation
protocol

Achilles avulsion from the calcaneus

Surgical contraindications

Providing informed consent Neurological or vascular disease requiring medications
recognized to impair tendon healingAble to speak English
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Prolene sutures (Ethicon, Somerville, New Jersey) were placed
in the skin layer to ensure meticulous closure. A posterior back
slab splint was then applied with the foot in approximately 20"
of plantar flexion.

Two weeks after surgery, a wound check was performed,
the posterior back slab was removed, and the accelerated func-
tional rehabilitation program commenced. Skin sutures were
removed when complete skin healing was apparent.

Accelerated Functional Rehabilitation Program
All patients received a removable below-the-knee orthosis
(pneumatic walking brace; Aircast, Summit, New Jersey) with a
2-cm heel lift to provide approximately 20" of plantar flexion.
The rehabilitation program is outlined in the Appendix. Mo-
dalities to reduce pain and swelling were initiated during
physiotherapy.

Outcome Measures
The primary outcome was the rerupture rate. Rerupture was
diagnosed by the investigating surgeon on the basis of a positive
Thompson squeeze test31, the presence of a palpable gap32, and
loss of plantar flexion strength.

Secondary outcomes included isokinetic strength, the
Leppilahti score33, ankle range of motion, and calf circumfer-
ence. The isokinetic plantar flexion strength and dorsiflexion
strength of both limbs were assessed with use of a Biodex
Multi-Joint System 3 dynamometer (Biodex Medical, Shirley,
New York). Participants lay supine on the dynamometer with
the knee supported and secured in approximately 20" of flexion.
The lateral malleolus was aligned with the axis of rotation of the
dynamometer, and the foot was fixed to the dynamometer foot-
plate with use of two Velcro straps. In order to familiarize them
with the protocol, the participants first performed submaximal
contractions at each test velocity. They then performed five re-
ciprocal concentric isokinetic contractions of plantar flexion and
dorsiflexion with maximum effort at 30"/s and 60"/s, and ten
reciprocal concentric isokinetic contractions at 240"/s, with a one-
minute rest period between test velocities. Finally, testing was
repeated for the contralateral limb.

Peak plantar flexion and dorsiflexion torques (in Nm) at
each velocity were calculated by averaging the peak torque values of
the individual contractions. To calculate a score for the Leppilahti
scale, we calculated the percent difference between the injured and
the noninjured limb for plantar flexion and for dorsiflexion at each
velocity and assigned points according to scoring instructions for
the Leppilahti scale33.

The Leppilahti score33 is a disease-specific functional out-
come measure that includes patient ratings of pain, stiffness, calf
muscle weakness, footwear restrictions, range of motion, and
satisfaction as well as objective measures of strength to arrive at
an overall score. A score of 100 represents the best possible score,
and a score of 0 represents the worst possible score.

Range of motion was measured with use of a standard
goniometer. Plantar flexion of the ankle was measured with the
patient in the supine sitting position with the knee flexed to 30"
and the gastrocnemius relaxed. The axis arm of the goniometer

was placed just inferior to the lateral malleolus and the stabi-
lizing arm was placed parallel to the long axis of the fibula. The
movable arm was positioned on the lateral border of the foot.
Beginning at the neutral position (goniometer reading, 90"),
the ankle was plantar flexed to its limit.

Calf circumference was measured with the patient seated
with the knee flexed 90" and hanging over the edge of the table,
with the gastrocnemius relaxed. A standard tape measure was
used to measure calf circumference (in cm) at a position 15 cm
distal to the inferior pole of the patella.

The presence or absence of rerupture, the Leppilahti score,
range of motion, and calf circumference were measured at three,
six, twelve, and twenty-four months after injury. Isokinetic
strength was measured at twelve and twenty-four months. All
complications including rerupture, superficial and deep in-
fection, venous thrombosis, pulmonary embolus, and numb-
ness were assessed at all follow-up visits.

Statistical Analysis
A meta-analysis showed the rate of rerupture to be approxi-
mately 2.5% following operative repair of an Achilles tendon
rupture and 13% following nonoperative treatment34. Thus,
seventy-seven patients per group would be required to detect a
difference of 11% in the rerupture rate (one-sided type-I error
rate = 5%; power = 80%).

Independent-group t tests were used to make between-
group comparisons, in which the independent variable was the
treatment group and the dependent variable was the continuous
outcome measure (i.e., strength, Leppilahti score, ankle range of
motion, or calf circumference) at either one or two years after
treatment. A p value of 0.05 was considered significant. An iden-
tical analysis was also performed with use of a nonparametric test
(theMann-WhitneyU test), which gave similar results. Therefore,
outcome data for each group are presented as the mean and
standard deviation, and the mean difference between groups
and the 95% confidence interval (CI) are provided.

Patients who withdrew from the study because they had
moved or were unhappy with their group assignment, or who
had been lost to follow-up, were excluded from the analysis as
there were no data to carry forward or impute. It was believed
that patients who hadmoved represented data thatweremissing
completely at random and therefore would not threaten the
validity of the estimate of the treatment effect. Those patients
who withdrew because they were unhappy with their group
assignment represented a small proportion of the patients in
each group and were balanced between groups, and therefore
also unlikely to influence the validity of the results. The seven
patients who were lost to follow-upwere also evenly distributed
between groups and thus assumed to be randomly distributed.

Source of Funding
This study was funded by a grant from Physicians Services, In-
corporated, and fromAircast. An in-kind donation of the Aircast
Walking Brace was also received. Neither funding agency had
influence over or took part in the design or conduct of the study
or in the analysis or interpretation of the study data.
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Results

Between 2000 and 2005, a total of 196 patients presented to
the two study centers and were diagnosed with an Achilles

tendon rupture. Fifty-two of these patients did not participate
in the study (twenty-three patients elected to undergo surgical
treatment, eleven elected to undergo nonsurgical treatment,
seven were not comfortable with the randomization process,
and eleven were ineligible). One hundred and forty-four pa-
tients gave their consent and were randomized; seventy-two
patients were allocated to the operative group and seventy-two,
to the nonoperative group (Fig. 1). There were 118 males and
twenty-six females. The mean age (and standard deviation) was
40.4 ± 8.8 years, with a range of 22.5 to 67.2 years (Table II).
The majority of primary ruptures were sustained during rec-
reational sporting activities, and a small proportion occurred
during activities of daily living (see Appendix).

Seventeen patients, ten in the operative group and seven in
the nonoperative group, discontinued participation in the study.
Of these, sevenmoved to areas where distancemade attendance at
follow-upvisits difficult, three (two in thenonoperative group and
one in the operative group) were unhappy with their group al-
location, and the remaining seven patients were lost to follow-up.

Rerupture
Reruptureoccurred in twopatients in theoperativegroupatoneand
three months after injury and in three patients in the nonoperative
groupatone, two, and threemonths after injury. Fourof thepatients

who experienced a rerupture were treated with surgical repair; one
of these patients subsequently developed a deep wound infection
requiring a prolonged course of antibiotic therapy and repeated
debridements, and the remaining three patients had healing with
no additional complications. One patient who experienced a
rerupture was treated nonoperatively at her own request, and the
rerupture went on to heal with no additional complications.

One Year Post-Injury
On average, at all three test velocities (30"/s, 60"/s, and 240"/s),
the affected limb in both groups was able to achieve at least 80%

Fig. 1

Flow diagram for the study.

TABLE II Demographics

Characteristics
Operative
(N = 72)

Nonoperative
(N = 72)

Males:females 59:13 59:13

Mean age* (yr) 39.7 ± 11.0 41.1 ± 8.0

Height* (cm) 177.8 ± 13.6 177.3 ± 10.3

Weight* (kg) 88.4 ± 14.2 88.2 ± 17.6

Activity at injury†
(no. of patients)

ADL 6, sports 64 ADL 15, sports 59

*Data are given as the mean and standard deviation. †ADL =
activities of daily living.
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of the plantar flexion strength and 100% of the dorsiflexion
strength of the unaffected limb. There was a small but significant
difference in the plantar flexion strength ratio (affected to un-
affected limb) at 240"/s at one year (mean difference, 20.25%;
95% CI, 0.07% to 40.4%; p = 0.05) in favor of the operative
group. This difference could not be explained by differences be-
tween groups related to the unaffected limb (Figs. 2-A and 2-B).

There was no significant difference between groups in the
dorsiflexion strength ratio at any test velocity.

The mean range of dorsiflexion (and standard deviation)
was 16.4" ± 6.5" in the operative group and 17.2" ± 7.8" in the
nonoperative group. The mean range of plantar flexion was
44.4" ± 9.3" in the operative group and 45.1" ± 9.2" in the
nonoperative group. The unaffected side in both groups

Fig. 2-A

Fig. 2-B

Fig. 2-ABar graph showing the ratio of plantar flexion strength of the affected limb to that of the unaffected limbat one
year and two years at each of the three test velocities. An asterisk denotes a significant difference (p £0.05) between
the operative and the nonoperative group. Fig. 2-BBar graph showing the plantar flexion strength of the affected limb
in the operative and the nonoperative group at one year and two years at each of the three test velocities.
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maintained a greater range of motion than the affected side at
each of the study follow-up visits. The two groups did not differ
significantly with respect to the side-to-side difference in either
plantar flexion or dorsiflexion.

At one year, the mean side-to-side difference in calf cir-
cumference was –1.3 ± 1.4 cm in the operative group and –1.3 ±
4.4 cm in the nonoperative group; the difference between
groups was not significant (mean difference, 0.0 cm; 95%
CI, –1.2 to 1.2 cm; p = 0.99). The mean Leppilahti score was
78.5 ± 10.9 points in the operative group and 76.3 ± 15.8 points
in the nonoperative group; this difference was also not signifi-
cant (mean difference, –2.2 points; 95%CI, –9.1 to 4.7 points; p=
0.53).

Two Years Post-Injury
On average, at all three test velocities, the affected limb in both
groups was able to achieve at least 80% of the plantar flexion
strength and 100% of the dorsiflexion strength of the unaf-
fected limb. There was a small but significant difference in the
plantar flexion strength ratio (affected to unaffected limb) at
240"/s at two years (mean difference, 14.15%; 95% CI, 1.12%
to 27.19%; p = 0.03) in favor of the operative group, which
could not be explained by differences between groups with
regard to the unaffected limb (Figs. 2-A and 2-B). There was
no significant difference between groups in the dorsiflexion
strength ratio at any test velocity. There was no significant change in
strength at any test velocity in either group between the one-year
and the two-year time point.

The mean range of dorsiflexion was 20.3" ± 12.6" in the
operative group and 17.9" ± 6.0" in the nonoperative group.
The mean range of plantar flexion was 44.5" ± 8.4" in the
operative group and 46.8" ± 8.5" in the nonoperative group.
The unaffected side in both groups maintained a greater range
of motion than the affected side at each of the study follow-up
visits. The side-to-side difference in plantar flexion range of
motion was greater in the nonoperative group than in the op-
erative group (mean difference between groups, –2.21"; 95% CI,

–3.9" to –0.5"; p = 0.01). There was no significant difference
between groups with regard to dorsiflexion.

At two years, the mean side-to-side difference in calf cir-
cumference was –1.7 ± 2.0 cm in the operative group and –1.5 ±
5.6 cm in the nonoperative group; these values were not sig-
nificantly different (mean difference between groups, –0.2 cm;
95% CI, –1.8 to 1.3 cm; p = 0.75). The mean Leppilahti score
was 82.6 ± 11.1 points in the operative group and 82.2 ± 12.3
points in the nonoperative group; these values were not signif-
icantly different (mean difference, –0.4 point; 95% CI, –5.4 to
5.0 points; p = 0.89).

There were thirteen complications (18%) in the opera-
tive group and six (8%) in the nonoperative group, with the
primary difference being in the greater number of soft-tissue-
related complications in the operative group (Table III).

Discussion

In this study, in which both groups participated in accelerated
functional rehabilitation, we found no clinically important

differences between operative and nonoperative treatment for
any of the measured parameters. There was a significant dif-
ference in plantar flexion strength at the 240"/s test velocity at
one year and at two years, but these differences were small and
their clinical importance remains uncertain, especially given
the lack of significant differences in plantar flexion strength at
30"/s and 60"/s and in any other outcome. We found no dif-
ference in the rate of rerupture, a finding that is similar to that
in other trials in which the authors recommended early mo-
bilization8,11 but that differs from the rerupture rates reported
in studies in which immobilization was the primary rehabili-
tation approach5,7,10,35,36 (Figs. 3-A and 3-B).

In particular, the rehabilitation plan for patients who
participated in the study conducted by Thermann et al.8 was the
most aggressive of all studies including ours, with full weight-
bearing permitted three to five days after injury in the non-
operative group and eight to ten days postoperatively in the
surgically treated group. Patients in both groups wore a func-
tional boot for eight weeks. In the study by Metz et al.11, full
weight-bearing was permitted at one week after initial injury in
the nonoperatively treated group and one week after operative
repair in the surgically treated group. Patients in the nonop-
erative group wore a functional brace for six weeks, and pa-
tients in the operative group wore a tape bandage for six weeks.
Our protocol permitted protected weight-bearing at two weeks
that progressed to weight-bearing as tolerated at four weeks.
Patients wore a functional boot for eight weeks.

Early range of motion and controlled loading of healing
tendons has been shown to result in improved healing and out-
comes in animal models and some human studies14,15,17,21-25,29. For
example, in 2003 Maffulli et al.29 randomized fifty-six patients
who had undergone surgical Achilles tendon repair to either
casting with immediate weight-bearing or casting with noweight-
bearing for the first four weeks postoperatively. For both groups,
mobilization began at six weeks after surgery. Patients in the early
weight-bearing group used less physiotherapy, and discontinued
use of crutches an average of 2.5 weeks earlier. In addition, ul-

TABLE III Complications

Complication
Operative
Group

Nonoperative
Group

Rerupture 2 3

Deep venous thrombosis 1 1

Pain (substantial) 1

Failure to heal (palpable gap) 1

Achilles tendon tethered to skin 1

Hypertrophic scar 1

Superficial infection 4

Deep infection 1

Pulmonary embolus 1

Wound complication (small
opening in skin)

2
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trasonography showed no difference in tendon thickness between
groups, and there was no difference between groups in isometric
strength.

In two similar, randomized studies published in 2006,
Costa et al.21 compared the outcome following immediate
mobilization and weight-bearing in a carbon-fiber orthosis
with that following traditional plaster cast immobilization and
non-weight-bearing. The first study compared patients who
had been treated with operative repair of the tendon, and the
second study compared patients who had been treated non-
operatively. In the study of patients treated operatively, those
randomized to mobilization and early weight-bearing showed
significantly improved early functional outcomes compared
with the other group. For patients treated nonoperatively, the
outcomes in the early and late-weight-bearing groups were sim-
ilar. There was no evidence of tendon lengthening or a higher
rerupture rate in the early weight-bearing group. In addition,
the number of complications was greater in the operatively
treated group than in the nonoperatively treated group. Other
studies, including a systematic review of randomized trials pub-
lished in 200537, that have compared the outcomes for patients
treated with weight-bearing at two weeks after surgical repair
with the outcomes after the traditional four to six weeks with
no weight-bearing have shown similar advantages for early
mobilization14,17,23,24.

As with other investigations12,34,37, our study has shown a
substantial rate of moderate and severe complications associ-

ated with operative treatment of acute Achilles tendon injury.
Although precautions to avoid wound complications were in-
stituted, such complications still occurred and led to prolonged
recovery and inferior overall results.

The limitations of this study include its small sample
size. Although the current study is the largest study to date
comparing the outcomes of patients with an Achilles tendon
rupture who were treated either nonoperatively or operatively
and whose rehabilitation included early weight-bearing and
mobilization, it is underpowered to provide definitive con-
clusions about rerupture rates. Our original sample size was
calculated by assuming that the rerupture rate would be
similar to those in other studies in which patients were treated
conservatively (13%)12,34,37. It appears, however, that the ad-
dition of early weight-bearing and mobilization may have
resulted in a substantially reduced rate of rerupture (;4.6%).
Proving that such a reduction is indeed real would require a
sample size of 1275 per group, based on the absolute risk
difference of 1.7% (relative risk difference, 40%) estimated
from the pooled results of the current study and previous
studies.

In conclusion, this study supports accelerated func-
tional rehabilitation and nonoperative treatment for acute
Achilles tendon ruptures. All measured outcomes of nonop-
erative treatment were acceptable and were clinically similar
to those of operative treatment. In addition, this study sug-
gests that the application of a nonoperative protocol involving

Fig. 3-A

Fig. 3-B

Figs. 3-A and 3-B Forest plots presenting pooled rerupture data from randomized clinical trials comparing operative with nonoperative treatment for
Achilles tendon rupture. CI = confidence interval, df = degrees of freedom, and M-H =Mantel-Haenszel. Fig. 3-A Studies in which rehabilitation involved
immobilization and limited weight-bearing5,7,9,10,35,36,38. Fig. 3-B Studies that involved early mobilization and weight-bearing8,11.
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accelerated rehabilitation will avoid serious complications
related to surgical management.

Appendix
Tables describing the rehabilitation protocol and listing
mechanisms of injury are available with the electronic

version of this article on our web site at jbjs.org (go to the
article citation and click on ‘‘Supporting Data’’). n
NOTE: The authors thank Anna Hales for coordinating the trial and for conducting follow-up as-
sessments; Rich Boorman and Laurie Heimstra for recruiting their patients into this study; Heather
Hannaford, Denise Chan, and Jocelyn Fredine for conducting follow-up assessments; Lorie Forwell
for contributing to the development of the rehabilitation protocol; and Kim Young and Greg Alcock
for their assistance in conducting the strength measurements.
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