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Background: Early tensile loading improves material properties of healing Achilles tendon ruptures in animal models and in surgi-
cally treated human ruptures. However, the effect of such rehabilitation in patients who are nonsurgically treated remains unknown.

Hypothesis: In nonsurgically treated Achilles tendon ruptures, early tensile loading would lead to higher elastic modulus 19 weeks
after the injury compared with controls.

Study Design: Randomized controlled trial; Level of evidence, 2.

Methods: Between October 2015 and November 2018, a total of 40 nonsurgically treated patients with acute Achilles tendon
rupture were randomized to an early tensile loading (loaded group) or control group. Tantalum bead markers were inserted per-
cutaneously into the tendon stumps 2 weeks after the injury to allow high-precision measurements of callus deformation under
mechanical testing. The loaded group used a training pedal twice daily to produce a gradual increase in tensile load during the
following 5 weeks. Both groups were allowed full weightbearing in an ankle orthosis and unloaded range of motion exercises.
Patients were followed clinically and via roentgen stereophotogrammetric analysis and computed tomography at 7, 19, and 52
weeks after the injury.

Results: The mean 6 standard deviation elastic modulus at 19 weeks was 95.6 6 38.2 MPa in the loaded group and 108 6 45.2
MPa in controls (P = .37). The elastic modulus increased in both groups, although it was lower in the loaded group at all time
points. Tendon cross-sectional area increased from 7 weeks to 19 weeks, from 231 6 99.5 to 388 6 142 mm2 in the loaded group
and from 188 6 65.4 to 335 6 87.2 mm2 in controls (P \ .001 for the effect of time). Cross-sectional area for the loaded group
versus controls at 52 weeks was 302 6 62.4 mm2 versus 252 6 49.2 mm2, respectively (P = .03). Gap elongation was 7.35 6 13.9
mm in the loaded group versus 2.86 6 5.52 mm in controls (P = .27).

Conclusion: Early tensile loading in nonsurgically treated Achilles tendon ruptures did not lead to higher elastic modulus in the
healing tendon but altered the structural properties of the tendon via an increased tendon thickness.

Registration: NCT0280575 (ClinicalTrials.gov identifier).
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Achilles tendon ruptures are common injuries, and the
incidence is increasing.14,24 A variety of treatment options
are available. Open surgical treatment with sutures is the

first choice for many surgeons mainly because of a lower
risk for reruptures.27,39 Other treatment alternatives
include percutaneous suture fixation and various types of
nonsurgical treatment.27 Traditional treatments, regard-
less of whether they are surgical or nonsurgical, entail sev-
eral weeks of immobilization in a cast or orthosis.

To overcome longstanding functional impairment,
a modern physical therapy approach has been imple-
mented and includes early functional rehabilitation with
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early weightbearing while wearing an ankle orthosis and
unloaded ankle joint motion exercises.15,45 This shift in
rehabilitation, away from extensive periods of immobili-
zation and unloading toward early loading and motion,
has been suggested to reduce the overall rerupture
rate and, in combination with the lack of surgery-associ-
ated risks, has made nonsurgical treatment more
popular.14,16,23,27,39

Early functional rehabilitation can be applied without
affecting the risk of tendon elongation after either surgical
or nonsurgical treatment.12,22,25,28,31 Although joint mobil-
ity has been shown to be improved,8,28 neither unloaded
ankle motion exercise nor weightbearing appears to
improve the material properties of the tendon callus or
reduce muscle atrophy.4,12 Animal studies have shown
that early loading increases the tendon callus strength
and that different load levels lead to differences in struc-
tural and material properties of the tendon.1 Small
amounts of continuous loading (complete unloading vs
moderate loading) mainly cause improved material proper-
ties of the callus tissue, whereas heavy loading results in
a thicker callus but not necessarily better material proper-
ties. In surgically treated patients, early tensile loading
twice daily, starting 2 weeks after the surgery, from 30 N
with a gradual increase to 225 N, led to a higher elastic
modulus at 19 weeks postoperatively.36 A higher elastic
modulus at 19 weeks correlated with a superior heel-rise
index at 1 year, thus indicating an improved healing pro-
cess.36 Nevertheless, studies of this type of early tensile
loading have not been conducted on nonsurgically treated
Achilles tendon ruptures. Nonsurgically treated tendons
might be more prone to elongation; however, another pos-
sibility is that nonsurgically treated tendons are more
responsive to short loading stimulus and tissue deforma-
tion. The lack of suturing could result in tendon ends
that are less stable and vascularity of the tissue that is
not disturbed by a surgical procedure and strangulating
sutures, similar to indirect bone healing.33

With the shift toward more frequent use of nonsurgical
treatment, it is important to elucidate the effect of early
tensile loading and to discriminate thresholds of loading
that benefit or disturb the healing tendon. In this random-
ized controlled trial, our primary objective was to investi-
gate whether early, gradually increased tensile loading in
nonsurgically treated Achilles tendon ruptures would
lead to faster recovery of tendon material properties mea-
sured via elastic modulus at 19 weeks after the injury. Sec-
ondary objectives were to investigate whether this
rehabilitation regimen could prevent muscle atrophy and

improve patient outcome measured via the Achilles tendon
Total Rupture Score (ATRS).

Our main hypothesis was that short bouts of tensional
loading, initiated 2 weeks after the injury, would lead to
a tendon callus with higher elastic modulus. A secondary
hypothesis was that early loading would increase patient
satisfaction and reduce muscle atrophy.

METHODS

Trial Design

The study was performed as a single-center, randomized
controlled trial with patients in 2 parallel groups, a loaded
group (n = 20) and a control group (n = 20). All patients
were recruited between October 2015 and November
2018 at Linköping University Hospital (Figure 1). Written
informed consent was obtained from all participants. Eth-
ical approval was obtained from the regional ethical review
board in Linköping (No. 2014/69-31). The trial is registered
with clinicaltrials.gov (NCT0280575).

Inclusion and Exclusion Criteria

Patients who were between 18 and 60 years of age and had
a complete midsubstance Achilles tendon rupture and
a positive Thompson test were invited to participate in
the study. All patients had received nonsurgical treatment
within 2 days after the injury had occurred. This treatment
entailed use of a removable ankle orthosis (foam walker
boot; NovaWalk, JHInova AB) with the ankle in plantar-
flexion. Excluded were patients with a previous ipsilateral
Achilles tendon injury, a rupture at the myotendinous
junction or osteotendinous junction, systemic diseases
affecting tendon healing (eg, diabetes mellitus or rheu-
matic diseases), and immunosuppressive treatment includ-
ing systemic corticosteroids. Patients unable to understand
the Swedish language were also excluded.

Inclusion, Randomization, and Blinding

Inclusion and randomization were done at approximately
14 days from injury, when tantalum beads were inserted.
An ultrasound investigation was performed to localize
the rupture site and validate the full-thickness tear. The
rupture was defined as a defect in the tendon structure
visualized as an hypoechogenic area on ultrasound
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(RÖ-796831), the Swedish Society of Medicine (SLS-878531), and Research Without Animals (N2016-0004). AOSSM checks author disclosures against the
Open Payments Database (OPD). AOSSM has not conducted an independent investigation on the OPD and disclaims any liability or responsibility relating
thereto.

AJSM Vol. 50, No. 12, 2022 Early Tensile Loading After Achilles Tendon Rupture 3287



examination (Figure 2). Adjacent to the hypoechogenic
area in the proximal and distal directions, intact tendon
tissue was identified as areas with a well-organized linear
collagen structure in the fascicle of the tendon. These areas
were marked using a pen on the skin, and the tissue depth
was measured. With the patient under local anesthesia,
using xylocaine with adrenaline, we injected 0.8-mm tanta-
lum beads percutaneously via a 17-gauge Venflon needle, 2
beads in the proximal part and 2 beads in the distal part of

the intact tendon tissue. Beads were inserted by Z.R., T.S.,
or P.A., and were used to assess the material properties
and the gap elongation of the tendon using roentgen ster-
eophotogrammetric analysis (RSA) (Figure 2), as previ-
ously described by Schepull and Aspenberg.36

Randomization was performed by using serially numbered,
sealed envelopes by the principal investigator (P.E.). The
envelope was opened after the beads were inserted. The
randomization was conducted in blocks of 6 patients,

Assesed for eligibility (n = 67)
Patients with an acute Achilles tendon rupture aged between 18 and 60 years.
All included patients received nonsurgical treatment within 2 days from injury.

2 weeks from injury
Bead insertion, randomization and RSA (N = 40)

Allocation

7 weeks
RSA, CT, AE

Control (n = 20)
(standard of care) 

Early tensile loading
(n = 20) 

Lost to follow-up (n = 0) 
Discontinued intervention 
(Did not follow rehab protocol, n = 1) 

Lost to follow-up (rerupture, n = 1) 
Discontinued intervention (n = 0)

Lost to follow-up (n = 0) 
Discontinued intervention (n = 0)

Follow-up

Excluded (n = 27)
• Not meeting inclusion criteria (n = 5)
• Declined to participate (n = 17)
• Other reason (n = 5)

19 weeks
RSA, CT, AE, 

functional tests

52 weeks
RSA, CT, AE, 

functional tests 

Lost to follow-up (n = 0) 
Discontinued intervention (n = 0)

Lost to follow-up (rerupture, n = 1) 
Discontinued intervention (n = 0)

Lost to follow-up (n = 0) 
Discontinued intervention (n = 0)

Analyzed

Analyzed (n = 18)
Excluded from mechanical analysis 
(due to bead placement n = 0)

Analyzed (n = 19)
Excluded from mechanical analysis 
(due to bad bead placement n = 2)

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) diagram. AE, adverse event; CT, computed tomography; RSA,
roentgen stereophotogrammetric analysis; Rehab, study rehabilitation protocol.
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with 1 random exchange of a pair of envelopes between the
blocks, to prevent assumptions of group belonging.
Patients were unblinded from the intervention, but out-
come parameters were assessed by blinded assessors
(Z.R., L.B.B.).

Rehabilitation Interventions

Both groups were treated with a removable ankle orthosis
from the start. Two patients (1 patient in each group)
received a cast with the ankle in plantarflexion for 2 and 4
days, respectively, and thereafter an orthosis. The patients
were not allowed to remove the orthosis during the initial
2 weeks, and thereafter they were allowed to remove the
orthosis only for personal hygiene and training exercises
(Table 1). The standard of care at Linköping University Hos-
pital includes active functional rehabilitation with weight-
bearing as tolerated on the orthosis using crutches from
day 1. The orthosis initially contained 3 heel wedges. One
wedge was removed at week 4, and another was removed
at week 5; the last wedge was removed at week 6, resulting
in a neutral position of the ankle joint. Unloaded ankle
motion exercises without the orthosis were encouraged at
week 3. The motion exercises consisted of 20 to 30 repetitions
performed 3 times per day by moving the ankle joint from
maximal plantarflexion to the neutral position in a sitting
position (Figure 3). The number of repetitions was increased

to 30 at the beginning of week 5. This active rehabilitation
protocol was used in both study groups.

The loading group received exercise instructions at
week 3 in addition to the active rehabilitation using an
exercise pedal (Figure 3). After bead insertion, the patients
received rehabilitation instructions from the study physi-
cal therapist and the study principal investigator. The
patients were instructed to keep the foot in a slightly plan-
tar flexed position and to resist dorsiflexion moment dur-
ing the loading exercise. Patients were instructed to
perform as many repetitions as possible twice daily, with
a maximum of 20 repetitions allowed per session. The
pedal had an initial resistance of 30 N, which was
increased each week to 75, 125, 175, and finally 225 N.
This regimen has previously been shown to result in higher
elastic modulus at 19 weeks postoperatively in surgically
treated Achilles tendon ruptures.36 The patients kept
a diary of the number of repetitions performed at each ses-
sion. All patients were followed up via telephone at 4
weeks, and the principal investigator remained accessible
for study-related questions throughout follow-up.

Both groups removed the ankle orthosis after 7 weeks
and were instructed to use crutches until they could walk
without a limp (approximately 3-4 weeks later). All
patients then started a regular rehabilitation program,
which was the same for both groups. This program
included home exercises together with regular visits to
physical therapists who were unrelated to the study. All

Figure 2. (A) Ultrasound image from an injured Achilles tendon indicating the injured hypoechogenic area (dotted line) and areas
with a well-organized linear collagen structure where the proximal and distal beads are injected (asterisks). (B) Ultrasound image
from a healed tendon injury (4 years after the injury). The distal beads are visible and indicated by arrowheads. Images from (C)
roentgen stereophotogrammetric analysis (beads indicated by arrowheads) and (D) computed tomography (1 year after the
injury).
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physical therapists followed regional guidelines for non-
surgically treated Achilles tendon ruptures, which
included sitting heel rises starting week 8, double-leg
standing heel rises starting approximately week 11, and
single-leg standing heel rises starting approximately
week 17; full activity including sports was allowed after
approximately 6 months.

Study Outcome

The primary outcome of this study was tendon elastic mod-
ulus at 19 weeks. Secondary outcomes were tendon elastic
modulus at 7 and 52 weeks, tendon cross-sectional area,
gap elongation (ie, the distance between the beads), creep,
heel-rise index, patient-reported outcome according to the
ATRS, ankle range of motion, and circumference of the
calf. Exploratory variables were circumference of the ankle
and visual analog scale (VAS) score for pain at 7 weeks.

Computed Tomography

Computed tomography of the injured leg, between the
proximal and distal tantalum beads, was done at 7, 19,
and 52 weeks to calculate tendon cross-sectional area.
The measurements were performed blinded from all other
patient-related information by 1 author (L.B.B.) under the
supervision of the principal investigator. The border of the
Achilles tendon was manually outlined using the measure-
ment toolbox of the Sectra IDS7 software (Version
19.1.8.3542; Sectra AB). Mean cross-sectional area was
determined from 3 consecutive transversal cuts for further
calculations. The computed tomography images were also
used to exclude beads outside the tendon tissue. This
appeared in 6 patients at 7 weeks. Of these patients, 4
patients had an additional bead inserted before the 19-
week follow-up and could participate in mechanical testing
at 19 and 52 weeks. These patients were excluded from the
analysis of gap elongation over time.

Figure 3. Training exercises. (A) Unloaded ankle motion exercises from the start of week 3 (both groups). The motion exercises
consisted of 20 to 30 repetitions, performed 3 times per day, from maximal plantarflexion to the neutral position. (B) Training pedal
used for early tensile loading, starting week 3. Initial pedal resistance of 30 N was increased each week to 75, 125, 175, and finally
225 N.

TABLE 1
Rehabilitation Program Guidelines

Week After Injury

1 2 3 4 5 6 7 8 9 11 17 19 26

Ankle orthosisa Yes Yes Yes Yes Yes Yes Yes
No. of heel wedges 3 3 3 2 1 0 0
No. of unloaded ankle exercises performed 3 3 20 20 30 30 30
Tensile loading 2 3 20 30 N 75 N 125 N 175 N 225 N
Walking without orthosisb Yes
Sitting heel rise Yes
Exercise bicycle Yes
Standing double-leg heel rise Yes
Standing Single-leg heel rise Yes
Jogging Yes
Return to sports Yes

aFull weightbearing as tolerated.
bCrutches were used until patients walked without a limp.
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Roentgen Stereophotogrammetric Analysis

RSA was used to measure tendon strain at 7, 19, and 52
weeks after injury. RSA can be used to measure the dis-
tance between tantalum beads in 3 dimensions.42 During
the procedure, the patients sat on an examination table
with the foot in a custom-made frame, with 8� of plantar-
flexion as previously described.2 The frame contained
a pedal under the forefoot allowing the application of var-
ious external loads: 10 kg at 7 weeks; 2.5 and 15 kg at 19
weeks; and 2.5, 22.5, and 35 kg at 52 weeks (Table 2).
The pedal pivoted around an axis with an adjustable dis-
tance from the posterior aspect of the heel, which allowed
estimation of the moment arms on radiographs. The
patients were asked to keep the foot in position and to
resist the dorsiflexion moment derived from the external
load. Simultaneous exposures were obtained using a cali-
bration plate designed for RSA of the hip (RSA Biomedi-
cal). The exposures were done at 10 seconds, 15 seconds,
or 3 minutes after the load started, followed by 3 minutes
of rest between each load. The patients were asked to
rate this test using a VAS score for pain and discomfort
to understand whether early loading had altered the per-
ception of loading.

Image analyses were performed with investigators
blinded to all patient-related information via RSA Biomedi-
cal using the UmRSA 4.1 system. The RSA software was
used to calculate distances between beads and to compare
differences of these measurements between the different
time points and loading groups. Tendon force was calculated
from the pedal force as previously described.36 Percentages
of elongation were calculated with correction for the lever
arms of the forefoot and the calcaneus bone and are
expressed as a percentage per 100 N of tendon force. Lever
arms were calculated from lateral computed tomography
images, with the center of the talar trochlea as the pivot
point (pedal point to trochlear center, trochlear center to

center of tendon). These calculations were performed
blindly by 1 author (Z.R.). Elastic modulus was calculated
as (Force increase 3 unloaded gap length) O (elongation
3 cross-sectional area). Measurements from the 52-week
follow-up were used to calculate the percentage of elonga-
tion from the slope of the regression lines for 3
measurements.

Functional and Patient-Reported Outcomes

The ATRS was used at 19 and 52 weeks to assess patients’
perception of disability. Calf muscle endurance was evalu-
ated using a single-leg standing heel rise test. The test
started with the ankle in neutral position followed by
heel rises at a tempo of 30 heel rises per minute. The
test ended when the patient either stopped or did not reach
a minimum height of 5 cm. MuscleLab (Ergotest) computer
software and a linear encode sensor attached to the heel
were used for evaluation, as previously described.12 This
test is an adapted protocol from the original studies using
a 10� incline.6,38 The total number of heel rises and the
mean and maximal heel rise heights were recorded, and
total muscle work was calculated (body weight 3 total dis-
tance, in joules). Range of motion in the ankle joint was
measured in 2 ways: the patient either leaned forward
while the knee was bent or held the knee straight while sit-
ting. Calf circumference was measured at the level where
the calf muscle was most prominent in order to evaluate
muscle atrophy. Ankle circumference was measured
approximately 2 cm proximal to the trochlear center to
assess swelling around the ankle joint. All functional
parameters were normalized to the noninjured side before
data analyses.

Statistical Analysis

The primary outcome variable, tendon elastic modulus at
19 weeks, was analyzed as a continuous variable using
Student t test. Power analysis was based on a previous
study with similar measures by Schepull and Aspenberg,36

and it was estimated that a sample of 20 in each group
would make it possible to detect a 31% difference in elastic
modulus with 80% power. Parameters measured at only 1
time point (eg, heel-rise work) were analyzed using Stu-
dent t test. Structural, mechanical, and functional param-
eters measured at several time points were analyzed using
repeated mixed-effects models (because some data values
were missing) followed by the Šidák multiple comparisons
test. A spearman correlation test was used for correlation
analysis between tendon CSA and muscle function, p \
0.05 was considered significant for all tests. We used the
GraphPad Prism 9 program for statistical analysis (Graph-
Pad Software).

RESULTS

Patient background characteristics are given in Table 3.

TABLE 2
Protocol for Mechanical Evaluation

With Roentgen Stereophotogrammetric
Analysis at Weeks 2, 7, 19, and 52a

Week After Injury

2 7 19 52

Unloaded image Yes Yes
External load 2.5 kg for 15 sb Yes Yes Yes
External load 10 kg for 10 s Yes
External load 10 kg for 3 min Yes
External load 15 kg for 15 sb Yes
External load 22.5 kg for 15 sb Yes
External load 35 kg for 15 s Yes

aThe external load was put on a pedal that pivoted around an
axis. Patients were asked to actively resist the dorsiflexion
moment of the pedal before roentgen stereophotogrammetric anal-
ysis was conducted.

bThe loading session was followed by a 3-minute rest before the
next loading session.
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Tendon Structural and Material Properties

The primary outcome variable of this study, tendon elastic
modulus at 19 weeks, was a mean 6 standard deviation of
95.6 6 38.2 MPa in the loaded group and 108 6 45.2 MPa
in the control group (95% CI, –41.4 to 17.5 MPa; P = .37)
(Figure 4). Elastic modulus increased over time but was
lower in the loaded group at all time points. We noted an
effect of group and time but no interaction (Figure 4; Table
4). Tendon cross-sectional area was also affected by both
group and time (P = .04; P \ .001). Mean cross-sectional
area was 231 6 100 mm2 in the loaded group versus
188 6 65 mm2 in the control group at 7 weeks and 388 6

142 mm2 versus 335 6 87 mm2, respectively, at 19 weeks.
The cross-sectional area at 52 weeks was 20% larger in the
loaded group than the control group, 302 6 62 mm2 versus
252 mm2 6 49 mm2, respectively (95% CI, 3.5 to 96 mm2).
Mean creep at 7 weeks was 1.1% 6 0.8% in the loaded
group and 0.84% 6 0.6% in the control group (95% CI,
–0.91% to 0.20%). Gap elongation between 2 and 7 weeks
in the loaded and control groups was 1.9 6 5.3 mm versus
1.3 6 2.8 mm, respectively (95% CI, –3.4 to 4.7 mm), and
the overall gap elongation between 2 and 52 weeks was
7.4 6 14 mm versus 2.9 6 6 mm, respectively (95% CI,
–3.1 to 13 mm) (Figure 4).

Functional and Patient-Reported Outcomes

The ATRS increased between 19 and 52 weeks (P \ .001).
The mean score was 50 6 19 at 19 weeks and 83 6 18 at 52
weeks in the loaded group compared with 59 6 15 and 76 6

16, respectively, in the control group (Table 5). We found
no effect of group (P = .87) but did note an interaction
between group and time (P = .008). Maximal heel-rise
height increased with time in the loaded and control
groups from a mean limb symmetry index of 42% 6 27%
and 44% 6 29%, respectively, of the noninjured side at
19 weeks to 69% 6 34% and 67% 6 29%, respectively, at
52 weeks (P \ .001) (Table 6). There was no group effect
or interaction. We found a weak correlation with tendon

cross-sectional area at 19 weeks and the maximal heel-
rise height at 52 weeks (Spearman correlation r = 0.357;
P = .04). The total heel-rise work at 52 weeks was 48% 6

34% of the noninjured leg in the loaded group versus
41% 6 31% in the control group (P = .55) (Figure 5). Calf
circumference was 96% of the noninjured side in both
groups at both time points (95% CI, –1.4% to 2.5% and
20.9% to 2.7% at 19 and 52 weeks, respectively). The range
of motion in the ankle joint was 86% 6 15% of the nonin-
jured side at 19 weeks and 95% 6 15% at 52 weeks in
the loaded group compared with 90% 6 9% and 94% 6

9% at these time points in the control group. The VAS at
7 weeks showed a mean score of 1.6 6 1.8 versus 2.8 6

2.2 in the respective groups (95% CI, –2.7 to 0.2; P = .1).

Return to Work and Sports

Mean time away from work was 55.7 6 88.2 days in the
loaded group compared with 55.3 6 65 days in the control
group (P = .99). Some level of sports-related activity was
regained in 15 and 13 patients in the loaded and control
groups, respectively with a mean of 239 and 188 days,
respectively (P = .1). A total of 4 patients had not returned
to any sports, and 8 patients did not respond (including the
two patients with complete rerupture). Further, 11 (28%)
of the 40 patients had returned to their preinjury level of
sports, whereas 21 (53%) patients reported that they had
not reached this level at 52 weeks.

Compliance and Complications

Most patients followed the instructed loading protocol with-
out any reduction in repetitions or load (Table 7). Two
patients were missing in the 19-week mechanical testing, 1
because of pregnancy and 1 because of traveling. One patient
was excluded from the study because of inability to adhere to
the study protocol. A further 2 patients were excluded from
the mechanical analyses because of incorrect bead placement
outside of the tendon. A total of 3 patients had reruptures, of
which 2 were complete and 1 was incomplete. The incomplete

TABLE 3
Patient Characteristicsa

Variable Control Group Loaded Group

Patients, men/women, n 17/3 19/1
Age, y 44.2 6 7.9 37.3 6 10.8
Height, cm 179.5 6 8.2 176.8 6 6.8
Weight, kg 86.7 6 9.9 80.2 6 9.1
Body mass index 27.5 6 3.7 25.5 6 3.0
Time from injury to treatment, 0/1/2 d, n 15/4/1 18/2/0
Time from injury to bead insertion, d 13.9 6 2.2 14.4 6 2.0
Injured side, left/right, n 10/10 10/10
Injured side, dominant/nondominant, n 9/11 11/9
Activity when injury occurred Floorball (n = 10), soccer (n = 10), running (n = 4), squash (n = 3), tennis (n = 2),

padel (n = 2), volleyball (n = 1), badminton (n = 1), table tennis (n = 1), weight lifting
(n = 1), horseback riding (n = 1), circuit training (n = 1), fall (n = 2), at work (n = 1)

aValues are expressed as mean 6 SD unless otherwise noted.
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rerupture occurred during heel-rise exercises at 18 weeks
after injury (loaded group); this patient backed in time 4
weeks in the rehabilitation protocol. One complete rerupture
occurred during a sudden step at 8 weeks after injury (control
group) and was treated with an ankle orthosis for 6 weeks.
Another complete rerupture occurred while the patient was
performing heel-rise exercises at approximately 10 weeks
after injury (loaded group); this patient was treated with
a plaster cast in plantarflexion for 2 weeks followed by an
ankle orthosis for 5 weeks. The patient with the incomplete
rerupture was followed and included as planned. A total of
3 patients (1 in the loaded group) had confirmed deep vein
thrombosis. The patients were treated with tinzaparin (low-
molecular-weight heparin) or rivaroxaban, and they contin-
ued in the study.

DISCUSSION

In contrast to our hypothesis, early tensile loading had
a negative effect on elastic modulus but resulted in an
increased cross-sectional area of the tendon at 52 weeks
after injury. Patient-reported outcome, ankle circumference,
range of motion of the ankle joint, and maximal heel-rise
height improved over time in both groups, with no additive
or diminishing effect of early tensile loading. At 52 weeks
after injury, there was a 32% reduction in maximal heel-
rise height of the noninjured side in the loaded group and
a 33% reduction in the control group, and the total heel-
rise work was\50%. We found no increased risk for adverse
events after early tensile loading measured by complete
reruptures, deep vein thrombosis, and tendon gap length.

Figure 4. Mechanical data. (A) Tendon elastic modulus at 7, 19, and 52 weeks after injury. (B) Elastic modulus at 19 weeks after
injury (primary outcome variable). The lines represent mean values and the bars SDs. (C) Tendon cross-sectional area at 7, 19,
and 52 weeks after injury. (D) Tendon cross-sectional area in the 2 groups at 52 weeks after injury. (E) Gap elongation over time
(weeks 2-7, weeks 7-19, and weeks 19-52) for each patient. (F) Total gap elongation in the 2 groups between weeks 2 and 52.
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Early tensile loading has been shown to have beneficial
effects on tendon material properties in animal models and
surgically treated tendons.1,13,36 The same tensile loading
protocol appears to have a different effect if applied after
surgical repair or nonsurgical treatment. One study found
that surgically treated tendons had improved elastic mod-
ulus and no difference in cross-sectional area compared
with controls.36 A possible explanation for this finding
might be that the surgical repair affects the biological
response of the tensile loading regimen by inhibiting exces-
sive loading in the healing tissue. A moderate loading reg-
imen in the rat tendon, for example, favors a biological

response through the mechanism of mechanotransduction,
whereas heavy loading also induces tissue damages.19 Fur-
thermore, heavy loading extends the proinflammatory
response, which might delay remodeling of the tendon.18

Small tissue damage induced via dry needling is comparable
with damage related to heavy loading in rats, and such nee-
dle damage induces a gene expression response similar to
that of heavy loading, thus leading to improved strength.17

However, this improved strength can be explained by the
increased cross-sectional area alone, not a better overall tis-
sue quality.17 In the present study, however, tendon cross-
sectional area at 19 weeks showed a weak correlation with

TABLE 4
Creep, Tendon Elastic Modulus, Tendon Cross-sectional Area, and Gap Elongationa

P Values

Control Groupb n Loaded Groupb n Mean Difference 95% CI Group Time Group 3 Time

Creep at 7 wk, % 0.84 6 0.61 15 1.14 6 0.82 13 0.35 –0.91 to 0.20 .20 NA NA
Elastic modulus, MPa

7 wk 59.5 6 27.0c 15 44.5 6 20.1c 15 –15.0 –37.2 to 7.17 .03 \.001 .55
19 wk 108 6 45.2c 18 95.6 6 38.2c 16 –11.9 –48.0 to 24.1
52 wk 405 6 223c 18 292 6 180c 17 –113 –285 to 59.1

Cross-sectional area, mm2

7 wk 188 6 65.4 19 231 6 99.5 20 43.5 –24.0 to 111 .04 \.001 .97
19 wk 335 6 87.2c 18 388 6 142c 17 52.3 –49.9 to 155
52 wk 252 6 49.2c 18 302 6 62.4d 19 49.7 3.46 to 96.0

Gap elongation (distance
between beads), mm
2-7 wk 1.31 6 2.76 14 1.94 6 5.30 15 0.63 –3.40 to 4.66 .26 .13 .37
7-19 wk 1.19 6 3.71 15 4.05 6 6.41 14 2.85 –2.25 to 7.96
19-52 wk 0.40 6 2.63 15 1.43 6 3.80 14 1.03 –2.11 to 4.17
2-52 wk 2.86 6 5.52 14 7.35 6 13.9 14 4.49 –3.07 to 12.7 .27 NA NA
7-52 wk 1.59 6 4.55 15 5.47 6 8.71 15 3.87 –1.32 to 9.07 .14 NA NA

aData were analyzed using repeated mixed-effects models with group and time as main factors followed by the Šidák multiple comparisons
test, except for creep and gap elongation (2-52 weeks and 7-52 weeks), which were analyzed using independent Student t test. NA, not ana-
lyzed because the time factor was not available.

bValues are expressed as mean 6 SD.
cSignificant effect of time compared with the earlier time point.
dSignificant effect of group.

TABLE 5
Patient-Reported Outcomes for ATRS, Calf Circumference, Ankle Circumference,

Ankle ROM, and Maximal Heel-Rise Heighta

19 Weeks 52 Weeks P Values

Controlb

(n = 18)

Loadedb

(n = 19)

Mean

Difference 95% CI

Controlb

(n = 18)

Loadedb

(n = 18)

Mean

Difference 95% CI Group Time

Group 3

Time

ATRS 58.9 6 15.4 50.4 6 19.2 –8.6 –21 to 4.3 76.2 6 15.4 83.2 6 18.0 7.0 –5.9 to 20 .87 \.001 .008

Calf circumference, % 95.8 6 2.7 96.3 6 2.5 0.6 –1.4 to 2.5 95.6 6 2.3 96.6 6 2.7 1.1 –0.9 to 3.0 .28 .89 .54

Ankle circumference, % 103 6 3.1 105 6 3.3 1.6 –0.6 to 3.7 101 6 2.3 102 6 2.3 0.5 –1.5 to 2.7 .20 \.001 .27

Ankle ROM: straight knee, % 96.7 6 11.4 95.4 6 15.5 –1.3 –11 to 8.1 95.9 6 11.2 99.4 6 11.2 3.5 –5.9 to 13 .74 .52 .34

Ankle ROM: bent knee, % 89.3 6 9.4 85.9 6 14.5c –3.4 –13 to 6.0 94.3 6 9.1c 95.2 6 15.0c 0.9 –8.6 to 10 .73 .002 .30

Maximal heel-rise height, % 43.9 6 28.8 41.7 6 27.3 –2.2 –25 to 20 67.4 6 29.5 68.7 6 33.9 2.0 –21 to 25 .99 \.001 .71

aData were analyzed with repeated mixed-effects models with group and time as main factors followed by the Šidák multiple comparisons test. Creep and total

gap elongation were analyzed with an independent Student t test. Values for circumference, ROM, and heel-rise height are the limb symmetry index (percentage

of the noninjured side). ATRS, Achilles tendon Total Rupture Score; ROM, range of motion.
bValues are expressed as mean 6 SD.
cn = 18.
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heel-rise height at 52 weeks, which indicates a functional
effect of tendon size. A correlation between tendon thickness
and muscle force recovery is in line with a previous

suggestion that early structural measurements could be
used to predict later functional results.46

Early functional rehabilitation is an umbrella term that
covers a wide range of different exercise protocols. Some
protocols include specific tensile loading exercises, but,
most commonly, functional rehabilitation includes early
weightbearing in an ankle orthosis and unloaded motion
exercises.45 This type of rehabilitation is widely accepted
as preferable compared with immobilization, although
the reported outcomes diverge. Some studies have shown
improved results in return to sports,8,34 shorter rehabilita-
tion time,28 smaller deficit in heel-rise height,34 and better
isokinetic strength.26 Conversely, other studies have pre-
sented no improved outcome.4,9,12,22 Both groups in the
current study were treated with an accelerated rehabilita-
tion program containing early weightbearing and unloaded
range of motion exercises. The only difference between the
2 groups was the tensile loading exercises twice daily
between weeks 3 and 7. We found no difference in the
ATRS at 19 or 52 weeks after injury. This is similar to find-
ings in other studies of both surgically and nonsurgically
treated tendons3,4,12,34; hence, early accelerated rehabilita-
tion appears to have little effect on the results perceived by
the patients. The ATRS at 52 weeks in our study is compa-
rable with the score in surgically treated patients with the
same loading protocol.36 However, the number of rerup-
tures was higher after nonsurgical treatment (n = 3;
7.5%) compared with surgical treatment (n = 1; 2.5%).

We found no statistical difference in return to work or
sports, which contrasts with earlier studies that compared
immobilization and accelerated rehabilitation.8,28,34 How-
ever, for return to any type of sports, we found a numerical
difference of 51 days between the 2 groups. This can be of
clinical relevance and of great psychological value. Fur-
thermore, we found that 70% of the patients had returned

Figure 5. Results from a heel-rise test at 52 weeks after
injury presented as percentage of the noninjured side: the
mean height of all repetitions, the total number of repetitions,
and total heel-rise work. The lines represent mean values and
the bars SDs.

TABLE 6
Calf Circumference, Ankle Circumference, Ankle ROM, and Heel-Rise

Test Data at 19 and 52 Weeks Presented as Absolute Numbersa

Control Loading

Injured Intact Injured Intact

19 wk
Calf circumference, cm 36.3 6 1.7 38.0 6 2.2 36.8 6 2.5 38.2 6 2.4
Ankle circumference, cm 22.9 6 1.1 22.2 6 0.9 23.8 6 1.4 22.7 6 1.3
Ankle ROM: straight knee, deg 55.7 6 9.5 57.7 6 8.2 57.3 6 9.4 60.5 6 7.8
Ankle ROM: bent knee, deg 29.3 6 4.3 32.9 6 4.5 28.5 6 5.0 33.4 6 4.4
Maximal heel-rise height, cm 4.7 6 3.1 10.3 6 1.5 4.7 6 3.1 12.2 6 2.0

52 wk
Calf circumference, cm 36.6 6 2.1 38.3 6 2.3 37.0 6 3.0 38.3 6 2.7
Ankle circumference, cm 22.5 6 0.9 22.2 6 0.9 22.9 6 1.4 22.4 6 1.5
Ankle ROM: straight knee, deg 55.3 6 10.5 57.7 6 8.3 58.3 6 16.1 61.4 6 8.6
Ankle ROM: bent knee, deg 30.6 6 5.1 32.6 6 4.6 32.8 6 4.9 34.8 6 6.0
Maximal heel-rise height, cm 7.1 6 3.3 10.6 6 2.0 9.0 6 4.3 12.5 6 1.6
Mean heel-rise height, cm 6.5 6 2.8 8.8 6 1.6 7.7 6 3.8 9.9 6 1.8
No. of heel rises 17.8 6 12.7 45.1 6 46.7 23.5 6 15.9 39.8 6 11.9
Total heel-rise height, cm 140.3 6 103.8 402.7 6 426.3 219.7 6 160.4 386.2 6 132.4
Total work, J 1097 6 888 3045 6 3254 1576 6 1355 2957 6 1229

aValues are expressed as mean 6 SD. ROM, range of motion.
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to sports but only 28% reported that they had returned to
the same level. This is slightly higher compared with a pre-
vious study on surgically treated patients by Eliasson
et al12 and similar to a meta-analysis by Zellers et al.44

That meta-analysis showed a mean of 6 months for return
to play. According to our findings, there appears to be no
additive effect of early tensile loading on top of the acceler-
ated rehabilitation regimen for these outcomes. However,
there is also no apparent, increased risk of major complica-
tions such as reruptures or deep vein thrombosis. A recent
meta-analysis found that early functional rehabilitation in
nonsurgically treated tendons was comparable with open
surgical treatment with early immobilization.43 That
meta-analysis also showed an imbalance in rehabilitation
studies in surgically or nonsurgically treated groups. Of
the 29 analyzed studies, only 2 entailed multiple, nonsur-
gically treated groups. More studies with nonsurgical
treatment are needed because a comparison with surgical
treatment appears unfeasible.

Muscle atrophy, defined as deficiencies in heel-rise
height, total muscle work, and side-to-side variations in
calf circumference, was substantial in both groups at 52
weeks after injury. Although heel-rise height improved
between weeks 19 and 52, there was no additional
improvement with early tensile loading. Long-lasting mus-
cle atrophy is a known consequence of Achilles tendon rup-
tures.3,4,20,21,32 Our patients performed 48 and 41% of total
muscle work of the noninjured side, in each respective
group. The muscle atrophy was also reflected in a smaller
calf circumference. This is somewhat surprising because
patients undergoing surgical treatment typically reach
70% of the noninjured side.7,12,30,32,41 The heel-rise height
at 52 weeks differs in our study compared with the study
by Schepull et al,37 who used the same loading regimen
after surgical repair. The heel-rise height was approxi-
mately 68% of the intact side in our study compared with
79% in the Schepull et al study.37 The observed differences
are likely related to the nonsurgical treatment protocol,
which can result in more severe muscle atrophy of the
soleus muscle compared with surgical treatment.20 Such
a large difference is concerning because heel-rise perfor-
mance 1 year after an Achilles tendon rupture is associated
with long-term alterations in ankle biomechanics.5

Similar to the previous study on surgically treated
Achilles tendon ruptures, we found no difference in gap
elongation between the 2 groups in this study.36 However,

the early loading group had a mean elongation that was
4.5 mm more than that of the control group, and this could
be of clinical relevance—for example, in jumping activities.
The Achilles tendon often elongates during tendon healing,
and extensive tendon elongation is associated with poor
patient outcome.25,40 However, the effect of less pro-
nounced tendon elongation on patient recovery is contro-
versial possibly due to a variety of different measurement
techniques such as magnetic resonance imaging, RSA,
Achilles tendon resting angle, or heel-rise height.10,11,32,35,36

We measured gap elongation between the beads inserted 2
weeks after the injury and did not measure total tendon
length. Okoroha et al31 showed parallels between total ten-
don elongation and gap elongation. However, we lacked
measurements on tendon elongation before the 2-week fol-
low-up, and a substantial amount of total tendon elongation
could have occurred before bead insertion.29,31

This study had some limitations. In the measurements
of the material properties, a number of simplifying
assumptions had to be made, such as tissue homogeneity,
a consistent cross-sectional area along the tendon
between the beads, and a linear load deformation rela-
tionship. However, these simplifications were done for
both groups and should therefore not influence group dif-
ferences. Additionally, we did not perform double RSA
examinations to assess measurement error, because this
has been done previously by our group using the same
instruments.37 The heel-rise test in this study entailed
an adapted protocol that differed slightly from the setup,
as we used a neutral starting position compared with the
original studies6,38 that used a 10� incline in the starting
position. This could lead to different findings if the tendon
is elongated.

In conclusion, early tensile loading in nonsurgically
treated Achilles tendon ruptures resulted in an increased
tendon thickness compared with unloaded motion exer-
cises and early weightbearing in an ankle orthosis. These
early tensile loading exercises were well tolerated and
appreciated by the patients; however, the material in the
healing tendon was less stiff after this regimen, and the
muscle atrophy was still pronounced compared with that
of the noninjured side. We observed no apparent increased
risk of major complications, such as reruptures or deep
vein thrombosis. Our findings indicate the importance of
high-quality scientific evaluation even when minor
changes are implemented in health care routines.

TABLE 7
Number of Patients Who Reported \20 Repetitions at Each Training Session

With the Training Pedal Used in the Early Loading Group

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Week 3 (am=pm) 5/4 3/3 3/2 2/1 1/2 1/1 1/1
Week 4 (am=pm) 1/2 0/0 0/0 0/2 1/0 0/1 1/1
Week 5 (am=pm) 2/1 2/2 0/0 0/1 0/1 1/0 0/2
Week 6 (am=pm) 1/1 0/0 0/0 0/2 0/0 0/0 0/1
Week 7 (am=pm) 2/2 1/2 2/2 2/1 1/1 0/2 0/0
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