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ARTICLE INFO ABSTRACT

Level of Clinical Evidence: 2 There is controversy regarding the best treatment for acute ruptures of the Achilles tendon. Multiple treat-

ments present good results in the short and long term, none being superior to the other if a protocol of reha-
bilitation with full early weightbearing rehabilitation is followed. The objective of this study was to provide
evidence on the efficacy and safety of conservative or surgical (percutaneous or open) treatment for acute
Achilles tendon rupture. A randomized, controlled, parallel-groups, pilot clinical trial was performed in
patients aged >18 years who arrived at the emergency room of our center experiencing acute Achilles tendon
rupture. Patients were randomized via a computer-generated list to receive 1 of 3 treatments (conservative,
percutaneous surgery, or open surgery). All patients followed the same protocol of rehabilitation with early
weightbearing. A responder (i.e., successful treatment) was defined as capable of standing heelrise mono-
and bipodally for 3 seconds, having a pain score <2 (verbal numerical rating scale) after walking, and having
returned to active previous life (sport) at 1-year follow-up. From 2014 to 2017, 34 consecutive patients
(median age, 41 years [range 18 to 59]; 32 male [94%]) were included: 11 conservative treatment, 11 percuta-
neous surgery, and 12 open surgery. At 1-year follow-up, the proportion of responders was 100% (11/11, 95%
confidence interval [CI] 74% to 100%), 82% (9/11, 95% CI 52% to 95%), and 83% (10/12, 95% CI 55% to 95%),
respectively. There was no case of total rerupture. Similar efficacy was found for conservative, percutaneous,
and open surgery treatments for acute Achilles tendon rupture at 1-year follow-up with an early weightbear-
ing rehabilitation program.
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Acute Achilles tendon rupture is one of the most common tendon
injuries: 11 to 37 of every 100,000 middle-aged people suffer this injury
every year. There has been an increase in incidence in recent years,
especially in older people. It is usually more frequent in males (ratio
2.9:1to 5.7:1) and at 30 to 46 years of age (1—5). An area of the Achilles
tendon 2 to 6 cm from the insertion on the calcaneus has relatively
high avascularization (6), and it is this area where acute ruptures of the
Achilles tendon occur most frequently.

There is controversy regarding the optimal treatment for acute
ruptures of the Achilles tendon (7). Both conservative and surgical
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treatments present good results in the short and long term, none
being superior to the other. In the past, surgical treatment was
more often recommended for young, active patients and athletes,
since conservative treatment led to a loss of muscle strength and a
higher rate of reruptures. In recent times, it has become clear that
with a rehabilitation protocol that includes early weightbearing (in
some studies, at 10 days postinjury), similar rerupture rates are
achieved in both treatments, with a similar return to daily life.
However, more complications after surgical treatments (infections,
intolerance, tendinitis) have been reported, even though this last
difference was not statistically significant (5,8—17). Studies have
demonstrated that early weightbearing of an injured tendon stimu-
lates collagen and the healing process (18).

Our working hypothesis was that conservative treatment involv-
ing a rehabilitation protocol with early weightbearing is effective
and safe for the treatment of acute Achilles tendon rupture.

1067-2516/$ - see front matter © 2019 by the American College of Foot and Ankle Surgeons. All rights reserved.
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Therefore, the primary objective of this clinical trial was to provide
evidence on the efficacy of conservative or surgical (percutaneous
or open) treatment for acute Achilles tendon rupture with an early
weightbearing rehabilitation protocol. Secondary objectives were to
assess the safety of all treatments and the subsequent quality of life
of patients.

Patients and Methods

This was a randomized, controlled, parallel-group, unicenter, pilot clinical trial.
The study recruited patients with acute Achilles tendon rupture. The ethics commit-
tee of the center approved the study protocol. The study was conducted in agree-
ment with the updated Declaration of Helsinki, the guidelines for Good Clinical
Practice, and applicable Spanish regulatory requirements. All male and female
patients aged 18 to 70 years who arrived at the emergency room of our center
experiencing acute Achilles tendon rupture were eligible for the study. All patients
provided informed written consent.

The clinical diagnosis of acute Achilles tendon rupture was made when the
patient arrived at the emergency room of 1 of the 2 referring hospitals with acute
severe pain at the level of the tendon, presenting with hematoma, depression, and
discontinuity at the level of the tendon; loss of physiological equinus; inability to per-
form plantarflexion; and positive Thompson and Matles tests (19,20). For the final
diagnosis, an ultrasonography of the tendon was performed where the rupture was
identified, revealing the distance to the calcaneal insertion, the distance of the tendon
gap, and the existence of signs of tendinosis or chronic tendinopathy. Exclusion crite-
ria were a history of known tendinopathy, chronic ruptures, >10 days since the acute
Achilles tendon rupture (21), calcaneal avulsion, myotendinous union lesions, other
ipsilateral lesions, open sections of the tendon, or an injury <2 cm or >8 cm from the
calcaneal insertion by ultrasound.

A computer-generated randomization schedule was prepared at the start of the study
with stratification by 4 variables (to minimize possible bias) according to age (>40 years);
whether the patient was a professional athlete or performed regular sports (>4 times per
week for 30 min); whether the patient had a previous pathology such as diabetes melli-
tus, rheumatic diseases, or collagen diseases; and whether the patient had been treated
with quinolones or systemic/local corticosteroids, as shown in Table 1. Access to this
schedule was limited to the staff who generated it and the staff in charge of assigning the
randomization. The investigator who evaluated efficacy was not involved in the treat-
ment assignment, the treatment performed, or the follow-up visits of the patients.

The study comprised 6 on-site, postoperative/postinjury follow-up visits: randomiza-
tion and treatment (visit 1); first control at day 10 (visit 2); following controls at 6 weeks
(visit 3), 12 weeks (visit 4), and 24 weeks (visit 5); and final examination at 52 weeks
(last visit or visit 6). All following control visits were performed at outpatient facilities.

Randomized patients were treated with 1 of the following 3 treatments:

1) Conservative treatment (orthopedic treatment): A cast was placed in 30° plantar-
flexion in the emergency department, and patients were discharged home with
analgesic, antithrombotic treatment and no weightbearing of the injured limb. All
patients were referred to the Foot and Ankle Unit to proceed with the rehabilitation
protocol and the follow-up visits.

Percutaneous surgical treatment: Surgery was performed under sedation and local
anesthesia and without ischemia cuff. Following the technique described by Ma and
Griffith (22), 7 incisions were made in total: 1 transversal at the level of the rupture
of the tendon and 3 on each side (2 proximal and 1 distal to the rupture). The proxi-
mal incisions were made 2 and 3 cm from the transverse incision, and the distal inci-
sion at 2 cm from the transversal incision. (When making the proximal incisions, the
surgeon must take into account that the sural nerve crosses from posterior to lateral
~8 to 10 cm from the calcaneal insertion of the Achilles.) With a straight needle, a
PDS 1 suture was passed from the proximal incisions crosswise to the proximal end,

&

Table 1

Randomization: 8 strata groups

Group Age (yr) Sports?* PB?'
A <40 Y N
B <40 Y Y
C <40 N N
D <40 N Y
E >40 Y N
F >40 Y Y
G >40 N N
H >40 N Y

* Athletes or usual sport (>4 times per week/>30 min)

" PB, pathological background: diabetes, rheumatic diseases, collagenopathies, gout;
use of chronic glucocorticoids (systemic and/or local current or previous weeks) or fluro-
quinolones; other diseases not taken into account when stratifying.

and similarly at the distal incision. The sutures were then knotted through the trans-
verse incision with the foot in maximum plantarflexion to approximate the ends of
the tendon as much as possible. The contralateral extremity was used as a guide for
the restoration of proper tendon length. Closure of the incisions was performed
with 3-0 prolene suture, and a cast was placed in 30° plantarflexion. Patients stayed
for 24 h in the hospital and were discharged home with analgesic, antithrombotic
treatment and no weightbearing of the operated limb. Patients were referred to the
Foot and Ankle Unit to proceed with the rehabilitation protocol and follow-up visits.

3) Open surgical treatment: Surgery was performed under spinal anesthesia or femo-
ropopliteal block and with ischemia cuff at the level of the thigh raised to 250
mmHg. A vertical posteromedial incision was made. The hematoma and the tendon
ends were cleaned, and a double Bunnel suture was performed with a PDS suture of
1 mm (reabsorbable 1-mm braided polydioxanon) (23) with the foot in maximum
plantarflexion to approximate the ends of the tendon as much as possible. The con-
tralateral extremity was used as a guide for the restoration of proper tendon length.
Suture of the paratendon and subsequent skin closure were performed with 3/0 pro-
lene points, and a cast was placed in 30° plantarflexion. All patients stayed for 24 h
in the hospital and were discharged home with analgesic, antithrombotic treatment
and no weightbearing of the operated limb. Patients were referred to the Foot and
Ankle Unit to proceed with the rehabilitation protocol and follow-up visits.

Later Protocol for All Patients

All patients remained in the cast for 10 days with no weightbearing of the injured limb.
After 10 days, at visit 2, the cast was removed; in the case of surgical treatments, the
wound was checked for healing and sutures were removed. Then, a walker-type orthopedic
boot below the knee was placed, adding some wedges to gain equine position. All patients
followed a strict protocol with early weightbearing, starting load with the boot and wedges
immediately, and remaining for 8 days with all the wedges. Subsequently, wedges were
removed every 4 days (days 18, 22, 26, and 30), and finally patients remained 8 days more
without wedges (from days 30 to 38), walking plantigrade with the boot (Table 2).

At 6 weeks (visit 3), all patients had started active rehabilitation, and the walker boot
had been removed. At 12 weeks (visit 4), 24 weeks (visit 5), and 52 weeks (visit 6, final
examination at 1-year follow-up), pain intensity, scar evaluation (in patients of the surgi-
cal groups), active articular balance, and ability to stand bi- or monopodal heelrise and
hold for 3 seconds (form of validation of these patients) (24,25) was assessed. Magnetic
resonance imaging was performed if the patient had pain during the posttreatment
period. The following specific quality-of-life questionnaires were completed: Achilles ten-
don total rupture score (ATRS) and Victorian Institute of Sport Assessment (VISA); as well
as less specific questionnaires such as the American Orthopaedic Foot and Ankle Society
(AOFAS) score for the hindfoot. Also at visit 6, an ultrasound was performed; comparisons
were made with the healthy extremity of calf circumference (with measure tape in cm,
10 cm distal from the anterior tibia tuberosity) (26,27); measurement of the physiological
plantarflexion at rest and plantarflexion muscle strength were calculated with dynamom-
etry (in Newtons); pain intensity after walking was assessed (verbal numeric rating scale
[VNRS]; 0, no pain; 10, the worst pain); and the patient made an overall assessment
(Patients’ Global Impression) of the study treatment using a verbal rating scale (excellent,
very good, good, fair, poor). The patient was then discharged.

Study Outcomes

The primary efficacy endpoint was the proportion of responders (i.e., successful treat-
ment) at 1-year follow-up. A responder was defined as capable of standing heelrise
mono- and bipodally for 3 seconds, having a pain score <2 (VNRS) after walking, and hav-
ing returned to active previous life (sport). Secondary efficacy endpoints were the ques-
tionnaires, muscular strength for plantarflexion, calf circumference, physiological

Table 2
Rehabilitation protocol with early weightbearing

Postoperative/Postinjury Plaster in Equine Position (30° PF)

Day 10 (first visit) - Remove cast
- Place orthopedic walker boot and 4 wedges (22° PF)
- Weightbearing

Days 11 to 34

Day 18 - Take off first wedge (16° PF)
- Can take off boot at night and start ROM/passive exercises
(assisted eversion, inversion and flexion, extension
of the foot)
Day 22 - Take off second wedge (10° PF)
- Start active exercises
Day 26 - Take off third and fourth wedges (0° PF)
Day 34 and onward - Start active rehabilitation
Day 40 - Take off the walker boot completely

PF, plantarflexion; ROM, range of motion.
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plantarflexion at rest (equinus), and the integrity of the Achilles tendon evaluated by
ultrasound at 1-year follow-up, assessing the diameter and length of the tendon and signs
of tendinopathy and hypervascularization.

Statistical Analysis

In line with the study protocol, for the primary efficacy analysis, 10 patients per treat-
ment group was considered the minimum sample size necessary to properly evaluate the
results of the study. The primary population for efficacy analysis was the whole analysis
set (all randomized and treated patients). Baseline characteristics were summarized using
standard descriptive statistics, and a descriptive analysis was carried out. Continuous var-
iables were described as mean (standard deviation) or median (range), and categorical
data was summarized as absolute frequency and percentages. The proportion of respond-
ers was estimated, and its 95% confidence interval (95% CI) was calculated. An exploratory
analysis was done among the different groups of treatment. A P value of <0.05 was con-
sidered statistically significant. Data analysis was carried out using Stata/IC 15.0 for Mac
(64-bit Intel, revision 25 set 2017).

Results

From February 2014 to February 2017, 34 patients came to the
emergency department of our hospital experiencing acute Achilles ten-
don rupture. All of them were included in the study and were random-
ized and treated: 11 in the conservative treatment group, 11 in the
percutaneous surgery treatment group, and 12 in the open surgery
treatment group. Patient baseline characteristics are shown in Table 3.
Values for demographic variables were not markedly different among
treatment groups. Patients were predominantly young (median age 41
years), Caucasian (100%), and male (94%), and the lesion occurred in the
left extremity in 76% (26 patients). Fig. 1 shows the study’s flow chart.

Primary Objective: Proportion of Responders at 1-Year Follow-Up

At 1-year follow-up, the proportion of responders was 100% (11 of
11, 95% CI 74% to 100%) in the conservative group, 82% (9 of 11, 95% CI
52% to 95%) in the percutaneous surgery group, and 83% (10 of 12, 95%
Cl 55% to 95%) in the open surgery group. Four patients (2 in the
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Table 3
Patient baseline characteristics
Conservative Percutaneous Open
(n=11) Surgery Surgery
(n=11) (n=12)
Sex

Female 1(10) 1(10) 1(8)

Male 10 (90) 10(90) 11(91.2)
Age (years) 42 (26 to 51) 41 (18 to 50) 40.5 (28 to 51)
Achilles tendon rupture

Right 2(18) 1(10) 4(33)

Left 9(82) 10(90) 8(66)

Data are n (%) or median (range).

percutaneous surgical group and 2 in the open surgical group) scored
pain intensity >2, which is usually related to scar induration, or could
not stand heelrise for 3 seconds.

Secondary Efficacy Objectives

Standing heelrise: Four patients (2 in percutaneous surgical group
and 2 in open surgical group) could not stand heelrise for 3 seconds at
52 weeks. Therefore, 85.2% (30 of 34) of the patients could bipodally
and monopodally stand heelrise and hold for 3 seconds. Fig. 2 shows
the progress at 12, 24, and 52 weeks based on the number of patients
who could stand heelrise bipodally and monopodally or only bipodally
in each treatment group.

Pain: Pain intensity <2 by VNRS at 52 weeks was 100% (11 of 11, 95%
CI 74% to 100%) in the conservative group, 82% (9 of 11, 95% CI 52% to
95%) in the percutaneous surgery group, and 83% (10 of 12, 95% CI 55%
to 95%) in the open surgery group. Pain was related to scar indurations.

Return to sports: At 52 weeks of follow-up, 30 of 34 (88.2%) patients
had returned to their active previous life (sports activity: paddle, soccer,
climbing, etc.): 1 case in the conservative treatment group, 2 in the

SCREENED

n=34

1

RANDOMIZATION

N=34
\ 4 v \ 4
PERCUTANEOUS OPEN
CONSERVATIVE
TREATMENT SURGERY SURGERY
n=11 n=12
n=11

Analyzed: 11 Analyzed: 11 Analyzed: 12

Fig. 1. Study flow chart.
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a HEELRISE MONOPODAL AND BIPODAL
12

10

12 24 52
Orthopedic

12 24 52 12 24 52 weeks

Percutaneous Open

b HEELRISE ONLY BIPODAL
12

10

12 24 52
Orthopedic

12 24 52 12 24 52 weeks
Percutaneous Open

Fig. 2. Number of patients who could stand healrise, bipodal and monopodal (a) or bipo-
dal only (b), holding for 3 seconds at 12, 24, and 52 weeks of each treatment group.

percutaneous group, and 1 in the open surgery group did not perform
their usual sports. One patient at baseline (belonging to the open sur-
gery group) did not practice sports; this patient had returned to an
active life at 52 weeks.

Questionnaires: Fig. 3a shows the median (range) ATRS question-
naire score at 12, 24, and 52 weeks by treatment group; Fig. 3b, the
VISA questionnaire score; and Fig. 3¢, the AOFAS questionnaire score.
The open surgery group showed a different evolution in the ARTR
(lower scores at 24 and 52 weeks) and AOFAS (greater scores at 52
weeks) questionnaires in comparison with the conservative and percu-
taneous treatment groups. Likewise, the open surgical group showed a
lower score in the VISA questionnaire at 52 weeks.

Muscular strength: Fig. 4 depicts the median (range) of the muscle
strength (in Newtons) of the sural triceps in the injured and contralateral
(healthy) leg by treatment group at 52 weeks. All patients in the conserva-
tive group held with maximum strength for 10 seconds in the orthopedic
group; in contrast, the strength of 1 patient in the percutaneous surgical
group and 2 patients in the open surgery group decreased by 20 N.

Calf circumference: The median (range) of calf circumference at 52
weeks in the conservative group was of 35 cm (range 32 to 43) in the
injured limb and 40 cm (range 33 to 43) in the healthy limb; in the per-
cutaneous surgery group, 38 cm (37 to 39) in the injured limb and
41 cm (39 to 43) in the healthy limb; and in the open surgical group,
39 cm (30 to 45) in the injured limb and 41 cm (31 to 45) in the healthy
limb.

Plantarflexion: The median (range) plantarflexion at rest (equine) at
52 weeks in the orthopedic group was 26° (range 20° to 30°) in the

a ATRS questionnaire
100
Score
80
60 ‘
|
40 ‘ ’ ‘
20 ‘ | ‘
. |
12 24 52 12 24 52 12 24 52  weeks
Orthopedic Percutaneous Open
b VISA questionnaire
100
Score
80
60
40
20
0
52 52 52  weeks
Orthopedic Percutaneous Open
C AOFAS questionnaire
100 ‘
Score ‘ ‘
80 ‘ ‘ ‘ |
60 ‘ | ‘
40
20
0
12 24 52 12 24 52 12 24 52 weeks
Orthopedic Percutaneous Open

Fig. 3. Median (range) scores of Achilles tendon total rupture (a), Victorian Institute of
Sport Assessment (b), and American Orthopaedic Foot and Ankle Society (c) question-
naires by treatment group: orthopedic (n=11), percutaneous surgery (n=11), and open
surgery (n=12).

injured limb and 30° (range 28° to 30°) in the healthy limb; in the per-
cutaneous surgery group, 20° (10° to 30°) in the injured limb and 30°
(20° to 30°) in the healthy limb; and in the open surgical group, 15°
(10° to 30°) in the injured limb and 30° (15° to 30°) in the healthy limb.

Ultrasound: Table 4 presents the median (range) of ultrasound
results (depth and tendon elongation in injured and healthy limbs, het-
erogeneity, and vascularization) at 52 weeks. Hypervascularization of
the tendon was visualized in 3 patients (27%) in the percutaneous surgi-
cal group and 4 (33%) in the open surgical group, without any signs of
tendinosis or tendinitis in any patient.

Patients’ global impression (excellent, very good, good, fair, poor):
At 1-year follow-up, 10 patients (91%) in the conserative treatment
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Fig. 4. Median (range) of the muscle strength (in Newtons) of the sural triceps in the
injured and contralateral (healthy) leg by treatment group: orthopedic (n=11), percuta-
neous surgery (n=11), and open surgery (n=12).

group reported excellent impressions of the treatment, and 1 patient
(9%) reported very good. In the percutaneous surgery group 8 patients
(72%) reported excellent impressions, 2 (18%) very good, and 1 (9%)
good. In the open surgery group, 10 patients (83%) reported excellent
impressions, and 2 (17%) reported very good.

Complications and Safety

No serious adverse events were reported during the follow-up, and
no case of total rerupture. Magnetic resonance imaging was performed
in 3 patients (1 of each group) who had pain at 24 weeks after injury.
The images showed partial microtears at the level of the Achilles ten-
don and also in the musculotendinous union, which normally appear
after starting more intensive exercises at 6 months. All patients
improved with new rehabilitation sessions.

In the percutaneous surgery group, 2 patients had hyperalgesia in the
territory of the sural nerve, which disappeared after a year. In the surgical
groups, there was no infection of the wounds during the follow-up. At 1
year of follow-up, 5 patients (3 percutaneous surgery and 2 open sur-
gery) had a fibrous and indurated scar. In both patients of the open sur-
gery group, the hypertrophic and indurated scar prevented them from
advancing in muscular potentiation because of pain, decreasing scores on
quality-of-life questionnaires, and increasing pain (VNRS 3).

Discussion

There is a lot of controversy regarding the treatment of acute Achil-
les tendon ruptures, without clear advantages of any treatment. Surgi-
cal treatment is preferable in active patients, who require an early
return to active life, although this treatment is more expensive and
presents more complications than conservative treatment (16,22,28).
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Percutaneous surgery reduces many of the complications presented by
open surgery (15,22), with fewer infections and the same incidence of
rerupture. One study, however, showed the incidence of sural nerve
injury to be higher in percutaneous surgery (5.5% in percutaneous vs
1.2% in open surgery) (29).

We did not find differences in terms of age, degree of previous sport
(>4 times/30 minutes of exercise per week), or other antecedents. It
should be emphasized that only 9 patients out of 34 performed regular
sports at a high-intensity level (more than 4 times a week), none at a
professional level.

We observed that patients who followed conservative treatment
obtained better results at 1-year follow-up in the different question-
naires (ATRS, VISA, AOFAs), although in the first weeks, the assessment
was lower. Although the differences in the results obtained were not
statistically significant, we observed that patients who underwent sur-
gical treatments, predominantly in those of the open surgical group,
had problems with wound healing, such as keloids and adhesions,
diminishing their final satisfaction. These good results of the different
treatments are due to the rehabilitation protocol with early weightbear-
ing that our patients followed, as shown by several studies (4,30—32).
In recent studies, it has been seen that orthopedic treatment followed
by early weightbearing rehabilitation reduces the incidence of rerup-
ture, almost equaling to surgical treatment (1,2,4,59-12,33,34). Our
study had no cases of rerupture.

Soroceanu el al. (1) compared the results of surgical treatment with
conservative treatment, concluding that in those studies in which a
rehabilitation protocol was performed with loading and early mobiliza-
tion, the rate of reoperations was equalized between the 2 treatments.
In contrast, 15.8% more complications (deep vein thrombosis, wound
infections, necrosis of the skin and tendon, sural nerve injury, tendon
elongation, decreased ankle mobility) occurred in patients who under-
went surgical treatment.

In another prospective study of 60 patients (35), comparing surgery
and orthopedic treatment, the authors observed that the results were
similar with both treatments in terms of the questionnaires, but having
surgery allowed better and faster recovery of the muscle strength of
the triceps surae. However, neither treatment restored the same muscle
strength as on the contralateral (healthy) side, similar to what we
observed in our study, although we didn’t find any differences between
the treatments in terms of muscle strength. In our study, we observed
that those patients who had scar problems showed inferior results in
both the questionnaires and the recovery of the strength of the triceps
surae.

We had 2 cases in the percutaneous surgery group of hyperalgesia
in the territory of the sural nerve, with resolution before the first year
after the injury. As described (36), because the percutaneous incisions
are made longitudinally, if the sural nerve is injured, it is most often a
result of longitudinal neurotomy instead of an axonotmesis or trans-
verse neurotmesis, allowing the nerve to regenerate over time. As in
other studies, we found a decrease in the calf circumference, an
increase in the length of the tendon (elongation), and a decrease in
the strength of the triceps sural compared with the healthy

Table 4

Results of ultrasound 1 year after injury

Surgery Depth of tendon (cm) Length of tendon (cm) Heterogeneity Hypervascularization
Injured Healthy Injured Healthy

Orthopaedic (n=11) 1.45(1.09 to 2.23) 1.20(0.40 to 1.47) 10.81(10.69 to 12. 66) 10.98(10.11 to 11.72) 0 0

Percutaneous surgery (n=11) 1.72 (149 to 1.96) 1.31(0.88 to 1.42) 12.27 (1146 to 13.77) 11.02 (10.05 to 13.62) 11 3

Open surgery (n=11) 1.71(1.22 to 2.33) 1.42 (0.47 to 1.81) 11.76 (10.17 to 12.77) 10.96 (10.03 to 12.14) 12 4

Data are median (range) or n.
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contralateral limb, without these differences being clinically significant
(1,25,37,38).

Although we clinically found that patients who underwent conser-
vative treatment had less elongation, these results were not very rele-
vant for the patients, since 88.23% of them returned to their previous
sports activity (paddle, soccer, climbing, etc.). Compared with other
studies (39,40) that showed a 30% decrease in the muscle strength of
the triceps surae at 1-year follow-up, we obtained better results, with
only 8% in those who followed open surgical treatment, 6% in the percu-
taneous group, and 2% in conservative group, without statistically sig-
nificant differences. We found no correlation between elongation and
heelrise, as some studies have described (41).

Our study is subject to some limitations. Its small sample size (pilot
clinical trial) and that it only involved 1 center might underestimate or
overestimate the generalizability of the results beyond the population
and conditions studied.

In conclusion, our results suggest that conservative treatment is just
as effective as surgical treatments in the majority of patients, as long as
a protocol of rehabilitation with early weightbearing is performed. It
would be necessary to perform randomized clinical trials with a larger
size to validate these results.
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ARTICLE INFO ABSTRACT

Level of Clinical Evidence: 2 Acute Achilles tendon ruptures can be treated with surgical and nonsurgical treatment. However, the optimal
intervention for acute Achilles tendon rupture remains controversial. The aim of the present study was to
compare the clinical outcomes of surgical treatment versus conservative management for acute Achilles tendon
rupture. Eight randomized controlled studies involving 762 patients were included in the meta-analysis. In
general, re-rupture occurred in 14 of 381 surgically treated patients (3.7%) and 37 of 377 nonsurgically treated
patients (9.8%). Pooled results showed that the total re-rupture rate was significantly lower in surgical group than
that in the nonsurgical group (risk ratio 0.38, 95% confidence interval 0.21 to 0.68; p = .001). No significant
differences were found between the 2 treatment groups in the incidence of deep venous thrombosis, the number
who returned to sport, ankle range of motion (dorsiflexion, plantarflexion), Achilles tendon total rupture score, or
physical activity scale. Surgical treatment can effectively reduce the re-rupture rate and might be a better choice
for the treatment of acute Achilles tendon rupture. Multicenter, double-blind randomized controlled trials with
stratification and long-term follow-up are needed to obtain a higher level of evidence and to guide clinical

Keywords:
complication
conservative treatment
functional outcome
rehabilitation

surgical treatment

practice, especially in the comparison and selection of different treatments.
© 2017 by the American College of Foot and Ankle Surgeons. All rights reserved.

Acute Achilles tendon rupture is one of the most common
disabling injuries in the male population, largely occurring in those
participating in high-impact sports, especially ball games (1-3). Ac-
cording to an epidemiologic study in Denmark, the incidence of
Achilles tendon rupture increased from 26.95/10° persons in 1994 to
31.17/10° person in 2013 and is still increasing (4). The current evi-
dence has suggested that multiple risk factors are related to Achilles
tendon rupture, including tendon degeneration, poor tendon vascu-
larity, corticosteroid use, fluoroquinolone use, and previous rupture
on the contralateral side (2,5-7). Although the ruptured tendon can
be treated with surgical and nonsurgical therapies, no consensus has
yet been reached regarding the optimal treatment protocol (8-13).

Surgical treatment has become the mainstay of therapy for acute
Achilles tendon rupture in the past decades, mainly because of the
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reported greater risk of re-rupture after nonoperative treatment
(14,15). Previously reported meta-analyses (16-18) concluded that the
rate of re-rupture ranged from 3.5% to 4.3% in the surgical group and
8.8% to 9.7% in the nonsurgical group. They also found that the re-
rupture rate was greater after conservative treatment and complica-
tions other than re-rupture occurred significantly more often with
surgical treatment. Therefore, orthopedic surgeons have preferred
surgical repair for acute Achilles tendon rupture.

Recently, many studies have shown similar functional outcomes
and re-rupture rates between operative and nonoperative groups
with accelerated rehabilitation, including early weightbearing and
protected range of motion (ROM), instead of rigid cast immobilization
(11,13). Early cast immobilization without ankle mobilization and
weightbearing could increase the risk of re-rupture (14,19). Thus, a
rationale exists for the rapid shift toward an accelerated rehabilitation
protocol, which appears to stimulate tendon healing and achieve
more favorable outcomes (11,13,20-23). Furthermore, conservative
treatment could avoid the complications related to surgery, such as
wound infection, scar adhesion, tendon necrosis, and nerve injury
(11,12). However, large groups of surgeons continue to treat every
rupture surgically, even in the obese population. Many reasons exist

1067-2516/$ - see front matter © 2017 by the American College of Foot and Ankle Surgeons. All rights reserved.
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Table 1
Modified Jadad quality scale (27) for each included study
Scale Item Response Option Moller Costa Twaddle  Metz Nilsson-Helander ~ Willits Keating Olsson
etal(14) etal(23) etal(28) etal(19) etal(10) etal (11) etal(12) etal(13)
1. Was the study described as randomized? Yes, appropriate (2) X X X X X X
Yes, unclear (1) X X
No, inappropriate (0)
2. Was the study described as double-blind?  Yes, appropriate (2)
Yes, unclear (1)
No, inappropriate (0) X X X X X X X X
3. Was there a description of withdrawals Yes (1) X X X X X X X X
and dropouts? No (0)
4. Was there a clear description Yes (1) X X X X X X X
of the inclusion or exclusion criteria? No (0) X
5. Was the method used to assess adverse Yes (1) X X X X X X X X
effects described? No (0)
6. Were the methods of statistical Yes (1) X X X X X X X X
analysis described? No (0)
Total score 5 5 6 6 6 6 5 6

for this, including surgeon experience and patient expectations, and

so forth. However, a lack of the latest cogent and recognized clinical

evidence might be the main reason.

The current studies and meta-analyses have shown discordant
findings, making it difficult to select the best procedure for acute

Achilles tendon rupture. Therefore, we need strong evidence from the

Identification

Records™* identified through

database searching
(n=1560)
PubMed: 468
Embase: 543
Cochrane Library: 122
Web of Science: 427

Screening

Eligibility

Included

Fig. 1. Flow chart showing method of article selection. "Records were searched and reviewed according to the titles and abstracts.

\4

Records after duplicates
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(n=572)

v
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(n=572)

Full texts assessed

Records excluded (n=548),
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-retrospective studies
-case reports
-basic science studies
-biomechanical studies

for eligibility
(n=24)

Studies included in
quantitative synthesis
(meta-analysis)
(n=8)

Full texts excluded (n=16),
with reasons
-insufficient data
-meta-analysis
-narrative reviews
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Table 2
Characteristics of included randomized controlled studies

Effective Follow-Up (%) Follow-Up Period" (mo) Level of Evidence

Study Patients (% Male) Mean Age (y)
Moller et al (14), 2001 S, 59 (86) S, 39.6 + 10.05"
NS, 53 (91) NS, 38.5 - 8.25!
Costa et al (23), 2006 S, 48 (83) S, 433 + 825!
NS, 48 (67) NS, 45.5 + 10.0'
Twaddle et al (28), 2007 S, 25 (70) S, 41.8 (NR)
NS, 25 (64) NS, 40.3 (NR)
Metz et al (19), 2008 S, 42 (74) S, 41.5 + 10.0
NS, 41 (85) NS, 42.25 + 9.25!
Nilsson-Helander et al (10), 2010 S, 49 (81.6) S, 409 + 8.8
NS, 48 (81.3) NS, 41.2 £ 9.5
Willits et al (11), 2010 S, 72 (82) S,39.7 + 11.0
NS, 72 (82) NS, 41.1 + 8.0
Keating et al (12), 2011 S, 39 (72) S, 412 + 8.0
NS, 41 (78) NS, 39.5 + 9.25
Olsson et al (13), 2013 S, 49 (80) S,39.8 + 8.9
NS, 51 (92) NS, 39.5 + 9.7
Total 762 (80.4) 4097 + 8.17'
S, 383 (79.5) S, 40.85 + 7.67'

NS, 379 (81.5) NS, 41.08 + 8.17'

99 24 I
86 12 I
84 12 I
100 12 Il
100 12 I
88 24 I
95 12 I
88 12 I
NA 12 L7;1,1

Abbreviations: NA, not applicable; NS, nonsurgical group; NR, standard deviation not reported; S, surgical group.

Data presented as mean =+ standard deviation.
= Minimum follow-up period listed.
f Data estimated using the method introduced by Hozo et al (29).

latest level I and II prospective randomized studies to reexamine the
conclusions given in the previous paragraph and offer intervention
recommendations in accordance with the highest level of evidence.
We hypothesized that surgical treatment could effectively reduce the
risk of re-rupture compared with conservative management but that
similar functional outcomes would be found between surgically and
nonsurgically treated patients.

Materials and Methods
Search Strategy

The present meta-analysis was performed in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses guidelines (24). Two of us
(S.D., ZS.) independently searched the most commonly used medical databases,
including PubMed (available at: https://www.ncbi.nlm.nih.gov/pubmed/; from 1978 to
March 2017), Embase (available at: http://www.embase.com/; from 1974 to March
2017), Cochrane Central Register of Controlled Trials (available at: http://www.
cochranelibrary.com/about/central-landing-page.html; up to March 2017), and Web
of Science (available at: http://apps.webofknowledge.com/; from 1978 to March 2017)
to identify all relevant published studies that had compared the clinical outcomes of
surgical treatment with nonsurgical treatment of acute Achilles tendon rupture. We did
not search for unpublished studies, and none were included in the present review.

A systematic and comprehensive search was performed using the following search
terms: (Achilles tendon OR Achilles OR tendoachilles OR tendocalcaneus) AND (surgical
OR nonsurgical OR operative OR nonoperative OR conservative) AND (rupture OR tear
OR lesion). The titles were screened and the abstracts carefully reviewed for any
potentially eligible studies. The references of each included study were also reviewed to
find additional studies that met our inclusion criteria. When necessary, the authors
were contacted for the complete manuscript or data confirmation.

Inclusion and Exclusion Criteria

The inclusion criteria for our study were level I and Il evidence randomized controlled
trials; a target population of acute Achilles tendon rupture; studies comparing the clinical
outcomes of surgical treatment and nonsurgical treatment; treatment initiated within
14 days after rupture; and >1 outcome measurements postoperatively (e.g., re-rupture
rate, functional scores, complications). Retrospective studies, case reports, basic science
studies, insufficient data, and biomechanical studies were excluded.

Study Selection

Two reviewers (S.D., Z.S.) independently reviewed the titles and abstracts of all
studies generated from the literature search to exclude irrelevant studies and identify
potentially relevant articles. For potentially eligible studies, 2 reviewers (S.D., Z.S.)
independently reviewed the full text of articles (March 2017) using the inclusion
criteria. The references of the retrieved articles were also searched manually. In-
consistencies were resolved by discussion and consensus or by a third author (J.L.). The
reviewers were not blinded to the authors, journals, or sources of financial support.

Data Extraction and Quality Assessment

The data were extracted independently by 2 of us (S.D., C.Z.). Any discrepancies in
the extracted data were resolved by discussion and consensus. Data extraction mainly
included study characteristics, patient demographics, injured side, interval from injury
to treatment, surgical technique, functional outcomes, rehabilitation protocols, and
complications. Our primary outcome was the re-rupture rate, with re-ruptures occur-
ring within 14 days of initial treatment. The secondary outcomes included deep venous
thrombosis (DVT), wound infection, nerve injury, number of patients returning to
sports activities, functional scores, including the Achilles tendon total rupture score
(ATRS) (25) and physical activity scale (PAS) (26), and ankle ROM, including dorsiflexion
and plantarflexion, which were measured using a goniometer (12) and Biodex Multi-
Joint System 2 or 3 dynamometer (Biodex Medical, Shirley, NY) in accordance with
the manufacture’s operating manual (11,12). Other clinical outcomes, determined using
different scales, including isokinetic strength, functional index for the leg and ankle,
Leppilahti score, short musculoskeletal function assessment score, or Foot and Ankle
Outcome Score, were not included in the present meta-analysis, because either the data
could not be pooled or significant comparisons could not be made because the out-
comes used varied in the different studies.

Two of us (S.D., G.C.) independently assessed the methodologic quality of the
studies using the modified Jadad quality scale (Table 1) (10-14,19,23,27,28). The
modified Jadad quality scale is a 6-item scale designed to assess randomization,
blinding method, withdrawals and dropouts, inclusion and exclusion criteria, adverse
effects, and statistical analysis. Scores of O to 3 points indicate poor to low quality, and
scores of 4 to 8 points denote good to excellent quality. Disagreement was resolved by
discussion and consultation with the senior author (J.L.).

Statistical Analysis

If the standard error was not reported, it was estimated using the method intro-
duced by Hozo et al (29). For dichotomous variables, including the re-rupture rate,
incidence of DVT, and number of patients returning to sport, the relative treatment
effect was reported as the risk ratio (RR) and 95% confidence interval (CI). For contin-
uous data, including dorsiflexion, plantarflexion, ATRS, and PAS, the effect of treatment
was quantified by calculating the mean difference with the 95% CI. Heterogeneity across
the pooled data was formally tested using the Cochrane xz test and quantified using the
12 test. An 12 of <50% was the cutoff for homogeneity of the data using the fixed effects
model, justifying pooling. The random effects model was applied if the I> was >50% and
heterogeneity was significant. Differences were considered significant if p < .05. Sta-
tistical analysis of all the extracted data was performed using Review Manager soft-
ware, version 5.3 (Cochrane Collaboration, London, UK, 2014).

Results
Studies and Assessment of Study Quality

We searched a total of 1560 studies according to their titles and
abstracts from the abovementioned databases and found 572
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Table 3
Summary of results from included randomized controlled trials
Investigator Injured Side (% Left)  Interval From Injury Surgical Technique Outcomes
to Treatment (days)
Moler et al (14), 2001 S, 34 (58); NS, 30(57) <7 End to end, modified Kessler DF, PF, calf circumference, isokinetic strength, heel-raise test, VAS

for subjective results of treatment, FIL, satisfaction, time to
return to work

Costa et al (23), 2006 S, 28 (58); NS, 27 (56) <7 End to end, augmented repair Time to return to activities, EuroQol health status questionnaire,
deficit in calf diameter, loss of DF and PF, muscle dynamometry
Twaddle et al (28), 2007 S, 10 (50); NS, 12 (55) <2 End to end, Krackow-type stitch MFALI, DF, PF, calf circumference
Metz et al (19), 2008 S, 28 (67); NS, 21 (51) <3 Bunnell-type suture in proximal Time to work resumption, sports after rupture, VAS for
tendon, through lateral aspect satisfaction and pain, Leppilahti score
of calcaneus distally
Nilsson-Helander S, 26 (53); NS, 27 (56) <3 End to end, modified Kessler ATRS, PAS, jump test, strength test, muscular endurance test
etal (10), 2010
Willits et al (11), 2010 NR <14 End to end, Krackow-type stitch Leppilahti score, ROM and isokinetic strength (DF, PF), calf
circumference
Keating et al (12), 2011 NR <10 End to end, Kessler stitch, SMFA, ROM, and muscle function dynamometry (DF, PF)
interrupted circumferential stitch
Olsson et al (13), 2013 S, 24 (49); NS, 16 (31) <4 End to end, modified Kessler, ATRS, PAS, FAOS, EQ-5D, jump test, strength test, muscular
epitendinous cross-stitch endurance test

Abbreviations: ATRS, Achilles tendon total rupture score; DF, dorsiflexion; EQ-5D, EuroQol group questionnaire; FAOS, Foot and Ankle Outcome Score; FIL, functional index for the
leg and ankle; MFAI, musculoskeletal functional assessment index; NR, not reported; NS, nonsurgical group; PAS, physical activity scale; PF, plantarflexion; ROM, range of motion;
S, surgical group; SMFA, short musculoskeletal function assessment; VAS, visual analog scale.

individual studies after excluding the duplicates. After examining the analysis (10-14,19,23,28). The process of the search strategy is shown

titles and abstracts of numerous studies, 24 met our inclusion criteria in Fig. 1.
and were included. Finally, 8 published randomized controlled The overall methodologic quality of the included studies was rela-
studies met the quality requirements and were the basis of our meta- tively high, with a mean modified Jadad score of 5.6 &+ 0.5. Seven of
Table 4
Rehabilitation protocols and complications for each included study
Investigator Rehabilitation Protocol Complications (n)
Surgical Nonsurgical Re-Rupture (%) DVT (%) Infection (%) NI (%)
Moller et al (14), 2001  Immobilized with cast for Immobilized with cast for S, 1(1.7); NS, 11 (20.8) S, 0(0); NS, 1(1.9) S,1(1.7); NS,0(0) S, 1(1.7); NS, 0 (0)

12 days; followed by a brace 8 wk; PWB at 8 wk
for next 8 wk; AROM
with FWB at 3 to 8 wk

Costa et al (23), 2006 SG, mobilized with FWB in SG, mobilized with FWB S, 2 (4.2); NS, 2 (4.2) S,0(0); NS, 1(2.1) S,1(2.1); NS,0(0) S, 1(2.1); NS, 0(0)
carbon-fiber orthosis for in carbon-fiber orthosis
8 wk postoperatively for 12 wk

Twaddle et al (28), 2007 Immobilized with hanging S, 2 (8.0); NS, 1 (4.0) NR NR NR

equinus plaster for 10 days;
followed by removable
below-the-knee orthosis for
8 wk; AROM at 10 days,

PWB at 6 wk
Metz et al (19), 2008 Immobilized for 1 wk with cast; Immobilized for 1 wk S,3(7.1); NS,5(12.2) S,0(0); NS,1(2.4) S,0(0); NS, 0 (0) S,3(7.1); NS, 1 (2.4)
followed by tape bandage with cast; followed by
for next 6 wk; FWB multifunctional
postoperatively below-the-knee splint
for next 6 wk
Nilsson-Helander Immobilization with S,2(4.1); NS, 6 (12.5) NR S,2(4.1); NS,0(0) S,2(4.1); NS, 0(0)
et al (10), 2010 below-the-knee cast in
equinus position for 2 wk;
followed by adjustable brace
for next 6 wk; PWB at
6 to 8 wk
Willits et al (11), 2010  Immobilization in posterior back S,2(2.8); NS, 3(4.2) S,1(1.4); NS, 1(1.4) S,5(6.9); NS,0(0) NR
slab for 2 wk; changed to
removable below-the-knee
orthosis for 6 wk; AROM and
PWB at 2 wk
Keating et al (12), 2011 Immobilization in equinus Immobilization with cast S, 2 (5.1); NS, 4 (9.8) S,0(0); NS,2(4.9) S,3(7.7); NS,0(0) NR
cast for 6 wk; PWB at 6 wk for 10 wk; PWB at 8 wk
Olsson et al (13), 2013  FWB postoperatively; AROM FWB at beginning; S,0(0); NS, 5(9.8) S,1(2.0); NS, 2(3.9) S,6(12.2); NS,0(0) S,1(2.0); NS, 0
at 2 wk; immobilization with protected AROM
brace for 6 wk at beginning;

immobilization with
brace for 8 wk

Abbreviations: AROM, active range of motion; DVT, deep vein thrombosis; FWB, full weightbearing; NI, nerve injury; NR, not reported; NS, nonsurgical group; PWB, partial
weightbearing; S, surgical group; SG, study group.
Twaddle and Poon (28), Nilsson-Helander et al (10), and Willits et al (11) used the same rehabilitation protocols for the surgical and nonsurgical groups.
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Surgical Nonsurgical Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
Moller 2001 1 59 11 53 30.5% 0.08 [0.01, 0.61] 2001 * =
Costa 2006 2 48 2 48 5.3% 1.00 [0.15, 6.81] 2006
Twaddle 2007 2 25 1 25 2.6%  2.00[0.19, 20.67] 2007
Metz 2008 3 42 5 41 13.3% 0.59[0.15, 2.29] 2008 - 1
Nilsson-Helander 2010 2 49 6 48 16.0% 0.33[0.07, 1.54] 2010 "
Willits 2010 2 72 3 72 7.9% 0.67[0.11, 3.87] 2010 -
Keating 2011 2 37 4 39 10.2% 0.53[0.10, 2.71] 2011 -
Olsson 2013 0 49 5 51 14.2% 0.09 [0.01, 1.67] 2013 ¢ "
Total (95% ClI) 381 377 100.0% 0.38 [0.21, 0.68] -
Total events 14 37 . . . .
H . 12 = - - - ]2 = 0, T T T T
Heterogeneity: Chi? =7.03, df =7 (P = 0.43); I?= 0% 0.05 02 1 5 20

Test for overall effect: Z = 3.23 (P = 0.001)

Favours Surgical Favours Nonsurgical

Fig. 2. Forest plot of meta-analysis for re-rupture rate. ClI, confidence interval; M-H, Mantel-Haenszel.

these included studies were level 1, and one was level 2. The examiners
and patients of all the included studies had not been blinded to the
treatment. Randomization was computer-generated in 5 studies and by
tossing a coin in 1 study; the remaining 2 studies did not mention the
randomization method. Concealment of allocation was applied in all
the studies by sealed envelopes. The details of the modified Jadad
quality scale for the included studies are listed in Table 1.

Baseline Patient Characteristics

The data from a total of 762 patients were extracted from the
included studies. The patients were predominantly male (613 of 762,
80.4%). Of the 762 patients, 383 (50.3%) had undergone surgical
intervention (mean age 40.85 + 7.67 years) and 379 (49.7%) had
received nonoperative treatment (mean age 41.08 + 8.17 years). The
minimum follow-up duration was 12 months, and the effective
follow-up rate ranged from 84% to 100% (Table 2) (10-14,19,23,28).

The injured side, interval from injury to treatment, surgical
technique, and treatment outcomes of the included randomized
controlled trials are listed in Table 3 (10-14,19,23,28). The left
Achilles tendon was relatively more prone to rupture. The interval
from injury to treatment was within 2 to 14 days. Five 5 different
surgical techniques were used.

The rehabilitation protocols and complications for each included
study are listed in Table 4 (10-14,19,23,28). Three studies used the
same rehabilitation protocols for the surgical and nonsurgical
groups. The other 5 studies used rehabilitation protocols that
differed between the surgical and nonsurgical groups. In general, the
nonsurgical group required a longer rehabilitation time than did the
surgical group. The complications between the 2, including re-

rupture, DVT, wound infection, and nerve injury, are listed in
Table 4. The overall incidence of wound infection in the surgical
group was 5.0% (range 1.7% to 12.2%).

Meta-Analysis of Clinical Outcomes

Re-Rupture Rate

All the included studies reported the re-rupture rate
(10-14,19,23,28). Re-rupture occurred in 14 of 381 surgically treated
patients (3.7%) and 37 of 377 nonsurgically treated patients (9.8%).
The pooled results showed that the total re-rupture rate was
significantly lower in the surgical group than in the nonsurgical
group (RR 0.38, 95% CI 0.21 to 0.68; p = .001) with no heterogeneity
detected (I? = 0%; Fig. 2).

Incidence of DVT

Of the 8 included studies, 6 reported the incidence of DVT (11-
14,19,23). The meta-analysis found no significant difference in the
incidence of DVT between the 2 groups (RR 0.40, 95% CI 0.13 to 1.26,
p = .12) and no heterogeneity (1> = 0%; Fig. 3).

Patients Returning to Sport

Of the 8 included trials, 4 reported the number of patients
returning to sports activities (12,14,19,23). The meta-analysis did not
find a significant difference between the 2 treatment groups (RR 1.06,
95% CI 0.90 to 1.24; p = .50). A random effects model was used
because the heterogeneity was slightly significant (I = 51%; Fig. 4). In
addition, 3 trials reported the time required to return to sport and/or
work. Moller et al (14) reported that the time before patients could
return to work in the surgical group was 54.9 + 47.9 days versus 73.4

Surgical Nonsurgical Risk Ratio Risk Ratio
Study or Subgroup __Events Total Events Total Weight M-H, Fixed. 95% CI Year M-H, Fixed. 95% CI
Moller 2001 0 59 1 53 15.8% 0.30[0.01, 7.21] 2001 "
Costa 2006 0 48 1 48 15.0% 0.33[0.01, 7.98] 2006 "
Metz 2008 0 42 1 41 15.2% 0.33[0.01, 7.77] 2008 .
Willits 2010 1 72 1 72 10.0% 1.00 [0.06, 15.68] 2010
Keating 2011 0 37 2 39 24.4% 0.21[0.01, 4.24] 2011 =
Olsson 2013 1 49 2 51 19.6% 0.52[0.05, 5.56] 2013 -
Total (95% CI) 307 304 100.0% 0.40 [0.13, 1.26] ”
Total events 2 8 . .

Heterogeneity: Chi? = 0.71, df =5 (P = 0.98); I = 0%
Test for overall effect: Z=1.56 (P = 0.12)

0.01 0.1 1 10 100
Favours Surgical Favours Nonsurgical

Fig. 3. Forest plot of meta-analysis for deep venous thrombosis. CI, confidence interval; M-H, Mantel-Haenszel.
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Surgical Nonsurgical Risk Ratio Risk Ratio

Study or Subgroup _Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
Moller 2001 32 59 29 53 28.8% 0.99[0.71, 1.39] 2001 *
Costa 2006 36 48 21 39 21.8% 1.39[1.00, 1.94] 2006 -
Metz 2008 24 36 27 33 26.5% 0.81[0.61, 1.08] 2008 Ll
Keating 2011 26 37 25 39 22.9% 1.10[0.80, 1.50] 2011 -
Total (95% CI) 180 164 100.0% 1.06 [0.90, 1.24] -
Total events 118 102

it Chiz= - = - 12= 519 t t t t
Heterogeneity: Chi? = 6.10, df =3 (P =0.11); I?=51% 05 07 1 15 2

Test for overall effect: Z = 0.67 (P = 0.50)

Favours Nonsurgical Favours Surgical

Fig. 4. Forest plot of meta-analysis showing number of patients who successfully resumed preinjury sports level. CI, confidence interval; M-H, Mantel-Haenszel.

+ 56.5 days in the conservative treatment group (p = .06). Metz et al
(19) reported the mean time off work was 59 + 82 days for the sur-
gically treated patients and 108 & 115 days for the nonoperatively
treated patients (difference of 49 days; 95% ClI 4 to 94; p < .05).
Keating and Will (12) reported a mean time to return to full sporting
activity of 34 (range 14 to 52) weeks for the operative group and 35
(range 17 to 52) weeks in the nonoperative group (no significant
difference), with a mean time to return to work of 12 weeks in both
groups (no significant difference).

Ankle ROM (Dorsiflexion, Plantarflexion)

Two studies documented the ankle ROM postoperatively,
expressed as the degree of dorsiflexion and plantarflexion (11,12). The
overall effect suggested that no significant difference was present
between the surgical and nonsurgical intervention for dorsiflexion
(mean difference 0.80, 95% Cl —1.87 to 3.47; p = .56; I = 51%; Fig. 5A)
or plantarflexion (mean difference —0.11, 95% ClI —4.52 to 4.31;
p = .96; I> = 75%; Fig. 5B). A random effects model was used because
of the clinical heterogeneity.

Functional Scores (ATRS and PAS)

Functional scores, including the ATRS and PAS, were reported in 2
studies (10,13). When the data were pooled, the fixed effects analysis
showed no statistically significant differences between the operative
and nonoperative groups in the ATRS (mean difference 2.00, 95% CI
—3.49 to 7.49; p = .47; I = 0%; Fig. 6A) or PAS (mean difference —0.05,
95% CI —0.37 to 0.27; p = .77; I = 0%; Fig. 6B).

Discussion

The results of the present study suggest that surgical treatment
can effectively reduce the incidence of re-rupture; however, inherent

to surgical repair is an increased risk of wound infection compared
with conservative treatment. However, no statistically significant
differences were found in the functional outcomes between the sur-
gical and nonsurgical groups for DVT, number of patients returning to
sport, dorsiflexion, plantarflexion, ATRS, and PAS.

Re-rupture was our primary outcome. The pooled results showed
that the total re-rupture rate was significantly lower in the surgical
group than in the nonsurgical group. Re-rupture occurred in 14 of
381 surgically treated patients (3.7%) and 37 of 377 nonsurgically
treated patients (9.8%), for a decrease of 6.1% favoring the surgical
group. We consider that a 6.1% decrease in the re-rupture rate is
clinically significant and should not be overlooked by clinicians. The
results were consistent with those from previously reported meta-
analyses (16-18), which concluded that the rate of re-rupture
ranged from 3.5% to 4.3% in the surgical group versus 8.8% to 9.7%
in the nonsurgical group. Although a meta-analysis of randomized
trials in 2012 (17) showed that conservative management involving
early weightbearing and controlled ankle motion could decrease the
rate of re-rupture to the same level after surgical treatment and
avoid the complications related to surgical treatment, our meta-
analysis data did not show this.

Another important factor in clinical decision-making is the prev-
alence of other complications that are mainly secondary to operative
treatment, such as DVT, wound infection, nerve injury, and skin-
related complications. Our meta-analysis results indicated that no
significant difference was present in the incidence of DVT between
the surgical and nonsurgical groups. The overall incidence of wound
infection was 5.0% (range 1.7% to 12.2%) in the surgical group, which
should not be overlooked. However, the complications related to open
surgery can be effectively reduced using a percutaneous surgical
technique, which has advantages such as being minimally invasive
and resulting in a lower rate of re-rupture and wound infection and

A Surgical Nonsurgical Mean Difference Mean Difference
t r rou Mean D Total Mean D Total Weight IV, Fix % Cl Year IV, Fixed, 95% CI
Willits 2010 20.3 12.6 62 179 6 65 59.4% 2.40][-1.06,5.86] 2010 -
Keating 2011 134 12.083 37 14.94 487 39 40.6% -1.54[-5.72,2.64] 2011 — &
Total (95% CI) 99 104 100.0% 0.80 [-1.87, 3.47] ?
Heterogeneity: Chiz = 2.02, df = 1 (P = 0.15); I = 51% - 1 5 5 5 5 1’0

Test for overall effect: Z = 0.59 (P = 0.56)

Surgical Nonsurgical
Study or Subgroup Mean SD Total Mean SD Total Weight
Willits 2010 445 8.4 62 46.8 8.5 65 51.4%
Keating 2011 50.86 7.83 37 48.65 6.692 39 48.6%
Total (95% CI) 929 104 100.0%

Heterogeneity: Tau? = 7.64; Chi?=4.02, df = 1 (P = 0.04); I? = 75%
Test for overall effect: Z = 0.05 (P = 0.96)

Mean Difference
1V, Random, 95% CI Year

Favours Nonsurgical Favours Surgical

Mean Difference
1V, Random, 95% CI

-2.30[-5.24, 0.64] 2010
2.21[-1.07,5.49] 2011

-0.11 [-4.52, 4.31]

-10 -5 0 5 10
Favours Nonsurgical Favours Surgical

Fig. 5. Forest plot of meta-analysis for (A) dorsiflexion and (B) plantarflexion. CI, confidence interval; IV, inverse variance.
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Fig. 6. Forest plot of meta-analysis for (A) Achilles tendon total rupture score (ATRS) and (B) physical activity scale (PAS). CI, confidence interval; IV, inverse variance. *The standard

deviations were estimated using the method introduced by Hozo et al (29).

a better cosmetic appearance (30-32). Therefore, we consider that a
modified surgical technique for acute Achilles tendon rupture is a
promising method to increase the successful outcomes and decrease
the complications related to surgery.

Although no significant difference was found for the overall
number of patients returning to sport between the surgical and
nonsurgical groups, the time to return to work was significantly
different between the 2 groups in 1 of 3 trials, with an increase of
49 days in the nonsurgical groups, another factor that should be
considered by clinicians. Further research is needed to investigate the
differences in the time to return to work and/or sport between the
surgical and nonsurgical groups.

In our meta-analysis, we could not find any clinically significant
differences between the surgically and nonsurgically treated patients
in the ankle ROM and functional scores. The findings were consistent
with a study by Wallace et al (33) in 2011. They showed no clinically
significant differences between surgical and nonsurgical treatment in
ROM, calf circumference, or functional scores (33).

Epidemiologic studies (4,34,35) have shown that the proportion of
surgically treated patients decreased remarkably, although the inci-
dence of acute Achilles tendon rupture has increased in the past years.
In a registry study in Finland in 2015, Mattila et al (35) concluded that
the decline in operative treatment started in 2007, with a decrease in
surgical population of 42% in adult males and 55% in adult females
since then. A possible explanation for this decline could be that a large
amount of high-quality evidence has been reported since then
showing similar outcomes between surgical and nonsurgical ap-
proaches published, which has affected treatment policies.

In our practice, we have treated almost every acute Achilles tendon
rupture surgically within 3 days after injury, except for those occur-
ring in morbidly obese patients, elderly and inactive patients, and
those not healthy enough to undergo surgery. The surgical technique
we use is an “end to end, modified Kessler” procedure with or without
augmentation. Almost all the patients have achieved excellent out-
comes without severe complications. A recent cohort study used
acute ultrasonography to predict the risk of re-rupture and successful
outcomes after surgical or nonsurgical treatment of acute Achilles
tendon ruptures (36). They found that nonsurgical management of
Achilles ruptures with a gap >10 mm resulted in a significantly
greater rate of re-rupture than did nonoperative treatment with a gap
<10 mm (36). Also, they reported that nonsurgical management of
ruptures with a gap >5 mm led to inferior outcomes for heel-rise
height and heel-rise work compared with surgical treatment (36).
To some degree, their study provided a reference for us to determine

when surgical or nonsurgical treatment should be undertaken,
although further research is needed.

Our meta-analysis had several limitations. First, the present meta-
analysis contained relatively small studies with relatively few target
patients; thus, the data might have been insufficient to draw powerful
comparisons. Second, the mean follow-up period was 15.4 (range
12 to 24) months, which was relatively short to effectively corroborate
the clinical outcomes. Third, different variables were included in each
study, including demographics, surgical techniques, outcome mea-
surements, and postoperative rehabilitation protocols, which could
potentially make the results ambiguous, and we might have been
unable to detect a subtle difference in these outcomes. Fourth, we did
not perform a subgroup analysis because no adequate studies had
reported the outcomes of subgroups. Finally, unpublished studies
were not searched for or included in the present review, which could
have resulted in a publication bias. Long-term, multicenter follow-up
data with stratification are needed.

In conclusion, the results of the present study suggest that surgical
treatment can effectively reduce the re-rupture rate and might be a
better choice for the treatment of acute Achilles tendon rupture.
Multicenter, double-blind randomized controlled trials with stratifi-
cation and long-term follow-up data are needed to obtain a higher
level of evidence and to guide clinical practice, especially for the
comparison and selection of different treatment options.
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ARTICLE INFO ABSTRACT

Level of Clinical Evidence: 1 We performed a meta-analysis to (1) compare surgical and non-surgical treatment methods for repair of acute

rupture of the Achilles tendon, in terms of the re-rupture rate, incidence of complications other than re-rupture,
functional outcomes, and proportion of patients returning to previous levels of sporting activities, and (2) explore
the difference in the re-rupture rate if proven early functional rehabilitation protocols were followed.
PubMed, EMBASE, Medline, and Cochrane Central Register of Controlled Trials databases were searched to identify
randomized clinical trials. The quality of included studies was assessed by the Cochrane risk-of-bias tool. The ran-
dom-effects model or subgroup analysis would be chosen to perform the meta-analysis if the data were heteroge-
neous; otherwise, the fixed-effect model would be selected.
Ten randomized clinical trials with a total of 934 randomized patients were included. Patients in the non-surgical
group underwent higher re-ruptures than patients in the surgical group (p =.0002), but the re-rupture rates were
equivalent in the non-surgical group and the surgical group (p =.08) if an early range of motion exercises protocol
was performed. Lower incidence of complications excluding re-rupture was found in non-surgical patients
(p=.006). However, the surgical group had better results in functional outcomes when evaluated by 2 different
jump tests (drop counter-movement jump [p=.002], Hopping [p =.004]) and 1 muscular endurance test (Heel-
rise work [p =.01]). The 2 groups had no significant difference in the proportion of patients returning to previous
levels of sporting activities (p =0.87).
The risk of re-rupture after surgical or non-surgical treatment was equivalent if a functional rehabilitation protocol
with early range of motion was performed, but the risk of other complications happening after surgical treatment
was higher than in non-surgical treatment.

© 2018 by the American College of Foot and Ankle Surgeons. All rights reserved.
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The Achilles tendon is the largest and strongest tendon in the human
body; however, it is also one of the most frequently injured tendons (1).
Most patients suffering Achilles tendon ruptures are males who partici-
pate in sports, particularly in recreational sports that involve sudden
accelerations and jumping (2,3). In Finland, the incidence of Achilles
tendon ruptures per 100,000 person-years increased from 2.1 in 1979
to 21.5 in 2011 (3), and in the United States, the incidence of Achilles
tendon increased from 0.67 per 10,000 in 2005 to 1.08 per 10,000 in
2011 (4), which may be due to the growing number of aging adults who
participate in high-demand sports and the increase in the prevalence of
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chronic metabolic diseases, such as type 1 diabetes (5,6). Usually, the
diagnosis of an acute rupture requires that clinicians conduct detailed
musculoskeletal examinations that focus on ‘look, feel, move’ and take a
comprehensive medical history (7,8). Ultrasound or magnetic reso-
nance imaging may be used to help with confirmation diagnoses if nec-
essary (8).

Treatment for acute Achilles tendon rupture can be broadly divided
into surgical treatment and non-surgical treatment. Surgical treatments
include open and percutaneous repair of the tendon, whereas cast
immobilization and functional bracing are the most common non-surgi-
cal techniques. It is generally accepted that surgical treatment may be
suitable for athletes, and young and fit patients, and that non-surgical
treatment should be performed for the elderly. However, whether to
perform surgical or non-surgical treatments for acute Achilles tendon
rupture remains controversial (9,10). Some randomized clinical trials
(RCTs) have found that surgical treatment of acute Achilles tendon
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ruptures could reduce the risk of re-rupture when compared with non-
surgical treatment, but that it might also lead to a higher complication
rate (11-13). Furthermore, 1 overlapping meta-analysis and 2 random-
ized trial meta-analyses comparing surgical with non-surgical treat-
ment came to the same conclusion about the above hypotheses
(14—16). However, these meta-analyses were based on only a few RCTs,
and recently published studies of RCTs showed that early functional
rehabilitation could stimulate tendon repair. Specifically, early weight-
bearing and range of motion exercises might be of importance. Those
studies found that early weightbearing exercises with protected range
of motion contributed to decreased re-rupture rates and are helpful for
patients to return to normal activities (10,13,17—22). For the above rea-
sons, performing early rehabilitation protocols after surgical and non-
surgical treatment of Achilles tendon ruptures has been advocated.

We performed a meta-analysis of RCTs to (1) compare surgical and
non-surgical treatment methods for repair of acute rupture of the Achil-
les tendon, in terms of the re-rupture rate, incidence of complications
other than re-rupture, functional outcomes, and proportion of patients
returning to previous levels of sporting activities, and (2) explore the
difference in the re-rupture rate if proven early functional rehabilitation
protocols were followed.

Materials and Methods
Inclusion and Exclusion Criteria

Our meta-analysis was conducted in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (23). Studies were eligi-
ble for inclusion if they met the following criteria: participants were adults with closed
acute Achilles tendon rupture; RCTs comparing surgical intervention with non-surgical
intervention; at least 1- year follow-up; unpublished studies were included. Studies were
excluded if they met the following criteria: retrospective studies, cohort studies, or clini-
cal controlled studies; insufficient reporting of primary outcomes (the data of the main
evaluation index, e.g., the re-rupture rate, was not complete); patients with delayed pre-
sentation (>3 weeks after the injury). In the present study, early weightbearing and range
of motion exercises meant that patients initiated their rehabilitation protocol within the
first 2 weeks after treatment.

Search Strategy

A comprehensive literature search was performed in PubMed, EMBASE, Medline, and
Cochrane Central Register of Controlled Trials databases from inception to July 2016. There
were no language restrictions, and foreign language papers were translated. The following
search strategy was used: “Achilles Tendon” [MeSH] OR “Tendo Achilles” [Title/Abstract]
OR “Calcaneal” [Title/Abstract] OR “Calcanean” [Title/Abstract] OR “Calcaneus” [Title/
Abstract] AND “Rupture” [MeSH] OR “Rupture” [Title/Abstract] OR “Ruptures” [Title/
Abstract] OR “Ruptured” [Title/Abstract] OR “Lesion” [Title/Abstract] OR “Lesions” [Title/
Abstract] OR “Tear” [Title/Abstract] OR “Tears” [Title/Abstract]. We also conducted hand
retrieval about conference literature to identify additional information that might have
been missed in the database. (URLSs for all of the databases are presented in the Appendix.)

Study Selection

The literature selection was performed by 2 reviewers (KZ and LS) independently
with the use of standardized study selection forms. Titles and abstracts were first
reviewed, and the full texts were acquired if the information was not enough. A third
reviewer (PZ) would be consulted and a decision would be made through discussion if
there was any disagreement between the first 2 reviewers. Our literature search identi-
fied a total of 2360 studies, and after excluding obviously irrelevant and duplicate reports,
the remaining 19 articles were assessed using eligibility criteria after reading the full text.
Finally, 10 eligible RCTs were included in our meta-analysis (9—13,19,20,24-26). A flow
chart of the article selection steps is shown in Fig. 1.

Data Extraction

Two authors (KZ, LS) independently extracted data from eligible studies by complet-
ing a pre-designed data form, with discrepancies being arbitrated by a third reviewer
(PZ). The primary outcomes extracted from each study included the re-rupture rate, inci-
dence of complications other than re-rupture, functional outcomes, and proportion of
patients returning to previous levels of sporting activities.

Methodological Assessment

The Cochrane risk-of-bias tool was used to evaluate the methodological quality of the
included studies (27) and was performed by 2 reviewers (KZ and LS) independently. Dis-
agreements were resolved by consulting a third reviewer (PZ). In our meta-analysis, we found
that the most common shortcoming of the included studies was lack of blinding of patients
and surgical personnel (Fig. 2). In fact, it was very hard to have a blind trial for surgeons.

Statistical Analysis

All statistical analyses were performed using RevMan 5.1 (Cochrane Collaboration,
Oxford, UK). Publication bias was assessed by visual inspection of funnel plots of the pri-
mary outcomes (Fig. 3). For each study, risk ratios (RRs) and 95% confidence intervals
(CIs) were calculated for dichotomous outcomes, and mean differences and 95% Cls were
calculated for continuous outcomes. Heterogeneity was evaluated by the chi-square test,
which described the percentage of total variation across studies that was due to heteroge-
neity rather than chance. The random-effects model or subgroup analysis would be cho-
sen to perform the meta-analysis if the data were heterogeneous; otherwise, the fixed-
effect model would be selected. Furthermore, I? values were calculated as an objective
basis of heterogeneity judgment (28).The p value from the chi-square test was required
to be <.05 and I >50%.

Results
Study Characteristics

Ten published RCTs with a total of 934 patients met all inclusion cri-
teria. Four trials were performed in multiple centers, and all trials were

Additional records identified
through other sources

Records identified through
database searching

(n=2360) (n=0)

I

Records after duplicates removed

(n=2190)

Records excluded after title
and abstract screening

Records screened

(n=2190) (n=2171)

Full-text articles excluded
(n=9)
1.Not a RCT(n=6)

Full-text articles assessed
for eligibility

2 Duplication(n=1)

3.Not include appropriate

(n=19) data(n=2)

Studies included in
qualitative synthesis

(n=10)

Studies included in
quantitative synthesis
(meta-analysis)

(n=10)

Fig. 1. Process of publication selection.
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Fig. 3. Funnel plots illustrating the publication bias of the re-rupture rate.

written in English. Information on general characteristics of studies and
participants are summarized in the Table.

Rate of Re-Rupture

Patients in the non-surgical group experienced higher re-ruptures
than patients in the surgical group (RR, 0.38; 95% CI, 0.23 to 0.63;
p=.0002) (Fig. 4). The ratio of re-rupture was 11.04% (51 of 462) in the
non-surgical group and 4.24% (19 of 448) in surgical group. There was
no heterogeneity between studies (p =.74; I>=0%), and finally a fixed-
effects model was used.

Four studies used early weightbearing within the first 2 weeks after
initial treatment. Pooled analysis showed that fewer re-ruptures
occurred in the surgical group (RR, 0.41; 95% CI, 0.18 to 0.97; p=.04)
(Fig. 5A). Four studies used early range of motion within the first 2
weeks after initial treatment. When pooled, we found that the re-rup-
ture rate in the non-surgical group and surgical group were equivalent
(RR, 0.52; 95% CI, 0.25 to 1.08; p =.08) (Fig. 5B).

Incidence of Complications Other Than Re-Rupture

Nine studies reported complications other than re-rupture. The
pooled results showed that patients in the non-surgical group had
lower prevalence of complications than patients in the surgical group
(RR, 4.10; 95% CI, 1.49 to 11.27; p=.006) (Fig. 6). The ratio of complica-
tions was 6.91% (30 of 434) in the non-surgical group and 28.47% (121
of 425) in the surgical group. There was significant heterogeneity across
studies (p < .0001; I>=78%), and the subgroup analysis was used.

The most commonly reported complications were deep and superfi-
cial infection, adhesions, sural nerve injury, and deep venous thrombo-
sis. Subgroup analysis showed that the surgical group showed a
significantly higher rate than the non-surgical group in terms of deep
infection (RR, 4.18; 95% CI, 1.20 to 14.53; p =.02), adhesions (RR, 10.24;
95% (I, 4.03 to 26.03; p <.00001), and sural nerve injury (RR, 7.94; 95%
Cl, 1.93 to 32.71; p=.004) (Fig. 7). However, there were no significant
differences between groups regarding the prevalence of deep vein
thrombosis (RR, 0.42; 95% CI, 0.12 to 1.42; p =.16) and superficial infec-
tion (RR, 1.13; 95% CI, 0.58 to 2.19; p =.72) (Fig. 7).

Functional Outcomes

Seven studies reported functional evaluations, but only 2 studies
used the same method of testing functional outcomes (the MuscleLab
measurement system). The test consisted of 2 different strength tests, 2
different jump tests, and 2 muscular endurance tests. The jump tests
were a drop counter-movement jump (Drop CM]) and Hopping. The
strength tests were a Concentric power and an Eccentric power. The
muscular endurance tests were Heel-rise work and Heel-rise height.
Pooled analysis at the 12-month evaluations showed that patients in
the surgical group had better results in 2 different jump tests [Drop CM]
(MD, 7.30; 95% (I, 2.71 to 11.90; p =.002) (Fig. 8), Hopping (MD, 12.86;
95% (I, 4.05 to 21.67; p=.004) (Fig. 8)] and 1 muscular endurance test
[Heel-rise work (MD, 7.36; 95% CI, 1.51 to 13.20; p=.01) (Fig. 8)] than
patients in the non-surgical group. However, there were no significant
differences between groups regarding the result of 2 different strength
tests [Concentric power (MD, 7.23; 95% CI, —2.59 to 17.06; p=.15)
(Fig. 8), Eccentric power (MD, 5.67; 95% CI, —1.46 to 12.79; p=.12)
(Fig. 8)] and 1 muscular endurance test [Heel-rise height (MD, 2.76; 95%
Cl, —1.45 t0 6.97; p=.20) (Fig. 8)].

Proportion of Patients Returning to Previous Levels of Sporting Activity

Pooled analysis showed that the 2 groups had no significant differ-
ence in the proportion of patients returning to previous levels of
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Table
Summary of study characteristics
Study Year, Sample Sex (M/F) Mean Start Start Range Follow-Up (y) Center
Country Size Age (y) Weightbearing of Motion
S N S N S N S N S N
Nistor 1981, Sweden 45 60 NM NM 41 41 4w 4w 2w 4w 2.5 Single
Cetti et al. 1993, Denmark 56 55 47/9 45/10 372 37.8 6w 4w 6w 4w 1 Multi
Moller et al. 2001, Sweden 59 53 51/8 48/5 39.6 38.5 3w 4w 12d 4w 2 Multi
Twaddle et al. 2007, New Zealand 20 22 14/6 14/8 41.8 40.3 6w 6w 10d 10d 1 Single
Metz et al. 2008, Netherlands 42 41 31/11 35/6 40 41 1w 1w 1w 1w 1 Multi
Nilsson-Helander et al. 2010, Sweden 49 48 40/9 39/9 40.9 41.2 68w 6-8w 2w 2w 1 Single
Willits et al. 2010, Canada 72 72 59/13 59/13 39.7 41.1 2w 2w 2w 2w 2 Multi
Keating et al. 2011, England 39 41 28/11 32/9 41.2 39.5 6w 8w 4w 4w 1 Single
Olsson et al. 2013, Sweden 49 51 39/10 47/4 39.8 39.5 1d 1d 2w 8w 1 Single
Lantto et al. 2016, Finland 32 28 30/2 25/3 40 39 1w 1w 1w 1w 1.5 Single
Abbreviations: NM, not mentioned; N, non-surgical treatment group; S, surgical treatment group.
surgical non-surgical Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Cetti1993 3 56 7 55 13.9% 0.42[0.11,1.54) B
Keaing2011 2 37 4 39 7.7% 0.53[0.10,2.71] =
Lantto2016 1 32 4 28 8.4% 0.22[0.03,1.84) =
Metz2008 3 42 95 41 10.0% 0.59[0.15, 2.29] )
Moller2001 1 59 11 53 22.8% 0.08[0.01,081) — ®=——
Nicklas2013 1 44 L} a0 9.2% 0.23[0.03,1.87] = %= i =
Nilsson-Helander2010 2 49 6 43 11.9% 0.33[0.07,1.54) = B
MNistor1981 2 45 5 60 8.4% 0.53[0.11, 2.62) i
Twaddle2007 2 22 1 23 1.9% 2.09[0.20, 21.45) e I S
Willits2010 2 62 3 65 5.8% 0.70[0.12, 4.04) e T
Total (95% CI) 448 462 100.0% 0.38[0.23, 0.63] .
Total events 19 51
. 2 i E = 1 : 1 1
Heterogeneity: Chi*=6.03, df =9 (P=0.74); F=0% 0701 01 ] 1'0 10'0

Testfor overall effect Z=3.74 (P=0.0002) Favours [experimental] Favours [control]

Fig. 4. Forest plot showing the rate of re-rupture after surgical treatment versus non-surgical treatment.

Fig. 5. Forest plot showing the rate of re-rupture used early weightbearing (A) and early range of motion (B) after surgical treatment versus non-surgical treatment.

surgical non-surgical Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Lantto2016 1 32 4 28 25.2% 0.22[0.03,1.84) T W[
Metz2008 3 42 5 41 29.9% 0.59[0.15,2.29) S
Nicklas2013 1 44 5 50 27.6% 0.23[0.03,1.87) — ==
Willits2010 2 62 3 65 17.3% 0.70[0.12, 4.04] LS A S
Total (95% Cl) 180 184 100.0%  0.41[0.18,0.97] -
Total events 7 17
Heterogeneity: Chi*=1.25, df= 3 (P = 0.74); F= 0% t f t f
0.01 0.1 1 10 100
Testfor overall effect Z= 2.02 (F = 0.04) Favours [experimental] Favours [control]
(a)
surgical non-surgical Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H. Fixed, 95% CI
Lantto2016 1 32 4 28 221% 0.22[0.03,1.84) o]
Metz2008 3 42 5 41 26.2% 0.59[0.15, 2.29] e
Nilsson-Helander2010 2 49 6 48 31.4% 0.33[0.07,1.54] T
Twaddle2007 2 22 1 23 51% 2.09[0.20, 21.45) — e =&
Willits2010 2 62 3 65 15.2% 0.70[0.12, 4.04] S s
Total (95% CI) 207 205 100.0%  0.52[0.25, 1.08] -
Total events 10 19
Heterogeneity: Chi*= 2.49, df= 4 (P = 0.65); F= 0% f f ; f
0.01 0.1 1 10 100
Testfor overall effect. Z=1.76 (P = 0.08) Favours [experimental] Favours [control]
(b)
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surgical non-surgical Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% CI M-H. Fixed, 95% CI
Cetti1993 17 56 4 55 12.8% 417 [1.50,11.62] TR
Keaing2011 3 37 2 38 6.2% 1.58[0.28, 8.93] e
Lantto2016 1 32 0 28 1.7% 2.64 [0.11,62.23) ——t
Metz2008 ] 42 15 41 481% 0.59[0.29,1.19)] -
Moller2001 10 59 2 53 B7% 4.49([1.03,19.58] e
Nicklas2013 21 43 4 45 12.4% 5.49[2.05,14.70] T
Nilsson-Helander2010 18 49 0 48 1.6% 36.26([2.25,585.21)
Nistor1981 N 45 0 60 1.4% B83.54[5.25,1329.75) %
Willits2010 11 62 3 65  9.3% 3.84([1.13,13.13) e
Total (95% CI) 425 434 100.0% 4.01[2.79,5.77] 2
Total events 121 30
Heterogeneity: Chi*= 37.20, df= 8 (P < 0.0001); F= 78% 50 e 051 p 1=n 1000’

Test for overall effect: Z=7.49 (P < 0.00001)

Favours [experimental] Favours [control]

Fig. 6. Forest plot showing the rate of complications other than re-rupture after surgical treatment versus non-surgical treatment.

sporting activities (RR, 1.04; 95% CI, 0.65 to 1.67; p=.87) (Fig. 9). There
was significant heterogeneity across studies (p=.004; I*=78%), and a
random-effects model was used.

Sensitivity Analysis

Sensitivity analysis was performed in the superficial infection group
by excluding 1 study (24). The heterogeneity was decreased to a lower
level (p=.91; =0%), and the surgical group showed a significantly
higher rate of superficial infection than the non-surgical group (RR,
6.29; 95% (I, 1.69 to 23.46; p =.006) (Fig. 10).

Discussion

Non-surgical treatment may reduce the rate of complication other
than re-rupture in patients with acute Achilles tendon rupture (29).
Despite the advantage of this method, it is obvious that non-surgical
treatment has an important shortcoming, which is “high risk of re-rup-
ture” (30). Concerns regarding this issue led to the development of sur-
gical treatment. Compared with non-surgical treatment, surgical
treatment may reduce the risk of re-rupture. However, Twaddle et al.
(19) reported that the re-rupture rate was lower in the non-surgical
group if early functional rehabilitation were performed than in the
non-surgical group without rehabilitation. It is controversial whether
surgical treatment has a lower risk of re-rupture when compared
with non-surgical treatment if early functional rehabilitation were
performed in both. Therefore, the aim of our meta-analysis is to
compare the rate of re-rupture between these 2 procedures. Both
functional outcomes and the possibility of returning to previous lev-
els of sporting activities have been evaluated for the first time in the
meta-analysis. We found that surgically treated patients and non-
surgically treated patients were equivalent with regard to re-rupture
if a functional rehabilitation protocol with early range of motion was
performed, and that there were no significant differences in the pro-
portion of patients returning to previous levels of sporting activities.
In term of the results of functional evaluations, patients undergoing
surgical treatment were better in 2 different jump tests and 1 mus-
cular endurance test.

In our meta-analysis, we identified a number of limitations in the lit-
erature we included. First, we attempted to assess functional outcomes
with only 2 RCTs (10,20), because different functional assessment sys-
tems were used in the other included studies. We suggest that the mea-
surement method of functional outcome should be unified in future
studies.

Second, surgical treatment methods include open and percutaneous
repair of the tendon. Important to note is that included in our study
were both open and percutaneous repair of the tendon. Because of the
limited number of RCTs, we combined them into 1 group in our study.
A systematic review performed by Rozis et al. (31) and Yang et al. (32)
indicated that the method of percutaneous repair had a lower complica-
tion rate and better functional outcomes compared with that found
with open repair. Moreover, Tejwani et al. (33) found that percutaneous
repair had a higher rate of sural nerve injury, whereas conventional
open repair had a higher rate of wound complications. Furthermore,
Karabinas et al. (34) showed that cosmetic appearance was superior in
the group of patients who had a percutaneous treatment. Therefore, the
clinical heterogeneity may be caused by the combining analysis method
when analyzing complications. We encourage investigators to perform
more high-quality RCTs to compare the results of non-surgical treat-
ment with open repair or percutaneous repair in the future.

Last, our study explored the effects of early functional rehabilitation
protocols on reducing the re-rupture rate. The results that early func-
tional rehabilitation could reduce the re-rupture rate were very helpful
aimed to clinical decision. However, the early functional rehabilitation
protocols in the included studies were not exactly the same. We per-
formed a meta-analysis among similar studies with early functional
rehabilitation protocols to explore whether the re-rupture rate can be
reduced. Therefore, we advocate that future RCTs should contain the
same functional rehabilitation protocols.

In this meta-analysis, we found a lower re-rupture risk in non-surgi-
cal treatment compared with that in surgical treatment if a functional
rehabilitation protocol with early range of motion was performed in
both, which is consistent with findings in the literature (35). In contrast
to other studies, we found that the re-rupture risk was lower in the sur-
gical group compared with that in the non-surgical group if an early
weightbearing protocol was performed. Van der Eng et al. (36) found
that the re-rupture rate in the surgical group was similar to that in non-
surgical groups when both were followed by early weightbearing. The
different result may be caused by the different inclusion criteria used
for early weightbearing. Our study showed that the risk of other com-
plications happening for surgically treated patients was higher than in
non-surgically treated patients, but high heterogeneity was detected
across studies. Subsequently, in subgroups analysis, we found that the
group of superficial infection was the major reason for heterogeneity
(p=.02; I>=64%). Furthermore, sensitivity analysis was performed in
the superficial infection group, and 1 study was excluded (24). The het-
erogeneity was decreased to a lower level (p=.91; I*=0%), and the sur-
gical group showed a significantly higher rate of superficial infection
than that in the non-surgical group (RR, 6.29; 95% CI, 1.69 to 23.46;



1196 K. Zhou et al. / The Journal of Foot & Ankle Surgery 57 (2018) 11911199

surgical non-surgical Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
7.1.1 deep infection
Cetti1993 2 56 0 85 17.1% 4.91[0.24,100.05] D
Keaing2011 2 37 0 39 165% 5.26[0.26, 106.11] -
Lantto2016 1 32 0 28 18.1% 2.64 [0.11,62.23) S I E—
Metz2008 0 42 0 41 Mot estimahle
Nilsson-Helander2010 1 49 0 48 171% 294012, 70.43) Y A
Nistor1981 2 45 0 60 146% 6.63[0.33 134.80] -1 =
Willits2010 1 62 0 65 16.6% 3.14[0.13,75.72) N I
Subtotal (95% Cl) 323 336 100.0%  4.18[1.20, 14.53] -
Total events 9 0
Heterogeneity: Chi*=0.28, df=5 (P =1.00); F=0%
Test for overall effect: Z=2.25(P=0.02)
7.1.2 superficial infection
Cetti1993 0 56 0 55 Mot estimahble
Keaing2011 1 37 0 33 31% 3.16[0.13,75.16) — |
Metz2008 2 42 13 41 841% 0.15([0.04, 0.62] —.—
Moller2001 1 59 0 53 34% 2.70[0.11, 64.89] Y
Nicklas2013 ] 43 0 45  31% 13.59([0.79, 234.16] T
Nilsson-Helander2010 1 49 0 48 32% 2.94[0.12,70.43) -
Willits2010 4 62 0 65 31% 9.43[0.52 171.57] ]
Subtotal (95% Cl) 348 346 100.0% 1.13[0.58, 2.19] L 2
Total events 15 13
Heterogeneity: Chi*=13.73, df=5 (P=0.02); F=64%
Testfor overall effect: Z=0.36 (P=0.72)
7.1.3 adhesions
Cetti1993 6 56 2 55 451% 2.95(0.62,13.97] T
Metz2008 3 42 0 41 11.3% 6.84[0.36,128.37] -1 -
Moller2001 8 59 0 53 11.8% 15.30[0.90, 258.84)] |
Nilsson-Helander2010 3 49 0 48 11.3% 6.86[0.36,129.36] [
MNistor1981 20 45 0 60  9.6% 54.37([3.38, 875.66] e
Willits2010 1 62 0 65 10.9% 3.14[013,75.72) -1 _
Subtotal (95% Cl) 313 322 100.0% 10.24[4.03, 26.03] -
Total events 41 2
Heterogeneity: Chi*= 4,60, df=5{(P=0.47); F=0%
Test for overall effect. Z= 4.89 (P < 0.00001)
7.1.4DVT
Keaing2011 0 37 2 39 288% 0.21 [0.01, 4.24] — &
Metz2008 0 42 1 41 17.9% 0.33[0.01,7.77) I
Moller2001 0 59 1 53 18.7% 0.30[0.01,7.21] — 1
Nicklas2013 1 43 2 45 231% 0.52 [0.05, 5.56] - =
Willits2010 1 62 1 65 11.5% 1.05[0.07, 16.40] - 1t
Subtotal (95% Cl) 243 243 100.0% 0.42[0.12, 1.42] R o
Total events 2 7
Heterogeneity: Chi®= 0.73, df= 4 {P = 0.95); F= 0%
Test for overall effect. Z=1.40(P=0.16)
7.1.5 sural nerve injury
Metz2008 3 42 1 41 524% 2.93[0.32, 27.02) —T
Nicklas2013 1 43 0 45 253% 3.14[0.13, 74.95] N
Nistor1981 9 45 0 B0 22.3% 25.20[1.50,421.83] —_—
Subtotal (95% Cl) 130 146 100.0%  7.94[1.93,32.71] N
Total events 13 1
Heterogeneity: Chi*=1.75,df=2 {(P=0.42); F=0%
Test for overall effect. Z= 2.87 (P =0.004)

0.001 0.1 10 1000

erim |
Test for subaroun difierences: Chi#= 25 56 df= 4 (P < 0.0001) F= 84 3% Favours [experimental] Favours [control]

Fig. 7. Forest plot for the subgroup analysis showing the rate of complications including deep and superficial infection, adhesions, sural nerve injury, and deep vein thrombosis after sur-
gical treatment versus non-surgical treatment.
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean _SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
8.1.1 Hopping

Nilsson-Helander2010 101 16 46 90 30 3% 69.0% 11.00(0.40,21.60] ——
Nicklas2013 103 36 37 86 36 43 31.0% 17.00[1.18,32.82) e E—
Subtotal (95% CI) 83 81 100.0% 12.86 [4.05, 21.67] >
Heterogeneity: Chi*=0.38, df=1 (P = 0.54); F= 0%

Test for overall effect: Z= 2.86 (P = 0.004)

8.1.2 Drop CMJ

Nilsson-Helander2010 88 17 44 83 16 40 42.4% 5.00[-2.06,12.06) T
Nicklas2013 91 15 40 82 13 43 57.6%  9.00[2.94,15.06] ——
Subtotal (95% CI) 84 83 100.0% 7.30[2.71, 11.90] A
Heterogeneity: Chi*=0.71, df=1 (P =0.40); F=0%

Test for overall effect: Z=3.11 (P =0.002)

8.1.3 Concentric power

Nilsson-Helander2010 87 24 45 82 33 40 62.8% 5.00[-7.40,17.40] — i
Nicklas2013 95 39 40 84 36 44 37.2% 11.00[-5.10,27.10] N N E—
Subtotal (95% ClI) 85 84 100.0% 7.23[-2.59, 17.06] e e
Heterogeneity: Chi*= 0.33, df=1 (P = 0.56); F=0%

Test for overall effect. Z=1.44 (P=0.15)

8.1.4 Eccentric power

Nilsson-Helander2010 79 18 45 72 20 40 733% 7.00[1.32 1532 —i—
Nicklas2013 83 29 40 81 35 43 26.7% 2.00[11.79,15.79] -
Subtotal (95% ClI) 85 83 100.0% 5.67 [-1.46, 12.79] R
Heterogeneity: Chi*= 0.37, df=1 (P = 0.54); F=0%

Test for overall effect Z=1.56 (P=0.12)

8.1.5 Heel-rise work

Nilsson-Helander2010 78 20 45 68 20 40 471% 10.00[1.48,18.52) ——
Nicklas2013 76 19 41 71 18 45 529% 5.00[-3.04,13.04] T
Subtotal (95% CI) 86 85 100.0% 7.36[1.51, 13.20] -
Heterogeneity: Chi*= 0.70, df=1 (P = 0.40); F=0%

Test for overall effect: Z= 2.47 (P=0.01)

8.1.6 Heel-rise height

Nilsson-Helander2010 81 13 45 77T 13 41 587% 4.00[-1.50, 9.50] —i—
Nicklas2013 80 15 41 79 16 45  41.3% 1.00 [-5.55, 7.55] —t
Subtotal (95% CI) 86 86 100.0%  2.76[-1.45,6.97]

Heterogeneity: Chi*= 047, df=1 (P =0.49), F=0%
Test for overall effect: Z=1.28 (P = 0.20)

20 10 0 10 20
Favours [experimental] Favours [control]

Fig. 8. Forest plot showing the LSI (Limb symmetry index) of 2 strength tests including Concentric and Eccentric power, 2 muscular endurance tests includes Heel-rise height and Heel-
rise work and 2 jump tests includes Drop CMJ and Hopping after surgical treatment versus non-surgical treatment.

p=.006). In that excluded study, patients in the non-surgically treated study were not allowed to remove the brace in the follow-up period.
group had a higher rate of superficial infection caused by the bracing This may have caused the high risk of superficial infection.

system than that found in the surgically treated group. Generally, brac- Ultimately, the number of patients returning to previous levels of sport-
ing systems do not need to be worn at all times, but patients in that ing activity in the surgical group was different from that in the non-surgical

surgical non-surgical Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Cetti1993 32 56 16 55 27.2% 1.96[1.23,3.15] =
Keaing2011 26 37 25 39 31.9% 1.10[0.80,1.50]
Metz2008 24 36 27 33 328% 0.81 [0.61,1.08]
Nistor1981 2 45 10 60 8.1% 0.27 [0.06,1.16] Tk
Total (95% CI) 174 187 100.0% 1.04 [0.65, 1.67] ‘
Total events 84 78

Heterogeneity: Tau*=0.16; Chi*=13.57, df=3 (P=0.004); F=78%

Test for overall efiect Z= 016 (P = 0.87) o, ] e .

Favours [experimental] Favours [control]

Fig. 9. Forest plot showing the proportion of patients returning to previous levels of sporting activities after surgical treatment versus no-surgical treatment.
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surgical non-surgical Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Cetti1983 0 56 I 55 Not estimahle
Keaing2011 1 37 0 39 19.5% 316 (013, 75.16)
Metz2008 2 42 13 41 0.0% 0.15([0.04, 0.62]
Moller2001 1 59 0 53 211% 2.70[0.11, 64.89)
Nicklas2013 6 43 0 45 19.6% 13.59([0.79, 234.16]
Nilsson-Helander2010 1 49 0 48 20.2% 294012, 70.43)
Willits2010 4 62 0 65 196% 9.43[0.52 171.57]
Total (95% Cl) 306 305 100.0%  6.29[1.69, 23.46] i
Total events 13 0

Heterogeneity: Chi*=1.03, df=4 {(P=0.91); F=0%
Testfor overall effect: Z=2.74 (P = 0.006)

10 200

Favours [control]

0.005 0.1 1
Favours [experimental]

Fig. 10. Forest plot showing the rate of superficial infection after sensitivity analysis.

group. However, Metz et al. (24) and Nistor (11) reported that some
patients claimed that their Achilles tendon ruptures were not the actual
reason for changing or quitting sports but rather psychological factors.

In conclusion, our study demonstrates that the risk of re-rupture
after surgical or non-surgical treatment was equivalent if a functional
rehabilitation protocol with early range of motion was performed, but
the risk of other complications occurring after surgical treatment was
higher than that with non-surgical treatment. Therefore, non-surgical
treatment for acute Achilles tendon rupture may be preferred if the hos-
pital can offer a functional rehabilitation protocol with early range of
motion. If not, surgical treatment should be considered because of the
lower rate of re-rupture.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1053/j.jfas.2018.05.007.
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ABSTRACT - We retrospectively analyzed the func-
tion after Achilles tendon rupture in 25 patients older
than 65 years, 3 (1-5) years after the initial treatment.
The patients’ median age at the time of injury was 71
(65-86) years. The initial management was surgical in
14 patients and non-surgical (8-week immobilization)
in 10, 1 patient was not treated.

The ratio of the number of heel-raises on the injured
to the uninjured side was median 0.64 (0-1.14), show-
ing a reduction in performance. However, in both sur-
gically- and non-surgically-treated patients, the sub-
jective impairment was mild, and the patients were
able to perform most walking activities. Only 9 pa-
tients reached their previous activity level. Co-morbid-
ity was frequent: 17 patients had other diseases that af-
fected their performance.

14 complications occurred in 11 patients. 5 patients
sustained a rerupture (4 following initial closed treat-
ment with plaster), 1 a deep venous thrombosis and 4
had superficial infections requiring antibiotic treat-
ment. 1 patient sustained a fibular nerve injury follow-
ing compression by the plaster cast and another a sural
nerve injury during the operation. 2 patients had
symptoms due to adhesions between the tendon and
the skin.

We conclude that Achilles tendon rupture in patients
older than 65 years reduces lower limb function and
that complications are common following surgical and
non-surgical treatment.

The treatment of Achilles tendon rupture is still
controversial. The outcome and complications are
well documented in studies mainly involving pa-

tients active in sports (Nistor 1981, Cetti et al.
1993, Lo et al. 1997). Epidemiological data from
Malmo, Sweden, have shown an incidence curve
with two peaks (Moller et al. 1996), one in young,
middle-aged subjects and one in the 70s. We have
found no studies on the outcome in elderly pa-
tients with Achilles tendon rupture. We report the
functional outcome and complications after Achil-
les tendon rupture in 25 patients older than 65
years.

Patients and methods

243 Achilles tendon ruptures were registered be-
tween 1992 and July 1997 in two hospitals, Hud-
dinge University Hospital and Sahlgrenska Uni-
versity Hospital/Ostra, with a catchment area of
more than 500,000 people. 31 (13%) of the rup-
tures occurred in 29 patients older than 65 years. 2
patients had died, 1 with bilateral injury was too
ill to participate, and 1 could not be traced. Of the
remaining 25 patients (median age 71 (65-87)
years, 21 men), all answered the questionnaire and
23 were examined by an independent observer,
who had not been involved in the treatment of the
patient. 2 patients refused to undergo the physical
examination.

The physician on call decided on the initial
treatment together with the patient. Local tradition
and the general health of the patient mainly influ-
enced the decision of the management. 1 patient
received no treatment, 14 were treated surgically
with end-to-end sutures followed by 8 weeks in a
below-the-knee plaster cast and 10 were treated

Copyright © Scandinavian University Press 2000. ISSN 0001-6470. Printed in Sweden — all rights reserved.
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Table 1. Stratification of the patients according to initial
treatment

Treatment n Male Co-mor- Age

bidity median range
Surgical 14 11 9 72 65-79
Non-surgical 10 9 7 71 65-86

non-surgically with either a cast or brace for 8
weeks (Table 1). 1 of these patients had bilateral
injuries and was treated with a cast on one side
and a brace on the other. The untreated patient had
rheumatoid arthritis and had been taking metho-
trexate and cortisone for a long time. The retro-
spective follow-up period was 39 (13—-65) months.

All patients received a questionnaire, divided
into two parts. One part consisted of general ques-
tions concerning overall health, medical problems
and activity. The second part concerned the Achil-
les tendon injury with emphasis on treatment,
complications and current problems. The patient’s
subjective opinion of the treatment and its out-
come was assessed by visual analogue scales
(VAS, 0-100 mm) with 100 representing the best
possible. Impairment in performance of the lower
extremity was assessed by 5 criteria: walk on even
surface, walk on uneven surface, climb up stairs,
walk down stairs and walk for 30 minutes without
pain in the Achilles tendon region. An estimation
was made on one VAS scale for each question.
The sum of the 5 VAS measurements (0—500 mm)
is presented and indicates the subjective impair-
ment in function.

The clinical examination consisted of evaluation
of the ankle motion, skin sensitivity, the homogene-
ity of the tendon and adherence between skin and
tendon. No imaging assessments were done.

The endurance of the calf muscles was evaluat-
ed by comparing the number of heel-raises (above
2.5 cm) the patient managed on the injured side
with that on the uninjured side. The ratio injured/
uninjured side is presented. The height was con-
trolled by photocells. When the heel was lifted
over the photocell, a click-sound was generated to
a speaker and the heel-raise was counted. A metro-
nome was used to obtain a frequency of 40 heel-
raises per minute. This method of endurance mea-
surement of the calf muscles has been validated

and reported in Achilles tendon rupture patients
by Higgmark et al. (1986).

Co-morbidity was classified as any disease af-
fecting the circulatory system, lungs, malignant
tumor or rheumatoid arthritis.

Statistics
The results are presented as median and range
values.

Statistical analysis was performed for the entire
group of patients regarding the hypothesis con-
cerning no differences in the calf muscle endur-
ance of the injured, compared with the uninjured
side by using the paired two-sided Student’s t-test.
The results in surgically- and non-surgically-treat-
ed patients were analyzed by non-parametric sta-
tistics by using the Mann-Whitney U-test. A prob-
ability level of < (.05 was considered significant.

Results (Tables 2 and 3)

Calf muscle endurance with the heel-raise test
showed a ratio of the injured/uninjured side of
0.64 (0-1.14; n 18) (p =0.002). 5 patients could
not perform the test on either side.

The median value of subjective impairment in
function from the five VAS questions was 471
(190-500) mm. 9 of the 25 patients reached the
same level of activity as before the injury.

14 complications occurred in 11 patients: 5 re-
ruptures, 1 deep venous thrombosis, 4 infections,
2 nerve injuries and 2 had a symptomatic adher-
ence between the tendon and skin.

Of the 14 surgically treated patients, 5 had no
symptoms from their Achilles tendon and 6 had
returned to their previous activity level. Compli-
cations among these 14 patients included 1 rerup-
ture, 3 superficial infections responding to antibi-
otic treatment, 1 injury to the sural nerve and 2
patients who had adherent tendon and skin.

10 patients were treated non-surgically, 3 were
asymptomatic. 3 had returned to their previous ac-
tivity level. 4 sustained a rerupture and all 4 were
treated surgically. 2 patients developed complica-
tions from the plaster cast, 1 had a fibular nerve
injury following compression and another a skin
injury with superficial infection. 1 patient had
deep venous thrombosis.
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Table 2. Individual data of the 25 patients included in the study

A B C D E F G H I J K L M N o}
1 m 70 c n 1 n n ni y 0.15 244
2 m 71 c n 7 n n y2 s y 256
3 m 86 [ n 1 n n y 190
4 m 74 c y 12 n n y 0.87 490
5 m 69 [ n 4 n y y s y 1 461
6 m 65 c y 14 n n y s n 1 485
7 m 66 [ n 1 n y n 0.79 349
8 m 76 b n 14 n n y 0
9 m 78 [ y 30 y a y y s n 0 485
10 f 71 cb n >180 n n din vy 238
11 m 72 s y 6 y c y y 0.07 485
12 m 65 S n 1 y c y in y 0.88 475
13 m 75 s y 7 y c n y 1 485
14 m 71 s y 1 n y n 0.9 490
15 m 65 s n 3 y c n n 0.27 315
16 m 79 S n 1 y ca n y s ni y 250
17 m 75 s y 1 y c y n 0.91 500
18 m 69 s n 21 y n y 0 430
19 m 70 5 y 7 y pt y a y 1.14 486
20 m 65 S n 1 n y y 0.49 460
21 f 76 s n b y c n in y
22 f 69 s n 30 n n ina vy 500
23 m 75 5 n 30 n n n 0.39 474
24 f 75 S n >180 n n 438
25 m 70 0 n >180 y c y y 0 379
A Patient no. | Returned to previous level of activity
B Sex y yes
C Age n no
D Treatment J Rerupture
¢ cast y yes
b brace K Treatment of rerupture
s surgery s surgical
E Asymptomatic L Complications
y yes a adherence tendon to skin
n no d deep venous thrombosis

F Days to treatment
G Symptoms before rupture
y yes
n no
H Treatment of previous symptoms
¢ inj. corticosteroids
ca cast
pt physical therapy
a antiinflammatory medication

Discussion

The number of elderly Achilles tendon rupture pa-
tients is probably increasing, since the mean age

The patient who did not receive any treatment
could not perform a heel-raise on the injured side.

in infection
ni nerve injury
M Co-morbidity

y yes
n no
N Heel-raise injured/uninjured
O Functional impairment
0-500, see text

a rerupture twice, both surgically treated
b medical records missing

of the population is increasing. Furthermore, the
incidence of all Achilles tendon ruptures has been
increasing in Scandinavia (Leppilahti et al. 1996,
Moller et al. 1996).

Mechanical load during sports is a major factor
in the middle-aged recreational athlete (Nillius et
al. 1976, Nistor 1981). Other factors such as aging
and co-morbidity may explain the bi-modal distri-
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Table 3. Summary of results in surgically- and non-surgically-treated elderly persons with Achilles
tendon rupture presented as median and range values. From the top: a) the ratio of heel-raises of the
injured to the uninjured side, b) the sum of five questions with VAS measurements regarding func-
tional impairment where 500 represents no difficulty in performing walking activities, and VAS as-
sessment of the subjective opinion of c) the treatment and d) its outcome, with 100 representing an

optimal result

Surgically-treated (n 14) Non-surgically-treated (n 10)  P-value
Calf endurance performance 0.49 (0-1.14) 0.79 (0-1) 0.63
Subjective impairment in function 475 (250-500) 349 (190—490) 0.21
Subjective opinion of treatment 92 (24-100) 72 (4-96) 0.20
Subjective opinion of outcome 89 (25-100) 23 (4-97) 0.10

bution curve related to age. The blood supply
decreases in the aging human Achilles tendon
(Hastad et al. 1958/59, Astréom and Westlin 1994),
which may diminish its nutritional supply. With
age, the tendon collagen volume increases and the
glycosaminoglycans and water content decrease
(Ippolito et al. 1980), which affect the tensile
properties. Age significantly affects the ultimate
tensile strength and the tangent of the modulus of
elasticity (Lewis and Shaw 1997). A preexisting
Achilles tendon disorder may precede the rupture.
In a study of 397 patients with Achilles tendon
rupture, all tendons were classified as pathologi-
cal by their microstructure (Kannus and Jézsa
1991). Histological studies of patients with achill-
odynia and tendinosis have shown a correlation
between increased tendon pathology and increas-
ing age (Astrém and Rausing 1995, Movin et al.
1997).

In our series, 11 of 25 patients had had local
symptoms in the Achilles tendon region and 7 had
been treated with local cortisone injections. The
use of corticosteroid injections is controversial,
since there is no convincing evidence for or
against their use in Achilles tendon disorders
(Read and Motto 1992, Shrier et al. 1996, Kannus
and Natri 1997).

The elderly patients in our study had a high fre-
quency of co-morbidity (17/25), which affected
the performance. Tendons subjected to low activi-
ty have abnormally grouped collagen fibrils
(J6zsa 1984), which may add to the reduced me-
chanical properties of the tendon. Furthermore,
the co-morbidity probably influenced the initial
treatment and the prospects of for rehabilitation.
Retrospective comparison of the results of surgi-

cal versus non-surgical management therefore has
obvious limitations.

The main reason why the non-surgically-treated
patients were displeased with the outcome of the
treatment was that 4 of 10 patients had a rerupture
and were operated on.

The objective measurement of calf muscle en-
durance showed a reduction to two-thirds of the
uninjured leg. However, the subjective impair-
ment was low and the patients could perform most
walking activities with only minor difficulty. This
was consistent with Nistor’s (1981) findings that
the reduction in plantar flexion strength appears to
have little clinical importance.

We found 14 complications (including 5 rerup-
tures) in 11 of the 25 elderly patients, which is
higher than in a literature review of patients of all
ages with Achilles tendon rupture (Lo et al. 1997).

Achilles tendon rupture may be missed in as
many as 25% of patients (Ballas et al. 1998). This
was evident in our series of 9/25 patients having a
delay of more than 1 week to treatment. Carden et
al. (1987) recommended that Achilles tendon rup-
ture should be treated with plaster in full equinus
when it is diagnosed within 48 hours, and by oper-
ation when the diagnosis has been delayed for
more than 1 week. None of the patients treated
with plaster who subsequently sustained a rerup-
ture in our series had been treated within 48 hours.

We found that the treatment of Achilles tendon
rupture in patients older than 65 years was associ-
ated with many complications. The calf muscle
endurance was reduced to two-thirds of the unin-
jured side, but the reduction seemed to have limit-
ed clinical importance, since the patients could
perform most walking activities. However, most
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of them did not return to their previous level of
activity.
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Treatment of Acute Achilles Tendon Rupture
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There is no clear consensus on the optimal treatment of acute Achilles tendon rupture. Recently, studies have demonstrated the
critical role of functional rehabilitation in the treatment of ruptured Achilles tendons. Hence, conservative treatment is preferred
by a growing number of surgeons seeking to treat the condition without the risk of complications from surgery. However, operative
treatment is still considered as a more reliable treatment option for acute Achilles tendon rupture. In this review article, we pro-
vide an overview of recent treatment strategies for acute rupture of the Achilles tendon.

Keywords: Achilles tendon, Injuries, Surgery, Rehabilitation

The Achilles tendon is the strongest and largest tendon in
the body, but it is also the most commonly ruptured ten-
don. The overall incidence of Achilles tendon rupture is on
the rise recently"” because of the aging of the population,
growing prevalence of obesity, and increased participation
in sports.3)

Controversy has surrounded the optimal treatment
of acute Achilles tendon rupture.” In the past, aggressive
surgical intervention was recommended over conserva-
tive management on the basis of early studies that associ-
ated conservative treatment with high rerupture rates.””
These studies provided a rationale for operative treatment
of acute rupture of the Achilles tendon, despite the risk
of complications from surgery such as wound infection.
However, recent studies have demonstrated favorable
outcomes of conservative treatment using accelerated
functional rehabilitation. In such studies, functional reha-
bilitation was more effective in reducing rerupture rates
than long-term cast immobilization, and functional im-
provement after nonoperative treatment was comparable
to that after operative repair.”'” Currently, regardless of
the treatment modality—either conservative or opera-
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tive—used, aggressive early rehabilitation is advocated for
acute Achilles tendon ruptures to allow for an early return
to activities of daily living, high patient satisfaction, and
functional improvement. In this review article, we provide
a comprehensive review of the literature on acute rupture
of the Achilles tendon and discuss appropriate treatment
options.

EPIDEMIOLOGY

Achilles tendon rupture accounts for 20% of all large ten-
don ruptures.'” The estimated incidence ranges from 11
to 37 per 100,000 population.ms) Men are 2 to 12 times
more prone to Achilles tendon rupture than women.'® In
a 2012 meta-analysis by Soroceanu et al.,'” the mean age
at the time of injury among 826 patients with an acute
Achilles tendon rupture was 39.8 years. The injury has a
bimodal age distribution with the first peak in patients be-
tween 25 years and 40 years of age and the second peak in
those over 60 years.w’ls) High-energy injuries in sports are
responsible for the first peak, whereas the second peak oc-
curring in the elderly is mostly associated with low-energy
injuries, such as spontaneous rupture of the degenerated
Achilles tendon or rupture in chronic Achilles tendinopa-
thy. In young patients with acute sports injures, conserva-
tive management is usually sufficient for tendon healing.
However, rupture of the degenerated tendon in the elderly
requires a different treatment approach because the ten-
don remains vulnerable to rerupture even after operative
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repair. Therefore, it is important to differentiate acute rup-
ture of the Achilles tendon from rupture of the degener-
ated tendon.

ANATOMY

The Achilles tendon is the largest and strongest tendon
in the body."” Tendinous fibers of the gastrocnemius
originating from the distal femur and those of the soleus
muscle originating from the proximal tibia coalesce above
the insertion on the posterior calcaneal tuberosity.”” The
approximately 15-cm-long Achilles tendon travels distally
and twists approximately 90° internally so that the initially
anterior fibers of the gastrocnemius insert laterally and the
initially posterior fibers of the soleus insert on the medial
aspect of the Achilles tendon. The Kager’s fat pad located
anterior to the Achilles tendon protects blood vessels en-
tering the tendon.””

The Achilles tendon has no tendon sheath but a
highly vascularized paratenon that acts as a conduit for
the vasculature of the tendon and facilitates tendon gliding
between the subcutaneous tissue and posterior fascia.””
The proximal and distal sections of the tendon are sup-
plied by the posterior tibial artery and the midsection (2 to
6 cm from the insertion point) is supplied by the peroneal
artery.”’ Since the midsection receives a relatively poor
blood supply, it is most vulnerable to degeneration and
rupture.m

DIAGNOSIS

Clinical Findings

The diagnosis of acute Achilles tendon rupture is mostly
based on a thorough history taking and physical examina-
tion. Typical patients are in their third or fourth decade
of life and present with sudden inability to walk and acute
pain during running or jumping. Patients with an acute
rupture of the tendon often describe that they heard a
popping sound in the back of the leg in dorsiflexion of the
ankle or had the feeling of being kicked in the back of the
ankle. Signs of a ruptured tendon include plantar flexion
weakness, difficulty with weight-bearing ambulation, and
limping. A false-negative Thompson test result can oc-
cur if plantar flexion is produced by intact extrinsic foot
flexors; approximately 25% of acute ruptures are initially
neglected for this reason.”

According to the American Academy of Orthopae-
dic Surgeons clinical practice guidelines, the diagnosis of
an acute Achilles tendon rupture can be established by
two or more of the following physical examination tests:

(1) a positive Thompson test, (2) decreased plantar flex-
ion strength, (3) presence of a palpable defect, and (4)
increased passive ankle dorsiflexion with gentle manipula-
tion.” During diagnosis, it is important to differentiate
traumatic sports injuries from low-energy injuries (Fig. 1).
The latter is often associated with the degenerative process
of the tendon, chronic tendinosis, a history of steroid in-
jection, and older age.

Radiological Findings

The diagnosis of acute Achilles tendon rupture is primarily
clinical, supported by imaging tests. Magnetic resonance
imaging (MRI) or ultrasonography can be useful as a con-
firmatory test. Since MRI is not a dynamic imaging mo-
dality, it is not reliable in adequately determining partial or
complete rupture. By contrast, ultrasonography is more ef-
fective in identifying the location of a tear, gap between the
torn ends of the tendon, and partial/complete rupture.””
Plain radiography (lateral views of the ankle) is used in
treatment planning. It also aids in identification of tendon
swelling and increased soft tissue density in the Kager’s fat
pad. Above all, it is superior to other imaging modalities
in detecting presence of a calcific lesion, Haglund promi-
nence, or calcaneus avulsion fracture, suggestive of pre-
existing degeneration or chronic tendinosis (Fig. 2). In the
case of a rupture in chronic Achilles tendinopathy, the risk
of rerupture is high after either conservative treatment or
direct repair. Direct healing of the pathologic tissue at the
ruptured ends is oftentimes not feasible in this case. Then,
the surgeon should consider other treatment options using
healthy tissue, such as tendon reconstruction. Therefore,
it is of utmost importance to confirm the presence or ab-
sence of pre-existing tendinopathy for differential diagno-

Fig. 1. Degenerated fibers of an Achilles tendon with chronic tendinitis.
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Fig. 2. Calcaneal spur and calcification (arrow) were observed in the
degenerated Achilles tendon.

sis of acute Achilles tendon rupture. Plain radiography is
a more appropriate than MRI or ultrasonography for this
purpose.

CONSERVATIVE TREATMENT

There is still controversy over which treatment—conserva-
tive or operative—is more effective for acute Achilles ten-
don rupture. The concern related to conservative manage-
ment is whether healing of a ruptured tendon is feasible
without direct contact with surrounding structures. De-
layed healing can result in calf weakness, and incomplete
healing may increase the risk of rerupture. Bae et al.” re-
ported that the tendon healed without direct contact of the
ruptured ends despite the presence of a large defect. Al-
though the study was based on the premise that the tissue
at the margin of the ruptured ends should remain healthy,
not pathologic, it supported the feasibility of tendon heal-
ing without direct repair.

The conventional conservative treatment entails 6
to 8 weeks of cast immobilization. The ankle is placed in
a cast in plantar flexion position for initial 4 weeks and in
neutral position for the following 2 to 4 weeks. Conserva-
tive management has been associated with a higher rerup-
ture rate compared with operative repair (12.6% vs. 3.5%).”
However, recent studies have suggested that the rerupture
rates can be lowered by reducing the period of cast im-
mobilization and using early functional rehabilitation.'"*”
Rehabilitation is an integral part of treatment, either con-
servative or operative. Hence, much effort is focused on
the development of optimal rehabilitations strategies.

FUNCTIONAL REHABILITATION IN
CONSERVATIVE TREATMENT

In nonoperative treatment, rehabilitation is essential to
treatment success. In the past, range of motion exercises
and weight bearing after conservative treatment were not
allowed as early as those after operative repair. However,
recent studies underscore the benefits of early rehabilita-
tion after conservative treatment of acute Achilles tendon
rupture.3°)

As important as early rehabilitation after cast im-
mobilization is the timely application of a functional
walking brace. In a prospective randomized study, Saleh
et al.’” compared 8-week cast immobilization with 3-week
cast immobilization followed by early mobilization in a
functional brace. They found the use of a functional brace
led to more rapid improvement of ankle dorsiflexion and
earlier return to normal activities. Various rehabilitation
protocols for conservative management of Achilles tendon
ruptures are well documented in the literature.">*> Con-
servative management should not be misconstrued as “no
treatment.” Validated functional rehabilitation protocols
are an integral part of conservative management of acute
Achilles tendon rupture. These protocols should be effec-
tive when implemented in informed and cooperative pa-
tients; for uncooperative patients, operative repair should
be considered as a treatment option. For the initial 8 weeks
after an acute Achilles tendon injury, patients are required
to wear a brace to prevent hyperdorsiflexion. Unfortu-
nately, in Korea where people do not wear shoes indoors,
patients adherence to the use of a brace is relatively low;
therefore, judicious patient selection is advised. Until 6
months after injury, low-impact activities are performed in
a progressive manner; after 6 months, high-impact activi-
ties, such as soccer and basketball, are allowed." To pro-
mote recovery to preinjury level of calf muscle strength,
rehabilitation should be reasonably aggressive during the
first year after injury, especially, for the first 6 months. It
is because the recovery of calf muscle strength cannot be
ensured with either conservative or operative treatment
once 1 year has passed after injury. In a study by Lantto et
al.,*® calf muscle strength in patients with acute Achilles
tendon rupture did not recover to the normal level even
at 11-years’ follow-up and the isokinetic strength changed
minimally between 1 year and 11 years of follow-up.

OPERATIVE TREATMENT

Various operative procedures for acute Achilles tendon
rupture are described in the literature. They can be broad-
ly categorized into open, mini-open, and percutaneous
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repair.”” Among those, the posteromedial approach has
been most frequently used since the hypervascularity on
the medial side of the Achilles tendon was confirmed by
angiography in a cadaver study.” The surgeon can de-
termine repair techniques other than the Krackow suture
method on the basis of his or her preference. Irrespective
of the operative approach, however, one should restore the
proper length of the tendon, guarding against excessive
elongation. In general, the proper length is determined
during surgery by comparing with the intact plantaris ten-
don; however, if the plantaris tendon is absent, the range of
dorsiflexion on the contralateral side should be measured
before draping or during surgery to use as a guide. After
that, to prevent an infection, the paratenon surrounding
the Achilles tendon should be repaired. While the open
technique has shown good clinical results, it has also been
associated with superficial and deep wound complications
requiring reoperation.”’

Percutaneous repair can be done by using multiple
puncture wounds. A suture is woven through the proximal
and distal portions of the tendon via puncture wounds.
The suture is tied, bringing tendon ends into apposition
in plantar flexion of the ankle. Blindly passing the suture
in percutaneous repair can cause a sural nerve injury.
The mini-open repair technique has been developed to
minimize the complications such as postoperative wound
infection of open repair and sural nerve injury in percuta-
neous repair. A small skin incision over the rupture site is
made and subcutaneous soft-tissue is bluntly spread. Vari-
ous devices are necessary for the mini-open repair tech-
nique. A device is introduced through the incision under
the paratenon and the suture is passed from the external
guide through the skin into the tendon and out to the op-
posite side. Usually, three sutures are passed through the
proximal and distal tendon ends. The device and the su-
ture are pulled out for apposition of ruptured tendon ends,
and the sutures are tied with the ankle in plantar flexed
position. Percutaneous repair with the mini-open tech-
nique, compared with open repair, results in lower wound
complication rates and improves cosmetic appearance.
However, overall complication rates are not significantly
different between the mini-open, percutaneous repair and
the open repair.””

FUNCTIONAL REHABILITATION IN OPERATIVE
TREATMENT

For tendon healing, early functional rehabilitation is more
important than the surgery itself. Huang et al.”” reported
that early weight bearing combined with early ankle mo-

tion exercises was more effective for postoperative recov-
ery than the conventional immobilization or early ankle
motion exercises alone. Brumann et al.*” also emphasized
the importance of accelerated rehabilitation. According
to their rehabilitation protocol, full weight bearing in 30°
fixed plantar flexion is started immediately after surgery;
controlled ankle mobilization in free plantar flexion and
limited dorsiflexion at 0°, after the second postoperative
week.

Prolonged postoperative immobilization is not
desirable. In particular, more than 3 weeks of immobiliza-
tion in a splint or cast should be avoided. Long-leg cast
immobilization is no longer recommended. Full weight
bearing in an orthosis is initiated immediately after sur-
gery or at least within 3 weeks after surgery, and it should
be worn for 6 to 8 postoperative weeks. Although the use
of a removable brace is allowed for early range of motion
exercises, the patient should be cautioned to avoid hyper-
dorsiflexion of the ankle.

Although there is a broad consensus on the impor-
tance of early weight bearing, postoperative ankle position
still remains the subject of debate. In general, the ankle
is initially maintained in plantar flexion position with
gradual dorsiflexion. However, some authors recommend
neutral ankle position immediately after surgery to al-
low for full weight bearing,"” because rerupture occurs
frequently in gradual dorsiflexion of the plantar-flexed
ankle during rehabilitation. Ryu et al.*” reported there was
no case of rerupture in the total 112 patients who started
weight-bearing ambulation in neutral ankle position im-
mediately after surgery. Regardless of the postoperative
ankle position, however, it is important to avoid tendon
elongation. An elongated Achilles tendon characterized
by hyperdorsiflexion of the ankle in physical examination
(Fig. 3) has been associated with plantar flexor weakness
and functional deficit.

COMPLICATIONS

Complications of operative treatment of acute Achilles
tendon rupture include sural nerve injury, infection, re-
rupture, deep vein thrombosis, and hypertrophic scars.
Therefore, operative treatment may not be appropriate for
low-demand patients or those with diabetes mellitus or
peripheral vascular disease.

Infection

The most serious complication of open repair is infection.
Infection and wound problems mostly occur after surgery
with an incidence of 12.5%.'*? To prevent an infection,
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Fig. 3. Hyperdorsiflexed left ankle of a patient with the elongated
Achilles tendon after an acute rupture.

the surgeon should avoid superficial dissection during
incision and restore the synovial tissue envelope as much
as possible before repair of the paratenon. In addition,
one should use the minimal number of sutures to obviate
delayed infection around the subcutaneous suture knot.
Since the sutures need to hold the tendon for approxi-
mately 3 months of healing period after repair, absorbable
sutures are preferable to nonabsorbable sutures, which
increase the risk of delayed infection or irritation.

Calf Muscle Weakness

Patients are able to walk even without proper healing of
a ruptured Achilles tendon; however, a permanent func-
tional deficit will remain. Therefore, the ultimate goal of
treatment is to prevent residual calf muscle weakness. The
ability to perform a single heel raise is a valid indicator
of calf muscle weakness; indeed, most patients with a ne-
glected tear are unable to perform a single heel raise.”**"

Rerupture

One of the most important considerations in selecting
operative versus nonoperative treatment is the risk of re-
rupture. Rettig et al.*” reported that the overall postopera-
tive rerupture rate was 4.5% in their patients, and 16.6% of
which occurred in those aged 30 years or younger. They
suggested that caution should be observed during ag-
gressive rehabilitation in younger patients. Reito et al.*”
also reported a rerupture rate of 7.1% in 210 patients with
Acute Achilles tendon rupture after conservative treat-
ment. The complication occurred within 12 weeks after

treatment in most cases, and they suggested extra care
should be taken in the first month after nonoperative
treatment. Young et al.*”” noted that nine of the total 12
reruptures (75%) occurred within 3 months after surgery
and there was no association between the rerupture rate
and the repair method.

PROGNOSIS

In general, patients will resume normal ambulation within
12.5 to 18 weeks after an acute rupture of the Achilles
tendon,” but there is no doubt that early weight bearing
and rehabilitation contribute to improved prognosis.'"***"
Patients are conventionally advised against running and
non-contact sports for 16 to 20 weeks after injury.*” The
criteria for return to running suggested by Van Sterken-
burg et al.”” include the ability to perform repetitive single
heel raises and toe walking and < 25% calf strength deficit
compared to the normal contralateral side, which should
be met approximately 12 weeks after injury. Olsson et al.””
also reported the heel raise ability as an important indica-
tor of general level of healing. In their study, 40 out of 81
patients (49%) with acute Achilles tendon ruptures were
unable to perform a single heel raise at 12 weeks after the
injury. In a study by Ryu et al,,"" 87 of 112 patients with
acute Achilles tendon ruptures had difficulty with a single
heel raise at 3 months after open tenorrhaphy followed by
early rehabilitation; however, all patients were able to raise
the heel 6 months postoperatively.

McCormack and Bovard® noted a 10% to 30% calf
strength deficit on the injured side compared to the un-
injured side in their patients with acute Achilles tendon
tears. Ryu et al."” also reported that even in patients who
were able to perform single heel raises and sports after
operative repair of acute tears and early rehabilitation, the
calf circumference decreased by an average of 1.6 cm on
the injured side and the isokinetic flexion peak torque def-
icit at 30°/sec was 16% (range, 0% to 21%) on the injured
side compared with the uninjured side.

CONCLUSIONS

Acute Achilles tendon ruptures should be differentiated
from ruptures that occur as the result of chronic degenera-
tion of the tendon. An acute rupture of a healthy tendon
can be successfully treated either conservatively or op-
eratively. Irrespective of the treatment method, however,
rehabilitation is a crucial component of treatment. Thus,
patient’s adherence to rehabilitation should be taken into
consideration in determining a treatment strategy. Re-
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habilitation during the first 6 months after injury is of
great importance for patients with an acute rupture of the
Achilles tendon. While specifics of the rehabilitation pro-
tocol may vary, the focus of rehabilitation is on preventing
rerupture for the first 2 months after injury and improv-
ing calf muscle strength for the next 1 month (between 2
months and 3 months after injury). Then, for the following
3 months (between 3 months and 6 months after injury),
rehabilitation efforts are directed toward a return to sports

through vigorous strengthening and proprioceptive exer-
cises. Furthermore, during rehabilitation after either treat-
ment, care should be taken not to cause hyperdorsiflexion
of the ankle to prevent calf muscle weakness.
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