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Abstract
Background In recent decades, early rehabilitation after Achilles tendon rupture (ATR) repair has been proposed. 
The aim of this prospective cohort study was to compare different immobilisation durations in order to determine the 
optimal duration after open surgery for ATR repair.

Methods This study included 1088 patients (mean age, 34.9 ± 5.9 years) who underwent open surgery for acute 
ATR repair. The patients were categorised into four groups (A, B, C, and D) according to postoperative immobilisation 
durations of 0, 2, 4, and 6 weeks, respectively. All patients received the same suture technique and a similar 
rehabilitation protocol after brace removal,; they were clinically examined at 2, 4, 6, 8, 10, 12, 14, and 16 weeks 
postoperatively, with a final follow-up at a mean of 19.0 months. The primary outcome was the recovery time for the 
one-leg heel-rise height (OHRH). Secondary outcomes included the time required to return to light exercise (LE) and 
the recovery times for the range of motion (ROM). Data regarding the surgical duration, complications, the visual 
analogue scale (VAS) score for pain, the Achilles tendon Total Rupture Score (ATRS), and the American Orthopaedic 
Foot and Ankle Society (AOFAS) Ankle-Hindfoot Scale score were also collected.

Results The recovery times for OHRH, LE, and ROM were significantly shorter in groups A and B than in groups C and 
D (P < 0.001). The VAS scores decreased over time, reaching 0 in all groups by 10 weeks. The mean scores in groups 
A and B were higher than those in the other groups at 2 and 4 weeks (P < 0.001), whereas the opposite was true at 
8 weeks (P < 0.001). ATRS and the AOFAS Ankle-Hindfoot scale score increased across all groups over time, showing 
significant between-group differences from weeks 6 to 16 (P < 0.001) and weeks 6 to 12 (P < 0.001). The mean scores 
were better in groups A and B than in groups C and D. Thirty-eight complications (3.5%) were observed, including 
20 re-ruptures and 18 superficial infections. All complications were resolved at the last follow-up, with no significant 
between-group differences.
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Background
The Achilles tendon is a common tendon shared between 
the gastrocnemius and soleus muscles, and it is the stron-
gest and thickest tendon in the human body [1–3]. How-
ever, with an increase in awareness regarding fitness, 
Achilles tendon rupture (ATR) has become a prevalent 
sports-related injury, particularly among older individu-
als, individuals with active lifestyles, and boys and men 
[4–8]. In the general population, ATR affects 8–18 per 
100,000 people per year [9]. Patients with ATR may expe-
rience symptoms such as severe pain, inability to bear 
weight, and weakness in the acute phase, which can per-
sist for over 10 years even permanently if left untreated 
[2, 9, 10]. Therefore, the management of acute ATR is 
crucial.

Some studies have reported that surgical and nonsur-
gical treatments for acute ATR have similar clinical out-
comes [6, 11, 12]. However, conservative treatment can 
cause complications such as re-rupture, increased pain, 
and delayed return to work [13]. Previous meta-analyses 
[13–17] concluded that the re-rupture rate ranged from 
2.3 to 3.7% in the surgical group and from 3.9 to 10.1% in 
the nonsurgical group. Therefore, surgical treatment has 
become the mainstay of therapy for acute ATR in recent 
decades [13].

Following standard surgical treatment, weight-bearing 
is frequently limited, and immobilisation with a brace for 
at least 6 weeks is often required [18]. Recent studies [1, 
19–22] have reported that an aggressive rehabilitation 
program can be safely incorporated during the postop-
erative period and may offer short-term benefits over a 
more conservative rehabilitation protocol. Early weight-
bearing and functional rehabilitation after surgical treat-
ment of ATR have been advocated because they result in 
better ultimate functional outcomes [1, 19]. However, the 
optimal treatment and rehabilitation protocols for ATR 
remain debatable [22].

We believe that a combination of surgical suturing with 
early rehabilitation training is beneficial for the prognosis 
of ATR. Therefore, determination of the optimal duration 
of immobilisation after surgery is necessary. The aim of 
this study was to compare different immobilisation dura-
tions after open surgery for acute ATR.

Materials and methods
The study was reviewed and approved by our institutional 
review board (Peking University Third Hospital Medi-
cal Science Research Ethics Committee; IRB00006761-
M2020315), and it has been registered at ClinicalTrials.
gov (NCT04663542).

Design and population
This prospective cohort study enrolled 1219 patients who 
underwent surgical treatment for acute ATR at our uni-
versity hospital from March 2019 to May 2023, and each 
patient provided written consent prior to their enrol-
ment in the study. Among these patients, 131 were lost 
to follow-up, and 1088 patients (89.3%) were included 
in the final analysis. A radiologist conducted an ultra-
sound examination of the Achilles tendon preoperatively 
to confirm the diagnosis and detail the site and extent of 
the rupture. The inclusion criteria were as follows: (1) 
age of 18 to 60 years, (2) closed injury, (3) acute ATR (< 7 
days since tendon rupture), and (4) ATR at a distance of 
> 3.5  cm from the tendon insertion point based on the 
ultrasound. The exclusion criteria were as follows: (1) 
partial ATR; (2) ATR at a distance of < 3.5 cm from the 
tendon insertion point based on the ultrasound.; and 
(3) diseases that may affect functional test results, such 
as diabetes, neuropathy, and autoimmune disease. The 
included patients were categorised into four groups (A, 
B, C, and D) according to the duration of immobilisation 
(0, 2, 4, and 6 weeks). All patients followed a similar reha-
bilitation protocol.

Surgical procedure
Patients were placed in the prone position and oper-
ated on under spinal anaesthesia using a tourniquet. The 
Achilles tendon resting angle (ATRA) on both sides was 
measured before disinfection. The ATRA is the angle 
between the long axis of the fibula and the line from the 
tip of the fibula to the head of the fifth metatarsal [23]. 
An incision was made posteromedial to the midline of 
the Achilles tendon at the level of the rupture in a longi-
tudinal fashion, and the paratenon was divided to identify 
the rupture. With the ankle placed in a neutral position, 
the tendon was repaired using the Krackow locking loop 
technique with two W4843 (ETHIBOND of Johnson & 
Johnson, US) nonabsorbable sutures and the modified 
Kessler suture technique with two REF223114 (ORTHO-
CORD of Depuy Synthes, US) nonabsorbable sutures. 

Conclusions Immobilisation for 2 weeks after open surgery for ATR repair may be the optimal strategy for early 
rehabilitation with relatively minimal pain and other complications.

Trial registration ClinicalTrials.gov (NCT04663542).
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The sutures were carefully placed away from the rupture 
site, and the tendon was sutured to a healthy tendon to 
enhance the stability of the repair (Fig. 1). Subsequently, 
six figure-eight sutures (four for the dorsal, two for the 
ventral) were placed with 2-0-gauge absorbable sutures to 
reinforce the broken ends. The ATRA on the affected side 
was measured again to determine whether the repair was 
suitable, and it was confirmed to be reduced and smaller 
than that on the contralateral leg. Following tension and 
strength testing of the ankle, the peritenon and subcu-
taneous tissues were approximated with 2-0-gauge and 
3-0-gauge absorbable sutures, respectively, and the skin 
was closed with a skin stapler. Following wound binding, 
a below-knee brace with a wedge was applied with the 
ankle in 30 degrees plantar flexion position in all patients 
except those in Group A. All patients underwent surgery 
performed by the same surgeon using the same operative 
technique.

Postoperative rehabilitation
Group A included 98 (9.0%) patients without postop-
erative immobilisation. Group B comprised 439 patients 
(40.3%) with 2 weeks of postoperative immobilisation, 
Group C included 443 patients (40.7%) with 4 weeks 
of immobilisation, and Group D included 108 patients 
(9.9%) with 6 weeks of immobilisation. Patients in Group 
D underwent surgery first and were treated using the 
routine protocol. Subsequently, the duration of immobili-
sation was gradually reduced, and the patients in Group 
A were the last to undergo surgery.

All patients started postoperative exercise following the 
recommended rehabilitation protocol at different times 
(Table 1). In Group A, postoperative exercise commenced 
immediately, whereas patients in the other groups under-
went rehabilitation exercises after the removal of the 
immobilisation brace. Professional physical therapy was 
not implemented during the rehabilitation process.

At 0–2 weeks after brace removal, patients were 
instructed to perform moderate plantar flexion and 
dorsiflexion of the ankle and stand up (partial weight-
bearing) for 1 h every day. From 2 to 4 weeks after brace 
removal, ankle exercises remained consistent, with the 
standing time increased to 2  h per day. Simultaneously, 
the patients were instructed to perform deep squat exer-
cises. Four to 6 weeks after brace removal, they were 
instructed to perform double-legged heel raises and walk 
fewer than 1000 steps on flat ground. Between 6 and 8 
weeks after brace removal, the patients were advised to 
perform single-leg heel raises and limit walking to less 
than 2000 steps on flat ground. When the patients could 

Table 1 Rehabilitation Protocol
After surgery Postoperative exercise in Group A;

Immobilisation with the brace for 
corresponding time in Group B, 
C and D

Immediately after removing the 
brace

Ankle mobilisation

0–2 weeks after removing the 
brace

Standing up for 1 h per day

2–4 weeks after removing the 
brace

Standing up for 2 h per day

Deep squat
4–6 weeks after removing the 
brace

Double-legged heel raises

Walking less than 1000 steps on flat 
ground

6–8 weeks after removing the 
brace

Single-legged heel raises

Walking less than 2000 steps on flat 
ground

2 weeks after successfully per-
forming single-leg heel raises

Jogging

4 weeks after successfully per-
forming jogging

More vigorous training

Fig. 1 Diagram of our suture technique [24]
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successfully perform single-leg heel raises, they were 
instructed to jog 2 weeks later. Four weeks after suc-
cessful performing jogging, the patients were allowed to 
perform more vigorous training. Double crutches were 
recommended to assist in training during the initial 
stages of the rehabilitation process.

Data collection
Patients attended follow-up visits at 2, 4, 6, 8, 10, 12, 14, 
and 16 weeks and at the final follow-up after surgery. 
During follow-up, all patients were evaluated by the 
same surgeon. The surgical duration and complications, 
such as superficial infection, re-rupture, and deep venous 
thrombosis (DVT), were recorded. The time to return 
to light exercise (LE), which included rapid walking and 
jogging, was noted. Dorsiflexion and plantar flexion were 
measured using a handheld goniometer. The heel-rise 
height was measured as the distance from the ground 
to the heel when the patient lifted the heel while keep-
ing the knee straight. The recovery time for the range 
of motion (ROM) was recorded when it was similar to 
that for the contralateral leg. The recovery time for the 
one-leg heel-rise height (OHRH) was recorded when 
the heel-rise height index (HRHI = involved/uninvolved 
× 100) reached 50% [9]. The recovery times for OHRH 
was the primary endpoint, while the recovery times for 
ROM and the time to return to LE were the secondary 
outcomes. Clinical scores, including the visual analogue 
scale (VAS) score for pain, Achilles tendon Total Rup-
ture Score (ATRS) [24], and American Orthopaedic Foot 
and Ankle Society (AOFAS) Ankle-Hindfoot Scale score 
[25], were also recorded to evaluate subjective pain and 
functional status. VAS measures pain on a 10-cm scale, 
with the status ranging from no pain (extreme left) to the 
worst possible pain (extreme right). The patients marked 
their current pain levels on the scale, and the score was 
accordingly recorded. The ATRS which was recorded 
after 6 weeks postoperatively was a patient-reported 
tool designed to measure the outcomes after acute ATR 
repair. The questionnaire comprises 10 questions to 
assess symptoms and the level of physical activity, with 
answers evaluated on an 11-point Likert scale (scores 

ranging from 0 to 10, with a maximum possible score of 
100; higher scores indicate a better health status). The 
AOFAS Ankle-Hindfoot Scale which was recorded after 
6 weeks postoperatively assigned a maximum score of 
100 points (90–100 points, excellent; 75–89 points, good; 
50–74 points, fair; and < 50 points, poor).

Statistical analysis
Statistical analyses were performed using SPSS version 
25.0 (IBM Corp., Armonk, NY, USA). Data are reported 
as mean ± standard error of the mean unless otherwise 
noted. Differences in age, sex, body mass index (BMI), 
the distance from the rupture site to the Achilles ten-
don insertion site, the gap distance of the rupture site, 
and the surgical duration among the four groups were 
determined using one-way analysis of variance. Outcome 
parameters were examined using the Kruskal–Wallis 
H test, and complications were analysed using Fisher’s 
exact test. A P-value of < 0.05 was considered statistically 
significant.

Results
Group characteristics
In total, 1088 patients with unilateral complete ATR were 
included (1063 male and 25 female patients; mean age, 
35.0 years, range, 18–60 years). Sports injuries, including 
basketball (479 patients, 44.0%), badminton (386 patients, 
35.5%), soccer (95 patients, 8.7%), running (54 patients, 
5.0%), and other sports (36 patients, 3.3%) injuries, were 
the causes of ATR in most patients (96.5%). There were 
no significant between-group differences in sex, age, 
BMI, surgical duration, distance from the rupture site to 
the Achilles tendon insertion site, and gap distance of the 
rupture site (Table 2).

Recovery times
The mean recovery times for ROM were 6.2 ± 1.0, 
6.4 ± 1.7, 8.7 ± 1.4, and 10.1 ± 0.5 weeks in groups A, B, C, 
and D, respectively. The mean recovery time for OHRH 
was 12.2 ± 1.4 weeks in group A, 12.3 ± 1.8 weeks in group 
B, 14.2 ± 1.4 weeks in group C, and 14.2 ± 0.8 weeks in 
group D. The mean time to return to LE was 18.1 ± 1.6, 

Table 2 Group characteristics
Group A Group B Group C Group D Total P value

Number of Patients 98 439 443 108 1088
Age 33.9 ± 6.6 35.0 ± 5.9 35.1 ± 5.9 36.4 ± 5.6 35.0 ± 5.9 0.218
Sex (Male/Female) 92/6 430/9 436/7 105/3 1063/25
Body Mass Index 24.7 ± 1.9 24.9 ± 1.8 24.8 ± 2.0 24.9 ± 1.9 24.8 ± 1.9 0.780
Operation Time 30.8 ± 3.9 31.4 ± 4.2 31.6 ± 4.7 30.6 ± 3.9 31.3 ± 4.3 0.121
GDRS 2.0 ± 0.9 2.1 ± 0.9 2.1 ± 1.0 2.0 ± 1.0 2.1 ± 1.0 0.425
DRSTI 4.4 ± 0.5 4.4 ± 0.6 4.4 ± 0.5 4.4 ± 0.5 4.4 ± 0.5 0.739
Data represent the mean [SD];

GDRS, gap distance of the rupture site; DRSTI, distance from the rupture site to the Achilles tendon insertion.
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18.2 ± 1.9, 19.8 ± 1.5, and 20.1 ± 1.2 weeks in groups A to 
D, respectively. Groups A and B showed significantly 
shorter recovery times for ROM, OHRH, and LE than did 
groups C and D (P < 0.001; Table 3).

Outcome scores
The VAS score for pain significantly decreased from 2 to 
8 weeks, especially in Group A, and reached 0 in all four 
groups after 10 weeks. Significant differences were found 
among the four groups at 2 (P < 0.001, Group A differed 
from the other groups), 4 (P < 0.001, Group A differed 
from the other groups), and 8 (P < 0.001, groups A and B 
differed from the other groups) weeks. The mean scores 
in Groups A and B were higher than those in the other 
groups at 2 and 4 weeks, whereas the opposite was true at 
8 weeks (Table 4). The mean ATRS in all groups increased 
over time. Significant differences were found among the 4 
groups from weeks 6 to 16 (P < 0.001, Table 3), with the 
mean scores in groups A and B being higher than those 
in the other groups after 6 weeks. The ATRS in Group 
A significantly differed from the scores in Groups C and 
D at 6 weeks (P < 0.001); Groups B, C, and D at 8 weeks 
(P < 0.001); Groups B (P < 0.001), C (P = 0.001), and D 
(P < 0.001) at 10 weeks; Groups B, C, and D at 12 weeks 
(P < 0.001); Groups B and D at 14 weeks (P < 0.001); and 

Groups B, C, and D at 16 weeks (P < 0.001). The ATRS in 
Group B significantly differed from the scores in Groups 
C and D at 6 weeks (P < 0.001); and Groups A, B, and C at 
8, 10, 12, 14, and 16 weeks (P < 0.001; Table 5). The mean 
AOFAS Ankle-Hindfoot Scale score increased over time 
in all groups, with significant differences observed among 
the four groups from weeks 6 to 12 (P < 0.001, Table 6). 
The mean scores in Groups A and B were higher than 
those in the other groups after 6 weeks. Moreover, the 
score in group A was significantly different from those in 
groups B, C, and D at 6, and 8 weeks (P < 0.001); groups 
B and D at 10 weeks (P < 0.001); and groups C and D at 
12 weeks (P < 0.001). The score in Group B significantly 
differed from those in groups A, C, and D at 6, 8, and 
10 weeks (P < 0.001); and groups C and D at 12 weeks 
(P < 0.001; Table 6). At the last follow-up, only the func-
tional recovery of the patients was assessed. No outcome 
scores were obtained.

Complications
A total of 38 complications (38/1088, 3.5%) were 
observed in the study, including five (5/98, 5.1%) in 
Group A, 15 (15/439, 3.4%) in Group B, 15 (15/443, 3.4%) 
in Group C, and three (3/108, 2.8%) in Group D. Re-rup-
ture (20 cases, 1.8%) occurred at 8 weeks after surgery 
(four in group A, eight in group B, and eight in group C; 
P = 0.190) and was diagnosed through clinical examina-
tion and a positive Thompson’s test. Superficial infections 
(18 cases, 1.7%) were observed across all groups (one in 
Group A, seven in Group B, seven in Group C, and three 
in Group D; P = 776). No significant differences in com-
plications were found among the four groups (P = 0.816). 
At the last follow-up, all patients had recovered without 
complications (Table 7).

Discussion
ATR is an injury closely associated with sports-related 
activities, with 96.5% of patients in our study sustain-
ing injuries during different sports activities. The most 
common activities, in decreasing order of frequency, 
included basketball (44.0%), badminton (35.5%), soccer 
(8.7%), running (5.0%), and others (3.3%), consistent with 

Table 3 Recovery Time
Group A Group B Group C Group D P value
(n = 98) (n = 439) (n = 443) (n = 108)

ROM 6.2 ± 1.0 6.4 ± 1.7 8.7 ± 1.4 10.1 ± 0.5 < 0.001
OHRH 12.2 ± 1.4 12.3 ± 1.8 14.2 ± 1.4 14.2 ± 0.8 < 0.001
LE 18.1 ± 1.6 18.2 ± 1.9 19.8 ± 1.5 20.1 ± 1.2 < 0.001
Data represent the mean [SD];

LE, light exercise; OHRH, one-leg heel-rise height; ROM, range of motion.

Table 4 Visual analogue scale (VAS) for Pain
Time (weeks) Group A Group B Group C Group D P value

(n = 98) (n = 439) (n = 443) (n = 108)
2 5.0 ± 0.5 2.1 ± 1.0 1.7 ± 0.9 1.9 ± 0.6 < 0.001
4 1.9 ± 0.8 0.9 ± 1.1 0.8 ± 0.6 0.9 ± 0.6 < 0.001
6 0.2 ± 0.4 0.4 ± 0.9 0.3 ± 0.7 0.2 ± 0.6 0.531
8 0 0 0.2 ± 0.4 0.1 ± 0.3 < 0.001
Data represent the mean [SD].

Table 5 Achilles tendon total rupture score (ATRS)
Time (weeks) Group A Group B Group C Group D P value

(n = 98) (n = 439) (n = 443) (n = 108)
6 52.5 ± 1.8 50.5 ± 7.7 40.4 ± 4.0 18.9 ± 1.3 < 0.001
8 66.7 ± 1.7 61.4 ± 5.9 51.5 ± 2.7 38.0 ± 2.3 < 0.001
10 69.7 ± 1.5 73.0 ± 5.5 69.9 ± 5.9 61.1 ± 3.0 < 0.001
12 75.6 ± 1.8 81.9 ± 5.0 77.4 ± 4.6 71.5 ± 2.6 < 0.001
14 82.7 ± 1.6 85.9 ± 2.4 82.3 ± 2.8 78.4 ± 2.1 < 0.001
16 87.3 ± 0.9 87.7 ± 1.1 85.8 ± 1.8 84.2 ± 1.4 < 0.001
Data represent the mean [SD].

Table 6 American Orthopaedic Foot and Ankle Society (AOFAS) 
hindfoot scores
Time (weeks) Group A Group B Group C Group D P value

(n = 98) (n = 439) (n = 443) (n = 108)
6 94.0 ± 1.5 90.9 ± 10.2 82.5 ± 5.8 72.9 ± 3.1 < 0.001
8 94.3 ± 2.2 97.8 ± 4.8 89.2 ± 7.6 83.1 ± 1.3 < 0.001
10 97.7 ± 1.8 99.3 ± 1.6 96.2 ± 5.5 96.0 ± 1.5 < 0.001
12 99.6 ± 1.0 99.3 ± 1.6 98.1 ± 3.4 98.7 ± 1.0 < 0.001
14 99.8 ± 1.0 99.3 ± 1.6 99.5 ± 1.4 99.7 ± 0.7 0.116
16 99.9 ± 0.4 99.7 ± 0.7 99.5 ± 1.4 99.7 ± 0.7 0.170
Data represent the mean [SD].
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the findings from other studies [1, 26–28]. In the pres-
ent study, there were 25 female patients (male-to-female 
ratio, 42.5:1); this sex distribution could be attributed to 
the preference for sports involving non-high-intensity 
physical activity, which are associated with lower ATR 
rates among girls and women. Sex could also indepen-
dently contribute to the ATR pathogenesis [1]. There-
fore, a large proportion of the patients in our study were 
young, active sportsmen; more research is needed to 
focus on patients with ATR who are not injured in sports.

Differences in surgical methods and surgeon experi-
ence result in varying immobilisation durations and early 
functional exercise schedules following open surgery 
for acute ATR. Traditional postoperative rehabilitation 
programs usually require a strict, non-weight-bearing 
plantar flexion cast for 6 weeks. In China, there are no 
professional physical therapists to guide postoperative 
rehabilitation exercises. Therefore, the surgeon’s reha-
bilitation protocol tends to be more conservative (e.g., 
immobilisation for 8–12 weeks). However, recent studies 
indicated that appropriately shortening the immobilisa-
tion duration and early functional exercise can enhance 
postoperative rehabilitation. Multiple studies [10, 29, 
30] have compared early functional rehabilitation with 
immobilisation. Okoroha et al. [29] reported that a short-
ened immobilisation duration after open surgery for 
acute ATR can improve the ankle joint range of motion, 
reduce complications, and enhance postoperative recov-
ery without causing increased tension or excessive elon-
gation of the Achilles tendon tissue. Groetelaers et al. 
[30] performed minimally invasive ATR repair and dem-
onstrated that early mobilisation appears to be as safe 
as traditional postoperative immobilisation, with equal 
patient satisfaction and fewer major complications.

In the present study, although patients received the 
same protocols after the removal of the immobilisation 
brace, the timing of successful single-legged heel raises 
varied. Therefore, some patients may experience faster 
or slower recovery. In group A, patients were instructed 
to perform moderate plantar flexion and dorsiflexion 
of the ankle and partial weight-bearing while standing 
immediately after surgery. In the early stage, ankle func-
tion recovered more rapidly in Group A than in the other 
groups. However, Group A had a higher VAS score for 
pain and Achilles tendon re-rupture rate than did the 
other groups. In contrast, patients in Group B recovered 
faster and experienced less pain than those in the other 

groups. These results indicated that a 2-week immobili-
sation period was the best choice after open surgery for 
ATR.

The complication rate was the highest in group A (5/98, 
5.1%). However, there were no significant differences in 
complications among the four groups. A possible reason 
for this is the insufficient sample size for Group A. Given 
the higher incidence of complications and more pain in 
Group A, we no longer recommend immediate postop-
erative brace removal.

One of the most important aspects of ATR treatment 
is the incidence of re-rupture. A review investigating sur-
gical interventions for acute ATR reported re-rupture 
rates of 0–12% [31]. Comparatively, our study reported 
a relatively low re-rupture rate of 1.8% (20/1088). Strong 
fixation for ATR using the Krackow locking loop tech-
nique combined with modified Kessler sutures is the 
premise for early postoperative rehabilitation exercises. 
Patients can perform adequate early weight-bearing and 
functional exercises after surgery. Consequently, the pos-
sibility of re-rupture also increases. Re-rupture in all 20 
patients in the present study occurred during a fall or a 
similar sudden trauma rather than during regular reha-
bilitation exercises. The patients experienced re-rupture 
because of uncontrolled dorsiflexion without brace pro-
tection. Therefore, we recommend wearing walking 
boots if patients want to walk long distances after brace 
removal.

This study had certain limitations. First, most patients 
were boys or men, and this may have resulted in a poten-
tial sex-related bias. Second, this was a large, single-cen-
tre cohort study, and the immobilisation duration for 
each patient was selected in chronological order rather 
than random order. Therefore, multicentre, prospective 
randomised controlled trials are required to verify our 
conclusions. Third, the clinical scores in this study, such 
as the VAS score, ATRS, and AOFAS Ankle-Hindfoot 
Scale score, have subjective components that may lead 
to errors. Thus, more objective and high-quality ques-
tionnaires are required to evaluate patient recovery after 
open surgery for ATR repair. Fourth, we lacked infor-
mation about the long-term status of patients after sur-
gery, and studies with extended follow-up periods are 
required. Finally, our study did not focus much on the 
elongation of the Achilles tendon during the follow-up, 
which needs more attention in future studies.

Table 7 Complications
Group A Group B Group C Group D Total P value
(n = 98) (n = 439) (n = 443) (n = 108)

Superficial infection 1(1.0%) 7(1.6%) 7(1.6%) 3(2.8%) 18(1.7%) 0.776
Re-rupture 4(4.1%) 8(1.8%) 8(1.8%) 0 20(1.8%) 0.190
Total 5(5.1%) 15(3.4%) 15(3.4%) 3(2.8%) 38(3.5%) 0.816
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Conclusion
Immobilisation for 2 weeks after open surgery for ATR 
may be the optimal strategy for early rehabilitation with 
relatively minimal pain and other complications.
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