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e Purpose: The aim of this systematic review and meta-analysis was to compare re-rupture Keywords
rates, complication rates, functional outcomes, as well as return to work (RTW)/sport (RTS)
among different rehabilitation protocols following operative treatment of acute Achilles
tendon ruptures.

* Methods: Systematic review and meta-analysis was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses guidelines. Five databases were
searched for randomized controlled trials (RCTs) comparing at least two rehabilitation
protocols following surgical repair of acute Achilles tendon ruptures. Rehabilitation
protocols were classified as a variation of either non-weightbearing (NWB) or weightbearing
(WB) and immobilization (IM) or mobilization (M). The data collection consisted of
re-ruptures, complications, and RTW/RTS.

e Results: Out of 2760 studies screened, 20 RCTs with 1007 patients were eligible. Fourteen
studies included a group consisting of WB+M (Group 1), 11 of WB+IM (Group 2), 3 of
NWB+M (Group 3), and 13 of NWB+IM (Group 4). Outcome parameters available for a
meta-analysis were re-ruptures, complications, RTW, and RTS. Re-ruptures overall occurred
in 2.7%, with prevalences ranging between 0.04 and 0.08. Major complications occurred in
2.6%, with prevalences ranging between 0.02 and 0.03. Minor complications occurred in
11.8% with prevalances ranging between 0.04 to 0.17. Comparing the odds-ratios between
the four different groups revealed no significant differences with overall favourable results
for group 1 (WB+M).

* Conclusion: Early functional rehabilitation protocols with early ankle M and WB following
surgical repair of acute Achilles tendon ruptures are safe and they apparently allow for a
quicker RTW and RTS and seem to lead to favourable results.

» Achilles tendon rupture
» rehabilitation

» surgical treatment
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by lower re-rupture rates and better functional results but
at the cost of higher rates of wound issues and surgical
site infections (4, 5, 6). The implementation of minimally
invasive techniques enabled surgeons to significantly

Background

Achilles tendon ruptures are commoninjuries (1, 2, 3,4) and
occur most frequently in young and active males around

40 years old (1, 3, 4). Over the past few decades, treatment
concepts (non-surgical/surgical and rehabilitation) have
evolved considerably from non-surgical treatment to
open reconstruction to minimally invasive techniques. The
transition to surgical treatment was predominantly driven

decrease therisk of surgical site infections while maintaining
the many advantages of surgery (7). Still, even surgically
treated patients face a prolonged recovery, and all too
often fail to reach pre-injury functional levels even if they
do not suffer a re-rupture or complication first (8, 9, 10).
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Postoperative rehabilitation protocols have evolved
substantially from restrictive to more progressive.
Postoperative rehabilitation protocols generally consist
of two major components that exist on a binomial axis:
non-weightbearing (NWB)/weightbearing (WB) and
immobilization (IM)/mobilization (M) (10). Traditionally,
patients were advised to maintain NWB for 6—8 weeks
with IM in equinus position (11, 12). But these restrictive
rehabilitation protocols have been shown to result in calf
muscle atrophy and ankle joint stiffness. More progressive
postoperative rehabilitation protocols have therefore been
developed. It has been shown that progressive protocols
have a pronounced influence on functional outcomes,
including a faster return to work (RTW) and sports (RTW)
(10, 13). Despite the considerable amount of literature
on this topic, most physicians still facilitate restrictive
postoperative rehabilitation protocols (10, 13).

In 2014, our study group conducted a systematic
review on functional rehabilitation protocols. Based on
12 randomized controlled trials (RCTs) in which only
open surgical procedures were used, immediate full WB
and controlled ankle M starting by week 3 seemed to
be recommendable (14). However, due to the growing
body of evidence (15) on the subject and the persistent
hesitance of applying more progressive rehabilitation
protocols, we conducted another systematic review, but
this time in conjunction with a meta-analysis. The aim
was to compare re-rupture rates, complication rates,
functional outcomes, as well as RTW/RTS among different
rehabilitation protocols following operative treatment of
acute Achilles tendon ruptures.

Materials and methods

The systematic review was conducted according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (16). The protocol was
registered to Prospero (CRD42019136005).

Search strategy

MEDLINE (PubMed), CINAHL, Scopus, Central, and
EMBASE were utilized as search engines from inception
to May 28, 2019 (date of the database search). The
search strategy is composed of three main concepts:
Achilles tendon, rupture, and operative treatment. The
different terms of each concept were combined with

Table 1 PICOS criteria (17).

Participants
Intervention

Patients with an acute, isolated Achilles tendon rupture
Any operative repair of the Achilles tendon rupture

Comparison At least two different postoperative treatment protocols

Outcomes Patient satisfaction, patient reported outcome measures,
functional assessment, time to return to work/sports, tendon
elongation, re-rupture, complications

Study design Randomized controlled trial

FOOT & ANKLE 7:10 681

the OR operator and the three concepts were combined
using the AND operator. The full search strategy for each
database is provided in Supplementary Appendix 1 (see
section on supplementary materials given at the end
of this article). A grey literature search for conference
proceedings in both Scopus and EMBASE was performed,
and all references of the studies included were hand-
searched to identify studies that might have been missed
by the systematic search.

Inclusion/exclusion criteria

The inclusion/exclusion criteria were designed according
to the PICOS criteria (17) (Table 1). Studies eligible
were randomized controlled studies comparing at least
two different postoperative rehabilitation protocols in
surgically treated, acute, isolated ruptures of the Achilles
tendon which reported objective outcomes. Acute was
defined as surgery within 14 days after injury (18). The
type of surgical treatment (open, minimal invasive,
or percutaneous) was of no matter. Studies must be
published in German or English. Studies including patients
with ruptures treated more than 2 weeks postinjury,
re-ruptures, or with a mixed population were excluded.

Study selection and data extraction

Each database was searched separately, and the resulting
datasets were exported to Endnote™ (version 20.1; Fa.
Clarivate). Following removal of duplicates, the final
dataset was exported to Covidence™ (Melbourne,
Australia). Each step of study selection and data extraction
was performed by two investigators independently.
Disagreements were resolved by discussion with a third
investigator.

Data extracted from each study was performed on
predefined data extraction sheets including the following
data points: study design, sample size, operative
technique of tendon repair, description of rehabilitation
protocol, time of follow-up, patient satisfaction, patient-
rated outcome measures (PROMS), functional assessment,
time to RTW and RTS, tendon elongation, re-rupture,
and complications. Data extraction was again performed
by two blinded investigators independently and
disagreements were again resolved by discussion with a
third investigator.

Quality assessment

Quality assessment was conducted independently
by two reviewers and disagreements were resolved
by discussion with a third reviewer. Assessment was
performed utilizing a modified version of the original
Coleman Methodology Score (CMS; Table 2) (19, 20)
and, for the risk of bias, the Cochrane risk-of-bias tool for
randomized trials (21).
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Primary and secondary outcomes

CcMS
83
87
83

Re-rupture rate was defined as the primary outcome
measure. Secondary outcome measures included
major and minor complications, time to RTW, time to
RTS, and any PROMS or functional outcome measures.
Complications were differentiated between minor and
major complications. Minor complications included
superficial wound infections, delayed wound healing,
muscle stiffness, and mechanical irritations due to
scarring or similar. Major complications included
deep vein thrombosis, deep wound infections, loss of
Achilles tendon, secondary flap coverage due to wound
complications, or persisting sensory deficit/nerve
damage.

ATRS at 1 year

43 (1-103)

RTW (days)
68 (2-285)

RTS (months)
4.0 (2-13)
7.5 (3-22)

Categorization of the different rehabilitation protocols

The rehabilitation protocols were grouped according
to the M of the ankle and the permitted WB following
the surgical treatment. ‘Weightbearing’ was defined
as weightbearing on the operative leg within the first 4
weeks following the surgery. ‘Non-weightbearing’ was
defined as no weightbearing within the first 4 weeks.
‘Mobilization” was defined as any active or passive ankle
movement within the first 4 weeks following the surgical
treatment. ‘Immobilization” was defined as rigid fixation of
the ankle (equinus or neutral position). The resulting four
groups of possible rehabilitation protocols are outlined
in Table 3. The different protocols of each control and
intervention group of each study are summarized in the
Supplementary Appendix.

Minor complications
8 (15%)
9 (16%)
overall 5
2 (6%)
2 (6%)

1(3%)

Major complications
0
2 (4%)
overall 1

1 (3%)
2 (6%)

Statistical analysis

Re-ruptures
0
0
0
2 (8%)
0

Outcomes that were reported in at least three publications
were analysed. The prevalence with exact 95% Cl from
binomial distribution for binary outcomes was estimated
for each study. Pooled prevalence with 95% CI across
studies was calculated using inverse-variance method with
random-effects model. The prevalence was calculated
using RStudio (version 1.3, Boston, MA, USA).

A meta-analysis was conducted if three or more
studies revealed sufficient comparability for the outcome
parameters re-rupture rate and major and minor
complications. The meta-analysis was conducted using
Cochrane RevMan 5.4.1 (version 5.4. The Cochrane
Collaboration). The chosen statistical method was
the Mantel-Haenszel method, and the analysis model
was a random-effects model. Odds ratios (ORs) were
calculated between the different groups. 12 statistic was
used to represent between studies heterogeneity which
quantified the percentage of total variation across studies
in study outcomes. Chi-square test was performed to
test whether the true between-study variance is equal
to zero (22).

Suture
Open
Open
Open
Open
Open
Open
Open

—
n
5
5
25
5
5
6
5
—

Group
1
3
1
3
4
3
4

FU (months)

Suchak et al. (38)
Eliasson et al. (8)
Mortensen et al. (35)

technique; n, number/tendons; NA, not available; NWB, non-weightbearing; Open, open suture technique; RTS, return to sports; RTW, return to work; SIQR, semi-interquartile range; WB, weightbearing.

ATRS, Achilles tendon rupture score; CMS, Coleman methodology score; FU, follow-up; IM, immobilization; IQR, interquartile range; M, mobilization; MIS, minimal-invasive suture or percutaneous suture

*Value is presented as median (SIQR).

Table 2 Continued.
Group 1 vs group 3

Group 1 vs Group 3 vs group 4
Group 3 vs group 4

Reference

www.efortopenreviews.org
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Table 3 Grouping of the different rehabilitation protocols.

Group 1 Weightbearing and mobilization (WB + M)

Group 2 Weightbearing and immobilization (WB +1M)
Group 3 Non-weightbearing and mobilization (NWB+M)
Group 4 Non-weightbearing and immobilization (NWB +IM)
Results

Study selection and overview

The study selection flowchart is presented in Fig. 1. Out
of 2760 studies screened, 20 studies were eligible per the
inclusion and exclusion criteria (8, 9, 23, 24, 25, 26, 27,
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40).

Table 2 summarizes the eligible 20 RCTs per the
different rehabilitation groups compared. Fourteen
studies (8, 23, 26, 27, 28, 29, 30, 32, 33, 36, 37, 38, 39,
40) included a Group 1 (WB+M), 11 studies (9, 24, 25,
28, 29, 30, 31, 32, 34, 37, 39) a Group 2 (WB+IM), 3
studies (8, 35, 38) a Group 3 (NWB+M), and 13 studies
(8,9, 23, 24, 25, 26, 27, 31, 33, 34, 35, 36, 40) a Group
4 (NWB+IM) rehabilitation protocol. In these 20 RCTs, a
total of 1007 patients were included with a mean age of
39 years (range: 19—73 years, not stated in 2 studies (33,
36)), 85% were male patients, and in 44%, the rupture
occurred in the right leg (not stated in 9 studies (9, 26,
28, 29, 32, 35, 36, 37, 40)). The mean follow-up period
was 23.5 months (range: 3—132 months, not stated in 3
studies (9, 28, 30)). The demographic data per treatment
group are presented in Table 3.

An open reconstruction of the Achilles tendon was
performed in 16 studies (8, 23, 24, 25, 28, 29, 30, 31,
32, 33, 34, 35, 36, 37, 38, 39), a percutaneous (9, 26,
40) or minimal-invasive (27) technique in the remaining
4 studies. Most studies (n=10; 50%) used Kessler or
modified Kessler sutures (8, 28, 29, 30, 32, 33, 34, 35,
37, 38). In the remaining studies, other suture techniques
such as Bunell (31, 38) (n =2; 10%) or Krackow (36) (n =1;
5%) were used or it was not stated (n =7; 35%).

Re-ruptures, major/minor complications, RTW, and
RTS were commonly assessed and therefore available for
further analysis. Various outcome scores were assessed at
various time points throughout the studies. The Achilles
Tendon Rupture Score (ATRS) (41) was the only score
assessed by three or more studies at 1 year follow-up. The
ATRS contains 10 different items of patient-rated outcome
with scores ranging from 0 to 10 points. These 10 items
add up to a possible total score of 100 points, which
represents the best functional result.

Study quality

The mean modified CMS (19, 20) was 73.3 + 13.0 points
(range: 48-87points) (Table 4). Based on the Cochrane
risk-of-bias tool for randomized trials, 16 studies were

FOOT & ANKLE 7:10 684

overall rated as ‘some concerns’ and 4 as ‘high risk’ of
bias, all due to an unclear allocation sequence during
randomization of the patients (Fig. 2).

Primary outcome - re-ruptures

Seventeen studies (85%) reported an overall re-rupture
rate of 2.7% (25 of 913). The group-specific prevalences
are presented in Table 4. Overall, Group 1 had the lowest
prevalence for re-rupture (0.04; 95% Cl: 0.02-0.06). For
all groups, a low heterogeneity (I2=0%; P =0.38-0.96)
was found.

Forest plots of the estimated OR for re-rupture rates
(Fig. 3) were calculated for studies directly comparing
similar rehabilitation groups (Table 4). Four studies
compared Group 1 (WB+M) to Group 2 (WB+IM) with a
non-significant OR of 0.63 (95% ClI: 0.16-2.55; P=0.520)
in favour for Group 1. All studies used an open surgical
repair. Seven studies compared Group 1 (WB+M) to
Group 4 (NWB+1IM), again, with a non-significant OR of
0.61 (95% Cl: 0.15-2.47; P=0.490) in favour of Group
1, based on 4 studies reporting events. An open repair
was used in half of the studies, while the other half used
a minimally invasive technique. Four studies compared
Group 2 (WB+IM) to Group 4 (NWB+IM) with a non-
significant OR of 2.13 (95% ClI: 0.33-13.61; P=0.420)
in favour for Group 4, based on 3 studies reporting
events. All studies used an open surgical repair. Again, a
low heterogeneity was found for all three comparisons
(1?=0%; P =0.28-0.49).

) S ) S

l l J J

34 studies excluded

23 wrong study design

1 wrong patient population

Figure 1
PRISMA flow diagram for the systematic literature review.

www.efortopenreviews.org
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Table 4 Demographic details and prevalence of re-rupture, major-, and minor complication rates per the different rehabilitation groups.

Prevalence (95% Cl) of

Re-ruptures

Major complications Minor complications

Age (years) Sex (male) Side (right) Values Studies, n Values Studies, n Values Studies, n
Group 1 39 86% 42% 0.04 (0.02-0.06) 12 0.02 (0.01-0.03) 1 0.04 (0.02-0.07) 1
Group 2 38 89% 53% 0.08 (0.04-0.13) 8 0.03 (0.00-0.05) 8 0.10 (0.03-0.17) 8
Group 3 39 78% 48% 0.06 (0.00-0.41) 3 NA 2 NA 2
Group 4 @38 81% 47% 0.05 (0.03-0.06) 12 0.03 (0.01-0.05) 1 0.17 (0.08-0.25) 1

Secondary outcome
Major complications

Seventeen studies (85%) reported a total of 2.6%
(23 of 913) major complications. The group-specific
prevalences are presented in Table 3, with Group 1
having the lowest prevalence for a major complication
(0.02; 95% CI: 0.01-0.03). The overall risk of bias was
low (12=0%; P =0.75-0.94).

Second, a meta-analysis on major complications
was conducted for studies directly comparing similar
rehabilitation groups (Fig. 4). Four studies compared
Group 1 (WB+M) to Group 2 (WB+IM) with an OR of
0.97 (95% Cl: 0.21-4.52; P=0.960) based on three
studies reporting events. Six studies compared Group
1 (WB+M) to Group 4 (NWB+IM), with two studies
not reporting events, and a non-significant OR of 0.82
(95% Cl: 0.24-2.83; P=0.750) in favour of Group 1.
Both comparisons revealed a low level of heterogeneity
(12= 0; P=0.620, P=0.520). For the remaining groups,
no cumulative analysis could be performed. A specific
analysis in regard to open or minimally invasive surgical
technique was not possible.

Minor complications

Seventeen studies reported minor complications in 11.8%
(108 of 913) of patients. The group-specific prevalences
are presented in Table 4, with Group 1 revealing the
lowest prevalence for a minor complication (0.04; 95% Cl:
0.02-0.07) at a moderate level of heterogeneity (1>=49%
84%; P =0.0011-0.03).

A group comparing meta-analysis could only be
conducted for Group 2 vs Group 4 (Fig. 5), reporting
no relevant differences (OR: 0.96; 95% Cl: 0.47—
1.96; P=0.910) between the 4 studies included at no
heterogeneity (1>= 0%; P=0.750).

Return to work and sports

Seven/six studies reported the time to RTW (23, 24, 26,
27,33, 34, 35)/RTS (24, 25, 31, 33, 34, 35). The individual
studies and significant differences are outlined in Table 5.
Due to the varying data value presentation in the individual
manuscripts, no pooled statistical analysis could be
performed. Overall, Group 4 revealed the poorest results
for RTW and RTS.

Achilles Tendon Rupture Scores

The ATRS assessed at 12 months follow-up was reported
in three studies (8, 36, 37). No study reported significant
differences between the treatment groups (Table 5). Due
to the limited number of studies within each group, no
cumulative analysis could be conducted.

Study

Agres etal. 2018
Cettietal. 1994

Costa etal. 2003

Costa et al. 2006

De la Fuente etal. 2016 (1)
De la Fuente etal. 2016 (2)
Eliassonetal. 2018
Groetelaers etal. 2014
Kangas etal. 2003

Kangas et al. 2007
Kauranen et al. 2002
Kerkhoffs et al. 2002
Lantto etal. 2015

Maffulli et al. 2003 (1)
Maffulli et al. 2003 (2)
Mortensen et al. 1999
Porteretal. 2014

Suchak et al. 2008

Schepull et al. 2013

Valkering et al. 2017

‘ Low risk !

Figure 2

Risk of bias (based on Cochrane risk-of-bias tool for randomized
trials) (40).

Some concems

‘ High risk
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WB + M (Group 1) vs. WB+ IM (Group 2)
Group 1 Group 2 Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Kangas 2003 1 25 2 24 32.0% 0.46 [0.04, 5.41] L
Lantto 2015 1 19 2 18 31.4% 0.44 [0.04, 5.38] L
Schepull 2013 1 13 0 16 18.1% 3.96 [0.15, 105.65] - >
Valkering 2017 0 27 1 28 18.5% 0.33 [0.01, 8.55] -
Total (95% CI) 84 86 100.0% 0.63 [0.16, 2.55] —_—
Total events 3 5
Heterogeneity: Tau? = 0.00; Chi? = 1.50, df = 3 (P = 0.68); I* = 0% I t t {
Test fo? oveerl effect: Z = 0.64 (P = 0.52) ( ) o0l ol a 100
IR, et Favours [Group 1] Favours [Group 2]
WB + M (Group 1) vs. NWB + IM (Group 4):
Group 1 Group 4 Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Cetti 1994 1 30 2 30 32.7% 0.48 [0.04, 5.63] L
De la Fuente 2016 (1) 0 13 1 13 18.2% 0.31[0.01, 8.30] -
De la Fuente 2016 (2) 1 20 1 19 24.3% 0.95 [0.06, 16.31]
Eliasson 2018 0 25 0 25 Not estimable
Groetelaers 2014 1 32 1 28 24.8% 0.87 [0.05, 14.60] =
Maffulli 2003 (1) 0 26 0 27 Not estimable
Porter 2015 0 26 0 28 Not estimable
Total (95% CI) 172 170 100.0% 0.61 [0.15, 2.47] R
Total events 3 5
Heterogeneity: Tau? = 0.00; Chi? = 0.35, df = 3 (P = 0.95); I> = 0% I t t i
. 0.01 0.1 10 100
Test for overall effect: Z = 0.70 (P = 0.49) Favours [Group 1] Favours [Group 4]
WB + IM (Group 2) vs. NWB + IM (Group 4):
Group 2 Group 4 Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Costa 2003 1 14 0 14 31.8% 3.22[0.12, 86.09] L
Costa 2006 2 23 0 25 36.0% 5.93 [0.27, 130.34] L »
Kerkhoffs 2002 0 16 1 23 32.2% 0.45[0.02, 11.88] L
Maffulli 2003 (2) 0 28 0 28 Not estimable
Total (95% CI) 81 90 100.0% 2.13 [0.33, 13.61] == T
Total events 3 1
. 2 . {2 = = 12 I + t J
Heterogeneity: Tau? = 0.00; Chi®* = 1.34, df = 2 (P = 0.51); I° = 0% 001 o1 10 100

Test for overall effect: Z = 0.80 (P = 0.42)

Figure 3
Forest plots of estimated odds ratio of developing a re-rupture.

Discussion

This systematic review and meta-analysis was based on 20
RCTs; all eligible of which were grouped according to their
postoperative rehabilitation protocols (WB/NWB and M/
IM). Unfortunately, considerable interstudy heterogeneity
was observed regarding the assessment of objective
functional outcome parameters. Even if comparable
scores/parameters were assessed, the time points of the
assessment and/or the means of the assessment differed
considerably. Therefore, a quantitative analysis did not
seem appropriate for the functional outcome parameters,
although it was possible for complications. The ORs for

Favodrs [Group 2] Favours [Group 4]

re-rupture rate and major and minor complications did
not differ significantly among the different rehabilitation
groups. However, early WB and M (Group 1) had the
lowest prevalence and the most favourable outcomes
for re-rupture rates, major complication, and minor
complication.

A first meta-analysis on this topic by Suchak et al. in
2006 (42) found early functional rehabilitation protocols
to improve patient satisfaction without increasing the
re-rupture rate. However, the analysis was limited to six
RCTs with a total of 315 patients. In 2015, McCormack
and Bovard published a meta-analysis based on 10 RCTs
comprising 570 patients comparing bracing to casting
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WB + M (Group 1) vs. WB + IM (Group 2):

FOOT & ANKLE

Groupl Group 2 Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Kangas 2003 1 25 0 25 22.6% 3.12 [0.12, 80.39] =
Lantto 2015 0 25 1 25  22.6% 0.32 [0.01, 8.25] =
Schepull 2013 2 18 2 17 54.9% 0.94 [0.12, 7.52] ]
Valkering 2017 0 27 0 29 Not estimable
Total (95% CI) 95 96 100.0% 0.97 [0.21, 4.52] =

Total events 3 3
Heterogeneity: Tau? = 0.00; Chi? = 0.95, df = 2 (P = 0.62); I = 0%
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Maffulli 2003 (1) 0 26 0 27 Not estimable
Groetelaers 2014 1 32 3 28 28.6% 0.27 [0.03, 2.75] L
De la Fuente 2016 (2) 1 13 0 13 14.3% 3.24[0.12, 87.13] -
De la Fuente 2016 (1) 3 20 2 19 42.3% 1.50[0.22, 10.14] L]
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Figure 4
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Forest plot of estimated odds ratio of developing a major complication.

(43). No significant differences were found for major
complications. Further outcome parameters assessed, all
in favour of the bracing group, were RTW, RTS, patient
satisfaction, and functional outcome. Still, the authors
did not differentiate for the allowed WB and reported a
high level of heterogeneity. In 2014, our study group
published a systematic literature review to propose an
evidence-based rehabilitation protocol for surgically
treated Achilles tendon ruptures (14). Based on 12 RCTs,
we found higher satisfaction, earlier return to pre-injury
activities, and superior functional outcomes for full WB

WB + IM (Group 2) vs. NWB + IM (Group 4):

and early ankle M. The current systematic review 5 years
later has identified 20 eligible RCTs with a total of 1007
patients. To the authors’ best knowledge, the current
systematic review includes the largest number of RCTs
and patients specifically investigating the effect of the
rehabilitation regime in surgically treated acute Achilles
tendon ruptures. Still, the applied rehabilitation protocols
varied considerably from NWB and IM for a period of
over 6 weeks (23) to immediate WB and early ankle M
(39). In order to allow for a principal comparison, the
different rehabilitation protocols were grouped into

Group 2 Group 4 Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Costa 2003 2 14 2 14  11.2% 1.00[0.12, 8.31]
Costa 2006 6 23 5 25 27.5% 1.41[0.37, 5.45] e
Kerkhoffs 2002 7 16 9 23 30.0% 1.21[0.33, 4.42] —_—
Maffulli 2003 (2) 5 28 8 28 31.3% 0.54 [0.15, 1.93] —
Total (95% CI) 81 90 100.0% 0.96 [0.47, 1.96] ~
Total events 20 24

Heterogeneity: Tau? = 0.00; Chi® = 1.21, df = 3 (P = 0.75); I = 0%
Test for overall effect: Z = 0.11 (P = 0.91)

Figure 5
Forest plots of estimated odds ratio of developing a minor compl

ication.
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Table 5 Return to work, return to sports and ATRS at 12 months per the different rehabilitation groups. Data are presented as mean + s.D. or as

median (IQR).
Group 1 Group 2 Group 3 Group 4 P-value
Return to work (days)
Cetti et al. (23) 20.2 (3-75) 53.4(1-182) <0.001*
Maffulli et al. (33) 64.4+17.5 92.4 21 0.05*
De la Fuente et al. (40) 6.2+3.6 1.1 +£21 <0.001*
Groetelaers et al. (27) 28 (0-84) 28 (7-280) 0.78
Costa et al. (24) 56 (14-91) 28 (7-91) 0.59
Maffuli et al. (34) 14.7 £ 6.3 23.8+9.1 NA
Mortensen et al. (35) 43 (1-103) 68 (2-285) <0.05*
Return to sports (months)
Maffulli et al. (33) 51+28 6.0+ 3.0 0.04*
Costa et al. (25) 6.0 (2.0)** 8.0 (8.0)** NA
Costa et al. (24) 9.0 (4.1-13.8) 6.0 (9.2-20.7) 0.341
Kerkhoffs et al. (31) 1.89 2.43 NA
Maffuli et al. (34) 52+3.0 6.1+28 0.05*
Mortensen et al. (35) 4.0 (2-13) 7.5 (3-22) <0.001*
ATRS at 12 months (score value)
Schepull et al. (37) 92 (78-94) 91 (80-92) NA
Porter et al. (36) 88 +1 87 +1 NA
Eliasson et al. (8) 74 + 4 79 + 4 77 + 4 0.24

*P-value significant; **value is median (SIQR).

ATRS, Achilles tendon rupture score; IQR, interquartile range; NA, not available; SIQR, semi-interquartile range.

four basic rehabilitation protocols (Table 3). Despite the
considerable number of RCTs included and the broad
categorization, no further cumulative statistical analysis
could be conducted for patient satisfaction, patient-rated
outcome, or functional outcome parameters due to the
considerable variation in how and when these parameters
were assessed in the individual RCTs.

Our meta-analysis found no significant differences
in re-rupture rates, major complication, or minor
complication between the four different rehabilitation
protocol groups. The most progressive rehabilitation
protocol (Group 1) appeared slightly superior to the other
protocols with respect to the risk of complications and
re-rupture. Accelerated rehabilitation protocols have now
even been implemented for nonoperative management
of acute Achilles tendon ruptures. Several recent meta-
analyses compared accelerated rehabilitation to delayed
rehabilitation protocols (44, 45, 46). Similar to our
study, they found no differences between the different
rehabilitation regimes for re-rupture rate or complications.
Therefore, accelerated functional rehabilitation protocols
following surgical treatment of Achilles tendon ruptures
can be considered safe.

Whetheraccelerated functional rehabilitation protocols
also have a functional advantage remains a matter of
debate. In line with the meta-analysis by McCormack
and Bovard (43), more aggressive rehabilitation appears
to have a beneficial effect on RTW and RTS. The only
patient-reported outcome score that allowed a limited
analysis was the ATRS at 1 year follow-up, which was
assessed by three studies (8, 36, 37). These could not
find any significant differences between the different
rehabilitation protocols.

Several limitations need to be considered. First,
relevant papers might have been missed by our search
strategy, exhaustive though it was. To reduce this
selection bias, a clearly defined search strategy was
applied to five databases, a grey literature search
was included, and the abstract/paper screening was
conducted by two independent reviewers. Next,
the conclusions of this systematic review are limited
somewhat by the heterogenous quality of the studies
included. The modified CMS varied between 48 and 87
points (average 72.9 + 12.8 points) and the Cochrane
tool showed ‘some concerns’ in 16 and ‘high risk’ of
bias in another 4 studies. But this was predominantly
due to an unclear randomization process, which might
also be a shortcoming in the composition of the papers.
Furthermore, most of the meta-analysis conducted
revealed a low level of heterogeneity, unlike in the two
previous meta-analyses (42, 43).

This low heterogeneity reflects one of the major
strengths of this paper. Due to the large number of RCTs
identified, the categorizing of the rehabilitation protocols,
and the rigorous methodology for the meta-analysis
conducted, we were able to generate homogenous groups
which could be analysed in the aggregate. The downside
to this strict methodology was that only a few parameters
could be analysed. It is an unfortunate limitation in
orthopaedic research that there is a lack of standardization
of study protocols. It would be advantageous if RCTs
could be subject to clear guidelines with respect to
outcome parameters, data analysis and presentation, and
consistent with respect to the time points of post-operative
evaluation. This standardization would significantly
increase both the ability to conduct cumulative analysis
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and its relative utility, all with ultimate goal of increasing
the level of evidence within orthopaedics.

Conclusion

This systematic review and meta-analysis proved early
functional rehabilitation protocols with early ankle M
and WB following surgical repair of acute Achilles tendon
ruptures to be safe. It appears these protocols may allow
for a quicker RTW and RTS. Whether they also result in
superior functional outcomes remains a matter of debate.
Consequently, the previously postulated best evidence
rehabilitation protocol for surgically treated Achilles
tendon ruptures (14) remains the standard at our clinic.
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