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Abstract
Introduction Despite the presence of various different surgical procedures, the preferable technique for repair of acute 
Achilles tendon ruptures is unknown and, therefore, object of discussions. The purpose of this meta-analysis was to compare 
clinical outcomes and complication-rates between the minimally invasive and the standard open repair of acute Achilles 
tendon ruptures.
Materials and methods This meta-analysis was performed according to the PRISMA guidelines. In September 2019 the 
main databases were accessed. All clinical trials of evidence level I to III comparing minimally invasive vs. open surgery of 
Achilles tendon rupture were included in the present study. Only articles reporting quantitative data under the outcomes of 
interest were included. Missing data under the outcomes of interest warranted the exclusion from the present work. For the 
statistical analysis we referred to the Review Manager Software Version 5.3. (The Nordic Cochrane Centre, Copenhagen). 
Continuous data were analysed through the inverse variance method. For the effect estimate the mean difference was used. 
Dichotomous data were analysed through the Mante–Haenszel method via odd ratio effect measure. The confidence interval 
was set at 95% in all the comparisons. Values of P < 0.05 were considered statistically significant.
Results A total of 25 articles were included for meta-analysis. The funnel plot revealed poor data dispersion, attesting to 
this study a low risk of publication bias. The quality of the methodological assessment was moderate. Data from 2223 (1055 
open, 1168 minimally invasive) surgical procedures were extracted. The mean follow-up was of 24.29 ± 22.4 months. The 
open group reported a lower value of post-operative palpable knot at last follow-up and a lower rate of sural nerve palsy. In 
the minimally-invasive group a shorter surgery duration and a lower rate of post-operative wound necrosis and reduced risk 
of wound scarring and adhesions has been evidenced. The minimally-invasive cohort detected the lowest values of superficial 
and deep infections. In both groups no significant difference was shown in re-rupture rate.
Conclusions Compared to the minimally-invasive Achilles tendon reconstruction, the open procedure evidenced a lower 
rate of sural nerve palsy and postoperative palpable knot, whereas in the minimally-invasive reconstruction group quicker 
surgery duration, a lower rate of post-operative wound necrosis, superficial and deep infections and less scar tissue adhesions 
could be observed. No relevant discrepancies were detected among the two techniques in terms of post-operative re-rupture.

Keywords Achilles tendon rupture · Percutaneous · Minimal invasive · Open surgery · Complications

Introduction

The adequate treatment of acute Achilles tendon rupture has 
been controversially discussed in the last decades and also in 
current literature. Both, non surgical and surgical treatment 

may be suitable, whereas surgical repair is regarded as 
achieving a better functional outcome, a decreased re-rup-
ture rate and a shorter recovery time, therefore representing 
the favourable treatment especially for young patients [1, 2]. 
However, performing surgical repair might cause complica-
tions such as wound infections and necrosis resulting in dev-
astating soft tissue complication which might require further 
surgical reconstruction. However, initially the percutaneous 
approach has been introduced 1977 by Ma and Griffth [3] 
to minimize the exposure of the Achilles tendon and thus 
to reduce complications in comparison to open procedures. 
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The approach was supposed to be more challenging due to 
the missing exposure of the tendon and, furthermore, pre-
disposed for re-ruptures based on insufficient suturing with-
out direct visual control [4]. Therefore, in 1996 Assal et al. 
developed a device, called  Achillon®, offering a minimally 
invasive (MIS) approach in combination with a percutaneous 
suture [5], which is partly based on the technique described 
by Kakiuchi in 1995 [6]. This combination of a percutaneous 
and mini-open technique offers direct visualisation of the 
rupture location, but a reduced risk for wound complications 
[4]. Nowadays, orthopaedic surgeons routinely use percuta-
neous-minimally invasive procedures and can make full use 
of surgical aid devices like Tenolig™,  Achillon®,  PARS® 
or the Dresden instrument in combination with ultrasound 
guided approaches [5, 7–9].

Previous meta-analysis concluded that minimally-inva-
sive surgery for acute Achilles tendon repair promoted 
reduced infection rate and wound necrosis with a similar 
re-rupture risk in comparison to an open procedure [10, 11]. 
The most recent meta-analysis of randomized clinical trials 
(RCT) evaluating 358 procedures confirmed these findings 
and stated that patients treated with MIS surgery were more 
likely to report good or excellent subjective results without 
any difference according sural nerve injury, return to prein-
jury activity level or to work [12].

However, there is still discordance, since a systematic 
review of overlapping meta-analyses revealed that only 
superficial and not deep infections are reduced by MIS 
[10]. Moreover, previous meta-analysis pointed out, that 
their results are associated with a high heterogeneity and a 
considerable risk of bias due to limited high-quality studies 
[11, 12]. Recently, two additional RCT studies have been 
published evaluating a considerable higher number of proce-
dures, which might improve the statistical value for recom-
mendations [13, 14]. Additionally, previous meta-analysis 
are based on a limited amount of available RCT studies or on 
only a few included observational studies due to the evalua-
tion of infrequent outcome parameters. Interestingly, numer-
ous reports pointed out that there is only limited evidence 
for differences between effect estimations between RCTs 
and observational studies [15–17]. However, the addition of 
observational studies increases sample size, enabling evalu-
ation of small treatment effects. Especially, analysis of a 
variety of populations, and long-term effects are not limited 
to the usually highly selected cohorts in RCTs [15, 18, 19].

Consequently, we conducted a comprehensive meta-
analysis study comparing the complication-rates of open 
versus MIS for Achilles tendon repair including RCTs and 
observational studies without evaluating infrequent outcome 
parameters. The purpose of the present study was to update 
current evidences and to analyse the clinical trials presented 
in the current literature in order to clarify the role of these 

two techniques and to simplify the surgical decision making 
in selected patients.

Materials and methods

Literature research and data extraction

This meta-analysis was performed according to the Preferred 
Reporting Items for Systematic Review and Meta-Analy-
sis: the PRISMA guidelines [20]. The PICO protocol was 
drafted to guide the search:

• P (population): Achilles tendon rupture
• I (intervention): open Achilles tendon reconstruction
• C (comparison): percutaneous/minimally-invasive Achil-

les tendon reconstruction
• O (outcomes): complications, functional outcome score

In September 2019 the main databases were accessed: 
Pubmed, Scopus, Google Scholar. The keywords were 
“Achilles tendon” combined through the Boolean operator 
AND with “rupture”, “percutaneous”, “minimally invasive”, 
“mini-invasive”, “open” as well as “Achillon”, “PARS”, 
“Tenolig” and “Dresden”. Additionally, manual scanning 
of the reference lists of the included articles and reviews 
were performed. Two independent reviewers (FM, MG) 
independently screened the literature for inclusion. If title 
matched the topic, the abstract was accessed and, if of inter-
est, the full-text was read. The bibliographies of the articles 
were also screened. Disagreements between the authors were 
debated and mutually solved.

Eligibility criteria

All the clinical trials comparing the minimally-invasive 
repair vs. open surgery after acute Achilles tendon rupture 
were included in the present study. The percutaneous and 
minimally-invasive approach were put together as “minimally-
invasive” and were opposed to the open procedure. Accord-
ing to Oxford Centre of Evidenced-Based Medicine [21], only 
clinical trials levels I to III of evidence were considered for 
inclusion. According to the author language capabilities, arti-
cles in English, French, Italian, Spanish, German and Portu-
guese were considered for inclusion. Only articles published 
after 2000 were included. Data from national register, case 
series, expert opinion, editorials were excluded as well as bio-
mechanical, in-vitro and animal studies. Articles dealing with 
chronic Achilles tendon ruptures were excluded. Only arti-
cles reporting quantitative data under the outcomes of interest 
were included. Missing data under the outcomes of interest 
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warranted the exclusion from the present work. Disagreements 
between the authors were mutually debated and solved.

Outcomes of interest

Two independent authors (FM, MG) independently grouped 
data from the articles of interest. The following demographic 
data were collected: author and year of publication, type of 
study, mean follow-up, number of samples, location of rupture, 
pain before rupture, body mass index (BMI), age and gender 
distribution. Additionally, data about surgical techniques, the 
suture material used and post-operative care were collected. 
Moreover, for each endpoint, the following clinical data and 
post-operative complications were collected: surgery duration, 
superficial and deep tissue infection, tendon re-rupture, scare 
tissue formation, tissue adhesions, sural nerve palsy, wound 
necrosis and palpable knot. Since patient-reported outcome 
measurements (PROMS) are infrequently and inconsistently 
used, their inclusion has been refused, in order to not downsize 
the sample size.

Methodological quality assessment

For the methodological quality assessment, we referred to the 
Review Manager Software Version 5.3. (The Nordic Cochrane 
Centre, Copenhagen). The risk of bias summary tool was per-
formed according to the authors’ judgements about each risk 
of bias item for each included study.

Statistical analysis

For the statistical analysis we referred to the Review Manager 
Software Version 5.3. (The Nordic Cochrane Centre, Copen-
hagen). Continuous data were analysed through the inverse 
variance method. For the effect estimate (EE) the mean dif-
ference was used. Dichotomous data were analysed through 
the Mantel–Haenszel method via odd ratio (OR) effect meas-
ure. Heterogeneity was evaluated trough the �2 and Higgins-
I2 methods. If �2 > 0.5 the I2 test was evaluated. Ranges for 
interpretation of I2 according to the Cochrane Handbook for 
Systematic Reviews of Interventions were 0–40% (poor), 
30–60% (fair), 50–90% (moderate) and 75–100% (consider-
able). A fixed model effect was used when heterogeneity was 
acceptable. In event of high heterogeneity, a random model 
was used. The confidence interval was set at 95% in all the 
comparisons. Values of p < 0.05 were considered statistically 
significant.

Results

Search result

The literature search resulted in 4420 papers with 3229 
articles screened for inclusion after removing duplicates 
(1191). A total of 2445 papers were excluded due to 
incompatibility with the eligibility criteria. Another 744 
articles were excluded due to lack of quantitative data 
under the outcomes of interest. Further, 15 articles were 
excluded because of uncertain and/or ambiguous results. 
Finally, a total of 25 articles were included for the meta-
analysis. The flow-chart of the literature search is shown 
in Fig. 1.

Risk of publication bias

To assess the risk of publication bias, the funnel plot of 
the most reported outcome was performed (infection). The 
plot detected good symmetrical distribution of the refer-
ral points. All the values are narrow to the no-effect line 
and none outside the range of acceptability. This revealed 
poor data dispersion, attesting to this study a low risk of 
publication bias. The funnel plot is shown in Fig. 2.

Methodological quality assessment

According to the risk of bias summary, high risk of detec-
tion bias was evidenced. This reflected the overall lack 
of samples blinding among the studies. The overall lack 
of randomization increased the selection bias. Incomplete 
outcome data detected a good risk of attrition bias, while 
the risk of other unknown bias was low. In conclusion, we 
attest to the present work a moderate quality of the meth-
odological assessment. The authors’ judgements about 
each risk of bias item for each included study are shown 
in Fig. 3.

Patient demographic

A total of 2223 procedures were examined. The mean 
follow-up was of 24.29 ± 22.4 months. In the open repair 
group, data from 1055 procedures were collected; the 
minority of these patients were females (19%) with a mean 
age of 42.17 ± 3.6 years and a mean BMI of 26.08 ± 1.8 kg/
m2. In the MIS group, data from 1168 procedures were col-
lected. Again, the minority of these patients were females 
(26%), the mean age was 41.16 ± 2.8 years and the mean 
BMI 26.15 ± 1.7 kg/m2. Among the two groups an optimal 
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comparability with regard to patients’ age (P = 0.9) and 
BMI (P = 0.9) was present. Demographic data are reported 
in Table 1.

Outcomes of interest

The open group reported a lower value of post-operative 
palpable knot at last follow-up (OR: 0.10; 95% CI 0.01–0.81; 
P < 0.0001) and a lower rate of sural nerve palsy (OR: 0.45; 
95% CI 0.28–0.74; P = 0.001). In the MIS group a shorter 
surgery duration (FE: 7.55; 95% CI 5.16–9.95; P < 0.0001) 
has been evidenced, a lower rate of post-operative wound 
necrosis (OR: 3.01; 95% CI 1.30–6.59; P = 0.006) and a 
reduced risk to develop scar tissue adhesions (OR: 4.10; 
95% CI 2.13–7.88; P < 0.0001) were noted. Moreover, in the 
MIS group the lowest values of superficial (OR: 3.90; 95% 
CI 1.68–9.06; P = 0.002) and deep tissue infections (OR: 
2.01; 95% CI 1.24–3.27; P = 005) were observed. Re-rupture 

Fig. 1.  Flow-chart of the litera-
ture search

Fig. 2  Funnel plot of the most reported outcome (infection)
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rate has been equal among both groups without a significant 
difference (OR: 1.10; 95% CI 0.62–1.94; P = 0.75). An over-
view of the meta-analysis results is shown in Table 2.

Discussion

This meta-analysis conducted an updated comparison 
between open versus minimally-invasive surgery for acute 
Achilles tendon ruptures. According to the main findings, 
in the MIS technique a lower complication rate for Achilles 
tendon repair was observed. The re-rupture rate between 
both techniques showed no significant differences. The MIS 
cohort showed a noteworthy lower rate of post-operative 
wound necrosis and scar tissue adhesions, as well as a con-
siderable reduction of superficial and deep tissue infection. 
In addition, the surgery duration was quicker in the MIS 
group. In favour of the open group, a slightly lower value 
of sural nerve palsy has been observed, along with a mini-
mally reduced rate of post-operative palpable knot. Putting 
the results of this meta-analysis in a clinical context, MIS 
should be recommended as the surgical method of choice for 
acute Achilles tendon rupture. Furthermore, also conserva-
tive treatment is a considerable therapeutic option with only 
a slightly higher re-rupture rate in comparison to surgery, 
but less frequent complications compared to surgery [15]. 
Therefore, if surgical therapy is required it should aim to 
have a low rate of relevant complications.

Re‑rupture

Although we were not evaluating PROMS we examined 
the re-rupture rate as one of the most important failures in 
Achilles tendon surgery, finding no significant differences 
between both groups, which is in line with previous meta-
analyses [10–12, 45]. Keeping this in mind, discussions 
about the adequate surgical approach should therefore focus 
on reducing complications rather than differences in out-
come. However, for clinical practice it should be considered 
that previous meta-analyses with small sample sizes reported 
a slightly better or equal subjective result in general outcome 
measures or the AOFAS score in favour of MIS [12, 45].

Sural nerve palsy, scar tissue adhesion and palpable 
knot

The present meta-analyses reveals, that sural nerve palsy 
might be still a considerable complication of MIS, whereas 
previous meta-analysis stated equal palsy rates for both 
approaches [10, 12, 45]. Initially, using the Ma and Griffith 
percutaneous technique a sural nerve palsy rate up to 60% 
has been reported, whereas the most recent RCT studying 
of Rozis et al. in 2018 reported a decreased rate of only 7% 

Fig. 3  Cochrane methodological quality assessment
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[12, 13]. However, it has to be emphasized that the present 
meta-analysis includes studies from the last two decades, 
while surgical techniques have been improved and several 
operation devices have been introduced during this time 
[12]. Therefore, in recent studies of Lacoste et al. using the 
Tenolig™ system and of Amlang et al. using the Dresden 
instrument none of the patients had a permanent sural nerve 
damage [9, 46]. For clinical practice it has to be consid-
ered that the risk of sural nerve palsy mainly depends on 
the surgeon’s skills. Traditionally, the open approach to the 
Achilles tendon is performed through a medial exposure to 
avoid affections to the sural nerve, allowing a good over-
view on the anatomical structures. However, tissue scarring 
and adhesions increase on the basis of exposure of the peri-
tendineum leading to mild pain and discomfort. Contrary, 
the reduced exposure of the MIS makes the tendon repair 
more prone to nerve damage. Especially when the needles 
are pierced laterally into the proximal portion of the Achilles 
tendon, an increased risk of direct sural nerve injury or indi-
rect irritation by sutures exists. However, in clinical practice 
there are surgical precautions to reduce the risk: usage of 
ultrasound guidance or tenoscopy as well as external rotation 
of the  Achillon® suture device [1, 47].

Besides, lower sural nerve palsy rates, in the open group 
a decreased risk for palpable knots was observed. The clini-
cal relevance of this outcome is fair, and it might show a 
reduced prevalence in the future thanks to modern knot-
less percutaneous techniques with suture anchoring in the 
calcaneus [48].

Wound necrosis, deep and superficial infections

The reduced risk of wound necrosis or tissue infections 
observed in the MIS group are clinically relevant, since 
being the most common reasons besides tendon re-rupture 
requiring revision surgery. Grassi et al. revealed that one 
wound infection could be avoided for every 10 minimally-
invasive procedure performed instead of an open approach 
representing previous findings of higher infection rates and 
wound necrosis [12] Contrary to our findings, the meta-anal-
yses of Li et al. and Yang et al. concluded that a reduced 

infection rate in favour of the minimally invasive approach 
only counts for superficial infections and not for deep infec-
tions [10, 11]. For clinical practice, Achilles tendon surgery 
should focus on a minimal wound area. Due to low skin 
perfusion over the Achilles tendon, there is a higher risk 
for wound necrosis followed by superficial tissue infections 
[49] even increased by means of individual risk factors such 
as smoking, vascular diseases or diabetes [50]. As a result 
perioperative prophylactic antibiotics do not reveal a signifi-
cant reduction of infection prevalence [1, 51].

Operation time

Besides the lower rate of tissue infections and wound 
necrosis, MIS revealed a significant shorter operation time. 
However, analysing three studies offering suitable data, the 
average duration of both procedures was less than 60 min, 
assuming that adverse effects of general anaesthesia or tour-
niquet time most probably do not have that much impact on 
outcome. Additionally, the importance of short overall sur-
gery duration reflects the need for higher cost-effectiveness, 
as the total estimated costs of open tendon repair comparison 
to a minimally-invasive repair excluding theatre time are 
nearly twice as high [36].

Strength, limitations and implications for future 
research

Point of strength of the present study is represented by the 
strict eligibility criteria and inclusion of only frequently 
reported findings along with the comprehensive nature of 
the literature search including observational studies and 
RCTs, so that the largest sample sizes compared to previous 
meta-analysis has been achieved [10, 12, 45]. Moreover, the 
adequate follow-up and the optimal baseline comparability 
represent a further important point of strength.

Nevertheless, caution should be taken with regard to the 
following limitations: According to inconsistent data of the 
underlying studies we were unable to evaluate outcomes 
according to subgroups like the location of tendon rupture. 
Only a few of the studies included classified the exact location 

Table 2  Meta-analysis results Outcome of interest Open (n) Percutaneous (n) Final effect [95% CI] P

Surgical duration (minutes) 110 101 7.55 [5.16, 9.95]  < 0.0001
Re-rupture (n) 24/1009 23/1097 1.10 [0.62, 1.94] 0.75
Palpable knot (n) 2/940 6/1047 0.10 [0.01, 0.81]  < 0.0001
Sural nerve palsy (n) 23/940 76/1047 0.45 [0.28, 0.74] 0.001
Scar tissue adhesions (n) 43/940 9/1047 4.10 [2.13, 7.88]  < 0.0001
Wound necrosis (n) 21/940 4/1047 3.01 [1.38, 6.59] 0.006
Superficial infection (n) 24/940 2/1067 3.90 [1.68, 9.06] 0.002
Deep infection (n) 48/940 23/1047 2.01 [1.24, 3.27] 0.005
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of tendon rupture (insertion, mid-portion, musculotendinous 
transition) or the gap between the tendon stumps. Amlang et al. 
introduced an ultrasound based classification in 2011 mak-
ing rupture classification also practicable in a MIS approach 
[52]. Consequently, we encourage future studies to classify the 
exact location of tendon rupture in order to achieve valuable 
information minimizing future failures and impaired functional 
outcome, potentially providing clear indications in favour of 
certain augmentation procedures. Moreover, most recently a 
knotless MIS procedure with calcaneal suture anchor fixation 
has been described, offering wider surgical use of MIS, not 
being limited to repair of mid-portion tendon ruptures [48].

With regard to subgroup analysis, pre-existing comor-
bidities like vascular diseases might have influenced the 
infection or necrosis rate, since in clinical practice they 
are already used as clear contraindication for open repair. 
To avoid bias, this data needs to be completely reported 
in future studies. According to the methodological quality 
assessment this study had a moderate level of quality, since 
there was a high risk of detection bias and a low rate of 
overall RCT studies (8/25). Moreover, this meta-analysis 
reported a considerable risk of bias in the given data due to 
various techniques and post-operative rehabilitation, suture 
materials and developing surgical procedures influencing 
outcome measures. In both approaches, there are numerous 
techniques using different suture types (Bunnell, Kessler, 
Krackow etc.), suture material  (PDS®,  Vicryl®,  FiberWire® 
etc.), tendon augmentation and flap-down strategies (Lind-
holm, Bosworth, Lynn etc.). Based on this data recom-
mending the superior technique is challenging and mainly 
based on the surgeon’s skill. According to biomechani-
cal aspects, recent systematic reviews and meta-analyses 
showed improved outcomes for double or triple sutures and 
higher resistance for Krackow and Bunnell instead of Kes-
sler suture techniques, without finding a difference between 
 Achillon® versus Krackow techniques [53, 54]. Moreover, 
bioabsorbable sutures might cause less tissue irritation while 
maintaining sufficient strength capacity [1]. Additionally, 
early and prolonged functional rehabilitation and mobilisa-
tion is recommended with a lots of varieties as discussed 
by Yang et al. [1]. A further limitation is that, we did not 
include functional parameters such as the toe-rising test or 
calf circumference. However, it was not possible to examine 
persistent functional deficits like weakness or tendon elon-
gation, due to missing data and/or consensus of a testing 
protocol of isokinetic muscle force evaluation.

Conclusion

Compared to the MIS technique, the open Achilles tendon 
reconstruction evidenced a slightly lower rate of sural nerve 
palsy and postoperative palpable knot, whereas in the MIS 

reconstruction group, a quicker surgery duration, a lower rate 
of post-operative wound necrosis, superficial and deep tissue 
infections as well as scar tissue adhesions was detected. No 
relevant discrepancies were detected among the two tech-
niques in terms of post-operative re-rupture. Consequently, 
MIS should be used as the surgical technique of choice.
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