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Abstract
Introduction Current therapy for managing achilles tendon rupture are classified into surgical and conservative 
method. Randomized controlled trials were performed in multiple healthcare facilities in multiple centers 
across the world yet functional outcomes, re-rupture rate and complications are still indecisive.
The aim of this study is to compare surgical versus conservative methods for the treatment of acute Achilles 
tendon rupture; including functional outcome, re-rupture rate, and complications to provide better guidance 
in selecting therapeutic method.
Materials and Methods We conducted a comprehensive electronic database. Original articles until November 
2023 were screened, focusing on randomized controlled trials with at least 12 months follow up. Our protocol 
has been registered at PROSPERO ID (CRD42023486152).
Results and Discussion The initial search yielded 354 studies. Twelve randomized controlled trials study 
with  a  total of 1525 participants were assessed. Surgical treatment has better outcomes for preventing: 
re‑rupture (p ≤ 0.001), abnormal ankle movement (p ≤ 0.001), and calf muscle atrophy (p = 0.005). Functional 
outcomes at 6 months follow-up were better for hopping (p ≤ 0.001), heel-rise height (p ≤ 0.001), and heel‑rise 
work (p = 0.007) in surgical treatment. Functional outcomes at 12 months of follow-up were better only 
for heel‑rise work test (p ≤ 0.001) in surgical treatment. However, incidence of sural nerve injury (p = 0.006) 
was found lower in the conservative group. Complications other than re-rupture (p = 0.08) had no significant 
difference between two groups. At 6-month follow-up, functional outcome tends to be better compared 
to conservative management of Achilles tendon rupture. At 12-month follow-up, functional outcomes was 
comparable between two groups. However, the risk of re- rupture rate is higher in the conservative management.
Conclusion Reduced rates of re-rupture and quicker functional recovery are benefits of surgical repair. 
Conservative treatment can yield good results in terms of functional outcomes and re-rupture rates 
in  long‑term follow up, particularly when combined with contemporary rehabilitation procedures. 
Conservative treatment eliminates the hazards associated with surgery, but it may have a slightly higher 
chance of  re‑rupture and a  shorter initial recovery of some functional outcomes. Both of these treatment 
methods are good for treating Achilles tendon rupture.
Level of Evidence: I.
Keywords: Achilles Tendon Rupture, Surgical Management, Conservative Management, Functional Outcome, 
Re-rupture
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INTRODUCTION

Achilles tendon is the strongest and largest tendon in the human body. This tendon plays 
an  important role of  supporting heel movement. Its rupture often occurs during sport activities 
and excessive exercise [1]. The rupture of this tendon is associated with inability of lifting the heel 
and decreased range of movement of the knee. The rupture of this tendon also causes severe pain 
that decreases one’s quality of life [2]. Hence, proper, and adequate management of Achilles tendon 
rupture is needed.

Rupture of the Achilles tendon is commonly found in the adult population. The rising incidence 
of Achilles tendon rupture can be linked to increased number of sport activities throughout the years. 
Annually, up to 40 out of 100.000 population reported incidence of Achilles tendon rupture. Seventy 
three percent of Achilles tendon rupture was reported in recreational sport and 18 % was reported 
in athletes [3].

Randomized controlled trials were performed in numerous healthcare facilities across the  world, 
yet functional outcomes and complications rate are still indecisive. Although the surgical method 
of  its management results in  better outcomes such as lower risk of re-rupture as  compared 
to the conservative method, complications that follow were also higher in surgical management [4, 5, 6]. 
Hence, we conducted a systematic review and meta-analysis to compare surgical versus conservative 
methods for the treatment of acute Achilles tendon rupture; including re-rupture rate, complications 
and functional outcomes to provide better guidance in selecting the therapeutic method.

MATERIALS AND METHODS
Inclusion and Exclusion Criteria

We conducted this systematic review following the PRISMA and Cochrane handbook guidelines 
for conducting a systematic review of interventions. Our protocol has been registered at PROSPERO ID 
(CRD42023486152). This research includes a direct comparative study between surgical and conservative 
method for managing Achilles tendon rupture in adult population. We included original clinical studies 
which were written in English and available in full text. Systematic reviews, meta-analyses, case reports, 
expert opinions, abstract conferences, book chapters, letters to editor, summaries of meetings, study 
protocols, technical reports, narrative reviews, studies with incomplete data, experimental studies 
on animals, and cadavers, laboratory (in vitro), duplication of publications, and computational studies 
are not included in this research. The population used in this study was adults diagnosed with Achilles 
tendon rupture who underwent either surgical or conservative treatment. Randomized Controlled 
Trials (RCTs) with at least 1 year follow-up comparing surgical intervention with conservative method 
were assessed. The exclusion criteria include patients with re-rupture, rupture caused by pathological 
aspect, research with insufficient primary outcome data, and research using combined approaches. 
Re‑rupture rate, complications, functional outcome were assessed.

Search Strategy

We conducted a comprehensive electronic database search until November 2023 in PubMed, 
MEDLINE, and ScienceDirect using the keywords “Surgical versus Nonsurgical” OR “Operative 
versus Nonoperative” OR “Surgical versus Conservative” OR “Operative versus Conservative” 
AND  “Achilles Tendon Rupture” OR  “Rupture Tendon Achilles”. Based on the PICO (Patient, 
Intervention, Comparison, Outcome) concept, our research strategy concept is as follows:

P = Adults aged above 16 years old diagnosed with Achilles tendon rupture who underwent surgical 
or conservative treatment;

I = Surgical and conservative methods;

C = Surgical versus conservative method;

O = Re-rupture rate, complications, functional outcome, pain score.

Study Selection

The literature selection was performed by 2 reviewers (NSNW and NLPSWP) independently using 
the standardized study selection forms. A third reviewer (IWS) would be consulted, and a decision 
would be made through discussion if there was any disagreement between the first two reviewers. 
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Our literature search identified a total of 354 studies, and after excluding irrelevant and duplicate 
reports, the remaining 125 articles were assessed using eligibility criteria after reading the full 
text. Finally, 12 eligible RCTs were included in our meta-analysis [6–17]. A PRISMA flow chart 
of the article selection steps is shown in Figure 1.

Fig. 1 PRISMA 2019 flowchart diagram

Data Extraction

Two authors (NSNW and SM) independently extracted data from eligible studies by completing a pre-
designed data form, with discrepancies being arbitrated by a third reviewer (CGOD, IGNWA, IWSD, 
IWS). The primary outcomes extracted from each study included the re-rupture rate, complications, 
and functional outcome.

Methodological Assesment

Bias analysis was carried out by 2 reviewers (NSNW and NLPSWP) using the risk of bias tools 
formulated by  the  Cochrane group. For Randomized Controlled Trial (RCT) studies, we used 
the second version of the Cochrane tool, Risk of Bias (ROB). Potential causes of bias were assessed 
with signaling questions to detect biases caused by the randomization process, deviation from initial 
intervention intent, missing data, measurement of outcomes, and reporting of  selective bias. 
Disagreements were resolved by consulting the  third reviewer (IWS). The Cochrane risk of  bias 
consists of 6 items (randomization generation, allocation concealment, blinding of  participant 
and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting). 
Based on  the  analysis performed, it revealed that most studies showed a low risk of  bias 
in the majority of domains (Fig. 2).

Fig. 2 Risk of bias summary and graph
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Statistical Analysis
Odds ratios (ORs) were assessed with a 95 % confidence interval (CI) for the data. Heterogeneity 
(inconsistency) was analyzed using the Chi2 and I2 tests. A low p-value result (p < 0.1) of the Chi2 
test indicates significant heterogeneity. Because the Chi2 test has a low detection ability in a small 
sample of data, we also used the I2 test to assess heterogeneity. An I2 test score of more than 50 % 
has significant heterogeneity. Statistical analyses were performed using the Review Manager 
(RevMan)® version 5.4.1. If the heterogeneity test results showed no significant heterogeneity, 
we planned to use the fixed-effect models. Otherwise, the researchers used random-effect models 
to process the data.

RESULTS
Study Characteristics
Twelve studies were qualified and are included to inclusion criteria. A total of six studies were 
multicenter and the other six were single-center studies. The total number of patients in those studies 
was 1.525 patients. Of the twelve studies included in this study, it was found that 1.215 patients 
(79.7 %) were male, and 310 patients (20.3 %) were female. Further details are elaborated in Table 1 
and Table 2. Table 3 presents a summary of the findings from this study.

Table 1
Characteristics of selected studies

Name of study, Year Center(s); Country Follow-up 
Duration Type of Surgery

Type 
of Conservative 

Method

Lantto et al., 2016 [6] Single, Finland 18 Open repair Plaster Cast 
and orthosis

Cetti et al., 1993 [7] Multi, Denmark 30 Open repair Plaster Cast 

Fischer et al. 2020 [8] Single, Germany 24 Open repair and Minimally 
Invasive Surgery

Plaster Cast 
and orthosis 

Keating et al., 2011 [9] Single, England 12 Open repair Plaster Cast
Maempel et al., 2020 [10] Single, United Kingdom 188 Open repair Plaster Cast

Metz et al., 2008 [11] Multi, Netherlands 12 Minimally Invasive Surgery Plaster Cast 
and tape bandage

Moller et al., 2001 [12] Multi, Sweden 24 Open repair Plaster Cast 
and orthosis

Myhrvold et al., 2022 [13] Multi, Norway 12 Open repair and Minimally 
Invasive Surgery

Plaster Cast 
and orthosis

Nilsson-Helander et al., 2010 [14] Single, Sweden 12 Open repair Plaster Cast 
and orthosis

Olsson et al., 2013 [15] Single, Sweden 12 Open repair Orthosis 

Twaddle et al., 2007 [16] Multi, New Zealand 12 Open repair Plaster Cast 
and orthosis

Willits et al., 2010 [17] Multi, Canada 12 Open repair Plaster Cast 
and orthosis

Table 2
Characteristics of patients

Name of Study, Year Total 
Patients

Male Female Age
Surgical Conservative Surgical Conservative Surgical Conservative

Lantto et al., 2016 [6] 60 30 25 2 3 40 (27–57) 39 (28–60)
Cetti et al., 1993 [7] 111 47 45 9 10 37.2 (21–62) 37.8 (21–65)
Fischer et al. 2020 [8] 90 54 27 6 3 39.3 (7.9) 45.2 (9.5)
Keating et al., 2011 [9] 80 28 32 11 9 41.2 (27–59) 39.5 (21–58)
Maempel et al., 2020 [10] 80 28 32 11 9 41.2 (27–59) 39.5 (21–58)
Metz et al., 2008 [11] 83 31 35 11 6 40 (23–63) 41 (25–62)
Moller et al., 2001 [12] 112 51 48 8 5 39.6 (21–63) 38.5 (26–59)
Myhrvold et al., 2022 [13] 526 255 136 93 42 39.9 (8.9) 39.9 (8.1)
Nilsson-Helander et al., 2010 [14] 97 40 39 9 9 40.9 (24–59) 41.2 (23–63)
Olsson et al., 2013 [15] 100 39 47 10 4 39.8 (8.9) 39.5 (9.7)
Twaddle et al., 2007 [16] 42 14 14 6 8 41.8 (27–59) 40.3 (18–50)
Willits et al., 2010 [17] 144 59 59 13 13 39.7 (11.0) 41.1 (8.0)
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Table 3
Forest plots summary

Parameters Number of Studies Odds Ratio / Mean Difference [95 % CI] p
Functional outcome at 6 months follow-up

Hopping test 3 SMD 0.36 [0.17, 0.56] < 0.001*
Heel-rise height 3 SMD 0.65 [0.29, 1.01] < 0.001*
Heel-rise work 3 SMD 0.33 [0.09, 0.57] 0.007*
Drop counter movement jump 3 SMD 0.13 [–0.14, 0.41] 0.33
Concentric power 3 SMD 0.29 [–0.05, 0.64] 0.1
Eccentric power 3 SMD –0.10 [–0.66, 0.46] 0.73

Functional outcome at 12 months follow-up
Hopping test 3 SMD –0.06 [–0.88, 0.76] 0.88
Heel-rise height 3 SMD 0.38 [–0.00, 0.76] 0.05
Heel-rise work 3 SMD 0.40 [0.20, 0.60] < 0.001*
Drop counter movement jump 3 SMD –0.02 [–0.96, 0.92] 0.97
Concentric power 3 SMD 0.03 [–0.35, 0.41] 0.88
Eccentric power 3 SMD –0.13 [–0.84, 0.58] 0.72

Calf muscle atrophy 3 OR 0.46 [0.27, 0.79] 0.005*
Abnormal ankle movement 3 OR 0.34 [0.20, 0.60] < 0.001*
Chronic pain 3 OR 0.85 [0.42, 1.72] 0.65
Re-rupture rate 10 OR 0.34 [0.20, 0.58] < 0.001*
Complications

Superficial infection 7 OR 0.88 [0.42, 1.83] 0.73
Deep infection 7 OR 2.52 [0.88, 7.24] 0.09
Deep vein thrombosis 6 OR 0.64 [0.22, 1.85] 0.41
Sural nerve injury 4 OR 5.07 [1.60, 16.07] 0.006*

Total 10 OR 1.35 [0.96, 1.90] 0.08

Our initial electronic search results yielded 354 studies that matched the search keyword algorithm 
in the three major databases. The duplication removal process resulted in a total of 292 studies. 
The remaining studies were then screened by title and abstracts that had conformity to the inclusion 
and exclusion criteria. Twelve studies qualified and are included in the meta-analysis (Fig. 1).

The assessment risk of bias was done according to Cochrane risk of bias tool by conducting data 
of each included study to the RevMan 5.4.1 computer program. Out of the 12 studies, seven were 
found to have a high risk of bias due to various reasons. Three studies were found with a high risk 
of performance bias where these studies were not double-blinded. Furthermore, four studies were 
found with a high risk of detection bias where blinding of outcome was failed to be performed or was 
not mentioned in the study. Unclear risk was found mostly on other bias (Fig. 2).

Figure 3 explains the publication bias depicted through the funnel plot.

Fig. 3 Funnel plot re-rupture rate illustrating the publication bias
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Functional outcome at 6 months follow-up

Hopping test at 6 months of follow-up (SMD 0.36; 95 % CI: 0.17 to 0.56; p ≤ 0.001), heel-rise 
height test (SMD 0.65; 95 % CI: 0.29 to 1.01; p ≤ 0.001), heel-rise work test (SMD 0.33; 95 % CI: 
0.09 to  0.57; p = 0.007, were significantly higher in the surgical group compared to conservative 
group. Drop counter movement jump test (SMD 0.13; 95 % CI: –0.14 to 0.41; p = 0.33), concentric 
power test (SMD 0.29; 95 % CI: –0.55 to 0.64; p = 0.1) and eccentric power test (SMD –0.10; 
95 % CI: –0.66 to 0.46; p = 0.73) at 6-month follow-up showed non-significant difference between 
the two groups (Fig. 4).

Fig. 4 Comparison of functional outcome after 6 months in surgical versus conservative group

Functional outcome at 12 months follow-up

Heel-rise work test (SMD 0.40; 95 % CI: 0.20 to 0.40; p ≤ 0.001) was found significantly higher 
in  the  surgical group compared to the conservative group. Hopping (SMD 0.06; 95 % CI: 
–0.88 to 0.76; p = 0.88), heel-rise height (SMD 0.38; 95 % CI: –0.00 to 0.76; p = 0.05), drop counter 
movement jump (SMD –0.02; 95 % CI: –0.96 to 0.92; p = 0.97), concentric power (SMD 0.33; 
95 % CI: –0.35 to 0.41; p = 0.88), and eccentric power (MD –0.13; 95 % CI: –0.84 to 0.58; p = 0.72) 
test on the other hand showed no significant difference between the two groups (Fig. 5).

Calf muscle atrophy

Results showed calf muscle atrophy (OR 0.46; 95 % CI: 0.27 to 0.79; p = 0.005) was significantly 
higher in the conservative group compared to the surgical group (Fig. 6).
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Fig. 5 Comparison of functional outcome after 12 month in surgical versus conservative group

Fig. 6 Comparison of calf muscle atrophy in surgical versus conservative group

Re-rupture rate
Results showed re-rupture rate (OR 0.34; 95 % CI: 0.20 to 0.58; p ≤ 0.001) was significantly higher 
in the conservative group compared to the surgical group (Fig. 7).
General complications
General complications (OR 1.35; 95 % CI: 0.96 to 1.90; p = 0.08) were not significantly different 
between the two groups (Fig. 8).
Complications other than general complications
Sural nerve injury rate (OR 5.07; 95 % CI: 1.60 to 16.07; p = 0.006) was found significantly higher 
in the surgical group compared to the conservative group. Neither superficial infection (OR 0.88; 
95 % CI: 0.42 to 1.83; p =  0.73), deep infection (OR 2.52; 95 % CI: 0.88 to 7.24; p = 0.09), deep vein 
thrombosis rate (OR 0.64; 95 % CI: 0.22 to 1.85; p = 0.41) (Fig. 9).
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Fig. 7 Comparison of re-rupture rate in surgical versus conservative group

Fig. 9 Comparison of complications other than general complications in surgical versus conservative group

Fig. 8 Comparison of general complications other than re-rupture in surgical versus conservative group
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Fig. 9 (continuation) Comparison of complications other than general complications in surgical versus conservative group

DISCUSSION

Assessing functional outcomes such as hopping tests, heel rise height and work, drop counter 
movement jump, and power measurements (concentric and eccentric) are important for evaluating 
recovery and performance following Achilles tendon rupture treatment.

Our study found that functional outcomes at 6-month follow-up were better in patients who underwent 
surgery compared with conservative treatment. However, there was no significant difference in functional 
outcomes after 12 months of follow-up between surgical and conservative groups. In line with previous 
study [18] which found strength, calf circumference, and functional result did not differ between surgical 
and conservative interventions.

Based on the results of our study, it can be seen that the functional outcome at 6-month follow-up 
was significantly better in the surgical group compared to the conservative group in several tests 
such as hopping test, heel rise height, heel rise work, and concentric power. However, the functional 
outcome at 12-month follow-up was only heel rise work with significantly better results 
for the surgical compared to the conservative method. This shows that conservative treatment is 
no less good than surgical treatment.

Compared to patients treated conservatively, surgical patients frequently restore hopping, heel rise 
height, heel rise work, drop counter movement jump, concentric and eccentric power more rapidly. 
Because surgery can more successfully repair tendon integrity, those who have it frequently perform 
better on early weight‑bearing after recovering. Surgical treatment also allows for faster restoration 
of explosive power in the lower extremity. This benefit is frequently brought about by the tendon's 
direct mechanical healing, which might offer more rapid stability [19].

Research suggests that when early and adequate rehabilitation protocols are followed, both surgical 
and conservative treatments can produce comparable functional outcomes. In patients receiving 
conservative treatment, there was no statistically significant difference in re-rupture, return 
to employment, or return to sports between early and late weight-bearing [20].

When early functional rehabilitation was applied in both groups, a thorough meta-analysis revealed 
no  discernible difference in hopping, heel rise height, heel rise work, drop counter movement 
jump, concentric and eccentric power test performance one year after injury between surgically 
and  conservatively treated individuals [5, 19]. While surgical repair initially improved hopping, 
heel rise work, heel rise height, and concentric performance, a study by Nilsson-Helander et al. [14]. 
Olsson et al. [15] found that at long-term follow-up, there were no significant differences between 
the surgical and conservative groups; the heel rise work test was the only area where there was 
a  significant difference, indicating that similar functional results can be obtained from both 
methods.

The re-rupture rate in this study was significantly higher in the conservative group compared 
to the surgical group. Comparatively speaking, conservative therapy for an Achilles tendon rupture is 
often linked to a higher risk of re-rupture. Through stronger healing and a lower chance of re‑rupture, 
the surgical technique seeks to restore the tendon's anatomical continuity. Surgery considerably 
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decreased the re-rupture rate when compared to conservative treatment [18, 21–24]. Less re-rupture 
rates were also noted in the surgical group, according to a study conducted by Soroceanu et al. [25].

Choosing early or later rehabilitation following either conservative or surgical treatment had 
no effect on the outcome [24, 26]. Not in line with previous studies [23] that reduced risk of rupture 
during conservative treatment as opposed to surgical treatment if both types of treatment included 
a  functional rehabilitation plan that included early range of motion. Re-rupture rates from 
the surgical method may range from 1 % to 5 %, according to the overall trend of various researchers.

While conservative treatment avoids the dangers associated with surgery, it may result in a higher 
rate of re-ruptures. In conservative treatment, functional bracing is becoming more popular since it 
can enhance results and possibly lower the rate of re-ruptures. When deciding between conservative 
and surgical method treatment patient's age, degree of activity, and coexisting conditions should all 
be taken into account.

In this study, general complications other than re-rupture were higher in the surgical group compared 
to the conservative group, but not significantly. General complications such as skin necrosis, deep 
infection, tendon lengthening, adhesion, superficial infection, disturbances of  sensibility, suture 
granuloma, and delayed wound healing were encountered. In line with previous research, the results 
of complications were higher in the surgical group compared to the conservative group [18, 22, 23]. 
However, general complications other than re-rupture in this study were not significant 
as the previous studies discovered [26].

Superficial infection in this study was higher in the conservative group compared to the surgical 
group, but not significantly. Seow et al. [24], Soroceanu et al. [25] found that the complication that 
was more frequently linked to surgical repair of Achilles tendon ruptures was superficial infection. 
After surgical repair, superficial infections are a common consequence that usually arises at the site 
of the surgical incision. Because conservative treatment involves no surgical incision, the risk 
of surface infection is typically avoided.

Deep infections in this study were higher in the surgical group compared to the conservative 
group, but not significantly. Deep infections, which can happen in the tissue around the Achilles 
tendon after surgery, are more dangerous. Deep infection can occur during surgical repair and have 
a significant influence on overall recovery and function [27].

Deep vein thrombosis in this study was higher in the conservative group compared to the surgical group 
but not significantly, in line with previous meta-analysis [21]. During the early stages of recuperation 
following surgery, immobility may result, which raises the risk of DVT. Often, preventative actions are 
done to lessen this risk. Prolonged immobility following conservative therapy, especially with casting, 
may also raise the risk of DVT.

Sural nerve injury in this study was significantly higher in the surgical group compared 
to  the  conservative group. Deficits in senses may result from complications related to injury 
to the sural nerve sustained after surgery or immobilization. When compared to certain less invasive 
methods, open repair approaches often carry a lower risk of sural nerve injury. This is mainly because 
the surgical area is more exposed and directly visible, which makes it easier for surgeons to avoid 
the nerve [13, 28]. In conservative treatment, sural nerve injury can occur because the sural nerve 
is proximal to the Achilles tendon. When using functional bracing or casting in a non-anatomical 
position it can put pressure on the sural nerve. Inadequate bracing or misalignment can further 
raise the risk of nerve damage [28, 29].

The limitations of this study are that the demographics of participants in various studies can 
also cause bias. In  addition, the surgical and conservative techniques used are diverse. Finally, 
the duration of follow-up in various studies can also cause bias.

CONCLUSION

Reduced rates of re-rupture, possibly quicker recovery for functional outcomes like hopping, heel 
rise tests are some benefits of surgical repair. Conversely, conservative treatment can yield good 
results in terms of functional outcomes and re-rupture rates in long-term follow-up, particularly 
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when  combined with  contemporary rehabilitation procedures that include functional bracing 
and early mobilization. Conservative treatment eliminates the hazards associated with surgery, such 
as nerve damage, but it may have a slightly higher chance of re-rupture and a shorter initial recovery 
of some functional outcomes. Both treatment methods are good for Achilles tendon rupture repair.
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