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Article

Introduction

The Achilles tendon is the most commonly ruptured tendon 
in the lower limb, affecting 18 in 100 000 people in the 
United States and Europe.2 When left untreated for at least 
4 weeks, these are classified as chronic or “neglected” 
Achilles tendon ruptures (CATR).14 These chronic injuries 
may cause marked impairment in gait due to gastrocnemius-
soleus complex (GSC) altered mechanics and atrophy of 
muscle over time.41 Consequently, they are best managed 
surgically.38

Numerous surgical techniques have been described to 
address CATR. Flexor hallucis longus (FHL) transfer is a 

frequently used tendon transfer technique as it fires in-
phase with the Achilles, but is associated with reduced 
plantarflexion strength of the first ray.13,20 The semitendi-
nosus tendon can be harvested as an autograft as it is a 
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Abstract
Background: As no evidence-based treatment guidelines exist for chronic Achilles tendon rupture (CATR), a systematic 
review of the literature was performed to compare the different treatment options and recommend a literature-based 
algorithm.
Methods: In June 2022, MEDLINE, Embase, and Cochrane Library databases were systematically reviewed based on the 
PRISMA guidelines. The level of evidence (LOE) and quality of evidence were evaluated, and statistics on clinical outcomes 
and complications were calculated.
Results: Twenty-seven studies with 614 patients were included. Three studies were LOE III and 25 studies were 
LOE IV. The mean Achilles tendon rupture score improved from a preoperative weighted mean of 38.8 ± 12.4 to a 
postoperative score 90.6 ± 4.7. The overall complication rate was 11.4%. Single techniques were used in 23 studies 
and dual techniques were used in 5 studies. The FHL tendon transfer was the most frequently used technique. We 
devised an algorithmic approach based on time from injury to surgical intervention and the length of the gap between 
the tendon stumps: >3 months: FHL transfer; <3 months (a) gap <2 cm, end-to-end repair; (b) gap 2 to 5 cm, 
gastrocnemius transfer, (c) gap >5 cm, semitendinosus autograft.
Conclusion: Surgical management of CATR produced improvements in patient-reported outcome scores at midterm 
follow up, but a high complication rate (11.4%) was noted. Our proposed treatment algorithm may assist in shared decision 
making for this complex problem.
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robust, strong tendon that can bridge large gaps between 
the tendon stumps.7,28 The gastrocnemius tendon is an eas-
ily accessible tendon that is in the same line of pull as the 
Achilles tendon and thus can restore normal ankle biome-
chanics.8,12 The peroneus brevis tendon is a local, strong 
graft that can be used to treat CATR but is associated with 
reduced postoperative eversion strength.31 Synthetic mate-
rials can be used to treat CATR but are associated with a 
high complication rate.18,19 Dual techniques may provide 
additional strength and stability but the requirement for 
additional incisions is associated with an increased risk of 
wound complications.10

There is discordance on the optimal surgical treatment 
for CATR. Given the prevalence of this injury, there is a 

need to determine the best in class of the surgical treatments 
described in the literature.33 We performed a systematic 
review to evaluate the clinical outcomes, level, and quality 
of evidence of the surgical techniques for CATR and pro-
posed an algorithmic approach to the treatment of CATR, 
based on current best available evidence.

Materials and Methods

Search Strategy

In June 2022, a systematic review of the MEDLINE, Embase, 
and Cochrane Library databases was performed based on the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (Figure 1).26 The PRISMA 
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Figure 1.  PRISMA diagram.
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guidelines allow for transparency with respect to the way that 
researchers conduct a systematic review or meta-analysis 
including describing the method of search, data selection, 
and data collection in the manuscript and in a flow chart.  
The following search terms were used: (((Achilles) and 
(chronic or neglected or missed) and (surgery or surgical or 
operation or repair or reconstruction or allograft or autograft 
or graft))). The inclusion and exclusion criteria are shown in 
Table 1.

We identified 2345 articles, and removing duplicates 
left 1605 articles to screen by 2 independent reviewers 
(Figure 1). A senior author was consulted to arbitrate any 
disagreements that arose. We excluded papers if there were 
fewer than 10 patients, case reports, meta-analyses, reviews 
studies, or animal studies, and were left with 28 studies 
included in our analysis.

Assessment of Level of Evidence and 
Methodological Quality

The level of evidence (LOE) was evaluated using the crite-
ria published by The Journal of Bone & Joint Surgery.34 
The methodological quality of evidence (QOE) was 
assessed using the Modified Coleman Methodology Score 
(MCMS).5 Two independent reviewers determined the 
MCMS for each study. Excellent studies had a score 
between 85 and 100 points, good studies scored between 
70 and 84 points, fair studies had a score between 55 and 
69 points, and poor studies scored less than 55 points. If 
any discrepancy existed, the senior author evaluated the 
available data and a consensus was reached.

Data Extraction and Evaluation

Two independent reviewers independently extracted and 
assessed the data from each study. Data on patient demo-
graphics and the characteristics of the surgical procedure were 
collected. Subjective outcomes, return to sports data, compli-
cations, failures, and reoperations were evaluated for individ-
ual treatments and for surgical treatment of CATR overall.

Statistical Analysis

All other statistical analyses were performed using SAS 
software, version 9.3 (SAS Institute, Inc, Cary NC). 
Descriptive statistics were calculated for all continuous 
and categorical variables. Continuous variables were 
reported as weighted mean and estimated standard devia-
tion, whereas categorical variables were reported as fre-
quencies with percentages.

Results

The search generated 2345 studies (Figure 1). Twenty-eight 
met the inclusion and exclusion criteria of this systematic 
review (Table 1). The studies were published between 2002 
and 2021 (Table 2).

Patient Demographics

From the 28 studies, 614 patients with a weighted mean age 
of 48.0 ± 9.5 (range, 30-69) years underwent surgical cor-
rection of CATR. The weighted mean time from injury to 
surgery was 26.4 ± 22.6 (range, 7.1-116) weeks. The 
weighted mean postoperative follow-up time was 52.7 ± 
38.7 (range, 24.5-195) months. The weighted mean size of 
the tendon gap was 5.8 ± 1.2 (range, 4-8.3) cm.

LOE and QOE

Three studies were LOE III and 25 studies were LOE IV. 
The mean MCMS score was 56.0 ± 4.3 of 100 points. 
Eighteen studies were fair quality and 10 studies were poor 
quality.

Overall Findings for the Surgical Treatment of 
CATR

Preoperative American Orthopaedic Foot & Ankle Society 
(AOFAS) scores increased from a weighted mean of 57.8 
± 13.1 (range, 32.6-82.8) to 94.0 ± 5.1 (range, 78.5-100) 
postoperatively. Preoperative Achilles total tendon rupture 
(ATRS) scores increased from a weighted mean of 38.8 ± 
12.4 (range, 23.3-52.3) to 90.6 ± 4.7 (range, 83-99) post-
operatively. Preoperative Tegner scores increased from a 
weighted mean of 3.0 ± 1.8 (range, 1-5.4) to 3.4 ± 1.4 
(range, 1.7-4.6) postoperatively. Preoperative visual ana-
log scale (VAS) scores decreased from a weighted mean of 
5.2 ± 3.2 (range, 2.1-6.6) to 1.2 ± 1.0 (range, 0-1.8) 
postoperatively.

The return to sport (RTS) was 84.2%.
The complication rate was 11.4%. The 2 most common 

complications include superficial wound infection and sural 
nerve hypoesthesia.

Table 1.  Inclusion and Exclusion Criteria.

Inclusion Criteria Exclusion criteria

Patients received surgical correction 
of CATR

<10 patients

Follow-up ≥24 mo Case reports
Published in a peer-reviewed journal Systematic reviews and 

meta-analyses
Written in English Review articles
  Animal studies

Abbreviation: CATR, chronic Achilles tendon rupture.
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Flexor hallucis longus tendon transfer

Seven studies performed flexor hallucis longus (FHL) ten-
don transfer on 141 patients.13,20,25,31,37,46,48 The decision to 
perform an FHL transfer was determined by the senior sur-
geon’s preference. The AOFAS score was the scoring sys-
tem that was most frequently utilized in 6 studies. The 
weighted mean preoperative AOFAS score was 54.7 ± 2.7 
(range, 52.1-57.5), and the postoperative score was 90.8 ± 
7.3 (range, 78.5-97.5). The ATRS score was used in 3 stud-
ies. The weighted mean preoperative ATRS score was 38.2 
± 20.5 (range, 23.3-52.3), and postoperative was 89.9 ± 
7.7 (range, 83-98.3).

The RTS rate was 81.8%.
The complication rate was 11.3%. The most common 

complication was surgical wound infection, which was 
observed in 11 patients (7.8%).

Semitendinosus Autograft

Six studies performed semitendinosus autografts on 111 
patients.7,28,30,31,40,45 The ATRS score was the most com-
monly utilized scoring system in 5 studies. The weighted 
mean preoperative ATRS score was 41.2 ± 9.5 (range, 
29.8-50.4), and the postoperative score was 87.7 ± 1.6 
(range, 86-89.4). The AOFAS score was used in 3 studies, 
all of which reported preoperative and postoperative 
scores. The weighted mean preoperative AOFAS score 
was 52.8 ± 20.1 (range, 32.6-70), and the postoperative 
score was 92.3 ± 2.2 (range, 90.8-95).

The RTS was 76.7%.
The complication rate was 7.2%. The most common 

complication was superficial wound infection, which was 
observed in 4 patients (3.6%).

Gastrocnemius flaps

Four studies utilized turndown gastrocnemius fascial flaps 
for 52 patients.8,12,42,44 The AOFAS score was the scoring 
system that was most frequently used in all 4 studies. The 
weighted mean preoperative AOFAS score was 48.7 ± 18.6 
(range, 33-72.6), and the postoperative score was 98.4 ± 
0.5 (range, 97.8-98.9).

The RTS rate was 100%.
The complication rate was 11.5%. Three patients (5.8%) 

developed superficial wound infections, and 3 patients 
developed wound gapping (5.8%).

Peroneus Brevis transfer

Two studies performed peroneus brevis tendon (PB) trans-
fer on 53 patients.31,32 The ATRS was utilized in both stud-
ies. The preoperative ATRS score was 51.3, and the 
weighted mean postoperative score was 91.3 ± 2.12 (range, 
89.5-92.5).

The RTS rate was 76.0%.
The complication rate was 11.3%. Complications 

included 4 superficial wound infections (7.5%) and 2 cases 
(3.6%) of hypertrophic scarring.

Synthetic Materials

Two studies utilized synthetic materials, ligament augmen-
tation and reconstruction system (LARS) and polyester 
tape, to treat CATR for 30 patients total.18,19 The Tegner 
score was the most commonly utilized scoring system in 
both studies. The preoperative weighted mean Tegner score 
was 2.6 ± 0.1 (range, 2.58-2.7), and the postoperative score 
was 1.8 ± 0.07 (range, 1.7-1.8).

The RTS rate was 100%.
The complication rate was 20.0%. The most common 

complication was superficial wound infection, which was 
observed in 4 patients (13.3%). One patient (3.3%) 
required further surgical intervention to excise tape from 
the calcaneus.

Other Techniques

Five studies reported single technique procedures that were 
not used in any of the other studies, operating on 130 
patients. These include semitendinosus tendon allograft,43 
percutaneous suturing of the tendon,24 free triceps sural 
aponeurosis,21 direct repair with scar tissue,47 and plantaris 
longus augmentation.13 The AOFAS score was the scoring 
system that was used most frequently in 4 studies. The 
weighted mean preoperative AOFAS score was 64.9 ± 16.5 
(range, 50.0-82.8), and the postoperative score was 96.5 ± 
4.1 (range, 90.6-100). The weighted mean Tegner score was 
2.5 ± 3.1 (range, 1.0-5.4) preoperatively and 4.2 ± 0.4 
(range, 4.0-4.6) postoperatively.

The RTS rate was 76.7%.
The complication rate was 10.8%. The most common 

complication was surgical wound complications, which 
was observed in 7 patients (5.4%). One patient (0.8%) 
developed septic partial tendon necrosis requiring surgical 
resection to preserve the tendon.

Dual Techniques

Five studies utilized dual techniques to treat CATR for 97 
patients. This included combining V-Y lengthening with a 
FHL transfer,10 combining V-Y lengthening with a fascia 
turndown,16 combining a turndown of the proximal, cen-
tral Achilles with a FHL tendon transfer1; combining a 
FHL transfer with a gastrocnemius recession9; and com-
bining central gastrocnemius turndown flap with semiten-
dinosus augmentation.15 The AOFAS score was the 
scoring system that was used most commonly in 4 stud-
ies. The weighted mean preoperative AOFAS score was 
63.1 ± 3.1 (range, 58.4-65.0), and the postoperative score 



Azam et al	 7

was 94.9 ± 1.3 (range, 94.0-96.9). The VAS score was 
used in 2 studies, both of which reported pre- and postop-
erative scores. The weighted mean preoperative VAS 
score was 5.2 ± 3.2 (range, 2.1-6.6), and the postopera-
tive score was 1.7 ± 0.14 (range, 1.6-1.8).

The RTS rate was 100%.
The complication rate was 14.4%. The most common 

complication was superficial wound complications, which 
was observed in 10 patients (10.3%). Three patients required 
further surgical intervention.

Discussion

The gold standard operative technique for CATR remains 
controversial because of low LOE, low QOE, and a multi-
tude of factors influencing each individual case. Several 
variables have been shown to influence outcomes, not just 
surgical technique. Chronicity, tendon gap size, gender, and 
age are all potential predictors of outcome and should be 
included in any treatment algorithm. We present a simpli-
fied algorithm with the current best available evidence and 
results from our systematic review.

The most commonly used single technique procedure to 
bridge Achilles tendon gap was the FHL tendon transfer. 
The muscle belly of the FHL is a highly vascularized region3 
and may provide increased blood supply to the Achilles ten-
don repair site, which can aid in wound tissue repair. 
Patients treated with FHL transfer reported improvement in 
subjective clinical outcome scores and had a low surgical 
wound complication rate (11.3%). However, there is con-
cern that FHL transfer reduces interphalangeal joint (IPJ) 
plantarflexion strength of the hallux.23 This review found 
that the hallux of the operated leg was weaker than the con-
tralateral leg. The loss of IPJ plantarflexion of the hallux 
diminishes push off during the stance phase.6 Nevertheless, 
a study of 19 patients conducted by Ozer et al35 found no 
statistically significant differences in lower extremity 
strength between the operated leg and the healthy contralat-
eral leg (P > .05). Thus, although IPJ plantarflexion may be 
reduced, overall function might not be impacted. The mean 
delay to treatment was 40 weeks, and considering all 
patients returned to preinjury daily activities, FHL tendon 
transfers can be considered an appropriate technique for 
considerably delayed cases.35

Six studies utilized a semitendinosus tendon autograft. 
This can be harvested safely, quickly, has a low donor site 
morbidity,36 and is less technically demanding than harvest-
ing of other tendons.28 Additionally, the length of the semi-
tendinosus graft allows it to bridge larger Achilles tendon 
defects.11,29 This review found that patients who underwent 
semitendinosus tendon autograft had good functional out-
comes at midterm follow-up and the lowest complication 
rate (7.2%). In cases with a tendon gap greater than 6 cm, 
this technique showed statistical significance in terms of 

clinical outcomes (P < .05).40 One study in this review used 
a semitendinosus tendon allograft.43 The semitendinosus 
allograft has similar beneficial properties to an autograft, 
without the risks associated with donor site morbidity. 
However, the relatively few number of studies with ade-
quate sample sizes and follow-up times, together with the 
potential risks of creep, disease transmission, immunogenic 
response, cost, and poor incorporation of the graft into the 
host tissue, reduces our enthusiasm for routine use of this 
procedure.

Four studies reported outcomes following the use of 
gastrocnemius turndown fascial flaps. This procedure uses 
a strong, local graft fashioned from the proximal tendon 
stumps to fill the length of the defect. The graft is in the 
same line of pull as the original tendon, which aims to 
restore normal ankle biomechanics.7 The lower skin and 
wound complication rate in this group is in part due to local 
anatomy. The fascia cruris is linked to the underlying 
paratenon from which the Achilles tendon receives its 
blood supply. In addition, the fascia provides stability to 
the overlying skin and optimizes perfusion by maintaining 
arteriole tension. A low bulk graft from the gastrocnemius 
facilitates closure of the fascia compared to a bulky recon-
struction. This preserves normal tension, thus avoiding a 
potential blood supply reduction to the underlying recon-
struction and skin, reducing the chance of wound break-
down.44 Patients reported good postoperative strength, heel 
raise, and high return to play rates at final follow-up among 
this cohort. This demonstrated that gastrocnemius turn-
down fascial flaps are good options for gaps where end-to-
end repair is not possible, but within reach of fascial 
turndown reconstruction to maintain a functional gastroc-
nemius-soleus complex.

Two studies used PB tendon transfer. The PB tendon is 
responsible for 28% of the eversion capacity of the hindfoot,4 
and patients in this review were found to have weakened 
postoperative eversion strength compared to the contralateral 
ankle and reported a relatively low RTS rate of 76.0%. This 
suggests that PB tendon transfer may not be suitable for ath-
letes nor patients with chronic ankle instability.

Synthetic materials were used in 2 studies. Ibrahim et al18 
performed LARS and Jennings et al19 used polyester tape on 
their respective patient cohorts. Although patients reported 
good functional outcomes, a high complication rate (20.0%) 
due to superficial wound infection was observed, calling into 
question the safety of these procedures.

Five studies used dual techniques. Combining tech-
niques may provide additional support and strength to the 
tendon, exhibited by the improvement in postoperative 
plantarflexion strength. However, using multiple techniques 
may increase the number and length of incisions, exposing 
patients to a greater risk of wound complications, as evident 
by the high wound complication rate (14.4%). The ability to 
determine superiority between single technique and dual 
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technique procedures cannot be reached in this review 
because of the marked heterogeneity and the poor quality of 
evidence in the included studies.

This current review found that surgical management of 
CATR is associated with relatively high complication rates 
across surgical interventions (11.4%). There are several 
reasons that could account for the concerning level of 
wound complications. Many patients had risk factors asso-
ciated with poor wound healing, including corticosteroid 
use, diabetes, hypertension, and smoking. One study found 
that all patients who were smokers experienced postopera-
tive wound complications.25 Interestingly, some studies 
excluded patients with these risk factors from their final 
cohorts,10,46 which may give an inaccurate representation 
of the true surgical wound complication rate. Furthermore, 
the ruptured tendon site is often poorly vascularized ini-
tially, which may predispose patients to wound necrosis 
and dehiscence.27 Many studies employed open surgical 
techniques, which are inherently associated with a higher 
incidence of surgical wound complications compared to 
minimally invasive techniques. Interestingly, for the 4 
studies using endoscopic techniques, there were only 3 
complications (4.1%),7,16,17,48 suggesting that patients that 
underwent minimally invasive repair of CATR may be 
more resistant to wound breakdown. However, this review 
cannot justify the use of endoscopic treatment for CATR in 
lieu of more invasive procedures because of the discrepan-
cies in surgical techniques between 4 studies, the small 
sample sizes and the poor quality of evidence. After evalu-
ating the different techniques for CATR we are proposing 
an algorithm that simplifies decision making for the treat-
ment of chronic Achilles tendon ruptures with the current 
available evidence (Figure 2). This algorithm was devised 

using the most robust available basic science evidence, 
available clinical evidence, and the experience of the senior 
author.

To our knowledge, no other study has taken into consid-
eration how the biology of the GSC responds after that 
period of time. We divide our algorithm based on the time 
in which fatty muscle infiltration and decreased soleus mus-
cle volume causes GSC impairment as shown by isokinetic 
peak torque deficits in the calf muscle and reduced plantar 
flexion strength. Three months has been the reported cut-off 
for these effects to occur.17 We avoid using dual techniques 
due to an approximate 3% increased risk of wound compli-
cations compared to single techniques.

For CATR of less than 3 months with a tendon gap <2 cm, 
end-to-end repair is recommended with a Krackow tech-
nique as it has the highest tensile strength.39 For gaps 
between 2 and 5 cm, a low bulk flap from the gastrocnemius 
provides a strong, easily accessible augmentation in the 
same line of pull as the original tendon restoring the ankle 
biomechanics. For gaps >5 cm, a semitendinosus autograft 
should be considered, as it showed in this systematic review 
high weighted mean postoperative scores of 92.3 ± 2.2 for 
AOFAS and 87.7 ± 1.6 for ATRS, as well as a low compli-
cation rate of 7.2%, and the advantage of the graft length to 
bridge larger Achilles tendon defects.

For CATR of more than 3 months, an FHL transfer is the 
author’s preferred technique as it addresses substitution and 
augmentation of the atrophied Achilles tendon.22,35 After 3 
months, there is a compensatory hypertrophy of the FHL 
muscle to overcome the GSC deficiency. Because of the 
vascularity of the FHL muscle, it can compensate to achieve 
concentric and eccentric contraction strength comparable to 
the nonoperated side.35

Figure 2.  Chronic Achilles tendon rupture surgical management.
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Limitations

This systematic review has several inherent limitations and/
or potential biases. There was significant heterogeneity and 
inconsistency in the reporting of data with respect to surgi-
cal techniques, measurement methods, and postoperative 
outcome measurements between the included studies, limit-
ing any meaningful cross-sectional analysis. Ten different 
subjective scoring tools were reported in the included stud-
ies (Table 3). In addition, the time between the initial injury 
and operative treatment varied considerably between stud-
ies, with a weighted mean time of 26.4 ± 22.6 weeks. RTS 
was not widely reported across studies and our results may 
be a product of sampling and should be interpreted with 
caution. The criterion was limited to MEDLINE, Embase, 
and Cochrane Library Database articles published in 
English. Finally, the LOE of the included studies was graded 
as low with poor QOE.

Conclusion

Surgical management of CATR produced improvements in 
patient-reported outcome scores at midterm follow up, but a 
relatively high overall complication rate of 11.4% was 
noted. This systematic review found that no evidence-based 
treatment guidelines exist for CATR. The literature in this 
review consists mostly of studies of “fair” quality, with 
some of “poor” quality. Thus, future studies of higher QOE 
and LOE with improved data reporting and focused on spe-
cific risk factors are warranted to determine in which cases 
a particular technique would be suitable for CATR. We 
therefore proposed an algorithmic approach based on the 
current literature to aid in surgical planning and discussions 
for CATR.
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