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52 years (range 26–76 years). In the group of patients with 
PTC, the median overall Thermann score was 94 (range 
68–100) and the median overall AOFAS score was 97 (range 
85–100). In the group of patients without PTC, the median 
overall Thermann score was 88.5 (range 60–100) and the 
median overall AOFAS score was 97 (range 85–100). No 
significant differences were detected between the group of 
patients with PTC and the group of patients without PTC and 
the clinical outcome according to the Thermann (p = 0.21) 
and the AOFAS scores (p = 0.37). None of the patients with 
PTC sustained a re-rupture. The overall re-rupture rate was 
4.9%. PTC was no risk factor for wound and neurological 
complications.
Conclusion The incidence of PTC after percutane-
ous Achilles tendon repair was 11.1%. Male gender and 
advanced age seem to be risk factors for PTC. In this study, 
PTC had no negative impact on the postoperative clinical 
outcome.

Keywords Achilles tendon · Rupture · Repair · 
Percutaneous · Calcification

Introduction

Rupture of the Achilles tendon is a common injury in active 
individuals. In general, it occurs in male patients between 
the third and fifth decade participating in recreational sports. 
The treatment of acute Achilles tendon rupture is still dis-
cussed controversially [1–10]. With operative treatment, 
lower re-rupture rates can be achieved compared to con-
servative treatment, but it is associated with higher risks of 
other complications such as wound infections [3, 5, 6].

Since Ma and Griffith [11] first described a percutaneous 
surgical technique for the Achilles tendon repair in 1977 
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repair. Therefore, the aim of this study was to analyze these 
relevant aspects.
Materials and methods Between March 2003 and Novem-
ber 2010, a total of 126 patients with an acute, complete 
Achilles tendon rupture were treated with a percutaneous 
technique according to Ma and Griffith at a single university-
based trauma department. The follow-up included a detailed 
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several study groups have investigated the benefits of it and 
modified the original technique. In contrast to open repair of 
the Achilles tendon, percutaneous procedures have a lower 
complication rate. However, the main complications are 
higher re-rupture rates compared to open procedures and 
sural nerve injury [12–14].

In a previous study, Bleakney et al. [15] described post-
operative tendon calcification (PTC) in 14% after percuta-
neous Achilles tendon repair. However, the authors did not 
analyze the correlation between PTC and the postoperative 
functional outcome. Kraus et al. [16] assessed the effect of 
PTC after open repair of the Achilles tendon in 36 patients 
and demonstrated that patients with PTC had a poor func-
tional outcome.

To our knowledge, no study has yet investigated the effect 
of PTC after percutaneous Achilles tendon repair on the 
functional outcome. The objective of the present study was 
to assess the incidence of PTC and their relationship to the 
postoperative clinical outcome. Furthermore, this systematic 
analysis included a search for potential risk factors that lead 
to PTC after percutaneous Achilles tendon repair.

Materials and methods

Between March 2003 and November 2010, a total of 126 
patients (108 men, 18 women) with a complete Achilles ten-
don rupture have been treated at a single university-based 
trauma department with a percutaneous technique according 
to Ma and Griffith. The study population was selected on the 
basis of all medical charts and documentation. All patients 
were enrolled consecutively.

The following patient exclusion criteria (see Table 1) 
were used: partial Achilles tendon lesion, previous Achilles 
tendon disease, Achilles tendon calcification in pre-operative 
ultrasound examination and missing documented pre-opera-
tive ultrasound examination.

The initial clinical routine diagnosis of complete Achilles 
tendon rupture was made on the basis of history and clinical 
examination (Thompson sign, hyperdorsiflexion sign, pal-
pable tendon gap). The diagnosis was confirmed by sono-
graphic examination (Siemens SonoLine 13.5 MHz linear 
head) in all patients in order to determine tendon approxi-
mation via plantar flexion. A lateral radiograph of the ankle 

was performed to exclude coincident bony avulsion injuries 
and calcifications.

In the complete study population (n = 126), the majority 
of ruptures were sustained during sporting activities (n = 92, 
73%) and a small proportion occurred during other activities 
(n = 34, 27%). The median time between trauma and opera-
tion was 5 days (range 0–17 days). The median duration of 
the operation was 18 min (range 6–39 min, missing data in 
four cases). The median time of hospitalization was 4 days 
(range 0–16, missing data in one case).

81 patients were available for follow-up examina-
tion including 65 men and 16 women with a median age 
of 46  years at the time of injury (range 24–76  years). 
The median time of follow-up was 64  months (range 
15–110 months).

Operative treatment

All operations were performed in the presence of a senior 
attending surgeon or by themselves in a percutaneous tech-
nique according to Ma and Griffith [11]. The operation was 
done under general anesthesia in prone position without a 
tourniquet. Two 2 cm longitudinal, dorsi-medial and dorsi-
lateral incisions were made at a distance of approximately 
3–4 cm cranial of the palpable defect that marks the tendon 
rupture while the lateral incision had a strong topographic 
relation to the sural nerve. The lower leg fascia was dis-
sected without opening the peritendon. A medial and a lat-
eral incision marginal above the footprint of the Achilles 
tendon were performed to reconstruct the ruptured Achilles 
tendon using a PDS cord (0.7 mm, Ethicon GmbH, Norder-
stedt, Germany).

Rehabilitation program

The patient’s foot was immobilized in a functional boot with 
a 15° heel wedge (VACOped, OPED, Oberlaindern, Ger-
many) for 4 weeks. Afterwards, the heel wedge was removed 
so that the foot was placed in neutral position for another 
2 weeks allowing simultaneous increased weight bearing. 
After 6 weeks, the functional boot was removed. A 1 cm heel 
lift for another 12 weeks was used to reduce Achilles tendon 
tension. As a part of the standardized aftercare all patients 
received diclofenac as pain medication for at least 7 days.

Measurement of the clinical outcome

The clinical outcome after Achilles tendon repair was 
assessed with the Thermann score and the Ankle Hindfoot 
Scale developed by the American Foot and Ankle Society 
(AOFAS). In addition, we documented postoperative wound 
complications, neurological complications, re-ruptures, the 
presence of PTC, and internal disease if present.

Table 1  List of exclusion criteria

Exclusion criteria

Partial Achilles tendon lesion
Previous Achilles tendon disease
Achilles tendon calcification in pre-operative ultrasound examination
Missing documented pre-operative ultrasound examination
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The Achilles tendon was examined at the last follow-up 
by ultrasound including the entire tendon from the calca-
neus to the muscular transition of the triceps surae muscle in 
two planes. Calcifications were identified as hyperechogenic 
structures with acoustical shadows and their largest diameter 
was measured. In case of more than one PTC lesion within 
one Achilles tendon, we used the largest one for the calcu-
lation of the median PTC size within the complete group 
of PTC-positive patients. Additionally, the Achilles tendon 
diameter was measured in both planes 3 cm above the foot-
print on each side according to previous publications [15]. 
Figure 1 shows an example of a calcification of the Achilles 
tendon in ultrasonography.

Statistical analysis

The study population was divided into two groups. Patients 
with PTC were enrolled into group I, and patients without 
PTC were enrolled into group II. Measured data was trans-
ferred into the software package JMP (SAS Institute Inc., 
JMP, Version 12.2.0, Cary, NC, USA) to perform statistical 
analysis. Data were screened for normality of distribution 
applying Shapiro–Wilk W test. Descriptive statistics were 
carried out to calculate the medians and ranges. Wilcoxon 
test was used to identify significant differences between the 
group of patients with PTC and the group of patients without 
PTC according to the Thermann and the AOFAS score. A 
p < 0.05 was considered statistically significant.

Results

Nine of 81 patients who were available for follow-up exami-
nation developed PTC (11.1%). Three patients had one PTC 
lesion, two patients had two PTC lesions and one patient had 
three PTC lesions. In three PTC-positive patients, the size 
measurement was missing. The patients with PTC (n = 9) 
were enrolled into group I. All patients with PTC were male 
with a median age of 52 years (range 26–76 years). The size 
measurements revealed calcifications with a median size of 
5.3 mm (range 2.0–14.5 mm). Three patients with PTC suf-
fered from hyperuricemia (33%), three from hypercholester-
inemia (33%), two from arterial hypertension (22%), one 
from type two diabetes mellitus (11%), one from coronary 
heart disease (11%), one from carotid artery stenosis (11%) 
and one patient had a stroke in the medical history (11%). 
The patients were assessed positive for hyperuricemia and 
hypercholesterinemia when they were under medication for 
these diseases. Table 2 shows the patients’ characteristics 
of the overall study population as well as of the subgroups. 
In group I, the median subjective Thermann score was 41 
(range 32–45), the median objective Thermann score was 53 
(range 36–55) and the median overall Thermann score was 
94 (range 68–100). The median overall AOFAS score was 
97 (range 85–100).

Group II included 72 patients without any signs of PTC 
(56 men, 16 women). The median age of the patients was 
46 years (range 24–70 years). The most common internal 
diseases within this group were hypercholesterinemia (ten 
patients, 14%), hyperuricemia (seven patients, 10%), arterial 
hypertension (five patients, 7%) and type two diabetes mel-
litus (four patients, 6%). Within this group, the median sub-
jective Thermann score was 41 (range 32–45), the median 
objective Thermann score was 47 (range 28–55) and the 
median overall Thermann score was 88.5 (range 60–100). 
The median overall AOFAS score was 97 (range 85–100). 
Tables 3 and 4 show the clinical results according to the 
Thermann score and the AOFAS score with absolute fre-
quencies of group I and group II.

Significant differences were not detected between group 
I (with PTC) and group II (without PTC) according to the 
median subjective Thermann score (p = 0.91), the median 
objective Thermann score (p = 0.19) and the median overall 
Thermann score (p = 0.21), as well as the median overall 
AOFAS score (p = 0.37) (see Tables 5, 6).

Wound complications after percutaneous Achilles ten-
don repair such as infection, suture granuloma, hematoma 
and wound dehiscence occurred in nine patients within the 
patient population available for follow-up (n = 81, 0 in group 
I vs. 9 in group II). At the time of follow-up, 13 patients 
reported to have dysesthesia in the sural nerve area of the 
operated foot (1 in group I vs. 12 in group II). Re-ruptures 
occurred in four patients in the population available for 

Fig. 1  Calcification of the Achilles tendon with acoustical shadow in 
ultrasonography
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follow-up. None of them had PTC. Table 7 shows the fre-
quency of postoperative complications within both groups.

Discussion

The treatment options for Achilles tendon rupture consist of 
conservative treatment, open repair with or without augmen-
tation, and percutaneous minimal invasive repair. To our best 
knowledge, this is the first study investigating the incidence 
and impact of PTC after percutaneous Achilles tendon repair 
including the analysis of risk factors. Our study revealed a 
PTC incidence of 11.1% with a standardized postoperative 
aftercare and medication. All patients with PTC were male 
with a median age of 52 years. Hyperuricemia and hyper-
cholesterinemia were more common within group I (33 vs. 
10%, 33 vs. 14%).

The results suggest a correlation between PTC and male 
gender as well as with advanced age. In addition, the present 
study highlights hyperuricemia and hypercholesterinemia as 
potential risk factors for PTC. Studies correlating PTC with 
internal diseases after percutaneous repair are still unavail-
able, so that further investigations are necessary.

The incidence of PTC in the present study was similar to 
the published results of Bleakney et al. [15]. They found ten-
don calcification in ten of 70 patients with a rupture of the 
Achilles tendon. In this study the patients had been treated 
conservatively, with open or percutaneous repair. Kraus 
et al. reported a rate of 28% of peri- and intratendinous 

calcifications after open Achilles tendon repair within a 
study population of 36 patients. Further, they found that 
patients with peri- and intratendinous calcifications lager 
than 10 mm had a poor functional outcome. An analysis of 
104 patients who had open Achilles tendon repair by Ate-
schrang et al. found PTC in 14.4% of the patients. According 
to the Thermann score, negative effects were not detected on 
the clinical outcome [17]. In a study with 101 patients who 
had surgery for Achilles tendon rupture, Leppilahti et al. 
found intratendinous calcifications in 62% of the cases by 
ultrasonography [18].

In our study, the occurrence of PTC after percutaneous 
Achilles tendon repair had no influence on the clinical out-
come. Significant differences were not detected between 
group I (with PTC) and group II (without PTC) according 
to the Thermann and the AOFAS scores.

We found an average PTC size of 5.3 mm within group 
I, whereby only one was larger than 10 mm. The relatively 
small size could be the reason for the nearly equal clinical 
outcome within group I (with PTC) compared to group II 
(without PTC). In the study of Kraus et al. only patients 
with a tendon calcification larger than 10 mm demonstrated 
relevantly impaired outcomes. To our knowledge, further 
experiences about tendon calcification after percutaneous 
Achilles tendon repair are not yet available.

The PTC rate in our study was lower compared to the 
rates reported by Kraus et  al. with 28% and Leppilahti 
et al. with 62%. It is possible that the regular administra-
tion of diclofenac for at least 7 days postoperatively could 

Table 2  Patients’ 
characteristics within the 
group of PTC-positive patients 
(group I, n = 9), PTC-negative 
patients (group II, n = 72) and 
the complete study population 
(n = 81)

Group I (n = 9) Group II (n = 72) Overall (n = 81)

Median age (years) 52 (range 26–76) 46 (range 24–70) 46 (range 24–76)
Gender distribution (male/female) 9/0 56/16 65/16
Comorbidities
 Hypercholesterinemia 3 10 13
 Hyperuricemia 3 7 10
 Arterial hypertension 2 5 7
 Type two diabetes mellitus 1 4 5
 Coronary heart disease 1 1 2
 Rheumatism 0 2 2
 Nephrolithiasis 0 2 2
 Cancer 0 2 2
 Chronic inflammatory bowel disease 0 2 2
 Hypothyreosis 0 2 2
 Kidney insufficiency 0 1 1
 Carotid artery stenosis 1 0 1
 Status post stroke 1 0 1
 Gout 0 1 1
 Status post borreliosis 0 1 1

Side of rupture (right/left/both) 2/7/0 42/29/1 44/36/1
Median follow‑up (months) 70 (range 15–107) 60 (range 16–110) 64 (range 15–110)
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be a reason for the lower incidence and smaller extent of 
PTC. Diclofenac is a non-selective anti-inflammatory drugs 
(NSAID). Non-selective NSAIDs inhibit both isoforms of 
the cyclooxygenase (COX-1 and COX-2), which is the first 
enzyme in the prostaglandin synthetic pathway. At the site of 
injury prostaglandins mediate inflammation and pain. After 
a tendon injury or surgery, NSAIDs influence the tendon cell 
proliferation and the fibroblast collagen synthesis and they 
as well decrease the adhesion formation after the injury [19]. 
Further, previous studies reported an anti-calcifying effect 
of NSAIDs in the tendon healing [20].

Beyond that, many details of the influence of NSAIDs on 
the healing of injured tendons are not fully understood [21]. 
In a recent review by Chen et al. among others three animal 
studies dealing with the influence of NSAIDs on the heal-
ing of the Achilles tendon were included [22]. The results 
were inconsistent. Forslund et al. found that indomethacin 
and celecoxib can improve the healing of injured Achilles 
tendons in rats [23]. Whereas, Thomas et al. found that indo-
methacin had no influence on the tendon healing in rabbits 
[24]. Parecoxib and indomethacin had a negative influence 
on the tendon healing in rats concerning different parameters 
such as tensile strength or transverse and sagittal tendon 
diameter in the study by Dimmen et al. [25]. Chen et al. 
concluded that there is insufficient evidence of a detrimental 
effect of NSAIDs in soft tissue healing.

No clinical trial has yet investigated the effect of 
diclofenac on the human Achilles tendon healing. This 
aspect should be a subject for future trials. Further, many 
efforts have been done to improve healing by usage of dif-
ferent growth factors, bone morphogenetic proteins and bone 
marrow aspirate [10].

Re-ruptures of the Achilles tendon occurred in four 
patients (4.9%). In none of them, PTC was detected. PTC 
was no risk factor for a re-rupture of the Achilles tendon. 
Our overall re-rupture rate was comparable to other studies 

Table 3  Clinical postoperative results according to the Thermann 
score with absolute frequencies within group I (with PTC) and group 
II (without PTC)

Points Group I 
(n = 9)

Group II 
(n = 72)

Subjective part
 Pain
  None 10 8 56
  At maximum strain 8 1 16
  At normal strain 3 0 0
  At low strain 2 0 0

 Subjective strength reduction
  None 10 4 39
  At maximum strain 8 5 32
  At normal strain 3 0 1
  At low strain 2 0 0

 Sports activity
  Full rehabilitation 10 4 33
  Low loss of activity 8 4 37
  Satisfying sports activity or 

change of sports discipline
6 1 2

  Limited sports ability 2 0 0
 Sensitivity to weather
  Negative 5 8 59
  Positive 0 1 13

 Subjective assessment of treatment
  Very good 10 4 46
  Good 8 5 24
  Satisfying 6 0 2
  Unsatisfying 2 0 0

Objective part
 Dorsal flexion deficit
  None 10 8 55
  5° deficit 5 1 13
  6–10° deficit 1 0 4
  > 10° deficit 0 0 0

 Plantar flexion deficit
  None 10 8 54
  5° deficit 5 1 13
  6–10° deficit 1 0 5
  > 10° deficit 0 0 0

 Calf circumference in comparison to the uninjured side (cm)
  None 10 6 20
  < 1 5 1 31
  < 2 3 0 19
  > 2 0 2 2

 Thompson test
  Negative 5 72 9
  Positive 0 0 0

 Tip toe stand
  Safe for 1 min 10 7 71
  Unsafe for about 10 s 5 2 1

  Hint 1 0 0

Table 3  (continued)

Points Group I 
(n = 9)

Group II 
(n = 72)

  None 0 0 0
 Force measurement in percent of the contralateral side (%)
  95–100 10 5 30
  85–94 8 2 24
  75–84 6 2 18
  65–74 2 0 0

Results
 Very good 90–100 6 29
 Good 80–89 1 30
 Satisfying 70–79 1 10
 Unsatisfying 60–69 1 3
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[3, 6, 26]. Concerning postoperative wound complications 
and neurological complications our results were comparable 
to other reports [3, 6, 26]. Further, PTC was no risk factor 
for wound and neurological complications.

Patients were enrolled into the study over a period of 
over 7 years. A standardized follow-up-examination was 

performed in all patients included into the study. The 
wide range of follow-up time is the result of the long time 
of enrollment.  The follow-up was similar in both groups 
of patients (PTC-positive patients 70 months (range 
15–107 months) vs. PTC-negative patients 64 months 
(range 15–110 months)).

Table 4  Clinical postoperative results according to the AOFAS score with absolute frequencies within group I (with PTC) and group II (without 
PTC)

Points Group I 
(n = 9)

Group II 
(n = 72)

Pain
 None 40 8 61
 Mild, occasional 30 1 11
 Moderate, daily 20 0 0
 Severe, almost always present 0 0 0

Function
 Activity limitations, support requirement
  No limitations, no support 10 3 26
  No limitation of daily activities, limitation of recreational activities, no support 7 6 46
  Limited daily and recreational activities, cane 4 0 0
  Severe limitations of daily and recreational activities, walker, crutches, wheelchair, brace 0 0 0

 Maximum walking distance (blocks)
  > 6 5 9 72
  4–6 4 0 0
  1–3 2 0 0
  < 1 0 0 0

 Walking surfaces
  No difficulty on any surface 5 5 60
  Some difficulty on uneven terrain, stairs, inclines, ladders 3 4 12
  Severe difficulty on uneven terrain, stairs, inclines, ladders 0 0 0

 Gait abnormality
  None, slight 8 8 72
  Obvious 4 1 0
  Marked 0 0 0

 Sagittal motion (flexion plus extension)
  Normal or mild restriction (≥ 30°) 8 9 72
  Moderate restriction (15°–29°) 4 0 0
  Severe restriction (< 15°) 0 0 0

 Hindfoot motion (inversion plus eversion)
  Normal or mild restriction (75–100% normal) 6 9 70
  Moderate restriction (25–74% normal) 3 0 2
  Severe restriction (< 25% normal) 0 0 0

 Ankle–hindfoot stability (anteroposterior, varus–valgus)
  Stable 8 9 72
  Definitely unstable 0 0 0

Alignment
 Good, plantigrade foot, ankle–hindfoot well aligned 10 8 70
 Fair, plantigrade foot, some degree of ankle–hindfoot malalignment observed, no symptoms 5 1 2
 Poor, nonplantigrade foot, severe malalignment, symptoms 0 0 0
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Conclusion

PTC after percutaneous Achilles tendon repair seems to 
be gender- and age related. Especially, male individuals 
seem to be at risk to develop PTC. Furthermore, advanced 
age seems to be associated with a higher risk for PTC. 
Hyperuricemia and hypercholesterinemia could be risk 
factors for PTC. In the present study, PTC had no nega-
tive influence on the clinical postoperative outcome. The 
perioperative NSAID administration could influence the 
incidence and diameter of PTC and should be investigated 
via further trials.
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Re-rupture 0 4
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