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Retrospective Comparative Study between Open and Modified
Ultrasound-guided Percutaneous Achilles Tendon Repair
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A b s t r ac t
Introduction: To compare the outcomes between the percutaneous repair technique of the Achilles tendon rupture with the open repair
technique.
Materials and methods: A retrospective review of patients with complete Achilles tendon rupture managed surgically in our institution from
January 2015 to June 2019. Group I consisted of patients managed with the percutaneous repair technique. Group II consisted of patients
managed with the open technique. Clinical outcomes including re-rupture, wound infection, and pain control were compared.
Results: Fifty-two patients were included in the study with 22 patients allocated into group I and 30 patients allocated to group II. The mean
age of group I was 41.2 (range 21–78, SD 16.097). The mean follow-up time was 38.4 months (range 14–55 months, SDV 12.738). The mean age
of group II was 48.8 (range 27–80, SDV 14.938). At postoperative 1 year, there was no statistical difference in the range of motion. Among the
patients in group I, the mean numeral pain rating scale (NPRS) was statistically lower than that of the patients in group II. There was no wound
infection, sural nerve injury, or re-rupture in group I. Two patients in group II developed postoperative wound infection. One of them had been
complicated with the re-rupture of the repaired Achilles tendon.
Conclusion: The percutaneous repair technique is a reasonable treatment option for ruptured Achilles tendon, with a satisfactory medium-term
outcome comparable, if not better, than the traditional open repair technique.
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I n t r o d u c t i o n
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Achilles tendon rupture is one of the most common injuries in
the foot and ankle region. Although it is a common sporting
injury affecting patients in their relative “prime” age for sports
between 30 and 50,1,2 considerable controversies still exist over
the management options. It is well accepted that open surgical
repair is associated with a lower risk of re-rupture, ranging from
1.4 to 2.8%,1,3 as opposed to the higher risk of re-rupture with
conservative management.4 However, the downside is a higher
risk of complications including wound infection and necrosis.4,5
Percutaneous repair of the Achilles tendon, first described
by Ma and Griffith, 6 offers a minimally invasive solution to
repair the tendon. Several studies have shown that a modified
version of the technique described by the original authors had
significantly increased the biomechanical strength of the repair,7,8
with satisfactory functional outcome.9,10 Though not frequently
encountered, sural nerve injury is an important complication of
the percutaneous method. We have therefore introduced the use
of intraoperative ultrasonography to lower the risk of sural nerve
injury.
The purpose of this study was to compare the outcomes of this
modified percutaneous repair technique with that of the traditional
open repair of the Achilles tendon. We hypothesized that the
percutaneous technique would achieve a comparable outcome,
with fewer wound complications.

M at e r ia l s

and

M e t h o d s

A retrospective analysis of patients with complete rupture of
Achilles tendon managed surgically from January 2015 to June
2019 in our institution. The inclusion criteria were (1) a closed
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complete Achilles tendon rupture; (2) an acute injury that occurred
<7 days before the surgery; (3) a rupture over the tendinous part
of the tendon with at least 3 cm distal stump; and (4) patients who
provided informed consent.
Exclusion criteria included (1) previous surgical procedures or
history of rupture of the ipsilateral Achilles tendon; (2) history of
local injection or topical medication which may have weakened the
tendon; (3) mental incapacitation and major medical comorbidities
such as cerebrovascular accidents which may affect patient’s ability
to comply to a standardized rehabilitation regime.
The patients were divided into two cohorts. Group I consisted
of patients managed with the percutaneous repair technique.
Group II consisted of patients managed with the traditional open
technique.
The diagnosis of Achilles tendon rupture was based on the
following criteria: (1) clinically palpable gap; (2) positive Thompson
test;11 and (3) confirmation by intraoperative ultrasonography.
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S u r g i c a l P r o c e d u r e
Percutaneous Repair Technique
The procedure was performed with the patient in a prone
position without a thigh tourniquet. No prophylactic antibiotic or
antithrombotic was given. The ankle was put into 25° of plantar
flexion by a folded towel. Ultrasound examination was performed
at the theater to identify the torn site of the Achilles tendon and to
document the length of the distal stump. In addition, the location
of the sural nerve was identified with the long axis of the probe
placed over the lateral side of the calf. A cadaveric study performed
by Citak et al.12 revealed that the lateral crossing of the sural nerve
was 8.7–12.4 cm proximal to the calcaneal tuberosity, so that the
pin should not pass through the substance of the Achilles tendon
9 cm proximal to the calcaneal tuberosity.
The Achilles tendon was then repaired using the modified
technique, aiming at a cross-configuration of sutures at both
the proximal and distal stumps. A heavy-duty, braided, and nonabsorbable suture was used (FiberWire–Arthrex). Figure 1 shows
the individual numbering of the percutaneous incisions. Firstly, a
suture on a beath guide pin was passed transversely through the
tendon (from incision 1 to 2), followed by a cross and diagonal suture
(from incision 2 to 3). A second pin with the suture was passed (from
incision 1 to 4). Two needles were used simultaneously, with the
first pin placed in the tendon while the second pin was passed to
avoid cutting the suture during the crossing (Fig. 2). During each
puncture with the guide pin, the ultrasound probe was placed over
the long axis of the tendon to ensure adequate placement of the
pin through the substance of the tendon. Next, the pin was brought
proximally along the subcutaneous planes (from incision 4 to 8; from
incision 3 to 7). The crossing was repeated similarly (from incision
7 to 6; incision 8 to 5) (Fig. 3). After that, the sutures were brought
extra-tendinously back distally (from incision 5 to 3; incision 6 to
4). After approximating the torn Achilles tendon, the lateral end of
the suture was passed medially (from incision 4 to 3), the suture is
tied and the knots were buried subcutaneously. Altogether only
eight small stab incisions were made.
After the repair, the approximation of the Achilles tendon was
verified by ultrasonography. Intraoperative Thompson’s test was

Fig. 1: Schematic diagram showing the numbering of the eight
percutaneous incisions
8

performed to look for plantar flexion of the foot upon squeezing
the calf.
Postoperative rehabilitation consisted of cast immobilization
in 20° of plantar flexion and non-weight bearing walking for 3
weeks, followed by heel-raise shoes and partial weight-bearing
walking for 3 weeks.

Open Technique
The procedure was performed in a prone position with a thigh
tourniquet. No prophylactic antibiotic or antithrombotic was given.
Ultrasound examination was performed at the theater to identify
the torn site of the Achilles tendon and to document the length of
the distal stump. A paramedian midline incision was made. Repair
of the Achilles tendon was done with a non-absorbable suture
(FiberWire–Arthrex) using a Krakow configuration.
Postoperative rehabilitation consisted of initial cast
immobilization and non-weight bearing walking for 3 weeks,
followed by ankle brace in plantar flexion for 3 weeks. Partial
weight-bearing walking was started from postoperative 6 weeks.
The patient was allowed to take off the brace with full weightbearing walking from postoperative 9 weeks.
All patients were followed up regularly at 3 weeks and 6 weeks
postoperatively, then 3 months, 6 months, and 1 year.
The outcome measures were functional outcomes including the
range of motion of the ankle, pain, and postoperative complications
including wound infection and tendon re-rupture.
Statistical analysis was performed using SPSS (Version 26.0). An
unpaired t-test was used to compare the demographics of the two
groups. All continuous data were expressed in terms of mean and
standard deviation (SD). The Fisher’s exact test was used to analyze
the categorical outcome of complications between the two groups.
A p value of <0.05 was taken as statistically significant.

R e s u lts
A total of 55 patients were recruited. Three patients were excluded
from the study as they had defaulted follow-up within the first
postoperative year. Fifty-two patients were included (22 patients
in group I and 30 patients in group II).

Fig. 2: The second pin was passed from incision 1 to 4. At the same
time, the first pin from incision 2 to 3 was kept in the distal stump of the
tendon to protect the suture from being cut by the incoming second pin
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Group I consisted of 22 patients with a mean age of 41.2 (range
21–78, SD 16.097). The mean follow-up time was 38.4 months (range
14–55 months, SDV 12.738). Group II consisted of 30 patients with a
mean age of 48.8 (range 27–80, SDV 14.938). There was no statistical
difference between the two groups in terms of demographic and
follow-up time (Table 1).
At postoperative 1 year, there was no statistical difference in
the range of motion of the ankle. Among the patients in group I
the mean numeral pain rating scale (NPRS) was statistically lower
than that of the patients in group II (Table 2). There was no statistical
difference in the postoperative ankle plantar flexion power.
There was no wound infection, sural nerve injury, or re-rupture
in group I. Two patients in group II were complicated with wound
infection within 3 months postoperation. Of which one patient
was managed successfully with an intravenous antibiotic. Another
patient required surgical debridement. Intraoperatively, the Achilles
tendon was found to be re-ruptured. The infection was finally
eradicated but the patient decided against surgery to repair the
torn Achilles tendon.

Fig. 3: Pin from incision 7 to 6, another pin from incision 8 to 5. Again
two pins were kept inside the tendon to avoid cutting of the sutures

D i s c u s s i o n
The ideal management option, let alone the ideal surgical
technique for the treatment of Achilles tendon rupture, still remains
controversial. Open surgical repair is the traditional surgical option
that allows surgeons to directly visualize the tendon and the
quality of the repair. In addition, the sural nerve can be identified
and protected. However, when compared with conservative
management, open surgical repair has shown a significantly
higher rate of morbidity, including wound dehiscence, infection,
and necrosis.3,13 First reported by Ma and Griffith’s in the 1970s,
percutaneous Achilles tendon repair offers a minimally invasive
option with minimal surgical dissection.
The para-Tenon is a highly vascular structure that provides an
important blood supply to the Achilles tendon.14 The percutaneous
method allows for minimal dissection of the para-Tenon and the
rupture site, and hence help to preserve the already scarce blood
supply in the mid-portion of the Achilles tendon.15
The percutaneous method has previously been put into
doubt. Some people have criticized it to be a blind method
without clear visualization of the tear site and the quality of the
repair,13 and the risk of injuring the sural nerve.16 We modified
the surgical method proposed by Cretnik et al. 9 with the
incorporation of intraoperative ultrasonography. The location of
the sural nerve was identified before the incision by placing the
long axis of the probe along the lateral side of the Achilles tendon.
The sural nerve was hence protected during the subsequent
passage of the beath pin. During each passage of the pin, the
ultrasound probe was placed along the long axis of the Achilles
tendon to ensure that that the placement of the pin was neither
too superficial nor too deep. This ensured a maximal repair
strength and avoided the cutout of the sutures by the suboptimal
placement of the sutures.
Our series of cases demonstrated satisfactory outcomes
in terms of ankle range of motion, pain scores, which are
comparable to the results in other series using the percutaneous
technique.9,13 Compared with our group of patients with open
repair, there was no statistical difference in the postoperative
range of motion and re-rupture rate. Though not statistically

Table 1: Demographic in groups I and II
Group I
Age
Male/female
FU (months)

Mean
41.2
38.4

SD
16.097
18:4
12.738

Group II
Range
21–78

Mean
48.8

14–55

40.9

SD
14.938
25:5
17.204

Range
27–80

p value
0.0861

13–66

0.427

Range
10–25
20–50
0–3
3–5

p value
0.2774
0.0676
0.0264
0.9763

Table 2: Comparison of the postoperative outcomes between groups I and II
Group I
Mean
DF (°)
18.8
PF (°)
44.6
NPRS
0.846
Ankle PF power 4.85

SD
4.160
9.233
0.801
0.376

Wound infection
Re-rupture
Sural nerve injury

Group I
0/22
0/22
0/22

Group II
Range
10–25
30-60
0–2
4–5

Mean
17.7
38.7
1.684
4.84
Group II
2/30
1/30
1/30

SD
4.568
8.307
1.108
0.376

p value
0.502
1.000
1.000
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significant, the wound infection rate was also lower for the
percutaneous repair group. Postoperative pain control was
statistically lower for the percutaneous repair group in terms
of NPRS.
The reduced wound complication and superior pain control
for the percutaneous repair could be explained by the approach of
using stab incisions, as opposed to a long longitudinal incision in the
open repair group. The percutaneous method had the advantage
of minimal disruption of the para-Tenon, which is of paramount
importance to the vascular supply and subsequent healing of the
Achilles tendon. In contrast, the para-Tenon was often incised to
approach the Achilles tendon during the open repair.
The major limitation of the study was that it had a retrospective
design with a lack of randomization. Whether the patients were
allocated to the percutaneous repair group and open repair group
was based on the individual surgeon’s preference.
Another limitation was that the cases were done by different
surgeons in our institution. Although this may result in the lack of
homogeneity in the surgical team, we believe that a good surgical
technique can be readily reproduced by different surgeons safely
and uniformly, rather than one which requires highly individualized
expertise.
In addition, with regards to postoperative calf power, we were
only able to provide such assessment using the Medical Research
Council (MRC) scale for muscle strength.17 An important objective
assessment of the Achilles tendon strength is isokinetic testing,13
but this was not available in our study due to financial and logistical
constraints.
Another major limitation of this series was the small sample size.
A strict inclusion criterion of a minimum of 1-year postoperative
follow-up was adhered to in order to investigate the medium-term
outcome of the percutaneous repair. A prospective randomized
controlled with large sample size and longer follow-up duration
would be the ideal next step to further evaluate the clinical outcome
of the percutaneous repair technique.
We were aware of many other minimally invasive techniques
for repairing the Achilles tendon in the literature. By no means, we
were saying that our percutaneous repair technique was superior
to other techniques. We aimed to demonstrate that our technique
was a reasonable option with a satisfactory clinical outcome.

C o n c lu s i o n
The percutaneous repair technique is a reasonable treatment
option for ruptured Achilles tendon, with a satisfactory mediumterm outcome comparable, if not better, than the traditional open
repair technique.
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