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Purpose: Minimally invasive percutaneous techniques offer a promising alternative to open surgical repair of the Achilles tendon.
However, the possibilities of recurrent rupture and nerve complications remain. Hence, the present study was conducted to describe
a modified repair technique for the Achilles tendon able to overcome these limitations.

Patients and Methods: This retrospective study included 36 patients with acute closed Achilles tendon rupture treated at our
institution between January 2020 and January 2022. All patients underwent surgery at our institution and were followed up for 12-25
months. Functional evaluation was based on the American Orthopedic Foot and Ankle Society (AOFAS) Ankle-Hindfoot Scale and
the Achilles tendon total rupture score (ATRS), along with local complications.

Results: None of the patients had sural nerve injury, infection or re-rupture at a minimum follow up of 12 months. At the final follow-
up, the average AOFAS ankle-hindfoot score and ATRS were 95.5 and 90.0, respectively. The final magnetic resonance imaging
showed continuity and thicker regeneration of the tendon.

Conclusion: The modified percutaneous repair of the Achilles tendon is an effective procedure which yields good functional outcome
with few complications, and it could be widely promoted in clinical practice.
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Introduction

The Achilles tendon, recognized as the strongest tendon in the human body, plays a pivotal role in facilitating movement
by connecting the calf muscles to the heel bone. This tendon endures significant stress during activities such as walking,
running, and jumping, making it susceptible to injuries, particularly ruptures. With the increased public awareness and
the rise of competitive sports, Achilles tendon rupture (ATR) has become increasingly prevalent, affecting not only
athletes but also the general population.'

The optimal treatment for acute ATR remains controversial. A multicenter, randomized, controlled trial showed that
neither open repair surgery nor minimally invasive surgery resulted in better outcomes compared to non-surgical
treatment at 12 months, but the non-surgical treatment had a higher re-rupture rate than surgical treatment (6.2% vs
0.6%).” Non-surgical management aims to facilitate natural healing of the tendon. However, the biomechanical strength
of the severed end is not guaranteed in non-surgically treated patients, functional exercise is relatively delayed, and
tendon tone might be reduced, resulting in longer rehabilitation periods that might not meet patient expectations.’
Surgical treatment can significantly increase the rate of postoperative resumption of sports activities and result in

improved ankle movement,* which includes open repair surgery and minimally invasive technique. Traditional open
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repair surgery allows for direct visualization and precise repair of the rupture but carries risks like infection, skin
necrosis, scarring, and prolonged recovery time.’

Percutaneous suturing technique, first proposed by Ma and Griffith, is a minimally invasive technique that has
functional results similar to open repair, with few soft tissue related complications.® However, the major problem with
a percutaneous suturing technique is a high incidence of re-rupture and sural nerve injury.” ® Some minimally invasive
surgeries have subsequently been developed and improved to avoid the risk of nerve injury.'®!" Although the proportion
of favorable outcomes is increasing, the possibilities of recurrent rupture and nerve complications remain.

This retrospective study described the application of a modified minimally invasive percutaneous technique for
patients with acute ATR. The aim of the study is to assess the outcomes in modified percutaneous Achilles tendon repair,
and to provide a reference for the promotion of this technique.

Patients and Methods

All data were collected from patients with acute and closed ATR who attended our hospital between January 2020 and
January 2022. This study received approval from our hospital’s ethics committee (Approval number: 2024-392-01). The
inclusion criteria were: (1) patients aged 18 years or older; (2) fresh ATR (<14 days); and (3) complete follow-up data.
The exclusion criteria included: (1) open rupture; (2) tendon insertion rupture; (3) treatment with steroid or quinolone
drugs; and (4) re-rupture. The patient flow diagram is presented in Figure 1. ATR was diagnosed by the surgeon based on
magnetic resonance imaging (MRI) and physical examination findings (Figure 2). Positive Thompson test results were
used to confirm the diagnosis of ATR, and MRI identified the precise location of the tear. All patients were followed up
through clinic visits and telephone calls with our surgeon.

Surgical Technique

The patients underwent surgery under general anesthesia and in the prone position with a thigh tourniquet. A 2- to 3-cm
median parainternal longitudinal incision was performed at the site of ATR. The proximal and distal stumps of the
Achilles tendon were exposed through the incision. An artery forceps was inserted in the space between the peritendinous
membrane and Achilles tendon to blunt dissection, facilitating insertion of the right-angle forceps.
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Figure | Flow diagram of patient enroliment.
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Figure 2 Acute Achilles tendon rupture of a 37-year-old man. (A) Appearance of Achilles tendon rupture. (B) Dorsiflexion of the injured side. (C) Plantar flexion of the
injured side. (D) Preoperative MRI showing Achilles tendon rupture.

From a point 3 cm above the lower edge of the defect, a needle loaded with a No. 1 Ethibond suture was
percutancously passed from the lateral to medial side. Then a right-angle forceps was introduced in the space between
the peritendinous membrane and Achilles tendon to pull the sutures through the incision. At a point 2 cm proximal to the
rupture site, the needle was inserted obliquely towards the initial insertion point and passed percutaneously. The suture
was drawn out again using the right-angle forceps. This process was repeated on the opposite side. The needle was
inserted at a point 2 cm proximal to the rupture site on the contralateral side, angled obliquely towards the initial exit
point. The suture was again drawn out using the right-angle clamp. Similarly, the same procedure was repeated on the
distal stump of the ruptured Achilles tendon.

After all sutures were passed through, each end of the sutures was tied with three surgical knots in a 20° plantarflexed
position of the ankle joint. The tails of the stumps were reset, and the suture knots were buried in a deeper position
underneath the peritendinous membrane to prevent irritation. A 2—0 absorbable suture was used to perform a continuous
interlocking suture at the rupture site to provide additional integrity and stability. Subsequently, the peritendinous
membrane and subcutaneous tissue were closed with a 2—0 absorbable suture and the skin incision with a 3—0 absorbable
suture. All surgeries were performed by the same senior surgeon. Figure 3 demonstrates the schematic diagrams of the
modified minimally invasive percutaneous technique for the ATR. The procedure performed in a 37-year-old man is
shown in Figure 4.

Postoperative Rehabilitation and Follow-up

A polymer short leg cast in 20° of plantar flexion was applied, with weight-bearing restricted for 4 weeks. 4 weeks after
surgery, the Achilles tendon shoe with adjustable range of motion was applied, the fixed angle of the ankle was gradually
reduced by approximately 5° per week until it was adjusted to a neutral position at 8 weeks, and the shoe was removed.
Then, the subjects could perform weight-bearing and daily activities. After 12 weeks, the subjects could gradually return
to light sports activities.

All patients were followed up regularly for 12-25 months (mean:13.1 months). The operation time and the average
postoperative hospital stay were recorded. During follow-up, physical examination was conducted, and the sural nerve
sensation was assessed to determine the presence of any injury. The occurrence of complications, such as infection, re-
rupture, and sural nerve injury, was documented. At 6 months after surgery, MRI scans of the ankle were obtained to
visually evaluate the healing of the Achilles tendon. Clinical results were evaluated using the American Orthopaedic Foot
and Ankle Society (AOFAS) ankle-hindfoot functional score and the Achilles Tendon Total Rupture Score (ATRS).'*!?
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Figure 3 Schematic diagrams of the modified minimally invasive percutaneous technique. (A) The suture is passed from the lateral to medial side. (B) The right-angle
forceps is introduced in the space between the peritendinous membrane and Achilles tendon to pull the suture through the incision. (C) The suture is inserted obliquely
towards the initial insertion point and drawn out using the right-angle forceps. (D) The same procedure is repeated on the distal stump of the ruptured Achilles tendon. (E)
The proximal and distal sutures are tied underneath the peritendinous membrane with the ankle in 20° of plantar flexion. (F) A continuous interlocking suture at the rupture
site in the incision.

Statistical Analysis
SPSS software (version 26.0; IBM, Corp.) were used for the statistical analysis. The data were presented as mean values + SD.

Results

Demographic and Surgical Information

A total of 36 patients were included in this study (35 males and 1 female), ranging in age from 23 to 59 years (mean 37.5
+ 8.5 years). One patient experienced the left ATR one year following minimally invasive percutaneous repair of the right
ATR. The injury modalities were categorized as sports-related injuries (31 cases, 83.8%), sprains (5 cases, 13.5%), and
falls (1 case, 2.7%). The average time from injury to surgery was 5.8 £+ 3.0 days (Table 1). The mean operation time was
35.4 + 5.8 min. The postoperative hospital stay was 3.3 = 0.7 days (Table 2).
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Figure 4 Diagrams of surgical procedure. (A) The location of the ends and the incision. (B) The proximal and distal stumps of the Achilles tendon were pulled out from the
incision. (C) Loaded with No. | Ethibond suture, the needle is inserted percutaneously. (D-F) After bluntly dissect the space between the peritendinous membrane and
Achilles tendon by an artery forceps, the right-angle forceps is introduced in the space to pull the suture. (G-I) At a point 2 cm proximal to the rupture site, the suture is
inserted obliquely towards the initial insertion point and drawn out using the right-angle forceps. This process is repeated on the opposite side. (J) The same procedure is
repeated on the distal stump of the ruptured Achilles tendon. (K) The proximal and distal sutures are tied underneath the peritendinous membrane with the ankle in 20° of
plantar flexion. (L) Rupture site is enhanced by the continuous interlocking suture.
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Table | Demographics of Patients

Characteristics Value
Cases 37
Sex (M/F) 35/1
Side (L/R) 19718
Age (y) 37585
Etiology

Sports 31

Sprain 5

Fall [
Time from injury to surgery (d) | 5.8 £ 3.0
Follow-up period (mo) 13.1 £23

Table 2 Clinical Results After Surgery

Value

Operation time (min) 354+58
Postoperative hospital stay(d) | 3.3 + 0.7
AOFAS ankle-hindfoot score | 955 + 3.7
ATRS 90.0 32

Abbreviations: AOFAS, American Orthopedic Foot
and Ankle Society; ATRS, Achilles tendon total rup-
ture score; MRI, Magnetic resonance imaging.

Postoperative Functional Assessment

The follow-up period was 13.1 + 2.3 months. The MRI showed continuity and thicker regeneration of the Achilles
tendon, which had been properly repaired and shaped at 6 months after the operation (Figure 5). At the final follow-up,
the mean AOFAS ankle-hindfoot score was 95.5 + 3.7, the mean ATRS was 90.0 + 3.2 (Table 2).

Postoperative Complications
No sural nerve injury, infection or re-rupture was observed during surgery or during the follow-up visits.

Figure 5 Repaired ruptured Achilles tendon of 37-year-old man. (A) Appearance of tendon with heel raised. (B) Postoperative plantar flexion of the injured side. (C)
Postoperative dorsiflexion of the injured side. (D) Postoperative MRI showing continuity and thicker regeneration of the Achilles tendon.
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Discussion

The present study demonstrates that the minimally invasive percutaneous technique for ATR yields good clinical outcomes
with few complications. The postoperative AOFAS ankle-hindfoot score and ATRS indicate substantial levels of functional
recovery. No wound complications were observed in this study, which may be attributed to less injury to the peritendinous
membrane. The peritendinous membrane can prevent superficial infection spreading into the deep layers and ensures
a valuable blood supply to the repaired tendon. Another reason is the operation time, the mean operation time was 35.4 £+
5.8 min, including the time for polymer plaster casting. In addition, we located the suture knots outside the repaired tendon,
minimizing the disruption of the blood supply to the tendon. Previous studies have highlighted the advantages of reduced
scarring, lower infection rates, less nerve injury, and faster recovery times with minimally invasive approaches.'*'> Our
study further substantiates these benefits by showing a complete absence of postoperative complications.

Avoiding sural nerve injury is critical in Achilles tendon repair due to its proximity to the surgical site. Studies have
shown that sural nerve injuries can lead to chronic pain and functional impairments, underscoring the importance of
techniques that prioritize nerve preservation.'®!” The sural nerve travels in the lower 1/3 of the calf with significant
variability and exhibits an extremely variable relationship with the Achilles tendon.'® Our technique’s emphasis on
careful needle entry point after the blunt dissection in the space between the peritendinous membrane and Achilles
tendon significantly mitigates this risk of inadvertently injuring the sural nerve. During surgery, the needle entry point
was selected, and the angle of needle penetration was adjusted to avoid the nerve travel area. Simultaneously, surgery
was performed mainly underneath the peritendinous membrane, which lessen the likelihood of sural nerve entrapment. In
this study, the patients did not experience any sural nerve entrapment.

In this study, Achilles tendon repair was conducted by the crossed divergent suturing. This method requires only
right-angle forceps, which on only simplifies the procedure but also enhances its economically attractive. Unlike the

Achillon system and the Percutaneous Achilles Repair System requiring specialized equipment,'*-*°

this technique can be
easily adopted in diverse clinical settings, making it particularly valuable in poor medical environments. For the
treatment of the severed end, the distal and proximal ends were combed and drawn out at the small incision.
A continuous interlocking suture was applied at the rupture site to provide additional reinforcement and effectively
align the tendon ends. This suture configuration was specifically adapted to accommodate the constraints of the
minimally invasive technique, ensuring adequate biomechanical support without compromising the procedure’s effi-
ciency. This can enhance the structural integrity and mechanical strength of the tendon tissue at the rupture.

The median parainternal longitudinal incision was applied in our technique, contrasting with the transverse incision
reported in the literatures.'*'> As is well known, the proximal end of the tear retracts as the muscles contract when an
ATR occurs.”' The median parainternal longitudinal incision, being offset from the ATR site, minimizes direct trauma to
the ruptured area and reduces the risk of wound complications. This approach avoids critical neurovascular structures that
are more commonly encountered in the posterior and lateral regions. It reduces the risk of nerve damage, particularly to
the sural nerve. This approach also allows for better visualization and handling of the tendon ends, facilitating precise
suture placement, rupture ends alignment and tension adjustment. In addition, it also mitigates local discomfort and
issues with shoe-wearing due to adhesions or scar contractures.

While our study provides strong evidence supporting the efficacy and safety of the minimally invasive percutaneous
technique, future research should aim to address some limitations. Larger, multicenter trials with longer follow-up
periods are necessary to further validate these findings and ensure their generalizability across diverse patient popula-
tions. And further comparative studies needed to confirm its superiority against the other techniques. Additionally,
investigating the long-term biomechanical properties of the repaired tendons and comparing it with those treated with
other techniques will provide deeper insights into the durability and functionality of the minimally invasive approach.
Finally, this study did not systematically control for patients’ activity levels or Body Mass Index (BMI) during the
postoperative period. Although personalized recommendations were provided during follow-ups, variations in activity
levels and BMI may influence the risk of re-rupture and functional outcomes. Future studies should consider incorporat-

ing standardized protocols to control these factors and assess their impact on long-term recovery and complications.
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Conclusion

The modified minimally invasive percutaneous technique for acute ATR provided a strong repair and yields good clinical
outcome with few complications. Since no special instrument is required, this technique could be widely promoted in
clinical practice.
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