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Objective: Percutaneous suture is a classic technique used in Achilles tendon repair. However, the complication rates
surrounding the sural nerve remain relatively high. Modified percutaneous repair technology can effectively avoid these
complications; however, the surgical procedure is complicated. Hence, the present study was conducted to describe a
redesigned repair technique for the Achilles tendon able to avoid sural nerve injury and reduce the complexity of the
procedure.

Methods: Data of patients with acute primary Achilles tendon rupture at our hospital from January 2019 to May 2020
were included. Subjects with expectations for surgical scarring underwent a minimally invasive-combined percutaneous
puncture technique. The surgical time, requirement for conversion to other technologies, and length of postoperative
hospitalization were investigated to assess efficacy. The American Orthopedic Foot & Ankle Society (AOFAS) score and
the Arner-Lindholm scale (A-L scale) were used to assess postoperative clinical outcomes (> 24 months). During the
2-year follow-up, MRI was performed to observe the healing of the Achilles tendon. In addition, subjective satisfaction
with surgical scar healing was recorded.

Results: Twenty consecutive subjects with an average follow-up of 28.3 + 4.5 months (range, 24-41) met the inclu-
sion criteria. None of the 20 enrolled patients required a converted surgical approach. The mean surgical time was
26.9 + 6.47 min (range, 20-44). None of the patients experienced dysesthesia or anesthesia around the sural nerve.
No signs of postoperative infections were observed. MRI data showed that the wounds of the Achilles tendon healed
completely in all the subjects. The AOFAS score increased from 55.6 + 11.07 (range, 28-71) preoperatively to
97.8 4+ 3.34 (range, 87-100) at the last follow-up. The A-L scale showed that 90% of the subjects (n = 18) presented
as excellent and 10% of the subjects (n = 2) presented as good, with an excellent/good rate of 200%. Moreover, sub-
jects’ satisfaction for surgical scars was 9.1 £+ 0.78 (upper limit, 10).

Conclusions: The results indicate that this technique can achieve good postoperative function, a small surgical inci-
sion, and high scar satisfaction. In addition, this technique should be widely used in suturing Achilles tendon ruptures.

Key words: Achilles tendon rupture; Minimally invasive suture; Percutaneous suture repair; Sural nerve injury

Address for correspondence: Yayi Xia, MD, PhD, Department of Orthopaedics, Lanzhou University Second Hospital, Orthopaedics Key Laboratory of
Gansu Province, Orthopaedics Clinical Research Center of Gansu Province, Lanzhou, 730030, Gansu, People’s Republic of China.
Email: xiayylzu@126.com

Level of evidence: IV

Received 2 July 2022; accepted 8 November 2022

Orthopaedic Surgery

Orthopaedic Surgery 2023;15:517-524 « DOI: 10.1111/0s.13615
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.


https://orcid.org/0000-0002-6758-4130
mailto:xiayylzu@126.com
http://creativecommons.org/licenses/by-nc-nd/4.0/

518

ORTHOPAEDIC SURGERY
VOLUME 15 « NUMBER 2 * FEBRUARY, 2023

Introduction

n acute Achilles tendon rupture is a common orthope-

dic injury that usually occurs during explosive move-
ments of the calf muscles, such as when sprinting and
jumping.'* However, rupture can also occur because of uni-
ntentional missteps in low-level activities.>* This type of
injury occurs at a higher rate in men between 30 and
40 years of age. In a previous study, it was deduced that from
1953 to 2014, the mean age at which Achilles tendon rupture
occurs had increased by at least 0.721 years every five years.
The level of exercising activity in the older adult population
also appears to be increasing.”

There are two views on treatments for ruptured Achil-
les tendons: surgical and non-surgical."” Both approaches
are in line with international assessment guidelines,® but
there is a higher risk of re-rupture with the non-surgical
approach.”® Surgical treatment can significantly improve the
rate of postoperative resumption of sports activities and
result in better ankle movement.” However, the risk of soft-
tissue-related complications, such as infection and wound
nonunion, increases after open treatment for Achilles tendon
rupture.®'®!" The percutaneous repair technique can avoid
these complications, but higher rates of sural nerve injury
follow.'>"” It is difficult for a surgeon to determine the ten-
sion of the sutured tendon because the ruptured tendon is
not visible. The invention of assistive devices such as the
Achillon device and the Dresden instrument makes percuta-
neous sutures more accurate'*™'%; however, the specificity of
these devices has limited the widespread use of these tech-
niques and did not avoid the risk of sural nerve injury.'”'®
Some modified procedures that do not rely on special equip-
ment make sutures more reliable through additional inci-
sions but still do not prevent sural nerve injury."” Therefore,
a variety of surgical methods have been developed to avoid
sural nerve injury based on percutaneous puncture tech-
niques, but additional surgical incisions are required.***'
Considering various factors, we modified the existing tech-
nique: the location of the sural nerve was marked in advance,
and the suture was performed using two mini-transverse
invasive incisions that were consistent with the skin texture.

This study was a retrospective study describing the
application of a modified minimally invasive suture for
patients with fresh Achilles tendon rupture. The purpose of
the study was: (i) to report the outcomes of a new minimally
invasive suture technique for Achilles tendon to avoid sural
nerve injury; (ii) to evaluate the efficacy and complications
of this surgical method; and (iii) to provide a reference for
the promotion of this technique.

Methods

Subject Population

All data was obtained from patients attending our hospital.
This study was approved by the ethics committee of our hos-
pital (approval number: 2021A-045, Supplemental File 1).
All subjects provided written informed consent before
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surgery and data collection. Between January 2019 and May
2020, 22 patients with Achilles tendon rupture with expecta-
tion of scarring were treated for Achilles tendon rupture by
an experienced surgeon.

Inclusion and Exclusion Criteria

The inclusion criteria were: (i) patients aged =18 years old;
(ii) fresh Achilles tendon rupture (<14 days); and (iii) the
follow-up time was more than two years (>24 months). The
exclusion criteria were: (i) treatment with steroid drugs; (ii)
rupture at the musculotendinous junction; (iii) rupture at the
calcaneal insertion; (iv) open rupture; and (v) re-rupture.

Surgical Technique

The patients underwent surgery under spinal anesthesia and
in the prone position. A tourniquet was used, and the loca-
tion of the tear was identified by palpation. Positive Thomp-
son test results were used to confirm the diagnosis of
Achilles tendon rupture. MRI confirmed the tear location
(Fig. 1A). The distal incision was approximately 1.2-1.5 cm
in length (between the medial and lateral border of the
Achilles tendon). It was located approximately 1-2 cm above
the lower edge of the defect (Fig. 1A,B) and was cut trans-
versely along the skin texture. The fascia and tendon sheath
were cut transversely, and the distal stump was combed with
tissue forceps in the plantar flexion position. Non-absorbable
sutures with controlled release needles (Ethibond* excel
polyester suture, Ethicon LLC, Cincinatti, OH, USA) were
used. The Bunnell technique was also used,”” and this was
done alongside the percutaneous puncture technique
(Figs 2A and 3A). For any Achilles tendon stump that was
too short to be sutured, it was necessary to pass the suture
through the insertion site.

The proximal transverse incision was also about 1.2—
1.5 cm, which was located at the upper edge of the Achilles
tendon defect (Fig. 1B). To avoid injury to the sural nerve, it
was ensured that the incision did not extend past the lateral
border of the Achilles tendon (Fig. 1B). In any instance
where the upper edge of the tendon defect was away from
the calcaneal tubercle, the proximal incision needed to be
more medial to avoid sural nerve injury (Fig. 2B,C). The sub-
cutaneous tissue and tendon sheath were then incised. The
proximal stump of the Achilles tendon was pulled out, com-
bed with tissue forceps, and pulled out distally. Sutures were
performed using the traditional Bunnell technique (Figs 2A
and 3B), and the stump was reset.

The two free ends of the tendon were drawn from the
distal incision. The ankle was positioned in full plantar flex-
ion; the free ends of the tendon were tied with a double-
throw knot, bringing the opposing ends of the tendon
together and fixing three surgical knots (Fig. 3C). Then, the
tails of the stumps outside the incision were reset, and the
suture knot was buried in a deeper position. The paratenon
and subcutaneous tissue were closed with absorbable
triclosan-coated sutures (Coated Vicryl* plus antibacterial
[polyglactin 910] synthetic absorbable suture, Ethicon,
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Fig. 1 Magnetic resonance image and preoperative incision location of a 27-year-old patient with Achilles tendon rupture. Sagittal T2-weighted

magnetic resonance image of the ankle joint showing that the location of the Achilles tendon rupture was approximately 30 mm above the calcaneal

tubercle (red arrow) (A). Preoperative skin marks show the location of the medial and lateral border of the Achilles tendon and sural nerve and mark

the surgical incision (B). The black lines are the borders of the Achilles tendon, and the red line is the sural nerve. The blue lines represent the
proximal and distal incisions (the distal incision was made 45 mm from the calcaneal tubercle). The distance above the calcaneal tubercle was
marked on the lateral side of the Achilles tendon. The yellow dots represent 0, 50, and 100 mm, respectively. The red arrow is the cross point of the

sural nerve and the lateral border of the Achilles tendon at a mean distance of 98 mm from the calcaneal tubercle

Cincinatti, OH, USA), and the skin incision with an internal
suture. Finally, we applied sterile gauze dressing and plaster
casting in front of the ankle joint below the knee, which was
used to maintain the ankle at 20° (Fig. 3D).

Postoperative Rehabilitation

A cast was used to hold the foot at the 20° position to pre-
vent forced ankle dorsiflexion. The subjects could still exer-
cise their toes and knees, and isokinetic calf muscle
contraction training was permitted. On the second day after
surgery, the cast was replaced with a specially designed shoe
(Zhong Zhan Kang Hao prosthetic orthopedic implement
assembly center in Beijing, China) (Figs 4A,B). This allowed
for adjustable ankle angles through a wedge of the heel and
provided effective ankle fixation, so the subjects could per-
form full-load activities while using crutches. The foot was
fixed at 20° for four weeks. By reducing the number of layers
of the wedge (Fig. 4A), the fixed angle of the foot was
reduced by approximately 5° per week until it was adjusted
to a neutral position at 8 weeks. Then, the subjects could per-
form weight-bearing activities, and the use of crutches was dis-
continued. After 12 weeks, the shoe could be removed,
proprioception and muscle strength training began to
strengthen, heel-lifting training was allowed, and the subjects
could gradually return to sports activities or heavy labor.

Follow-up and Evaluation

All subjects were followed up for no less than 24 months
(>2 years). The operative time and the average postoperative
hospital stay were recorded. Physical examination was con-
ducted during follow-up, and the sural nerve sensation was
used to judge whether there was an injury. The presence of
complications, such as infection, re-rupture, and injury of
the sural nerve, was recorded. The postoperative Thompson
test?> was conducted, and MRI (Philips Ingenia CX 3.0T,
Eindhoven, the Netherlands) data was gathered during the
2-year follow-up. The ankle-hindfoot function was evaluated
using the American Orthopedic Foot and Ankle Society
(AOFAS) score.** At the last follow-up, AOFAS scoring was
performed again, and the Arner-Lindholm score® was used
to evaluate ankle function. Patients were asked to rate their
satisfaction with the appearance of the scar on a scale of
1 to 10.

Statistical Analysis

All datasets were analyzed using SPSS statistics (version 25.0;
SPSS; Chicago, IL, USA). Descriptive data are reported as
mean = standard deviation or range (minimum-maximum).
The AOFAS scores in different periods were compared using
paired sample t-tests, and the level of significance was set
at P = .05.
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Fig. 2 Schematic diagrams of the Achilles tendon suture and surgical

incision position change. Schematic diagram of the Achilles tendon
suture (A). The Bunnell technique was used to suture the proximal
Achilles tendon. The same method is used for the distal Achilles tendon
but is performed by percutaneous puncture. The schematic diagram of
the anastomosis of the Achilles tendon with the distal incision is shown
in (B). The proximal stump of the Achilles tendon was sutured, restored,
and knotted with the distal stump at the distal incision. The schematic
diagram of the surgical incision location, Achilles tendon, and sural
nerve location is shown in (C). The position of the transverse incisions
was shifted to the medial side of the Achilles tendon as the distance
from the calcaneus increased to avoid injury to the sural nerve.

Results

General Results

A total of 20 subjects were included in this study (19 males
and one female) with a mean age of 35.65 * 6.40 years
(range, 23-52). Among them, 11 were injured in basketball,
four in badminton, three in football, one in another recrea-
tional sport, and one in physical labor. Every patient under-
went palpation of the tendon defect and had a positive
Thompson test result.”> The diagnosis was confirmed by
MRI, and the location of the ruptures was within
453 £ 1.21 cm (range, 2.4-7.2) above the calcaneal tubercle.
The surgical interventions were performed within
6.4 £ 2.6 days (range, 3-14) after the date of injury (Table 1).
The procedure was successfully performed on all the subjects,
and none required conversion to the surgical approach. The
mean surgical time was 26.9 & 6.47 min (range, 20-44 min),
and the average postoperative hospital stay was
2.75 + 0.85 days (range, 2-5 days) (Table 1). There were no
procedure-related deaths and the patients were followed-up for
28.3 + 4.5 months (range, 24-41 months) (Table 1).

Postoperative Recovery and Satisfaction with Surgical

Scar Healing

All subjects underwent MRI at 12 months after the opera-
tion, which revealed that the Achilles tendon had completely
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healed (Fig. 5A). All subjects recovered their double heel rise
and single-limb heel-rise functions (Figure 5B,C). Twelve
subjects participated in low-impact sports, such as jogging
and cycling, and eight participated in football, basketball,
and other high-impact sports. Subjects’ satisfaction with sur-
gical scars was 9.1 & 0.78 (range, 8-10) (Table 1).

Complications, American Orthopedic Foot and Ankle
Society Scores and Arner-Lindholm Scale

None of the patients experienced dysesthesia or anesthesia
around the sural nerve; the wounds healed within two weeks
post-operation with no signs of infection, and no re-rupture
of Achilles tendon occurred during follow-up. All patients
paticipated in planned rehabilitation exercises. The AOFAS
score increased significantly from 55.6 £ 11.07 (range, 28—
71) preoperatively to 97.8 & 3.34 (range, 87-100) at the last
follow-up (P < 0.05) (Table 2). According to the Arner-
Lindholm scale, 18 patients (90%) were rated as excellent
and the remaining two patients (10%) as good (Table 2),
with an excellent/good rate of 100%.

Discussion

Treatment of Achilles Tendon Rupture and Its
Advantages and Disadvantages
No clear consensus exists on treating acute Achilles tendon
rupture.”*® A meta-analysis® found that the rate of Achilles
tendon re-rupture was significantly lower in the surgery
group than in the non-surgery group (2.3% vs 3.9%), how-
ever, complications were significantly higher in the surgery
group than in the non-surgery group (4.9% vs 1.6%). A mul-
ticenter, randomized, controlled study”’ found a 6.2% re-
rupture rate in the non-surgical group, whereas that in the
open surgery and minimally invasive surgery was 0.6%,
respectively. However, the rate of nerve injury was 0.6%,
2.8% and 5.2% in the study. In addition, open surgery is
associated with softer tissue complications. The wound-
related complication rate after open surgery reportedly
ranges from 8.2% to 34.1%, of which half were at least due
to infections.*®

Percutaneous repair significantly reduces interference
with the surrounding tissue and avoids wound infection.”® It
is similar to open surgery regarding complication rates and
time to return to work,'> but may result in sural nerve
injury.'>'>*” A retrospective study’ also found that the inci-
dence of sural nerve injury during percutaneous puncture
was as high as 13%. During the percutaneous suture
technique, repair cannot be visually confirmed because of
the soft tissue around the proximal Achilles tendon.
Although devices such as the Dresden instrument'® and
Achillon device'* have been developed to modify the percu-
taneous suture technique, these technologies are not widely
used because they are not freely accessible. Keller et al.’!
reported a medium-term follow-up of the Dresden instru-
ment for Achilles tendon sutures, and found that 2 of 100
patients had re-rupture, with no soft tissue or sural nerve
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Fig. 3 Surgical photographs of the patient
(from Fig. 1) with Achilles tendon rupture. In
the plantar flexion position, the distal Achilles
tendon tissue was pulled out using tissue
forceps and sutured by percutaneous puncture
(A). The proximal Achilles tendon tissue was
pulled out from the proximal incision and
sutured using the Bunnell technique (B). The
proximal Achilles tendon tissue was pulled out
from the distal incision, keeping full plantar
flexion, and knotted with the distal stump of
the tendon (C). Plaster casting was placed in
front of the ankle joint and below the knee to
maintain the ankle at approximately 20° (D)

complications, and the average AOFAS score was 97.7. Fur-
thermore, in a prospective study'* using Achillon devices for
suturing, 82 patients were followed up for an average of
26 months with an average AOFAS score of 96. Morever, it
was found that at least one suture penetrated the sural nerve
in 5 of 18 specimens with standard sutures in a cadaveric
study."® Endoscopy-assisted percutaneous repair and com-
bined open and percutaneous repair technology have been
invented to improve the accuracy of suturing.’> However,
surgery has become more complex and requires a learning
curve, and infection and sural nerve injury complications
cannot be avoided.’® Therefore, we redesigned the percutane-
ous suture technique to become simpler and more reliable
with two small transverse incisions that visually closed the
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proximal end of the Achilles tendon and prevented sural
nerve injury. Notably, no reports of wound complications or
sural nerve injury were recorded in all 20 patients.

The Sural Nerve Anatomy and Our Method to Avoid

Sural Nerve Injury in Achilles Tendon Suture

The sural nerve is a sensory nerve that runs on the postero-
lateral aspect at the proximal end of the Achilles tendon,
which extends downward and branches the sensation of the
lateral ankle and foot. In a previous study, the nerve was
found to cross the lateral border of the Achilles tendon at a
mean distance of 9.8 cm from the Achilles tendon insertion
into the calcaneum, and with a decrease in the distance from
the calcaneum, it was farther away from the lateral border of
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the Achilles tendon.” At the level of insertion of the Achilles
tendon into the calcaneum, the sural nerve was 17.5 mm(3-
40 mm) from the lateral border of the tendon.*® Therefore,
operating at the obtuse angle area formed by the sural nerve
above the intersection and lateral border of the Achilles ten-
don is safe. Based on the adjacent relationship between the
Achilles tendon and the sural nerve, in this study, we
reduced the area of the obtuse triangle and made the opera-
tion safer. When the transverse incision was below the inter-
section level, the incision did not extend to the lateral edge
of the Achilles tendon; and when the incision was near or
above the intersection, it was shifted medially (Fig. 2C). To
adapt to the difference in nerve intersections, we suggest that
the deflection of the incision should start from a low
position.

Whether the Suture of the Achilles Tendon Disrupts the
Vascular Changes

Adequate blood supply is especially important for Achilles
tendon repair. There are three main sources of blood supply
to the Achilles tendon: longitudinal lines of blood supply
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Fig. 4 A specially tailored shoe and wedge
that is made of multi-layer sheets, which
would be placed in the heel (A). A patient
wearing the special shoe (B).

from the muscle tendon junction, from the bone tendon
junction, and from the exogenous segmental vascular sys-
tem.>*?> When an Achilles tendon rupture occurs, the proxi-
mal stump of the Achilles tendon will move proximally with
the contraction of the posterior tibialis muscle, it can be
inferred that the transverse vascular branches will be des-
troyed because the displacement compensation range is lim-
ited. The appearance of blood vessels during rabbit Achilles
tendon repair is mainly concentrated in the periachilles ten-
don tissue,”® so the peripheral tissue is very important for
postoperative vascular reconstruction. We adopted the suture
method of pulling out the proximal stump to avoid damage
to the tissue near the tendon and to prevent the suture from
interfering with the peritenon, which is conducive to the
regeneration of blood vessels surrounding the Achilles
tendon.

Location of the Incision

According to previous reports, the middle part of then
Achilles tendon (2-6 cm from insertion) is the watershed of
blood supply, and the area with the lowest vascular density is

34,35,37

Fig. 5 One-year postoperative recovery in the
patient (from Figs 1 and 3). Sagittal
T1-weighted magnetic resonance image (A)
shows that the signal intensity of the repaired
tendon was the same as that of the intact
tendon, and the anterior—posterior diameter of
the sutured tendon was approximately 1.5
times the previous tendon (from Fig. 1A). The
patient was able to stand on the tiptoes of
both lower limbs (B) or injured lower limb (C).
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TABLE 1 Characteristics of patient (n = 20)

Characteristics
Age (years) 35.65 + 6.40 (range, 23-52)
Sex

Male/female 19/1
Side (cases)

Left/Right 7/13
Cause of injury

Basketball 11

Badminton 4

Football 3

Other recreational sports 1

Physical labor 1
Time from injury to surgery (days) 6.4 + 2.60 (range, 3-14)
Gap after debridement (cm) 4.53 + 1.21 (range, 2.4-7.2)
Follow-up period (months) 28.3 + 4.52 (range, 24-41)
Surgical time (min) 26.9 + 6.47 (range, 20-44)
Postoperative hospital stay (days) 2.75 £+ 0.85 (range, 2 to 5)
Scar satisfaction (1-10) 9.1 + 0.78 (range, 8 to 10)

the area with the worst blood supply. High stresses are expe-
rienced in the 2-5 cm range proximal to the tendon inser-
tion because of the maximum fiber rotations in this area.’*
This implies an increased susceptibility to injuries in the free
tendon"** which indicates this surgical approach is appropri-
ate for this type of Achilles tendon rupture but not for calca-
neus insertion points or muscle junctions.

When an Achilles tendon rupture occurs, the proximal
end of the tear retracts as the muscles contract,”® whereas
the distal end will not retract because it is fixed to the calca-
neus. The proximal tendon can be pulled down, and the dis-
tal tendon can move upward as the ankle moves into plantar
flexion; however, both are limited. If the distal incision posi-
tion is too low, it is difficult to pull the proximal stump to
the incision on the knot, while the distal stump will face the
same difficulty if the distal incision position is too high. In
two early cases, incisions were added to compensate for inex-
perience because the distal incisions were too low and were
not included in the analysis. Therefore, the location of the
distal incision is key to the operation and requires an
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accurate calculation. Preoperative MRI is important for
determining the location of the distal transverse incision. We
found that the distal transverse incision should be located
1.5-2 cm above the main part of the distal rupture
(Figure 1A,B). In this area, the distal tendon can be compen-
sated for by plantar flexion, while the proximal tendon can
be anastomosed to the distal end by traction. To improve the
accuracy of incision selection, we suggest that ultrasound
should be used to locate Achilles tendon tears before surgery.

Strengths and Limitations

Our proposed technique can not only ensure that the suture
area is visible, but it also avoids sural nerve injury. In addi-
tion, the technology is easy to perform, does not require spe-
cial instruments, and has a short learning curve for surgical
operations. As with the percutaneous puncture technique,
this surgical technique is not suitable for Achilles tendon
rupture at the calcaneal insertion point or muscle junction.
In addition, the expansion of the transverse incision is lim-
ited, so it is not suitable for patients who require extensive
surgery, such as chronic Achilles tendon rupture or for
patients requiring sural nerve exploration. Due to the insuffi-
cient number of cases and the lack of longer follow-up obser-
vation, further clinical studies will continue to be carried out.

Conclusion

The double transverse incision technique is a new minimally
invasive Achilles tendon suture technique, which can avoid
the injury of sural nerve, is safe, convenient, and has good
postoperative outcomes. Patients are highly satisfied with the
incision, which can be widely promoted in clinical practice.

Acknowledgments
he authors would like to thank all the doctors in the
Orthopedic Center of the Lanzhou University Second
Hospital for their support and help in this study, and Dr. Ying
Duan in the Ultrasound Department of Tumor Hospital of
Gansu Province for her guidance in this paper. This work was

TABLE 2 AOFAS hindfoot score and Arner-Lindholm scale

Pre-operation The last follow-up Z/y2 value P value

AOFAS hindfoot score 55.6 + 11.07 97.8 £3.34 —5.437 <0.001

Pain (40 points) 22 +8.94 39.5 +£2.23

Function (50 points) 23.6 £5.11 48.3 £2.20

Alignment (10 points) 10 10
Arner—Lindholm scale 47.505 <0.001

Excellent 0 18 (90%)

Good 0 2 (10%)

Poor 20 (100%) 0

Abbreviations: AOFAS, American Orthopaedic Foot and Ankle Society: excellent, free from discomfort and essentially normal function; normal walking power, tip
toe, calf muscle power; calf circumference <1 cm; Ankle ROM decrease <5°(PF/DF). good, mild discomfort; slightly decreased walking power, tip toe, calf muscle
power; calf circumference <3 cm; ankle ROM decrease <15°(PF/DF). Poor, dissatisfied or marked discomfort; limp, inability to tip toe; calf circumference >3 cm;
ankle ROM, DF decrease >10°or PF decrease >15°(PF/DF). PF, plantar flexion; DF, dorsiflexion.




524

ORTHOPAEDIC SURGERY
VOLUME 15 « NUMBER 2 * FEBRUARY, 2023

supported by the National Natural Science Foundation of China
(Grant Nos. 81874017 and 82060405), Science and technology
plan of Gansu Province, China (Grant Nos. 20JR5RA318).
Cuiying Scientific and Technological Innovation Program of
Lanzhou University Second Hospital (Grant Nos. CY2020-BJ03).

Author Contributions
I ihu Xu proposed the research idea, participated in
research creation, searched the literature, conducted

A NEw MINIMALLY INVASIVETECHNIQUE OF ACHILLES TENDON RUPTURE REPAIRED
TO AvVOID SURAL NERVE INJURY

the clinical evaluation of patients, prepared the images,
and drafted the manuscript. Jiaxin Jin, Jin Jiang,
Zhongcheng Liu and Sylvia White participated in the
first draft. Yayi Xia and Meng Wu significantly contrib-
uted to the formation of research methods. Peng Bo and
Jinwen He performed the clinical evaluation of patients,
prepared data for statistics, and participated in the inter-
pretation of results. Guangyao Liu collected the MRI
images.

References

1. Gross CE, Nunley JA 2nd. Acute Achilles tendon ruptures. Foot Ankle Int.
2016;37:233-9.

2. Ho G, Tantigate D, Kirschenbaum J, Greisberg JK, Vosseller JT. Increasing age
in Achilles rupture patients over time. Injury. 2017;48:1701-9.

3. Chan JJ, Chen KK, Sarker S, et al. Epidemiology of Achilles tendon injuries in
collegiate level athletes in the United States. Int Orthop. 2020;44:585-94.

4. Teng ZL, Cao SX, Ma X, et al. Epidemiological characteristics of patients
operated for Achilles tendon rupture in Shanghai. Orthop Surg. 2022;14:
1649-55.

5. Wilkins R, Bisson LJ. Operative versus nonoperative management of acute
Achilles tendon ruptures: a quantitative systematic review of randomized
controlled trials. Am J Sports Med. 2012;40:2154-60.

6. Singh D. Acute Achilles tendon rupture. BMJ. 2015;351:h4722.

7. Wong J, Barrass V, Maffulli N. Quantitative review of operative and
nonoperative management of achilles tendon ruptures. Am J Sports Med. 2002;
30:565-75.

8. Ochen 'Y, Beks RB, van Heijl M, et al. Operative treatment versus nonoperative
treatment of Achilles tendon ruptures: systematic review and meta-analysis. BMJ.
2019;364:k5120.

9. Cetti R, Christensen SE, Ejsted R, Jensen NM, Jorgensen U. Operative versus
nonoperative treatment of Achilles tendon rupture. A prospective randomized
study and review of the literature. Am J Sports Med. 1993;21:791-9.

10. Stavenuiter XJR, Lubberts B, Prince RM lll, Johnson AH, DiGiovanni CW,
Guss D. Postoperative complications following repair of acute Achilles tendon
rupture. Foot Ankle Int. 2019;40:679-86.

11. van Maele M, Misselyn D, Metsemakers WJ, Sermon A, Nijs S, Hoekstra H.
Is open acute Achilles tendon rupture repair still justified? A single center
experience and critical appraisal of the literature. Injury. 2018;49:1947-52.

12. Rozis M, Benetos IS, Karampinas P, Polyzois V, Vlamis J, Pneumaticos SG.
Outcome of percutaneous fixation of acute Achilles tendon ruptures. Foot Ankle
Int. 2018;39:689-93.

13. Jiang X, Qian S, Chen C, et al. Modified mini-incision “internal splinting”
versus percutaneous repair technique of acute Achilles tendon rupture: five year
retrospective case-controlled study. Int Orthop. 2021;45:3243-51.

14. Assal M, Jung M, Stern R, Rippstein P, Delmi M, Hoffmeyer P. Limited open
repair of Achilles tendon ruptures: a technique with a new instrument and findings
of a prospective multicenter study. J Bone Jt Surg. 2002;84:161-70.

15. Manegold S, Tsitsilonis S, Schumann J, et al. Functional outcome and
complication rate after percutaneous suture of fresh Achilles tendon ruptures with
the Dresden instrument. J Orthop Traumatol. 2018;19:19.

16. Amlang MH, Christiani P, Heinz P, Zwipp H. Percutaneous technique for Achilles
tendon repair with the Dresden Instruments. Unfallchirurg. 2005;108:529-36.

17. Joannas G, Arrondo G, Eslava S, et al. Percutaneous Achilles tendon repair
with the Dresden instrument. Clinical and MRI evaluation of 90 patients. Foot
Ankle Surg. 2020;26:209-17.

18. Aibinder WR, Patel A, Arnouk J, et al. The rate of sural nerve violation using
the Achillon device: a cadaveric study. Foot Ankle Int. 2013;34:870-5.

19. Yu H, Wang F, Xie J, Yao Y, Jing J, Li J. The reinforced Ma-Griffith method
combined with minimally invasive small-incision suture for acute Achilles tendon
rupture. Orthop Surg. 2022;14:315-22.

20. Majewski M, Rohrbach M, Czaja S, Ochsner P. Avoiding sural nerve
injuries during percutaneous Achilles tendon repair. Am J Sports Med. 2006;
34:793-8.

21. Carmont MR, Maffulli N. Modified percutaneous repair of ruptured Achilles
tendon. Knee Surg Sports Traumatol Arthrosc. 2008;16:199-203.

22. Bunnell S. Repair of tendons in the fingers. Surg Gynecol Obstet. 1922;35:
88-97.

23. Thompson TC, Doherty JH. Spontaneous rupture of tendon of Achilles: a new
clinical diagnostic test. J Trauma. 1962;2:126-9.

24. Coster MC, Rosengren BE, Bremander A, Brudin L, Karlsson MK. Comparison
of the Self-reported Foot and Ankle Score (SEFAS) and the American Orthopedic
Foot and Ankle Society Score (AOFAS). Foot Ankle Int. 2014;35:1031-6.

25. Arner O, Lindholm A. Subcutaneous rupture of the Achilles tendon; a study of
92 cases. Acta Chir Scand Suppl. 1959;116:1-51.

26. Yang X, Meng H, Quan Q, Peng J, Lu S, Wang A. Management of acute
Achilles tendon ruptures: A review. Bone Jt Res. 2018;7:561-9.

27. Myhrvold SB, Brouwer EF, Andresen TKM, et al. Nonoperative or Surgical
Treatment of Acute Achilles’ Tendon Rupture. N Engl J Med. 2022;386:
1409-20.

28. Henriquez H, Muioz R, Carcuro G, Bastias C. Is percutaneous repair better
than open repair in acute Achilles tendon rupture? Clin Orthop Relat Res. 2012;
470:998-1003.

29. Del Buono A, Volpin A, Maffulli N. Minimally invasive versus open surgery for
acute Achilles tendon rupture: a systematic review. Br Med Bull. 2014;109:
45-54.

30. Klein W, Lang DM, Saleh M. The use of the Ma-Griffith technique for
percutaneous repair of fresh ruptured tendo Achillis. Chir Organi Mov. 1991;76:
223-8.

31. Keller A, Ortiz C, Wagner E, Wagner P, Mococain P. Mini-open tenorrhaphy of
acute Achilles tendon ruptures: medium-term follow-up of 100 cases. Am J Sports
Med. 2014;42:731-6.

32. Chiu CH, Yeh WL, Tsai MC, Chang SS, Hsu KY, Chan YS. Endoscopy-assisted
percutaneous repair of acute Achilles tendon tears. Foot Ankle Int. 2013;34:
1168-76.

33. Webb J, Moorjani N, Radford M. Anatomy of the sural nerve and its relation
to the Achilles tendon. Foot Ankle Int. 2000;21:475-7.

34. O’'Brien M. The anatomy of the Achilles tendon. Foot Ankle Clin. 2005;10:
225-38.

35. Chen TM, Rozen WM, Pan WR, Ashton MW, Richardson MD, Taylor Gl. The
arterial anatomy of the Achilles tendon: anatomical study and clinical
implications. Clin Anat. 2009;22:377-85.

36. Bergljung L. Vascular reactions in tendon healing. Stereomicroangiographic
studies of tendon suturing techniques and tendon transplantation. Angiology.
1970;21:375-84.

37. Stein V, Laprell H, Tinnemeyer S, Petersen W. Quantitative assessment of
intravascular volume of the human Achilles tendon. Acta Orthop Scand. 2000;71:
60-3.

38. Khair RM, Stenroth L, Péter A, et al. Non-uniform displacement within
ruptured Achilles tendon during isometric contraction. Scand J Med Sci Sports.
2021;31:1069-77.



	 A New Technique of Achilles Tendon Rupture Repaired by Double Transverse Mini-incision to Avoid Sural Nerve Injury: A Cons...
	Introduction
	Methods
	Subject Population
	Inclusion and Exclusion Criteria
	Surgical Technique
	Postoperative Rehabilitation
	Follow-up and Evaluation
	Statistical Analysis

	Results
	General Results
	Postoperative Recovery and Satisfaction with Surgical Scar Healing
	Complications, American Orthopedic Foot and Ankle Society Scores and Arner-Lindholm Scale

	Discussion
	Treatment of Achilles Tendon Rupture and Its Advantages and Disadvantages
	The Sural Nerve Anatomy and Our Method to Avoid Sural Nerve Injury in Achilles Tendon Suture
	Whether the Suture of the Achilles Tendon Disrupts the Vascular Changes
	Location of the Incision
	Strengths and Limitations
	Conclusion

	Acknowledgments
	Author Contributions
	References


