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Abstract
We present five patients with chronic ruptures of the Achilles tendon and a defect larger than 6 cm. The
average age of patients was 47 years. The interval between the rupture and treatment was between two and
seven months. The size of the defects was between 6 and 12 cm, determined by magnetic resonance imaging
(MRI) and/or ultrasound. All patients had an inability to step on the patient's limbs, a positive Thompson's
symptom, difficulty walking and calf atrophy. Here, we evaluated the surgical results of semitendinosus
autograft combined with Vulpius lengthening of the gastrocnemius in the treatment of chronic Achilles
tendon rupture with a defect larger than 6 cm during medium-term follow‐up.
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Introduction
The Achilles tendon is the largest and strongest tendon in the human body. It is made up of the fusion of the
tendons of the two heads of the gastrocnemius muscle, which occupy a superficial position, and the tendon
of the soleus muscle, which occupies the deep layer. The deep fibers attach to the proximal part of the
calcaneus, and the superficial ones continue distally and form part of the plantar fascia [1]. Its function is
related to the plantar flexion of the foot and is extremely important for proper gait. Achilles tendon ruptures
are more common in young athletes and also in the elderly which are not related to sports. Chronic ruptures
are extremely rare, as easy diagnosis and a clear clinical picture usually lead to timely recognition of acute
ruptures [2]. If the interval between injury and treatment is more than four weeks, the rupture is defined as
chronic [3]. In these cases, the calf is progressively shortened. Active single-leg heel rise is not possible on
the affected side. The push-off phase of the gait is also disturbed [4].

Treating fresh tears is usually not difficult but choosing the right surgical technique for chronic ones is a
challenge. They require reconstructive procedures to fill the defect. There is an increased risk of skin
complications such as non-healing wounds and infection [5]. There are a number of methods, the most
commonly used being V‐Y tendon plasty [6], gastrocnemius fascial turndown flap [7,8], tendon transfer [9-
11], allograft reconstruction [12], autograft reconstruction [10,11], synthetic graft augmentation [13,14], and
biologic matrix augmentation [15]. There is no conventional therapy for chronic Achilles tendon rupture,
particularly when the damage is larger than 6cm. Fibroadipose scar tissue can sometimes bridge the gap in
chronic Achilles tendon rupture. Fibroadipose scar tissue is not as functional as a normal tendon and can
cause ankle weakness and gait difficulties; thus, the scar tissue must be fully removed [16].

Tendon transfers have been widely used with good results, but in some patients, the loss of function of the
transferred tendon may be symptomatic. After flexor hallucis longus (FHL) transfer, patients report loss of
strength when flexing the first metatarsal and decreased strength when pushing off the foot. This is often
not a problem for less active patients, but for those wishing to return to sports, a different approach is
recommended. The use of semitendinosus reconstruction in such cases is supported by the literature.
Maffulli et al. [17] administered minimally invasive reconstruction with semitendinosus in 26 patients with a
mean follow-up of 8.2 years. In all, the circumference of the lower leg has increased significantly compared
to preoperative. All patients returned to their previous employment with 22 returning to normal physical
activity.

Our proposed algorithm for reconstruction with semitendinosus graft includes a minimally invasive inverted
V-shaped gastrocnemius lengthening of the Achilles tendon - Vulpius procedure. The aim is to reduce the
size of the defect as much as possible. This allows for multiple graft passes and a larger diameter of the
reconstruction, similar to the native size of the Achilles tendon. From a study in the literature, we could not
find a publication of that combination.
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Patient information and selection
In our hospital, St. Sofia General Hospital, between January 2017 and May 2022, five patients underwent
semitendinosus autograft with a V-shaped gastrocnemius fascia lengthening for a chronic Achilles tendon
rupture. They were between the ages of 20-60. The Thompson test was used to examine the Achilles tendon
rupture and MRI and ultrasound were used to evaluate the type and size of the rupture.

All patients had given informed written consent that was in accordance with our institution's guidelines as
well as the Declaration of Helsinki and Good Clinical Practice. All five patients were admitted to the hospital
for a minimum of three days as this was a fixed regulation set by the national health insurance and no
patients exceeded this hospital stay count.

Inclusion Criteria

This includes Achilles tendon rupture diagnosed more than four weeks after injury, patients with Achilles
tendon rupture had undergone reconstruction with semitendinosus autograft with a V-shaped lengthening
of the gastrocnemius fascia.

Exclusion Criteria

This includes acute Achilles tendon rupture, concurrent illnesses including local infection, and
neurovascular damage.

Surgical technique
The patient was positioned prone on the surgical table under lumbar plexus sciatic nerve block anesthesia
with a tourniquet. The operative field was draped so as to provide access to both the Achilles tendon and the
popliteal fossa. Standard posteromedial access to the Achilles tendon was performed. After dissecting the
ends of the tendon, they were refreshed and the proximal stump is temporarily sutured (Figure 1). In a blunt
way, the tendon is mobilized with a finger dissection and mobility is assessed. The tendon is usually rigid
and has a large residual defect.

FIGURE 1: Intraoperative view after blunt dissection

With additional proximal access, an inverted V-shaped extension of the gastrocnemius aponeurosis in the
musculotendinous junction was performed. Once again, mobility was assessed by pulling the traction
sutures, at the same time performing plantar flexion in the ankle joint and flexion in the knee joint.

One free graft of the semitendinosus tendon was used to bridge the gap of the defect (Figure 2). Due to the
fact that the patient was in a supine position, it is most convenient to take the tendon with small access in
the area of the popliteal fossa. The tendons of semitendinosus and gracilis were palpated and a cross-section
of about 2 cm was made on them along the flexion fold, which gives the best cosmetic result. The
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semitendinosus tendon was dissected with a small swab and removed with an open stripper, first proximal,
then distal. The resulting graft was sutured at both ends.

FIGURE 2: Length of semitendinosus graft

With the help of a puncture needle and a mosquito hemostat, transverse tunnels were formed in the
proximal and distal stumps of the Achilles tendon. With a sufficient length of the graft, it passes four times
through the defect, and its edges were sutured (Figure 3).
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FIGURE 3: Single semitendinosus graft passed through stumps four
times bridging the defect

The graft was tabulated with additional threads (Figure 4). The ankle was placed in an adjustable boot in the
position of maximum plantar flexion.

FIGURE 4: Final view of reconstruction after augmentation with
Semitendinosus tendon

Postoperative treatment
The patients wore an adjustable boot for 10 weeks and walked with two crutches for six weeks. For the first
four weeks, the boot was placed in the position of maximum plantar flexion. Each following week the dorsal
flexion was increased by 10 degrees. After week 3, it was recommended to remove the immobilization in a
controlled environment and electrical stimulation of the triceps and range of motion exercises were
performed twice a week. Toe-touch weight bearing is allowed with slow progression. After six weeks, full
weight bearing of the operated limb with protection from the boot is allowed. After the 10th week, the boot
was removed, and the patients were encouraged to do active exercises for triceps muscle strength and ankle
range of motion. Explosive activities were prohibited for six months - running, jumping, etc.
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Results
The results were reported according to the Foot and Ankle Outcome Score (FAOS), which has the following
five subcategories - symptoms, pain, daily activities, sports, and quality of life [18]. The mean follow-up
period was 2.6 years (range, 1-5 years). The mean outcomes of the subcategories of the scale were the
following: symptoms 52 to 92, pain 78 to 98, daily activities 64 to 95, sports 42 to 85, quality of life 58 to 94,
all preoperatively to postoperatively, respectively (Figure 5). The range for the ruptured gap was between 6
and 12 cm with a mean of 8.2 cm. The mean FAOS increased from 58.8 preoperatively to 92.8 during the
follow-up period. There was an increase in the circumference of the calf by a mean of 1.4 cm (37.4 cm
preoperative mean and 38.8 cm postoperative mean) when the follow-up period was over. There was still
present atrophy compared to the circumference of the contralateral side, but with significant improvement.
It had decreased from 14.3% to 5.6%. Patients returned to normal activity within the range of 5-9 months
with a mean of 7.2 months.

FIGURE 5: Clinical outcomes for subcategories

During the follow-up period, no patients experienced a recurrence of the Achilles tendon rupture. No major
problems, such as sural nerve damage or deep vein thrombosis had occurred in any of the patients.
Superficial infection was observed in one of the patients who was successfully treated topically with
dressings containing silver ions for two months in an outpatient setting. The five patients returned to their
previous physical activity and one of them included amateur football.

Discussion
In our real-life study, restoration of the chronic Achilles tendon ruptures using a semitendinosus autograft
combined with the Vulpius technique resulted in tendon healing and satisfactory clinical and functional
outcomes at a medium-term follow-up. In three months, all of our patients had resumed their regular
activity levels from before their injuries. There was no functional impairment, and all patients were satisfied
with the outcomes.

The most effective treatment for chronic Achilles rupture remains undecided. Although there are many [5-
15], each method comes with its own benefits and drawbacks. There is no concrete guideline for treatment
with a defect larger than 6 cm for a derelict Achilles tendon rupture. The semitendinosus autograft
technique described by Patil et al. [19] reported satisfactory functional results. It is an economical method as
suture anchors or tenodesis screws are not utilized.

The FHL transfer has evolved into an effective therapy for chronic Achilles tendon rupture. However,
because this approach may impair halluce’s function, it should not be used on young patients regularly.
Patients who were treated by FHL transfer, according to Wegrzyn et al. [20], engaged in fewer sports than
before the injury. Furthermore, the interface structure repair between bone and tendon would be a lengthy
procedure. Wegrzyn et al. found that patients treated with FHL transfer were able to go back to athletic
activities after an average of 10 months [20].

Because chronic Achilles tendon rupture is uncommon, our investigation was hampered by a small patient
population. Future research with a greater number of cases and a longer follow-up period may give more
evidence for the utility of semitendinosus autograft together with the Vulpius technique in the treatment of
chronic Achilles tendon rupture.
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Conclusions
The treatment of chronic Achilles tendon ruptures still remains controversial. Data from clinical trials
clearly indicate better clinical outcomes in surgical treatment compared to conservative treatment.
However, the ideal operational technique remains unclear. There are many techniques, each with its own
advantages and disadvantages. Our preferred technique with Vulpius lengthening the gastrocnemius
aponeurosis and filling the residual defect with free semitendinosus autograft gives good clinical results
comparable to those in the literature for the treatment of chronic Achilles tendon. Furthermore, by
employing an autograft rather than an allograft, this approach helps to reduce the additional dangers of an
immune response or rejection associated with the use of allografts.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. O'Brien M: The anatomy of the Achilles tendon . Foot Ankle Clin. 2005, 10:225-38. 10.1016/j.fcl.2005.01.011
2. Maffulli N: Current concepts review-rupture of the Achilles tendon . JBJS. 1999, 81:1019-36.
3. Maffulli N, Ajis A: Management of chronic ruptures of the Achilles tendon . J Bone Joint Surg Am. 2008,

90:1348-60. 10.2106/JBJS.G.01241
4. Tengman T, Riad J: Three-dimensional gait analysis following Achilles tendon rupture with nonsurgical

treatment reveals long-term deficiencies in muscle strength and function. Orthop J Sports Med. 2013,
1:2325967113504734. 10.1177/2325967113504734

5. Liles J, Adams SB Jr: Management of complications of Achilles tendon surgery . Foot Ankle Clin. 2019,
24:447-57. 10.1016/j.fcl.2019.04.008

6. Lin YJ, Duan XJ, Yang L: V-Y tendon plasty for reconstruction of chronic Achilles tendon rupture: a
medium-term and long-term follow-up. Orthop Surg. 2019, 11:109-16. 10.1111/os.12429

7. Lee YS, Lin CC, Chen CN, Chen SH, Liao WY, Huang CR: Reconstruction for neglected Achilles tendon
rupture: the modified Bosworth technique. Orthopedics. 2005, 28:647-50. 10.3928/0147-7447-20050701-10

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

9. Wapner KL, Pavlock GS, Hecht PJ, Naselli F, Walther R: Repair of chronic Achilles tendon rupture with
flexor hallucis longus tendon transfer. Foot Ankle. 1993, 14:443-9. 10.1177/107110079301400803

10. Young JS, Sayana MK, McClelland, et al.: Peroneus brevis tendon transfer for delayed Achilles tendon
ruptures. Techniques Foot Ankle Surg. 2005, 4:143-7. 10.1097/01.btf.0000177227.37589.d2

11. de Cesar Netto C, Chinanuvathana A, Fonseca LF, Dein EJ, Tan EW, Schon LC: Outcomes of flexor digitorum
longus (FDL) tendon transfer in the treatment of Achilles tendon disorders. Foot Ankle Surg. 2019, 25:303-
9. 10.1016/j.fas.2017.12.003

12. Song YJ, Hua YH: Tendon allograft for treatment of chronic Achilles tendon rupture: a systematic review .
Foot Ankle Surg. 2019, 25:252-7. 10.1016/j.fas.2018.02.002

13. Ibrahim SA: Surgical treatment of chronic Achilles tendon rupture . J Foot Ankle Surg. 2009, 48:340-6.
10.1053/j.jfas.2009.02.007

14. Shoaib A, Mishra V: Surgical repair of symptomatic chronic Achilles tendon rupture using synthetic graft
augmentation. Foot Ankle Surg. 2017, 23:179-82. 10.1016/j.fas.2016.04.006

15. Anaim AA: Use of a non-crosslinked porcine dermal matrix in repair of the Achilles and other tendons of
the foot. Foot Ankle Spec. 2018, 11:514-9. 10.1177/1938640017751189

16. Hartog BDD: Surgical strategies: delayed diagnosis or neglected Achilles' tendon ruptures . Foot Ankle Int.
2008, 29:456-63. 10.3113/FAI.2008.0456

17. Maffulli N, Del Buono A, Spiezia F, Maffulli GD, Longo UG, Denaro V: Less-invasive semitendinosus tendon
graft augmentation for the reconstruction of chronic tears of the Achilles tendon. Am J Sports Med. 2013,
41:865-71. 10.1177/0363546512473819

18. Roos EM, Brandsson S, Karlsson J: Validation of the foot and ankle outcome score for ankle ligament
reconstruction. Foot Ankle Int. 2001, 22:788-94. 10.1177/107110070102201004

19. Dumbre Patil SS, Dumbre Patil VS, Basa VR, Dombale AB: Semitendinosus tendon autograft for
reconstruction of large defects in chronic Achilles tendon ruptures. Foot Ankle Int. 2014, 35:699-705.
10.1177/1071100714531228

20. Wegrzyn J, Luciani JF, Philippot R, Brunet-Guedj E, Moyen B, Besse JL: Chronic Achilles tendon rupture
reconstruction using a modified flexor hallucis longus transfer. Int Orthop. 2010, 34:1187-92.
10.1007/s00264-009-0859-1

2022 Vuldzhev et al. Cureus 14(12): e32325. DOI 10.7759/cureus.32325 6 of 6

https://dx.doi.org/10.1016/j.fcl.2005.01.011
https://dx.doi.org/10.1016/j.fcl.2005.01.011
https://journals.lww.com/jbjsjournal/Citation/1999/07000/Current_Concepts_Review___Rupture_of_the_Achilles.17.aspx
https://dx.doi.org/10.2106/JBJS.G.01241
https://dx.doi.org/10.2106/JBJS.G.01241
https://dx.doi.org/10.1177/2325967113504734
https://dx.doi.org/10.1177/2325967113504734
https://dx.doi.org/10.1016/j.fcl.2019.04.008
https://dx.doi.org/10.1016/j.fcl.2019.04.008
https://dx.doi.org/10.1111/os.12429
https://dx.doi.org/10.1111/os.12429
https://dx.doi.org/10.3928/0147-7447-20050701-10
https://dx.doi.org/10.3928/0147-7447-20050701-10
https://pubmed.ncbi.nlm.nih.gov/13660721/
https://dx.doi.org/10.1177/107110079301400803
https://dx.doi.org/10.1177/107110079301400803
https://dx.doi.org/10.1097/01.btf.0000177227.37589.d2
https://dx.doi.org/10.1097/01.btf.0000177227.37589.d2
https://dx.doi.org/10.1016/j.fas.2017.12.003
https://dx.doi.org/10.1016/j.fas.2017.12.003
https://dx.doi.org/10.1016/j.fas.2018.02.002
https://dx.doi.org/10.1016/j.fas.2018.02.002
https://dx.doi.org/10.1053/j.jfas.2009.02.007
https://dx.doi.org/10.1053/j.jfas.2009.02.007
https://dx.doi.org/10.1016/j.fas.2016.04.006
https://dx.doi.org/10.1016/j.fas.2016.04.006
https://dx.doi.org/10.1177/1938640017751189
https://dx.doi.org/10.1177/1938640017751189
https://dx.doi.org/10.3113/FAI.2008.0456
https://dx.doi.org/10.3113/FAI.2008.0456
https://dx.doi.org/10.1177/0363546512473819
https://dx.doi.org/10.1177/0363546512473819
https://dx.doi.org/10.1177/107110070102201004
https://dx.doi.org/10.1177/107110070102201004
https://dx.doi.org/10.1177/1071100714531228
https://dx.doi.org/10.1177/1071100714531228
https://dx.doi.org/10.1007/s00264-009-0859-1
https://dx.doi.org/10.1007/s00264-009-0859-1

	Case Series Report: Reconstruction of Chronic Achilles Tendon Rupture With Semitendinosus Autograft Combined With Vulpius Technique
	Abstract
	Introduction
	Case Presentation
	Patient information and selection
	Surgical technique
	FIGURE 1: Intraoperative view after blunt dissection
	FIGURE 2: Length of semitendinosus graft
	FIGURE 3: Single semitendinosus graft passed through stumps four times bridging the defect
	FIGURE 4: Final view of reconstruction after augmentation with Semitendinosus tendon

	Postoperative treatment
	Results
	FIGURE 5: Clinical outcomes for subcategories


	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


