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Reconstruction of Kuwada grade IV chronic achilles 
tendon rupture by minimally invasive technique

Xudong Miao, Yongping Wu, Huimin Tao, Disheng Yang, Lu Huang

ABstrAct
Background: Transfer of a flexor hallucis longus (FHL) tendon can not only reconstruct the Achilles tendon but also provide 
ischemic tendinous tissues with a rich blood supply to enhance wound healing. This retrospective study aims to investigate clinical 
outcomes in patients who underwent repair of Kuwada grade IV chronic Achilles tendon rupture with long hallucis longus tendons 
harvested using a minimally invasive technique.
Materials and Methods: 35 patients who were treated for Kuwada grade IV Achilles tendon injuries from July 2006 to June 2011 
were included in this retrospective study. The age ranged between 23 and 71 years. The duration from primary injury to surgery 
ranged from 29 days to 34 months (mean value, 137.6 days). All 35 patients had difficulties in lifting their calves. Thirty two 
were followed up for a mean 32.2 months (range 18–72 months), whereas three were lost to followup. Magnetic resonance 
imaging (MRI) showed that the tendon rupture gap ranged from 6.0 to 9.2 cm. During surgery, a 2.0 cm minor incision was made 
vertically in the medial plantar side of the midfoot, and a 1.5 cm minor transverse incision was made in the plantar side of the 
interphalangeal articulation of the great toe to harvest the FHL tendon, and the tendon was fixed to the calcaneus with suture 
anchors. Postoperative appearance and function were evaluated by physiotherapists based American Orthopedic Foot and Ankle 
Society-ankle and hindfoot score (AOFAS-AH), and Leppilahti Achilles tendon ratings.
Results: Results were assessed in 32 patients. Except for one patient who suffered complications because of wound disruption 
10 days after the operation, all other patients had primary wound healing, with 28 of 32 able to go up on their toes at last followup. 
The AOFAS-AH score was increased from preoperative (51.92 ± 7.08) points to (92.56 ± 6.71) points; Leppilahti Achilles tendon score 
was increased from preoperative (72.56 ± 7.43) to (92.58 ± 5.1). There were statistically significant differences. The result of the total 
excellent and good rate was 93.8% (30/32). MRI of Achilles tendon showed even signal without evidence of tear or cystic degeneration.
Conclusion: Reconstruction of a chronic Achilles tendon rupture with an FHL tendon harvested using a minimally invasive 
technique showed good outcomes.
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introduction

Rapid social and economic development has been 
accompanied by an increased incidence of sports 
injuries, including Achilles tendon rupture.1,2 This 
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type of injury has become the second most common 
type of tendon rupture, with an incidence as high as 
6–37/100,000.3 The acute missed diagnosis rate has 
been estimated at 20–30%.4 Chronic Achilles tendon 
ruptures are often accompanied by various degrees of 
tendon degeneration and defects. Improper treatment can 
result in complications, including scarring in the tendon 
area, continuous chronic pain, bad wound healing and 
re-rupture. Transfer of a long flexor hallucis longus (FHL) 
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tendon can not only reconstruct the Achilles tendon, but can 
also provide ischemic tendinous tissues with a rich blood 
supply to enhance wound healing.5-7 The minimally invasive 
technique described here provides a tendon sufficiently long 
to reconstruct large defects of the Achilles tendon, whereas 
other techniques harvest a short FHL tendon graft.8 Our 
minimally invasive technique also resulted in the exposure 
of the FHL tendon to direct view, making it relatively easy 
to perform. We describe here the outcomes in 35 patients 
who underwent FHL tendon transfer for Kuwada grade IV 
Achilles tendon injuries.

MAtEriAls And MEthods

35 patients who were treated for Kuwada grade IV Achilles 
tendon injuries between July 2006 and June 2011 were 
included in study. There were 21 males and 14 females. 
The mean age was 42.1 years (range 23-71 years). All had 
unilateral involvement. Twenty seven patients had a history 
of pushing off their heels forcefully, whereas the other 4 
had no history of injury, but chronic pain in tendon area 
gradually aggravated. The main symptom in all 35 patients 
was difficulty in walking on toes, with 28 patients also 
showing tenderness in the region of the tendon gap. 
Physical examination showed visible or palpable sunken 
Achilles tendon areas [Figure 1a and b], reducing or 
eliminating ankle plantar flexion force compared with the 
healthy side. Thompson test results were positive in 28 feet. 
X-ray showed soft tissue discontinuity of Achilles tendon 
[Figure 2a]. Magnetic resonance imaging (MRI) showed 
that the tendon rupture gap ranged from 6.0 to 9.2 cm. 
The time from primary injury to surgery ranged from 29 
to 1025 days (median, 52 days). Of the 35 patients, 16 
had a history of cortisone injections and 14 had a history 
of type II diabetes without peripheral neuropathy. The 
mean duration of diabetes was 5.4 years. 5 patients had 
undergone Achilles tendon rupture repair at other hospitals, 
with the interval between the two operations being 35, 
42, 44, 52, and 72 days, respectively. Written informed 
consents were obtained from all of the participants in this 
study.

Operative procedure
Under regional epidural anesthesia, the patient was placed 
in a prone position and a tourniquet was placed on the 
upper thigh of the affected limb. The unaffected leg was 
also painted and draped with sterile towels to adjust the 
tension of the tendon. 8–10 cm incision was made vertically 
on the medial side of the Achilles tendon [Figure 1c]. The 
skin and the subcutaneous layer were incised to form 
a full-thickness skin flap. The aponeurosis was incised 
vertically, and the Achilles tendon was everted. Fibrous scar 
tissue at the ruptured end was completely removed. The 

gap of the tendon would be measured first intraoperatively 
to determine whether it is necessary to harvest FHL to 
reconstruct after fibrous tissue was removed. If the defect 
at the stump exceeded 6 cm [Figure 1d], a minimally 
invasive technique was used to harvest the FHL tendon. 
The posterior fascial compartment was incised to expose 
the muscle belly and tendon of the FHL. The FHL tendon 
was retracted and a neural dissector or flexible steel wire 
was used to strip the FHL tendon from the hindfoot to 
the midfoot. The plantar side of the midfoot was marked 
and a 2–3 cm vertical incision was made on the sole of 
the foot. The plantar fascia was incised and the FHL and 
brevis tendons were retracted and exposed while paying 
careful attention to the separation and protection of nerves 
and vessels. The nerve retractor was used to retract the 
FHL tendon simultaneously the interconnecting pieces 
of the FHL and flexor digitorum longus tendons was 
cut off. A 1–1.5 cm transverse incision was made at the 
interphalangeal joint of the great toe, and the distal end 
of the FHL tendon was cut off [Figure 1e]. The tendon 
was stretched from the incision at the midfoot, and the 
full-length FHL tendon was removed from the incision at 
the hindfoot [Figure 1f]. 3 mm holes were drilled 1 cm from 
the attached distal part of the Achilles tendon and 1.5 cm 
from the posterior cortex margin of the calcaneus, from the 
superior-oblique to the posterior-inferior side. The harvested 
tendon was fixed to the calcaneal tuberosity using a suture 
anchor of diameter 5.0 mm. The tension of the tendon 
was adjusted until it was similar to that of the healthy side. 
Then tendon was fixed to the calcaneus and the Achilles 
tendon was repaired [Figure 1g]. Using a suture-weave 
technique, the remaining FHL tendon was penetrated 
such that it was 2 cm from the proximal end of the Achilles 
tendon and sewn up. It was then reversely embedded to 
the distal end of the Achilles tendon [Figure 1h]. Finally, 
the three tracts of the transferred tendon were sutured 
and fixed [Figure 1i]. Following placement of a negative 
pressure drainage device, the subcutaneous layer and skin 
were sutured [Figure 1j].

Postoperative treatment
After surgery, the affected foot was fixed in a plaster limb 
brace at 5–10° ankle varus and 25–30° plantar flexion at 
the ankle to decrease tension in the Achilles tendon. The 
dressing was changed 1 week after surgery. After 3 weeks, 
a polymer brace was used to support the position at 15° of 
plantar flexion and active partial weight-bearing exercises 
were started. Gait exercises using protective shoes (DARCO 
Copr. USA) and extension and active ankle exercises were 
started 6 weeks after surgery. 12 weeks after surgery, the 
brace and protective shoes were removed and the patients 
were returned to normal daily life with weight-bearing 
walking exercises.
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Figure 1: Clinical photographs showing the surgical technique: (a) Preoperative lateral Achilles tendon with visible gap (b) preoperative frontal 
Achilles tendon; (c) preoperative Achilles tendon rupture, with a defect of about 6.0 cm; (d) preoperative Achilles tendon rupture after debridement, 
with a defect of about 7.0 cm; (e) separation of the flexor hallucis longus tendon by the minimally invasive technique; (f) removal of the flexor 
hallucis longus tendon from the incision at the mid-hind foot, showing the length available for transplantation; (g) arrow showed the suture anchor 
was fixed on the calcaneal tuberosity; FHL tendon harvest and Achilles tendon rupture would be sutured together by it; (h and i) reconstruction of 
the chronic Achilles tendon rupture with the flexor hallucis longus tendon graft; (j) postoperative views of the incisions at the midfoot and lower leg
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Followup and curative effect evaluation
Patients were asked to return to the hospital for 
examination at 2, 4, 6, 8, and 12 weeks postoperatively. 
Followup X-ray and MRI of the ankle joint were 
taken [Figure 2b and c]. Wound healing was monitored 
and guided rehabilitation was started. Afterwards, patients 
were followed up every 3–6 months to evaluate the 
function of the ankle joint.

Eighteen months after surgery, postoperative appearance and 
function were evaluated by the American Orthopedic Foot 
and Ankle Society-ankle and hindfoot score (AOFAS-AH) 

efficacy score9,10 and Leppilahti Achilles tendon ratings.11 
Efficacy scores on the AOFAS-AH were divided into three 
categories: Pain, function, and alignment, with each rated 
as excellent (90–100), good (75–89), fair (50–74) or poor 
(<50).

Statistical methods
Data were reported as a mean ± standard deviation, and 
compared using paired t-test. All statistical analyses were 
performed using SPSS 11.0 software (SPSS. Inc. 233 South 
Wacker Drive, 11th Floor, Chicago, USA), with a P < 0.05 
considered statistically significant.
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Figure 2: (a) Preoperatively X-ray of ankle joint lateral view, showing the soft tissue discontinuity of Achilles tendon (b) Followup X-ray of ankle 
joint lateral view and (c) magnetic resonance imaging showing reconstructive Achilles tendon

cba

rEsults

The time to pull the FHL tendon through the minor 
incision ranged from 9 to 16 min (mean 11.8 min) and 
the time to reconstruct the Achilles tendon ranged from 
40 to 65 min (mean 52 min). Bleeding during the operation 
ranged from 20 to 50 mL (mean 32 mL) and postoperative 
drainage was from 5 to 20 mL (mean 10.2 mL).

Of the 35 patients, 32 were followed up, whereas three 
were lost to followup. Followup period in the 32 patients 
ranged from 18 to 72 months (mean 33.2 months). Except 
for one patient who experienced complications due to 
wound disruption 10 days after surgery, all other patients 
showed primary wound healing. The wound in the patient 
with wound dehiscence was repaired again with delayed 
union occurring after 6 weeks. The outside of the Achilles 
tendon appeared smooth in all patients, without hunching 
or depression. Differences in circumferences 2 cm above the 
ankle were all within 1 cm. Differences 10 cm below the knee 
joint were within 1 cm in 27 patients and within 1–3 cm in 
the other five. None was again ruptured. All patients were 
capable of lifting their calves and walking on toes after 
surgery. 18 months after surgery, 28 of the 32 patients had 
the same strength in both calves, as determined by objective 
physical examination, whereas 4 remained weaker on 
the reconstructed side (muscle strength 4/5). Twenty four 
patients had the same dorsal flexion angle of both ankle 
joints, whereas 8 were decreased <10°. All the patients were 
satisfied with the resulting ankle function in their normal life.

All the patients lost flexor strength in the metatarsophalangeal 
joint of the great toe, but none experienced limitations in 
walking in daily life.

Twelve months after surgery, the mean AOFAS score was 
92.56 ± 6.71, significantly greater than the mean score 

before surgery (51.92 ± 7.08; P < 0.05). Mean Leppilahti 
Achilles tendon rating score was significantly greater 
after than before surgery (92.58 ± 5.1 vs. 72.56 ± 7.43; 
P < 0.05). The results were excellent in 27 patients, good in 
3 and fair in 2. No patient experienced injuries to the sural, 
posterior tibial, and medial and lateral plantar nerves and 
none had a painful plantar scar. Of the two patients with fair 
results, one was too afraid of rerupture of the Achilles tendon 
reconstruction to participate in rehabilitation training. His 
ankle joint remained stiff 6 months later, for which he was 
readmitted to hospital to receive rehabilitation training. 
The other returned to his home town and did not receive 
rehabilitation training. His ankle joint was also stiff after 
1 year. He, therefore, underwent circular external fixation 
surgery to gain his ankle joint function.

discussion

Despite the development of many methods of reconstruction, 
the repair of chronic Kuwada grade IV tendon rupture is 
difficult.4,6,12-16 Autologous tendon transfer is widely used, 
with the transfer of the FHL tendon to reconstruct the 
Achilles tendon having several advantages. First, the FHL 
tendon is the second strongest muscle, after the triceps 
surae muscle, in the rear part of the lower leg17 as well as 
having properties similar to those of the Achilles tendon. In 
addition, the FHL tendon contracts in synchrony with the 
triceps surae muscle during walking. Second, the anatomical 
features and location of the FHL tendon are close to those 
of the Achilles tendon, simplifying the surgical procedure. 
In contrast to the peroneus brevis and flexor digitorum 
longus tendons, use of the FHL tendon avoids separating 
vessels and nerve tracts, as well as avoiding incision and 
exposure of the lateral muscular compartment. Third, 
suturing the FHL tendon into both ends of the Achilles 
tendon can facilitate its vascular reformation by allowing 
microvessels to enter chronic ruptured tissues.8 MRI has 
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shown compensatory hypertrophy of the tendon after 
transfer of the FHL tendon, with this tendon performing 
the activities of the Achilles tendon.18 Therefore, transfer 
of the FHL tendons can be used to reconstruct Achilles 
tendons with large defects in patients with chronic Achilles 
tendon rupture and in some patients with apraxia caused 
by benign lesions those who may have a section of the 
Achilles removed.

Many techniques are available for transfer of the FHL 
tendon to repair Kuwada grade IV chronic Achilles tendon 
rupture. Good clinical outcomes have been reported using 
a single-incision technique to harvest the FHL tendon.19 
Moreover, complete removal of the Achilles tendon and 
reconstruction by transfer of the FHL tendon in patients 
with continuous pain yielded good results.20

These methods, however, have several potential 
disadvantages, including limited surgical vision when 
separating the FHL muscle, which may result in damage 
to the blood vessels and nerves. In addition, the harvested 
tendons were too short and could therefore only be used 
for single-tract suture and fixation. A double-incision 
technique was later developed, in which a second incision 
was made at the medial side of the sole, yielding a tendon 
extending from the navicular bone tubercle to the first 
metatarsal.14 Since the abductor muscle was covered and 
shaded by the flexor hallucis brevis tendon on the plantar 
side as well as accompanying and being connected to the 
flexor digitorum longus tendon, the incision should extend 
distally as far as possible to fully expose the FHL tendon 
and to the harvest a sufficiently long fragment. This creates 
conditions for repairing tendons with many defects. For 
example, this method was used to reconstruct the Achilles 
tendon by inserting the FHL tendon from the posterior 
side of the calcaneus, increasing its vertical distance to the 
ankle rotation center, followed by mixed suturing of part 
of the gastrocnemius muscle to increase the plantar torque 
of the ankle.21 AOFAS scores in these patients increased 
significantly and the results of single foot standing and 
walking tests were normal. In addition to providing sufficient 
tendon to fix the end of the calcaneus, this method allows 
one or two tracts of the tendon to be reversely sutured 
and fixed to the triceps muscle. This would bridge and fill 
defects in the tendon area, greatly enhancing the plantar 
flexion force of the ankle, and meeting patients’ everyday 
needs. Due to the unique anatomical structure of this 
tendon (e.g., coverage by the abductor muscle, Henry 
nodules and potential variations, a coverage of the flexor 
hallucis brevis tendon and surrounding nerves and vessels), 
however, a long and deep medial incision during midfoot 
exposure is required to harvest the tendon. This is very 
difficult to perform on patients in the prone position. The 
minimally invasive technique described here resulted in the 

exposure of the FHL tendon in a direct view, allowing the 
surgeon to operate separately using a 3 cm incision, which 
was relatively easy to perform on patients in the prone 
position. In addition, a small scar on the plantar side had 
little influence on the protection of the foot arch.7

This technique of FHL tendon transfer had little effect on 
great toe function, including on flexion force, especially in 
patients aged over 30 years.22 Six of 7 patients resumed 
active exercises,14 and clinical and foot stress image analysis 
in 16 non athletes showed that tendon transfer had a 
negligible effect on flexion force after surgery,23 suggesting 
that the flexor hallucis brevis tendon had a compensatory 
effect. Straightening of the interphalangeal joint transferred 
the thrust to the distal phalanx.

The minimally invasive technique we describe can result 
in the harvesting of the FHL tendon from a midfoot or 
forefoot incision, depending on the length required for 
reconstruction. Since the junction of the muscles must be cut 
off, a midfoot incision is necessary to harvest a full-length 
FHL tendon; otherwise, incising only the interphalangeal 
part of the great toe to harvest the FHL tendon through 
retraction will not be successful.

Similar to other regular reconstructions of the Achilles 
tendon, reconstruction using the FHL tendon may result 
in complications, such as wound dehiscence, infections 
and sural nerve injury. Other related complications may 
include improper tension adjustment of the Achilles tendon, 
weakened foot propulsion caused by the graft being too 
loose and too long and varus deformity of the foot caused 
by the graft being too tight. Other potential complications 
may include incision infection, dehiscence, painful plantar 
scar formation, medial and lateral plantar nerve and vessel 
injuries and weakened plantar flexion force as a result of 
the tendon being transferred.8,19,20

There are several important considerations when performing 
the surgery. Thorough debridement is necessary. After 
determining the resection range, based on preoperative 
symptoms, abnormal MRI results and intraoperative 
findings, the Achilles tendon tissues, the surrounding areas 
of dysplastic fibrosis and degenerated scar tissues should 
be thoroughly debrided, since the lack of debridement may 
result in residual postoperative pain.4 The nerves and vessels 
should be sufficiently exposed and protected. A study of 
nerve injuries in 24 cadavers from which the FHL tendons 
had been removed showed that 8 (33%) had injuries to the 
medial and lateral nerves, with 2 (8.3%) having a complete 
injury.24 The proximal end of the graft should be embedded 
at least 2 cm into the Achilles tendon to prevent fracture 
and avulsion of the joint area.
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The technique described here is not suitable for professional 
athletes and sports enthusiasts since their great toes have 
higher requirements.10 In non-athletes, however, this less 
invasive method is suitable not only for the reconstruction 
of chronic Achilles tendon rupture with large defects but 
also for other benign lesions that require the resection 
of a large area of the affected Achilles tendon.25 Further 
research is necessary to determine the long term effects of 
this minimally invasive method on patients’ daily activities 
and to compare this method with other methods used to 
reconstruct the Achilles tendon.
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