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Background: High morbidity has been reported regarding Achilles tendon (AT) injuries, and the upward trend has accelerated
since the mid-1990s. A chronic Achilles tendon rupture usually results from a neglected or misdiagnosed acute rupture, and about
one-fifth of acute AT ruptures are missed and lead to chronic AT rupture. Although many techniques have been described, there is
no gold standard in the treatment of chronic AT ruptures.

Hypothesis: Endoscopically assisted, minimally invasive reconstruction for chronic AT rupture using a double-bundle flexor
hallucis longus (FHL) tendon would result in improvement of the overall function, with a low rate of wound complications.

Study Design: Case series; Level of evidence, 4.

Methods: Between May 2015 and November 2016, a total of 19 consecutive patients were enrolled and treated using endo-
scopically assisted, minimally invasive reconstruction for chronic AT rupture using a double-bundle FHL. The operative assess-
ment comprised the Achilles Tendon Total Rupture Score, the American Orthopaedic Foot & Ankle Society score, the Victorian
Institute of Sports Assessment-Achilles score, and a postoperative questionnaire. All postoperative complications were recorded.

Results: The mean follow-up time for all patients was 31 months (range, 20-42 months). According to the postoperative ques-
tionnaire, the result of surgery was excellent in 8 (42%) of 19 patients, good in 10 (53%), and fair in 1 (5%). All clinical outcome
scores (mean + SD) improved significantly after surgery: Achilles Tendon Total Rupture Score, 23.3 + 10.3 vs 98.3 + 9.2 (post-
operatively vs preoperatively); American Orthopaedic Foot & Ankle Society, 52.1 + 12.4 vs 97.5 £+ 18.9; and Victorian Institute of
Sports Assessment-Achilles, 23.4 £ 11.2 vs 95.7 + 17.1 (P < .05). No complications with regard to wound healing or infection were
noted. Twelve relatively young patients returned to preinjury activity levels, such as playing basketball or badminton, and the older
patients were able to meet their daily needs, such as walking up stairs and jogging.

Conclusion: Chronic AT ruptures were successfully treated via minimally invasive reconstruction using a double-bundle FHL,
which provided excellent functional improvement. It is best suited for patients with complex requirements who are at high risk for
wound complications.
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The Achilles tendon (AT) is the strongest ankle plantar
flexor and an important component of the normal gait
cycle. High morbidity has been reported regarding AT
injuries in Scandinavian countries (31-55 per 100,000 per
year).® Furthermore, the upward trend has accelerated
since the mid-1990s.* A chronic AT rupture usually results
from a neglected or misdiagnosed acute rupture. Although
no exact incidence has been reported for chronic AT
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ruptures, up to 25% of acute AT ruptures are missed and
lead to chronic AT ruptures.'® Because of reduced plantar-
flexion strength, some daily activities, such as walking
uphill or upstairs, can be limited.!® Patients frequently
report persistent swelling and recurrent pain of the ankle.

Even if acute AT ruptures are untreated, a scar tissue
bridge will form spontaneously between the 2 ends, which
is the body’s natural attempt at repair.'® Nevertheless, the
new tissue is not as strong as the original AT, and it elon-
gates slowly,'*!® which increases the potential for rerup-
ture. Additionally, the force arm of the gastrocsoleus
complex is lengthened, leading to weakened heel-rise
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strength. Furthermore, as a result of the retracted proxi-
mal stump, the gastrocsoleus complex becomes atrophic,
which exacerbates plantarflexion strength loss on the
affected side. The untreated injury affects activities of daily
living, and in professional athletes, this can end sports
careers. Thus, most surgeons prefer operative management
for chronic AT ruptures as compared with acute AT
ruptures.!

Many procedures, such as V-Y myotendinous lengthen-
ing, turndown flaps, tendon transfers (peroneus brevis,
flexor digitorum longus, gracilis, and flexor hallucis
longus [FHL]), and allografts/synthetic grafts, have been
described to treat chronic AT ruptures.’1"-2%22:28 Gener-
ally, after the scar tissue is resected, direct end-to-end
repair is impossible. Therefore, the key surgical consider-
ation is the length of the gap between the 2 ends, as
described by Myerson.!® Tendon transfers are used
widely in the treatment of chronic AT ruptures. FHL is
the strongest muscle among the transfer candidates.
Additionally, it has a durable and long tendon (10-
12 cm) that is suitable to bridge a large gap. Most impor-
tant, the axis of muscle contraction is comparable with
that of the AT, and the transferred tendon does not dis-
turb the mechanical balance of the ankle (both muscles
are plantar flexors).%19

Because of the tightened transferred tendon, tension-
free skin closure is difficult after open surgery. Wound
healing is challenging, especially for high-risk patients.
In 1 study, tobacco use, steroid use, and female sex were
identified as significant risk factors for wound infection.®
Moreover, age >50 years, repair time >4 weeks, and body
mass index >30 were considered important disadvan-
tages, despite not being associated with significant differ-
ences.® The percutaneous technique was developed to
solve the wound problem, but sural nerve lesions are
not rare.?®

Accordingly, some investigators have reported the
results of using endoscopic FHL tendon transfers to treat
chronic AT ruptures.>'? However, they all performed a
short harvest of the FHL and single-bundle transfer to the
calcaneus. To obtain maximal strength and prevent wound
complications, we perform endoscopically assisted, mini-
mally invasive reconstruction for chronic AT ruptures
using a double-bundle FHL tendon. The purpose of this
study was to assess the clinical outcomes of minimally inva-
sive reconstruction of chronic AT ruptures using a double-
bundle FHL.
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METHODS
Patients

The present study was approved by our institutional ethics
review board, and all participants provided informed con-
sent. Between May 2015 and November 2016, a total of 19
consecutive patients were enrolled and treated using endo-
scopically assisted, minimally invasive reconstruction for
chronic AT rupture using a double-bundle FHL. A chronic
AT rupture was defined as a rupture occurring >6 weeks
before the study.? All patients described a sudden kick from
behind and a subsequent sharp pain in the calf. They either
ignored this after a rest or were misdiagnosed. Ultimately,
all patients experienced chronic pain and recurrent swell-
ing and had some trouble in daily life with activities, such
as walking uphill or climbing upstairs. On inspection, a gap
could be palpated at the rupture site in some patients.
Although the single-leg heel-rise test result was abnormal
in all patients, active plantarflexion of the ankle was pos-
sible because of the compensatory effects of the tibialis pos-
terior, FHL, flexor digitorum longus, and peroneal muscles.
The calf muscles were atrophied in all patients. All patients
were evaluated by the same experienced foot and ankle
surgeon (X.L.). A combination of the Thompson calf squeeze
test®® and the Matles knee flexion test'® was used to con-
firm the diagnosis. Regarding imaging examinations, 15
patients preferred magnetic resonance imaging, and 4 pre-
ferred ultrasound (Figure 1).

Surgical Technique

Surgery was performed with patients under spinal and
peripheral nerve block and positioned prone and with a
small support placed under their lower leg, making it pos-
sible to move the ankle freely. A tourniquet was applied on
the thigh and inflated to 300 mm Hg. A single dose of pro-
phylactic antibiotics was administered 30 minutes before
the surgery.

Long FHL Harvest Technique

To perform the long FHL harvest technique, a small longi-
tudinal incision was made on the plantar surface of the first
metatarsophalangeal joint, and the FHL was identified
carefully (Figure 2A). After a stable knitting stay stitch was
placed, the tendon was cut at the distal side of the stitch.
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Figure 1. Preoperative imaging showing chronic Achilles tendon rupture: (A) magnetic resonance imaging and (B) ultrasound. The
green box shows the Achilles tendon adhered to the surrounding soft tissues, the proximal stump contracted, the gap was about
60mm, the internal echo was irregular, the distal stump did not move with the proximal.

Figure 2. (A) A small incision is made on the first metatarsophalangeal joint, and the flexor hallucis longus (FHL) tendon is identified
carefully. (B) The FHL tendon is tightened manually using the suture, and a long tendon stripper is inserted into the fibrous tendon

sheath to release it. (C) The FHL tendon is identified endoscopically. (D) The FHL tendon is pulled out through the posteromedial
incision.
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Figure 3. (A) The flexor hallucis longus (FHL) tendon is pulled into the midline incision using a PDS-2 suture loop (Depuy Ethicon).
(B) The reversed FHL tendon is passed through the tunnel to the distal end of the proximal incision. The left dotted line indicates the
original FHL tendon, and the right dotted line indicates the reversed FHL tendon. (C, D) The FHL tendon is woven through the
proximal stump for augmentation. (E) The FHL tendon is woven into the proximal stump in a Z-shaped tunnel.

The tendon was tightened manually using the suture, and a
tendon stripper was then inserted into the fibrous tendon
sheath to release the interconnection between the FHL and
flexor digitorum longus (Figure 2B). The surgeon pushed
proximally, slowly and smoothly, to a barrier where the
Henry knot was located and then rotated the stripper until
a sudden breakthrough was felt. After that, the stripper was
pushed gently as far as possible and then pulled out.

Endoscopic Technique

A standard posterior ankle endoscopy was performed using
posterolateral and posteromedial portals, as described by
van Dijk.2® A 4.0-mm 30° arthroscope was utilized, as rou-
tinely used for posterior ankle endoscopy. The endoscope
was introduced through a posterolateral viewing portal,
and a shaver was introduced through the posteromedial
portal for debridement. The FHL tendon was identified lat-
erally. The extra-articular fatty tissue and joint capsule

were removed using a few turns of the shaver to reach the
subtalar joint. Blunt-tip straight forceps were used to cut
the flexor retinaculum at the level of the subtalar joint
medially. After that, the FHL was identified and released
(Figure 2C). With the ankle and hallux positioned in max-
imum plantarflexion, straight grasping forceps were used
to pull the FHL out through the posteromedial incision
(Figure 2D).

AT Reconstruction

After FHL harvest, a posterior midline approach was made
at the end point of the AT using a 1.5- to 2-cm incision to
achieve visualization of the AT insertion, and the FHL was
pulled into the incision using a PDS-2 suture loop (Depuy
Ethicon) through a tunnel made using 4.0-mm Kirschner
wire (Depuy) (Figure 3A). Subsequently, the calcaneal tunnel
was created obliquely just deep to the AT insertion for stabi-
lization through a guide pin using a cannulated drill. The
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Figure 4. The calcaneal bone tunnel is displayed on postoperative radiographs: (A) lateral view and (B) axial view.

diameter of the tunnel depended on the tendon width. It
should be approximately 2 mm larger than double the tendon
width. A needle with a tail hole was used to draw the over-
lapped tendon into the bone tunnel using a PDS-2 suture
loop. With the ankle positioned and maintained in plantar-
flexion (about 10°), the tendon was fastened to appropriate
tension using the suture loop. The FHL was fixed carefully
using a bioabsorbable interference screw, and the residual
tendon segment was reversed proximally.

To prepare for the following weave, a 3-cm longitudinal
incision was made on the proximal stump. A tunnel was
created using 4.0-mm Kirschner wire, and a straight
clamp was placed from the AT insertion incision to the
proximal incision through the distal AT stump, scar tissue,
and proximal stump in sequence. Guided by a tail-holed
needle, the reversed FHL was passed through the tunnel
to the distal end of the proximal incision (Figure 3B). A Z-
shaped tunnel was created in the proximal stump for the
FHL, as described previously.?® The FHL was woven
through the proximal stump for augmentation (Figure 3,
C-E). The weave process was repeated to utilize the full
length of the incision. After the portals and wounds were
closed, a below-knee synthetic cast was applied with the
ankle in plantarflexion. The calcaneal bone tunnel was dis-
played on a postoperative radiograph (Figure 4).

Postoperative Care and Rehabilitation

Active toe exercises were encouraged postoperatively as
tolerated. All patients were nonweightbearing with a cast
for 2 weeks, but they were allowed to walk with the use of
elbow crutches with the affected leg elevated. A walking
boot with wedges was applied after cast removal for 2 weeks
postoperatively. Full weightbearing walking was permitted
with the boot, and 1 wedge was removed every 2 weeks. All
patients regained a normal plantigrade foot after boot
removal at 8 weeks postoperatively.

Follow-up and Outcomes

The follow-up times were 2 and 8 weeks after the surgery,
when the cast and boot, respectively, were removed.
Patients were informed that they should return for a
follow-up visit every 3 months in the first postoperative
year. After the first postoperative year, the patients were
advised to restore the patients’ previous sports and life
without any restrictions. The operative clinical functional
assessment contained the Achilles Tendon Total Rupture
Score (ATRS),?! the American Orthopaedic Foot & Ankle
Society (AOFAS) score,’® and Victorian Institute of Sports
Assessment—Achilles (VISA-A) score.?? These functional
scores were assessed pre- and postoperatively. To assess
the outcome of the surgery, patients were asked to complete
a questionnaire first described by Boyden et al,®> which
graded pain, level of activity, footwear restrictions, and sat-
isfaction on the basis of 4 domain levels each (eg, none,
mild/occasional, moderate, and severe for pain).

Statistical Analysis

The pre- and postoperative clinical functional outcomes
were compared using the Wilcoxon signed rank test. SPSS
Version 23.0 (IBM Corp) was used for all data analyses. The
alpha level was set at P < .05.

RESULTS

A total of 19 patients with chronic AT rupture were
recruited for the study, and all patients attended their
follow-up visits. The mean follow-up time was 31 months
(range, 20-42 months). Patient characteristics are reported
in Table 1. The results of the postoperative questionnaire
by Boyden et al® are reported in Table 2. The result of sur-
gery was excellent in 8 (42%) of 19 patients, good in 10
(53%), and fair in 1 (5%), in accordance with the grading
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TABLE 1
Characteristics of the Study Patients®

Variable Value
Age,y

Mean + SD 46.7 £10.8

Range 30-57
Sex, No.

Male 17

Female 2
Side, No.

Left 9

Right 10
Injury time, wk

Mean + SD 14.7+3.9

Range 6-24
BMI, mean + SD 26.5+ 8.4
Imaging examinations, No.

MRI 15

Ultrasound 4
Gap length, cm

Mean *= SD 55+1.1

Range 5-8

“BMI, body mass index; MRI, magnetic resonance imaging.

standard.® No poor results were recorded. As shown in
Table 3, all clinical outcome scores (ATRS, AOFAS, and
VISA-A) improved significantly after surgery.

No complications with regard to wound healing or infec-
tion were noted. However, 2 patients reported mild muscle
aches when the weather changed. Mostly better function
and increased plantarflexion power were reported by
patients 8 months postoperatively. All patients could per-
form a single-leg heel raise on the affected limb at the final
follow-up. Hallux weakness in daily life was not reported
during the follow-up. Overall, 12 relatively young patients
returned to preinjury activity levels: 5 to basketball, 3 to
badminton, 3 to running, and 1 to swimming. Note that
Chinese people play sports erratically and seldom have the
habit of keeping exercise, so the reported sport level could
be inaccurate. The older patients were able to meet their
daily needs, such as walking up stairs and jogging.

DISCUSSION

In this study, we assessed the clinical outcomes of mini-
mally invasive reconstruction for chronic AT ruptures
using a double-bundle FHL at a mean follow-up of 31
months. Nineteen consecutive patients were enrolled, and
clinical outcome measures including the ATRS, AOFAS,
VISA-A, and a postoperative questionnaire by Boyden
et al were evaluated.?

Our results showed a significant increase in ATRS,
AOFAS, and VISA-A scores after surgery. This means that
the AT function of the patients improved postoperatively.
In addition, the result of surgery was excellent or good in 18
(95%) of 19 patients, and only 1 (5%) result was fair. No
wound-healing problems, infections, or sural nerve lesions
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TABLE 2
Postoperative Questionnaire for Evaluating
the Surgical Outcome®

Item No. of Patients
Pain
None 16
Mild/occasional 2
Moderate 1
Severe 0
Activity limitation
None 16
Limited recreational but not daily activities 3
Limited recreational and daily activities 0
Footwear restriction
None, mild (most shoes tolerated) 18
Moderate (unable to tolerate fashionable 1
shoes, with or without insert)
Severe (only modified shoes tolerated or brace) 0
Satisfaction
Satisfied 18
Satisfied, with minor reservations 1
Satisfied, with major reservations 0
Dissatisfied 0

?As described by Boyden et al.?

TABLE 3
Clinical Scores of Participants Preoperatively and at Final
Postoperative Follow-up®

ATRS AOFAS VISA-A

Preoperative (n = 19) 23.3+10.3 521+124 234+11.2
Postoperative (n = 19)  98.3 £ 9.2 97.5+189 95.7+17.1
P value <.01 <.01 <.01

“AOFAS, American Orthopaedic Foot & Ankle Society; ATRS,
Achilles Tendon Total Rupture Score; VISA-A, Victorian Institute
of Sports Assessment—Achilles. Data are given as mean + SD.

were reported in our series. Thus, the efficacy and safety of
the surgery were validated.

To our knowledge, there is no gold standard in the treat-
ment of chronic AT ruptures. Many techniques, such as V-Y
myotendinous lengthening, turndown flaps, tendon trans-
fers (peroneus brevis, flexor digitorum longus, gracilis, and
FHL), and allografts/synthetic grafts, have been described.
Generally, tendon transfers are used to handle large gaps
(>5 cm). Peroneus brevis and FHL are the 2 most com-
monly transferred tendons, with similar mechanical prop-
erties.?* Although no significant functional deficits have
been reported with either tendon, surgeons tend to prefer
using the FHL. Because the loss of the peroneus brevis,
which provides 28% of the eversion capacity of the hindfoot,
would affect the muscle strength balance of the foot and
ankle, using the FHL is considered more advantageous.®

With traditional FHL tendon transfer reconstructions,
the 2-incision and single-incision techniques are open sur-
gical methods. During the operation, the soft tissue is dis-
sected extensively, and the scarred AT portion is excised.
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The peritendon is also stripped, resulting in an impaired
blood supply. The reported wound complication rates of the
open surgery are 4% to 36%.27 Thus, some investigators
have used the hindfoot endoscopic FHL transfer technique
to minimize wound risk.>!2 The endoscopic technique is
attractive and has a low rate of soft tissue complication,
especially for those with diabetes, older patients, and some
patients with poor skin conditions.

Several investigators have reported no wound complica-
tions after endoscopic FHL transfer®2?; however, postoper-
ative hyperesthesia and reduced sensation of the heel have
still been reported, although the symptoms disappeared by
12 months after surgery.'? Despite the 2 additional mini-
mal incisions, there were no wound problems in our
patients.

Four clinical outcomes measures were used to evaluate
the effects of surgery: the ATRS, AOFAS, VISA-A, and
postoperative questionnaire by Boyden et al.® The clini-
cal scores were all significantly improved after surgery,
in accordance with other studies.?'>27 As we know, the
FHL tendon is not as strong as the AT. Furthermore, the
muscle strength of the tendon decreases after
transposition. Theoretically, a single-bundle transferred
FHL is not sufficient to provide plantarflexion. However,
good function was described after a single-bundle FHL
transfer. The reason may be the compensatory hyperpla-
sia after tendon remodeling. Even so, the recovery time
may be lengthened. Satisfactory function was predictable
at 12 months after endoscopic transfer of a single-bundle
FHL.!2 However, the planterflexion power was still
reduced when compared with that of the nonaffected
side.'? So far, there have been no reports on minimally
invasive AT reconstruction using a double-bundle FHL
for chronic AT rupture. Anatomic double-bundle anterior
crucial ligament reconstruction has been reported to
have better anterior and rotational stability and a higher
objective International Knee Documentation Committee
score than has anatomic single-bundle reconstruction.®
Similarly, we argue that double-bundle could be superior
to single-bundle since it has been seen to provide more
powerful strength and stability. Although no statistical
analysis was performed, our results show that the
function and plantarflexion of the double bundle was
encouraging 8 months postoperatively. In our opinion,
the participation of the triceps muscles would shorten
the recovery time. In spite of the theoretical advantage,
further studies are needed to validate this.

The endoscopy is technically demanding, meaning a lon-
ger learning curve. Surgeons must pay attention to perio-
perative details. First, the FHL should be identified
carefully via the endoscope, and the tibial neurovascular
bundle should be avoided. Second, the screw insertion on
the end of the AT should be located, and the tunnel should
be drilled obliquely. Third, and most importantly, the ten-
sion of the transferred FHL should be modulated. In our
opinion, the FHL should be pulled out so that the FHL belly
is close to the bone tunnel and the reversed portion is fas-
tened as tight as possible.

This study did have some limitations. First, there was no
control group that received single-bundle reconstruction.
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Thus, there were no comparison results to determine the
optimal treatment method. Second, the sample size was
small. Because of the infrequent morbidity, a multicenter
study is needed. Third, some surgical details, such as the
tension of the transferred FHL and the optimal angulation
of the bone tunnel, were not quantified.

CONCLUSION

Chronic AT ruptures were successfully treated using min-
imally invasive reconstruction using a double-bundle FHL,
which provided excellent functional improvement. This
procedure had the advantages of strong connection, fast
recovery, and soft tissue benefits. All patients returned to
preoperative activities within about 31 months postopera-
tively. It is best suited for patients with complex require-
ments who are at high risk for wound complications, such
as patients with diabetes, those with rheumatoid arthritis
controlled by steroid, and older people with thin skin.
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