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ABSTRACT

BACKGROUND: Surgical treatment is the commonly preferred method for treating acute Achilles tendon ruptures (AATRs) due
to advantages such as less re-rupture rates, better functional results, and an early return to physical activities. The main aim of our
study is to compare two common minimally invasive surgical methods, the limited open and the percutaneous approaches, regarding
clinical outcomes.

METHODS: A total of 53 patients (19 females and 34 males) who were treated with limited open (Group I: 30 patients) and per-
cutaneous (Group 2: 23 patients) approaches for AATRs were retrospectively evaluated between March 2019 and May 2020 in a level
| trauma center. The evaluation included complications (soft tissue and skin problems, re-rupture, and sural nerve injury rates), the
operation time, the duration of return to daily activities, The Achilles Tendon Total Rupture Score (ATRS), and the American Ortho-
pedic Foot and Ankle Society (AOFAS) scores of the patients at the first and 6 months of follow-up. Patients’ activity levels were
compared with the Tegner Activity Scale (TAS).

RESULTS: The mean age of all patients in this cohort was 45.1£14.1. The mean postoperative follow-up period for group | was
36.94£8.81 weeks, whereas, for group 2, it was 35.4+8.73 weeks (P=0.24). The mean age (P=0.47), gender distribution (P=0.41), and
body mass index (P=0.29) were similar for both groups. The mean operation time (group |: 47.1£5.4 vs. group 2: 44.4+6.1, P=0.06)
and the duration of return to daily activities (group |: 49.2+7.4 vs. group 2: 48.5+9.7, P=0.38) were also similar. There was no statistical
difference between groups regarding functional results at first (ATRS: group |: 79.94£3.2 vs. group 2: 79.5+3.9, [P=0.35], and AOFAS:
group |: 80.9%3.1 vs. group 2: 82.1£3.2, [P=0.10]) and 6" months (ATRS: group 1: 85.0+3.8 vs. group 2: 83.7+4.4, [P=0.13], and AO-
FAS: group |: 86.6+3.6 vs. group 2: 86.7+4.2, [P=0.46]). There were no statistically significant differences between groups regarding
preoperative and last follow-up TAS scores (P=0.94 and P=0.46, respectively). We observed no postoperative complications in group
|. There were three complications (13.1%) in group 2. One patient (4.4%) had a re-rupture, and two patients (8.7%) had sural nerve
injuries.

CONCLUSION: Although both groups had similar functional results, the limited open approach yielded better clinical outcomes
according to the complication results than the percutaneous approach.
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INTRODUCTION

The Achilles tendon is the strongest in the human body
and transfers the force from the gastrocnemius and soleus
muscles to the calcaneus.[l Acute Achilles tendon ruptures
(AATRs) are seen frequently in the third and fourth decades
and in the male population. However, some studies report
that its frequency has increased in the fifth and sixth decades.
1231 The Achilles tendon is often injured 2—6 cm proximal to
the calcaneal insertion.! Although AATRs occur mostly dur-
ing sports activities, they have also been associated with many
other factors, such as drugs, metabolic diseases, and struc-
tural variations.3>¢!

The ideal treatment method for AATRs is still controversial
in the current literature. The risk of re-rupture, wound com-
plications, neurological complications, and the strength and
return to physical activities should be considered in the treat-
ment choice of AATRs™ Surgical treatment is the commonly
preferred method for treating AATRs due to the advantages
of less re-rupture rates, better functional results, and an early
return to physical activities.['”]

The surgical treatment of AATRs is addressed using a variety
of techniques. These surgical techniques can be summed up
as open repair and minimally invasive techniques. Open ap-
proaches ensure correct tendon end-to-end repair and, con-
sequently, more stable suture fixation. However, the paraten-
on that supplies the tendon with blood is compromised. In
addition, the skin incision traverses a poorly vascularized
region of the posterior distal calf, which produces wound
complications.”®! Minimally invasive techniques (percutane-
ous repair and limited-open repair) have been developed to
reduce the problems mentioned above experienced in open
surgical techniques.”%-'"]

Ma and Griffith first described the “Percutaneous Repair”
method, one of the minimally invasive techniques. A low
wound site complication rate is the advantage of this tech-
nique. Important disadvantages include the risk of injuring the
Sural nerve close to the tendon with a percutaneous needle,
the inability to see the ruptured tendon ends due to the ab-
sence of an incision, and the inability to evaluate the quality
of tendon repair.!'"'? To overcome the issues of open (skin
complications) and percutaneous (risk of sural nerve injury)
repair techniques, the “Limited-Open Repair” method was
developed.!'

Although many studies compare the results of minimally inva-
sive methods and open repair, to the best of our knowledge,
only one study compares the results of limited open and per-
cutaneous approaches.[' The current study aims to compare
the limited open and percutaneous approaches for treating
AATRs in terms of the duration of return to daily activities,
the rates of complications, and the functional results.
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We hypothesize that the limited-open approach is superior
to the percutaneous approach regarding clinical outcomes in
treating AATRs.

MATERIALS AND METHODS

The ethics committee of our institution approved this study
(EI-21-2019/September 22, 2021). Among 93 patients who
were admitted to the level | trauma center for AATRs and
treated surgically with minimally invasive methods between
March 2019 and May 2020, 53 patients who met the inclusion
criteria were included in our study and were retrospectively
investigated from medical records. Informed consent was ob-
tained from all participating patients. The patients, who were
between |8 and 65 years of age and were administered to our
clinic within 10 days of injury with closed injuries without any
abrasions and tendon ruptures between 2 and 6 cm proximal
from the calcaneal tuberosity, were included in the current
study. The surgical team evaluated all the patients regarding
gap formation, the Thompson test, and skin wrinkling. The
diagnosis was confirmed with an ultrasound examination of
the Achilles tendon. Patients with diabetes mellitus, severe
skin wounds, abrasions over the surgical site, hypermobility
syndromes, prior history of Achilles tendinopathy or enthe-
sopathy, chronic Achilles ruptures, penetrating injuries, re-
ruptures, and patients with irregular follow-up visits were
excluded from the study. The flow chart of the patients in
the study group is given in Figure I.

The randomization protocol was based on the patient’s
hospital admission dates (odd or even days of the month).
Among the patients in this study group, the patients whose
hospital admissions were on odd days of the month were
operated on with the mini-open method, while the patients
admitted on even days of the month were operated on with
the percutaneous approach.

All the patients were operated on under epidural anesthesia
by the same surgeon experienced in the surgical treatment of
Achilles injuries in a prone position without a pneumatic or
hydraulic tourniquet application. Suturemaxx (Tulpar, Ankara,
Turkey) sutures produced from ultra-high-molecular-weight
polyethylene (UHMWPE) were used in all surgical proce-
dures.

The surgeries were performed by a single experienced ortho-
pedic surgeon, and the postoperative clinical outcomes were
evaluated by a second independent orthopedic surgeon.

Surgical Technique

In both limited open and percutaneous approaches, the me-
dial and lateral margins of the Achilles tendon, as well as the
gap at the rupture site, were determined and marked with
the patient in the prone position (Fig. 2).

Ulus Travma Acil Cerrahi Derg, August 2023, Vol. 29, No. 8



Subasi et al. Limited open approach v.s. percutaneous approach

Surgical Treatment for Acute Achille’s Rupture
(n=93)

—_— -

Excluded:

<18 and >65 years of age (n=10)
Diabetes Mellitus (n=12)

Severe skin wound and abrasions over
operation site (n=6)

Hypermobility syndromes, Penetrating
injuries, Tendinopathy (n= 5)

\/

Operated minimally invasive or percutaneously.
(n=60)

Excluded:

with irregular follow-up visits (n=7)

\

Analyzed
(n=53)

Figure 1. The Flow chart of the patients in the study group.

Figure 2. Percutaneous (a) and limited open (b) Achilles repair techniq

For the limited-open approach (Group 1), a 2-cm transverse
incision was made over the gap formation. Through this in-
cision, the interval between the superficial fascia of the leg
and the paratenon is developed. From this incision, ruptured
proximal and distal tendon ends were observed. With the
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ues.

technique described by Bunnell,l'®! distances of 1.5 cm and 3
cm from the gap site on the proximal stump and a distance
of two cm from the gap site on the distal stump were chosen
as the entry and exit points for the straight suture needle
(16 gauge) in each patient. After performing proximal and
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distal tenocutaneous sutures, the ends of the sutures were
retrieved from the mini-incision using a forceps clamp or a
suture collector hook. While the foot is in maximum plan-
tar flexion posture, the proximal and distal suture ends are
knotted over the tendon. The suture-tendon construct, the
convergence of both tendons’ ends, and the gap closure were
directly observed through the mini-incision. The paratenon
was then closed using a size-two absorbable suture (Fig. 3).

For the percutaneous approach (Group 2), the rupture site
was palpated. The No. || scalpel was used to make two
stab incisions on the medial and lateral edges of this gap.
The suture was passed through the Achilles tendon with the
help of a straight needle (16 gauge) using the Bunnell tech-
nique, and sutures were carried from the tendon’s medial
and lateral stab incisions using a suture carrier hook instru-
ment (Fig. 4). While the foot is in maximum plantar flexion
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posture, the proximal and distal suture ends are knotted
near the tendon.

POStOPCl‘ ative Management

A single dose of low-molecular-weight heparin (enoxaparin
sodium, 4000 i.u., subcutaneous) was administered for 14
days to patients who underwent surgery using both tech-
niques to prevent deep-vein thrombosis.

Patients received a short-leg cast with the ankle in 20° of
plantar flexion following surgery. All patients were permitted
active and passive knee flexion and extension movements as
early as the postoperative period. On the 3", 7%, and 4* days
after surgery, a single surgeon who was not the surgeon who
performed the operation conducted follow-up visits in the
outpatient clinic.

Figure 3. Figure 1. Limited-open repair of the Achilles tendon. (a) a mini-incision over the gap formation. (b) The interval between the
superficial fascia of the leg and the paratenon is developed. (c) The suture, which is passed through the tendon with the help of a needle
or cannula, is pulled to the incision line with the help of a clamp. (d) Distal and proximal sutures are knotted over the tendon, and the

paratenon is repaired. (*: Saphenous vein, —:Sural nerve).
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Figure 4. Percutaneous repair of the Achilles tendon. (a) The medial and lateral edges of the proximal and the distal parts of the tendon
are determined, and sutures are passed through the determined points of the tendon with the help of a needle or cannula. (b) Two stab
incisions (medial and lateral) are made at the rupture site and the sutures are pulled from the determined points to the incision lines with
the help of a mini hook. (c) Sutures are pulled out from the stab incisions and are knotted over the tendon. (d) The skin is closed. (*: Sa-

phenous vein, —:Sural nerve).

At the end of the 2™ week, the patients’ casts were removed.
Active dorsiflexion was permitted beginning in the 3™ week.
Active resistance and stretching exercises were initiated af-
ter 6 weeks. Immediately after surgery, patients were mobi-
lized. First 2 weeks of non-weight bearing, followed by partial
weight-bearing between weeks 2 and 6. After 6 weeks, com-
plete weight-bearing was permitted.['®!

The term “return to daily activities” refers to the patients’
ability to resume their preinjury daily routines, like indepen-
dently walking and going up and down stairs but not par-
ticipating in sports or hard work. Patients’ preinjury Tegner
Activity Scale (TAS) scores were noted to clarify the homo-
geneity between groups regarding patients’ daily activity lev-
els. In the I** month of follow-up, the Achilles Tendon Total
Rupture Score (ATRS) and American Orthopedic Foot and
Ankle Society (AOFAS) scores of the patients were calcu-
lated. The outpatient follow-up and clinical score evaluations
of the patients were performed by an experienced orthope-
dic surgeon blinded to the applied surgical technique. VWound
complications, sural nerve injuries, re-rupture rates, and the
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duration of return to daily activities were evaluated. In the 6%
month of follow-up, the AOFAS, ATRS, and TAS scores of the
patients were once again evaluated.

Statistical Analysis

The statistical analysis was performed with SPSS 22 (IBM
Corporation, Armonk, New York) program. The data ob-
tained by counting were expressed in numbers and percent-
ages. Visual (histograms and probability graphs) and analyti-
cal methods (Kolmogorov—Smirnov and Shapiro—Wilk tests)
examined the appropriateness of the variables obtained by
measurement. In comparing the data obtained by the mea-
surement, the Student’s T-Test was used for variables with
a normal distribution, and the Mann—Whitney U test was
used to compare variables without a normal distribution.
The Pearson Chi-square test was used to compare categori-
cal data. The statistical significance level was accepted as
P<0.05. Post-hoc power analysis was performed using G-
Power version 3.1.9.2 (Dusseldorf University, Dusseldorf,
Germany), and the power of our study was calculated as
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80.8% when the effect size (d) was 0.8 and the standard er-
ror (a) was 0.05.

RESULTS

The mean age of all patients in this cohort was 45.1+14.1. There
was no significant difference between study groups in terms of
the mean age, gender distribution, body mass index, duration
of the surgical operation, or mean postoperative follow-up time
(P=0.47, P=0.41, P=0.29, P=0.06, and P=0.24, respectively). Ta-
ble | demonstrates the comparison between groups regarding
demographics, clinical results, and complications.

Both groups were homogeneous in preinjury activity levels
(P=0.94). All patients in both groups achieved preinjury activ-
ity levels (e.g., sports participation) within approximately 6
months without a statistically significant difference (P=0.46).
In our study, there was no patient who could not reach the
previous activity level according to TAS.

Subasi et al. Limited open approach v.s. percutaneous approach

ATRS scores at the first and 6 months of follow-up were not
statistically significant between the percutaneous and limited
open approach groups (P=0.56 and P=0.50, respectively). Al-
though at the first and 6" month of follow-up, the mean AO-
FAS scores of the percutaneous approach group were higher
than those of the limited open approach group, the differ-
ence was not statistically significant (P=0.10 and P=0.46, re-
spectively). We observed no statistically significant difference
between percutaneous and limited open approach groups
regarding the duration of return to daily activities (P=0.38).

Although no postoperative complications were observed in
group |, sural nerve injuries in two patients and re-rupture
in one patient were observed in group 2 (8.7% and 4.4%,
respectively). The sural nerve injury was diagnosed with elec-
tromyography studies.

Although full recovery was achieved in the 6™ month of fol-
low-up in one patient with observation, we observed hyper-

Table I. Demographics, clinical results, and complications
Limited open Percutaneous P-value
(Group |, n=30) (Group 2, n=23)
Demographics
Age 45.21+15.16 44.16x12.11 0.47
Sex M:19, F:1 | M:15, F:8 0.41
BMI 24.4143.79 24.86+4.09 0.29
Mean Follow-up (weeks) 36.9+8.8I 354+ 8.73 0.24
Clinical results
ATRS (I** month) 79.9432 79.5£3.9 0.35
AOFAS (I month) 80.943.1 82.1+3.2 0.10
ATRS (6" month) 85.0+3.8 83.7+4.4 0.13
AOFAS (6™ month) 86.6+3.6 86.7+4.2 0.46
Return to daily activities (days) 49.2+7.4 48.5£9.7 0.38
Return to preinjury level of activity (weeks) 22.842.6 22.9+2.5 0.46
Preinjury level of activity (TAS) 0.94
Tegner level 3 (n) 5 4
Tegner level 4 (n) 6 4
Tegner level 5 (n) 5 3
Tegner level 6 (n) 5 6
Tegner level 7 (n) 9 6
Duration of the surgery (minutes) 47.1£5.4 44.4+6.1 0.06
Complications
Sural Nerve Damage 0 2 (8.7%)
Re-rupture 0 | (4.4%)

BMI: Body mass index; AOFAS: American orthopedic foot and ankle society; ATRS: The achilles tendon total rupture score; TAS: Tegner

activity scale; F: female; M: male, p: Level of significance.
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algesia and loss of discrimination in the other patient’s lateral
side of the foot and ankle.

DISCUSSION

The most important finding of our study is that, despite
no significant difference in the functional results of AATRs
treated with limited-open or percutaneous approaches, the
complication rate was higher for the percutaneous approach
compared with the limited-open approach.

The primary purpose of tendon repair is to provide a strong
fixation during the healing period to obtain proper tendon
integrity.”' Many studies in the literature showed lower re-
rupture rates with various suture materials and techniques
with open repair of AATRs."?!7!8 Although lower rates of
re-ruptures were obtained with open repair; increased soft
tissue complications have been observed with this technique.
210191 Therefore, minimally invasive repair methods and surgi-
cal instruments for these procedures have been developed to
prevent postoperative soft-tissue complications due to open
repair of AATRs.[81220211 The soft tissue complication rates af-
ter open repairs of AATRs have been reported to be between
3 and 11%. In contrast, lower rates of soft-tissue complica-
tions were observed with minimally invasive techniques in the
literature.'**'% In our study, we did not observe any soft tissue
complications with percutaneous or limited open approaches.
We attribute this situation to two reasons. Firstly, we excluded
patients with other diseases that may prevent wound healing
(exclusion criteria). Secondly, every effort was made to mini-
mize damage to soft tissue during operations on every patient.

The major disadvantage of limited-open and percutaneous
approaches is the increased risk of re-rupture.l'??? |n a litera-
ture review, re-rupture rates were reported between 3.7%
and 5.3% with percutaneous and limited open approaches. In
the same study, re-rupture rates were noted between |.7%
and 2.9% with open repair of acute AATRs.[" In the percu-
taneous approach group, we observed only one re-rupture
case (4.1%) in the 4% week of follow-up. Open repair was
performed for the treatment of the re-rupture patient.

Minimally invasive treatment methods could cause sural nerve
injuries. In the percutaneous repair group, we observed sural
nerve injuries in two patients. Haji et al. reported transient
sural neuritis in 10.5% of patients with percutaneous repair.
121 On the other hand, Hsu et al. detected 3% sural neuritis
in the patient group who underwent open Achilles tendon re-
pair, while sural neuritis was not detected in the limited open
repair group in their series of 270 patients.?* In addition, a
cadaver study conducted by McGee et al. showed that none of
the guide needles damaged the sural nerve in the Achilles ten-
don repair performed with a limited open approach. In our
study, we observed a similar rate of sural nerve injury (8.3%)
compared to the literature. A full recovery was obtained with
observation in a patient with a sural nerve injury, but the sural
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nerve injury was permanent in the other patient. The main rea-
son for lower rates of sural nerve injuries in open repair could
be the direct visualization of the nerve during the procedure.

AATRs are commonly seen in young adults. In these patients,
early return to daily activities and obtaining better postopera-
tive functional results are the most crucial aims of the treat-
ment. In the literature, higher ATRS scores and earlier return
to daily activities were observed with surgical repair com-
pared to conservative treatment methods. Limited open, per-
cutaneous, and endoscopic approaches have become popular
surgical techniques recently.l'®!%!l [n many studies comparing
the results of open repair and minimally invasive approaches,
no statistically significant difference was found in return to
daily activities, ATRS, or AOFAS scores.l'*7!% Similarly, our
study showed no statistically significant difference in the du-
ration of return to daily activities, ATRS, or AOFAS scores.

Our study had a few limitations. Our study was carried out
retrospectively. The number of cases in our study was small,
and the mean follow-up time was short, but these parameters
were similar to the number of cases and the mean follow-up
time in the reported studies.['"¥ Since only one surgeon evalu-
ated the patients postoperatively, inter- or intra-observer
evaluation could not be performed. The outstanding feature
of our study was that this was the second study on this sub-
ject. In addition, midterm results were included in our study.
Also, the post-hoc power analysis of the study was over 80%.

CONCLUSION

Despite limited-open and percutaneous approaches hav-
ing shown similar postoperative functional results in the 6%
month of the follow-up period, according to the complica-
tion results, the limited-open approach yielded better clinical
outcomes than the percutaneous approach. However, long-
term prospective randomized studies with a high number of
patients comparing limited-open and percutaneous methods
are needed to draw a certain conclusion.
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ORIJINAL CALISMA - 0Z

Akut asil tendon riiptiirlerinin tedavisinde iki farkli teknigin klinik kargilastirilmasi:
Sinirli agik yaklagima kargi perkiitan yaklagim

Dr. izzet Ozay Subasi,' Dr. Sahin Gepni,2 Dr. Oguzhan Tanoglu,® Dr. Enejd Veizi,2 Dr. Hilmi Alkan,?
Dr. Furkan Yapici,' Dr. Ahmet Firat?

Erzincan Universitesi, Tip Fakiiltesi, Ortopedi ve Travmatoloji Anabilim Dali, Erzincan, Tiirkiye
2Bilkent Sehir Hastanesi, Ortopedi ve Travmatoloji Klinigi, Ankara, Ttrkiye
3Buca Seyfi Demirsoy Egitim ve Arastirma Hastanesi, Ortopedi ve Travmatoloji Klinigi, Izmir, Tiirkiye

AMAC: Akut Asil tendon riptlrlerinin (AATR) tedavisinde cerrahi tedavi, daha az re- rlptiir oranlari, daha iyi fonksiyonel sonuglar ve fiziksel ak-
tivitelere erken donds gibi avantajlari nedeniyle yaygin olarak tercih edilen tedavi yontemidir. Calismamizin temel amaci, yaygin olarak kullanilan iki
minimal invaziv cerrahi yéntem olan, sinirli agik ve perkiitan yaklagimlari klinik sonuglar agisindan karsilastirmaktir.

GEREC VE YONTEM: |. seviye travma merkezine Mart 2019 ile Mayis 2020 arasinda AATR nedeni ile basvuran, sinirli agik (Grup |: 30 hasta)
ve perkiitan (Grup 2: 23 hasta) yaklagimlarla tedavi edilen toplam 53 hasta (19 kadin ve 34 erkek) geriye donik olarak degerlendirildi. Hastalarin
komplikasyonlari (yumusak doku/cilt sorunlari, re-riiptir ve sural sinir yaralanma oranlart), ameliyat streleri, glinliik aktivitelere donus stireleri, Asil
Tendon Toplam Riptir Skoru (ATRS) ve Amerikan Ortopedik Ayak ve Ayak Bilegi Dernegi (AOFAS) birinci ve altinci aylarindaki skorlari degerlen-
dirildi. Hastalarin aktivite diizeyleri Tegner Aktivite Skalasi (TAS) kullanilarak karsilastirildi.

BULGULAR: Calisma grubunda yer alan hastalarin yas ortalamasi 45.1%14.1 idi. Ameliyat sonrasi ortalama takip siiresi grup |'de 36.9£8.81 hafta
iken grup 2'de 35.4£8.73 hafta olarak bulundu (p=0.24). Ortalama yas (p=0.47), cinsiyet dagilimi (p=0.41) ve viicut kitle indeksi (p=0.29) her
iki grup icin benzerdi. Ortalama ameliyat stireleri (grup |: 47.1£5.4 ve grup 2: 44.4£6.1, p=0.06) ve glinliik aktivitelere doniis streleri (grup I:
49.217.4 ve grup 2: 48.519.7, p=0.38) de her iki grup igin benzerdi. Fonksiyonel sonuglar agisindan gruplar arasinda birinci ay sonuglarinda (ATRS:
grup 1:79.9%3.2 ve grup 2: 79.5%3.9, [p=0.35] ve AOFAS: grup 1:80.9£3.1 ve grup 2: 82.1£3.2, [p=0.10]) ve altinci ay sonuglarinda (ATRS: grup
|:85.0£3.8 ve grup 2: 83.7£4.4, [p=0.13] ve AOFAS: grup |: 86.6£3.6 vs grup 2: 86.7£4.2, [p=0.46]) istatiksel olarak anlamli bir fark saptanmadi.
Preoperatif ve son kontrol TAS skorlarina gére gruplar arasinda istatistiksel olarak anlamli bir fark saptanmadi (sirasiyla, p=0.94, p=0.46). Grup |'de
postoperatif komplikasyon gézlemlenmezken, Grup 2'de ti¢ hastada komplikasyon (%13.1) izlendi. Bir hastada (%4.4) tekrar riptlr, iki hastada ise
(%8.7) sural sinir yaralanmasina rastlandi.

SONUC: Calismamizda yer alan her iki grupta da benzer fonksiyonel sonuglar olmasina ragmen, sinirli agik yaklasim perkitan yaklasima gére komp-
likasyon sonuglari agisindan daha iyi klinik sonuglar géstermistir.

Anahtar sézcikler: Asil tendon riiptlrl; minimal invaziv; perkiitan yaklasim; sinirli agik yaklasim.
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