Maffulli et al.
Journal of Orthopaedic Surgery and Research
https://doi.org/10.1186/513018-021-02830-7

RESEARCH ARTICLE Open Access
®

Check for
updates

Journal of Orthopaedic

(2021) 16:690 Surgery and Research

Check-rein technique for Achilles tendon
elongation following conservative management
for acute Achilles tendon ruptures: a two-year
prospective clinical study

Nicola Maffulli'*?, Francesco Oliva' and Filippo Migliorini**

Abstract

Background: Following conservative management for acute Achilles tendon (AT) ruptures, the tendon may heal
in continuity, and some patients may present with an elongated Achilles tendon—gastrosoleus complex. This study
investigated the efficacy and feasibility of a novel minimally invasive technique, which we named “check-rein proce-
dure” in patients with intact and elongated AT following conservative management for AT ruptures.

Methods: All patients who underwent the check-rein procedure for elongation of the gastrosoleus—AT complex
by one experienced surgeon were prospectively enrolled. The AT resting angle (ATRA) and AT rupture score (ATRS)
were assessed at baseline and repeated at 2-year follow-up, as were calf circumference and isometric plantarflexion
strength of both ankles.

Results: Forty-three patients (43 procedures) were analysed. The mean time elapsed from injury to surgery was
28.7 7.9 weeks. The mean age at surgery was 38.5 1+ 5.7 years. At the last follow-up, ATRS, ATRA, isometric strength
difference, and calf circumference of the affected side were increased (P <0.0001). The rate of the return to sport was
98% (42 of 43). No wound complications or rupture were experienced by any patient.

Conclusion: The check-rein technique for AT elongation after conservative management of AT tears is effective and
feasible to restore tendon length and calf function. The surgical outcome was influenced by the preoperative perfor-

mance status, and longer time elapsed from injury to surgery worsens the outcomes.
Keywords: Achilles tendon, Achilles rupture, Tendon elongation, Check-rein procedure

Introduction

Acute Achilles tendon (AT) tears are common. Even
when managed optimally these injuries result in
impaired muscle strength and endurance and may lead
to major functional impairment and retirement from
sport [1, 2]. There are no clear guidelines for the man-
agement of AT ruptures, and treatment is often based
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on surgeons and patient preferences [2-5]. Currently, a
growing trend to manage acute AT rupture conserva-
tively has been reported [1, 6-8]. In terms of func-
tional outcome and re-ruptures, previous randomized
controlled trials demonstrated similarity between con-
servative and surgical management [9, 10]. However, in
some patients, though the tendon has healed in conti-
nuity and no re-rupture has taken place, conservative
management for acute midportion AT ruptures may
result in delayed return to sport, persistent sensation
of insecurity and instability, and tendon elongation
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[11-16]. The latter has been estimated to be up to 3%
[17-20]. Tendon elongation correlates significantly with
clinical outcome, being an important cause of morbid-
ity as it may produce permanent functional impairment
[19, 21-23]. To restore effective push off, the AT must
be of the appropriate length in relation to the gastro-
soleus complex. The management of elongated AT is
challenging with limited options and unpredictable
results, and reconstruction and augmentation surgery
are more technically demanding than primary repair
procedures [24, 25].

For these patients with an elongated Achilles tendon
healed in continuity, we undertake a minimally invasive
AT augmentation using a free semitendinosus tendon
autograft, the check-rein procedure, building on our
experience matured with the same graft and surgical
technique when needing to restore continuity following
insertional acute Achilles tendon tears and chronic Achil-
les tears with large gaps [26, 27]. We hypothesized that
this procedure can be effective in patients with elongated
gastrosoleus—Achilles tendon complex to restore tendon
length and function. This study investigated the efficacy
and feasibility of the check-rein procedure in patients
with elongated AT following conservative management
for AT ruptures. The present investigation evaluated
isometric muscle strength, calf circumference, tendon
elongation, functional outcome, and return to physical
activities following the check-rein procedure.

Material and methods

Study design

The present study was conducted according to the Con-
solidated Standards of Reporting Trials: the CONSORT
statement [28]. The present study was conducted in
accordance with principles expressed in the Declaration
of Helsinki and approved by the Ethical Committee of the
University of Salerno (CESa 01252009/Rev2). Informed
consent was obtained from all subjects and/or their
legal guardian(s). Patients were enrolled at the Depart-
ment of Orthopaedics of the University School of Medi-
cine and Surgery of Salerno. All patients who underwent
the check-rein procedure AT elongation between 2013
and 2019 were considered. The inclusion criteria were:
(1) >3 months conservative management, (2) AT healed
in continuity without gap, (3) age 18 to 50 years, (4)
unable to stand on tiptoes with the knee extended. The
exclusion criteria were: (1) previous AT surgery, (2)
uncontrolled chronic disease, (3) infections, (4) preg-
nancy or lactation, (5) chronic AT tears with tendon gap,
(6) previous ACL surgery using hamstring tendon, (7)
immunodeficiency, (8) lower limb deformities, (9) acute
AT rupture.
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Surgical procedure

All procedures were performed by one experienced sur-
geon (NM) in a minimally invasive fashion [26, 27]. Low
molecular weight heparin thromboprophylaxis was rec-
ommended for 6 weeks. Briefly, patients were positioned
prone with their feet leaning over the end of the operating
table. After leg exsanguination with an Esmarch bandage,
a thigh tourniquet was inflated to 300 mmHg. The most
proximal portion of the AT and the superior posterolat-
eral corner of the calcaneum were identified and marked.
The semitendinosus tendon was harvested from the
medial aspect of the popliteal fossa through a 2.5-3-cm
transverse incision [29], and its ends prepared with No.
1 Vicryl (Ethicon, Edinburgh, Scotland) whip stitches. A
3-cm longitudinal incision was performed 8-10 cm cra-
nially to the posterosuperior corner of the calcaneus,
medial to the midline of the proximal portion of the AT.
The proximal Achilles tendon was exposed through the
wound. The semitendinosus tendon autograft was then
passed transversely in the AT by blunt dissection and
secured with resorbable suture to the AT. A 2.5-cm lon-
gitudinal incision was made 2 cm distal and lateral to the
lateral margin of the palpable distal AT, remaining close
to the lateral margin of the AT, preventing damage to the
sural nerve. The Kager’s space and the posterosuperior
corner of the calcaneum are exposed. A limited oblique
osteotomy of the calcaneus, as close as possible to the
insertion of the Achilles tendon, was performed using
an oscillating saw to produce space to receive the sem-
itendinosus tendon autograft. The calcaneus was drilled
at about 45° inclination to the horizontal plane from dor-
sal to plantar with a Beath pin, and subsequently a 7-mm
cannulated headed reamer was used to produce a suitable
tunnel. The two ends of the semitendinosus tendon were
passed anterior to the AT, retrieved distally through the
distal wound, and shuttled in the bone tunnel. With the
ankle in maximal plantar flexion, the graft was tensioned
distally and fixed in the calcaneal tunnel using an inter-
ference screw. The neotendon was then sutured to the
distal portion of the Achilles tendon. The wounds were
irrigated and sutured in a standard fashion. A below knee
weight-bearing synthetic cast was applied with the foot in
maximal plantar flexion.

Post-operative management

From post-operative day 1 (POD1), active flexion and
extension of the hallux, toes, and knee were started,
along with isometric exercises of calf muscles and toes,
and straight leg raises. With the use of elbow crutches,
patients were allowed to weight bear on the metatar-
sal heads as tolerated for short walks (5 min/h) for the
first 3 post-operative weeks. After 3 weeks, the cast was
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removed, a five-heel wedge Aircast boot (XP Walker,
DJO, Guildford, UK) was applied, and patients were
allowed to fully weight bear with the boot in situ. Ankle
exercises started to increase proprioception, plan-
tar flexion, inversion and eversion, while dorsiflexion
and stretching remain forbidden. At 4 weeks, patients
removed one heel wedge from the brace and were
allowed to start eccentric exercises of the gastrosoleus
complex. Active plantarflexion, inversion, and eversion
exercises against progressively greater resistance began at
this stage. From 8 to 10 weeks, patients gradually discon-
tinued the use of the brace. When the patients were not
wearing the brace, they were bearing weight on the oper-
ated leg and were instructed to use a 15-mm heel wedge.
At full removal of the brace, patients were instructed to
use the 15-mm heel wedge for another month. Plyomet-
ric exercises were allowed at 5 months post-operatively,
and patients were allowed to return to their normal
activity.

Study protocol

At admission, patient demographic information was col-
lected: age, sex, time elapsed from injury to surgery. The
AT resting angle (ATRA) [30] was measured to evaluate
tendon elongation. With the patient prone and the knee
flexed to 90°, the ATRA is the angle between the long axis
of the fibula and the line from the tip of the fibula to the
head of the fifth metatarsal [31]. The AT rupture score
(ATRS) was administered to assess functional outcome
[32]. Calf circumference was measured with the knee
flexed at 90° while seated and the leg hanging over the
side of an examination couch. Attention was made to not
compress the calf during the measurements. The calf cir-
cumference was measured 15 cm below the medial knee
joint line using a standard metallic tape measures with
1-mm increments. This process was repeated twice and
the average used for analysis. The isometric plantarflex-
ion strength of the gastrosoleus muscle complex was also
evaluated at neutral position (0°) as previously described
[33]. All these measurements were taken in the oper-
ated limb and compared to the healthy contralateral side.
Two years post-operatively, patients were invited for final
post-operative assessment. The ATRA, ATRS, calf cir-
cumference, and isometric plantarflexion strength were
evaluated. Moreover, the single leg heel raise test was
administered. During this test, patient stood and leaned
against the wall to maintain constant balance. They were
invited to lift one foot and stand with their weight on the
operated foot with knee straight. The test consists in lift
up on the toes, hold for 5 s, lower back onto the heel.
Patients should repeat this movement as many times as
possible. The number of lifts was recorded.
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Statistical analysis

The statistical analyses were conducted by one author
(**). The IBM SPSS Software version 25 was used. For
descriptive statistics, mean and standard deviation
were used. For continuous data, the mean difference
effect measure was used. The t-test was used to assess
significance, with P values<0.05 considered statisti-
cally significant. A multivariate analysis was performed
to investigate whether patient characteristics at base-
line have association with the outcome at the last fol-
low-up. For the multivariate analyses, the STATA/MP
16.1 (StataCorp, College Station, TX) was used, with
a multiple linear model regression diagnostic. The
test of overall significance was performed through the
Chi-square test, with values of P<0.05 considered sta-
tistically significant. For pairwise correlation, the Pear-
son product-moment correlation coefficient (r) was
used. The final effect was evaluated according to the
Cauchy—Schwarz inequality:4+1 (positive linear cor-
relation) and — 1 (negative linear correlation). Values
of 0.1<|r|<0.3, 0.3<|r|<0.5, and |r|>0.5 were consid-
ered to have small, medium, and strong correlation,
respectively.

Results

Patient recruitment

A total of 59 patients were assessed for eligibility. A
total of 16 patients were excluded because they did not
match the eligibility criteria: acute AT re-rupture (N=4),
chronic tears with tendon gap (N=4), age>50 years
(N=4), uncontrolled chronic disease (N=1), previous
ACL surgery using hamstring tendon(s) (N=1), immu-
nodeficiency (N=2), lower limb deformities (N=1). A
total of 43 patients received the planned surgical inter-
vention. No patients were lost at follow-up (Fig. 1).

Patient demographic

Forty-three patients (43 procedures) were analysed.
Seventy-three percentage (33/43) of patients were
men, and 51% (22/46) of procedures involved the
right side. The mean time elapsed from injury to sur-
gery was 28.7£7.9 weeks. The mean age at admission
38.5+5.7 years. Patient demographics are shown in
Table 1.

Outcomes of interest
At two-year follow-up, the ATRS, ATRA, the isometric
strength difference, and the calf circumference of the
affected side were all significantly improved (P <0.0001)
(Table 2).

Although the calf circumference and the isomet-
ric strength were improved, the difference with the
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Fig. 1 The flow diagram of the recruitment process

Table 2 Main results at minimum two years follow-up

Endpoint Admission  Last follow-up MD P

, ) o ATRS 460+52 866+43 406 <0.0001
Table 1 Patient demographics at admission ATRA 47418 09408 38 <00001
Endpoint Value Isometric strength 21174383  3656+314 1539 <0.0001
Patients 43 Calf circumference 35534466 34294453 75 <0.0001
Female 23% (10 0f43)  MD, mean difference
Male 77% (33 of 43)
Mean age 385+£5.7
Mean time injury to surgery (weeks) 28.7+£9.0
Side right 51% (22 of 43)

Side left 56% (24 of 43)
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Table 3 Isometric strength and calf circumference between operated and contralateral sides

Endpoint Operated side Contralateral side MD P
Isometric strength difference at baseline 21174383 41014292 19841 <0.0001
Isometric strength difference at follow-up 36564314 411.1£29.1 4549 <0.0002
Calf circumference difference at baseline 35531466 3832+464 27.88 <0.0003
Calf circumference difference at follow-up 34294459 36294453 20.00 <0.0004
contralateral side remained significant at the last fol- Discussion

low-up (P=0.0001) (Table 3).

At two-year follow-up, the average single leg heel
raise test was 40.4 (23 to 55). By the last follow-up,
the rate of the return to physical activity was 98% (42
of 43). Twenty-six percentage (11 of 43) of patients
reduced their activity level, 19% (8 of 43) returned to
their preoperative level, and 53% (23 of 43) declared
to have improved their activity level since the time of
surgery. No complications were experienced by any
patient.

Multivariate analyses

A longer time from injury to surgery was associ-
ated with higher ATRA at the last follow-up (r=0.4;
P=0.008) and lower functional assessment (r=-0.4;
P=0.009). ATRA at admission was positively asso-
ciated with the ATRA at the last follow-up (r=0.4;
P=0.009). Isometric strength at admission was posi-
tively associated with isometric strength (r=20.6;
P=0.0001) and functional assessment (r=0.6;
P=0.0003) at the last follow-up. Greater calf circum-
ference at admission was strongly and positively asso-
ciated with a greater calf circumference at the last
follow-up (r=-0.9; P=0.0001). No further statistically
significant associations were found. The results of the
multivariate analysis are shown in greater detail in
Table 4.

Table 4 Results of the multivariate analysis

The management of acute AT rupture is debated [2-5].
Given the comparable results of conservative and sur-
gical management reported by previous randomized
clinical trials [9, 10], the trend to manage these patients
conservatively is increasing [1, 6-8]. Although conserva-
tive management allows the tendon to heal, the AT may
elongate and impair the functional ability of the gastro-
soleus—AT complex [11-16]. The present study demon-
strated that the check-rein procedure for elongation of
the AT following conservative management of AT rup-
ture is effective and feasible to restore tendon length and
calf function. Calf circumference and isometric strength
were increased at two years post-operatively, but they
were still significantly decreased compared to the con-
tralateral side. The outcome was influenced by the pre-
operative status of the patients, and longer time elapsed
from injury to surgery negatively impacts the outcomes.
Rupture of the AT produces hypotrophy of the gas-
trosoleo complex [34]. In this study, although improved,
calf circumference did not reach the values of the con-
tralateral side at the last follow-up. Muscle weakness can
persist in the long term, up to ten years post-operatively
[35—40]. The functional outcome assessed using single leg
heel-rise test of the operated side was 40.4% of the unin-
jured limb, also reflecting a functional endurance deficit
of the gastrosoleo complex. Given the instability sensa-
tion of most of the affected ankles, patients hesitated in
performing such functional test preoperatively, and thus,

Endpoint ATRS ATRA Isometric strength Calf circumference Functional

at last FU at last FU at last FU at last FU assessment

at last FU

r P r P r P r P r P
Time injury to surgery (weeks) 0.05 0.7 0.39 0.008 0.14 0.3 —0.05 0.7 —040 0.009
Sex —-0.17 0.2 0.03 08 0.07 0.6 —0.11 04 —035 0.2
Age at admission 0.12 0.4 —0.05 0.7 —0.01 0.9 0.38 0.1 —0.13 04
ATRS at admission 0.19 0.2 0.04 0.7 0.04 0.7 0.12 04 —0.01 09
ATRA at admission —0.09 0.5 0.39 0.009 —0.14 0.3 0.20 0.1 0.02 0.9
Isometric strength at admission 0.04 0.7 0.04 0.8 0.61 0.0001 —0.10 0.5 0.58 0.0003
Calf circumference at admission —0.19 0.2 0.26 0.08 —0.08 0.5 094 0.0001 —0.06 06
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only the post-operative data were available. The ATRA
decreased at two-year follow-up. The ATRA assesses the
passive tension of the AT at the ankle and is an indirect
measure of tendon elongation: 1 cm of elongation pro-
duces an increase of dorsiflexion of 10° [22]. Following
AT rupture, plantar flexion strength reduces up to 20%,
and reduced plantar flexion strength may relate to greater
AT lengthening [41-44].

Evidences concerning the surgical management for AT
rupture which heal in continuity but results in tendon
elongation are limited. For these ailments, Z-shortening
has been advocated [24]. In a clinical study involving
nine patients, Z-shortening restored tendon length at
32-month follow-up. The average ATRS was 83.8, dem-
onstrating acceptable outcomes. There were two infec-
tions, which were treated successfully with antibiotics.

Tendons transmit loads from muscles to bones; thus,
they must be capable of resisting high tensile forces with
minimal energy loss and elongation [45]. Elongation of
the AT results in reduction of plantar flexion strength,
power and endurance with a subsequent reduction in
activity and unsteadiness of gait. Elongation causes an
unfavourable transfer of force from the gastrocnemius-
soleus complex to the hindfoot, and even intensive reha-
bilitation cannot obviate to it. Clinically, a hypotrophic
and weak calf muscle complex can be observed in most
patients, with reduced ability to stand on tip toes and
increased passive dorsiflexion of the foot compared to
the contralateral side. Physiotherapy must be rigorously
planned and systematically supervised by an expert. We
advocate early weight bearing and mobilization of the
ankle with progressive resistance exercises post-opera-
tively [32, 46-438].

We employed the technique used in the present study
when managing patients with chronic AT ruptures with
large gaps. We previously published a report of 28 con-
secutive patients who underwent the procedure for
chronic midportion AT rupture with a large gap (>6 cm),
reporting comparable results to the present investigation
[29]. At the 2-year follow-up, the average ATRS scores
significantly improved, with 93% (26 of 28) of patients
reporting good-to-excellent outcomes and 57% (16 of
28) returning to their preinjury level of physical activ-
ity [29]. Only one patient experienced persistent pain
over the distal wound, which improved after desensitiza-
tion therapy [29]. The procedure was also performed in
a cohort 28 patients with acute insertional AT rupture
[27]. Overall, 82% (23 of 28) of patients reported good-
to-excellent results. Two patients developed a superficial
wound infection, and 79% (22 of 28) of patients returned
to their preinjury activity level at a mean of 6.7 months
[27]. There were only two cases of infection, which
healed after systemic antibiotics were administered [27].
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These investigations demonstrated that the use of a free
semitendinosus graft in a minimally invasive fashion is
safe and effective, associated with good outcomes also in
other settings.

This study does not come without limitations. The rela-
tively limited study size included represents the most
important limitation of the present study. Future larger
investigations should overcome this limitation. Although
the patients were prospectively recruited, the lack of a
control group is an important source of bias of the pre-
sent investigation. However, there is a lack of surgical
strategies to address such condition, and the condition
reported in this study is uncommon. Future studies are
required to investigate prognostic factors for tendon
elongation in the management of AT tears to guide the
decision-making process, exploring features of the mixed
modalities and individual patient characteristics which
may predispose to tendon elongation, and identifying
the suitable candidate who can benefit at best from non-
surgical strategy. Our selection and recruitment process,
our assessment criteria and our follow-up were extremely
rigorous and performed in strict scientific fashion. All
patients were operated by a fully trained orthopaedic sur-
geon with a special interest in AT ailments. All the surgi-
cal procedures were performed in the same fashion and
with the same instruments, modalities and materials, as
was the post-operative management.

Conclusion

The check-rein technique for AT elongation following
conservative management of AT ruptures is effective
and feasible to restore tendon length and calf function.
The surgical outcome was influenced by the preopera-
tive performance status, and longer time elapsed from
injury to surgery worsens the outcomes. Future studies
are required to investigate prognostic factors for tendon
elongation to guide the decision-making process, explor-
ing features of the therapies and individualities, which
may predispose to tendon elongation, and indicating the
suitable candidate who can best benefit from non-surgi-
cal management in the acute phase.
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