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Background

The Achilles tendon is formed by collagen fibers running from the
lateral and medial head of the gastrocnemius muscle and situated
deeper soleus muscle. The fascicles are twisted so the fibers from
the medial head of the gastrocnemius muscle are located posteriorly
(superficially) and the fibers from the lateral head are located
anteriorly (deeply). Thus, the fibers from the soleus muscle are
located in the central and medial part of the tendon [1]. These units,
depending on the side, rotate as left- or right-handed screws (eg, left
Achilles tendon rotates against clockwise). The significance of the
torsion stems from the fact it occurs at the site where concentrated
pressure applies potentially due to rupture enabling forces produced
where all the tendon bundles meet. Independently, it is possible to
distinguish each separate Achilles tendon musculotendinous unit
during a thorough, detailed dissection [2].

Achilles tendon is the strongest one in the human body and has to
withstand forces of up to 3,800 N [3]. The treatment of Achilles
tendon ruptures should not only focus on restoring Achilles tendon
length but also the original strength of the whole muscle-tendon
unit [4,5]. The best treatment is still debated [6,7]. There are
papers supporting non-operative treatment, traditional open repair
as well as percutaneous repair [8-11]. Rehabilitation protocols
also vary significantly, with some data suggesting success with
early mobilization, particularly in young active patients [12-14].

The goal of operative treatment is to restore full biomechanical
function of the tendon (or as similar to physiology as possible) and
to restore the ability to correct transmission of contractile forces,
which is possible only by careful reconstruction of the three-bundle
structure of Achilles tendon [2]. There is no absolute consensus
about the best type of surgical repair: some evidence suggests that

end-to-end suture techniques lead to more successful outcome
with reduced rate of complications when compared to approach
focused on tendon augmentation [15,16]. Jaakkola et al. designed a
study to compare the tensile strength of ruptured Achilles tendons
repaired using either the triple-bundle technique or the Krakow
locking loop technique [17]. The difference in average rupture
load for the triple-bundle technique and the average rupture load
for the Krakow locking loop technique represented a statistically
significant superiority in favour of the triple-bundle technique. The
same researcher conducted a study to evaluate the triple-bundle
technique for acute Achilles tendon rupture repair followed by
early (14 days) postoperative ankle range of motion, compared to
non-operative treatment with delayed ankle range of motion [18].
Operative treatment reduced immobilization time, allowed safe
early-return to weight bearing, and diminished risk of re-rupture
compared to non-operative treatment.

The goal of the rehabilitation is to allow the patient to fully
recover their strength and function within the shortest period.
Rehabilitation after rupture of the Achilles tendon is slow and it
may last longer than 3 months [19]. Despite most of the patients
reporting good long-term results, a significant number of patients
experience persistent symptoms for years [20]. Abnormal gait is a
sign of an incomplete recovery process [20,21]. Spatial and kinetic
data collected in a full gait analysis can assess gait abnormalities,
including those caused by injuries, and the relationships between
plantar flexor muscle-tendon unit properties and walking patterns
during rehabilitation [20-22].

The aim of the study was to present changes in walk parameters
in patients at three, six and twelve months after surgical triple-
bundle Achilles tendon reconstruction.
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Material and methods

Participants

Sixty patients (50 men; 10 women) presenting with complete
unilateral rupture of the Achilles tendon, treated by two senior
surgeons were included in this prospective study. Demographic
data can be seen in Table 1. The rupture involved the left and right
limb with 30 patients in each group.

Table 1
Variables Mean SD Range
Age (years) 32 6,2 25-51
Body mass (kg) 84,2 11,3 65-120
Height (cm) 180,3 5,8 168-193
BMI (kg/m?) 25,9 3,1 20-32
Male:female 50:10
Side Left 30 Right 30

All patients underwent Achilles tendon reconstruction at a mean
time of 6+4 days post injury followed by immediate, uniform
rehabilitation protocol described in a manuscript written by the
author of this publication [23]. The general summary of the
protocol has also been presented in the next subsection. Inclusion
criteria were: 25-60 years of age, a healthy contralateral leg with
physiological, clinically determined, alignment of the knee, foot
and ankle, no neuromuscular impairments including muscle
dystrophies, no other post-traumatic injuries or osteoarthritis of
the knee, foot and ankle of the treated leg. Exclusion criteria were:
previous surgical treatment of Achilles tendon, heart diseases,
liver or kidney insufficiency, oncological problem, haematological
diseases, immunological diseases, dermatological diseases,
infection, obesity, hyperlaxity.

The diagnosis of Achilles tendon rupture was initially made
clinically on the basis of palpable defect at the side of the rupture
and positive Thompson test which unveiled a lack of any apparent
plantar flexion. An ultrasound scan and magnetic resonance were
performed in all cases to confirm the diagnosis.

This study was a part of a project in developing a novel Scaffold-
based Tissue engineering Approaches to healing and Regeneration
of Tendons and ligaments (START) and was approved by the
appropriate Ethics Committee; all subjects gave their informed
written consent before entering the study.

Rehabilitation programme

The rehabilitation programme consisted of three sessions per week
during six months (mean 6,3+1,9 months, which comes down
to the average of 7345 sessions per subject). All patients were
discharged two days after the surgery if the condition of the patient
had not been complicated by other factors (mean hospitalization
2,3 days). During first six weeks the patients were kept non-weight
bearing and partially immobilized (the cast was split into two parts,
allowing its removal during supervised physiotherapy sessions)
They began passive and concentric motion of the ankle ranging
from 10° to 30° plantarflexion. Six weeks post-surgery all patients
underwent a follow-up ultrasound. Each follow-up ultrasound
examination of a patient in the program included the following
parameters: morphologic characteristics, structure, color Doppler
vascularization, tendon’s gliding within paratenon and mobility.
The parameters were chosen based on literature combined with the
experience of the radiologist specializing in orthopedic ultrasound
MRI assessment [25-27]. The findings from ultrasound combined
with clinical evaluation gave grounds to make a decision to remove

the cast and substitute it with a Walker boot with two wedges
(4 cm) placed under the heel [28]. Partial weight bearing, up to
25% of patients’ body mass, was permitted. At the beginning of
the week eight, one wedge was removed and active motion was
permitted from 5° of dorsiflexion to 30° plantarflexion. Partial
weight bearing was increased to 50% of patients’ body mass. After
ten weeks patients started walking with full weight. Twelve weeks
post-op another control ultrasound was performed along with a
clinical examination. Based on gathered findings the decision was
made by the surgeon to remove the Walker boot and allow normal
footwear. The patients performed mobility and theraband strength
exercises, walking forward, backward, side-wards and stairs up
and down progressively. Jumping on the trampoline and wobble-
board exercises began after 4 months into rehabilitation. Normal
sport activity was allowed to be resumed after seven months. All
patients followed the same rehabilitation protocol.

Measurements

The protocol of our study consisted of three assessments for the
study group: three, six and twelve months after the surgery. Each
evaluation included gait parameters analysis (Figure 1).

Figure 1

Gait analysis was conducted using the ZEBRIS FDM3 (Zebris
Medical GmbH, Germany) platform of dimensions 314 x 62 x
2.1 em with 17,024 sensors and registration frequency of 120
Hz. The platform was connected to the WinFDM software for
gait analysis, which records consecutive walks. Each participant
walked along the platform three times with a self-preferred speed.
The evaluation report included spatial parameters: foot rotation
(deg), step length (cm), stance phase (%), swing phase (%) and
kinetic parameters: max heel force (N) and max toe force (N).

Participant self-reported level of function was evaluated using the
Achilles tendon total rupture score (ATRS) at four and a half (six
weeks after Walker boot was removed), six and twelve months
post-op. It is a patient-reported instrument with high reliability,
validity and sensitivity for measuring the outcome related to
symptoms and physical activity after treatment in patients with
a total Achilles tendon rupture and can be a good predictor in
patient’s ability to return to sports after one year after an injury
[29,30]. It consists of 10 questions concerning symptoms (first
four) and physical activity like walking, running and jumping
(see APPENDIX). A patient scoring 0 implies major limitations/
symptoms and 10 no limitations or symptoms. Answers from
all 10 questions are added to a total score, with 100 being the
maximum score.
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ATRS
(Achilles Tendon Total Rupture Score)
All questions refer to your limitations/difficulties related to your injured Achilles tendon. Answer every question by grading your
limitations/symptoms from 0-10.
Remember (0= Major limitations and 10= No limitations).

Please circle the number that matches your level of limitation
1. Are you limited due to decreased strength in the calf/Achilles tendon/foot?

0 1 2 3 4 5 6 7 8 9 10(No limitations)
2. Are you limited due to fatigue in the calf/Achilles tendon/foot?

0 1 2 3 4 5 6 7 8 9 10(No limitations)
3. Are you limited due to stiffness in the calf/Achilles tendon/foot?

0 1 2 3 4 5 6 7 8 9 10(No limitations)
4. Are you limited due to pain in the calf/Achilles tendon/foot?

0 1 2 3 4 5 6 7 8 9 10(No limitations)
5. Are you limited during activities of daily living?

0 1 2 3 4 5 6 7 8 9 10(No limitations)
6. Are you limited when walking on uneven surfaces?

0 1 2 3 4 5 6 7 8 9 10(No limitations)
7. Are you limited when walking quickly up the stairs or up a hill?

0 1 2 3 4 5 6 7 8 9 10(No limitations)
8. Are you limited during activities that include running?

0 1 2 3 4 5 6 7 8 9 10(No limitations)
9. Are you limited during activities that include jumping?

0 1 2 3 4 5 6 7 8 9 10(No limitations)
10. Are you limited in performing hard physical labour?

0 1 2 3 4 5 6 7 8 9 10(No limitations)

Statistical analysis

The recorded data was statistically analyzed using the STATISTICA package (data analysis software system), Version 12 (StatSoft,
Inc., 2014). The Shapiro-Wilk W test revealed that all the demographics and gait parameters data had a normal distribution; therefore,
parametric tests were applied in further analysis. The significance of the changes in the temporal and spatial gait parameters and
the significance of differences between affected and non-affected lower limbs were evaluated with the repeated measures ANOVA
test and the post-hoc Tukey’s test (HSD). ATRS scores were evaluated with Friedman ANOVA for nonparametric one-way repeated
measures analysis of variance. The significance level was set at p < 0.05 for all tests.

Results

The spatial and kinetic parameters after three, six, and twelve months after the surgery are shown in Table 2. After three months (T1)
the measurements of step length (understood as a distance between the point of initial contact of one foot and the point of initial
contact of the opposite one), stance phase, swing phase and max heel force have shown significant differences when compared to
measurements taken after six (T2) and twelve months (T3) in the affected leg. Based on own observations and experience the researchers
established a set of spatial and kinetic parameters meant to indicate the level of function restoration. Using these parameters the
efficacy of completed rehabilitation protocol was measured six months after the surgery when comparing patients after T2 and T3
(pb) evaluation we observed no significant differences for any gait parameters in affected and non-affected leg.
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Table 2
T1 T2 T3 p* p° p*
T1 vs T2 T2 vs T3 T1 vs T3

foot rotation (deg)
AL 8,49+3,46 8,82+3,33 8,97+3,49 0,954 0,998 0,807
NAL 10,87+5,72 8,81+3,84 8,92+3,79 <0,001 0,998 <0,001
p (AL vs NAL) <0,001 0,999 0,999
step length (cm)
AL 51,25+13,75 67,43+10,27 70,6+6,2 <0,001 0,161 <0,001
NAL 62,03+11,69 69,33+7,31 71,25+6,24 <0,001 0,700 <0,001
p (AL vs NAL) <0,001 0,891 0,999
stance phase (%)
AL 68,44+4,41 63,49+1,94 62,61+1,63 <0,001 0,247 <0,001
NAL 63,27+3,62 62,64+1,66 62,41+1,55 0,627 0,991 0,263
p (AL vs NAL) <0,001 0,521 0,998
swing phase (%)
AL 31,56+4,41 36,54+1,97 37,39+1,63 <0,001 0,284 <0,001
NAL 36,73+3,62 37,33+1,64 37,6£1,55 0,674 0,986 0,265
p (AL vs NAL) <0,001 0,598 0,998
max heel force (N)
AL 800+138 852+137 851+164 <0,001 0,999 <0,001
NAL 799+140 830+125 848+137 0,309 0,872 <0,001
p (AL vs NAL) 0,999 0,958 0,999
max toe force (N)
AL 873+142 904+134 900+135 0,173 0,999 0,309
NAL 810+145 881+123 896+127 <0,001 0,847 <0,001
p (AL vs NAL) 0,103 0,939 0,999

The parameters are given as a mean + SD; AL-affected leg; NAL-non-affected leg; T1-evaluation after three months after surgery;
T2-evaluation after six months after surgery; T3-evaluation after twelve months after surgery; pa relates to the differences between
T1 and T2; pb relates to the differences between T2 and T3; pc relates to the differences between T1 and T3.

When compared to the non-affected leg, only spatial parameters after T1 evaluation were significantly different. Step length and
swing phase were significantly shorter and stance phase longer in affected leg. Significant alterations were observed in comparison
with the six-month and twelve-month assessments (<0,001). No significant differences were found between affected and non-affected
leg after T2 and T3 evaluation.

The patient-reported symptoms (ATRS) improved significantly over time up to twelve months following surgery (Table 3). The
comparable level of answers was observed in questions 2, 3 and 4 in assessment after 4.5 and 6 months, which were describing
fatigue, stiffness and pain around the Achilles tendon. The big decline of points was observed with the questions related to running
and jumping (question 8 and 9) after first evaluation with significant increase after six and twelve months (Figure 2).
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Discussion

The results of the present study show that the key goal of the
rehabilitation which is quick yet safe Achilles’ tendon strength and
function restoration is possible to achieve but requires a proper
post-operative evaluation protocol combined with immediate
physical therapy programme including immediate, supervised
mobilization of the ankle joint.

There are few reports in the literature concerning the use of
triple-bundle repair technique [17,18,31], which was used in
all cases covered by the study. The surgeons who performed all
the reconstructions in the current study were also the creators
of the technique and based on their medical recommendations
the immediate mobilization was introduced and the presented
rehabilitation protocol developed.

The study was designed to quantify the gait abnormalities found
after complete unilateral rupture of the Achilles tendon. As
expected, at three months after surgery (when the Walker boot
was removed), step length and swing phase were significantly
shorter and stance phase longer in affected leg [32,22,33]. The
muscle weakness and the resulting loss of symmetry within the gait
cycle produce a less energy efficient walking pattern [21]. This is
consistent with the limited walking distance and diffuse aching in
the calf that affects many patients. Our study points to the close
relationship between the need for healing progress’ monitoring
and the development of rehabilitation protocol. The continuous
assessment enables physiotherapists to boost the rehabilitation
process in a safe way by following the medical recommendations
of radiologists and clinicians based on follow-up examinations.
The continuous cooperation between doctors and physiotherapists
is paramount for patient’s safety and recovery, as well as it open
doors for new rehabilitation programmes and strategies without
risking re-injury. The remodeling phase takes about six weeks,
with decreased cellularity, collagen and glycosaminoglycan
synthesis. What follows is the tissue consolidation stage that
begins at week six and continues up to week ten of rehabilitation.
In this period, tissue experience structural changes: from cellular to
fibrous, hence patients are allowed to start partial weight bearing.
Increased loading prepares Achilles tendon for further rebuilding.
After ten weeks into rehabilitation process, the maturation stage
begins, with gradual tissue change from fibrous to scar-like tendon
over the course of one year [34].

Measurements of the maximum heel force conducted three months
after the surgery show much lower values compared to similar
evaluation performed after six and twelve months period. Increase
in the maximum toe force on the affected side has been frequently
observed to co-occur with the decrease in patients’ heel force.
Such deviation between measurements performed in different
rehabilitation stages may be explained by the heel pain that affects
patients, particularly in the early stages of rehabilitation. The
second gait analysis, taken six months after the injury, shows
improvement of all parameters. These findings conflict with work
from Costa and colleagues who reported a significant deficit in
peak forefoot pressure compared to non-affected side. Meanwhile,
the affected sides’ functional deficits found by Follak et al. manifest
in a decreased active heel lift during the swing phase shortly after
toe lift [21,35]. This is most likely stemming from the fact that the
weaker the calf muscle strength the worse propulsion initiating the
swing phase. These results displayed a marked deficit in plantar
flexor strength in relation to estimations of maximum strength
which are corroborated by other authors, who also found a strength
deficit of plantar flexors using isokinetics [36-38]. According to
the literature, the weakened plantar flexors — which could not

adequately perform their function during the heel- and toe-lift
phases — a compensation mechanism is used to move forward.
The body’s weight is shifted forward, thus “inducing” the next
step. This, in turn, increases the load on the forefoot [31].

Similarly to the study described by Garrido et al. [39] we have
observed an increase in recorded maximum toe force that would be
a subject of continuous improvement in time. Garrido’s study also
shows that asymmetry regarding propulsion and take-off phases
is substantial during the first year after surgery, progressing to
normality after this period of time. These results do not correspond
with the previous research by Naim et al. [44,40] who studied the
evolution of patients’ recovery between 8 and 48 months after
surgery. In their study, albeit no statistically significant differences
between the injured leg and the healthy one were found when the
reaction forces of the forefoot against the floor were measured,
yet still the difference in values was noted. At the same time no
significant variations were observed in relation to plantar flexion
in ankle, the period of stepping phase, twisting period on foot and
base reaction pressure on heel between the intact and traumatic sides
which might indicate a significant elongation in Achilles tendon.

Significant attribute and uniqueness of this study is that it has been
based on a uniform rehabilitation protocol completed by all patients.
Contrary to rehabilitation programs of Achilles tendon presented in
the literature, where full weight bearing in a functional split synthetic
cast in equinus was permitted immediately following surgery, our
patients started weight bearing later (at six weeks post-op) and were
additionally secured from re-injury by a Walker boot worn for next
the six weeks. The rehabilitation protocol was being commenced
two days post-op in all cases and consisted of plantar strengthening
exercises. The non-weight bearing time was fulfilled with manual
therapy sessions that decreased joint stiffness and tendon adhesions
[34]. The low values of questions in ATRS, related to running and
jumping, were correlated with late permission of dynamic exercises
during rehabilitation process due to Achilles tendon tissue’s healing.
Despite of long immobilization, patients have achieved the same or
better scores in ATRS and recovered correct walking patterns after
six and twelve months after surgery [42-44].

Although the treatment was limited to only one type of surgery
and the follow-up period is limited, the early results are promising.
In the future longer follow-up is to be considered and compared
with the groups of patients undergoing different kinds of surgical
repairs as well as to non-surgically treated ruptures.

Conclusions

In conclusion, we coincide with other authors [45-47], that
the open three-bundle Achilles tendon reconstruction provides
good results in the treatment of acute ruptures of the Achilles
tendon, restoring the ankle mobility, as well as gait strength and
stability. Despite its relative technical complexity resulting from
the inclusion of partial gait analysis (not including 3D analysis),
the protocol with all related monitoring procedures i.e. ultrasound
and clinical evaluation, shows great potential of becoming a tool
that would objectively assess the progression of patients’ recovery.

In our experience, spatial and kinetic gait analysis was a useful tool
that allowed us to study and quantify the function after Achilles
tendon ruptures treated with an open technique.

Nevertheless, we believe that stronger recommendations about
management of this condition will require a large randomized
controlled trial comparing the different operative and conservative
strategies.
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