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	 Background:	 A retrospective study from a single center in Poland was aimed to evaluate the effect of 47 supervised phys-
iotherapy (SVPh) visits on relative peak torque (RPT) and relative isometric torque (RIT) of foot plantar flexion 
muscles (FPFM) and foot dorsiflexion muscles (FDFM) with a frequency of 1.7 visits per week conducted for 
28 weeks after surgical suturing of the Achilles tendon using a Kessler’s suture (ATSSKS). We hypothesized a 
higher number, frequency, and intensity of supervised physiotherapy visits (HNFISVPhVs) would correlate with 
and significantly improve RIT and RPT for FPFM.

	 Material/Methods:	 Group A included 20 patients (x=47 visits) after ATSSKS with one SVPh protocol who were divided into sub-
groups: with HNFISVPhVs (x=72) and with a lower number, frequency, and intensity of SVPh visits (LNFISVPhVs, 
x=33). Twenty participants without Achilles tendon rupture were included in group B (control). Both groups (³7 
Tegner activity scale) underwent RIT, RPT, and Limb Symmetry Index (LSI) measurements using Biodex Medical 
System 3.

	 Results:	 FPFM RIT were significantly lower in operated limbs in group A than for non-operated limbs in group B (P£0.001). 
HNFISVPhVs correlated with higher FPFM RIT and LSI in operated limbs (from r=0.444, P=0.05 to r=0.585, P=0.007). 
HNFISVPhVs obtained higher LSI of FPFM RPT of 180°/s (P=0.022) and 30°/s (P=0.049) than LNFISVPhVs.

	 Conclusions:	 SVPh with 47 visits after ATSSKS for 28 weeks was insufficient to obtain equal values of RIT for FPFM and FDFM, 
but HNFISVPhVs correlated with higher RIT values and considerably improved RIT and RPT for FPFM compared 
with LNFISVPhVs.
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Background

Surgical treatment using the open method, which uses vari-
ous types of suturing techniques to restore the continuity of 
the torn Achilles tendon (AT), is recommended for all patients 
who want to return to full sports activities [1] and allows pa-
tients to return to their level of sports activity from before its 
damage [2]. One of the crucial criteria for the patient, or play-
er, to return to sports activity after the surgical suturing of the 
AT is to restore the symmetrical values of maximal isometric 
torque (IT) and maximal peak torque (PT) of injured limbs to 
the values of the non-operated limbs [3]. The results in strength 
also depend on the operating method, postoperative recom-
mendations, time to heal and start loading the operated tis-
sue, patient age and sex, and patient’s motivation for treat-
ment [4]. Persistently lower IT and PT for foot plantar flexor 
muscles (FPFM) or foot dorsal flexors muscles (FDFM) in the 
operated limbs can deteriorate the quality of gait and stabili-
ty of the lower limbs during physical activity [5].

Supervised postoperative physiotherapy (SVPh) is conduct-
ed by a physiotherapist according to an established proto-
col, in coordination with the attending physician [6]. Calder 
et al, based on the clinical rating system for the ankle-hind-
foot, midfoot, hallux, and lesser toes, claimed that the use of 
supervised active rehabilitation after surgical AT suturing al-
lows patients to return to sedentary work faster (on average 
3 weeks after surgery) than patients without active super-
vised rehabilitation (between 6 and 13 weeks after surgery); 
however, the authors did not present a detailed physiothera-
py protocol in the literature [7]. Strom et al indicated a bene-
ficial effect of conducted physiotherapy and SVPh but did not 
assess the impact of the number of these visits on the final 
results obtained by patients [8]. Nevertheless, there is no un-
equivocal answer whether the number, frequency, and intensi-
ty of postoperative physiotherapy visits have an impact on the 
maximal IT and PT values obtained for the FPFM of the ankle 
joint. We do not have comprehensive knowledge of whether 
the above-mentioned factors can affect the level of symmetry 
of the IT and PT values acting on the ankle joint in the sagit-
tal plane between the non-operated and operated limbs af-
ter an open surgical suturing of the AT via Kessler’s method. 
We assessed the impact of SVPh on the values of the vertical 
component of ground reaction forces during both-legged and 
single-legged vertical hops and the quality of gait in patients 
after Achilles tendon surgical suturing using Kessler’s suture 
(ATSSKS) in 2 previously published articles [9,10]. Based on 
these studies, we ascertained that a greater number of vis-
its correlated with more symmetrical results of the kinematic 
and spatiotemporal gait values between the lower limbs and 
the values of vertical components of the ground reaction forc-
es during both-legged and single-legged hops. In the present 
study, we evaluated the SVPh on the relative isometric torque 

(RIT) and relative maximal peak torque (RPT) values of patients 
after ATSSKS using the Biodex Medical System 3 dynamome-
ter station for FPFM and FDFM muscles [11], with a high lev-
el of activity estimated using the Tegner activity scale [12].

The goal of this retrospective study from a single center in 
Poland was to evaluate the influence of 47 visits of SVPh at a 
frequency of 1.7 per week conducted for 28 weeks on the rel-
ative maximal IT values and the relative maximal PT values for 
FPFM and FDFM of the ankle joints after ATSSKS.

We hypothesized that a higher number, frequency, and intensity 
of supervised physiotherapy visits after an open ATSSKS would 
correlate with and result in acquiring higher relative maximal 
IT values and relative maximal PT values obtained for FPFM.

Material and Methods

Ethics Statement

The research was conducted at the Center of Rehabilitation 
and Medical Education and the College of Physiotherapy in 
Wroclaw (Institute of Physiotherapy) in accordance with the 
guidelines and principles of the Declaration of Helsinki. Written 
consent for the research was given by the participants, as 
well as by the Committee on Research Ethics of the College 
of Physiotherapy in Wrocław, No. 1/2019 (February 11, 2019). 
The study had a retrospective and observational design and 
was performed between 2008 and 2019.

Material

The target group A included patients who participated in post-
operative physiotherapy at the Center for Rehabilitation and 
Medical Education, as recommended by the attending phy-
sician [6]. Initially, the study included 71 patients (63 men, 
8 women) who began postoperative physiotherapy after an 
open suturing method of the AT. Criteria for inclusion in the 
study were as follows: unilateral damage to the full continuity 
of the AT, age between 20 and 60 years, 1-sided suturing of 
the AT applying an open method, lack of complications after 
the surgery and no prevalence of concomitant diseases, and 
use of only 1 protocol of SVPh with a level of physical activity 
above 6 on the Tegner activity scale (Table 1), which partici-
pants answered before starting the SVPh [12]. The exclusion 
criteria for the study were as follows: inflammation of the op-
erated AT, coexisting injuries of the lower limbs, previous ankle 
sprains, ankle cartilage repair, ankle ligament reconstruction, 
and pain in the lumbar spine. Patients who did not obtain ap-
proval from the treating physician were excluded from partic-
ipating in the maximal torque value measurements triggered 
during isometric tension and under the isokinetic test conditions 
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of the ankle muscles using a dynamometric device. Patients 
over 60 years old and those below 20 years old were exclud-
ed. Also excluded were patients that did not finish 5 stages 
of SVPh conducted by 1 physiotherapist at the same rehabil-
itation center [6] and those who scored the level of physical 
activity below 7 on the Tegner activity scale.

The patients from group A underwent 28 weeks of SVPh, con-
ducted by a single physiotherapist [6]. The duration of 1 su-
pervised physiotherapeutic visit was 2 h. Group B consisted 
of volunteer participants without lower limb injuries and con-
comitant diseases. Details of the participants in each group 
of this study are presented in in Figure 1.

Level 10 Competitive sports – soccer, football, rugby (national elite)

Level 9 Competitive sports – soccer, football, rugby (lower divisions), ice hockey, wrestling, gymnastic, basketball

Level 8
Competitive sports – racquetball or bandy, squash or badminton, track and field athletics (jumping, etc.), down-hill 
skiing

Level 7
Competitive sports – tennis, running, motorcars speedway, handball
Recreational sports – soccer, football, rugby, bandy, ice hockey, basketball, squash, racquetball, running

Level 6 Recreational sports – tennis and badminton, handball, racquetball, down-hill skiing, jogging at least 5 time per week

Level 5
Work – heavy labor (construction, etc.)
Competitive sports – cycling, cross-country skiing
Recreational sports – jogging on uneven ground at least twice weekly

Level 4 Work – moderately heavy labor (e.g. truck driving, rtc.)

Level 3 Work – light labor (nursing, etc.)

Level 2
Work – light labot
Walking on uneven ground possible, but impossible to back or hike

Level 1 Work – sedentary (secretarial, etc.)

Level 0 Sick leacve or disability pension because of lower limb problems

Table 1. The Tegner activity scale.

Assessed for eligibility, Group A
(n=71)

Between 2008-2019 year

Final sample in Group A
(n=20)

Excluded from Group A (n=51)
• Inflammatory conditions (n=2)
– concomitant lower extermity injuries (n=6)
– history of ankle joint sprain (n=3)
– repair of talocrural joint cartilage (n=1)
– reconstruction of talocrural joint  ligaments (n=1)
– low back pain (n=2)
– did not obtain the consent of the attending physician
    to partiicpate in the measurements of the IT and PT
    values obtained during respectively isometric tension
    and the isokinetic test the muscle acting on the ankle
    joints, using a dynamometer device (n=5)
– patient over 60 (n=4)
– discontinued postoperative physiotherapy protocol
    before completing all �ve stages which took place
    for 28 weeks (males n=13, females n=8)
– physical activity level below 7 according to
    Tegner Activity Scale (TAS) (n=6)

Assessed for eligibility, Group B
(control)
(n=25)

Excluded from Group B (n=5)
• Lower back pain (n=1)
• Asthma, or lung diseases (n=1)
• Under 20 years old (n=3)

Group B (control)
(n=20)

Figure 1. �Flowchart of the study groups. n – number of individuals; IT – isometric torque; PT – peak torque. Figure was prepared using 
Microsoft Office 2016 WORD.
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Considering the patients’ medical records and after interview-
ing the patients about their health, some patients had to be 
excluded from the study for injuries, such as inflammation 
(2 patients), lower limbs injuries (6 patients), previous ankle 
sprains (3 patients), ankle cartilage repair (1 patient), ankle 
ligament reconstruction (1 patient), and pain in the lumbar 
spine (2 patients). Five patients who did not obtain approv-
al from the treating physician were excluded to participate 
in the maximal torque value measurements triggered dur-
ing isometric tension and under the isokinetic test conditions 
of the ankle muscles using a dynamometric device. Four pa-
tients who were over 60 years old, 21 patients (13 men, 8 
women) who did not finish 5 stages of SVPh conducted by a 
single physiotherapist at the same rehabilitation center, and 
6 patients whose activity was below 7 on the Tegner activity 
scale (Table 1) were excluded from the study [12]. Originally, 
group B (control) included 25 men without previous AT inju-
ries, and their physical activity was above 6 on the Tegner ac-
tivity scale. Men with chronic lower lumbar pain (n=1), lung 
diseases or asthma (n=1),and those who were not 20 years 
old (n=3, Figure 1) were excluded from the study.

Finally, 20 male patients after open ATSSKS were included in 
group A, and 20 male participants without AT and ankle inju-
ries were included in group B. Groups A and B were not sig-
nificantly different in terms of age and height; however, they 
differed statistically significantly in weight (P=0.020, Table 2). 
For this reason, the IT and PT values were normalized per ki-
logram of the patient’s body weight (N*m/kg). The patients 
were compared in terms of the body mass index (BMI), which 
showed no significant differences (P=0.117) between the study 
groups (Table 2). Also, the scores on the Tegner activity scale 
showed no significant differences between group A and group 
B (P=0.417; Table 2). Group A completed an average of 47 visits 
of SVPh after the open ATSSKS (from 24 to 83 visits, Table 2). 
The frequency of SVPh visits each week in group A was 1.69 
(from 0.9 to 3 visits, Table 2); it was assumed that patients par-
ticipated in 1.7 visits per week. The average number of SVPh 
visits in group A in the last 2 stages, which were responsible 
for restoring muscle strength and power, was 13 (from 2 to 
38 visits, Table 2). The average frequency of SVPh visits in the 
last 2 stages in each week in group A was 0.87 (from 0.13 to 
2.53 visits, Table 2). Additionally, group A was divided into 2 
smaller subgroups, in which the difference in visits reached 
20%. In subgroup IA, patients completed at least 56 visits of 
SVPh. In subgroup IB, patients completed fewer than 40 vis-
its of SVPh. The difference in the number of supervised visits 
carried out by the physiotherapist in the entire group A was 
determined by the final decision of the patients, who individ-
ually decided about the number and frequency of this thera-
py. The leading physiotherapist motivated the patients to at-
tend systematic sessions of postoperative physiotherapy 3 to 
4 times a week after ATSSKS. Six patients, with an average of 

71.67 visits (from 56 to 83 visits, Table 2), were qualified for 
subgroup IA, and 9 patients, with an average of 33.22 visits 
(from 24 to 39 visits, Table 2), were qualified for subgroup IB. 
It was assumed that the patients in subgroup IA participated 
in an average of 72 visits, and patients in subgroup IB partic-
ipated in an average of 33 visits, guided and supervised by 
a physiotherapist after ATSSKS. The frequency of SVPh visits 
each week in subgroup IA was 2.56, and in subgroup IB, 1.19 
(Table 2). The number of SVPh visits in subgroup IA in the last 
2 stages, which were responsible for restoring muscle strength, 
was 26.67, and in subgroup IB, 7.22 (Table 2). The frequency of 
SVPh visits in subgroup IA in the last 2 stages, which were re-
sponsible for restoring muscle strength, was 1.78, and in sub-
group IB, 0.48 (Table 2). Subgroups IA and IB were not signifi-
cantly different in terms of age, body weight, height, BMI, and 
Tegner activity scale scores but were significantly different in 
terms of the number of SVPh visits (Table 2).

In group A, 19 patients had a dominant right lower limb, and 
1 patient had a dominant left lower limb. Nine patients from 
group A underwent right limb surgery, and 11 patients un-
derwent left limb surgery. All participants in group B had a 
dominant right lower limb. In subgroup IA, all patients had a 
dominant right lower limb, and in subgroup IB, 1 patient had 
a dominant left lower limb, and 8 had a dominant right low-
er limb. In subgroup IA, 3 patients were operated on the right 
limb and in subgroup IB, 4 patients. The left limb was operat-
ed on in 3 patients in subgroup IA, and in 5 patients in sub-
group IB (Table 2).

The sample size was estimated on the basis of 10 randomly 
selected results at the design stage of the study. Means and 
standard deviations of the results of RIT values obtained un-
der isometric torque (0°/s) in the patients who underwent 
AT surgery and had the opportunity to have 47 study visits 
to physiotherapy (involved leg, group A) and participants in 
the control group (right leg, group B) were used in the analy-
sis of estimating the sample size (the estimated sample size 
for a 2-sample unpaired-means test, unpaired t test). The pa-
rameters were as follows: group A mean=1.31 N*m/kg, stan-
dard deviation (SD)=0.51 N*m/kg; group B mean=1.79 N*m/
kg, SD=0.44 N*m/kg. The alpha level was set at 0.05, and the 
power of the test at 0.8. It also assumed no correlation of eval-
uated variables and adopted a 2-sided null hypothesis. Based 
on the parameters, the estimated sample size obtained was 
equal to 20 participants in each group.

Surgical Procedure

In group A, after the unilateral rupture of the full continuity 
of the AT, the patients underwent surgical treatment, which 
consisted of an open surgical suturing of the AT via Kessler’s 
method [13,14].
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Postoperative Physiotherapy

The physiotherapeutic procedure after the surgical suturing 
of AT has been described in detail in a separate publication 
[6]. Postoperative management was divided into 5 stages: the 
first stage, 1 to 2 weeks after surgery; the second stage, 3 to 6 
weeks after surgery; the third stage, 7 to 12 weeks after sur-
gery; the fourth stage, 13 to 16 weeks after surgery; and the 
fifth stage, 17 to 28 weeks after surgery. A previous article on 
postoperative physiotherapy presents the characteristics of 
the exercises, physical procedures, manual therapy, massage, 
and, in particular, the therapeutic exercises adapted to the 
physiological basis of tissue healing [6]. The protocol of SVPh 
after ATSSKS, including the aforementioned variables, has a 
description of exercises necessary to perform at a given stage 

of postoperative physiotherapy and their frequency, number 
of series and repetitions, time of 1 repetition, intensity with 
which exercises should be performed, selection of loads, and 
rest breaks between exercises.

The main goal of the initial stage after surgery was to reduce 
pain and swelling of the AT and ankle joints. Isometric exer-
cises of the muscles of the operated limb in immobilization 
were performed with the patients. Regular isometric exercis-
es and isometric exercises with partial resistance were done, 
as were exercises for the muscles of the non-operated limb 
and the trunk muscles. Patients were instructed how to use a 
cast or brace and trained how to walk under a load of the op-
erated limb with elbow crutches with the immobilization of 
the ankle joint. In the case of the additional use of a brace, 

Experimental 
Group

Group

p

Subgroup

pA (n=20)
(M±SD)

B (n=20)
(M±SD)

IA (n=6)
(M±SD)

IB (n=9)
(M±SD)

Age (years) 34.90±6.41 35.25±4.91 0.871* 32.50±5.09 36.67±6.20 0.196**

Body mass (kg) 90.80±11.75 83.33±15.62 0.020* 85.83±12.97 91.44±12.42 0.408**

Body height (cm) 184.25±9.00 179.50±5.73 0.054* 182.17±12.97 185.67±7.57 0.518**

BMI (kg·m–2) 26.71±2.56 25.76±3.77 0.117* 27.14±3.13 26.92±2.48 0.880**

Duration of SVPh 
(weeks)

28 n/a – 28 28 –

Number of SVPh visits 
in all postoperative 
physiotherapy stages

47.25±18.03 n/a – 71.67±9.75 33.22±5.54 p£0.001**

Frequency of SVPh 
visits in each week 

1.69±0.64 2.56±0.35 1.19±0.2 0.001**

Number of SVPh 
visits in the last 
two postoperative 
physiotherapy stages 

13.00±10.94 n/a – 26.67±10.03 7.22±3.67 0.002**

Frequency of SVPh 
visits in each week in 
last two stages

0.87±0.73 n/a 1.78±0.67 0.48±0.24 0.004*

TAS 7.45±0.67 7.35±0.75 0.417** 7.67±0.82 7.33±0.5 0.414**

Operated leg
Right (n=9),
Left (n=11)

Right (n=0),
Left (n=0)

–
Right (n=3),
Left (n=3)

Right (n=4),
Left (n=5)

–

Dominant leg
Right (n=19),
Left (n=1)

Right (n=20),
Left (n=0)

1.00***
Right (n=6),
Left (n=0)

Right (n=8),
Left (n=1)

0.654***

Table 2. �The between-group comparison of the values corresponding to age, body mass, body height, body mass index, Tegner activity 
scale, duration of postoperative physiotherapy, number of postoperative physiotherapy sessions, dominant side, operated 
side.

M – mean value; SD – standard deviation; P – statistical significance level; kg∙m–2, patient’s body mass multiplied by patient’s body 
height in m–2; n – number of individuals; n/a – not applicable; SVPh – supervised postoperative physiotherapy; BMI – body mass index; 
TAS – Tegner activity scale. Group A: after surgical suturing of Achilles tendon; Group B: control; subgroups IA and IB selected from 
group A, based on the number of SVPh sessions. P£0.05 is indicated in bold. * t test; ** Mann-Whitney U test; *** Yates-corrected chi-
square test.
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cryotherapy was applied for about 2 to 3 min, laser therapy of 
the postoperative scar was initially applied at 4 J/cm2 with an 
intensity of 400 mW, and the dosing time was automatically 
recalculated depending on the intensity (J) and the treatment 
area (cm2). Low-frequency alternating magnetic field therapy 
was used: initially, the intensity was 20 Gs, frequency was 10 
to 15 Hz, shape of the impulse was triangular, duration of the 
procedure lasted 20 min, and pause in the impulse was for 1.5 
to 2 s. Then, the doses were increased, according to the stan-
dard methodology of conducting these treatments.

The second stage, when the brace was used, focused on sup-
porting the tendon healing process by continuing the proce-
dures from the previous stage. Subsequently, the physiother-
apist performed the mobilization of the first degree of the 
postoperative scar and the triceps calf muscle. Then, passive 
movements of the ankle joint were performed on the contin-
uous passive motion splint (initially in the sagittal plane). All 
patients performed isometric exercises and proprioception ex-
ercises with immobilization of the ankle joint, in the supine 
position. A gradual limb load of the operated limb and immo-
bilization was performed. Initially, the load on the operated 
limb was 15% to 20% of body weight, which was gradually in-
creased every few days. Then, about 5 weeks after the oper-
ation, exercises were introduced on a bicycle ergometer, ini-
tially without resistance and with ankle joint immobilization. 
Provided that the immobilization of the ankle could be removed, 
a massage of the foot and lower leg was performed, mobili-
zation of the postoperative scar and selected techniques of 
manual therapy of soft tissues were used, including mobiliza-
tion of the first degree of plantar flexion of the foot, and lym-
phatic drainage was performed. The angle of the foot plantar 
flexion in the brace was gradually reduced. The therapist ap-
plied phonophoresis with nonsteroidal drugs to reduce pain 
and swelling. Electrostimulation of the calf triceps muscle was 
performed using the bipolar method.

The third stage was to recover the total range of motion of the 
joint of the operated AT in all planes of movement, without 
the use of a brace. The patient was trained on how to perform 
the correct and different phases of gait. Stretching exercis-
es and active exercises for the lower leg muscles were intro-
duced, including for the triceps calf muscle, isometric exercises 
with increasing resistance of large muscle groups outside the 
area of the operated tendon, and body stabilization and pro-
prioceptive stimulation, with the use of the unstable ground 
and opened or closed eyes. The intensity started from 20% to 
25% of the load in each new exercise and was increased ev-
ery 3 to 4 days by about 5% to 10%, on an individual basis.

In the fourth stage, the focus was on the patient’s gradual re-
turn to everyday life and work activities, improvement of ba-
sic locomotion, and re-education of the techniques of walking 

in a straight line, successively up the stairs, and on unstable 
ground. Exercise of pronation and supination was done with 
the physiotherapist making resistance of both feet. Then, the 
asymmetry of muscle strength between the limbs was reduced 
through isometric exercises with resistance, active exercises 
with resistance, concentric-eccentric and eccentric, and in-
creasing the load, and gradually the intensity, of these exer-
cises on the operated limb. Subsequently, heel rising on the 
toes exercises, squats, proprioception exercises with the uti-
lization of unstable surfaces, ankle hops, running, and inter-
val running were performed. All of the exercises were to help 
the patient to return to regular everyday activities, work, and 
sporting activities.

The fifth and last stage included exercises to increase the 
strength and intensity of the muscles acting on the ankle joints, 
joints of the lower limbs, and trunk. Subsequently, exercises 
for the plantar and dorsal flexor muscles of the foot in the an-
kle joint were performed using an isokinetic dynamometer and 
other stations. Then, training the strength of the muscles of 
the shin, as well as special exercises, including the following, 
were introduced: speed exercises, agility exercises, advanced 
level of motor coordination exercises directed to a specific 
sport discipline, plyometric exercises with different kinds of 
surfaces, like a trampoline, running at maximal speed and a 
different inclination of surface and changing the direction of 
movement, and specific exercises aimed at improving power 
[6]. The intensity of the exercise depended on the orientation 
of the physiotherapeutic visit; in the case of exercises devot-
ed to the development of muscle power and strength, high in-
tensity (80-90% of the load) was used with a low number of 
repetitions (6-8 repetitions). In the case of running and jump-
ing exercises, the number of repetitions increased to 10 to 12, 
but they were performed at a lower intensity (40-60% of the 
load). The new exercises were performed in 2 series, and then 
the number of series was increased to 3. In the fourth and 
fifth stages, the physiotherapist changed the character of the 
physiotherapeutic visit every meeting from the development 
of muscle strength and power to visits devoted to improving 
running, jumping, or proprioception exercise [6]. Moreover, at 
each stage of physiotherapy, patients were instructed on what 
exercises to perform at home.

Clinical Examination

Before starting the measurements of the maximal IT and PT 
value in groups A and B, the specialist physician performed an 
orthopedic examination. The physician measured pain using 
the 100-mm visual analogue scale (VAS). Then, to assess the 
stability and continuity of the AT, the physician asked the pa-
tients about the occurrence of pain, which was measured us-
ing the 100-mm VAS. The specialist physician performed the 
Matles test [14,15], the Thompson test [16], and palpation. The 
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continuity of the above-mentioned structures was checked by 
means of ultrasound [17], which revealed no pathology.

Measurements Methods

All patients and healthy participants underwent measure-
ments of the values of the total range of motion in the sag-
ittal plane (total ROMSP), maximal IT values obtained under 
maximal isometric tension (0°/s), and values of the maximal 
PT values under maximal isokinetic testing (30°/s and 180°/s) 
for the FPFM and FDFM.

Measurements of total ROMSP, IT, and PT values were per-
formed on the Biodex Medical System 3 dynamometer station 
(model 333-250 Software-Biodex Advantage, Biodex Medical 
Systems, Shirley, NY, USA), following the methodology provid-
ed by the manufacturer [11]. Participants were asked to refrain 
from submaximal and maximal physical activity 24 h prior to 
the examination, not to use a “heavy diet” or stimulants, and 
to respect hygienic living conditions. The participants were 
dressed in sports clothes. Before the measurements, the par-
ticipants performed a 12-min warm-up on a cycle ergometer. 
There was a 5-min break between the warm-up and the mea-
surement [18]. After the break, the participants proceeded to 
the measurements of total ROMSP, IT, and PT values of the 
ankle joint for the FPFM and FDFM, assuming a semi-sitting 
position on the Biodex Medical System 3 [11]. The measure-
ments were performed on a measuring station with the tor-
so inclined to an angle of 70° in relation to the seat. The ex-
amined lower limb was supported and stabilized on a Biodex 
Medical System 3 support [11], with which the knee joint 
was bent to an angle of 30° and the hip joint to an angle of 
70°. The examined foot was placed and stabilized in a special 
adapter attached to the dynamometer axis by Biodex Medical 
System 3 [11]. The foot was placed in the same line as the 
tibia and thigh. The torso, pelvis, tested lower limb, and foot 
were stabilized with straps, and the untested limb was stabi-
lized with a footrest [11]. During the measurement, the par-
ticipants kept their hands crossed on the chest and head rest-
ing on the chair’s headrest.

Measurement of the total ROMSP was measured in degrees 
(°). The patients and participants performed the maximal plan-
tar flexion and subsequently changed the direction of move-
ment, up to the maximal dorsiflexion of the foot in the ankle 
joint, in accordance with the Biodex Medical System 3 mea-
surement methodology [11].

Measurement of the IT value of the muscles acting on the foot 
in the sagittal plane began with a mock measurement, which 
was performed twice for FPFM and FDFM, with a maximal in-
tensity of 50% in the neutral position of 0° (the foot position 
of 90° in relation to the tibia). Then, the IT values for FPFM 

and FDFM, acting on the ankle joint in the sagittal plane, were 
measured, starting with the foot position in dorsiflexion, pre-
cisely at -15° dorsiflexion, then at 0°, and successively at plan-
tar flexion in the angles of 15° and 30°, respectively. In the 
patients in group A, the measurement was started from the 
non-operated limb, and in the healthy participants in group 
B, from the dominant limb [11]. At the command “start”, the 
patients and participants performed the maximal isometric 
tension of a given muscle group, at the appropriate measur-
ing angle. The measurement began with FPFM, in which they 
were supposed to flex their foot downward into plantar flex-
ion at maximal muscle tension. The command “start” signaled 
the beginning of the measurement, and the command “stop” 
signaled that the measurement was completed. The duration 
of a single maximal isometric tension lasted 10 s. The inter-
val between the maximal isometric tension in a given mea-
surement angle was 10 s [11]. The measurement for each an-
gle of the foot position in relation to the shin was performed 
twice for each muscle group. Before starting the IT measure-
ment, there was a 90-s pause for the next angle of the foot 
position in relation to the lower leg. The transition to the next 
measuring angle was carried out automatically and was con-
trolled by the Biodex Medical System 3 [11], in accordance 
with the above sequence of the positioning of the tested foot.

The PT value measurement was performed on the same day 
after a 5-min break from the completed measurement of the 
IT value. The position of the patients and participants on the 
measuring station and the choice of the measuring limb in each 
group were the same as for measuring the IT values for FPFM 
and FDFM [11]. The PT value measurement was performed in 
the sagittal plane for FPFM and FDFM, after prior determina-
tion of the range of motion, and was measured with the Biodex 
Medical System 3 dynamometer [11]. The test started with a 
constant angular velocity of 30°/s (4 repetitions) and 180°/s 
(8 repetitions), with alternating concentric phases for FPFM 
and FDFM, and with a 2-min interval between sets. Before 
starting the measurements at a given angular velocity, 2 tri-
al sets of test repetition (mock) were performed, followed by 
a 10-s break, before the actual measurement test [11]. At the 
“start” command, the patients and participants were asked to 
flex the foot alternatively downward and upward into plantar 
flexion and dorsiflexion in the total range of motion, starting 
with dorsiflexion [11]. At the “stop” command, the measure-
ment was completed. In all tests, a correction of the gravita-
tional force was applied in accordance with the instructions 
of the Biodex Medical System 3 [11]. After the measurements, 
the results were subjected to further analysis; values were ob-
tained for the highest maximal IT (N*m) and the highest max-
imal PT (N*m) for FPFM and FDFM. Each of these values was 
normalized per kilogram of the patients’ and participants’ 
body weight as the RIT value, expressed in N*m/kg, and the 
RPT value, expressed in N*m/kg. Measurement repeatability 
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tests under the conditions of maximal isometric tension and 
isokinetic tests conducted by Webber et al indicated high in-
traclass correlation coefficients (ICCs) for FPFM (0.74-0.95) and 
FDFM (0.94-0.99), respectively, and under isokinetic test condi-
tions for FDFM (0.89-0.98) and FPFM (0.77-0.95) [19]. Nuzo et 
al demonstrated the reproducibility of the measurement of the 
FPFM under the isokinetic test conditions, with ICCs >0.90 [20].

The circumferences of the ankle was measured with a centi-
meter tape, in the supine position, with the feet placed out-
side the couch at the height of the lateral and medial ankle. 
The circumference of the shin was measured at a height of 20 
cm from the base of the patella, in the supine position [21].

Statistical Analysis

Statistical analysis was done using Statistica 13 (TIBCO Software 
Inc., USA) and G*Power [22]. The following values were cal-
culated: mean (M) and standard deviations (SD), or medians 
(Me) and quartiles (Q1, Q3). Then, the Shapiro-Wilk test was 
used to check the normality of the distribution of the exam-
ined variables. Next, the t test was performed when P>0.05 
for both samples. In cases of P<0.05 for at least 1 of the tri-
als, the Mann-Whitney U test was performed. For qualitative 
variables, the frequency of their occurrence (percentage) was 
calculated. The comparison of qualitative variables was per-
formed using the Yates-corrected chi-square test. One-way 
ANOVA was used to compare the operated limb in group A to 
the right and left limb in group B. If the ANOVA test result was 
P£0.05, a post hoc Tukey’s test was performed. Comparisons of 
RIT and RPT values between the groups were performed using 
2-way ANOVA, along with post hoc analysis (Tukey’s test). P 
values £0.05 were considered statistically significant. In addi-
tion, the Pearson correlation (r) was calculated for the strength 
and direction of the linear relationship between the number 
of supervised physiotherapy visits and the RIT and RPT val-
ues for FPFM and FDFM, the Limb Symmetry Index (LSI), total 
ROMSP values, and circumference of the ankle joints and the 
shin. The associations were classified as follows: negligible 
(0.00-0.30), low (0.31-0.50), moderate (0.51-0.70), high (0.71-
0.90), and very high (0.901-1.00) [23]. Comparison of the in-
tragroup and intergroup results in subgroup IA and subgroup 
IB were carried out with the use of the Mann-Whitney U test 
with Bonferroni correction. The LSI was used in both study 
groups to verify the clinical significance of the RIT and RPT 
values. The LSI was calculated for each participant by divid-
ing the RIT values (N*m/kg) of the operated limb by the RIT 
values (N*m/kg) of the non-operated limb, and then the ob-
tained value was multiplied by 100.

The LSI index in group B was computed by dividing the RIT 
(N*m/kg) values of the dominant limb by the RIT (N*m/kg) val-
ues of the non-dominant limb, and then the obtained value 

was multiplied by 100. The LSI for RPT values was calculated 
in the same way as with the RIT values for group A and group 
B. Symmetry was indicated when the values were closer to 
100, and asymmetry, when the values were above 110 [24]. 
Power analysis was performed for each comparison, as appro-
priate for the particular test (t test/ANOVA/Mann-Whitney U 
test). The power analysis in such research should be higher 
than 80% (respectively, 0.8) [25].

Results

Comparison of Group A and Group B

The conducted analysis showed that the RIT and RPT values did 
not statistically significantly change, depending on the exam-
ined lower limb in group A and group B (from P=0.081 to P=0.83 
for FPFM and from P=0.063 to P=0.838 for FDFM) (Table 3).

In the intergroup comparison of group A and group B, all RIT 
and RPT values for FPFM were significantly lower in group A 
(from P£0.001 to P=0.042) (Table 3).

Comparing RIT values in group A and group B, the RIT values 
for an angle of 30° of FDFM (M=0.57 N*m/kg, SD=0.08 N*m/kg) 
were significantly lower in group A (P=0.032) (Table 3).

In addition, it was observed that the differences between the 
results obtained from the evaluation of the lower limbs in a giv-
en group were statistically significantly higher in group A than 
in group B for all RIT and RPT values for FPFM (from P≤0.001 
to P=0.025), and for RIT values for FDFM at -15° (M=0.07%, 
SD=0.10%), 0° (M=0.07%, SD=0.08%) angles (from P=0.002 
to P=0.011) (Table 3).

When comparing the LSI values between group A and group 
B, all RIT and RPT values for FPFM were statistically signifi-
cantly lower in group A (from P≤0.001 to P=0.014) (Table 3). 
Comparing the LSI between group A and group B, the RIT val-
ues for FDFM at 0° (M=88.93 N*m/kg, SD=12.17 N*m/kg), 
15° (M=93.50 N*m/kg, SD=10.22 N*m/kg), and 30° (M=91.34 
N*m/kg, SD=9.18 N*m/kg) angles were statistically significant-
ly lower in group A than in group B (from P=0.001 to P=0.024) 
(Table 3). The power analysis of the test of FPFM results ranged 
from 44% to 100% (Table 3). The power analysis of the test of 
FDFM results ranged from 14% to 100% (Table 3).

Based on the variance analysis, as shown in Table 4, RIT val-
ues in group A were significantly lower than the right and left 
lower limbs in group B for FPFM, at angles of -15° (M=1.69 
N*m/kg, SD=0.61 N*m/kg), 0° (M=1.24 N*m/kg, SD=0.44), 
15° (M=0.74 N*m/kg, SD=0.35 N*m/kg), 30° (M=0.34 N*m/kg, 
SD=0.21 N*m/kg) (P£0.001; Table 4), and FDFM, at a 30° angle 
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RIT and RPT (N*m/kg) between Group A and B

FPFM

Leg
Grupa A
(M±SD)

Grupa B
(M±SD)

Leg
p-value*

Group
p-value*

Leg×Group
p-value*

Statistical 
power analyses

RIT
-15°

Involved/right 1.69±0.61 2.39±0.64
0.091 p£0.001

0.275
0.96

Uninvolved/left 2.05±0.48 2.47±0.52

Differences 0.36±0.42 0.08±0.33 0.024** 0.95

RIT
0°

Involved/right 1.24±0.44 1.86±0.36
0.226 p£0.001 0.202 0.99

Uninvolved/left 1.46±0.38 1.85±0.38

Differences 0.22±0.30 -0.01±0.21 0.010** 0.99

RIT
15°

Involved/right 0.74±0.35 1.26±0.29
0.081 p£0.001 0.019 0.99

Uninvolved/left 1.02±0.26 1.22±0.30

Differences 0.28±0.18 -0.04±0.13 p£0.001** 1.00

RIT
30°

Involved/right 0.34±0.21 0.76±0.17
0.085 p£0.001 0.010 1.00

Uninvolved/left 0.54±0.22 0.72±0.18

Differences 0.19±0.13 -0.04±0.10 p£0.001** 1.00

RPT
180°/s

Involved/right 0.53±0.16 0.72±0.32
0.174 0.042 0.276 0.44

Uninvolved/left 0.68±0.16 0.74±0.36

Differences 0.15±0.16 0.02±0.12 0.006** 0.99

RPT
30 °/s

Involved/right 1.19±0.42 1.28±0.43
0.830 0.018 0.830 0.34

Uninvolved/left 1.46±0.37 1.34±0.44

Differences 0.28±0.34 0.06±0.25 0.025** 0.95

Table 3. �Comparison of the intragroup and intergroup values of the relative isometric and peak torque values and their Limb 
Symmetry Index scores in group A and group B.

LSI

FPFM

Angle Grupa A Grupa B p-value**
Statistical power 

analyses

RIT

-15° 82.48±20.03* 105.34±13.71 p£0.001 1.00

0° 85.35±22.59 102.39±13.29 0.014 0.99

15° 69.67±21.19 96.58±9.29 p£0.001 1.00

30° 63.26±25.24 94.81±12.31 p£0.001 1.00

RPT
180°/s 79.53±18.48 102.21±15.9 p£0.001 1.00

30°/s 81.35±22.13 107.47±21.69 0.001 1.00
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Table 3 continued. �Comparison of the intragroup and intergroup values of the relative isometric and peak torque values and their 
Limb Symmetry Index scores in group A and group B.

M – mean value; SD – standard deviation; P – statistical significance level; RIT – relative isometric torque value; RPT – relative peak 
torque value; LSI – Limb Symmetry Index; FPFM – foot plantar flexor muscles; FDFM – foot dorsiflexor muscles. P£0.05 is indicated in 
bold. * Two-way ANOVA; ** t test.

RIT and RPT (N*m/kg) between Group A and B

FDFM

Leg
Grupa A
(M±SD)

Grupa B
(M±SD)

Leg
p-value*

Group
p-value*

Leg x Group-
value*

Statistical power 
analyses

RIT
-15°

Involved/right 0.38±0.08 0.42±0.12

0.620
0.684 0.022 0.28

Uninvolved/left 0.44±0.13 0.38±0.08

Differences 0.07±0.10 -0.04±0.11 0.002** 1.00

RIT
0°

Involved/right 0.53±0.11 0.58±0.10
0.123 0.486 0.180 0.34

Uninvolved/left 0.60±0.12 0.59±0.09

Differences 0.07±0.08 0.00±0.08 0.011**

RIT
15°

Involved/right 0.61±0.09 0.63±0.11
0.229 0.940 0.345 0.16

Uninvolved/left 0.66±0.11 0.64±0.09

Differences 0.05±0.07 0.01±0.08 0.087** 0.79

RIT
30°

Involved/right 0.57±0.08 0.63±0.10
0.063 0.032 0.356 0.56

Uninvolved/left 0.62±0.08 0.65±0.09

Differences 0.06±0.06 0.02±0.07 0.090** 0.88

RPT
180°/s

Involved/right 0.28±0.06 0.33±0.10
0.072 0.843 0.244 0.35

Uninvolved/left 0.29±0.05 0.33±0.10

Differences 0.01±0.05 0.00±0.00 0.496** 0.18

RPT
30 °/s

Involved/right 0.45±0.08 0.51±0.18
0.838 0.191 0.638 0.14

Uninvolved/left 0.46±0.09 0.49±0.14

Differences 0.01±0.06 -0.02±0.08 0.220** 0.68

LSI

FDFM

Angle Grupa A Grupa B p-value**
Statistical power 

analyses

RIT

-15° 89.62 ± 24.68* 97.50 ± 38.63* 0.516 0.43

0° 88.93 ± 12.17 102.02 ± 13.24 0.002 0.99

15° 93.50 ± 10.22 102.04 ± 12.56 0.024 0.95

30° 91.34 ± 9.18 103.92 ± 12.38* 0.001 1.00

RPT
180°/s 97.97 ± 16.43 99.71 ± 13.48 0.716 0.24

30°/s 99.27 ± 14.30 98.32 ± 12.95 0.826 0.17
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(M=0.57 N*m/kg, SD=0.08 N*m/kg, P=0.019; Table 4). Tukey’s 
test revealed that RIT values for FPFM in the operated limb 
in group A in comparison to the right and left lower limbs in 
group B, at angles of -15°, 0°, 15°, and 30°, were significant-
ly lower (P£0.001, Table 4). The power analysis of the results 
ranged from 11% to 100% (Table 4).

Patients in group A and healthy participants in group B report-
ed being pain-free using the VAS scale, positive Matles test, 
and Thompson’s test.

Range of Motion, Circumferences of the Ankle Joint and 
the Shin of Group A and Group B

In the intragroup comparison of the operated limb with the 
non-operated limb and the right with left limb in both stud-
ied groups, there were no statistically significant differenc-
es in the values of total ROMSP, circumferences of the an-
kle joints, and circumference of the shin (from P=0.078 to 
P=0.775; Table 5). In the intergroup studies of group A and 
group B, statistically significantly higher differences were ob-
served between the lower limbs in group A than in the lower 
limbs in group B, to the disadvantage in group A for the val-
ues of total ROMSP (M=6.88% SD=6.92%), circumference of 
shin (M=-0.37%, SD=0.48%), and circumference of ankle joints 

Group A Group B

p-value* p-value**
Statistical 

power 
analyses

Angular 
velocity

Position of 
the foot

Involved leg (IL)
(M±SD)

Right leg (RL)
(M±SD)

Left leg (LL)
(M±SD)

FDFM (N*m/kg)

RIT 0°/s

-15° 0.38±0.08 0.42±0.12 0.38±0.08 0.249 – 0.17

0° 0.53±0.11 0.58±0.10 0.59±0.09 0.200 – 0.34

15° 0.61±0.09 0.63±0.11 0.64±0.09 0.605 – 0.11

30° 0.57±0.08 0.63±0.10 0.65±0.09 0.019
IL: RL – p=0.019
IL: LL – p=0.091
RL: LL – p=0.790

0.63

RPT 180°/s 0.28±0.06 0.28±0.06 0.33±0.10 0.151 – 0.34

RPT 30°/s 0.45±0.08 0.45±0.08 0.49±0.14 0.503 – 0.14

 FPFM (N*m/kg)

RIT 0°/s

-15° 1.69±0.61 2.39±0.64 2.47±0.52 p£0.001
IL: RL – p=0.001
IL: LL – p£0.001
RL: LL – p=0.910

1.00

0° 1.24±0.44 1.86±0.36 1.85±0.38 p£0.001
IL: RL – p£0.001
IL: LL – p£0.001
RL: LL – p=0.999

1.00

15° 0.74±0.35 1.26±0.29 1.22±0.30 p£0.001
IL: RL – p£0.001
IL: LL – p£0.001
RL: LL – p=0.907

1.00

30° 0.34±0.21 0.76±0.17 0.72±0.18 p£0.001
IL: RL – p£0.001
IL: LL – p£0.001
RL: LL – p=0.780

1.00

RPT 180°/s 0.53±0.16 0.72±0.32 0.74±0.36 0.057 – 0.41

RPT 30°/s 1.19±0.42 1.28±0.43 1.34±0.44 0.537 – 0.14

Table 4. Intergroup comparison of relative isometric and peak torque values of the ankle joint.

M – mean value; SD – standard deviation; P – statistical significance level; RIT – relative isometric torque value; RPT – relative peak 
torque value; FPFM – foot plantar flexor muscles; FDFM – foot dorsiflexor muscles. P£0.05 is indicated in bold. * One-way ANOVA; 
** Tukey’s test.
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(M=1.13%, SD=0.99%) (P<0.001, Table 5). The power analysis 
of the test ranged from 12% to 100% (Table 5).

Analysis of Correlation in Group A

The results revealed positive and moderate correlations be-
tween a higher number of visits and higher values of RIT for 
FPFM in the operated lower limb at the -15° angle (r=0.503, 
P=0.024), LSI for RPT values at 30°/s for FPFM (r=0.506, 
P=0.023), and RIT values for FPFM at the 15° angle for the 
non-operated limb (r=0.504, P=0.024) and for the not operated 
limb in the measuring angle of 30° (r=0.585, P=0.007; Table 6).

Also, there was a positive and weak correlation noted be-
tween a higher number of SVPh visits and higher RIT values 
for FPFM of the operated limb at 0° (r=0.448, P=0.047) and 
15° (r=0.476, P=0.034), non-operated limb for FDFM at the 0° 
angle (r=0.465, P=0.039), LSI for the RIT value at the 30° an-
gle (r =0.470, P=0.036), and LSI for the RPT value for FPFM of 
180°/s (r=0.444, P=0.05; Table 6).

There was a negative and moderate correlation between a 
higher number of SVPh visits and a lower RIT value for the 
FDFM of the non-operated lower limb at the 0° angle (r=-0.508, 
P=0.039; Table 6).

There was no correlation between the number of visits and 
the values of total ROMSP, circumference of the ankle joints, 
and circumference of the shin.

Analysis in Subgroups IA and IB

In the intragroup comparison between the operated and non-
operated limbs in subgroup IA, no RIT and RPT values were sta-
tistically significantly different for FPFM and FDFM (P=0.692 to 
P=1.00; Table 7). In subgroup IB, statistically significantly low-
er RIT values occurred at the angles of 15° (Me=0.53 N*m/kg; 
Q1=0.34 N*m/kg; Q3=0.70 N*m/kg) and 30° (Me=0.28 N*m/kg; 
Q1=0.16 N*m/kg; Q3=0.32 N*m/kg). There were lower RPT val-
ues of 180°/s (Me=0.46 N*m/kg Q1=0.37 N*m/kg; Q3=0.56 
N*m/kg) in the operated limb for FPFM than in the non-oper-
ated lower limb (from P=0.016 to P=0.05; Table 7).

Tested parameters Leg

Group
Leg

p-value*
Group

p-value*
Leg×Group
p-value*

Statistical 
power 

analyses
A

(M±SD)
B

(M±SD)

Total ROMSP of the 
ankle joint (°)

Involved/right legs 60.78±9.30 67.33±7.74
0.078 0.114 0.0322 0.58

Uninvolved/left legs 67.65±6.27 66.64±7.40

Differences 6.88±6.92 -0.69±3.67 p<0.001** 1.00

Circumference of 
ankle joint (cm)

Involved/right legs 28.03±2.59 27.03±2.76
0.775 0.194 0.744 0.16

Uninvolved/left legs 27.65±2.87 27.05±2.72

Differences -0.37±0.48 0.03±0.11 p<0.001** 1.00

Circumference of shin 
(cm)

Involved/right legs 37.80±3.03 39.03±4.34
0.577 0.499 0.445 0.12

Uninvolved/left legs 38.93±3.30 38.85±4.31

Differences 1.13±0.99 -0.17±0.54 p<0.001** 1.00

Pain in VAS
Involved/right legs 0.00±0.00 0.00±0.00 –

Uninvolved/left legs 0.00±0.00 0.00±0.00 –

Negative Thompson’s 
test results

Involved/right legs 20 20 –

Uninvolved/left legs 20 20 –

Negative Matles test 
results 

Involved/right legs 20 20 –

Uninvolved/left legs 20 20 –

Table 5. �Comparison of the intragroup and intergroup values corresponding to total range of motion in the sagittal plane, 
circumference of ankle joint, shin pain, and Thompson and Matles test results.

M – mean value; SD – standard deviation; P – statistical significance level; Total ROMSP – total range of motion in sagittal plane; 
VAS – visual analogue scale. Group I: after surgical suturing of Achilles tendon; Group II: control. P£0.05 is indicated in bold. 
* Two-way ANOVA; ** t test.
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In the intergroup comparison of the operated limbs of sub-
groups IA and IB, there were no statistically significant dif-
ferences in the RIT and RPT values for FPFM and FDFM (from 
P=0.064 to P=1; Table 7). Comparing the non-operated limbs 
of subgroup IA with those of IB, there were significantly low-
er RIT values for FPFM at the 30° angle (Me=0.41 N*m/kg; 
Q1=0.39 N*m/kg; Q3 =0.45 N*m/kg, P=0.012) in subgroup IB, 
and for FDFM, there were no statistically significant differences 

between subgroup IA and IB (P=0.156 to P=1.00; Table 7). 
The LSI of the RIT values for FPFM at -15° (Me=77.12 N*m/kg; 
Q1=60.73 N*m/kg; Q3=93.31 N*m/kg, P=0.05) and the RPT val-
ues at 180°/s (Me=64.38 N*m/kg; Q1=60.84 N*m/kg; Q3=81.28 
N*m/kg, P=0.022) and 30°/s (Me=72.91 N*m/kg; Q1=65.95; 
N*m/kg; Q3=81.40 N*m/kg; P=0.049) were statistically signif-
icantly lower in subgroup IB than in subgroup IA. There were 
no significant differences in the LSI for RIT and RPT values 

The number of visits in all stages of SVPh

FPFM FDFM

RIT
-15°

Involved r=0.503; p=0.024 r=0.024; p=0.919

Uninvolved r=0.322; p=0.166 r=-0.352; p=0.128

LSI r=0.419; p=0.066 r=0.387; p=0.092

RIT
0°

Involved r=0.448; p=0.047 r=-0.299; p=0.201

Uninvolved r=0.465; p=0.039 r=-0.508; p=0.022

LSI r=0.129; p=0.587 r=0.242; p=0.304

RIT
15°

Involved r=0.476; p=0.034 r=-0.062; p=0.796

Uninvolved r=0.504; p=0.024 r=-0.271; p=0.248

LSI r=0.327; p=0.159 r=0.301; p=0.197

RIT
30°

Involved r=0.387; p=0.092 r=0.113; p=0.635

Uninvolved r=0.585; p=0.007 r=-0.238; p=0.312

LSI r=-0.054; p=0.820 r=0.470; p=0.036

RPT
180 °/s

Involved r=0.434; p=0.056 r=0.161; p=0.497

Uninvolved r=0.018; p=0.940 r=0.293; p=0.210

LSI r=0.444; p=0.050 r=-0.078; p=0.745

RPT
30 °/s

Involved r=0.401; p=0.079 r=0.060; p=0.800

Uninvolved r=0.009; p=0.971 r=-0.057; p=0.810

LSI r=0.506; p=0.023 r=0.185; p=0.436

Total ROMSP
Involved r=0.262; p=0.265 r=0.262; p=0.265

Uninvolved r=0.190; p=0.423 r=0.190; p=0.423

Ankle joint circumference
Involved r=-0.163; p=0.493 r=-0.163; p=0.493

Uninvolved r=-0.132; p=0.580 r=-0.132; p=0.580

Shin circumference 
Involved r=-0.142; p=0.549 r=-0.142; p=0.549

Uninvolved r=-0.092; p=0.701 r=-0.092; p=0.701

Table 6. �Correlation between the number of postoperative physiotherapy visits in all stages of supervised postoperative physiotherapy 
after surgical suturing of the Achilles tendon to the obtained relative isometric and peak torque values, total range of motion 
in sagittal plane values, and circumference of ankle joint and shin values in group A.

FPFM – foot plantar flexor muscles; FDFM – foot dorsiflexor muscles; RIT – relative isometric torque values; RPT – relative peak torque 
values; Total ROMSP – total range of motion in sagittal plane; P – level of significance; r – correlation coefficient. Group I: after surgical 
suturing of Achilles tendon. P£0.05 is indicated in bold.
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RIT and RPT (N*m/kg) between Subgroup IA and IB

FPFM FDFM

Subgroup IA
Me;

(Q1; Q3)

Subgroup IB
Me;

(Q1; Q3)

p- 
value*

Statistical 
power 

analyses

Subgroup IA
Me;

(Q1; Q3)

Subgroup IB
Me;

(Q1; Q3)

p- 
value*

Statistical 
power 

analyses

RIT
-15°

Involved
2.00; 

(1.80; 2.40)
1.37; 

(0.96; 1.76)
0.064 0.74

0.40; 
(0.31; 0.43)

0.40; 
(0.33; 0.46)

1.00 0.07

Uninvolved
2.22; 

(2.02; 2.53)
1.65; 

(1.60; 2.11)
0.348 0.44

0.39; 
(0.36; 0.43)

0.49; 
(0.45; 0.58)

0.156 0.60

p-value* 1.00 0.256 1.00 0.168

Statistical 
power 
analyses

0.13 0.50 0.07 0.69

Differences
0.03; 

(-0.11; 0.22)
0.47; 

(0.11; 0.62)
0.141 0.44

0.01; 
(-0.07; 0.11)

0.12; 
(0.07; 0.12)

0.68 0.55

LSI
99.21; 
(89.05; 
103.98)

77.12; 
(60.73; 93.31)

0.05 0.50
101.67; 
(79.23; 
118.41)

79.64; 
(71.04; 85.37)

0.112 0.42

RIT
0°

Involved
1.50; 

(1.12; 1.84)
0.99; 

(0.71; 1.20)
0.156 0.71

0.50; 
(0.34; 0.56)

0.57; 
(0.53; 0.68)

0.560 0.43

Uninvolved
1.63; 

(1.33; 1.79)
1.26; 

(1.06; 1.38)
0.272 0.52

0.54; 
(0.54; 0.58)

0.65; 
(0.63; 0.77)

0.156 0.65

p-value* 1.00 0.448 1.00 0.372

Statistical 
power 
analyses

0.14 0.44 0.22 0.50

Differences
0.15; 

(-0.01; 0.24)
0.16; 

(0.08; 0.59)
0.517 0.17

0.04; 
(-0.02; 0.19)

0.09; 
(0.07; 0.10)

0.337 0.12

LSI
93.12; 
(82.50; 
101.18)

86.17; 
(49.62; 93.43)

0.377 0.27
89.47; 
(69.55; 
104.44)

87.10; 
(80.21; 88.92)

0.859 0.08

RIT
15°

Involved
1.01; 

(0.70; 1.32)
0.53; 

(0.34; 0.70)
0.116 0.70

0.62; 
(0.47; 0.68)

0.61; 
(0.60; 0.68)

1.00 0.16

Uninvolved
1.24; 

(0.95; 1.26)
0.92; 

(0.75; 0.96)
0.156 0.74

0.62; 
(0.51; 0.70)

0.64; 
(0.58; 0.79)

1.00 0.29

p-value* 1.00 0.016 1.00 1.00

Statistical 
power 
analyses

0.27 0.87 0.12 0.31

Differences
0.22; 

(0.18; 0.31)
0.41; 

(0.17; 0.44)
0.517 0.30

0.03; 
(-0.03; 0.04)

0.09; 
(-0.02; 0.11)

0.316 0.21

LSI
80.56; 

(73.72; 88.20)
56.25; 

(39.11; 77.25)
0.101 0.45

95.05; 
(91.43; 
104.05)

56.25; 
(39.11; 77.25)

0.445 0.18

Table 7. �Comparison of the intragroup and intragroup values of the relative isometric and peak torque values and their Limb 
Symmetry Index scores in subgroup IA and subgroup IB.

e938267-14
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Sikorski Ł. and Czamara A.: 
Physiotherapy after achilles tendon surgery

© Med Sci Monit, 2022; 28: e938267
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Table 7 continued. �Comparison of the intragroup and intragroup values of the relative isometric and peak torque values and their 
Limb Symmetry Index scores in subgroup IA and subgroup IB.

RIT and RPT (N*m/kg) between Subgroup IA and IB

FPFM FDFM

Subgroup IA
Me;

(Q1; Q3)

Subgroup IB
Me;

(Q1; Q3)

p- 
value*

Statistical 
power 

analyses

Subgroup IA
Me;

(Q1; Q3)

Subgroup IB
Me;

(Q1; Q3)

p- 
value*

Statistical 
power 

analyses

RIT
30°

Involved
0.47; 

(0.30; 0.75)
0.28; 

(0.16; 0.32)
0.272 0.52

0.56; 
(0.49; 0.62)

0.55; 
(0.50; 0.62)

1.00 0.07

Uninvolved
0.73; 

(0.66; 0.77)
0.41; 

(0.39; 0.45)
0.012 0.92

0.60; 
(0.54; 0.69)

0.65; 
(0.57; 0.68)

1.00 0.22

p-value* 0.692 0.020 1.00 0.308

Statistical 
power 
analyses

0.54 0.91 0.15 0.48

Differences
0.27; 

(0.18; 0.35)
0.19; 

(0.08; 0.26)
0.263 0.26

0.01; 
(-0.01; 0.05)

0.08; 
(0.03; 0.10)

0.112 0.28

LSI
67.81; 

(39.73; 74.83)
57.98; 

(45.52; 80.95)
0.216 0.07

98.48; 
(91.38; 
101.79)

88.33; 
(82.19; 94.97)

0.377 0.30

RPT 
180°/s

Involved
0.64; 

(0.52; 0.73)
0.46; 

(0.37; 0.56)
0.208 0.63

0.29; 
(0.24; 0.33)

0.26; 
(0.25; 0.31)

1.00 0.22

Uninvolved
0.74; 

(0.64; 0.76)
0.69; 

(0.63; 0.87)
1.00 0.06

0.33; 
(0.29; 0.34)

0.27; 
(0.23; 0.31)

1.00 0.32

p-value* 1.00 0.05 1.00 1.00

Statistical 
power 
analyses

0.16 0.71 0.17 0.09

Differences
0.06; 

(0.01; 0.15)
0.22; 

(0.17; 0.28)
0.029 0.69

0.01; 
(-0.003; 0.09)

0.002; 
(-0.01; 0.03)

0.768 0.14

LSI
91.77; 

(79.56; 97.89)
64.38; 

(60.84; 81.28)
0.022 0.75

96.30; 
(73.33; 
101.11)

99.01; 
(89.56; 
104.30)

0.860 0.12

RPT
30°/s

Involved
1.34; 

(1.23; 1.41)
0.90; 

(0.79; 1.44)
1.00 0.40

0.45; 
(0.39; 0.54)

0.47; 
(0.43; 0.53)

1.00 0.09

Uninvolved
1.51; 

(1.25; 1.76)
1.36; 

(1.18; 1.96)
1.00 0.06

0.45; 
(0.34; 0.55)

0.45; 
(0.42; 0.52)

1.00 0.09

p-value* 1.00 0.308 1.00 1.00

Statistical 
power 
analyses

0.10 0.56 0.07 0.08

Differences
0.015; 

(-0.18; 0.32)
0.37; 

(0.31; 0.57)
0.05 0.63

0.004; 
(-0.02; 0.05)

0.02; 
(-0.03; 0.02)

0.680 0.05

LSI
100.21; 
(78.55; 
115.48)

72.91; 
(65.95; 81.40)

0.049 0.70
99.56; 
(80.54; 
104.58)

96.92; 
(93.52; 
106.41)

0.680 0.06

Me – median; Q1 – lower quartile; Q3 – upper quartile; P – statistical significance level; RIT – relative isometric torque values; 
RPT – relative peak torque values; LSI – Limb Symmetry Index; FPFM – foot plantar flexors muscle; FDFM – foot dorsiflexor muscles. 
P£0.05 is indicated in bold. * Mann-Whitney U test with Bonferroni correction.
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for FDFM between the IA and IB subgroups (from P=0.112 to 
P=0.860; Table 7).

Moreover, the differences between the results obtained from 
the assessment of the lower limbs were statistically significant-
ly higher in subgroup IB than in subgroup IA for RPT values of 
180°/s (Me=0.22 N*m/kg; Q1=0.17 N*m/kg; Q3=0.28 N*m/kg, 
P=0.029) and 30°/s (Me=0.37 N*m/kg; Q1=0.31 N*m/kg; 
Q3=0.57 N*m/kg, P=0.05) for FPFM (Table 7). The power analy-
sis of the test results of FPFM between subgroups ranged from 
6% to 92% (Table 7). The power analysis of the test results of 
FDFM between subgroups ranged from 5% to 65% (Table 7). 
The power analysis of the test results of FPFM between legs 
in subgroup IA ranged from 10% to 54% and in subgroup IB, 
from 44% to 91% (Table 7). The power analysis of the test re-
sults of FDFM between legs for FDFM in subgroup IA ranged 
from 7% to 22%, and in subgroup IB, from 8% to 69% (Table 7).

Range of Motion, Circumferences of the Ankle Joint and 
Shin of Subgroups IA and IB

In comparing the values of total ROMSP, ankle joint circumfer-
ence, and shin circumference values of the operated leg be-
tween subgroups IA and IB, no statistically significant differ-
ences were found (from P=0.864 to P=1.00; Table 8). In the 
intragroup comparisons of subgroups IA and IB, the values of 
total ROMSP, ankle joint circumference, and shin circumfer-
ences values of the operated and non-operated limbs, no sta-
tistically significant differences were observed (from P=0.188 
to P=1.00; Table 8). The power analysis of the test results be-
tween the subgroups ranged from 6% to 22% (Table 8). The 
power analysis of the test of results between legs in subgroup 
IA ranged from 11% to 30% and in subgroup IB, from 7% to 
37% (Table 8).

Tested parameters Legs

Subgroup

p-value*
Statistical

power analysesIA
Me; (Q1; Q3)

IB
Me; (Q1; Q3)

Total ROMSP of 
ankle joint (°)

Involved legs
64.85;

(57.70; 72.10)
58.30;

(53.80; 69.00)
1.00 0.21

Uninvolved legs
70.60;

(64.20; 73.20)
64.00;

(62.40; 71.60)
0.696 0.15

p-value* 1.00 0.308

Statistical power analyses 0.30 0.37

Differences
4.75;

(-0.40; 10.70)
9.10;

(3.30; 10.90)
0.680 0.17

Circumference
of ankle joint (cm)

Involved legs
26.50;

(26.00; 28.00)
28.50;

(26.50; 29.00)
0.992 0.22

Uninvolved legs
26.50;

(25.50; 27.00)
28.00;

(26.00; 28.50)
0.928 0.19

p-value* 1.00 1.00

Statistical power analyses 0.11 0.07

Differences
-0.25;

(-1.00; 0.00)
-0.50;

(-0.50; -0.50)
0.680 0.06

Circumference
of shin (cm)

Involved legs
36.75;

(35.00; 39.00)
38.00;

(38.00; 38.50)
0.864 0.07

Uninvolved legs
37.75;

(36.50; 39.00)
40.00;

(39.50; 40.00)
0.432 0.07

p-value* 1.00 0.188

Statistical power analyses 0.22 0.13

Differences
1.25;

(0.50; 2.50)
1.50;

(1.00; 1.50)
0.953 0.05

Table 8. �Comparison of the intragroup and intergroup values corresponding to a total range of motion in sagittal plane (Total ROMSP) 
and circumference of shin and ankle joint in subgroups IA and IB.

Me – median; Q1 – lower quartile; Q3 – upper quartile; P – statistical significance level; Total ROMSP – total range of motion in sagittal 
plane. P£0.05 is indicated in bold. * Mann-Whitney U test with Bonferroni correction.
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Discussion

In response to the objective of the study, we noted that con-
ducting a retrospective study from one center in Poland of 47 
postoperative SVPh visits in the studied group after ATSSKS 
with a frequency of 1.7 per week conducted for 28 weeks af-
ter surgery did not allow the operated AT side to fully restore 
the RIT values of the plantar flexion muscles of the foot, in 
relation to the non-operated side and compared with the re-
sults obtained in the group without AT injuries.

The conducted research confirmed the hypothesis that the 
higher number, frequency, and intensity of postoperative su-
pervised physiotherapy visits after ATSSKS correlated with 
and had an impact on obtaining higher and more symmetrical 
RIT and RPT values of the plantar flexor muscles of the foot.

In both studied groups, the results of the Matles and Thompson 
tests were negative. The VAS scale indicated no pain. Total 
ROMSP values, circumference of the ankle joints, and circum-
ference of the shin of the operated limb differed between the 
groups to the disadvantage of group A, with ATSSKS, in com-
parison with group B, without AT injuries.

In turn, subgroup IA had an average of twice as many vis-
its during the 28 weeks of physiotherapy than did subgroup 
IB during the same time. In the last 2 stages of SVPh, sub-
group IA had a 3-times higher frequency and number of visits 
than did subgroup IB. This resulted in higher and more sym-
metrical RIT and RPT values for FPFM and FDPM in subgroup 
IA than in subgroup IB. Therefore, it seems not only that the 
early introduction of postoperative physiotherapy was impor-
tant, but also that the total number and frequency of 2-h vis-
its each week during a uniform supervised physiotherapy pro-
tocol may have been crucial to obtaining a higher level of IT 
and PT values for FPFM and FDPM in patients after ATSSKS. 
It should also be noted that patients in subgroup IA, accord-
ing to the detailed description of the SVPh protocol [6], had 
a significantly higher number and frequency of visits; there-
fore, in the last 2 stages of the SVPh, patients were subjected 
to considerably greater intensity of specialized exercises, with 
gradual higher loads on muscles and of the entire locomotor 
system. They also performed exercises with a larger scale of 
difficulty of motor coordination and movement intensity [6]. 
Czamara et al 2021 confirmed that conducting SVPh with an 
average number of 74.1 visits and with an average frequency 
of 3.13 of visits per week for 6 months after anterior cruciate 
ligament reconstruction resulted in similar RIT and RPT values 
of the extensor muscles and lower leg flexors between the op-
erated knee joints and the non-operated side [26]. However, 
it is difficult to directly compare the results obtained in pa-
tients after anterior cruciate ligament reconstruction with the 
results obtained in patients after ATSSKS. On the other hand, 

in the available literature, we could compare this area of re-
search only in relation to the current research. We hope that 
the presented research problem will interest other scientists 
to devote more attention to this issue.

The reduced values of the IT and PT of the plantar-flexors 
muscles of the foot after the surgical suturing of AT can gen-
erate a higher risk of knee joint damage, change in gait qual-
ity, and greater knee joint moments and joint reaction forces 
and influence static balance control ability [27,28]. Don et al 
observed that patients after AT surgical suture using an open 
method achieved symmetry of PT value of the plantar-flex-
ion muscles of the foot 12 months after the treatment [29]. 
Orishmo et al found that persistently lower IT values of the 
plantar flexor muscles of the foot at the angle of 20° occurred 
in the 43rd month after an open surgical suturing of AT [30]. 
In the present study, patients in group A after AT surgical su-
ture using an open method obtained lower IT values in the 
operated limb in all measured angles for FPFM, but the mus-
cles’ value in the isokinetic test conditions did not differ sig-
nificantly for the operated leg compared with that of the low-
er limbs of the control group.

In the study by Lantto et al, the analysis of the results of the 
IT and PT values for FPFM, at a distant date from the applied 
AT suturing, showed that even 11 years after the surgical AT 
suturing, the values of the maximal IT for FPFM in the operat-
ed limbs were not similar to the values obtained in the non-
operated limb under isokinetic test conditions; however, under 
the conditions of the maximal isometric tension, these param-
eters equalized after the first year of surgery [31]. On the oth-
er hand, Horstmann et al published results which showed that 
10 years after the application of AT surgical suture using an 
open method, there were still significantly higher differenc-
es in the PT values for FPFM to the disadvantage of the op-
erated limb, and the differences in PT values for the operat-
ed limb of FDFM were significantly reduced [32]. Christensen 
et al ascertained that the problem may be in the description 
of resistance exercises in the first 2 months of postoperative 
physiotherapy after AT suturing [33]. Nilsson-Hellander et al 
presented a protocol for postoperative physiotherapy that be-
gins 8 weeks after surgery and included meetings under the su-
pervision of a physiotherapist 2 to 3 times a week [34]. Porter 
et al published a procedure for postoperative physiotherapy, 
detailing the use of individual exercises up to 12 weeks after 
surgery [35]. In 2007, Czamara presented the current protocol 
of SVPh, which in the first week after surgical suturing of AT 
sets the course of action, including a description of the per-
formance of particular types of exercises, number of repeti-
tions, series, and dosing method. Similarly, it describes phys-
ical therapy, manual therapy, and recommendations for the 
patient to perform additional exercises at home [6]. In addi-
tion, with the completion of each stage of SVPh, the patient 
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had a follow-up visit with their attending physician. Sikorski 
et al showed that SVPh conducted by a physiotherapist with a 
larger number of visits resulted in obtaining statistically signif-
icantly higher values of the vertical component of the ground 
reaction forces during one-legged and both-legged jumps in 
patients after surgical suturing of AT [10]. Follak et al noted 
significantly lower PT values of the plantar flexion muscles of 
the foot in the isokinetic test 2 years after AT surgical suture 
using an open method [36]. Follak et al performed 5 weeks of 
outpatient physiotherapy 3 times a week, with 2 h in 1 ses-
sion, aimed at increasing the strength of the triceps calf mus-
cle in the operated limb. After therapy completion, they report-
ed a significant improvement in the PT value of the studied 
muscle groups [36].

There were limitations in the present study. The study was con-
ducted in a single center, included a small number of patients, 
and bias may have been introduced into the study design. We 
did not screen women after ATSSKS; therefore differences in 
sex were not measured. Further studies should conduct post-
operative supervised physiotherapy on a larger number of 
patients, followed by a subsequent screening of women af-
ter ATSSKS and compare the sex differences in such research. 
Another limitation of this research was the low values of the 
power test, especially in the subgroups. In addition, the au-
thors conducted the research relatively early after the surgery; 
therefore, in the future, the research should be performed at 
an extended period after surgery. Moreover, we did not col-
lect the patients’ opinion about their treatment assessment, 
not only by asking them about pain but also by using various 
scales to assess the return to daily life, work, and sports af-
ter ATSSKS. In future research, we intend to use at least one 
of the available scales, such as the American Orthopedic Foot 
and Ankle Society, Victorian Institute of Sports Assessment 
Achilles Score, or other scales [7].

In subsequent studies, it would be necessary to determine the 
minimum and the final number of visits and their weekly fre-
quency and to even more precisely describe the selection of 
the intensity of therapeutic exercises during SVPh [6] in order 
to obtain the optimal IT and PT values for FPFM between the 
operated and non-operated lower limbs. It would also be nec-
essary to compare the obtained results with a control group.

In the future, research should also address the impact of SVPh 
on the values of biomechanical parameters of running, run-
ning with maximal speed, and changing direction of move-
ment [37,38]. The problem seems to be crucial, because up 
to 1 year after AT surgical suture using an open method, the 
symmetry of the RIT and RPT triggered by the shank muscles 
can be restored [39], which may help the orthopedic physician, 
physiotherapist, and patient make decisions about the num-
ber of supervised visits. The authors emphasize that the prob-
lem has not been resolved and that more research is needed.

Conclusions

In this retrospective observational study from a single center 
in Poland, we conducted 47 visits of SVPh, with a frequency 
of 1.7 visits per week over 28 weeks. ATSSKS did not allow for 
the operated side to fully restore the RIT values and RPT val-
ues of the plantar flexion muscles of the foot in the ankle joint.

We confirmed the hypothesis that a higher number, frequency, 
and intensity of SVPh after ATSSKS correlated with and had a 
positive influence on obtaining higher RIT values and RPT val-
ues of FPFM on the operated side.

Declaration of Figures’ Authenticity
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