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Abstract
Purpose The purpose of the study was clinical and advanced
biomechanical evaluation of shoulder function with respect
to rotator cuff (RC) integrity following repair.
Methods This was a retrospective study of 111 cases with
solid single row rotator cuff repair and a minimal one-year
follow-up. The RC repair was performed as an open proce-
dure in 42 patients, arthroscopically assisted in 34 and fully
arthroscopic in 48 cases. Evaluation protocol included ultra-
sound evaluation of the RC integrity, clinical evaluation
using shoulder scores and advanced biomechanical evalua-
tion (isometric and the isokinetic strength testing).
Results Ultrasound evaluation revealed complete retear in
16%, partial retear in 10% and intact repair in 74%of the cases.

Isometric testing of flexion and abduction had shown that
shoulders with complete retear were weaker by 45 % com-
pared to those with full tendon healing.

Isokinetic testing revealed 29–43 % deficits in peak ex-
ternal rotation torque comparing complete retear vs. normal
healing. Patients’ ability to generate shoulder power and
withstand a load proved to be lower in circumstances of a
complete lack of healing (40–43 % and 34–55 %, respec-
tively). Partial retears did not have a negative impact on the
biomechanical properties of shoulders. Surprisingly, there

were no significant differences in the shoulder scores related
to the quality of healing. In terms of patient satisfaction the
results were good and the patients declared themselves better
in all cases, no matter what quality of healing had been
recorded ultimately.
Conclusions According to the results of this research rotator
cuff integrity after open or arthroscopic repair does not seem
to affect clinical scores. Recurrent tears may result in lower
muscle performance in terms of active motion, strength and
endurance. Advanced shoulder testing may be essential in
assessing the patients’ ability to return to sports or heavy
labour.

Introduction

Modern rotator cuff (RC) repair includes minimally invasive
arthroscopic procedures providing a stable and solid fixation
of the tendons to bone and improved biology with the use of
growth factors or scaffolds [1–5]. Despite such efforts the
number of retears reported in literature is quite significant.
Nevertheless, many patients do quite well even in the pres-
ence of lost integrity following RC repair [6, 7]. Most com-
monly the final results are evaluated according to pain level,
clinical status and quality of life. However, to have a more
thorough understanding of biomechanical capabilities of the
shoulder following the rotator cuff repair, we decided to
include advanced strength testing. The aim of the study
was clinical and advanced biomechanical evaluation of
shoulder function with respect to rotator cuff integrity fol-
lowing repair.

Material and methods

The study included 111 patients who had a single-row cuff
repair for a total of 124 shoulder repairs. The patients were a
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part of a cohort including 243 cases operated upon between
2002 and 2009. The research was approved by the ethical
committee of our institution and included patients with rota-
tor cuff repair and no other shoulder pathologies with avail-
able documentation at the one-year follow-up. All the par-
ticipating cases gave written consent.

The follow-up was performed at an average time of
39.5 months (12–98). The average age of patients was
56 years (40–80), with 84 males and 40 females. The rotator
cuff repair was performed as an open procedure in 42 pa-
tients, arthroscopically assisted in 34 and fully arthroscopic
in 48 cases.

Protocol evaluation included ultrasound scans, clinical
evaluation and advanced strength testing.

The ultrasound evaluation of rotator cuff integrity had
been performed by a ten-year experienced musculoskeletal
radiologist, using the 5–12MHz linear transducer (HD11 XE
system, Phillips Ultrasound, Andover, MA, USA). The in-
sertion and the repair sites were graded as complete retear
(cRT), partial retear (pRT) and no retear (nRT). Complete
retear was assigned if full thickness tear was diagnosed
throughout the width of the repaired RC. Partial retear was
rated to partially preserved continuity of the repaired cuff.
Fully preserved continuity, with full coverage of footprint by
cuff tendons, was regarded as no retear (nRT) (Fig. 1).

Clinical evaluation included assessment of the active
ranges of motion (ROM), pain level (0–10 VAS) and clinical
scores: UCLA (University of California in Los-Angeles), the
simple shoulder test (SST), and the American Shoulder and
Elbow Surgeons (ASES) index (SSI).

Advanced biomechanical evaluation was based on shoul-
der strength testing performed in isometric and isokinetic
mode.

The isometric evaluation of shoulder flexion, abduction,
internal and external rotation was performed using electronic
dynamometer with dedicated PC software (Forcemeter,
Progress, Poland). The patient was always examined in a
standing position (Fig. 2). The device was attached either to
the floor (flexion, abduction) or the wall (internal and exter-
nal rotation). The belt was adjusted accordingly and held at
the patients’ wrist. Flexion strength was evaluated with the
arm in a 90° frontal deviation, with abduction at a 90°
deviation in the scapular plane. Internal and external rotation
strength was examined with the arm along the side and

elbow flexed to 90°. Maximum value [N] was recorded in
a six second period of maximum contracture.

Isokinetic shoulder evaluation was performed by means
of the Biodex System 3 (Biodex Medical Systems, Inc.,
Shirley, NY) (Fig. 3) for external and internal rotation;
values taken into consideration included peak torque, peak
torque to body weight, average power and total work. Mea-
surements were performed at 90, 180, 270 and 360°/s.
Isokinetic testing was performed according to the standard
protocol used in our institutions. The patient was seated and
stabilised in the chair in standard sitting position. Rotation
movements were performed successively in four angular
velocities 180°/s, 90°/s, 360°/s and 270°/s. Peak torque
represents the actual strength of the motion. Peak torque
related to body weight is considered to more accurately
compare the results between patients with different body
sizes. Total work accounts for the ability to maintain peak
torque over a period of time and practically describes the
resistance to fatigue. Average power represents the dynamics
of movement and the ability to generate torque within a short
time [8].

Statistical analysis was performed using StatPlus mac
2009 software (AnalystSoft) and included normality tests
and the analysis of variance (ANOVA).

Results

The ultrasound evaluation revealed complete retear in 20
cases (16 %), partial retear in 12 cases (10 %) and no retear
in 92 (74 %) cases (Fig. 1). The average age in the three
groups was 55 years (40–71) in the nRT, 53 years (43–74) in
the pRT and 57 years in the retear group (46–80) with a
majority of males, respectively, of 64 %, 81 % and 65 %.

The results of the clinical evaluation, isometric and
isokinetic testing are displayed in Tables 1, 2, and 3. The
level of pain and the follow-up time were significantly higher
for the partial retears when compared with the group with
intact cuffs. The integrity of the repaired tendons did not
make any difference in the clinical scores. Patients with
complete retears had significantly lower active flexion,
showing no other significant differences in the measured
range of active motion.

Fig. 1 Longitudinal ultrasound
scans showing complete retear of
supraspinatus tendon (a), partial
healing (partial retear) (b) and
preserved integrity at the repair
site (c)
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Fig. 2 Isometric testing for
abduction (a), flexion (b) and
external rotation (c); device (d)
and interface (e)

Fig. 3 Isokinetic shoulder
testing: setup (a, b); data
collection (c)
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Isometric testing showed the best results in the group with
preserved integrity of RC tendons. In comparison, patients
with complete retears had significantly weaker flexion, ab-
duction, external and internal rotation. Partial retears did not
make the patients weaker than the no-retear group.

Isokinetic testing for external rotation revealed signifi-
cantly lower values of peak torque, peak torque-to-body-
weight, average work and total power when comparing the
complete retear group to the remaining two at lower motion
velocities (90°/s and 180°/s). Internal rotation testing also
showed greater strength for more integrated repair site, how-
ever with less significant differences (Table 3).

Discussion

One of the most challenging issues in the rotator cuff repair is
to obtain effective and permanent restoration of the tendon-
to-bone junction. It is believed that it is not possible to
restore the normal tendon-to-bone junction by surgical repair
due to very unique structure and function of the junction [9,

10]. The tissue that grows at the tendon repair site has
biomechanical properties that are inferior to normal rotator
cuff insertion [10]. For that and other reasons lack of proper
healing or retear occurs with reported frequency of the prob-
lem for 16–94 % of RC repairs [6–8].

Our study has shown incomplete rotator cuff healing after
fixation in 26 % of the cases, out of which 16 % did not heal
at all and 10 % of the cases healed partially.

It is not quite clear whether the presence of rotator cuff
tear or retear have clinical consequences. Asymptomatic
rotator cuff tears have been reported by Scarlat and Florescu
who showed up to 56 % asymptomatic cuff tears in healthy
individuals over 75 years of age [11]. It is debatable whether
the shoulder pain and weakness arise from the RC tear alone.
Itoi et al. have shown that the intra-articular or intra-bursal
injection of local anaesthetic led to increased strength mea-
sured by isokinetic testing [12]. Another study by Norlin and
Adolfsson showed that patients with small full thickness tear
do well following only arthroscopic decompression without
repair [13].

Our study has specifically aimed at the impact of the RC
tendon healing on subjective and objective measures of
shoulder function. The healing was evaluated by ultrasound
scan, which has been acknowledged as a reliable method of
RC evaluation and has been used in similar studies before [7,
14, 15]. The study does not focus on possible risk factors of
RC retear. As already described in other comparative studies
the surgical technique had no effect on results in terms of cuff
integrity. For the purpose of evaluation of cuff integrity on
clinical results data of all patients have been pooled together
both in this and other studies [6–8].

Patients’ clinical scores (pain, SSI, SST, UCLA, ROM)
had improved significantly at follow-up compared to the
preoperative status, regardless of the RC integrity at the
insertion site. When comparing the results at the final
follow-up, patients with a partial retear had slightly more
pain compared to those with complete healing. Full-thickness

Table 1 Result of clinical evaluation

Clinical assessment Averages ± SD Statistical significance by ANOVA (p values)

Complete retear (cRT) Partial retear (pRT) No retear (nRT) cRT vs. nRT cRT vs. pRT pRT vs. nRT

Pain (VAS) 3±3.4 3.7±2.3 2.1±2.4 ns ns 0.049

SSI-ASES 73±26.5 70.2±13.8 79.7±21.3 ns ns ns

SST 8.9±3.6 9.8±2.3 9.6±3.2 ns ns ns

UCLA 27.2±7.6 29.6±4.5 29.4±5.9 ns ns ns

Flexion (°) 145±32 169.1±20.2 163.6±32.9 0.031 0.05 ns

Abduction (°) 150.3±32.5 171.8±15.4 159.6±36.6 ns ns ns

External rotation (°) 47.1±22.8 55±20.9 54±21.8 ns ns ns

ns not significant with p>0.05

UCLA University of California in Los Angeles, SST simple shoulder test, SSI-ASES American Shoulder and Elbow Surgeons index

Table 2 Results of isometric shoulder testing by Forcemeter

Isometric
strength

Means ± SD Statistical
significance by
ANOVA (p values)

Complete
retear
(cRT)

Partial
retear
(pRT)

No retear
(nRT)

cRT
vs.
nRT

cRT
vs.
pRT

pRT
vs.
nRT

Flexion 31.±22 59.1±21.2 58.5±37.2 0.005 0.047 ns

Abduction 33±19.6 52.8±27.2 56.9±35 0.042 ns ns

External
rotation

53.5±31.6 65.3±19.2 73.9±39.8 0.05 ns ns

Internal
rotation

65.2±29.6 80.4±15.9 89.3±43.2 0.040 ns ns

ns not significant with p>0.05
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retears did not lead to a significant increase in pain. Surpris-
ingly, there were no significant differences in the shoulder
scores related to the quality of healing. Complete retears had a
negative effect on active elevation compared to the remaining
two groups. Again, surprisingly no such effect could be found
when active abduction and external rotation were measured.
Basically, patients were satisfied no matter what quality of
healing had been recorded ultimately.

However, the most striking differences among the patients
was revealed by objective measures. Static isometric testing
of flexion and abduction had shown that shoulders with
complete RC retear were weaker by 45 % compared to those

with full tendon healing. More dynamic testing in the
isokinetic mode had revealed 29–43 % deficits in peak
external rotation torque comparing complete retear vs. nor-
mal healing. Patients’ ability to generate shoulder power and
withstand a load proved to be lower in circumstances of a
complete lack of healing (40–43 % and 34–55 %, respec-
tively). Partial retears did not have a negative impact on the
biomechanical properties of shoulders. Moreover, those pa-
tients also did better on testing than complete retears.

As in our study, Yoo et al. and Liem had found a negative
influence of retear on clinical results [16, 17]. In Liem’s
study, shoulder abduction was decreased for cuffs with retear

Table 3 Results of isokinetic shoulder testing by Biodex System 3

Isokinetic testing Means ± SD Statistical significance by ANOVA (p values)

Complete retear (cRT) Partial retear (pRT) No retear (nRT) cRT vs. nRT cRT vs. pRT pRT vs. nRT

ER peak torque 90°/s 13.4±10 20.9±6.3 18.1±8 0.043 0.021 ns

180°/s 8.6±9.2 13.2±6.5 13.1±7.8 0.046 ns ns

270°/s 6.3±7.5 10.1±5.7 9.2±8.1 ns ns ns

360°/s 0.3±1 3±5.8 2.5±5 ns ns ns

ER PK/BW 90°/s 15±10 26.5±11.8 22.4±8.4 0.003 0.001 ns

180°/s 9.1±11.2 17.8±6 16.1±8.9 0.007 0.02 ns

270°/s 6.2±7.8 12.3±7.2 11.7±9.3 0.036 ns ns

360°/s 0.3±1.1 3.3±6.6 3±5.9 ns ns ns

ER average power 90°/s 9.9±8.6 17.4±5 15.1±8.5 0.029 0.027 ns

180°/s 7.6±8.7 12±7.2 13.2±10.3 0.05 ns ns

270°/s 4±4.9 7.1±7.7 6.5±81 ns ns ns

360°/s 0.1±0.2 1.6±3.7 1.4±3.7 ns ns ns

ER total work 90°/s 28.5±23.7 57.3±22.8 48±28 0.012 0.008 ns

180°/s 14.4±16 31.9±15 28±21.7 0.02 0.038 ns

270°/s 42.5±40.1 85.1±71 61.6±69 ns ns ns

360°/s 0.1±0.3 3.2±7.6 4.2±13.8 ns ns ns

IR peak torque 90°/s 22.7±16.35 34.2±15.2 29.5±12 ns 0.031 0.03

180°/s 13.9±12.5 23.6±14 21.3±10.6 ns 0.031 ns

270°/s 17.5±13.8 24.2±16.6 20.7±11.1 ns ns ns

360°/s 11±9.2 17.9±15.7 13.8±9.5 ns ns ns

IR PK/BW 90°/s 25±15.8 41±13.4 35.9±13.5 0.005 0.004 ns

180°/s 13.8±12.6 28±13.3 26.4±12.4 ns ns ns

270°/s 17.5±14.4 28±15.2 25.1±11.6 ns ns ns

360°/s 10.6±10 20.1±14.8 17.1±11.2 ns ns ns

IR average Power 90°/s 18.3±16.5 29.8±16.3 22.9±13.7 ns 0.047 ns

180°/s 10.5±15 24.3±17.4 20.5±15.8 0.029 0.031 ns

270°/s 14.5±17.9 26.9±25.7 17.7±15.1 ns ns ns

360°/s 8.5±12.3 18±23.1 11±13.3 ns ns ns

IR total work 90°/s 59.9±54 115.6±61.9 81.6±44.8 ns 0.005 0.033

180°/s 26.4±38 64.7±40.9 52.3±34.7 ns ns ns

270°/s 35.4±39.9 69.7±72.2 59.8±68.7 0.013 0.009 ns

360°/s 15.3±21.3 34.9±38.7 22.2±20.9 ns 0.047 ns

ns not significant with p>0.05

ER external rotation, IR internal rotation, PK/BW peak torque to body weight
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among open and arthroscopically repaired patients, yet sig-
nificant differences were found only among the latter group.
Zumstein et al. and Verma et al. found no difference in the
outcome scores and pain level among patients with or with-
out RC retear [7, 18]. In Verma’s study, patients with failed
RC repair had significantly lower strength of forward flexion
but not external rotation; and that was found regardless of the
repair technique (arthroscopic vs. mini-open). Bishop et al.,
in a prospective study, examined RC integrity by also com-
paring arthoscopic versus open repair [6]. The authors found
superior isometric testing results for flexion and external
rotation as well as ASES and Constant score in the group
with intact cuffs. Pain values remained improved following
repair with no difference between preserved and retorn RC at
the follow-up. They had also found that there was no signif-
icant difference in outcomes between open versus arthro-
scopic repair for any of the scores when the intact and retear
groups were compared. Work by Millar et al. showed that
regardless of the cuff integrity following repair parameters of
pain, range of active motion, external and internal rotation
strength improved with no significant differences [5]. How-
ever, patients with intact cuffs had better abduction strength
and less pain on overhead activity. Demirors et al. found that
the failed rotator cuff repair group showed lower levels of
isokinetic extension and internal rotation. Despite high fail-
ure rate in their group functional results were satisfactory
[19].

We have used more advanced and extensive biomechan-
ical and objective measurements in this study including
isometric and isokinetic evaluation. Isometric testing is a
simple, quick and relatively inexpensive method of objective
shoulder strength evaluation [20]. It allows for the detection
of static strength deficits not being able to evaluate more
advanced functionality. Isokinetic testing is more sophisti-
cated, allowing a more functional evaluation [8]. It is possi-
ble to detect deficits in a moving shoulder and also reflects
shoulder ability to generate power and performance of a
working shoulder over time. Our study demonstrates that
patients with complete retears are not only weaker in shoul-
der motion, but also are not able to perform work with
different loads over a period of time. This may have an
impact on the ability to return to heavy labour or sports.
For those reasons, it seems that more objective measures
should be introduced in populations that return to full activ-
ity. Possibly, for such patients, limitation of shoulder loading
should be suggested.

We have also looked at patients with partial retears (or
partial healing). Those patients performed as well as those
with normal healing in both subjective and objective evalu-
ation. The only exception was a slightly higher pain level. A
similar phenomenon had also been found among patients
with partial RC tears that seem to experience more pain than
those with full thickness tears, and in theory, cause abnormal

tension to the remaining tendon fibres [21]. In our study this
group showed otherwise good function and had comparable
biomechanical abilities as patients with complete healing.

Many studies and conference presentations have attempted
to improve cuff integrity results by applying the double row or
double row suture-bridge technique. The techniques seem to
have superior biomechanical and biological properties [1–3].
Although the techniques do not prove to be clinically superior
to single row fixation, theymay have advantages in improving
cuff integrity when the double row technique is used [1–3,
22–25]. Based on that and results of our study we should tend
to obtain the best possible healing in patients with high bio-
mechanical demands. Having good integrity leads to superior
strength and endurance results. This issue might be important
for heavy physical workers or athletes (not necessarily fully
professional) wishing to get back to previous activity on a
similar level. The physical performance of workers might be
important information for employers bearing in mind both job
safety, safe return to former duties and costs of work-related
injuries. Proper testing and its results would help to determine
time of returning to sports or heavy labour or establishing
permanent limitations for future activity.

Conclusions

According to the results of this research rotator cuff integrity
after open or arthroscopic repair does not seem to affect
clinical scores. Recurrent tears may result in lower muscle
performance in terms of active motion, strength and endur-
ance. Advanced shoulder testing may be essential in assessing
the patients’ ability to return to sports or heavy labour.

Open Access This article is distributed under the terms of the Creative
Commons Attribution License which permits any use, distribution, and
reproduction in any medium, provided the original author(s) and the
source are credited.

References

1. Dines JS, Bedi A, El Attrache NS, Dines DM (2010) Single-row
versus double-row rotator cuff repair: techniques and outcomes. J
Am Acad Orthop Surg 18:83–93

2. Spang JT, Buchmann S, Brucker PU et al (2009) A biomechanical
comparison of 2 transosseous-equivalent double-row rotator cuff
repair techniques using bioabsorbable anchors: cyclic loading and
failure behavior. Arthroscopy 25:872–879

3. Pauly S, Kieser B, Schill A, Gerhardt C, Scheibel M (2010) Bio-
mechanical comparison of 4 double-row suture-bridging rotator
cuff repair techniques using different medial-row configurations.
Arthroscopy 26:1281–1288

4. Derwin KA, Badylak SF, Steinmann SP, Iannotti JP (2010) Extra-
cellular matrix scaffold devices for rotator cuff repair. J Shoulder
Elbow Surg 19:467–476

2400 International Orthopaedics (SICOT) (2013) 37:2395–2401



5. Millar NL, Wu X, Tantau R, Silverstone E, Murrell GA (2009)
Open versus two forms of arthroscopic rotator cuff repair. Clin
Orthop Relat Res 467:966–978

6. Bishop J, Klepps S, Lo IK, Bird J, Gladstone JN, Flatow EL (2006)
Cuff integrity after arthroscopic versus open rotator cuff repair: a
prospective study. J Shoulder Elbow Surg 15:290–299

7. Verma NN, Dunn W, Adler RS et al (2006) All-arthroscopic versus
mini-open rotator cuff repair: a retrospective review with minimum
2-year follow-up. Arthroscopy 22:587–594

8. Ellenbecker TS, Davies GJ (2000) The application of isokinetics in
testing and rehabilitation of the shoulder complex. J Athl Train
35:338–350

9. Lui P, Zhang P, Chan K, Qin L (2010) Biology and augmentation of
tendon-bone insertion repair. J Orthop Surg Res 5:59

10. Carpenter JE, Thomopoulos S, Flanagan CL, DeBano CM,
Soslowsky LJ (1998) Rotator cuff defect healing: a biomechanical
and histologic analysis in an animal model. J Shoulder Elbow Surg
7:599–605

11. Scarlat M, Florescu A (2005) Shoulder function and scores in 180
asymptomatic individuals aged over 75 years. Rev Chir Orthop
Reparatrice Appar Mot 91(6):502–507

12. Itoi E, Minagawa H, Sato T, Sato K, Tabata S (1997) Isokinetic
strength after tears of the supraspinatus tendon. J Bone Joint Surg
Br 79:77–82

13. Norlin R, Adolfsson L (2008) Small full-thickness tears do well ten
to thirteen years after arthroscopic subacromial decompression. J
Shoulder Elbow Surg 17:12–16

14. Dinnes J, Loveman E, McIntyre L, Waugh N (2003) The effective-
ness of diagnostic tests for the assessment of shoulder pain due to soft
tissue disorders: a systematic review. Health Technol Assess 7:1–166

15. de Jesus JO, Parker L, Frangos AJ, Nazarian LN (2009) Accuracy of
MRI, MR arthrography, and ultrasound in the diagnosis of rotator
cuff tears: a meta-analysis. Am J Roentgenol 192:1701–1707

16. Yoo JC, Ahn JH, Koh KH, Lim KS (2009) Rotator cuff integrity
after arthroscopic repair for large tears with less-than-optimal foot-
print coverage. Arthroscopy 25:1093–1100

17. Liem D, Bartl C, Lichtenberg S, Magosch P, Habermeyer P (2007)
Clinical outcome and tendon integrity of arthroscopic versus mini-
open supraspinatus tendon repair: a magnetic resonance imaging-
controlled matched-pair analysis. Arthroscopy 23:514–521

18. Zumstein MA, Jost B, Hempel J, Hodler J, Gerber C (2008) The
clinical and structural long-term results of open repair of massive
tears of the rotator cuff. J Bone Joint Surg Am 90:2423–2431

19. Demirors H, Circi E, Akgun RC, Tarhan NC, Cetin N, Akpinar S,
Tuncay IC (2010) Correlations of isokinetic measurements with
tendon healing following open repair of rotator cuff tears. Int
Orthop 34(4):531–536

20. Leggin BG, Neuman RM, Iannotti JP, Williams GR, Thompson EC
(1996) Intrarater and interrater reliability of three isometric dyna-
mometers in assessing shoulder strength. J Shoulder Elbow Surg
5:18–24

21. Fukuda H (2000) Partial-thickness rotator cuff tears: a modern view
on Codman’s classic. J Shoulder Elbow Surg 9:163–168

22. Apreleva M, Ozbaydar M, Fitzgibbons PG, Warner JJ (2002)
Rotator cuff tears: the effect of the reconstruction method on
three-dimensional repair site area. Arthroscopy 18:519–526

23. Carbonel I, Martinez AA, Calvo A, Ripalda J, Herrera A (2012)
Single-row versus double-row arthroscopic repair in the treatment of
rotator cuff tears: a prospective randomized clinical study. Int Orthop
36(9):1877–1883

24. Perser K, Godfrey D, Bisson L (2011) Meta-analysis of clinical and
radiographic outcomes after arthroscopic single-row versus double-
row rotator cuff repair. Sports Health 3(3):268–274

25. Duquin TR, Buyea C, Bisson LJ (2010) Which method of rotator
cuff repair leads to the highest rate of structural healing? A system-
atic review. Am J Sports Med 38(4):835–841

International Orthopaedics (SICOT) (2013) 37:2395–2401 2401


	Clinical and biomechanical performance of patients with failed rotator cuff repair
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Material and methods
	Results
	Discussion
	Conclusions
	References


