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Introduction: Physical exercise is indicated to reduce the incidence of musculoskeletal symptoms in teachers.
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symptoms related to the lower limbs of public elementary school teachers. Materials and methods: Thirty-
one female teachers were divided into two groups: control (CG, n = 15) and muscular endurance training (TG,
n = 16). The training consisted of two sets of 15 repetitions of exercises for quadriceps and hamstring muscle
groups, twice a week, for 7 weeks, which were conducted with 50% of 10 repetition maximum(10RM) (first to
fourth week) and 60% of 10 RM (fifth to seventh week). Musculoskeletal symptoms (Nordic Musculoskeletal
Questionnaire), isometric peak torque (Load cell) and muscle strength (10RM) were assessed before and af-
ter intervention. ANOVA for repeated measures and Tukey post hoc were used to analyse strength and peak
torque of quadriceps and hamstrings and Chi-square goodness-of-fit test were used to analyse the frequency
of occurrence of osteomuscular symptoms. Results: The highest incidence of symptoms was found in the lum-
bar region in both groups. Training caused increased muscle strength of the quadriceps and hamstrings, but
there were no significant differences in either the peak torque in the quadriceps and hamstrings or in the
reduction of musculoskeletal symptoms. Conclusion: The exercise program performed in this study increased
the dynamic strength in the TG in relation to the CG, but did not alter the incidence of symptoms in the lumbar
region and lower limbs in neither of the groups. Thus, results suggest that the duration of intervention may not
have been enough to increase peak torque and decrease musculoskeletal symptoms.

Keywords: Work-related musculoskeletal disorders. Teachers. Exercise.

Introdugdo: A prdtica de exercicio fisico é indicada para reduzir a incidéncia de sintomas osteomusculares
em professores. Objetivo: Avaliar os efeitos do treinamento de resisténcia muscular na forca muscular e nos
sintomas osteomusculares relacionados aos membros inferiores de professoras do ensino ptblico fundamental.
Materiais e métodos: Trinta e uma professoras foram divididas em dois grupos: controle (GC, n = 15) e treina-
mento de resisténcia muscular (GT, n = 16). O treinamento consistiu em 2 séries de 15 repeticdes de exercicios
para quadriceps e isquiotibiais, 2 vezes por semana, durante 7 semanas, sendo realizados com 50% de 10
Repeticdes Mdximas (10RM) (1a-4a semanas) e com 60% de 10RM (5a-7a semanas). Os sintomas osteomuscu-
lares (Questiondrio Nérdico), o pico de torque isométrico (célula de carga) e a forca muscular (10 RM) foram
avaliados antes e apds a intervengdo. Para a andlise estatistica foi realizado ANOVA para medidas repetidas,
com acompanhamento do teste de Tukey post hoc para forca e pico torque de quadriceps e isquiotibiais e o
teste de Qui quadrado com bondade de ajuste para a frequéncia dos sintomas osteomusculares. Resultados:
A maior incidéncia de sintomas foi na regido lombar em ambos os grupos. O treinamento promoveu aumento
da forca muscular de quadriceps e isquiotibiais, porém ndo houve diferengas significativas tanto no pico de tor-
que isométrico de quadriceps e isquiotibiais quanto na diminui¢cdo dos sintomas osteomusculares. Conclusdo:
0 programa de exercicios realizado aumentou a forca muscular dindmica no GT em relagdo ao GC, porém ndo
alterou a incidéncia dos sintomas na regido lombar e nos membros inferiores em ambos 0s grupos. Assim,
sugere-se que a duragdo da intervengdo pode ndo ter sido suficiente para gerar o aumento de torque e reduzir
os sintomas osteomusculares.

Palavras-chave: Disturbio osteomuscular relacionado ao trabalho. Professoras. Exercicios.

Introduction

Work-related musculoskeletal disorders are ex-
tremely common and have important consequences
for the individual and the society, also can generate
high costs for the global economy and can often lead
to temporary or permanent disability (1). In Brazil,

the changes occurring in the labor organization of
elementary school teachers can have contributed to
increase diseases that strongly influence the quality
of life of these professionals (2).

Repetitive work, intense concentration on the
same task for long periods, excessive workload on
working and insufficient time to carry out the tasks
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required are among the most stressful factors in
teaching (2). In addition, the workplace demands
as overload movements and body posture of the
teachers, inadequacy on ergonomics of furniture and
equipment’s can contribute to the development of
work-related musculoskeletal disorders (1).

Thus, it is necessary to adopt worker’s health
prevention policy in order to improve their well be-
ing and to avoid the development or aggravation of
work-related musculoskeletal disorders.

Accordingly, there is a consensus that physical ex-
ercise reduces the incidence of work-related muscu-
loskeletal disorders (1), and that it promotes increase
in muscle strength, flexibility and cardiovascular con-
ditioning when conducted at the workplace (3-6).

In Brazil, a high incidence of musculoskeletal
symptoms has been observed in elementary school
teachers in the shoulder, wrist, neck, dorsal and low
back regions, in the knees, ankles and feet (2). Brito
et al. (7) observed a high prevalence of sedentary
among public school teachers. However, there were
no studies that used exercise for preventing and/or
treating musculoskeletal disorders related to teach-
ing in elementary schools.

Therefore, it becomes necessary to establish evi-
dence related to the benefits that physical exercise
can provide to these teachers. Hence, the aim of this
study was to evaluate the effects of muscular endur-
ance training exercises on muscle strength, torque
and musculoskeletal symptoms among teachers from
public elementary schools.

Materials and methods

This was a non-randomized, controlled clinical
trial with intentional distribution, approved by the
Research Ethics Committee of the Health Sciences
Division of the Federal University of Parana (UFPR),
as per certificate CAAE: 4184.0.000.091-09. The study
was developed in eight municipal elementary schools
at the city of Matinhos, Parang, from March 2010 to
December 2011.Sixty-eight teachers in the total of
one hundred and nine elementary school teachers in
the municipality agreed to participate in this study
and signed the Free and Informed Consent Form.

The inclusion criteria were: being as active teach-
ers in the municipal elementary school network,
working in classrooms directly with students; hav-
ing the ability to move around, without additional

resources, and to perform the exercises without the
need for individual attention; being in good general
health and sedentary for at least eight weeks.

The teachers were excluded if they presented and/
or reported a current or previous sickness which
preventing the performance of evaluations and/or
exercises. Those participating in other programs or
activities that included exercise; with incomplete data
in the evaluations and those did not wish to perform
the exercise protocol were also excluded.

The distribution between groups was done inten-
tionally (8), that is, the teachers chose the group in
which they would like to participate. Twenty-eight
teachers participated in the Training Group (TG,
n = 28) and sixteen in the Control Group (CG, n=16),
as demonstrated in the study flowchart (Figure 1).

Of the 68 teachers in total, 24 opted to partici-
pate in the first evaluation only. In the TG, 28 began
the training, but only 16 completed the entire study.
Seven dropped out for personal reasons and five were
excluded (one for being hypertensive, two because
presented knee pain, one for not properly filling out
the Nordic Musculoskeletal Questionnaire and one for
not carrying out the quadriceps and hamstring torque
peak test). In the CG, one teacher was excluded for
presenting labyrinthitis, leaving a total of 15.

Procedures

The groups were evaluated before (pre) and after
(post) seven weeks. Body mass and height (9) were
checked for determining the Body Mass Index (BMI)
(10), blood pressure (11) and heart rate were also
verified (12).

To determine the load for training, load pro-
gression, as well as the muscle strength was per-
formed the 10 Repetition Maximum test (10RM)
in the pre-period, after the familiarization week
(T1), at the end of the fourth week (T4) and in the
post-period (13), for the quadriceps and hamstring
muscle groups.

The 10RM test evaluates the maximum load that
the individual can take in 10 repetitions with a
full range of motion of the joint to be tested (14).
The test was interrupted at the time the partici-
pants failed to perform the complete movement
or when occurred concentric voluntary failures
in 10RM (15). Before the execution, the teachers
were informed about the assessment and training
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routines, which were carried out with adjustable
ankle weights. The priority was the correct execu-
tion of the movement and the force was obtained
in kilograms (kg) (15).

For the evaluation of isometric torque a load cell
was used (Kratos brand, model CZAB500). It was
used a set of fastening straps, an A/D converter board
(National Instruments brand, model NI USB 6218)
and an amplifier (Kratos brand, model IK-1C), con-
nected to a computer.

The load cell was fixed to a pole with an adjust-
able clamp and arranged perpendicularly, both
between the iron bar attached to the ground and

the longitudinal axis on the tibia of the individuals
(16). A test was carried out for the hamstrings and
quadriceps with the individuals in the prone and sit-
ting position, respectively. In both tests, the load cell
was fixed with the aid of a non-elastic adjustable band
with velcro, at the ankle joint, in the opposite direc-
tion to the movement. The hip and the ankle were
kept at a 902 angle.

The tests were achieved on the dominant limb,
however, the first was executed with the contralateral
limb for the purpose of familiarization. The teachers
were instructed to perform the movement as fast and
hard as possible (16).

Teachers from the municipal
elementary school network (n = 109)

(n = 68)

Agreed to participate

Pre-assessments: torque; force;
musculoskeletal symptoms

Agreed to participate only in
the pre-assessment (n = 24)

Agreed to participate in
the entire study (n = 44)

Intentional distribution

TG (n = 28) Pre-assessment.

Performed muscular endurance
( training twice/week

Excluded (n = 5)
1 hypertensive
2 knee pain
2 lack of data: Nordic
Musculoskeletal Questionnaire
and torque peak
Dropout (n = 7)
Personal reasons

K T6 (n = 16)

Post-assessment

weeks

CG (n = 16) Pre-assessment

Excluded (n = 1)
Labyrinthitis

CG (n = 15)
Post-assessment

Assessments after 7 weeks: torque; force;
musculoskeletal symptoms

Figure 1 — Study flowchart
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The data obtained by the load cell were recorded
in volts and after converted into units of strength
(N) and afterwards this value was multiplied by
the distance between the load cell and the central
knee joint (in meters), thus the torque in Newton
Meters (Nm) was acquired. After converting the val-
ues, the peak torque was defined as the maximum
peak obtained.

Musculoskeletal symptoms were evaluated by the
Nordic Musculoskeletal Questionnaire (17), which
consists of multiple-choice items to assess the occur-
rence of symptoms in nine body regions demonstrat-
ed in an anatomical figure and the participants had
to answer four questions: if there was symptom in
the twelve months and seven days prior to the inter-
view, if the worker was unable to perform the routine
activities due to the presence of the symptoms and
if the worker needed assistance by a health profes-
sional in the past year. This study analyzed only the
symptoms related to the lower back region and the
lower limbs, within the past seven days to the test.

Local muscular endurance training

Training was conducted in a group, at the work-
place (school) after the work activities, in the after-
noon, under the supervision of a physiotherapist. The
CG carried out the pre- and post-assessments, but
was not involved in the training protocol.

Training sessions were performed twice a week,
for seven weeks. Each session lasted on 30 minutes,
with 6 minutes of warm-up, 20 minutes of the lo-
cal muscular endurance exercise for the quadriceps
and hamstrings, and 4 minutes of relaxation. For the
warm-up, dance activities were carried out, until the
participants reached a heart rate between 40-60% of
the heart rate reserve, for six minutes (18).

Then, knee-extension exercise was performed in
a sitting position and flexion in the prone position, in
the same way that the muscle strength test was per-
formed. This protocol was conducted in accordance
with Sjogren et al. (3), adapted for this study.

Two sets of 15 repetitions were performed with
one-minute intervals between the sets and with a
duration of five seconds in the concentric phase and
five seconds in the eccentric phase (19, 20). The
progression of the training load followed the design
for local muscular endurance (19). The exercises

were performed with 50% of 10RM in the first four
weeks and, in the last three weeks, with 60% of
10RM. The first week was dedicated to the familiar-
ization training.

Analysis of results

For a sample size of 31 teachers it was assumed
the power of 0.92, with a large size of effect (0.6), a
significance level of 0.02 and beta equal to 0.08.

The data related to the strength and peak torque
of the quadriceps and hamstrings were analyzed us-
ing ANOVA for repeated measures, thus assuming the
sample randomization and, therefore, the greatest
power of analysis through the application of para-
metric tests (21). In case of statistical significance, the
Tukey post hoc was applied for unequal samples by
testing hypotheses for equality between the groups
(TG and CG) in each period of assessment.

Absolute and relative frequencies of occurrence
of symptoms were evaluated in the last seven days
prior to test in the following body regions: lower
back, hips/thighs, knees and ankles/feet. The fre-
quencies observed in the TG, in both the pre- and
post-intervention periods, were compared with the
frequencies observed in the CG, using the Chi-square
goodness-of-fit test. In all statistical tests, significance
was set at 0.05.

Results

The mean age of the CG was 42 + 9 years and the
TG was 39 * 8 years. From a total of 109 teachers,
31 were included, which reflects 28% of compliance.

In BMI variables, heart rate, and systolic and dia-
stolic blood pressure, differences between the groups
were not observed in any of the evaluation periods
(p > 0.05).

Regarding to the strength of the quadriceps, signifi-
cant differences were observed between the groups over
the experimental periods (Fzg;=19.428; p=0.0001). The
TG gradually increased the strength values, present-
ing significant differences, comparing the T4 period to
the previous periods (p<0.05). When comparing the
groups, the mean observed in the TG post-period was
significantly higher than the mean observed in all other
periods in the CG (p<0.05) (Figure 2).
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Figure 2 — Mean and confidence interval for the strength of the quadriceps (A) and hamstrings (B)
Note: TG = Training Group (solid line); CG = Control Group (dotted line); Pre = pre-training period; T1 = after the familiarization week; T4 =
four weeks after the start of intervention; Post = post-training period.

Concerning to the strength of the hamstrings,
there were significant differences between the groups
and over the experimental periods (Fzg;=29.662; p =
0.000). In the TG, there was a significant increase
in means from the T4 period (p < 0.05), rising up to
the post-period (p < 0.05). In the CG, there were no
significant differences over the experimental period
(p>0.05). When comparing the two groups over the
periods, the mean post-intervention period for the
TG group was significantly higher than in all other
periods of the CG (p < 0.05) (Figure 2).

Regarding to the peak torque of the quadriceps
and hamstrings, there were no significant differences
between the groups, and there were no differences in
relation to the experimental periods (Table 1).

In the evaluation of musculoskeletal symptoms in
the seven days prior to the assessments, there were

no significant differences when comparing the TG to
the CG (Before x*=2.93, p = 0.403; After x*=5.66,p =
0.130), as well as no differences being observed in
intra-group statistics (TG x* = 1.64, p = 0.201; CG x* =
1.69, p = 0.194) (Figure 3).

Discussion

This study evaluated the influence of local mus-
cular endurance training for the quadriceps and
hamstrings groups, on muscle strength, torque and
musculoskeletal symptoms in sedentary teachers
from public elementary schools. It was found that the
training promoted in TG an increase in the strength
of the quadriceps (67%) and hamstrings (53%) in
relation to the control group.

Fisioter Mov. 2015 July/Sept;28(3):535-44



Effects of muscular endurance training on musculoskeletal disorders in teachers

Table 1 - Descriptive statistics of quadriceps and hamstring peak torque in the groups

Peak Torque Periods Groups Mean Standard Deviation Cl 95%
TG 88.23 21.20 76.93-99.52
Pre
. CG 95.57 31.04 78.38-112.76
Quadriceps
(Nm) TG 86.12 18.85 76.07-96.16
Post
CG 87.25 29.63 70.84-103.66
TG 30.22 5.48 27.30-33.14
Pre
. CG 32.00 10.41 26.23-37.76
Hamstrings
(Nm) 16 31.04 9.36 26.05-36.03
Post
CG 32.91 10.10 27.32-38.50

Note: TG = Training Group; CG = Control Group; Pre = pre-training period; Post = post-training period; Cl = Confidence interval.

50%
45%
40%
35%

% of symptoms

TG-CG before: p = 0.403
TG-CG after: p = 0.130
TG: p = 0.201
CG:p=0.194

TG C
Pre

M Lumbar

30%
25%
20%
15%
10%
5%
0%
G TG

[ Hips-tights

CG
Prost

@ Knees W Ankles-feet

Figure 3 — Relative frequencies of symptoms in different body regions of the teachers from the TG and the CG group
Note: TG-CG before = intergroup analysis before training; TG-CG after = intergroup analysis after training; TG = intra-group analysis; CG =

intra-group analysis.

These data corroborate to the study of Kraemer
etal. (22) reporting that the gain in muscle strength
differs between trained and untrained individuals.
When it is trained for a period of four weeks to one
year, muscle strength increases 40% in untrained
individuals, 20% in moderately trained individuals,
16% in trained individuals, 10% in advanced and 2%
in elite athletes.

In this study there was no change in either the
quadriceps and hamstrings peak torque. However,
the gain obtained in muscle strength in this research
confirms the results found in other studies, which

prioritized exercises at the workplace to reduce mus-
culoskeletal symptoms in workers. Although, these
studies emphasized strength training rather than
muscular endurance training, and the intensity pro-
posed was relative to the percentage of 1 repetition
maximum (1RM) as follow: Sjogren et al. (3, 23) used
a load of 30% of 1RM; Andersen et al. (1), Jay et al.
(5), Pedersen et al. (24) used 70-80% of 1RM and
Zebis et al. (6) conducted training between 70-85%
of 1RM. In this study, it was used 50-60% of 10RM
muscular endurance training for seven weeks. Thus,
itis suggested that muscular endurance exercises can
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be applied to patients with musculoskeletal symp-
toms in the lumbar region and lower limbs, providing
gains in muscle strength.

With respect to work-related musculoskeletal
symptoms, the higher incidence of symptoms was
observed in the lower back, as was detected in other
studies (1, 4, 24).

Exercises carried out at the workplace can pro-
mote reduce the musculoskeletal symptoms (24).
Sjogren et al. (3) observed the reduction of low back
pain in office workers who performed resistance
exercises (3 sets of 20 repetitions) for knee flexion
and extension and trunk rotation, once a day, in the
first five weeks, and also when these exercises were
practiced once or twice a day for other ten weeks.
Pedersen et al. (24) found a decrease in the frequency
of weekly pain in the lower back and shoulders in
public service employees, both in the group that per-
formed exercise for upper limbs, three times weekly
for 20 min, 2-3 sets of 10-15 repetitions at 70-80%
1RM, and in the group that performed several types of
aerobic and strength exercises, not specific to regions
of the body, for one year. Thus, it can be assumed that
beyond the training period, the weekly frequency also
affects the response of exercise on pain.

Despite of these studies, there is no consensus
on the type of exercise, load, number of repetitions
and even on the weekly frequency. In addition, these
studies were conducted on populations with differ-
ent characteristics from the group assessed in the
current research. Nevertheless, Coury et al. (25)
observed that workplace exercises involving some
form of physical resistance, like dumbbells, isokinetic
equipment, elastic bands and anti-gravity exercises
are effective in controlling musculoskeletal pain in
the lumbar and cervical regions.

Although it was not found studies investigating
the effects of exercise programs in symptoms re-
lated to work in the lower limbs, Yahia et al. (26)
reported that the weakness of the quadriceps and
hamstring muscles is associated with symptoms in
the lumbar region and lower limbs. The strength im-
balance between the flexor and extensor muscles of
the knee joint can cause muscle-tendon overload,
which amends joint stability and pelvic alignment
producing muscle or joint pain in the lower limbs
and lumbar region (26, 27).

The quadriceps muscle group is necessary for
shock absorption, reducing the stress on the spine
and knees. This means that stronger quadriceps have

greater shock absorption capability transferring less
stress to the spine, and thus preventing musculoskel-
etal symptoms in the lumbar region (28). Individuals
with symptoms in the lumbar region present great
inhibition of the quadriceps muscle, even without
injury and muscle fatigue (28, 29). However, in this
study there was an increase in muscle strength, but
not in peak torque in the TG.

Thus, it can be hypothesized that the muscular en-
durance training of this study did not ameliorate the
presence of musculoskeletal symptoms in the lower
back region and the lower limbs, probably because it
did not increase the peak torque the hamstrings and
quadriceps, despite the increase in muscle strength
of both muscle groups.

The outcomes of this study show that the local
muscular endurance training, carried out twice a
week, for seven weeks, promotes greater muscle
strength of the quadriceps and hamstrings, in spite
of it did not decrease the incidence of musculoskeletal
symptoms in the lower back region and the lower
limbs of teachers. Thus, it can be suggested that the
exercises should be performed with resistance, with
frequencies more than twice a week and training pe-
riods greater than seven weeks.

The assessment and training instruments used
in this study were consistent with the local reality;
the protocol established was easy to apply and was
cost effective; and it provided an opportunity for
teachers to practice physical activity in their work-
place. For future studies, we suggest the mapping of
musculoskeletal symptoms with an algometer; the
investigation of neural gains by electromyography;
and the measurement of the cross-sectional area of
the muscles by magnetic resonance imaging, allow-
ing the investigation of possible hypertrophic gains.

Although no direct evaluation of muscle length
was performed, it can be inferred that the local mus-
cular endurance training in this study did not improve
the presence of musculoskeletal symptoms in the
lower back region and lower limbs by having a pos-
sible relationship with muscle length. Therefore, it
also suggests that further studies should be carried
out to control this parameter.

Conclusions

The teachers participating in this study had a high
incidence of musculoskeletal symptoms in the lower
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back region. The exercise program for local muscu-
lar endurance, held twice a week, for seven weeks, in
their work environment, increased dynamic muscle
strength in the training group compared to the control
group, but it did not alter the incidence of symptoms in
the lower back region and lower limbs, and there was
no increase in peak torque in either group. Thus, it is
suggested that the improvement in these symptoms
are not only related to the gain in strength, but also
associated with the increase in peak torque. Therefore,
it is suggested that futures studies should be carried
out with higher weekly frequency and longer period
of training, investigating muscle architecture, neuro-
muscular aspects and inflammatory mediators.
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