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Conclusions  Fifteen minutes of neuromuscular training 
each day can improve balance performance in construction 
workers and, thus, may contribute to a decreased fall risk.
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Introduction

Twenty to forty percent of all disabling occupational inju-
ries in industrialized countries are related to tripping, slip-
ping, or falling. Such incidents are the second most cause 
of fatal accidents (Courtney et al. 2001). In the USA, 11.3 
million accidents were due to tripping, slipping, or fall-
ing (Warner et al. 2000). This corresponds to 43 falls per 
1,000 persons (Warner et  al. 2000), resulting in direct 
costs of US$ 50–400 per person and year (Leamon and 
Murphy 1995). Risk factors for trip, slip, and fall-related 
accidents at the workplace are related to the environment 
(e.g., floor, lighting, and weather conditions), to work-
specific duties and circumstances (working speed, carry-
ing loads, and footwear), and to personal factors (age, sex, 
attention focus, and function of the sensory-motor system; 
Bentley and Haslam 2001; Courtney et al. 2001; Redfern 
et al. 2001).

The capacity of the neuromuscular system, i.e., pro-
prioceptive/sensorimotor functioning and neuromuscular 
coordination, is regarded important for the maintenance of 
postural control and body stability in order to avoid injuries 
and falls (Granacher et al. 2011a; Zech et al. 2010). Inade-
quate muscle strength and balance performance are impor-
tant intrinsic fall risk factors and may relevantly contribute 
to general accident proneness (Granacher et  al. 2011b). 
Appropriate postural control mechanisms, including 
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cortical control as well as spinal reflex activities, contribute 
to shorter latencies of lower extremity muscles during the 
compensation of unexpected perturbations to a stabilization 
of gait and to reduced postural sway while standing (Gra-
nacher et  al. 2011b; Papegaaij et  al. 2014). With respect 
to muscular strength not only maximal voluntary force 
production but, in particular, the rate of force develop-
ment, i.e., the ability to quickly produce force is relevant to 
support postural control (Gruber and Gollhofer 2004; Orr 
2010). Neuromuscular training programs are often multi-
modal and comprise a large variety of exercises, particu-
larly from a sports performance and injury prevention per-
spectives (Hewett et al. 1999; Hübscher et al. 2010). Within 
the context of the present study, we define neuromuscular 
training as training to enhance proprioceptive/sensorimo-
tor abilities and neuromuscular coordination in order to 
improve postural control as well as dynamic movement and 
joint control (Granacher et al. 2011a; Hübscher et al. 2010; 
Risberg et al. 2001).

Several studies have shown that specific neuromuscu-
lar training programs can increase explosive strength and 
jumping as well as balance performance in different popu-
lations among all age groups (Granacher et al. 2006; Taube 
et al. 2007, 2008; Zech et al. 2010) and can contribute to 
the prevention of injuries and falls (Gillespie et  al. 2012; 
Verhagen and Bay 2010). Construction workers are a high-
risk population (Chi et al. 2005; Lipscomb et al. 2006), and 
postural stability is considered important in challenging 
situations. Such situations may comprise static (e.g., stand-
ing on stilts) or functional (balancing on narrow planks) 
demands (Min et al. 2012; Pan et al. 2009; Simeonov et al. 
2011). To the best of our knowledge, neuromuscular exer-
cises have not been applied to prevent fall-related injuries 
in construction workers yet (van der Molen et  al. 2012). 
There is one study showing that a specific neuromuscular 
training program which was performed over a period of 
8 weeks 3 times 8 min each day relevantly improved bal-
ance and explosive strength measures in the middle-aged 
workforce with primarily sitting work posture (Granacher 
et  al. 2011b). Whereas muscle strength decreased again 
during an 8-week detraining period, the balance adapta-
tions were maintained or even further improved.

Based on the above-mentioned rationales and the miss-
ing scientific data in construction sites, we decided to 
conduct a pilot study on neuromuscular training in build-
ing workers as a proof-of-principle. Therefore, the pre-
sent study aimed at evaluating the effects of 13 weeks of 
daily neuromuscular exercise and an 8-week detraining 
follow-up period on static and functional balance perfor-
mance (primary outcomes) as well as on lower limb explo-
sive power in middle-aged construction workers. It was 
hypothesized that the specific training program will result 
in improvements of static and functional balance as well 

as lower limb power. It was further hypothesized that the 
improvements in balance performance will be maintained 
through the follow-up period.

Materials and methods

Study design and employed procedures complied with 
the ethical standards of the Declaration of Helsinki. The 
study was approved by the local ethics committee (Ethik-
kommission beider Basel, EKBB, Basel, Switzerland, 
approval number: 391/11). All participants gave their writ-
ten informed consent prior to the start of the study.

Subjects

Ninety-six healthy middle-aged construction workers were 
initially recruited from one Swiss construction company. 
Recruitment took place with support of the construction 
company in the region around Basel (Northwestern Swit-
zerland). Participants were included if they were regular 
workers of the particular construction company and could 
be expected to stay in the company for at least the study 
period. Health status was assessed by means of the Physi-
cal Activity Readiness Questionnaire (Thomas et al. 1992). 
Workers with cardiovascular (coronary artery disease; 
prior heart attack; hypertension, >160  mmHg systolic, 
>100  mmHg diastolic), metabolic (diabetes mellitus), or 
neurological (prior stroke; neuropathy) preconditions were 
excluded (N = 26). It was a priori calculated that at least 
18 participants per group are necessary to detect a moder-
ate intervention effect (f =  0.25) with a statistical power 
of 90 % (α = 0.05, G*Power 3.1.5). As we estimated the 
number of workers with medical preconditions and dropout 
rate of at least 30 %, we initially tried to recruit a greater 
number of workers.

General design

Participants worked in teams of up to eight workers and 
one foreman. These teams were assigned to either an inter-
vention (INT) or a control group (CON). Allocation was 
not performed randomly due to organizational constraints 
and practicability considerations (e.g., some teams had 
to be very flexible and group composition changed regu-
larly during the study period). These teams were assigned 
as control groups and received no intervention. During the 
training period, INT performed static and dynamic balance 
tasks and strength exercises. Before and after the 13-week 
training period as well as after an 8-week follow-up period 
(no training), physical activity, standing balance perfor-
mance, backward balancing as well as vertical jump height 
were assessed.
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Procedures

All tests were performed indoors under standardized condi-
tions at the construction site at an intra-individually similar 
time of day in a fixed sequence as described below. Prior 
to all tests, a 5-minute standardized warm-up comprising 
joint mobilization, stretching, skipping, and hopping was 
conducted. Before the first test, anthropometric data as well 
as resting heart rate and blood pressure were obtained after 
a 10-min resting period in sitting position. Not all assessors 
were blinded with regard to group allocation.

Physical activity questionnaire

Physical activity was determined by means of the Freiburg 
Physical Activity Questionnaire (Frey et  al. 1995). This 
questionnaire assesses total weekly activity (as summarized 
hours per week), which includes a wide range of activities 
for instance, baseline physical activity (e.g., daily walked 
or biked distance, stair-climbing), leisure time activity 
(e.g., hiking, dancing, bowling), and sports activity.

Standing balance performance

Static postural control was tested within 30  s for single 
limb stance with open eyes on the dominant leg. The domi-
nant leg was determined by means of the lateral prefer-
ence inventory (Coren 1993). Testing was conducted on a 
piezoelectric force plate measuring forces in three dimen-
sions (anterior-posterior, medio-lateral, vertical; Kistler®, 
9286BA, Winterthur, Switzerland). The force plate was 
installed on an even floor. Total path length displacement 
of the center of pressure (COP) was derived from medio-
lateral and anterior-posterior sway. The sampling rate was 
40  Hz, and a system-immanent Butterworth filter with 
a low-pass cut-off frequency of 10  Hz was used (Donath 
et al. 2012). After one practice trial, participants performed 
three attempts for each testing condition. The best attempt 
was included into analysis. Workers were instructed to 
stand as still as possible while slightly bending their knees 
(~30°), placing the arms akimbo and focusing with the 
eyes a marked spot on the wall 1.5 m apart. After the par-
ticipants adopted the required position, data recording was 
immediately started. Testing was conducted without shoes, 
but with socks.

Functional balance performance

From a functional perspective, it is also important for 
construction workers to maintain postural control under 
dynamic conditions while working and moving their center 
of mass on small or unstable surfaces (Simeonov et  al. 
2011). In order to assess functional balance performance, 

participants were asked to separately perform eight con-
secutive backward steps without touching the ground on 
4.5- and 3-cm-wide balance beams. After one practice 
trial, three trials with a break of 1 min for each beam were 
conducted without shoes. It was always started with the 
4.5-cm beam. The maximum amount of steps per balance 
beam was 24 (three trials with a maximum of eight steps 
without touching the ground). Total consecutive steps per-
formed without touching the ground were recorded. Test–
retest reliability (Pearson’s correlation) was reported to be 
r = 0.84 in children (Puder et al. 2011).

Vertical jump performance

After instructions and a few practice trials, the participants 
performed three maximal countermovement jumps (CMJ). 
Between jumps, a break of 1  min was provided. Workers 
started in an upright position with the arms placed akimbo. 
They were advised to dip from the standing position and 
immediately jump as high as possible without resting in the 
squat position (Young et al. 1995). Jump performance was 
assessed using a vertically measuring force plate (Kistler, 
Quattro Jump, 9290 AD, Wintherthur, Switzerland). The 
sampling frequency was 500 Hz. Jumping height was com-
puted using the flight time method. Jumping height (h) was 
calculated according to the formula: h = 1/8 × 9.81 m/s2 t 
(with t being the flight time) (Faude et al. 2011). The best 
attempt was analyzed.

Neuromuscular training program

The neuromuscular intervention was conducted at the 
workplace within the work team under guidance of the 
foreman. The foremen were instructed prior to the study to 
correctly perform and illustrate all exercises and to docu-
ment attendance. Coaching of the foremen was conducted 
on a whole day by trained study assistants. The foremen 
received written information material with figures for all 
exercises, and they were informed about the aim of the 
intervention. During the 13-week training period, a total 
of 63 sessions were provided. Average attendance rate was 
82 % (SD 7 %). The program lasted 15 min each session 
and was conducted each work day. It was based on exer-
cises that were previously applied in middle-aged work-
force (Granacher et  al. 2011b) and focused on postural 
control and muscle strength. Three different exercises 
were applied each day. In order to ensure optimal train-
ing stimuli during the whole intervention period, exercise 
intensity was progressively increased after four (level 2) 
and 8 weeks (level 3), respectively. Baseline exercises were 
progressively exacerbated by reducing the support base, by 
eliminating visual support or by increasing complexity. The 
foremen were reinstructed prior to each progression level. 
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During these lower extremity exercises, participants had 
to balance a small sand-filled sack (footbag) on the foot or 
the head. Exercises were as follows: (1) standing balanc-
ing (one-leg stance with footbag on the other foot; in levels 
2 and 3 combined with calf raises or kicking movements; 
2 ×  30  s); (2) dynamic balance tasks (tandem walk forth 
and back with footbag on one foot or the head; in levels 2 
and 3 combined with calf raises and kicking movements; 
2 ×  5 steps per leg); and (3) strength exercises (bilateral 
calf raises with throwing the footbag in the air; in level 2 
and 3 combined unilateral executions; 2 × 10 repetitions).

Statistical analyses

The present study was planned as a proof-of-principle trial. 
Thus, it was a priori decided to analyze only those partici-
pants who conducted 75 % of all training sessions (per pro-
tocol analysis). Data are presented as means with standard 
deviation (SD). Potential baseline differences between INT, 
CON, and dropouts were tested by means of a one-factorial 
ANOVA. In order to assess an intervention effect, we calcu-
lated a 2 (factor group: intervention vs. control) × 3 (factor 
time: pre vs. post vs. follow-up) analysis of variance. Post 
hoc the Tukey test was applied. In addition, the absolute 
and percentage difference in the change scores between 
INT and CON from pretest to posttest and from pretest 
to follow-up test, respectively, were calculated together 
with 90  % confidence intervals. These calculations were 
adjusted for pretest values to take potential baseline dif-
ferences into account. A practically beneficial change was 
assumed when the difference score was at least 0.2 of the 
between-subject standard deviation (Hopkins et  al. 2009). 
The probability for an effect being practically beneficial 
was calculated according to the magnitude-based inference 
approach using the following scale: 25–75 %, possibly; 75–
95 %, likely; 95–99.5 %, very likely; >99.5 %, most likely 
(Batterham and Hopkins 2006). The default probabilities 
for declaring an effect practically beneficial were <0.5  % 
(most unlikely) for harm and >25  % (possibly) for ben-
efit (Hopkins et  al. 2009). Standardized mean differences 
(SMD) were calculated by dividing differences in means 
by the pretest standard deviation. Percentage changes and 
SMD were calculated with log-transformed data. All cal-
culations were conducted using a published spreadsheet in 
Microsoft® excel (Hopkins 2006).

Results

Due to illness, injury, and occupational obligations, sev-
eral participants missed tests or too much training sessions. 
In total, 40 construction workers were finally analyzed. 
Figure  1 displays the participant flow through the study. 

Table 1 gives an overview of anthropometric, cardiovascu-
lar, and physical activity baseline data of all participants. 
There were no relevant differences in socioeconomic back-
ground and baseline parameters between INT, CON, and 
dropouts (p > 0.15, Table 1).

Baseline physical activity was similar between groups 
and remained nearly constant during the study period 
(p > 0.47). A group x time interaction (p = 0.002) in COP 
path length data were observed with a reduction in pos-
tural sway for INT (pretest to posttest −7  %, pretest to 
follow-up test −16  %, post hoc each p  <  0.001) and no 
significant change in CON (Table 2). We observed a group 
effect with higher COP path length values for CON. A 
group ×  time interaction (p =  0.047) was also found for 
the number of successful steps while walking backwards 
on the 3-cm-wide beam with an increase only in INT (pre-
test to posttest +39 %, p = 0.03; pretest to follow-up test 
+57 %, p < 0.001). A time effect was observed for back-
wards balancing on the 4.5-cm-wide beam with increases 
from pretest to posttest and follow-up tests in both groups 
(p < 0.007). Jump height was not affected.

We observed very likely practically beneficial effects 
from pretest to posttest for COP path length displace-
ment and backwards balancing on the 3–cm-wide beam 
(Table 3). In addition, the effects for these parameters from 
pretest to follow-up test were most likely and likely practi-
cally beneficial. For the other parameters, the effects were 
possibly trivial or unclear.

Discussion

To the best of our knowledge, this is the first study that 
examined the effects of an exercise-based intervention on 
balance and jump performance in construction workers. 
The main result of the present study was that a 13-week 
neuromuscular training which was performed for 15  min 
each day resulted in practically beneficial improvements 
in static and functional balance performance but not in 
jumping height in middle-aged construction workers. The 
improvements in balance performance were maintained 
during the 8-week follow-up period. Falls are frequent 
occupational accidents and can lead to considerable social 
as well as economic consequences (Hsiao and Simeonov 
2001). Postural stability has been associated with the risk 
of falling at construction sites (Min et al. 2012; Pan et al. 
2009; Simeonov et al. 2011). The present results, thus, may 
contribute to a reduced fall risk in construction workers and 
to a decrease in accident-related costs for the individual 
and the employer (Gauchard et al. 2001).

Impaired balance performance which is mirrored by 
increased postural sway during quiet standing is associ-
ated with many health problems and, particularly, with 
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an increased risk of falling and injuries (Kiers et  al. 
2013; Meeuwisse 1994; Tuunainen et  al. 2013). Thus, 
the improvements in the intervention group in the present 
study may contribute to a decreased fall risk in the inves-
tigated population (Min et al. 2012; Pan et al. 2009; Sime-
onov et  al. 2011). The percentage improvements were in 
a similar range as recently reported in middle-aged work-
force with primarily sitting work position (Granacher et al. 
2011b). These adaptations were achieved with only 15 min 
of daily training. In line with Granacher et  al. (2011b), 
we observed that these improvements were maintained 
through an 8-week follow-up period with no exercise train-
ing. Although the exact reasons for this observation remain 
speculative, the implications for practical settings seem 
highly relevant. In practice, different duties and obligations 
exist which may require flexible and short-dated changes 

in working routines. Reasonable time periods during which 
regular training is not possible do not have detrimen-
tal effects. Thus, the implementation in working routines 
seems feasible.

Static and functional balance performance is not neces-
sarily correlated in middle-aged adults (Muehlbauer et  al. 
2011). Thus, both components of balance should be tested 
separately. Functional balance, as it is important while bal-
ancing in tandem walk over narrow planks or standing on 
instable surfaces, might be regarded more relevant from 
a practical viewpoint (Hsiao and Simeonov 2001; Mue-
hlbauer et  al. 2011). Backward balancing on the 4.5  cm 
wide beam was not relevantly affected. The observed 
improvement also in the control group might be inter-
preted as test familiarization. However, this was not the 
case for the narrower beam. Balancing on the 3-cm-wide 

Fig. 1   Participants flow 
through the study period
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beam was notably improved after the intervention period in 
the training group, and this effect was maintained through 
the follow-up period. It might be hypothesized that—after 
familiarization—balancing on the 4.5-cm beam was not 
demanding enough for construction workers who are used 
to balance on planks. But during a more difficult balanc-
ing situation on a narrower beam, training effects became 
apparent. On narrow planks, the risk of falling is likely 
higher, and thus, a stable balance while walking/balancing 
in such situations, particularly when attention is addition-
ally focused on work, might be crucial to avoid harmful or 
fatal falls (Pan et al. 2009; Simeonov et al. 2011).

It has been shown that balance training has also the 
potential to improve lower leg explosive power (Gru-
ber and Gollhofer 2004; Heitkamp et  al. 2001). Simi-
larly, Granacher et  al. (2011b) observed improvements in 
various strength measures after an 8-week neuromuscu-
lar exercise intervention in the middle-aged workforce. 
In contrast, we found no such adaptation in jump perfor-
mance. These different findings might be attributed to the 
amount of daily exercise duration which was 60 % longer 
(3 × 8 min each day) in the latter study. Moreover, base-
line performance of the construction workers in our study 
was nearly 10 % higher than in the group of office work-
ers studied by Granacher et al. (2011b). Thus, the potential 

for further adaptations might be lower in the construction 
workers of our study. In addition, we only tested for jump 
performance. Other studies used also laboratory parameters 
obtained on isometric/isokinetic dynamometers (Granacher 
et  al. 2011b; Gruber and Gollhofer 2004; Heitkamp et  al. 
2001). Such equipment might allow for more exact and 
sophisticated determination of strength abilities, and thus, 
small but relevant changes might be more likely detectable.

Study limitations

Some limitations need to be addressed. First, the non-
randomized allocation of the participants must be men-
tioned. This might have led to a systematic bias. How-
ever, we observed no relevant differences at baseline 
between groups and thus both groups might be regarded 
similarly representative of the target population. In addi-
tion, we accounted for potential baseline differences in 
our statistical analysis. The high dropout rate is also a 
limitation potentially causing a systematic bias as miss-
ing training success might facilitate dropout. As training, 
however, was conducted at the workplace and dropouts 
did not relevantly differ from analyzed participants in all 
obtained parameters, a systematic bias seems unlikely. The 
dropout is in particular relevant with regard to the regular 

Table 1   Anthropometric data, 
physical activity, resting heart 
rate, and blood pressure of the 
participants and dropouts at 
baseline

Data as means with standard 
deviations (in brackets)

INT intervention group,  
CON control group

INT (N = 20) CON (N = 20) Dropouts (N = 30)

Age (years) 40.3 (8.3) 41.8 (9.9) 39.4 (11.7)

Height (m) 1.70 (0.06) 1.74 (0.06) 1.74 (0.08)

Weight (kg) 82.4 (10.9) 83.6 (12.5) 86.0 (16.4)

Body mass index (m * kg−2) 28.6 (3.5) 27.5 (3.2) 29.0 (4.9)

Physical activity (h * week−1) 6.7 (5.5) 5.6 (5.1) 6.9 (6.2)

Resting heart rate (min−1) 73 (10) 78 (14) 76 (12)

Systolic blood pressure (mmHg) 143 (11) 142 (16) 146 (14)

Diastolic blood pressure (mmHg) 80 (6) 83 (11) 79 (10)

Table 2   Performance data of the participants through the study period

Data as means with standard deviations (in brackets)

INT intervention group, CON control group, n total number (of 3 trials) of consecutive backward steps without touching the ground, ηp
2 partial 

eta squared effect size

INT (N = 20) CON (N = 20) ANOVA p values (ηp
2)

Pre Post Follow-up Pre Post Follow-up Group Time Group × time

COP path length 
(mm)

1,064 (134) 985 (165) 899 (141) 1,154 (251) 1,195 (268) 1,151 (263) 0.005 (0.19) <0.001 (0.17) 0.002 (0.15)

Beam balancing 3 cm 
(n)

9.2 (6.4) 12.8 (6.1) 14.4 (5.2) 11.3 (6.3) 11.1 (5.3) 13.3 (6.1) 0.88 (<0.001) <0.001 (0.21) 0.047 (0.08)

Beam balancing 
4.5 cm (n)

14.7 (6.5) 16.9 (6.5) 19.9 (4.9) 14.3 (6.4) 17.5 (5.9) 18.2 (5.2) 0.76 (0.003) <0.001 (0.27) 0.44 (0.02)

Jump height (cm) 35.0 (5.3) 35.8 (5.8) 35.0 (4.9) 34.1 (5.4) 34.1 (5.7) 34.3 (5.5) 0.50 (0.01) 0.62 (0.01) 0.50 (0.02)



703Int Arch Occup Environ Health (2015) 88:697–705	

1 3

implementation of such programs in working routines. It 
was difficult to perform the exercises and tests regularly 
with all participants due to organizational constraints, 
changes in group composition, illness, or occupational 
obligations. Reports on the adherence to exercise inter-
vention programs in elderly also showed low adherence, 
although results were partly conflicting (Kohler et  al. 
2012; McPhate et  al. 2013; Simek et  al. 2012). Adher-
ence was related to program-related factors (e.g., support, 
intervention duration, session frequency, and training con-
tent) that may be adapted to increase compliance to such 
programs in the future. However, attendance during the 
13-week intervention period was acceptable. Fifty percent 
of the dropouts occurred during follow-up.

We decided a priori to perform as per protocol analysis, 
and this study should be regarded as a proof-of-principle. 
The present study shows that, if neuromuscular training 
is regularly conducted, relevant beneficial effects can be 
achieved. The routine implementation of such a neuromus-
cular intervention must be addressed in future research. 
Short detraining periods, however, do not seem to be harm-
ful with regard to balance adaptations. Finally, it should 
be mentioned that we applied only a small number of field 
tests to assess balance and jump performance. The assess-
ment of postural sway on force plates is a well-established 
procedure (Donath et  al. 2012), and beam balancing can 
be regarded as an easy and economical test to assess func-
tional balance performance (Donath et al. 2013; Puder et al. 
2011). With regard to explosive power, however, isometric 
dynamometry might be regarded superior as compared to 
the measurement of jump height. However, this would have 
required laboratory equipment and was not feasible in the 
present study. In this regard, it has also to be mentioned 

that not all investigators were blinded with regard to group 
allocation.

Conclusions and perspectives

To the best of our knowledge, this was the first study which 
analyzed the effects of a specific neuromuscular train-
ing program on selected fall risk factors for construction 
workers. We conclude that a neuromuscular training pro-
gram at the worksite lasting 15 min each day can relevantly 
improve balance performance in middle-aged construction 
workers and, thus, may contribute to a decreased fall risk 
in this population. Training adaptations with regard to bal-
ance performance can be maintained at least 8 weeks after 
the intervention was terminated. However, in light of the 
pilot character and the limitations of this study, the results 
and conclusions should be regarded preliminary and further 
confirmation is required. Moreover, as the dropout rate was 
high, it is warranted to evaluate adaptations to the program 
which may allow for a higher adherence in the long term. 
The implementation of such exercise programs in work-
ing routines is a challenge for the future and the potential 
to effectively reduce falls on construction sites should be 
evaluated in large-scale randomized controlled trials. Pos-
sibly, exercise-based prevention may supplement standard 
educational guidelines and safety technologies to increase 
the effectiveness of fall prevention and, thus, to contribute 
to a safer workplace for construction workers.
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Table 3   Absolute and percentage change differences between groups 
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