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Study Design. Office workers invited and agreeing to
participate were assigned to one of three study groups: a
group receiving a highly adjustable chair with office er-
gonomics training, a training-only group, and a control
group receiving the training at the end of the study.

Objective. To examine the effect of office ergonomics
intervention in reducing musculoskeletal symptom growth
over the workday and, secondarily, pain levels throughout
the day.

Materials and Methods. Data collection occurred 2
months and 1 month before the intervention and 2, 6, and
12 months postintervention. During each round, a short
daily symptom survey was completed at the beginning,
middle, and end of the workday for 5 days during a work-
week to measure total bodily pain growth over the workday.
Multilevel statistical models were used to test hypotheses.

Results. The chair-with-training intervention lowered
symptom growth over the workday (P = 0.012) after 12
months of follow-up. No evidence suggested that training
alone lowered symptom growth over the workday (P =
0.461); however, average pain levels in both intervention
groups were reduced over the workday.

Conclusion. Workers who received a highly adjustable
chair and office ergonomics training had reduced symp-
tom growth over the workday. The lack of a training-only
group effect supports implementing training in conjunc-
tion with highly adjustable office furniture and equipment
to reduce symptom growth. The ability to reduce symp-
tom growth has implications for understanding how to
prevent musculoskeletal injuries in knowledge workers.
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Annually, approximately 1 million people take time
away from work because of repetitive motion or overex-
ertion to treat or recover from musculoskeletal pain or
functional loss.® With the growth of the global knowl-
edge workforce and therefore the number of office work-
ers at risk for musculoskeletal injuries, surprisingly little
evidence exists as to whether office ergonomic interven-
tions significantly reduce musculoskeletal injury inci-
dence.'®'%2® The United States Census Bureau estimates
that in 1997 approximately 50% of all employed adults
in the United States used a computer on the job.?® Training
and alternative input device interventions have produced
mixed results.’”>1¢*1-25:27 Interventions that change com-
prehensive features of the office environment often do not
clearly identify which environmental changes contributed
to reduced symptoms or injuries.’>'*>*> While numerous
laboratory studies have demonstrated the impact of chair
features such as seat pan depth, lumbar and full back sup-
ports, adjustable seat height, and lower arm support on
musculoskeletal symptoms of the back and upper and
lower extremities,* no field interventions have focused on
the role of office chairs in reducing musculoskeletal inju-
ries.'® A study was designed to assess how well a highly
adjustable chair and office ergonomics training could affect
ergonomic knowledge, postural behavior, health and pro-
ductivity. This article presents health outcomes associated
with the intervention.

B Materials and Methods

Employees from a state department of revenue services were
invited to participate in the study. These workers had access to
the Internet and worked in sedentary computer-intensive jobs
(requiring at least 4 hours per day working at an office com-
puter and at least 6 hours per day sitting in an office chair).
Individuals agreeing to participate were assigned to one of
three study groups: a group receiving a highly adjustable chair
with office ergonomics training, a training-only group and a
control group receiving training at the study’s end. Group as-
signment was intended to minimize the potential for the control
group to attain ergonomic knowledge from the other two
groups. Thus, group assignment was not random, but based on
geographic separation by different supervisory units, floors,
and buildings. The Liberty Mutual Research Institute for Safety
Institutional Review Committee for Human Subjects approved
the study protocol.

The study design was guided by a specific theory of change
(Figure 1). It was expected training would increase office ergo-
nomics knowledge and motivate workers to reorganize their
workspace, which would then influence working postures and
behaviors such as rest break patterns, choices about worksta-
tion layout, and the use of adjustability features in the office

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Office Ergonomics Intervention * Amick etal 2707

Training _.| Knowledge|

Productivity

- I .Health
Highly 1} |Postures & ~N
Adjustable Behaviors Functional
Chair \ Health
Satisfaction

Figure 1. Theory of Change.

workstation. The training, coupled with the chair, was ex-
pected to improve postures and behaviors that reduce muscu-
loskeletal loads and muscle fatigue and thus decrease musculo-
skeletal symptoms (improve health). Decreases in symptoms
would result in improved job functioning and ultimately would
contribute to improved productivity. The primary health hy-
potheses were that workers in the chair-with-training group
would experience reduced musculoskeletal symptom growth
over the workday compared with those in the training-only and
control groups and workers in the training-only group would
experience reduced musculoskeletal symptom growth over the
workday compared with workers in the control group. Second-
ary health hypotheses were that musculoskeletal symptom lev-
els would be lower in the chair-with-training group compared
with the training-only and control groups and the training-only
group would have lower average symptom levels compared
with the control group.

The intervention consists of a highly adjustable chair and a
one-time office ergonomic training workshop with a series of
educational follow-ups conducted concurrently with the chair
distribution.

The chair includes adjustable armrests in height, width, and
pivot that should allow the user to support arms and reduce
shoulder static muscle load, providing low-level type I muscle
fibers an opportunity to rest. Chair height and armrest adjust-
ment relative to keyboard and mouse location may help the
worker achieve a neutral posture, reducing forearm extensor
static muscle loading required to maintain an extended wrist
against gravity and the passive and active forces of the forearm
flexor musculature. A flexible back support conforms to the
shape and movement of the user’s back, which should allow for
a range of trunk postures while maintaining the relationship of
the hands to the keyboard. The chair provides adjustable firm-
ness support in the low back combined with adjustable seat
depth. The chair’s gliding mechanism allows the seat to glide
forward as the user reclines; this mechanism as well as the back
firmness and seat depth adjustments support reclining action
and should improve matching of the chair’s reclining support
with the upper body gravitational forces, so the worker can
recline without requiring active trunk extension or feeling un-
stable. This is reflected in more reclining postures, more varied
postures, and less static load on erector spinae, so the user can
easily adjust body postures throughout the workday without
causing forearm or visual range shifts potentially allowing for
trunk loading variation.” The chair’s high adjustability sup-
ports large and small frame bodies and allows for an open hip
angle and comfortable floor contact for the feet.

Providing adjustable chairs alone may not be sufficient to result
in an effective ergonomic intervention. Ergonomic training is nec-
essary for workers to understand why they should adjust their
chair and how to make the correct adjustments to achieve proper

body postures. Furthermore, for the chair to have maximum er-
gonomic impact, it must be used in relation to other workstation
features. Thus, additional knowledge about the entire office work-
station layout was provided by a one-time, 90-minute workshop.
The training goals were: improve worker understanding of office
ergonomic principles, create the ability to perform ergonomic self-
evaluations, and promote the adjustment and rearrangement of
the office workstation layout. To achieve these goals, the follow-
ing instructional objectives were defined: recognizing work-
related musculoskeletal disorders and risk factors, understanding
the importance of varying work postures, knowing how to rear-
range the workstation to maximize the “comfort zone,” recogniz-
ing and understanding visual issues, reducing visual discomfort,
understanding rest breaks are necessary for healthy computing,
knowing how to change work-rest patterns, being aware of the
company’s existing health and ergonomic programs, and know-
ing how to obtain ergonomic accessories through the company’s
programs. The workshop includes an instructional video, hand-
outs, a PowerPoint presentation, and practice sessions including
group exercises and problem solving.>* Finally, a series of tailored
educational e-mail messages were delivered postintervention at
months 1 (using information from a preoperative and posttrain-
ing knowledge test), 3, and 5 (using information from the obser-
vational assessments). Two trainers conducted all the workshops
and were trained by the training designer.

Data collection occurred 2 months and 1 month before the
intervention and 2, 6, and 12 months postintervention. During
each round, a short daily symptom survey (DSS) was completed
at the beginning, middle, and end of the workday for 5 days
during a workweek. Respondents rated their level of pain or
discomfort on a scale from 0 (none) to 10 (extremely severe) for
each of nine body areas (neck, shoulders, upper back, elbows,
lower arms/wrists/hands, lower back, buttocks/thighs, knees,
and lower legs/ankles/feet). The primary outcome variable was
the sum of the ratings which could range from 0 (no pain in any
body area) to 90 (extremely severe pain in all body areas). Pain
scores were not calculated if any of the body area scores were
missing. Participants not completing at least 12 symptom sur-
veys during the first week of survey administration were asked
to try completing at least that number again the following
week. A longer work environment and health questionnaire
(WEH) was completed just once subsequent to the week of DSS
completion. Thirty different covariates and potential con-
founders were measured in this questionnaire (a complete list is
available from the first author).

Hypothesis testing was performed by bringing into a model
with covariates eleven additional terms: two dummy variables
for two intervention groups (control group as referent), a vari-
able indicating time of day (0 = beginning, 1 = middle, 2 =
end), a variable indicating study phase (0 = preintervention,
1 = postintervention), and the five two-way interaction terms
and two three-way interaction terms of these variables. The
three-way interaction term including the chair group indicated
whether symptom growth was reduced for the chair-with-
training group compared with the control group. The three-
way interaction involving the training-only group indicated
whether symptom growth was reduced for that group relative
to the control group. The difference between the chair-with-
training group and the training-only group was tested by taking
the difference between the two three-way interaction effects.
The general model is:
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Table 1. Number of Participants and Completed Symptom Surveys by Group and Measurement Period

Measurement Period*

Group 1 2 3 4 5
Chair & training 87 (1,258) 85 (1,247) 82 (1,160) 75 (974) 80(1,117)
Training only 52 (728) 51(721) 51(702) 49 (587) 47 (641)
Control 53 (756) 53 (738) 45 (598) 46 (567) 41 (561)

* Periods 1 and 2 are pre-intervention and 3-5 are post-intervention.

Pain;; = Bejjconstant + By;covariates + Byjchair
+ Bsjtraining + Bytime of day + Bgjjintervention
+ Bgijichair*time of day + Bz;training®time of day
+ Bgjintervention*time of day + Bojchair*intervention
+ Bigijtraining*intervention
+ Biiijchair*intervention®time of day
+ Bizjtraining*intervention*time of day

where 7 indicates a level 1 (within-person) variable, j indicates a
level 2 (between-person) variable, the constant term is equal to
1, and B,;covariates refers to a vector of covariates.

Tenability of the model’s distributional assumptions was
examined through diagnostic analysis of both level one and
two residuals. Level 1 residuals appeared normally distributed,
but level 2 residuals were positively skewed for persons report-
ing greater pain levels. After fitting the model by a maximum
likelihood technique, a nonparametric bootstrapping method
of estimation was applied.?? After performing 250 bootstrap
sets of 350 replications each, no meaningful differences were
observed between the coefficients obtained by the two estima-
tion methods. Thus, the reported model coefficients were free of
any significant bias that might have been attributed to the
skewed nature of the level 2 residuals.

Covariates were considered for inclusion if they: demon-
strated an association with the outcome variable, demonstrated
no great correlation with other covariates already selected for
inclusion, and were not evenly distributed between the study
groups, either preintervention or postintervention. The first
two conditions were assessed by identifying significant associ-
ations (Pearson’s correlation; P = 0.05) with the symptom
score and absence of a strong correlation (r > 0.65) with a
second covariate. In cases with high intercorrelation, the co-
variate with the higher correlation to the outcome variable was
chosen. Heterogeneity between study groups was assessed for
each time-varying continuous variable using a two-level vari-
ance components model that predicted the covariate with study
groups, intervention, and their interaction. A joint y-squared
statistic was used to determine if there was a significant differ-
ence between the study groups preintervention or postinterven-
tion (P = 0.10 for each test). Study group heterogeneity for
time-invariant continuous variables was assessed by one-way
analysis of variance (P = 0.10). Heterogeneity between study
groups for dichotomous variables was determined by cross-
sectional time series logistic regression modeling (P = 0.10,
with separate tests run for preintervention and postinterven-

tion data). Finally, after placing all covariates meeting the three
conditions (n = 8) into the multilevel model described, a step-
wise backwards selection procedure was followed and those
not significantly decreasing the model log likelihood (P > 0.20)
were removed (education, gender, a count of the number of
days microbreaks had been skipped in the past week, and an
administrative measure of disability status were removed).

To test the secondary hypotheses, differences in average
pain levels were considered separately for the beginning, mid-
dle, and the end of the day. A “difference in differences” ap-
proach was used to compare the distance between predicted
levels for the intervention and control groups both preinterven-
tion and postintervention. The differences of interest were cal-
culated as linear combinations of the standardized estimated
coefficients of Equation 1. Because these linear combinations of
standardized coefficients are approximately normally distrib-
uted, Wald tests were used to assess statistical significance.

All multilevel analyses were conducted using MLwiN"'7; all
other analyses were done using Stata.**

H Results

A workforce of 316 persons was invited to participate
and 219 completed electronic informed consent (69.3%
participation rate). After excluding 11 part-time employ-
ees and 15 with incomplete DSS data, 192 persons at
baseline provided enough data for use in analysis (87 in
the chair-with-training, 52 in the training-only, and 53 in
the control group). At 12 months postintervention, 168
persons completed the questionnaire (88% retention;
Table 1). Participants were predominantly white (92 %),
the average age was 47.5 years and the average time

Table 2. Distribution of Covariates By Pre- and Post-
Intervention and Group

Group Intervention

Intervention

Chair/

Overall Pre  Post Training Training Control
Time spent in 3.36 339 335 3.39 3.26 3.42
office chair
Repetitive 3.69 373 366 3.82 3.26 3.92
hand/wrist
activity
General (poor) 247 2.55 2.44 2.37 2.48 2.62
health
Job level 3.26 3.24 3.27 3.34 3.49 2.89
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Table 3. Multi-Level Models Including and Excluding the
Main Effect Parameters

Model 1 Model 2

Variable (Std. Error) (Std. Error)
Time spent in office chair 0.150 (0.11)° 0.15(0.11)"
Repetitive hand/wrist activity 0.38 (0.07)* 0.38 (0.07)*
General (poor) health 0.99 (0.14)* 0.99 (0.14)*
Job level —1.12(0.25)*  —1.22(0.25)*
Chair-and-training group 0.45(1.29)"  —0.04 (1.30)"°
Training-only group 0.25 (1.43)" 0.40 (1.44)"
Intervention phase 0.85 (0.25)* 0.56 (0.32)"°
Chair¥intervention —2.27(0.27)*  —1.54(0.40)*
Training*intervention —1.314(0.30)*  —1.56 (0.45)*
Time of day 3.35(0.15)* 3.21(0.20)*
Time of day*intervention —1.19(0.13)*  —0.88(0.25)*
Chair*time of day —1.58(0.16)*  —1.13(0.24)*
Training*time of day —1.06 (0.18)*  —1.22(0.27)*
Chair*intervention*time of day - —0.78 (0.31)*
Training® intervention*time of day - 0.26 (0.35)"°
Intercept term 4.91(1.37) 5.05(1.38)

Level 1 variance 27.93(0.39) 27.89(0.39)

Level 2 variance 51.56 (5.30) 51.56 (5.30)

—2 In(likelihood) 66850.48 66837.02
Difference in —2 In(likelihoods) = 13.46*
* = p < 0.05
ns = p > 0.05

The multi-level regression equation represented in Model 1 does not include
the variables necessary to test the primary hypothesis. The Chair-Intervention-
Time of Day variable in Model 2 and the Training-Intervention-Time of Day
variable allow the testing of the primary hypothesis related to the Chair-with-
Training group and the Training-Only group respectively. Additionally, the
decrease in log likelihood between Model 1 and Model 2 tests the significance
of adding the primary hypothesis variables to the multi-level regression model.

spent in an office chair and computing was 5 to 6 hours
per day.

Of the 30 potential confounders analyzed, Table 2
shows the four that met all criteria for final inclusion in
the model: time spent in office chair during a typical day
in the past week (0 = less than an hour and 5 = nine or
more hours), repetitiveness of hand/wrist activity (0 =
no repetitiveness and 6 = highly repetitive), general
health (1 = excellent and 5 = poor), and job level (1 =
low or entry level and 5 = high or senior level). Data on
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Figure 2. Bodily pain at the beginning, middle, and end of the day
before and after treatment. Predicted model includes study pop-
ulation mean levels for time in office chair, repetitive hand/wrist
activity, general health, and job level as indicated in Table 2. ®,
chair and training; Il , training only; A, control.

—
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Figure 3. Changes in bodily pain levels after treatment. Changes in
pain levels are calculated from the predicted model values at the
beginning ([]), middle (N), and end (&) of the day.

job level were obtained from company administrative
data.

Table 3 shows the multilevel model results including
the regression coefficients, betas (8), and their standard
errors. Model 2 shows the chair-with-training group ex-
perienced a statistically significant reduction in symp-
toms postintervention compared with the control group
(Bchair*intervention® time of day = 0.78; z = 2.502;
P = 0.461). However, the training only group did not
experience a similar reduction (Btraining* intervention*
time of day = 0.26; z = 0.737; P = 0.461) compared
with the control group. The differences in log likelihoods
of models 1 and 2 (13.46; P = 0.001) indicate the hy-
pothesized intervention effects significantly improve
model fit. The predicted intervention results based on
estimates in Table 3 are depicted in Figure 2. The chair-
with-training group experiences a reduction in growth of
symptoms over the day compared with either the control
or the training only groups. The difference between the
chair-with-training and training-only groups was statis-
tically significant (function result = 1.044; x*, =
11.508; P < 0.001). Separate analyses of the 3-, 6-, and
12-month postintervention data indicate the coefficient
for the three-way interaction term “chair* intervention*
time of day” became larger and increasingly significant
with time. Finally, the body area that experienced the
greatest reduction in symptom growth was explored.
The neck and shoulder experienced the largest reduction,
followed by the upper back and lower back (data not
shown). However, the sample sizes are not large enough
to conduct anatomic site-specific analyses.

As a secondary hypothesis, postintervention differ-
ences in the average pain levels between the chair-with-
training, training-only, and control groups were exam-
ined. Using the predictive model to obtain estimated pain
levels at each time of day, the beginning of the day de-
crease in pain from preintervention to postintervention
averaged 0.98 points for the chair-with-training group,
1.0 point for the training-only group, and —0.56 points
for the control group (indicating a slight pain increase).
Further, the end of the day decrease in pain from prein-
tervention to postintervention averaged 4.3, 2.2, and 1.2
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points for the chair-with-training, training-only, and
control groups, respectively. These changes in pain level
are depicted in Figure 3. Both the beginning
(Bchair *intervention = —1.539, sz = 15.207, P <
0.001) and end of day (Bchair*intervention +
2 Bchair *intervention*time of day = —3.106, Xz(l) =
52.363, P < 0.001) differences are significant for the
chair-with-training compared to the control group. The
training-only group difference is significant at the begin-
ning (Btraining *intervention = —1.560, XZ(U =12.199,
P < 0.001), and at the end of the day as well
(Btraining *intervention + 2Btraining*intervention *time
of day = —1.038, x?,,, = 4.600, P = 0.032).

H Discussion

In this office ergonomics intervention study, workers
who received a chair and office ergonomics training had
reduced growth of pain and discomfort over the work
day compared with workers who received only training,
or compared with a control group. No significant reduc-
tion in symptom growth over the workday for the train-
ing-only group compared with the control group was
observed. In economic analyses of the intervention pub-
lished elsewhere,'! the chair-with-training intervention
is associated with productivity improvements of $354
per worker per day and has a benefit-to-cost ratio of
22:1. The analyses reported here coupled with the eco-
nomic analysis suggests a highly adjustable chair and
office ergonomics training reduces musculoskeletal
symptom growth and improves productivity.

One of the challenges of conducting well-designed of-
fice ergonomic intervention studies is that interventions
often involve multiple workstation components aug-
mented with training.”>'* Business’s goal is to develop
the best solution for each worker so multicomponent
interventions are desired. This approach makes it chal-
lenging to disentangle which component contributed to
the reported effects. A second challenge is getting em-
ployers to support well-designed long-term field experi-
ments. For example, Ghahramani conducted a post-only
analysis of managers receiving new office chairs com-
pared with managers who did not.'> While the study
demonstrated a short-term effect 2 weeks postinterven-
tion, the threats to validity of nonrandomized posttreat-
ment-only designs are substantial enough to limit the
finding’s usefulness.'® The present study is the first to
demonstrate in a field setting the impacts of a highly
adjustable chair and ergonomic training intervention on
musculoskeletal symptom growth.

A large and growing body of evidence supports the
use of symptom severity and functional status measures
as primary outcomes in studies of musculoskeletal con-
ditions."® For example, an international working group
of low back pain investigators arrived at this conclusion
for studies of back disorders.'* The drawback of symp-
tom measures is that they are clinically nonspecific. That
is, a wide range of conditions can give rise to pain and to
functional limitation. A physical examination might pro-

vide additional specificity, especially when coupled with
an anatomic-specific pain diagram like the one used in
this study. However, clinical procedures such as radiog-
raphy can be nonspecific and insensitive.® In addition,
clinical exams in broad-based work-site interventions
not targeting injured workers are most likely to encoun-
ter only early manifestations of musculoskeletal disor-
ders. In this early setting, the physical examination is
often negative and would fail to resolve the clinical syn-
dromes unambiguously. For these reasons a symptom
pain scale was chosen.

The results here suggest that unless workers are pro-
vided with the appropriate tools to easily implement
knowledge obtained through training, the full benefits of
training will not be achieved. However, from a cognitive
and behavioral perspective, training worked. Pretraining
and posttraining knowledge tests indicate ergonomic
knowledge was increased as was intent to change office
workstation set-ups.** Postural risks were lower post-
intervention in both the chair-with-training and training-
only groups, and arrangement of workstation features
was improved.”? Furthermore, the training-only group
had lower average pain levels compared to the control
group at the beginning and the end of the day.

The observed chair group effect might be attributed to
worker perceptions of the chair’s value (“Hawthorne ef-
fect”). To address this, it must be demonstrated that the
workers in the group receiving the chair have improved
postures and decreased static muscle loads relative to the
group receiving the training only. Currently, muscle
loading changes are being studied at a second employer
site.

There are several study limitations. Lack of random-
ization could result in unmeasured group differences that
might explain the symptom growth differences. How-
ever, a range of covariates was measured and only a few
were statistically different between groups. Furthermore,
no group differences were found in supervisory unit level
policies and practices that could support or inhibit ergo-
nomic behaviors.® The decision not to randomize was
intended to reduce the risk of contamination between
groups. However, future work would benefit from a ran-
domized design. Another design issue is the absence of a
chair-only group. While from a research design perspec-
tive this additional group creates the opportunity to ex-
amine the unique contribution of the chair, it was con-
sidered inappropriate to provide workers with a highly
adjustable chair and not teach them why and how to
adjust it and also provide some basic office ergonomics
training in how to use the chair to maximize the use of
their workstations.

Nonparticipation or loss to follow-up could affect the
ability to make unbiased conclusions.? Those lost to fol-
low-up after intervention tended to have experienced
more pain than their peers. For example, the eight per-
sons who only submitted preintervention questionnaires
had average beginning, middle, and end of day pain
scores of 10.9, 16.0, and 16.2 relative to their peers’
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preintervention scores of 5.6, 8.6, and 11. Within the
control group, the 14 people who did not participate in
the final round of surveys had average preintervention
scores of 8.3, 13.0, and 13.8 compared with their peers’
average preintervention scores of 5.9, 10.2, and 13.0.
The greater loss to follow-up among the controls would
likely result in an underestimation of the intervention’s
effects.

In summary, this research contributes to a small liter-
ature suggesting office interventions can reduce symp-
toms, injuries, and sick days. The office ergonomic inter-
vention of a highly adjustable chair coupled with
ergonomic training should increase ergonomic knowl-
edge and skills, reduce musculoskeletal loads and strains,
and allow users to maximize health and productivity.
This research has immediate implications for office em-
ployers and employees. Future research should try to
replicate these results in randomized trials.

H Key Points

e With an increasing population of knowledge-
workers, there is a need to design and evaluate of-
fice ergonomic interventions.

e A highly adjustable chair coupled with office er-
gonomics training reduced musculoskeletal symp-
tom growth over the workday.

e Office ergonomic interventions that rely exclu-
sively on training may not affect musculoskeletal
symptom growth, especially when office ergonomic
equipment is limited in adjustability. However,
training did result in modest reductions in average
pain levels.
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