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Abstract

Background and Aims: Sedentary behavior and physical inactivity are associated
with musculoskeletal disorders (MSD). Muscle and mobility enhancing training is
recommended to promote musculoskeletal fitness and prevent MSD. A functional
fitness program emphasizing the importance of musculoskeletal fitness is provided
by CrossFit®. However, data from long-term CrossFit® interventions assessing
measures of musculoskeletal fitness in sedentary and inactive individuals does not
exist.

Methods: This prospective, controlled study investigates the effects of 6 months
CrossFit® training (2x60 min/week) in inactive adults (in terms of <2 muscle or
mobility enhancing training sessions per week) with predominantly sitting or
standing occupations. 91 participants were initially assessed, 2 were excluded,
55 self-selected for intervention (IG), and 34 for the control group (CG). Primary
endpoint was a change in mobility (Functional Movement Screen score).
Secondary endpoints were changed in strength (maximum isometric strength
in kg; Dr. Wolff BackCheck®), and well-being (WHO-5 score). Key exploratory
endpoints were changes in back-issue measures (pain intensity, limitation, and
frequency).

Results: 39 participants of IG and 31 of CG completed the evaluation after 6 months.
The IG improved significantly more (p < 0.001) compared with the CG in the FMS
(n*=0.58), trunk extension (n?=0.46), trunk flexion (n*>=0.47), trunk lateral flexion
left (n* = 0.41), trunk lateral flexion right (n* = 0.42), upper body push (n* = 0.4), upper
body pull (n*=0.25), hip extension left (n*> =0.18), and hip extension right (n*> = 0.4).
Change of WHO-5 scores did not significantly differ between groups (p =0.55;
n? = 0.01). Exploratory analysis of back-issue data showed a higher decrease for pain

intensity, limitation, and frequency in the IG compared with the CG.

Trial Registration: The trial was registered on ClinicalTrials.gov with the trial number NCT05109286.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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1 | INTRODUCTION

Inadequate physical activity is considered as an important risk factor
for chronic diseases like obesity, type 2 diabetes, cardiovascular
diseases, and musculoskeletal disorders (MSD).»? Modern working
conditions play an important role regarding sedentary and inactive
behavior. According to a nationwide German study (N =18,026)
47.5% of women and 47.2% of men at the age of 18-64 stated to
predominantly sit or stand during their working hours. The
proportion increases with higher educational levels.> An active
lifestyle and less sedentary behavior during leisure time could
minimize negative effects.* However, another study (N =22,959)
states that only 42.6% of women and 48% of men at the age of 218
meet the minimum level of > 150 min of moderate-intensity aerobic
physical activity recommended by the WHO.> Muscle enhancing
activity recommendations (22 workouts/week) are met by 27.6% of
women and 31.2% of men.®

As mentioned above this may support the development of
several diseases. Especially MSD has to be mentioned here. In a study
concerning the health status of adults 57.9% of women and 52.2% of
men reported joint pain in the past 12 months.” Furthermore, MSD
alone is responsible for about 25% of sick days,? are associated with a
lower quality of life, and may accelerate the loss of functional
capacity below the disability threshold.2 Aside from that, an intact
musculoskeletal system (strength, coordination, and flexibility) is the
foundation to stay physically mobile and train other physiologically
important systems (e.g., cardiopulmonary and nervous system). While

h,?10 1 and flexibility'? deteriorate with age,

strengt coordination,*
physical training has widely been proven to slow down this decline
and keep the musculoskeletal system intact.*®

Based on those findings functional strength and conditioning
programs embedded in corporate health management programs
might help to keep the musculoskeletal system intact, hinder the
development of noncommunicable diseases and reduce sick days in
physically inactive employees doing predominantly sedentary work.
A time-efficient training system that covers the recommendations of
the WHO and American College of Sports and Medicine to improve
health is provided by CrossFit® (CF).*> CF is a high-intensity,
functional fitness program. What stands out about CF is the
integration of exercises from various disciplines such as weightlifting
or gymnastics, which place high demands on strength, coordination,

and mobility.**

Conclusion: This study proves for the first time within the scope of a prospective,
controlled study the broad benefits of CrossFit® in inactive adults doing

predominantly sedentary work.

exercise, fitness, functional movement, health, high-intensity interval training, military

Scientific literature in this field covers the effects of CF on body
composition, life and health aspects, psycho-physiological parame-
ters, psycho-social behavior, and the risk for musculoskeletal
injuries.'® Positive effects of CF have been found in six fitness
domains (cardiovascular/respiratory endurance, stamina, strength,
flexibility, power, and balance).*¢~8 Injuries in CF (3.1 injuries/1000 h
of training) occur as often as in weightlifting, powerlifting, gymnas-
tics, and fitness training but less often than in contact sports like
rugby.'? According to an online survey 19.4% of 386 CF athletes got
injured in a 6-month period, with shoulder (25%) and low back
injuries (14.3%) being the most common.2® Nevertheless, only a few
studies on CF with a high level of evidence and low risk of bias
currently exist.!® Data regarding long term effects of CF on the
musculoskeletal system in populations that have an increased risk for
developing noncommunicable diseases (e.g.,, MSD) have yet to be
collected.

Therefore, the aim of this study was to investigate whether
6 months of CF training improve mobility (primary endpoint), strength
(secondary endpoint), and well-being (secondary endpoint) in inactive
individuals (in terms of <2 muscle and/or mobility enhancing training
sessions per week prior study participation) with a predominantly
sitting or standing occupation. Furthermore, back issues were

assessed for exploratory purposes.

2 | MATERIALS AND METHODS

2.1 | Trial oversight

This study followed a prospective, longitudinal intervention design
with control (CG) and intervention group (IG). Data were collected
from October 2020 to August 2021. Both groups were tested in the
same manner at baseline (t0) and after 6 months (t1) and self-selected
for either IG or CG. Participants of the CG were instructed to
maintain their current activity level. This was checked via question-
naire at t1. Nonfulfillment of inclusion criteria (> 2 mobility or muscle
enhancing training sessions per week; work not mostly sitting or
standing anymore) led to exclusion from the study. The IG attended a
CF program at the military affiliation CF Kokoro®. The study was
integrated in the corporate health management of the University of
the Bundeswehr Munich (UniBw M). Participants were allowed to

train during their working hours.
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FIGURE 1 Schematic overview of the MedXFit study.

The Institutional Ethics Committee of the UniBw M approved
the study protocol, ensuring that it conformed to the ethical
guidelines of the 1975 Declaration of Helsinki. Informed consent
was obtained from all subjects involved in the study. The trial
was registered on ClinicalTrials.gov with the trial number
NCT05109286. An overview of the study design is displayed in

Figure 1.

2.2 | Participants
Military and civilian personnel of the UniBw M (age=18-65
years, male and female) was invited to participate in the study
by flyer and email. Inclusion criteria were a predominantly sitting
or standing occupation and inactivity in terms of participation
in less than two muscle and/or two mobility enhancing training
sessions per week. Exclusion criteria were pregnancy and
health issues that would disqualify for participation in regular
exercise and the applied tests (severe injuries to the musculo-
skeletal system, osteoporosis, intervertebral disc damage,
joint replacements, hypertension, and fresh scars). Inclusion
and exclusion criteria were checked via questionnaires at tO
and t1.

Demographics and anthropometrics of initially assessed partici-
pants are displayed in Table 1.

When participants were not able to attend the test session t1 in
the laboratory (e.g., sickness, remote work, and quarantine) surveys

were done by telephone.

TABLE 1 Demographics and anthropometrics of initially
assessed participants (t0)
Variable Control group Intervention group p
N 34 57
Gender 0.83
Male (N) 41.2% (14) 45.6% (26)
Female (N) 58.8% (20) 54.4% (31)
Diverse 0% 0%
Age (years), mean (SD)  36.7 (11.4) 38.2 (12.1) 0.55
BMI (kg/m?), mean (SD)  27.3 (5.3) 25.4 (3.9) 0.07
Smoker 0.86
Yes (N) 11.8% (4) 10.5% (6)
No (N) 88.2% (30) 89.5% (51)

Abbreviations: BMI, body mass index; SD, standard deviation.

2.3 | Training intervention

CF is a strength and conditioning program that attempts to improve
physical competence in 10 fitness domains (cardiovascular/respira-
tory endurance, stamina, strength, flexibility, power, speed, coordi-
nation, agility, balance, and accuracy). Therefore, CF prescribes
constantly varied, high-intensity functional movements. Despite
similarities to actual sports (monitoring time, distance, repetitions,

and maximum lifted weights) CF stresses the importance of proficient
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technical exercise execution to achieve high levels in safety, efficacy
and efficiency.*

The IG committed to attend two training sessions per week for
6 months. These were 60-min-group-sessions supervised by a coach.
Participants had to sign in for each session via online schedule.
Registrations were tracked.

The training format included 0-10 min introduction and warm-up,
5-10 min mobility training, 5-30min skill and/or strength training,
5-30 min of high-intensity training, and 5-10 min cool down. A sample
training session for every week is provided in Table S1. During Weeks
1-10, the main goal was to develop technical proficiency in fundamental
movement patterns like getting up off the ground, squatting, lifting
objects off the ground, upper body push and pull movements, and
carrying objects for distance while maintaining a stable core. Thus, a
high proportion of the sessions was mobility and skill-based. The
strength and high-intensity aspect of the sessions increased steadily
after the first 10 weeks. Nevertheless, mobility and skill development
were continually done in each session. While all participants followed
the same program structure, training parameters were adjusted
throughout the program according to each person’s fitness level.

A maximum of 10 participants per session was set during the first
2 months. In the third month, an online course was implemented and
held live 2-5 times a week while in COVID-19 lockdown. During
online sessions, typical gym equipment (e.g., barbells or kettlebells)
was replaced by every day (odd) objects and more unilateral
movements were integrated. Sessions were recorded and uploaded
for those who could not attend the live sessions. Groups of six
participants per session were set after the lockdown to meet
COVID-19-related rules. Online sessions were held parallel for
3 more months to ensure adherence to the training program for
participants in the home office. All training sessions were carried out

by CF level 1 and level 2 certified trainers of CF Kokoro®.

2.4 | Endpoints and protocol
Primary endpoint of this study was the change in mobility (Functional
Movement Screen score)?'?? from tO to t1. Secondary endpoints
were the changes in strength (maximum isometric strength in kg;
Dr. WOLFF BackCheck® 617)>>?* and well-being (WHO-5 score)?®
from tO to t1. Back issues (pain intensity, limitation, and frequency)
were assessed via a questionnaire (pain intensity and limitation on an
11-point scale; frequency in days/week) for exploratory purposes.
Both sessions followed an identical protocol. Neither testing
personnel nor participants were blinded. All tests were conducted by
the same person throughout the study. Test sessions started with a
questionnaire to assess the participant's medical history, physical
activity, well-being, and back issues. Afterward anthropometrics,
mobility, and strength were measured. Familiarization sessions were
not done prior t0. All tests were executed in sportswear without
shoes. Both groups were asked to avoid any intensive physical
training 24 h prior the test sessions. A breathing mask had to be worn
during test sessions due to COVID-19 pandemic-related restrictions

241 | Body composition

Height and bodyweight were measured in sportswear without shoes.
Height was measured with a SECA® 213 and bodyweight with a
TANITA® BC-545 scale. Measurements were required to calculate
strength set points for the Dr. WOLFF BackCheck® 617.

2.4.2 | Mobility

2122 \vas done to evaluate

The Functional Movement Screen (FMS)
mobility. It consists of seven fundamental movements. These
movements are deep squat, hurdle step, inline-lunge, shoulder
mobility, active straight leg raise, trunk stability push up, and rotary
stability quadruped. Each movement is rated with a score from O to 3
resulting in a maximum total score of 21. Specific movement criteria
must be accomplished to score 1-3. If participants report any pain
the movement is scored with 0. Additionally, three movements
provide a clearing test. Clearing tests are done after the actual
movement. If pain is reported during the clearing test the participant
scores O in the movement no matter what was achieved before.

For bilateral movements the lower rated side is counted.?%?2

243 | Strength

Strength was assessed with the Dr. WOLFF BackCheck® 617 (BQ). It
allows to measure maximum isometric strength (values are given in
kilograms). The BC is high enough in test-/retest reliability and
criteria validity to be used in scientific research.?* Participants were
instructed and then given three attempts per movement. The best
result was selected. Movements were done in the following
sequence: trunk extension (TE), trunk flexion (TF), upper body push
(UPush), upper body pull (UPull), trunk lateral flexion left (TLFI) and
right (TLFr), and hip extension left (HEI) and right (HEr).

244 | Well-being

Well-being was measured with the World Health Organization Well-
Being Index (WHO-5). It consists of five questions that focus on
subjective well-being of participants. Scores range from O to 25
(5-point scale per question; 1=worst, 5=best). It has adequate
validity and is widely used across different fields. Simplicity and time

efficiency are additional advantages of this tool.?°

2.4.5 | Back issues

Back issues were assessed for specific areas (neck, shoulders, upper
back, the lower back). At first, participants had to report if they had
any issues in the past 6 months in the above-mentioned areas.
Thereafter, they were asked to rate their average pain intensity and
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limitations on an 11-point scale (O = no pain or limitation, 10 = highest
imaginable pain or limitation). Furthermore, pain frequency was
assessed in days per week suffering from issues in the particular area.
For pain intensity, limitation, and frequency the area with the highest
value was selected for the analysis.

2.5 | Statistical approach

This study included exclusively individuals that did less than two
muscle and/or mobility enhancing training sessions per week prior
the study. Consequently, low baseline FMS scores were expected.
According to existing literature reporting high FMS scores among CF

26,27 28,29 a Iarge

participants compared with inactive individuals,
effect for the primary endpoint was expected. Therefore, 29
participants per group were determined to achieve a power of at
least 85% on a two-sided, 5% significance level. Higher time
expenditure for the |G and uncertainty regarding impact of
COVID-19-related

guarantine, remote work, and availability of training facilities) led to

restrictions on training attendance (e.g.,
different determined group sizes. Expected dropout rates were 15%
(Naropout/Nbaseline) in the CG and 45% (Naropout/Nbaseline) in the IG,
resulting in 34 and 55 recruited participants.

As the effectiveness of the intervention regarding the primary
and secondary endpoints should be determined by the difference in
change between groups, a mixed model analysis of variance (ANOVA)

was conducted. Change within groups was calculated by subtracting

Open Access

tO from t1 values. Normal distribution was checked with Q-Q-plots
and Kolmogorov-Smirnov test. As assumptions for the mixed model
ANOVA were not met for every variable (Table S2), two-sided
bootstrapped (bias-corrected; samples N = 1000) independent t-test
and Mann-Whitney U test on differences in change (t1 - t0) between
groups was conducted to support ANOVA results (Tables S3 and S4).
Bias-corrected and accelerated bootstrap method (bootstrap samples
N =1000) was applied to give more reliable estimates for the 95%
confidence intervals (Cl). Statistical significance was set at p < 0.05.

The occurrence of back issues was assessed for exploratory
purposes. Change values of both groups were calculated by
subtracting tO from t1 values. Mann-Whitney U test was conducted
to analyze the difference in change between groups.

Values for tO and t1 as well as changes from tO to t1 within
groups are expressed as mean (standard deviation [SD]). Differences
in change between groups are presented as mean (95% Cl). Effect
sizes of primary and secondary endpoints are given in partial n2.
Pearson's r was calculated for exploratory endpoints. Data analysis
was done with SPSS 28® (IBM SPSS).

3 | RESULTS

Of 91 participants initially screened, two did not meet the inclusion
criteria as they already did more than two muscle-enhancing training
sessions per week prior to intervention. After 6 months 39 and
31 data sets were collected from IG and CG. Dropout in the IG

| 91 Initially assessed

l

| 57 Intervention group |

2 Excluded
2 Not in target population

55 Started intervention |

l

16 Lost to follow up
15 Discontinued intervention
1 Unable to schedule follow-up

1 Attended only survey }—

A 4

6 months follow-up
39 Survey (WHO-5, back-issues)
38 Anthropometrics
37 BC!
37 FMS?

|
| 34 Control group <
0 Excluded
g
8
3 Lost to follow-up §
1 Unable to schedule follow-up S
1 Started CrossFit training B
1 Moved away
2 Attended only survey |7
6 months follow-up -
31 Survey (WHO-5, back-issues) .
29 Anthropometrics
29 BC!
29 FMS

FIGURE 2 Participant flow over the course of the study.! Due to minor shoulder injuries, two participants of the intervention and one of the
control group had to leave out particular movements of the BackCheck®. Additionally, one participant was incapable of completing the
BackCheck® as prescribed.? Due to a minor shoulder injury one participant did not complete the full Functional Movement Screen.
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(29%; Narop-out/ Nbaseiine)- Was higher than in the CG (9%; Ngrop-out/
Npaseline). Data sets were incomplete as one participant of the IG and
two of the CG did not attend the follow-up in person but per
telephone. In addition, two participants of the IG and one of the CG
suffered from minor shoulder injuries (not related to intervention) at
tl. Consequently, not all BC and FMS measures were taken from
these individuals. A mean training attendance of 38.1 (8.3) sessions
over the course of 26 weeks were documented for participants that
completed the intervention phase. Further information regarding the

number of participants is shown in Figure 2.

3.1 | Primary endpoint

Mean FMS scores differed between CG (11.1 [2.8]) and IG (10.4 [2.6])
at t0. The difference did not reach statistical significance (p = 0.35).
Mean change in FMS score from tO to t1 was -0.6 (2.4) for CG and
4.6 (2.1) for IG. The difference in change between groups was
significant (5.2 [4.1-6.3], p < 0.001) and resulted in the highest effect

size among all primary and secondary endpoints (n* = 0.58).

3.2 | Secondary endpoints

The IG had higher maximum isometric strength values for all tested
movements at t0. For TLFr the difference was significant (p = 0.047).
After 6 months, the IG improved significantly (p < 0.001) more than
the CG in all tested movements. The largest effect was observed for
TF (n* = 0.47) followed by TE (n* = 0.46). For TLF similar differences in
change were observed for the left (n*> =0.41) and right (n*> =0.42)
side. Upper body pushing strength was higher than pulling strength at
t0 in both groups. While the IG improved, the CG worsened in the
UPush, resulting in a significant difference in change between groups
(n* =0.4). The difference in change in the UPull was lower but
significant nonetheless (n* = 0.25). The smallest difference in change
among all tested movements was observed for HEl (n* =0.18).
However, the difference for HEr was higher (n* = 0.4). Differences in
change values between IG and CG are displayed in Figure 3.

Mean WHO-5 scores of the CG were higher at tO compared to
the IG but did not reach statistical significance (p = 0.26). The mean
change in WHO-5 score from tO to t1 was higher in the IG (1.8 [3.7])
compared with the CG (1.3 [3.6]). However, no significant difference
in change between groups was observed (p=0.55, n> =0.01). The
main effect for time was significant (p < 0.001, n* =0.15). Values for
mobility, strength, and well-being at tO and t1 as well as changes

within and between groups are presented in Table 2.

3.3 | Exploratory endpoints

Regarding back issues there were no significant differences
between groups at tO for pain intensity scores (p = 0.75), limitation
scores (p = 0.84), and pain frequency (p = 0.95). It is to mention that

high proportions of both groups did not suffer from serious back
issues at t0. As displayed in Figure 4, the number of pain- and
limitation-free individuals increased in both groups after 6 months.
The decrease was higher in the IG for all measures. The mean
change in pain intensity score from tO to t1 was higher in the IG
(-1.7 [2.4]) compared with CG (-0.5 [2.1]). Difference in change
between groups was significant (p =0.006, r=0.329). Limitation
scores decreased in the CG (-0.5 [2.4]) and IG (-1.6 [2.4]), resulting
in a nonsignificant difference of change between groups (p =0.12,
r=0.187). Frequency decreased in both groups with -0.3 (2.4)
days/week in the CG and -1.1 (2.3) days/week in the IG. The
difference of change between groups was not significant (p = 0.16,
r=0.17). Values for pain intensity, limitation, and frequency at tO
and t1 as well as change within and between groups are shown in
Table 3. Medians and interquartile ranges for back-issue data are
provided in Table S5.

4 | DISCUSSION

The aim of the MedXFit study was to investigate the effects after 6
months of CF training on mobility, strength, and well-being in
individuals with a predominantly standing or sitting occupation that
did less than two muscle and/or mobility enhancing training sessions
per week prior study participation. Additionally, back issues were
assessed for exploratory purposes.

After 6 months significant effects were found for mobility and

strength, but not for well-being.

Difference in change of maximum isometric strength
between groups after 6 months of CrossFit training

18.9
TE —_——————
12.8
TF —————
134
TLF1 ————
132
TLFr —————
172
UPush —_——————
8.7
UPull ————
6.7
HEI —————
134
HEr —————
5 0 5 10 15 20 25 30

Mean difference in kg

-~ >
Favours CG Favours IG

FIGURE 3 Strength: difference in change between groups from
baseline (t0) to 6 months (t1). HEI, hip extension left; HEr, hip
extension right; TE, trunk extension; TF, trunk flexion; TLFI, trunk
lateral flexion left; TLFr, trunk lateral flexion right; UPush, upper body
push; UPull, upper body pull
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TABLE 2 Primary and secondary endpoints after 6 months for intervention and control group

t1 (after 6 Change within Difference of change

t0 (baseline) months) groups between groups p n?
Primary endpoints
FMS score®
CG (N=29) 11.1 (2.8) 10.5 (3.1) -0.6 (2.4) 5.2 [4.1-6.3] <0.001 0.58
IG (N=237) 10.4 (2.6) 15.0 (2.2) 4.6 (2.1)
Secondary endpoints
TE (kg)
CG (N=29) 46.2 (17) 48.4 (18.2) 2.2 (9) 18.9 [14.1-23.9] <0.001 0.46
IG (N=37) 52.0 (16.6) 73.1 (20.7) 21.1 (11.3)
TF (kg)
CG (N=29) 35.4 (15.9) 34.7 (14) -0.7 (6.3) 12.8 [9.7-16.1] <0.001 0.47
IG (N=37) 38.5 (15) 50.7 (17.9) 12.2 (7.2)
TLFI (kg)
CG (N=29) 28.6 (12.4) 30.0 (12.1) 1.4 (4.7) 13.4 [9.8-16.8] <0.001 0.41
IG (N =237) 34.4 (12.4) 49.2 (13.4) 14.8 (9.9)
TLFr (kg)
CG (N=29) 29.8 (12.8) 30.6 (11.6) 0.8 (5.5) 13.2 [9.7-16.8] <0.001 0.42
IG (N=237) 36.4 (13) 50.4 (13.6) 14 (9.3)
UPush (kg)
CG (N=28) 62.4 (28.4) 61.8 (29.2) -0.6 (7.8) 17.2 [12.4-22.4] <0.001 0.4
IG (N =35) 73.2 (31.7) 89.8 (38.6) 16.5 (12.5)
UPull (kg)
CG (N=28) 53.3 (22) 54.4 (21.2) 1.2 (6.4) 8.7 [5.1-12.5] <0.001 0.25
IG (N =35) 60.1 (23.2) 70.0 (25.8) 9.9 (8.5)
HEI (kg)
CG (N=29) 38.1 (10.5) 43.5 (13) 5.4 (5.4) 6.7 [3.4-10] <0.001 0.18
IG (N =36) 41.8 (12.8) 53.8 (15.3) 12 (8.4)
HEr (kg)
CG (N=29) 43.3 (13.8) 41.3 (13.1) -2.1(6) 13.4 [9.6-17.6] <0.001 0.4
IG (N =36) 47.2 (13.1) 58.5 (15.6) 11.3 (9.8)
WHO-5 score?
CG (N=31) 14.7 (3.3) 16.0 (4.2) 1.3 (3.6) 0.5 [-1.1 to 2.3] 0.55 0.01
IG (N=39) 13.6 (4.7) 15.4 (4.3) 1.8 (3.7)

Note: Mobility (FMS score), strength (kilograms), and well-being (WHO-5 score) values for t0, t1, and change within groups are expressed as mean (SD).
Differences in change between groups are presented as mean [95% Cl]. Partial n? is given for effect size.

Abbreviations: CG, control group; FMS, Functional Movement Screen; HEI, hip extension left; HEr, hip extension right; IG, intervention group; TE, trunk
extension; TF, trunk flexion; TLFI, trunk lateral flexion left; TLFr, trunk lateral flexion right; UPush, upper body push; UPull, upper body pull.

1A score from O to 21 can be achieved.

2A score from O to 25 can be achieved.
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FIGURE 4 Distribution of pain intensity, limitation, and frequency for IG and CG at baseline (t0) and 6-months follow-up (t1). CG, control

group; IG, intervention group

In the current study, mobility was understood as proficiency to
perform fundamental movement patterns in a healthy and safe
manner. With the FMS, a tool was used that allows to identify deficits
in flexibility as well as stability that possibly increase the risk for
injuries during physical activities. At baseline FMS scores of IG (10.4
[2.6]) and CG (11.1 [2.8]) were in the range that is associated with

increased injury risk (FMS score of < 14).2122 After 6 months the CG
showed slightly lower values while the IG improved, resulting in a
significant difference of change in FMS scores (5.2 [4.1-6.3],
p <0.001). This indicates that CF improves musculoskeletal fitness
and might decreases the risk for injury. Similar FMS scores (compared
with t1 values of the IG) were measured among CF athletes in
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Exploratory endpoints after 6 months for intervention (N = 39) and control group (N = 31)

_Wl LEY—m

t0 (baseline)

Pain intensity®

t1 (after 6 months)

CG 3.8 (2.4) 3.4 (2.7)
IG 4.0 (2.7) 2.3 (2.5)
Limitation®

CG 3.2(2.7) 2.8 (3.1)
IG 3.4 (2.9) 1.9 (2.3)
Frequency?

CG 2.8(2.7) 2.5(2.8)
IG 2.9 (2.8) 1.8 (2.6)

Change within

Difference of change

groups between groups p r
-0.5(2.1) -1.3[-2.3 to -0.2] 0.006 0.329
-1.7 (2.4)

-0.5 (2.4) -1.1[-2.2-0] 0.12 0.187
-1.6 (2.4)

-0.3(2.4) -0.9 [-1.9 t00.3] 0.16 0.17
-1.1(2.3)

Note: Back-issue values at tO and t1 as well as for change from tO to t1 are expressed as mean (SD). Difference in change between groups is presented as

mean [95% ClI]. Pearson's r is given for effect sizes.

Abbreviations: CG, control group; Cl, confidence interval; IG, intervention group; SD, standard deviation.

1A score from O to 10 can be achieved.

2Frequency is given in days per week.

previous studies.?®?” Tafuri?” reported an FMS score of 15.2 in
experienced CF athletes (>60 months of CF training). Kaczorowska?®
reported a score of 15.9 in CF-athletes with at least 1 year of training
experience that did not attend any specific mobility program
(MobilityWOD) before.

Strength gains after CF training were confirmed by previous
studies.*® Goins®° reported improvements of 12%, 13%, and 8% for
repetition maxima in deadlift, back squat, and shoulder press after 6
weeks of training. Other studies observed similar results with
improvements of 14.4% at front squats, 18.6% at bench presses,
and 22.7% at leg presses.>¥3? Strength improvements per time in
this study do not meet these values (16.5%-43% in the IG).
However, comparison of this study with previous ones is difficult.
Most of them were short-term interventions with small sample
sizes. Furthermore, they used complex compound movements
(e.g., back squat, deadlift, and shoulder press) to measure
strength.3%3133-35 Some of these movements belong to the nine
fundamental movements prescribed by CF that are trained
frequently.'® Therefore, strength gains could partly be explained
by improvements in movement proficiency in these exercises,
especially when executed by inexperienced individuals during short-
term interventions. In the current study, strength was assessed
under standardized conditions with isometric strength tests. These
physical tasks are not directly integral in CF and thus bias caused by
motor learning is minimized. Although the BC is high enough in
pre-/posttest reliability to be used in scientific research,?* it is
hypothesized that motor learning can explain 2%-11% of improve-
ments in the BC.3¢ Nevertheless, the difference in change between
groups after 6 months in the current study supports the assumption
that CF is highly effective to increase maximum isometric strength
(minimum n? =0.18, maximum n* =0.47).

Several studies confirmed a positive association between
physical activity and well-being.”*® However, literature regarding
the effects of CF on well-being is still sparse and unclear.

Mean well-being scores in this study at tO (IG=13.6 [4.7],
CG=14.7 [3.3]) and t1 (IG=15.4 [4.3], CG=16.0 [4.2]) were lower
compared to previous ones. Rozada®® investigated 30 CF-athletes
with a mean score of 17.98. Kételes*® reported a mean score of
18.54. Scores might be lower because the current study included
exclusively physically inactive people doing predominantly sitting or
standing work. Furthermore, COVID-19-related restrictions might
have negatively influenced well-being.3® Indeed, neither Rozada®’
nor Kételes*© found any positive correlations between characteristics
of CF training and indicators of well-being. In the current study both
groups showed a positive change of WHO-5 scores after 6 months,
resulting in a large main effect for time (p<0.001, n*> =0.15).
A positive association between CF training and well-being was not
confirmed since the difference of change values between groups was
not significant (0.5 [-1.1 to 2.3], p = 0.55).

CF claims to be a safe fitness program with a clear health
aspect.’ While injury rates among CF athletes were already
assessed,”*! long-term intervention studies examining changes in
the occurrence of back issues in CF athletes do not exist yet. The
findings of the present study indicate that CF might be an appropriate
training concept to reduce the occurrence. After 6 months, a greater
decrease in pain intensity (-1.3 [-2.3 to -0.2]) and limitation
scores (-1.1 [-2.2 to 0]), as well as pain frequency (-0.9 [-1.9 to
0.3] days/week), was observed in the IG compared with the CG. In
this context, it must be mentioned that the current study was done
during the COVID-19 pandemic which could have negatively affected
back-issue measures. A multinational survey (14,975 individuals from

14 different countries) investigating mental and physical well-being
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pre and during COVID-19 restrictions observed higher musculo-
skeletal pain and resulting disability levels (especially prevalence
of pain in the lower back, neck, and thoracic spine) when public life
was restricted.*? It is to mention that back-issue data were highly
skewed and a significant difference between groups was found
exclusively for pain intensity. Thus, results should be interpreted as
exploratory.

Because of the long-term interventional design, adherence to the
training program was a major concern prior to this study. Eventually,
dropout rates were lower than expected. Higher dropout in the IG
(29%) compared with the CG (9%) is primarily explained by the fact,
that the expense for the IG was higher.

With two CF trainings per week, participants met the recom-
mendations for muscle and mobility enhancing activities. Additionally,
cardiorespiratory training recommendations (275 min vigorous or
2150 min moderate intensity) were partly accomplished. In the
long run, this may inhibit the development of noncommunicable
diseases.> From a physiological and individual (respectively employ-
ee) centered approach, CF can be recommended for the investigated
clientele to increase mobility and strength. In fact, corporations
(respectively employers) should take CF into consideration as part of
their corporate health management. Potentially fewer sick days,
tedious medical treatments or even disabilities may positively
influence the productivity of the corporation. Embedding CF in the
corporate health management of the UniBw M proved to be
applicable despite highly heterogenic training groups (e.g., young
soldiers, injured veterans, and civilian employees shortly before
retirement) and COVID-19-related restrictions.

Several strengths of this study must be mentioned. First,
participants were allowed to train during their working hours because
the study was integrated in the corporate health management system
of the UniBw M. Furthermore, gym and laboratories were on campus.
Due to these factors and the given time efficiency of CF training, time
expenditure was kept low which is an important factor for
participation in physical activities.*® It is to assume that this helped
to achieve the determined sample size and reduced dropout.
Additionally, due to the COVID-19 pandemic it is less likely that
results were influenced by other physical activities as access to gyms
and sports clubs remained rather low. Finally, training sessions were
held in small groups (mostly < 6 participants) by experienced CF
coaches. This helped to detect and address individual, structural
weaknesses, or movement flaws.

When interpreting the outcome of this study some limitations
must be considered. First of all, staff and participants were not
blinded. Additionally, physical activity was not measured objectively
for IG and CG. Lastly, it was not assessed how participants were
affected by COVID-19 (e.g., remote work, child-care, and hobbies)
although this would have been useful for to interpret study
endpoints, especially well-being. It is recommended that future
studies measure physical activity with objective methods and
include assessment of lifestyle factors like alcohol consumption,
stress, sleep, or diet. We estimate that future studies under normal

conditions (without COVID-19 restrictions) may see even stronger

effects. To quantify the benefits of CF as part of the corporate
health management, future studies should also assess sick days,
productivity during working hours, and time spent for training-
related activities (transfer, hygiene, and training) during working
hours.

Consistently large positive effects on mobility (n* =0.58) and
strength (minimum n? = 0.18, maximum n? = 0.47) in combination with
the exploratory findings regarding back-issues indicate that CF is

highly beneficial to improve musculoskeletal fitness.

5 | PERSPECTIVE

CF explicitly emphasizes the importance of physical and mental
health in its fitness approach and states that most measurable values
of health (blood pressure, body fat, muscle mass, etc.) can be placed
on a continuum ranging from sickness to wellness to fitness - with
elite athletes that are covered in advertisements, documentaries, or
competition being the exception of the rule.?* At first instance CF
should be seen as a health-promoting training concept for anyone.
Our findings support this assumption. We proved for the first time
within the scope of a prospective, controlled study the broad benefits
of CF for inactive individuals doing predominantly sedentary work.
Participants came from a wide variety of backgrounds. Due to high
scalability and versatile training stimuli, it was possible to train young
soldiers alongside injured veterans or civilian employees shortly
before retirement and still achieve individual adaptions. We conclude
that health professionals should consider CF as a safe, efficient, and
applicable training concept for individuals that are at risk for
developing chronic diseases due to inactivity and sedentary behavior,
especially MSD. Based on our experience, we recommend CF,
particularly for heterogeneous groups. Therefore, conceivable appli-
cation areas are corporate health settings and physical training of

military units.
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