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Abstract

using Pfirrmann grading.

Background Crossfit athletes consistently recruit or transfer high levels of repetitive forces through the spine,

and MRI has documented a higher rate of intervertebral disc degeneration in athletes compared with matched
controls. The aim of this study was to evaluate early degenerative spinal disc changes in elite female CrossFit athletes
quantified by 3.0 Tesla magnetic resonance imaging (MRI) matched with female none-athletes.

Methods In a cross-sectional single-center study 19 asymptomatic adult participants, nine German female elite
Crossfit athletes and ten female participants underwent spinal MRI (3.0T). Demographic data, spinal clinical exami-
nation results and sport-specific performance parameters were collected prior to the MRI. The primary outcome
was the prevalence of degenerative spinal disc changes. The secondary outcome was the grade of degeneration

Results A total of 437 discs underwent spinal MRI (3.0T). The prevalence of early degenerative disc disease
was not increased. Pfirrmann degenerative grade did not show significant differences among groups.

Conclusion Asymptomatic female elite Crossfit athletes do not show an increased prevalence of degenerative disc
disease. Compared to a sex-matched control group, high training volume in Crossfit does not correlate to a higher
incidence of degenerative disc changes in young females.

Keywords Degenerative disc disease, 3.0 Tesla MRI, Crossfit, Pfirrmann grading, Female athletes

What this study adds to existing knowledge

The findings of our study have the potential to signifi-
cantly contribute to the field of sports medicine by shed-
ding light on the relationship between Crossfit training
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and degenerative spinal pathologies in elite female ath-
letes. The study shows that elite female Crossfit athletes
do not experience increased spinal degeneration from
high volume Crossfit training.

Introduction

Crossfit is a strength and conditioning program that
combines various forms of high-intensity functional
movements such as weightlifting, gymnastics, and endur-
ance training to improve overall fitness. The workouts are
performed in a group setting and are often intense and
varied, with the goal of improving overall fitness and per-
formance [1]. Associations between competitive sports
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and degenerative spinal pathologies have been demon-
strated in several studies [2—10]. During the 2016 Olym-
pic Games, 10% of Olympic weightlifters were diagnosed
with moderate and severe degenerative disc changes by
MRI [11]. Disc degeneration is often asymptomatic and
the first sign of degenerative spinal disease, followed by
disc stenosis, osteophyte formation, and resulting spi-
nal stenosis, and may be accompanied by pain and other
neurological symptoms [8]. Because Olympic weightlift-
ing and general strength training are essential compo-
nents of Crossfit training, athletes apply a high level of
repetitive forces to the spine, the back muscles, discs, and
vertebrae. Formal exposure to extreme stress leads to the
spinal injuries seen in Crossfit athletes [5]. The stress is
primarily concentrated in the lower back, with the lum-
bar spine being the most common site of injury [12].

In contrast low back pain (LBP) is a common condi-
tion and symptom characterized by stiffness, pain, and
discomfort in the lumbar region in society. 80% of adults
report at least one episode of low back pain in their life-
time [13]. Acute and chronic symptoms include inflam-
matory conditions such as spinal stenosis or ankylosing
spondylitis; mechanical problems such as injuries to the
muscles, ligaments, or discs of the lower back; and degen-
erative conditions such as osteoarthritis or herniated
discs. In terms of diagnosis, most guidelines recommend
against imaging in patients with nonspecific LBP [14]
because degenerative findings on MRI have no clinically
significant association with LBP [15]. Therapeutic inter-
ventions include avoiding risk factors such as smoking
and immobility and increasing activity and fitness levels,
particularly spinal muscle strengthening [16].

This creates an ambivalence between the fact that
ambitious strength training can cause degenerative spinal
pathologies and the fact that it is part of the therapeutic
program of LBP.

There is no clear consensus on whether Crossfit or
weightlifting increases the risk of degenerative spine dis-
ease. Some studies suggest that heavy lifting and repeti-
tive motions may increase the risk of back pain and
spinal problems. Radiological changes have been identi-
fied in 84% of weightlifters with only few of them show-
ing clinical correlation [9]. Others suggest that working
and training with high weights, when performed prop-
erly, may help improve spinal health and reduce the risk
of degenerative disease [17, 18]. Vadala et al. [9] showed
that degenerative disc changes in a group of 13 young
male weightlifters, assessed by the Pfirrmann score,
were already present, although the participants were
asymptomatic.

Nowadays, more and more women are practic-
ing Crossfit. To date, there have been no studies that
address spine-specific degenerative problems in female
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high-performance Crossfit athletes. Since Crossfit,
weightlifting, and powerlifting were mostly considered
male-dominated, there is a growing importance of work
that more closely examines gender-specific characteris-
tics of various strength and conditioning disciplines.

Materials and methods

In a cross-sectional, single-center study between Janu-
ary and March 2023 national elite female Crossfit ath-
letes were examined using subjective evaluation, clinical
examination and MRI to provide information on degen-
erative disc pathology and degenerative spinal pathology.

A total of 19 female participants (age 27.9 +2.95 years,
height 1.70+0.06 m, weight 63.8+7.36 kg) took part.
All patients were either female Crossfit elite athletes
(n=9, age 26+2.7 years, height 1.70£0.07 m, weight
66.3+7.18 kg), participating in the first national league
(Fitness Bundesliga) 2022/2023 [19] or a healthy non-
athletic female control group (n=10, age 29.5 +2.9 years,
height 1.70£0.04 m, weight 61.5 + 6.67 kg). Inclusion cri-
teria were an elite fitness level defined through partici-
pation in the first German Fitness League 2022/2023, a
nationwide elite Crossfit competition with eight match
days throughout the year.

Participants with a history of diagnosed acute or degen-
erative spinal disease were excluded. One participant was
excluded due to an acute cervical disc herniation. Con-
trol group participants were not included if there was a
history or a current status of crossfit activity.

Athletes and control group were required to report
current training status and clinical status using a ques-
tionnaire. Data on current peak performances in backs-
quat, deadlift, snatch, clean and jerk, and push press were
assessed in the athlete group (Table 1). The questionnaire
also recorded clinical symptoms related to the spine, risk
factors for spine diseases, and daily habits such as smok-
ing. In addition, participants were clinically examined
and asked to complete patient-related outcome measures
(PROMs) on subjective back pain (Roland and Morris
Disability Questionnaire, Modified Oswestry Low Back
Pain Disability Index) [11, 19] (Table 2).

MRI imaging of the entire spine for all participants
was performed using a 3 Tesla MAGNETOM Vida (Sie-
mens Healthineers Germany, Erlangen, Germany). The

Table 1 Personal best 1 repetition maximum of female crossfit
elite athlete group. Shown in mean + standard deviation

Backsquat Deadlift Snatch Clean & Push-Press
(kg) (kg) (kg) Jerk (kg)  (kg)
TRM? 109 + 1459 12878 + 69.22 + 8572+ 68.22 £ 887
17.02 9.34 10.07

21 Repetition Maximum
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Table2 Demographic data and PROMs of crossfit elite athlete
group compared to control group shown in mean+standard
deviation

Athlete group (mean + Control
SD) group
(mean + SD)

Age (years) 2622+2.73 295+287
Height (m) 1.69+0.08 1.70 £ 0.04
Weight (kg) 66.3+7.18 61.5+6.67
BMI (kg/mz) 22.98+0.82 21.24+2.08
Weekly hours of sports (h)  14.11 +7.83 433 +30
MOLBPDI? 4.22+11.23 04+1.33
RMDQ® 044+133 0.11+035

@ Modified Oswestry Low Back Pain Disability Index
P Roland and Morris Disability Questionnaire

protocol included sagittal T1-weighted, T2-weighted,
and short tau inversion recovery sequences for the cervi-
cal, thoracic, and lumbar spine. In addition, axial T1- and
T2-weighted sequences were obtained for the cervical
and lumbar spine. MRI examinations were performed
by trained clinicians. The MRI examinations reviewed by
radiologists experienced in the evaluation of orthopedic
and traumatic spinal injuries and chronic spinal disor-
ders, particularly disc degeneration, and were supervised
by a board-certified neuroradiologist. The Pfirrmann
classification system was used for the entire spine to
grade disc degeneration, primarily in T2-weighted
sequences (Table 3). Pfirrmann grade I - was classified as
normal, grade II — III as mild, grade IV as moderate and
grade V as severe pathological changes [20].

In addition, any disc herniation [21], any facet joint
arthropathy [22], any high intensity zone [23], any spon-
dylolisthesis with Meyerding >grade I [24], any Modic-
type endplate change [25], any Schmorl lesion defined as
focal depression [26], and any neuroforaminal narrowing
[27] were recorded as findings for spinal degeneration.

Statistical analysis

Examination results and MRI findings were presented
as means with standard deviation. Significance was set
at p<0.05 using a Mann-Whitney test for unpaired non-
parametric variables and a Fisher’s exact test for contin-
gency tables of the additional findings. All analysis were
carried out using Prism 9 for macOS Version 9.5.1.

Results

Nineteen asymptomatic participants, nine elite German
female Crossfit athletes, and ten participants matched for
sex with a total of 437 discs underwent spinal MRI (3.0T).
Demographic data, and sport-specific performance
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parameters are shown in Tables 1 and 2. The distribution
of Pfirrmann classification type I-V is shown in Table 4.

Distribution and severity of MRI findings are shown in
Table 5. Figure 1 shows the distribution of the Pfirrmann
classification broken down according to location on sag-
ittal T2-weighted images of the spine (Fig. 1).

Cervical spine

One hundred fourteen intervertebral discs of the cervical
spine were examined. Four discs were classified as grade I
(3.5%), 64 discs as grade II (56.1%), and 44 discs as grade
11T (38.5%) according to Pfirrmann.

In the Crossfit elite female athletes, 52 of 54 cervical
spine discs showed mild degenerative changes (grade
II: n=30, 55.6%; grade III: n=21; 38.9%), and two discs
showed no signs of degenerative changes. Degenerative
changes occurred mainly in the upper cervical spine (C2/
C3, C3/C4) and lower cervical spine (C5/C6). The con-
trol group had mild degenerative changes in the cervi-
cal spine in 59 of 60 discs (grade II: n=36, 60%; grade
III: n=23, 38.3%). The differences in degenerative disc
changes between the athletes and the control group were
not significant (Table 6).

Thoracic spine

Two hundred twenty-eight intervertebral discs of the
thoracic spine were examined. According to the Pfir-
rmann classification, 6 discs were classified as grade I
(2.6%), 219 discs as grade 1I (96.1%), one disc as grade III
(0.4%), and 2 discs as grade IV (0.8%).

One hundred four of 108 thoracic spine discs in female
Crossfit athletes showed mild degeneration (grade II:
n=103; 95.4%; grade III: n=1, 0.9%), three discs showed
no signs of degeneration, and one disc showed moderate
degenerative change. In comparison, the control group
showed predominantly mild degenerative changes in 116
of 120 discs examined (grade II: n=116, 96.7%; grade
II: n=0, 0%). One disc showed moderate degenera-
tive change (grade IV: n=1, 0.8%). Moderate degenera-
tive changes were examined in the distal thoracic spine
(T12/L1). The differences in degenerative disc changes
between the athletes and the control group were not sig-
nificant (Table 6).

Lumbar spine
In the lumbar spine, 96 intervertebral discs were exam-
ined. Seven discs were classified as grade I (7.3%), 74
discs as grade II (77.1%), eleven discs as grade III (11.5%),
and four as grade IV (4.2%).

Forty-six of 46 (100%) discs in elite female Crossfit ath-
letes exhibited mild degeneration (grade II: n =39, 84.8%;
grade III: n="7, 15.2%) in the lumbar spine. One athlete
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Table 3 Pfirrmann grading system

‘ |

(2023) 24:963

Grade |

e Homogenous and bright disc

e Clear distinction between nucleus pulposus and
anulus fibrosus

e Normal disc height

Grade Il

¢ Slightly inhomogenous disc with a dark
horizontal band running through the disc

e Clear distinction between nucleus pulposus and
anulus fibrosus

e Normal disc height

Grade Il

e Dark disc

¢ Differentiation between nucleus pulposus and
anulus fibrosus is impaired

e Usually normal disc height

Grade IV

e Dark disc

¢ Differentiation between nucleus pulposus and
anulus fibrosus is impaired

o Decreased disc height

Grade V

o Dark disc

¢ No distinction betweend nucleus pulposus and
anulus fibrosus

e Collapsed intervertebral disc space

Grading of disc degenerations with sagittal T2 weighted sequences

Table 4 Absolute and relative frequency of Pfirrmann classification entered according to location and group affiliation in
athlete group contains 9 individuals, while the control group contains 10 individuals
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n (%). The

Cervical Thoracic Lumbar

Athlete Control Athlete Control Athlete Control
I 3 (5.6%) 1(1.7%) 3(2.8%) 3(2.5%) 0 7 (14.7%)
Il 30 (55.6%) 36 (60%) 103 (95.4) 116 (96.7%) 38 (84.4%) 35 (70.0%)
Il 21 (38.9%) 23 (38.3%) 1(0.9%) 0 7 (15.6%) 4 (8.0%)
IV 0 0 1 (0.9%) 1 (0.8%) 0 4 (8.0%)
\Y 0 0 0 0 0 0
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Table 5 Absolute and relative frequency of severity of MRT findings entered according to location and group affiliation in n (%).
The athlete group contains 9 individuals, while the control group contains 10 individuals. Pirrmann grade | - was classified as normal,

grade Il - lll as mild, grade IV as moderate and grade V as severe pathological changes
Cervical Thoracic Lumbar
Athlete Control Athlete Control Athlete Control
Normal 3(5,6%) 1(1,7%) 3(2,8%) 3(2,5%) 0 7 (14%)
Mild 51 (94,4%) 59 (98,3%) 104 (96,3%) 116 (86,7%) 46 (100%) 39 (78,0%)
Moderate 0 0 1(0,9%) 1(0,8%) 4 (8,0%)
Severe 0 0 0 0 0
Grade
™M Athlete 4 Control
111 T
115 10000000000000000
I
C 1 1 1 1 I 1 I I 1 I I I I I I I I I I I I I
SN B BN NSRBI AP RN BN IR RO SR LI CIP N IO
PSS E AT RTR &q\\&\m\\&\\\\&@\’ DUV NI

Fig. 1 Distribution of the Pfirrmann classification system broken down to location on saggital T2-weighted images of the spine. Displayed

as median with interquartil range

had an additional sixth lumbar vertebral body, result-
ing in an extra disc. In the control group, 50 discs were
examined. Forty discs showed mild degeneration (grade
II: n=35, 70%; grade III: n=4, 8%), four discs showed
moderate degeneration (grade IV: n=4, 8%). The most
severely affected discs were located in L4/L5 and L5/S1.
The differences in degenerative disc changes between
the athletes and the control group were not significant
(Table 6).

Mean cumulative Pfirrmann scores of the cervical, tho-
racic, lumbar and whole spine in comparison are shown
in Fig. 2.

Additional findings for spinal degeneration

In addition, incidental findings for spinal degeneration
were collected in all participants. All of the German
female Crossfit elite athletes studied had an asympto-
matic protrusion or bulging of at least one intervertebral
disc. Protrusions or bulges of intervertebral discs were
found in 16 discs, predominantly in the cervical and lum-
bar spine (cervical spine: n=6, 37.5%; lumbar spine: n=6,
37.5%). In comparison, 70% of the control group had
bulging or protrusion of the intervertebral discs. Pathol-
ogy was observed in n=10 discs (cervical spine: n=2,
20%; lumbar spine: n=8, 80%). The differences were not



Wegner et al. BMC Musculoskeletal Disorders (2023) 24:963

Table 6 Results of Mann-Whitney testing for unpaired variables
of the differences in degenerative disc changes between the
athletes and the control group. Degenerative changes are
presented as median Pfirmann grade. Significance was set as
p<0.05

Athlete Control Significance (p-value)

C2/3 3 2 0(0.2971)
C3/4 3 25 0 (>0.9999)
C4/5 2 2.5 0(0.3177)
C5/6 2 3 0(0.3698)
ce/7 2 2 0(0.3498)
C7/m 2 2 0(0.5263)
T1/2 2 2 0 (>0.9999)
T2/3 2 2 0 (>0.9999)
T3/4 2 2 0 (>0.9999)
T4/5 2 2 0(04737)
T5/6 2 2 0(04737)
T6/7 2 2 0 (>0.9999)
T7/8 2 2 0 (>0.9999)
T8/9 2 2 0 (>0.9999)
T9/10 2 2 0 (>0.9999)
T10/11 2 2 0 (>0.9999)
T11/12 2 2 0 (>0.9999)
T12/L1 2 2 0(0.7214)
L1/2 2 2 0 (>0.9999)
L2/3 2 2 0 (>0.9999)
L3/4 2 2 0 (>0.9999)
L4/5 2 2 0 (0.9639)
L5/51 2 2 0(0.9571)
Cervical 14 14 0(0.7625)
Thoracic 24 24 0(0.7972)
Lumbar 10 10.5 0(0.9149)
Whole spine 49 49 0 (0.9483)

statistically significant (p=0.2105). In the lumbar spine,
high intensity zones were observed in two athletes and
five participants. Osteochondrosis intervertebralis was
detected in one disc of one athlete (Modic type I) and in
two discs of one participant in the control group (Modic
type I). Spinal stenosis was found in 3 Crossfit athletes,
2 in the cervical spine and one in the lumbar spine. Due
to the short pedicles aetiology of spinal stenosis was
diagnosed as congenital. No spinal stenosis was pre-
sent in the control group. The difference was not statis-
tically significant (p=0.0867). Facet joint arthropathy
in the lumbar spine was found in 7 athletes and 7 par-
ticipants in the control group. The differences were not
statistically significant (p>0.9999). No spondylolisthesis
was present in our cohort. Vertebral endplate changes
defined as Schmorl nodes, were observed in 17 vertebrae
in five Crossfit athletes, predominantly in the thoracic
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and lumbar spine. In comparison, 20 vertebrae in 4 par-
ticipants in the control group had Schmorl nodes. The
differences were not statistically significant (p =0.6563).
MRI showed scoliosis of 11° to 25° in five athletes (55.6%).
There was no scoliosis in the control group. The differ-
ence was significant (p=0.0108). Further findings are
listed in Table 7.

Athletes show significantly less fat infiltration in the
autochthonous back muscles and a larger muscle volume
according to the Goutallier classification [28] (Fig. 3).

Discussion
There are several data on degenerative changes of the
spine in competitive athletes [2—4, 6-8, 10, 19]. In con-
trast, data on injury and degeneration are scarce in
female strength and endurance athletes. To address this
lack of research data was the rationale for our study. To
our knowledge, this study is the first to examine early
degenerative disc disease in female Crossfit athletes.
Regarding the cervical spine, almost all athletes in our
study had some degree of disc degeneration, although
they were asymptomatic. This contrasts with a study by
Boden et al. who found that 25% of asymptomatic sub-
jects under 40 years of age had some degree of cervical
disc degeneration [29]. Compared with a study by Mat-
sumoto et al., our data show significantly more degen-
eration in the cervical spine as they observed. In their
study, degeneration was present in 17% of the discs of
men and 12% of women in their twenties [30]. However,
it should be noted that the two studies mentioned above
did not use 3.0 Tesla MRI and therefore the quality of
the data found is difficult to compare. In a retrospec-
tive MRI study conducted by Abdalkader et al. [31], it
was found that 58% of the participating athletes in the
2016 Olympic Games between the ages of 20 and 30
years had degenerative findings in the cervical spine.
Moderate cervical disc degeneration was most common
in track and field athletes, followed by boxing. Most
degenerative discs were observed in C5/C6 and C6/C7,
which is consistent with our data. The higher incidence
of degenerative changes in this region is probably due to
the higher mobility of these spinal segments [31].
Radiological abnormalities of the thoracic and lum-
bar spine, a higher incidence of disc degeneration, and
a direct association between disc degeneration and back
pain have been found in various athletes [6, 9, 32]. Our
cohort had a high incidence of mild degeneration of
thoracic intervertebral discs. During the 2016 Olympic
Games, 10% of weightlifters had mild, moderate, and
severe degenerative changes in the lumbar spine [11]. In
comparison, early degenerative lumbar disc disease in
our cohort was mild. Moderate or severe degeneration
was not seen in any Crossfit elite athletes.
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Fig. 2 Mean cumulative Pfirrmann score (MCP) of the cervical, thoracic, lumbar and whole spine in comparison between the athlete

and the control group with SD error bar

Table 7 Comparison of additional findings for spinal
degeneration of the athlete group and control group. The
analysis was performed using Fisher’s exact test. Significance was
setat p<0.05

Athlete (n) Control (n) Significance (p-Value)

Scoliosis 5 0 yes (0.0108)
Endplate changes 5 4 no (0.6563)
Spinal canal stenosis 3 0 no (0.0867)
Spondylarthrosis 7 7 no (>0.9999)
Disc protrusion 9 7 no (0.2105)

Currently, there is no clear consensus on whether
Crossfit or weightlifting increases the risk of spinal
degeneration. In contrast, acute spinal pathologies, par-
ticularly in the lumbar spine, are common during cross-
fit training, with radicular symptoms being the most
common symptom [5]. In a study by Videmann et al. in
2003, it was found that increased axial loading resulted
in a significantly worse mean signal intensity score and
a significantly higher mean disc bulge score than an age-
and sex-matched control group [33]. In addition, Baranto

et al. [3] conducted a biomechanical investigation dem-
onstrating that the spine is vulnerable to injuries when
subjected to flexion or extension loading. At this point,
it should be reiterated that the present study involved
asymptomatic women without currently diagnosed spi-
nal pathology. Protrusions or bulges of the intervertebral
discs were present as incidental findings in our studied
group, but showed no significant differences compared
with a sex-matched control group, suggesting that the
radiologically observed degeneration is already present
in young women, regardless of the volume or intensity
of physical loading. In the context of high-volume Cross-
fit training, this suggests that transferring heavy loads at
high frequency does not increase the incidence of spinal
degenerative changes in young women.

The results of our study show that degenerative disc
changes on MRI are not necessarily associated with low
back pain. Our results show degenerative findings in MRI
in both examined groups but a clinical association with
lower back pain is missing as both groups were asymp-
tomatic. This is consistent with a study by Kasch et al.
[15], who investigated associations between common
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Crossfit athlete

Control group

Fig. 3 Streaky fat deposits in the autochthonous back muscles and psoas major muscle of a control participant (Goutallier 2) compared
to a crossfit athlete with no visible fat infiltration and greater muscle volume (Goutallier 0)

degenerative changes of the lumbar spine observed on
MRI and current or future low back pain.

Looking at the underlying pathomechanisms, mechani-
cal stress cannot be considered as the only triggering fac-
tor for degeneration. Disc degeneration is a multifactorial
process, mechanical factors, metabolism and nutrition,
age and genetic factors are also involved in the develop-
ment of the pathology [34, 35].

The main limitations of this study are the small num-
ber of participating female athletes due to the narrow
inclusion criteria, the complexity of the assessment, and
the difficulty in recruiting elite female Crossfit athletes.
The limited number of patients in both cohorts may not
capture the full extent of the potential clinical and radio-
logical effects of crossfit training on the spine. As a result,
the study may not capture the magnitude of second-
ary effects and interactions. With this in mind, the data
should be considered preliminary and further studies
should be conducted.

Further observations can be made when analyzing the
MRI images of female Crossfit elite athletes compared to
the control group. Considering that participants in our
cohort would generally not receive an MRI in the absence
of symptoms, anatomical differences can be observed
after repeated high-intensity training (Fig. 3).

Future MRI studies of the spine, including both symp-
tomatic and asymptomatic athletes, need to be conducted
to improve understanding of disc disease pathology, asso-
ciations with clinical degeneration symptoms, and effects
of Crossfit training on the spine. This could lead to thera-
peutic strategies for patients with symptomatic degenera-
tive spine disease.

Conclusions

To date, there have been no studies that have addressed
spine-specific problems in female Crossfit elite athletes.
Our data show that the prevalence of early degenerative

disc disease was not increased in asymptomatic female
elite Crossfit athletes. No statistically significant dif-
ferences were found when compared to a sex-matched
control group, suggesting that high training volume in
crossfit does not correlate to a higher incidence of degen-
erative disc changes in young female crossfit athletes.
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