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Background: Beach volleyball is an intensive sport with high impact on the lumbar spine. Low back pain (LBP) is frequent among
elite players. Increased prevalence of pathological changes on magnetic resonance imaging (MRI) in the lumbar spine of elite
athletes has been reported.
Hypothesis: There is an increased prevalence of disc degeneration and spondylolysis in the MRI of the lumbar spine of professional beach volleyball players.
Study Design: Cross-sectional study; Level of evidence, 3.
Methods: Twenty-nine fully competitive professional male volleyball players (mean age, 28 years) completed outcomes questionnaires and underwent a complete clinical examination and an MRI of their lumbar spine.
Results: Whereas 86% of players suffered from LBP during their career, the incidence of LBP in the last 4 weeks was 35%. Pain
rated using a visual analog scale (VAS) averaged 3 points (range, 0-8). Twenty-three of 29 players (79%) had at least 1 degenerated
disc of Pfirrmann grade 3. The most affected spinal levels were L4-5 in 14 (48%) and L5-S1 in 15 players (52%); both levels were
involved in 5 players (17%). Six of 29 (21%) players showed a spondylolysis grade 4 according to the Hollenburg classification;
there was evidence of spondylolisthesis in 2 players. There was no significant correlation between LBP and MRI abnormalities.
Conclusion: In the lumbar spine MRI of professional beach volleyball players, the prevalence of disc degeneration is 79%.
Spondylolysis (21%) is up to 3 times higher compared with the normal population. Abnormal MRI findings did not correlate with
LBP, thus MRIs have to be interpreted with caution.
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lumbar spine is extended to produce a greater impact on the
ball. This potentially makes the lumbar spine vulnerable.
Low back pain (LBP) is frequent among professional athletes who participate in various sports18,33,38 and is a common reason for loss of playing time among competitive
athletes.16,29,38
Lumbar spine abnormalities on magnetic resonance
imaging (MRI) are frequently seen in high-level athletes. Disc degeneration is significantly more common
in elite gymnasts than in nonathletes.42 In 1991, Bartolozzi et al2 reported that female volleyball players had
significantly more abnormalities of their discs on MRI.
The prevalence of lumbar spondylolysis in athletes is
also higher than in the general population. This might
be because of increased loads on the lumbar spine during repetitive bending movements. Several studies have
shown that there is a correlation between the throwing
motion and radiological abnormalities in the lumbar
spine.5,11,36
Similar to the fast bowling action in cricket,5,11 volleyball
players have misalignment of their shoulders relative to

Beach volleyball has been an Olympic sport since 1996. It is
a fast-moving, overhead-hitting sport, similar to indoor volleyball, but played in teams of 2 on sandy ground. The stopand-go activities with jumps and overhead hitting of the
volleyball expose the lumbar spine to greater stress than
normal. Excessive hip-shoulder separation angles are seen
during serve and ball release motions. In addition, the
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their pelvis during a smash or serve movement. This might
place further stress on the lumbar spine, particularly on
the vertebral disc and pars interarticularis.
However, the impact of beach volleyball on the lumbar
spine of a high-level athlete is unknown. The purpose of
this study was therefore to investigate the lumbar spine
of competitive professional male beach volleyball players
clinically and with MRI. We were particularly interested
in he incidence of LBP and the prevalence of disc degeneration (Figure 1) and spondylolysis. Furthermore, this investigation aimed to compare the clinical findings, patientreported outcomes, and MRI abnormalities.

MATERIALS AND METHODS
Professional male beach volleyball players were examined during the 4 days at the 2012 Beach Volleyball
Grand Slam Tournament in Klagenfurt, Austria. All
players received written and oral information about the
study procedures during the technical meeting at a previous tournament and or during the on-site technical
meeting all teams were required to attend. The study
protocol was reviewed and approved by the local ethics
committee.

Inclusion Criteria
Inclusion criteria were fully competitive male athletes at
the Grand Slam Tournament in Klagenfurt with or without back pain, a world ranking in the top 100, and willingness to undergo a detailed examination by a physician,
complete a questionnaire, and participate in an MRI study
of the lumbar spine. Prior lumbar spine surgery was a criterion for exclusion.

Study Population
Twenty-nine male professional players underwent clinical
examination of their low back, including neurological status and bilateral lower extremity strength. All players had
an MRI scan of the lumbar spine (L1-S1).

Clinical Assessment
Structured Interview. Each player was interviewed with
a detailed questionnaire, including an assessment of
career duration (number of years of high-level indoor or
beach volleyball activity), the amount of weekly training
duration (including games), episodes of LBP including
neurological deficiency, as well as use of pain medication
and conservative management such as physical therapy.
Each player completed the Roland-Morris questionnaire,12 Oswestry low back pain index 2.1,13,15,25,39 and
Short Form–36 (SF-36) questionnaire as well as a visual
analog scale (VAS). The physical examination of the players was performed by 3 experienced orthopaedic surgeons
who are trained in spine surgery (F.K., B.R., and H.F.).

Figure 1. Sagittal T2-weighted MRI scan showing Pfirrmann
grade 4 between L5-S1 and a disc protrusion at the same
level without nerve compression.
Magnetic Resonance Imaging. All 29 male players who
had a clinical examination and completed the questionnaires
were asked to undergo a voluntary MRI examination.
All lumbar spine MRIs were done using a 1.5-T machine
(Siemens Avanto; Siemens Medical Systems, Erlangen,
Germany). The standard imaging protocol included the following: turbo spin echo (TSE) T1-weighted sagittal
sequences (field of view [FOV]: 280 mm; repetition time/
echo time [TR/TE]: 590/11 ms; slice thickness [SL]: 4 mm;
slice gap [SG]: 0.4 mm; base resolution/phase resolution
[BR/PR]: 384/75%), TSE T2-weighted sagittal sequences
(FOV: 280 mm; TR/TE: 3000/92 ms; SL: 4 mm; SG: 0.4
mm; BR/PR: 384/75%), and TSE T2-weighted transversal
sequences (FOV: 240 mm; TR/TE: 3800/108 ms; SL: 4 mm;
SG: 0.4 mm; BR/PR: 384/75%). Every lumbar spine MRI was
completed from L1 to S1 without fat saturation.
Two experienced musculoskeletal radiologists who were
unaware of the study participants’ statuses evaluated the
MRIs in consensus.
Degenerative changes to the vertebral body endplate
were classified according to the Modic classification.31 The
degree of disc degeneration was classified into 5 grades
according to Pfirrmann,34 with grade 3 or more considered
to be degenerated. In grade 1, the structure of the disc is
homogeneous, with a bright hyperintense white signal
intensity and normal disc height. Grade 2 shows an inhomogeneous structure of the disc, with a hyperintense white
signal. The distinction between nucleus and annulus is a
clear, normal disc height. In grade 3, the structure is inhomogeneous, with intermediate gray signal intensity. The
distinction between nucleus and annulus is unclear, and
the disc height is normal or moderately decreased. In grade
4, the structure of the disc is inhomogeneous, with a
hypointense dark gray signal. There is no distinction
between nucleus and annulus, and the disc height is
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RESULTS
Demographics
The mean age of the 29 players was 28 years (range, 19-39
years). The mean height was 187 cm (range, 179-205 cm), and
the mean weight 85 kg (range, 63-100 kg). The athletes’ body
mass index averaged 22.6 kg/m2 (range, 19.7-25.6 kg/m2). The
average duration of professional beach volleyball activity was
9.8 years (range, 2-20 years) and the average training hours
per week was 18.5 (range, 9-35 hours).

Clinical Results
Eighty-six percent of players experienced LBP during their
career, 61% during the past 12 months and 31% during the
last 4 weeks. Eight players had loss of practice time within
the past 12 months because of LBP (27%). Twenty percent
took nonsteroidal anti-inflammatory drugs on a regular
basis for their back pain. Mean pain on the VAS was 3, with
a range from 0 to 8.
Figure 2. Sagittal T2-weighted MRI scan showing Pfirrmann
grade 4 at levels L5-S1 and grade 3 at levels L3-4 and L4-5.
Additionally, there is spondylolisthesis Meyerding grade 1
between L5 and S1.
reduced. Grade 5 includes a hypointense black signal intensity and collapsed disc space.
In addition, the MRIs were specifically evaluated for
spondylolysis and spondylolisthesis (Figure 2). MRI is reliable in detecting abnormalities of the pars interarticularis.7
Stress reactions of the pars interarticularis were classified
according to Hollenberg et al.22 Grade 0 is normal without
signal abnormalities. Grade 1 shows stress-related marrow
edema but no spondylolysis. Grade 2 shows T2-signal
abnormalities and thinning, fragmentation, or irregularity
of the portion. Grade 3 involves a complete unilateral or
bilateral lysis, and in grade 4, there is a complete spondylolysis without T2 abnormalities. The amount of slip was
classified according to Meyerding.30
Compression of the nerves was rated according to
Pfirrmann et al.35 Grade 0 denotes a normal nerve exiting out of the foramen. Grade 1 indicates contact of disc
material with the nerve root, and the epidural fat layer
between the 2 is not evident. Grade 2 indicates that the
nerve root is displaced dorsally by disc material, whereas
in grade 3, the nerve root is compressed between disc
material and the wall of the spinal canal.

Statistical Analysis
We used R statistical software version 2.15.2 for statistical
analysis (www.r-project.org). Using the ‘‘binomial test’’
function of the Clopper-Pearson method, we evaluated the
size of the confidence interval. The results of our study were
compared to the reference we discuss later using the exact
binomial test. Since the sample size was less than 30, the
Mann-Whitney test was used for paired groups. The level
of significance was set at P < .05.

Physical Examination
All 29 players showed normal muscle strength for their key
muscles (L2-S1). The neurological status for reflexes and
sensibility as well as the Lasègue sign were completely normal. The finger floor distance (FFD) was measured to quantify the flexibility of the lumbar spine. Twenty-five players
had an FFD of 0 cm, and 4 players showed a reduced FFD,
with a mean distance of 9.5 cm (range, 5-15 cm).

Questionnaires
The Roland-Morris score and the Oswestry back index
showed no abnormal results for the players. Details of the
SF-36 are depicted in Figure 3. According to Khanna and
Tsevat,25 the SF-36 of the beach volleyball players was compared with the results of the US population. The mean
Mental Component Summary score was 53.5 (range, 48.662.9) and the Physical Component Summary score 55.5
(range, 43.2-61.5); both results were better when compared
with the normal population.

Magnetic Resonance Imaging
Details of the different abnormal MRI findings are depicted
in Tables 1 and 2. Twenty-three of 29 players showed a disc
degeneration (Pfirrmann grade 3) between L1 and S1
(79%). The most affected levels were L4-5 (n ¼ 14; 48%) and
L5-S1 (n ¼ 15; 52%). The upper lumbar levels were less
degenerated, L1-2 and L3-4 were affected in 8% whereas
L2-3 was affected in 10% of players. Overall, of the 145 disc
levels, 40 were degenerated (28%). The presence of more
than 1 degenerated disc was observed in 11 of these 23 players (48%). On average, each player had nearly 2 degenerated discs in his lumbar spine.
Six of 29 (20.7%) players showed a spondylolysis grade 4
according to Hollenberg et al.22 L5-S1 was the most affected
level (>70%). One player showed a lysis at 2 consecutive
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TABLE 2
Number of Athletes With >1 Spinal Level Affected:
Distribution by MRI Parametera
Number of Levels Affected

Schmorl nodes
Osteochondrosis
Disc bulging
Disc protrusion
Disc extrusion
Disc compression
Spondylolysis
Spondylolisthesis
Pfirrmann grade 3-5
Modic changes grade 2
a

Figure 3. Mean values for the Short Form–36 (SF-36) questionnaire in beach volleyball players compared with the normal population. PF, physical functioning; RP, role-physical;
BP, body pain; GH, general health; VT, vitality; SF, social
functioning; RE, role-emotional; MH, mental health.
TABLE 1
Frequency of Abnormal MRI Findings
for Each Lumbar Level (N ¼ 29 Players)

1

2

3

24
11
23
18
27
24
23
27
15
7

3
8
6
8
2
1
5
2
12
9

1
6

1
3

4

3
3
1

1

1
10

1
1

2

Only 7 of 29 athletes had no pathological changes.

We were not able to show a significant correlation
between radiological abnormalities and LBP measured
using the VAS, Roland-Morris, SF-36, or Oswestry
questionnaires.

DISCUSSION

Lumbar Level

Schmorl nodes
Osteochondrosis
Disc bulging
Disc protrusion
Disc extrusion
Disc compression
Spondylolysis
Spondylolisthesis
Pfirrmann grade
1
2
3
4
5
Modic changes grade
1
2
3

0

L1-2

L2-3

L3-4

L4-5

L5-S1

3
3
0
0
0
0
0
0

3
5
1
0
0
0
0
0

0
2
0
0
0
0
1
0

1
12
4
6
1
5
1
1

1
11
1
8
1
6
5
1

19
6
2
2
0

21
3
4
1
0

22
4
3
0
0

13
2
9
5
0

12
3
5
9
1

0
1
0

0
0
0

0
1
0

0
2
0

0
3
0

levels (L3-4 and L4-5). In 33% of spondylolysis lesions,
there was also spondylolisthesis (2 of 6 lesions).
Modic grade 1 changes were seen in 21% of the athletes;
again, the highest rate was found in the last 2 levels of the
lumbar spine (L4/5 and L5/S1, 71%).
Overall, 5 players (17%) showed Schmorl nodes in the
upper lumbar levels, with more than two thirds at L1-2 and
L2-3 levels.
Pfirrmann grade 3 nerve compression, where the nerve
root is compressed between disc material and the wall of the
spinal canal, was detected in 4 players—3 at the L4-5 level.

Beach volleyball is an intense sport that repetitively stresses
the lumbar spine with axial and torsional loads. This crosssectional study evaluated the lumbar spine clinically and
with MRI in 29 professional male beach volleyball players.
Of these, 86% experienced LBP during at least one point
of their career, more than 60% during the past 12 months,
and 35% during the past 4 weeks. This incidence is higher
than the 72% reported by Hangai et al,19 who analyzed students participating in competitive sports for more than 8
hours per week. Likewise, there are other published data
showing that low back symptoms are significantly more
common in athletes than in controlled groups.1,4,27,42 Even
in retired athletes, as shown by Granhed and Morelli17 in
wrestlers, LBP was still significantly higher compared with
age-matched controls (59% vs 31%). There is not much in
the literature regarding disc degeneration in volleyball.
Auvinen et al1 stated that volleyball is among youth sports
that correlate with a higher prevalence of LBP, especially
in boys. Overall, our data show that LBP has not only
a high prevalence in male beach volleyball players, but
that this prevalence is also one of the highest reported
in all sports.
Analysis of the lumbar spine MRI of the 29 beach volleyball players revealed several abnormal MRI findings,
including a high prevalence of disc degeneration (80%),
Modic vertebral body end plate changes (21%), spondylolysis (21%), spondylolisthesis (7%), and Schmorl nodes (17%).
Twenty-three players showed disc degeneration of equal to
or greater than grade 3 in at least one level. Looking specifically at each disc level, the lower levels (L4-S1) are more
affected, as previously shown in the literature.4,26 Twentynine discs were degenerated at levels L4-5 (n ¼ 14) and L5S1 (n ¼ 15). Only 4 discs at L1-2 and L2-3 and 3 discs at L3-
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4 showed disc degeneration of Pfirrmann grade 3 or greater.
More than 1 disc was degenerated in 11 players (48%).
To our knowledge, only 1 study has been published on
indoor volleyball players. Bartolozzi et al2 showed a prevalence of disc alterations (including disc degeneration, bulging, and herniation) of 44%, which is clearly lower than
our data. The higher prevalence in our study might be
because of better imaging techniques and the use of an MRI
classification system for disc degeneration. One would
expect a lower number of degenerated discs in beach volleyball as it is played on softer ground than indoor volleyball.
Having examined only 29 male beach volleyball players, we
are not able to extrapolate these data to the sport as a
whole.
Disc degeneration is also known in other sports. Swärd
et al42 found a 75% incidence of degenerated disc in elite
gymnasts. In 2003, Ong et al32 analyzed 31 Olympic athletes at the Sydney Games in 2000 who presented with
lower back pain and/or sciatica. In their study population,
72% had degenerated discs at the L5-S1 level.32 In young
cricket fast bowlers, the prevalence of intervertebral disc
abnormalities was 65%.19 Burnett et al,6 in a follow-up
study, showed that there was a significant increase in the
occurrence of disc degeneration within 4 years in young
cricket players. However, in most studies, the exact criteria
used to distinguish between mild and severe disc degeneration were not given. Therefore, it is not possible to compare
our data directly with these results as we used the Pfirrmann classification for disc degeneration.
Comparing disc degeneration in athletes with nonathletes
in the literature, there was clearly more degeneration in athletes.20,21,28,37,42 Cheung et al,9 in their MRI study on 1043
subjects, showed that the prevalence of disc degeneration
in individuals younger than 30 years was 40%, whereas in
most studies, the prevalence was higher than 65%.
These data confirm our second hypothesis, that the prevalence of spondylolysis is higher in beach volleyball players than in the general population, where the defect in
the pars interarticularis is approximately 5%, as reported
by Hu et al.23 Within this cohort, 21% had a lysis, with L5
being the most affected level (72%).
The prevalence of spondylolysis seems to be higher in
specific sports. Divers, wrestlers, weight lifters, and throwing athletes tend to have a higher prevalence (23%-30%)
than the general population.40,41 In the present study, 2
players had a grade 1 slip and a lysis at the same level.
Overall, we only identified 2 players with a slip in our study
population (6.7%). This might be because of the fact that we
used MRI, where a slip may be reduced because of the
supine position of the patient.
It is widely believed that repetitive loading on the lumbar spine leads to stress fractures. Stress on the disc can
cause annulus tears, which can lead to nuclear desiccation
and loss of proteoglycan content. This may start the degenerative cascade in a motion segment. There are several
potential pain generators within the intervertebral segment that might induce LBP. In a review, Bono4 showed
that large forces are produced during athletic maneuvers.
During a blocking maneuver in football, shear forces on a
motion segment can reach 3300 N and compressive loads
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can reach up to 8600 N. A golf swing produces up to
7500 N of compressive force on the lumbar spine, rowing
action produces compressive forces of approximately
6100 N, and weight lifting more than 17,000 N.8,10,14,22
Elliott et al11,12 studied the correlation between the
motion of young fast cricket bowlers and MRI changes in
the disc. They saw a significant association between the
degree of shoulder and hip rotation and disc degeneration.11,12 Furthermore, they were able to show that the incidence and progression of lumbar disc degeneration
significantly decreased in concert with reduced shoulder
counter-rotation.
Analogous to fast bowling in cricket, volleyball players
put a mechanical load on their lumbar spine during the
jump serve motion. Excessive hip-shoulder separation
angles are seen during serve and ball release motions,
which might increase the shear forces and place additional
stress on the lumbar discs. Shear forces are also increased
during a blocking maneuver, analogous to football but less
accentuated. This repetitive stress on the disc might be
responsible for the increased incidence in bony and disc
abnormalities in professional beach volleyball players.
It remains unclear if there is an association between
radiologic abnormalities and LBP. In a study on Japanese
college football players, spondylolysis and disc space narrowing were significant risk factors for LBP.24 Decreased
signal intensity within the disc of athletes correlates positively with LBP.42,43 Interestingly, LBP is more strongly
predicted by life dissatisfaction, neuroticism, hostility,
extroversion, and poor sleep quality.3
The present study did not show an association between
radiologic abnormalities and LBP. The small sample size
with only male players is one of the weaknesses of our
study. Only male players were investigated because our
ethics committee did not allow inclusion of female beach
volleyball players without a pregnancy test. As we mainly
focused on pain in association with radiologic abnormalities, we did not investigate the correlation between spine
mobility and pain. Because of the special on-site study setting, we did not analyze the sagittal and coronal alignment
of the spine. Furthermore, our ethics committee had serious concerns about using spine radiographs for this study.

CONCLUSION
This study proved our hypothesis that there is a high prevalence of disc degeneration and spondylolysis in the lumbar
spine of professional beach volleyball players. We found no
correlation between LBP and MRI abnormalities in our
study subjects.

REFERENCES
1. Auvinen JP, Tammelin TH, Taimela SP, Zitting PJ, Mutanen PO, Karppinen JI. Musculoskeletal pains in relation to different sport and exercise activities in youth. Med Sci Sports Exerc. 2008;40:1890-1900.
2. Bartolozzi C, Caramella D, Zampa V, Dal Pozzo G, Tinacci E, Balducci
F. The incidence of disk changes in volleyball players. The magnetic
resonance findings. Radiol Med. 1991;82:757-760.

6
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