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OBJECT Acute cervical spine injuries have been extensively studied in high-level contact sports. However, the relation
between the appearance of degenerative cervical spine disease and the exposure to repeated trauma in such sports as
rugby is still unclear. Using clinical and MRI evaluation, we aimed to determine if former professional rugby players had

more serious degenerative cervical spine symptoms than the general population.

METHODS Two groups, one composed of 101 former rugby players (all men, mean age 40.3 years, range 35-47 years,
SD 2.3 years) and the other of 85 male volunteers serving as a control group (mean age 41.6 years, range 35-49 years,
SD 4.5 years) were studied. The former rugby players were evaluated on average 5.8 years after retirement (range 1-16
years, SD 3.5 years). The groups were matched in terms of sex, age, job, current sports training, and smoking habits.
Each participant received a complete neurological evaluation. Clinical symptoms were evaluated using the Japanese
Orthopaedic Association (JOA) questionnaire, and chronic neck pain was specifically evaluated using a visual analog
scale (VAS) and the Neck Disability Index (NDI). Overall, 25 MRI studies were performed in each group. MRI studies,
including dynamic sequences, focused on degenerative lesions (Matsumoto score and canal diameter) and on muscular
and medullary morphological analysis.

RESULTS Significantly more former rugby players than controls complained of chronic neck pain (51 [50.50%] of 101 vs
27 [31.76%)] of 85, p = 0.01). Rugby players also had significant reductions of neck mobility. Nevertheless, in those com-
plaining of pain, there was no statistically significant difference between groups with respect to VAS and NDI scores (p
=0.57). On MRI, former rugby players had a narrower vertebral canal (on average 0.88 + 0.167 cm vs 0.99 + 0.130 cm,
p = 0.007) and more foraminal stenosis (p = 0.01). No significant difference in the Matsumoto score was found between

the 2 groups with respect to other degenerative lesions. Former rugby players had more often undergone surgery for a
degenerative condition than had members of the control group (10 cases vs 0 in the control group, p = 0.0021).

CONCLUSIONS A few years after retirement, former professional rugby players seem to have more frequent cervical
spine pain and MRI degenerative lesions, such as foraminal stenosis and narrowing of the spinal canal, compared with
controls who had not been professional rugby players. A longer evaluation is necessary to determine if these findings

persist over time.
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major issue and sometimes have devastating con-
sequences.'#?” However, the question of potential
long-term degenerative disorders of the spine in athletes
practicing sports at a high level has not been thorough-
ly studied so far, even though some authors suggest in-

ﬁ CUTE cervical spine injuries in contact sports are a

creased risk of early degeneration and some clinical con-
sequences.>!*2* Rugby, also called rugby football, is one
of those sports that put strain on the cervical spine. This
sport is practiced by men and women in more than 100
countries across 5 continents. Since the beginning of pro-
fessionalism (in 1995 in France), high-level players have
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been subjected to increasing workloads, which has re-
sulted in increases in the number of injuries and paid sick
days.” Although the medical follow-up of these athletes
has become progressively specialized, it remains very dif-
ficult to determine which long-term consequences are due
to these constant stresses on the musculoskeletal system,
especially on the cervical spine.

The number of retired professional rugby players is in-
creasing. The aim of our study was to determine whether
degenerative cervical spine disease is more frequent and/
or more serious in former rugby players several years after
retirement than in the general population. We performed a
comparative study, evaluating a large group of 101 former
professional rugby players and a control group from the
general population.

Methods

Retired Rugby Players Group

Our study group comprised 101 former professional
rugby players identified through the French professional
rugby players’ union (Provale). We included men between
35 and 47 years old (mean age 40.4 years, SD 2.3 years).
The inclusion criteria for the former rugby players were at
least 1 year of professional contract (mean career duration
16.4 years, range 8-25 years, SD 3.1 years) and having
been retired from any rugby activity for at least 1 year
(mean duration of retirement 5.8 years, range 1-16 years,
SD 3.5 years). All but one of the retired rugby players
were working in other fields. The demographic variables
studied were age when starting to play rugby, age at first
appearance in a senior team, position in field, national se-
lection, and age at retirement. All the former athletes con-
tacted agreed to participate in the study.

Control Group

The control group, made up of 85 male volunteers re-
cruited from the general population, was matched with the
study group for sex, age, job, smoking habit, and current
duration of weekly sport training. The baseline character-
istics of the control group are shown in Table 1. The con-
trols had never practiced rugby in competition or any other
sport at professional level. For this control group, results
regarding height, weight, smoking, and level of physical
activity were the same as in French epidemiological sur-
veys.>!5 Jobs were classified using the International Stan-
dard Classification of Occupations (ISCO) provided by
the International Labor Organization and categorized in
10 groups. Most of our controls and former rugby players
were managers, health professionals, or associate health
professionals (groups 1, 2, and 3 of the ISCO). No statis-
tically significant difference was detected between the 2
groups in terms of job classification (Table 2).

Exclusion Criteria

Exclusion criteria for the former rugby players and
controls were neurodegenerative disease, inflammatory
rheumatism, and cervical spine trauma within the last 3
months. We also excluded all former rugby players and all
potential controls with a history of surgery for traumatic
reason (e.g., cervical fractures, traumatic disc herniation).
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None of them had a job with a risk of neck pain defined by
at least one of the following: stereotyped, repetitive task,
use of vibrating machines, working with hands above
shoulders, and prolonged flexion of the cervical spine. For
both groups, we excluded people with a medical history of
cervical spine infection or spinal tumor or malformation
(except for congenital single-level fusion).

MRI Study Groups

We planned to perform 50 MRI studies. This number
was calculated before the beginning of the study in light
of previously published data and to match the statistical
requisites. Twenty-five of the former rugby players were
matched with 25 controls who consented to a cervical
spine MRI study. These 2 MRI groups were matched in
terms of sex, age, job, smoking habits, and duration of
weekly sport training. Volunteers had to have given their
consent at recruitment. The characteristics of these sub-
groups are detailed in Table 3.

Clinical Data Acquisition

The primary complaint assessed was chronic neck
pain. Study participants were considered to have chronic
neck pain if they had had at least 1 occurrence per month
for at least 6 months (including radiculalgia). The pain se-
verity was evaluated by means of a visual analog scale
(VAS). Cervical disability was evaluated by means of the
Neck Disability Index (NDI). Disabling neck pain was de-
fined by an NDI score > 15. A complete neurological as-
sessment was made using the Japanese Orthopaedic Asso-
ciation (JOA) questionnaire. Accurate history of cervical
spine surgery for degenerative disease was also recorded.
Finally, cervical spine range of motion was measured with
a tape measure according to an anatomical landmark.
Flexion/extension and right and left rotations were evalu-
ated by the distance between the chin and the supraster-
nal notch and the chin and the acromioclavicular joint,
respectively. Left and right tilt was measured between
the external acoustic meatus and acromioclavicular joint.
Clinical data collection was standardized and included in
an Excel database. All the participants were examined by
the same investigator (D.B.).

MRI Data Acquisition

The radiological comparison concerned the anteropos-
terior diameter (APD) of the spinal canal and the medulla-
to—cervical canal ratio (MCR) at the narrowest level be-
tween the occipitocervical junction and T1-2. Dynamic
sequences completed the acquisition, searching for loss
of cerebrospinal fluid anterior and posterior to the spinal
cord during flexion and/or extension of the neck. We also
performed a comparison using the Matsumoto score.”
This score evaluates degenerative changes based on disc
degeneration, anterior and/or posterior disc protrusion,
narrowing of the disc space, and foraminal stenosis. We
searched for the existence of an intramedullary lesion
(high T2-weighted imaging signal intensity or syringomy-
elia).

Finally, an evaluation of the paraspinal muscles was
also planned. For practical reasons, our study was limited



TABLE 1. Characteristics of 101 former rugby players and 85 controls (all males)*

Cervical spine in retired professional rugby players

Characteristic Former Rugby Players Controls p Value
Age (yrs) 40429 416+45 0.09
Smoker 33/101 21/85 0.18
Weekly duration of training (min) 1451 +161.2 99.8 £ 151.6 0.06
Height (cm) 183.7+75 1777+£6.5 <0.001
BMI 29.64 + 3.83 25.30 £ 3.83 <0.001
Age when starting rugby (yrs) 93+39 NA
Age at 1st appearance in senior team (yrs) 18.0+ 1.4 NA
Age at retirement (yrs) 345+29 NA
Career duration (yrs) 16.4 £ 31 NA
No. of yrs since retiring from rugby 58+35 NA
No. of international players 45 NA
Total 101 85

BMI = body mass index; NA = not applicable.

* Means are presented with standard deviations. Bold type indicates statistical significance. The 2 groups were matched in terms of sex, age,
weekly duration of sport training, jobs, and tobacco consumption. As expected, former rugby players were taller and heavier than controls.

to one cervical extensor muscle (right splenius capitis). The
analysis consisted of manually tracing defined regions of
interest over a cross-sectional view of this muscle, care-
fully avoiding nearby fat, on axial T1-weighted images (1
image per participant) obtained at the C6-7 level and pro-
duced by OsiriX software (V4.1.2 Apple).

MRI sequences were obtained in 3 different centers,
but the imaging protocol was designed so that data were
comparable among centers. All examinations were per-
formed by 2 physicians, a radiologist and a neurosurgeon,
using a blind protocol. The average of the 2 measures was
used for the analysis.

Ethics Considerations

Written informed consent was obtained from each
participant. This study was approved by the regional eth-
ics committee (Comité de Protection des Personnes Sud
Ouest et Outre Mer II).

Statistical Analysis

For the descriptive analysis, the qualitative variables
were described as numbers and percentages. The quanti-
tative variables were described as means and standard de-
viations if they were normally distributed; otherwise, they
were described as medians and interquartile ranges. For

TABLE 2. Type of profession according to the revised
International Standard Classification of Occupations*

Controls (n = 85)

Job Group  Former Rugby Players (n = 101)

the bivariate analysis, the comparison between the former
rugby players’ characteristics and those of the controls
relied on percentage comparison tests (chi-square test or
Fisher exact test, depending on the condition for test appli-
cation) for qualitative variables and on mean comparison
tests (Student t-test or nonparametric Wilcoxon test if the
criteria were not met for a Student t-test) for quantitative
variables. The analysis of the primary endpoint (neck pain
coded as yes or no) between the 2 groups was assessed in
2 stages. First, without any adjustment, we performed a
bilateral chi-square test (or Fisher exact test, depending on
the condition for test application). Then, we performed a
multiple logistic regression analysis, taking into account
potential confounding factors, with stepwise regression.
For the analysis of secondary endpoints, quantitative vari-
ables to be investigated, including VAS and NDI scores,
ranges of motion, and JOA score, were compared between
the group of former rugby players and the control group
without any adjustment, using a bilateral Student t-test or
anonparametric Wilcoxon test (if the criteria were not met
for a Student t-test). History of cervical spine surgery, the
binary qualitative variable to be investigated, was ana-
lyzed without any adjustment using a bilateral chi-square
test (or Fisher exact test depending on the condition for
test application). Regarding imaging data, the Matsumoto
score was described, in each group, as nonzero grades for

TABLE 3. Characteristics of the 25 men from each group who
underwent MRI*

Former Rugby p
0—1 36 29 Characteristic Players Controls Value
2 17 8 Age (yrs) 40.3£4.0 39625 0.52
3 19 15 Smoker 13/25 6/25 0.11
4 8 5 Weekly duration of 18442412  108.2+157.7  0.1359
5 15 19 sport training (min)
6 3 2 Height (cm) 183.4+8.2 1774 £6.2 0.0048
7-9 3 7 BMI 207+46 25.3+4.1 0.0009

* There was no statistically significant difference (Fisher exact test, p = 0.24).

* Bold type indicates statistical significance.
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each of the 4 elements (discopathy, disc protrusion, loss of
disc height, foraminal stenosis) over the 6 intervertebral
levels (from C2-3 to C7-T1). If the number of participants
in a grade was too small (< 5), grades were combined to
reach a minimum of 5 participants. The anteroposterior
diameter (APD) of the vertebral canal, the medulla-to—
cervical canal ratio (MCR), and the cross-sectional area
of the muscle analyzed, quantitative variables to be inves-
tigated, were analyzed in the same way as the previous
quantitative clinical secondary endpoints (VAS score,
ranges of motion, JOA score). The presence of medullary
signal hyperintensity or a syringomyelia cavity on conven-
tional MRI and the loss of perimedullary cerebrospinal
fluid on at least 1 level on dynamic MRI (binary qualita-
tive variables to be investigated) were analyzed without
any adjustment using a bilateral chi-square test (or Fisher
exact test, depending on the condition for test application).

Results
Clinical Results

Neck pain was reported by 51 (50.50%) of the 101 for-
mer rugby players and 27 (31.76%) of the 85 controls; the
difference in rate of occurrence was statistically significant
(p = 0.01). The between-groups difference in VAS scores
for neck pain intensity among those who complained of
such pain was not statistically significant (mean 29.0 [SD
17.3] vs 26.7 [SD 15.8], respectively; p = 0.57). There was
also no significant difference between the 2 groups based
on NDI scores (mean 6.6 [SD 4.2] vs 6.3 [SD 4.2]; p =
0.78). We noted 3 cases of disabling neck pain in former
athletes and 1 case in the control group (defined by NDI
score > 15).

Neurological abnormalities (corresponding to a JOA
score of 15/17) were found in 1 former rugby player. He
was a former front-row player who had had surgery twice
during his professional career (an anterior cervical fusion
had been performed each time) and had to stop playing
rugby because of adjacent-level disease.

A comparison of clinical findings regarding range of
motion between the groups revealed that former profes-
sional rugby players had significantly decreased mobility
for rotations and tilts but not for flexion and extension (see
Table 4 for details).

In the 101 former rugby players, 4 specific items related
to rugby practice—field position, history of upgrade (per-
son playing above his age category), number of selections
in the national team, and length of career— were analyzed
to investigate any significant association with later occur-
rence of neck pain, pain intensity, and/or NDI score. None
of these 4 items was significantly related to more severe
NDI scores or a greater number of pain complaints.

Finally, former rugby players had had more cervical
spine surgery for degenerative disease (10 cases, 9.9%)
than controls (0 cases) (p = 0.002). All 10 rugby players
concerned were treated for disc herniation and radiculopa-
thy. All except one underwent surgical treatment during
their rugby careers.

Radiological Results
We did not find any difference in Matsumoto score
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TABLE 4. Comparison of cervical range of motion in former
rugby players and controls*

Mean Values (cm) p

Movement Former Rugby Players Controls Value
Flexion 0.58 +1.48 030+0.77  0.79
Extension 19.76 + 2.41 20.41£2.12 0.06
Left rotation 11.80 £ 1.85 10.34 £1.95 <0.001
Right rotation 11.48 +2.17 1110+ 119 <0.001
Left tilt 12.47 £1.90 1110+ 1.90  <0.001
Right tilt 12.70 £ 2.01 11.43+1.93 <0.001

* Bold type indicates statistical significance.

between the groups with respect to the average number
of degenerative discs, disc protrusions, or narrowed disc
spaces or in the average number of fused vertebrae. There
were, however, significant differences in the presence of
foraminal stenosis, the anteroposterior diameter (APD),
and the medulla-to—cervical canal ratio (MCR) (see Table
5 for details). Former rugby players had much narrower
canals than controls. The narrowest average APD found
among former rugby players was 0.88 cm (SD 0.167 cm)
compared with 0.99 cm (SD 0.130 cm) in the control group
(p = 0.007). These values correspond to mean MCR val-
ues of 0.714 (SD 0.102) and 0.620 (SD 0.08), respectively
(p < 0.001). The predominant locations of the narrowest
levels were at C5—6 and C6—7 in each group.

The study of muscle mass showed that former rugby
players had a significantly greater mass than controls
based on the calculated cross-sectional area of the sple-
nius capitis (5.00 cm? [SD 1.69 cm?] vs 3.17 cm? [SD 0.91
cm?], p < 0.001). These differences are illustrated in Figs.
1 and 2.

Dynamic MRI sequences showed 6 dynamic spinal
cord compressions in the former rugby player group (de-
fined as loss of cerebrospinal fluid anterior and posterior
to the spinal cord during flexion and/or extension of the
neck) and 4 in the control group, a difference that was not
statistically significant (p = 0.48). We did not find any in-
tramedullary lesions in either group.

TABLE 5. Comparison of MRI results in 25 former rugby players
and 25 matched controls*

Former Rugby p
Measure Players Controls Value
Discopathy 416 £1.52 416 +1.57 1.00
Disc protrusion 1.84 £1.40 1.76 £ 1.01 0.82
Disc space narrowing 1.00 +1.06 0.50 £ 1.08 0.1

Foraminal stenosis 144 +1.19 0.64 + 1.04 0.01
Spinal block 3 participants 1 participant 0.61
APD (cm) 0.880+0.167  0.998 + 0.130 0.007
MCR 0.714+£0.102 0.620 £0.0008 <0.001

APD = anteroposterior diameter; MCR = medulla-to—cervical canal ratio.

* Values for discopathy, disc protrusion, disc space narrowing, and foraminal
stenosis are mean Matsumoto scores with standard deviations. Bold type
indicates statistical significance.



Cervical spine in retired professional rugby players

FIG. 1. Representative photographs and axial T1-weighted MR images (obtained at C6-7) showing differences in the paraspinal
muscles of a heavy individual from the control group (A) and a former international rugby player of similar age, height, and weight
(B) (control: age 39 years, height 1.74 m, weight 110 kg; former rugby player: age 40 years, height 1.76 m, weight 114 kg). Note the
difference in muscle cross-sectional area. The MR images show that the control has more subcutaneous fat and less muscle than

the former rugby player. Figure is available in color online only.

Discussion

This study has shown that former rugby players have
decreased neck mobility and significantly greater preva-
lence of neck pain than controls. However, the intensity of
these symptoms and the possible disability they entailed
were comparable in both groups. A narrower cervical ca-
nal and more foraminal stenosis in the rugby group suggest
that participation this sport may promote the development
of degenerative lesions in young retired rugby players. Al-
though only 1 case of neurological disease was noted in
our 101 former rugby players, the rugby players had more
often undergone surgery for a degenerative problem.

Relationship Between Cervical Spine Degenerative
Disease and High-Level Sports

There are relatively few studies about degenerative dis-
orders of the cervical spine related to intensive sports.>!323
The first work on this topic was published in 1982 by Sort-
land et al., who compared radiographs of 43 former inter-
national soccer players with radiographs of controls. The
authors concluded that the onset of degenerative changes

occurred 10 to 20 years earlier in soccer players than in the
control group.”® Kurosawa et al. presented similar results in
their work on 12 veteran amateur soccer players and found
that the degenerative changes were consistent with the ef-
fect of repetitive microtrauma due to heading the ball."* In
2003, Kartal et al. studied the cervical spines of amateur
soccer players. They made 2 types of comparisons: one
between a group of soccer players and a group of healthy
control subjects, and the other between retired soccer play-
ers and healthy control subjects of similar age.”® Despite
the relatively small size of these groups, the studies dem-
onstrated that former athletes may be more likely to have
degenerative cervical lesions as well as a narrower cervical
spinal canal. In addition, active soccer players had a more
limited cervical range of motion compared with controls.
Regarding rugby, only a few studies have indicated more
severe degenerative lesions on imaging studies of individ-
uals who have played this sport. Castinel et al., who re-
viewed static and dynamic MRI studies obtained in active
male rugby players, found more frequent degenerative le-
sions (mainly degenerative discopathies) in older players.®
They underlined the role of dynamic MRI to assess the

FIG. 2. Representative photographs and axial T1-weighted MR images (obtained at C6-7) showing differences in the paraspinal
muscles of a slim individual from the control group (A) and a former international rugby player of similar age, height, and weight
(B) (control: age 41 years, height 1.75 m, weight 71 kg; former rugby player: age 38 years, height 1.74 m, weight 68 kg). Like the
heavier individuals shown in Fig. 1, these 2 men also have significant differences in subcutaneous fat and muscle. Again, the
cross-sectional area of the paraspinal muscles is greater in the former rugby player than in the control. Figure is available in color

online only.

J Neurosurg Spine Volume 23 « November 2015 555



D. Brauge et al.

MCR, because most ratios that were initially assessed as
intermediate with static MRI were subsequently assessed
as abnormal with dynamic MRLS In a similar MRI study,
Berge et al. compared 47 front-line rugby players (includ-
ing 14 retired players) to 40 age-matched controls. They
found more early degenerative alterations and narrower ca-
nals in rugby players at all ages.?

The overrepresentation of individuals who have under-
gone surgical operations in our study population could
seem surprisingly high. Most of them had their surgical
procedures during their sports career and resumed their
rugby activity, indicating that spine surgery does not com-
pletely prohibit contact sports in professional athletes.!?

Bone and Joint Degeneration and Effects on Quality of
Life of Former Athletes

As suggested in similar studies on this topic, our re-
sults seem to confirm the relatively good tolerance of more
serious osteoarticular lesions in high-level athletes.”-6:18.24
Nevertheless, the retired rugby players complained of pain
more than the comparison group, although this symptom
seemed rather well controlled among the former rugby
players in this study. Some hypotheses can be proposed
for this result. To our knowledge, there is no study on the
relation between muscle condition and neck pain. The
present study indicates that former rugby players have
stronger paraspinal muscles than the general population.
Muscle strengthening programs have been shown to be ef-
ficient in controlling chronic neck pain,~° and it has been
shown that former high-level athletes maintain a high level
of physical activity.'®!%21:28 Furthermore, the pain threshold
seems higher in practicing or retired athletes than in the
general population.'®?* In our study, the weekly dura-
tion of training for former rugby players was, on average,
higher than for the men in the control group, although the
difference was not statistically significant. These observa-
tions suggest that regularly practicing a sport could help
to control pain, as has already been claimed by many au-
thors.>20-22- In other circumstances, it has been shown that
muscle trophicity (especially of the quadriceps femoris)
could be a control factor for pain in gonarthrosis.!** Fi-
nally, the relatively high pain tolerance that we observed
could be explained by the social, economic, and psycho-
logical situation of the former professional rugby players,
all but one of whom had an active professional life.

Limitations

Our study has some limitations. The 2 groups studied
were similar with respect to the main factors that promote
the occurrence of premature degenerative cervical spine
disease (type of job, smoking habit, and age). However, it
remains possible that the differences we identified could
have been due to another factor such as height or weight.
This problem was discussed before the beginning of the
study, and we chose not to match the participants on these
characteristics because we wanted the control group to be
a representative sample of the general population for these
particular points. To our knowledge, there is no study that
proves a relationship between height or weight and degen-
erative conditions of the cervical spine. Our study is also
limited by the fact that rugby has been a professional sport
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in France only since 1995, and therefore we examined the
first generation of professionals. With the evolution of the
demands of the game and players’ physical condition, it is
uncertain whether our conclusions apply to current profes-
sional rugby players.?

Another limitation is that professional rugby players
represent a very small proportion of the people playing
rugby on a competitive basis. Maybe professionals are so
superbly conditioned and anatomically/biomechanically
suited to play the game that the impact of the game on
the outcome parameters chosen is minimized or biased.
Perhaps the game has a much greater effect on physical
injuries in serious amateur rugby players, who actually
represent the majority of people at risk. A study focusing
on amateur rugby players could be very interesting to per-
form in the future.

Finally, our study population was rather young, with
a mean age slightly over 40 years. Therefore, we should
be cautious when drawing conclusions for the future. It is
impossible to determine whether the condition of these
former players will worsen with time or if the observed
lesions and symptoms will stabilize after rugby participa-
tion has ended. Longer evaluation time would be neces-
sary to evaluate these former rugby players more than 10
or 20 years after their retirement.

Conclusions

In this study we evaluated cervical spine degeneration
in former rugby players and a comparison group from the
general population in order to investigate the consequenc-
es of contact sports on the cervical spine. To the best of our
knowledge, this is the largest such study performed to date
for any contact sport. Our results indicate that, due to their
former sporting activity, young retired professional rugby
players have more degenerative cervical lesions and clini-
cal consequences than the general population.
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