
ABSTRACT
Parachuting, be it static line or sky-
diving, places enormous stresses on the
human spine. It is, therefore, important
to determine the prevalence and sever-
ity of degenerative changes in the
lumbar spine of subjects who practice
this sport activity.

Seventy four parachuting instructors,
mean age 33 years and with an average
of 410 static line and skydiving jumps,
were included in the study. Past radio-
graphs were examined and compared to
current anterolateral and lateral views
of the lumbar spine, in order to deter-
mine the prevalence of degenerative
changes and document possible
progression.

Doubtful radiographic changes in the
lumbar spine were identified in 47.4
percent of the parachuting instructors,
mild degeneration in 9.6 percent, mod-
erate degenerative disease in 10.9 per-
cent and severe radiographic changes in
5.5 percent. Schmorll nodes were found
in 8.1 percent of the subjects. Traction
spurs - osteophytes were identified in 6.8
percent.The degenerative changes corr-
elated with age and the number of
jumps. Spondylolysis of L5-S1 and L3-
L4 segments were observed in 12.2 and
1.4 percent respectively. Progressive
spondylolisthesis was found in 2
subjects.

No correlation was found between the
severity of radiographic changes and
either the prevalence and the severity of
low back pain

The present findings provide a rat-
ional for considering repeated sheer
stress as an etiology of degenerative
changes in the spinal cord, and as a
possible contributing factor to the
pathogenesis of spondylolysis.

Further study has to be done compar-
ing parachuting instructors to a non-
parachuting group, or equivalent phy-
sically active individuals, in order to
assess the effect of sport-background on
the development of degenerative chan-
ges.

Key words: Spine, Parachuting, Degenerative
disease.

Introduction
The spinal column is second only to the
lower limbs in injuries caused by parachuting
(1-3). Most reports in the literature contain
data regarding acute trauma to the spine and
spinal cord as a result of a single parachuting
injury  (4-7).

Permanent changes in the cervical and
thoracic spine caused by repeated trauma in
military parachutists were previously rep-
orted. No differences were found, however,
in the frequency of permanent changes in the
lumbar spine between the study and
matched control groups (8). The present
study was undertaken in order to examine
the prevalence of permanent radiographic
changes in the lumbar spine of military
parachuting instructors, thereby assessing
the importance of repeated mechanical stress
in the development of such pathology.

Methods
Subjects
Seventy four parachuting instructors at a
training centre involved in static line jumps
and skydiving gave informed consent to par-
ticipate in this study. All were males, mean
age 33 (range 22-54) and had performed an
average of 410 jumps. The majority were
performed with ordinary military parach-
utes, which are opened by a static line and
are not steerable. Some were with sport para-
chutes, which were steerable and were open-
ed, after a free fall, by  ripcord.The majority
of the jumps were made without equipment
on a sandy soil at the training ground.

All the instructors were interviewed by one
of us (YBD), and questioned for complaints
of low back pain, its severity and frequency.
All had  past and  current anteroposterior,
lateral and oblique radiographs of the lumbar
spine. Adequate genital shielding was
maintained during this procedure.

Evaluation of radiographs
Radiographs were studied in a blind fashion
by two senior orthopedic surgeons (DH &
MW). In accordance with the criteria set by
Frymoyer et al (9), lateral radiographs of the
lumbar spine were assessed to the presence
of: (i) Schmorll nodes (ii) lumbar lordosis as
manifested by the Cobb angle measured
between first and fifth lumbar vertebra (iii)
Traction spurs (iv) disc space narrowing (11)
and (v) wedging of intervertebral discs. Ante-
roposterior radiographs were assessed for: (i)
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transitional vertebra (ii) transverse process
length and (iii) occult neural arch defects.
Each radiograph was given a grade according
to the severity of these findings. Narrowing
and osteophytosis were assessed separately
using 5 points grading scale (0=normal,
1=doubtful, 2=mild, 3=moderate, 4=severe)
and the highest grade for either feature was
taken (38) (Table 1).

Table 1. Severity scale of permanent
radiographic changes in the lumbar spine.

Results
Fifty four out of the 74 parachuting instruc-
tors had abnormal radiographic findings in
the lumbar spine. Thirty five (47.4%)
instructors had doubtful radiographic
changes, 7 (9.6%) had mild degeneration, 8
(10.9%) had moderate degenerative disease
of the lumbar spine and 4 (5.5%) had severe
radiographic changes. D12-L1 segment was
more often involved in the degenerative
process (Table 2), though the severe
degenerative changes were found more often
at L5-S1 segment. Degenerative changes in
the lumbar spine were more common among
those who had more experience in
professional parachuting and sky diving
(Table 3a), more significant degenerative
changes tend to increase with age (Table 3b).

Schmorll nodes were found in 6 (8.1%)
patients, mainly in the higher segments of the
lumbar spine and the thoracolumbar tran-
sition zone. Decreased lumbar lordosis was
measured in one percent. Traction spurs -
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Severity Grade

Normal 0

Doubtful 1

Mild 2

Moderate 3

Severe 4

Disc space Grade 1 Grade 2 Grade 3 Grade 4

D12-L1 10.8% 2.7% 2.7% 0

L1-L2 6.8% 1.4% 0 1.4%

L2-L3 10.8% 1.4% 0 0

L3-L4 6.8% 0 2.7% 2.7%

L4-L5 5.4% 0 1.4% 1.4%

L5-S1 6.8% 4.1% 4.1% 0

Number of 
jumps Grade 1 Grade 2 Grade 3 Grade 4

<100 0 0 0 0

101-200 12.2% 0 1.4% 0

201-300 10.8% 4.2% 1.4% 0

301-400 12.2% 2.7% 1.4% 0

>400 12.2% 2.7% 6.7% 5.5%

Age Grade 1 Grade 2 Grade 3 Grade 4

20-29 20.3% 2.7% 0 0

30-39 21.6% 4.1% 1.4% 0

40-49 5.5% 2.8% 5.4% 5.5%

>49 0 0 4.1%

Table 2. Prevalence of degeneration of each grade of severity at each lumbar intervertebral discs
level.

Table 3a. Incidence of degenerative changes of the lumbar spine according to the number of
jumps performed by the parachuting instructors.

Table 3b. Incidence of degenerative changes of the lumbar spine according to the age of the
parachuting instructors.
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osteophytes were identified in 5 (6.8%) and
disc space narrowing was found in 13
(17.6%) subjects, mainly at the L5-S1
intervertebral space. Spondylolysis of L4-L5
segment was found in 9 (12.2) subjects with
documented progressive spondylolisthesis in
two (Figures 1-3). Spondylolysis of L3-L4
segment was found in one, with no evidence
of progression. On anteroposterior radio-
graphs, transitional vertebrae were dem-
onstrated in 2 (3.3%) instructors and large
transverse processes in one. Spina bifida
occulta of S1 was seen in 9 (12.2%) subjects
and of L5 in 2 (2.7%).

Fig 1. At commencement of the duty as parachuting
instructor, alignment of the lumbar spine is normal, there
are no signs of degenerative spondylolysis.

Fig 2. After 5 years there is L4-5 spondylolysis.

No correlation could be demonstrated
between the severity of the radiographic
changes and prevalence and severity of low
back pain.

Discussion
Parachuting, be it static line or free fall, is not
risk free. The risk of acute injury is well
documented in several large population
studies (2-5, 7). Injury is most commonly the
result of badly performed landing causing
83.8 percent of all accidents  (3).

Axial forces acting on the skeleton during
parachuting are tremendous. During para-
chute opening, the spine is subjected to
deceleration in the order of 4.0g for a
standard military parachute (10) and 3.0 to
15g during the opening of a skydiving sport
parachute  (11). On landing, peak decelera-
tion g-forces acting on the spine are 3.2 to
17g depending on canopy type (11).
Maximal spinal tolerance to acceleration or
deceleration g-forces was determined to be at
20g (12).This figure was calculated for acute
injury. However, the cumulative impact of
repeated sub maximal strains inflicted by
repeated parachuting has not been hitherto
determined. Worth a mention is that para-
chute training for static line does involve in
itself a fair amount of stress.

Numerous studies confirm the progression
of disc degenerative changes with increasing
age.There is also an agreement as to the role
of mechanical stress to the spine in the
development of degenerative changes of the
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Fig 3. Eight years after commencement of duty as
parachuting instructor, Grade I L4-5 spondylolisthesis is
evident.
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discs (13), also severe degenerative change at
L5-S1 level is not uncommon in very active
individuals. The vertical stress induced by
parachuting is greatest in the feet and
ascends gradually upwards.At the level of the
lumbar spine it is estimated to be one third of
the force inflicted on the feet (26). Our study
shows that young parachutists had a consid-
erable degree of degenerative changes in the
lumbar spine (73.4%) as compared to the
prevalence reported in other studies in non-
parachuters. In those studies in an invest-
igated population beginning at age 35 rou-
tine X-rays of the lumbar spine were taken.
The occupation of the investigated popu-
lation included manual workers as well as
business and professional workers. A mean of
65% of grade 2-4 disc degeneration was
found (39). Hence parachuting seems,
therefore, to hasten the normal degenerative
process.

The prevalence of spondylolysis among
parachuting instructors was 13.6 percent as
compared to only 6 percent in the general
adult population (15).

The cause of spondylolysis is unclear.
Genetic factors probably play some role
because 26 percent of the first-degree
relatives of subjects with demonstrable
spondylolysis have a similar problem (27).
Other evidence suggests that spondylolysis is
an acquired defect, related to mechanical
loading on the spine. It is more common
among people who load their spines partic-
ularly vigorously, such as gymnasts (28),
weightlifters (29) and fast bowlers in cricket
(30). Conversely spondylolysis is never seen
in the fetus or in new-born children (27,31),
it is rare until the age of 5 years, is absent in
people who have never walked (32), and is
not found in other primates who do not walk
upright (33). It is reasonable to conclude
from the available evidence that spondy-
lolysis may be caused by excessive
mechanical loading on a spine that may be
predisposed to injury by some inherited
weakness in the pars interarticularis. Exper-
iments on isolated cadaveric vertebrae have
confirmed that fracture of the pars
resembling spondylolysis can be caused by
simulating a hyperflexion injury (34), or by
applying posteriorly directed forces to the
inferior articular processes (35). Also it was
found on cadaveric lumbar spine that
activities involving alternating flexion and
extension movements cause large stress
reversals in the pars and pose the greatest
threat of spondylolysis (36), hence one may
conclude that parachuting, which involves
excessive mechanical load, axial and bending
loads (22,25) may contribute significantly to
the development of spondylolysis.

The implications of the presence of
spondylolysis in paratroopers are quite
controversial. Other studies suggest that
skeletally mature high performance athletes
can pursue strenuous short-term activities

without risking progression of spondylolysis
to listhesis (16). Those of our subjects
identified as having progressive spondy-
lolisthesis have withdrawn from parachuting.
In our opinion it would be wiser to advise
individuals with symptomatic spondylolysis
to refrain from parachuting. Those with
asymptomatic spondylolysis should be
closely followed.

Spina bifida occulta was found in 14.9
percent of the parachuting instructors. In a
cohort study done in the general population
in Israel, prevalence rate of S1 spina bifida
occulta was 33 percent in male aged 18-50
years (14). The association of spina bifida
and spondylolysis was noted in the past (37),
but in our study only one parachuting
instructor had a coexistence of  both, hence
we consider the high incidence of spina
bifida occulta to be incidental.

Based on the results of our study
parachuting predisposes to spondylolysis and
to degenerative changes of the lumbar spine.
Further study needs to be done comparing
parachuting instructors to a non-parachuting
group or equivalent physically active
individuals, in order to assess the effect of
sport-background on the development of
degenerative changes.

We suggest that symptomatic subjects
withhold from participating in parachuting
activities.Whether asymptomatic young men
with degenerative spinal changes have to be
withdrawn from parachuting needs further
investigation and follow up.
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