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a  b  s  t  r  a  c  t

Objectives:  To  understand  that  young  athletes  have  a higher  incidence  of  pars  interarticularis  defects  than
the  general  population.  This  may  be due  to  an  immature  spine  put  under  higher  stress  loads  at  an early
age.  Traditionally,  surgery  was  reserved  for  those  who  failed  conservative  therapy,  and  consisted  of  open
exposure,  bone  grafting  and  placement  of pedicle  screws.  This  leads  to a  long  recovery  period  and  limited
ability  to return  to competitive  sport.
Methods:  Four  collegiate  and  professional  level  athletes,  three  high  school  athletes,  and  one  member  of
the National  Guard  presented  with  back  pain  from  spondylolysis  without  spondylolisthesis.  All under-
went  minimally  invasive  surgery  (MIS)  to directly  repair  the  pars  defect,  for  a  total  of sixteen  pars
defects  repaired  in eight  patients.  Described  is  an application  of  a MIS  pars  repair  technique  that  has  not
previously  been  reported,  which  recreates  the  normal  anatomy  rather  fusing  across  a  motion  segment.
Results:  Five  patients  were  discharged  the day  following  surgery  and  three  were  discharged  on  postop-
erative  day  2.  Six  of the  patients  returned  to  their  previous  level  of  competitiveness.  Two  were unable  to
achieve  the  same  level  of  play,  both  of whom  failed  to fuse  the  spondylolysis.  Patients  all  initially  reported
clinical  improvement  postoperatively  and  there  was  overall  mean  improvement  on patient  reported  out-
come measures  (SF36  physical  and  mental  component  scores,  visual  analog  scale,  and  Oswestry  disability
index).
Conclusion:  MIS  advantages  include  less  muscle  tissue  disruption  and  restoration  of  the  natural  anatomy.
This  leads  to  a  more  rapid  recovery,  decreased  perioperative  pain,  minimal  blood  loss,  earlier  mobilization
and  decreased  hospital  length  of  stay.  Overall  this  allows  the  athlete  to start  therapy  earlier  and  return  to
competition  sooner  and at his/her  pre-operative  competitive  level.  The  described  MIS  repair  technique
outcomes  are similar  to those  that have  been  reported  in the  literature  and  have  allowed  a high  rate of
return  to athletics  in  high  performing  patients;  critical  to their  quality  of  life.

© 2015  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Elite young athletes (teens to late 1920s) have a higher incidence
of pars interarticularis defect than the general population. The inci-
dence in the general population ranges from 3% to 6%, with 80%
of them being asymptomatic [10,14]. In comparison, an incidence
of 13.9% has been reported in young athletes, with the incidence
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varying depending on the particular sport activity involved [18,24].
Examples of sports with a higher incidence of pars defects include
gymnastics, football (specifically lineman), weight lifting, diving,
and wrestling [10,23,24]. In a review of 3132 competitive athletes,
Rossi and Dragoni found spondylolysis in 23% of weightlifters, 43%
of divers and 30% of wrestlers [24]. In other reviews of the subject,
Soler and Calderon [27] found spondylolysis in 17% of gymnasts
on reviewing 3152 elite athletes, and Iwamoto et al.  [12] found
spondylolysis in 10.4% of 742 college football players.

The exact etiology of spondylolysis has been extensively stud-
ied but remains a subject of ongoing deliberation. It is defined as
a defect in the pars interarticularis, and can be either unilateral
or bilateral in occurrence. It is likely an acquired defect, occurring
due to acute or repetitive microtrauma injury during childhood or
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during early adulthood. Evidence to support this includes Baker’s
prospective study in the 1950s which found the incidence of a lytic
pars defect to be 4.4% at 6 years of age, increasing to 6% by the
time the population reached adulthood [9]. In addition, if there is
any listhesis associated with the pars defect it occurs during child-
hood or early adulthood and stabilizes [2,9,11]. There may  be a
congenital weakness present in the pars of susceptible patients
that predisposes them to an isthmic spondylolysis when associated
with certain activities [9,33]. Alternatively, it may  be that an imma-
ture spine, placed under supranormal stress at an early age is more
prone to develop this type of injury. High-impact activities requir-
ing alternating flexion and extension with repetition may  lead to a
fatigue or stress fracture of the pars interarticularis. The levels most
susceptible to pars defects are L5 (85–95%) and L4 (5–15%) [28].

Recent advances in minimal access techniques have allowed
many procedures which traditionally have been performed through
an open, muscle dissecting approach to be performed through a
muscle dilating approach. Minimally invasive spine (MIS) decom-
pression has been shown in comparison with open laminectomy,
to decrease hospital length of stay, postoperative pain score, nar-
cotic requirement, and allow faster mobilization and postoperative
recovery time. If this is also true in the spondylolysis scenario, it
could translate to faster return to competitive sport in this spe-
cific patient population [17]. MIS  has also been shown to be more
cost-effective than traditional open procedures [1].

In this paper, we describe a novel, minimally invasive procedure
which allows direct repair of the spondylolysis, without requiring
fusion across a motion segment. This procedure is based on tra-
ditional pedicle screw insertion, which is a technique familiar to
all spine surgeons. In this way, the patient receives not only the
above-mentioned benefits of a minimally invasive approach, but
also avoids the deleterious effects of fusion across a lumbar motion
segment.

2. Methods

We  developed a minimally invasive surgery (MIS) for pars inter-
articularis defect repair using the Dynesys® cable system (Zimmer
Holdings, Warsaw, Indiana). Four collegiate and professional level
athletes (2 football, 1 volleyball, 1 hockey), three high school ath-
letes (1 volleyball, 1 track, and 1 football), and one member of the
National Guard, presenting with symptomatic spondylolysis with-
out spondylolisthesis, underwent bilateral pars defect repair (total
of 16 pars defects). Ages of the athletes at the time of surgery ranged
from 16 to 23 years of age. The member of the National Guard
was 46 years of age. All patients had failed medical management
and were unable to participate in their high impact activities sec-
ondary to ongoing pain. Six of the patients had spondylolysis at
L5, and two had pars defects at L3. Seven of the patients reported
back pain exacerbated by extension. Four patients reported bilat-
eral leg symptoms, which was positional. Disc pathology as the
cause of pain was ruled out via MRI  (see example in Fig. 1) preoper-
ative injections into the pars defects provided relief of symptoms,
confirming the diagnosis. Preoperative imaging consisted of MRI
as well as CT and plain X-rays with flexion and extension (see
Figs. 2 and 3). The patients were not required to wear postop-
erative external lumbar orthotic devices. Routine postoperative
care included physical therapy, which started within 4–6 weeks of
surgery. All patients had postoperative CT and serial plain films (see
case examples in Figs. 4–6). Postoperative fusion was  assessed by
the senior author based on the presence of bony growth across the
defect on X-ray and/or CT and lack of motion on flexion-extension
X-rays. Patient reported outcome measures were assessed pre-
operatively and then postoperatively at last follow-up. Patient
follow-up was performed by the senior author.

Fig. 1. T2-weighted sagittal cut magnetic resonance image (MRI) of L-spine showing
relatively normal disk anatomy at L4-5 and L5-S1 in patient with L5 pars defect.

Fig. 2. Pre-operative computed tomography scan (CT) demonstrating defects in the
(A)  right pars and (B) left pars.

Fig. 3. Pre-operative CT coronal cut image showing bilateral pars defects.
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