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Spine Surgery in Athletes With Low Back Pain-Considerations for 
Management and Treatment
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While degenerative lumbar spine conditions are common in the general population, there are unique considerations when diagnosed 
in high-level athletes. Genetic factors have been identified as a more significant contributor to the development of degenerative disc 
disease than occupational risks, however, some have postulated that the incessant training of young, competitive athletes may put them 
at a greater risk for accelerated disease. The evidence-based literature regarding lumbar disc herniation in elite athletes suggests that 
it is reasonable to expect excellent clinical outcomes and successful return-to-sport after either operative or non-operative treatment 
regardless of sport played. However, those athletes who require repetitive torque on their lumbar spines may have poorer long-term 
outcomes if surgical treatment is required for this condition. Painful spondylolysis in the athlete can often be treated successfully with 
non-operative treatment, however, if surgery is required, pars repair techniques provides a motion-sparing alternative that may lead to 
successful return to sport.
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1. Background
Low back pain (LBP) is a common complaint in athletes 

participating at the high school, college and professional 
levels with more than 30% of athletes reporting it during 
their careers (1). More than 50% of young athletes experi-
ence back pain by age 15 and 10-15% report consistent back 
pain with activities (2, 3). The incidence of LBP in college 
athletes ranges between 7-65% and accounted for 30% of 
lost playing time for college level football players (4-6). 
Even at the elite level, this symptom is one of the most 
common causes of missed playing time with up to 75% of 
elite athletes having one or more episodes (7, 8). The pa-
thology most commonly associated with lower back pain 
in athletes is degenerative disc disease, disc herniation, 
and/or spondylolysis/spondylolisthesis. However, other 
potential causes include Scheuermann’s kyphosis, sacral 
stress fractures, neoplasms, infection, scoliosis as well as 
idiopathic causes (5, 8-11)

2. Lumbar Degenerative Disc Disease
The etiology of degenerative disc disease in the general 

populace is multifactorial, including genetic predisposi-
tion, occupational/leisure physical loading, aging, smok-
ing, and anthropomorphic factors (12, 13). Over the past 
20 years, the thoughts regarding the development of disc 
degeneration has undergone a paradigm shift, in which 
physical loading activity that was once thought to lead to 

disc degeneration has been replaced with genetic-related 
factors (12, 14, 15). While current research on the general 
populace describes leisure and occupational loading as 
having only a modest effect on degenerative disc disease, 
elite athletes experience greater forces on the lumbar 
spine over prolonged and consistent training periods 
which typically start during childhood. These forces 
have been postulated to contribute to early degenera-
tive changes and result in a higher prevalence of disc de-
generative changes compared to non-athletes (13). From 
a mechanistic perspective, the primary concern is that 
degenerative disc disease can be induced in elite athletes 
by the daily, repetitive loads on a vulnerable, growing 
lumbar spine; often greater than those experienced by 
manual laborers (8, 13, 16-18).

2.1. Radiographic Imaging
Typically, plain anteroposterior and lateral radiographs 

are used in the initial assessment of discogenic pain. Flex-
ion and extension lumbar radiographs may be used to 
show mobility across the lumbar segment; however, the 
cost of additional radiation has caused its clinical util-
ity to be questioned (19). MRI imaging provides a more 
detailed view of disc pathology and is highly sensitive to 
degenerative changes such as loss of signal intensity on 
T2-weighted images, annular tears, high intensity zones, 
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and associated bone marrow/vertebral endplate changes 
defined as Modic changes (20). The clinical significance 
of these findings is controversial, as one recent study sug-
gested that the presence of high intensity zones, thought 
by many to correlate with back pain, does not reliably 
lead to a diagnosis of internal disk disruption (21).

2.2. Management

2.2.1. Non-operative
Non-operative intervention remains the mainstay of 

treatment of discogenic pain in the athlete. Of the mul-
tiple rehabilitation protocols that have been suggested, 
one of the most commonly cited details five-stage rehabil-
itation program (Table 1) (22). Stage I (early protected mo-
bilization) consists of a short period of rest followed by 
various pharmacologic and noninvasive modalities (heat 
or ice, NSAIDS and epidural injections). Early lumbar and 
lower extremity ROM restoring exercise are started once 
pain is controlled. Stage II (dynamic spinal stabilization) 
consists of co-contraction exercises of the lumbar exten-
sor and abdominal muscles to strengthen the injured 
motion segment. Stage III (lumbar muscle strengthen-

ing) is comprised of lumbar strengthening, with initial 
gains thought to be a result of improved neuromuscular 
firing. Stage IV (return to sports activity) consists of plyo-
metric exercise composed of resisted stretch, eccentric 
contraction and explosive concentric contraction. Return 
to play requires (1) a full, painless range of motion, (2) the 
ability to maintain a neutral spine position during sports 
specific exercises and (3) return of muscular strength, 
endurance and control. Stage V (maintenance program) 
consists of regular home and warm-up exercises (22). The 
timeframe for each stage varies by each athlete’s clinical 
picture with each unique recovery pattern directing the 
program. Guidelines for return to athletic competition 
after non-operative treatment is based on literature com-
prised primarily of expert opinion. There are generally 
agreed upon requirements; 1) the athlete must have had 
adequate time to recover from the injury with relative as-
surance that they will not have a recurrent injury. 2) They 
must demonstrate pre-injury athletic performance pro-
ficiency. 3) The athlete should be pain free, exhibit pre-
injury range of motion and pre-injury strength. 4) They 
should be able to perform sport specific maneuvers with-
out significant abnormal movement (6, 23, 24).

Table 1.  Acute internal disc disruption rehabilitation program described by Cooke et al. (22)

Rehabilitation Program Stages Stage Components

Stage I: Early protected mobilization 1. Patient education: maintaining a neutral spine

2. Relative rest: < 2 days of absolute bed rest

3. Pain control

a. Physical Modalities: superficial heat and cold

b. Oral Medications: NSAIDS

c. Manual Therapy

d. Epidural steroid/anesthetic injections

e. Short term bracing

4. Early exercise: Restoration of range of motion and low impact aerobics

Stage II: Dynamic spinal stabilization 1. Gain dynamic control of segmental spine and kinetic chain forces

a. Co-contraction exercises of the lumbar extensor and abdominals

b. Progressive intensity

c. Isometric strengthening

Stage III: Spine safe strengthening and condi-
tioning training

1. Isotonic exercises: Early gains related to improved neuromuscular control

2. Aerobic exercise: 20-30 minutes, 2-3 times per week

Stage IV: Return to sports 1. Return to play requires

a. Full, pain free range of motion

b. Ability to maintain a neutral spine position during sports specific 
exercises

c. Restoration of muscular strength, endurance and control

2. Plyometric exercises

3. Sports specific retraining

Stage V : Maintenance program 1. Home exercises performed at least 3 times per week

2. Daily stretching
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2.2.2. Operative
Indications for operative treatment of DDD include 1) 

mechanical low back pain correlated with positive find-
ings on imaging, 2) continuous symptoms for at least 
four to six months despite active non operative treat-
ment and 3) localized midline spinal tenderness that cor-
responds to the radiographic level of disease (6). While 
surgical treatment with either total disc replacement or 
lumbar fusion for DDD in the general population has led 
to variable clinical outcomes, to date, there are few pub-
lished series of lumbar fusion for DDD treatment in high-
level athletes (25, 26). In 39 professional, competitive and 
recreational athletes who underwent operative treat-
ment for DDD using TDR with a mean follow-up of 26.3 
months, Siepe et al. reported significantly improved VAS 
and ODI scores, improved athletic performance in 84.6% 
and an overall return-to-sport rate of 94.9%. Peak fitness 
and full recovery were reportedly achieved at an average 
of 5.2 months postoperatively (16). In 24 active military 
personnel with DDD undergoing lumbar TDR and fusion, 
83% of the 12 TDR patients returned to unrestricted full 
duty as did 67% of ALIF patients (P > 0.05). The authors 
concluded that TDR was comparable to fusion and may 
expedite the return to duty (27). In the largest series of 
professional athletes who have reportedly returned to 
play after a lumbar fusion, Schroeder et al. reported eight 
hockey players who underwent a single-level procedure 
who played an average of 203 games over a 4-years peri-
od of time, with no significant difference in number of 
games played per season or performance score both be-
fore and after the procedure (28).

3. Lumbar Disc Herniation
Although it is yet unknown whether elite athletes are 

at higher risk for lumbar disc herniation (LDH), one of 
the most common mechanisms that cause a herniation 
in athletes is combined flexion with compression, com-
promising the material nature of the disc and annular 
fibrosis (29). Sports that replicate these movements in-
clude but are not limited to football, wrestling, hockey, 
gymnastics, tennis and golf. Lumbar disc herniation is 
a relatively routine complaint amongst athletes, with 
ages 20-35 at the highest risk for disc injury (29). This is 
supported by data from the National Football League re-
porting that lumbar disc herniation accounted for 8.6% 
of spinal injuries and resulted in an average of 52 days 
missed per injury (30). Furthermore, LDH accounted 
for 43% of all lumbar injuries for tennis players (29). For 
the elite athlete patient population, few studies on the 
treatment of lumbar disc herniation exist to guide treat-
ment. In the flagship study from the Professional Ath-
lete Spine Initiative (PASI) in 342 patients, players with 
a diagnosis of LDH from hockey, baseball, football and 
basketball, successfully returned to play 82% of the time, 
with 81% of surgically treated patients returning to play 
for an average additional 3.3 years (31).

3.1. Imaging
Plain radiographs may be normal in cases of lumbar 

disc herniation, although a lateral lumbosacral view 
may demonstrate a non-specific slight reduction in disk 
space height. Some authors contend that plain radiog-
raphy is not useful in diagnosing disc herniation (32). 
MRI is the imaging modality of choice and typically ac-
cepted as the most sensitive test for detecting hernia-
tions and nerve root compression (5).

3.2. Management

3.2.1. Non-operative
In general, LDH in athletes carries a favorable progno-

sis with more than 90% of players with a disc herniation 
improving with non-operative treatment, showing a 
response to conservative therapy with improved pain 
and sciatica within 6 weeks of the initial onset (5). Non-
operative treatment in athletes is similar to the general 
public, initially discouraging bed rest and encouraging 
early activity, such as a progressive walking program 
(5). While physical therapy for LDH typically consists 
of lumbar extension and core strengthening exercises, 
few, if any trials have shown these exercises to have a 
significant advantage over other treatments such as ac-
tivity restriction (5). Epidural corticosteroid injections 
have questionable long-term efficacy but may provide 
an alternative to surgery in high level athletes (33).

3.3. Operative Treatment
While randomized control trials in the general popu-

lation (SPORT) have demonstrated excellent clinical 
results after surgical treatment for LDH, outcomes in 
professional athletes have historically been less clear 
(34). These players have often been unfairly negatively 
profiled and scrutinized by the national media when 
they fail to meet expectations after surgery and ignored 
when they successfully return (31) Recent data from 
retrospective clinical studies suggest that clinical out-
comes are better than that predicted from the lay press. 
In a study of 137 National Football League (a difference 
in outcome) players with LDH, surgical treatment led to 
a significantly longer career and higher return to play 
rate than those treated non-operatively ((37 months vs. 
24 months, respectively; P = 03 ) and (36 games vs. 20 
games, respectively; P = 002)) (10). Similarly, Schroeder 
et al. reported 85% RTP rates in 87 hockey players with no 
significant difference in rates or outcomes between the 
surgical and nonsurgical cohorts, an outcome found 
in major league baseball players as well (28, 35). These 
studies conclude that although a diagnosis of lumbar 
disc herniation has career-ending potential, most play-
ers are able to return to play and generate excellent per-
formance-based outcomes, even if surgery is required 
(10). Recent data also suggests that physical demands 
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specific to sport may affect outcome after surgical treat-
ment for a lumbar disc herniation. For example, Ameri-
can football players have a significantly lower rate of 
return-to-play than baseball athletes, which could be ex-
plained by the physical nature of the respective sports 
(31). Furthermore, comparative studies show that a lum-
bar discectomy may lead to a shorter career in baseball 
players compared to non-operative treatment (233 ver-
sus 342 games, respectively; P = 0.08), suggesting that 
physical demands unique to this sport may lead to a 
difference in outcome (35). While the etiology of this ef-
fect has yet to be proven, some authors have postulated 
that the twisting nature of some sports may predispose 
players to chronic problems after disc surgery. In an in 
vivo study quantifying trunk axial rotation and angu-
lar acceleration in professional pitchers and batters, 
significant forces were generated with near front foot 
contact for pitching and after ball contact for batting 
(36). Other factors have also been demonstrated to af-
fect performance-based outcome after LDH such as pri-
or game experience and age at diagnosis. For example, 
game experience before injury was noted to be a posi-
tive predictor of career length after treatment, which 
may be explained by acquired skills that accommodate 
for any potential physical shortcomings seen after treat-
ment (31). Not surprisingly, age at diagnosis has been a 
negative predictor of career length, which highlights 
the relatively short careers of these players (10, 31). It has 
been opined that the best performance-based outcomes 
from LDH occur in young, experienced athletes (10, 31).

4. Spondylolysis
Spondylolysis, a defect of the pars interarticularis of 

the neural arch, is a risk factor for low back pain, and 
has been reported in as high as 47% of young athletes 
presenting with LBP (37). Professional soccer and base-
ball players were noted to have spondylolysis incidence 
levels of 38.1% and 44.1%, respectively (38). Furthermore, 
in a group of 3132 symptomatic, competitive athletes, 
spondylolysis was diagnosed in 43% of divers, 30% of 
wrestlers and 23% of weight lifters (39).

4.1. Imaging
Plain radiographs can diagnose spondylolysis in many 

cases (11). The typical views are anteroposterior, lateral and 
oblique. While oblique films may show a fracture through 
the pars interarticularis with a “Scotty dog sign”, the 
amount of radiation from such a study coupled with the 
relative low sensitivity have led to many surgeons to aban-
don evaluation with this view (2). CT scan is considered 
the best method for identifying a spondylolytic defect, 
providing multiple views using thin cuts and allowing 
detailed visualization of the bony morphology, typically 
using a reverse gantry angle (40). Because CT is often un-
able to distinguish active and inactive lesions, this study 
can be used in conjunction with single photon emission 

computed tomography (SPECT), a nuclear medicine tech-
nique that uses radioisotopes to generate multiple imag-
ing planes (11, 41). The radiation risk of neoplastic change 
with CT scans is present, especially in the female pediatric 
population, with the estimated number of cancer cases at-
tributed to pediatric CT exposure is as high as one for every 
300 abdomen/pelvis or 270 spine CTs (42). SPECT has a com-
parable radiation exposure of 3-4mSv, approximately half 
the dose of a spine CT (43). SPECT scans may be considered 
without CT, but only when an acute fracture is suspected. 
While historical use of MRI has not been recommended for 
detecting pars defects because of its inability to display ad-
equate bony anatomy, more recent studies have suggested 
that specific sequences can allow for a high interobserver 
and intraobserver reliability compared to CT and SPECT 
scans, leading to an adopted classification system (40). 
Campbell et al. demonstrated that MRI was able to detect 
abnormality on 98% of pars defects and concluded that 
this could be used as a first line imaging modality for juve-
nile spondylolysis (40).

4.2. Management

4.2.1. Non-operative
The primary goal of spondylolysis treatment is to 

minimize pain while restoring function and motion. 
Conservative treatment is the first-line management for 
spondylolysis, with care given to bone healing potential, 
in hopes of limiting those conditions that lead to spon-
dylolisthesis (44, 45). In acute fractures, athletes are 
instructed to undergo activity modification, including 
cessation of competitive play. Regardless of the activity 
modification program selected, patients must rest for at 
least a short duration to allow for bone healing. A study 
of soccer players showed decreased performance mark-
ers in those foregoing 3 months of rest, as compared to 
the cohort which underwent 3 months of rest prior to 
restarting play (45, 46). Bracing can also be used as an 
adjunct to activity modification. The most frequently 
referenced treatment and bracing protocol for spondy-
lolysis is with use of a Boston brace with recommended 
wear of 23 hours a day (Figure 1). (2, 47). Clinical data in 
soccer players with spondylolysis suggests that compli-
ance to the brace treatment regimen is likely more im-
portant than the particular brace type (45, 46). Regard-
less of protocol used, most published expert opinions 
agree that bracing is discontinued once the patient is 
asymptomatic, regardless of the fracture having healed.

4.3. Operative

4.3.1. Pars Repair
Symptomatic back pain after 6 months of failed non-op-

erative treatment is an indication for surgical interven-
tion. Additional indications are interval progression of
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Figure 1. A Boston Overlap Brace (48)

spondylolisthesis and/or persistent neurologic symp-
toms or radiculopathy (2, 11, 45). Regardless of the surgi-
cal technique, debridement of any fibrous defect is es-
sential as synovial pseudoarthorisis can occur at the pars 
and create a barrier that prevents healing (45). Direct pars 
repair in the athlete population may be ideal because it 
spares both the muscle dissection and preserves motion 
of the spine, as compared to fusion. Indications include 
patients 1) less than 25 years, 2) without significant disc 
degeneration, 3) temporary response to a lysis block, and 
4) spondylolisthesis less than 3 mm (6, 49). There are mul-
tiple constructs available for direct pars repair: single lag 
screw (Buck), cerclage wire (Scott), pedicle screw, hook 
screw (Morscher), pedicle screw cable (Songer) and ped-
icle screw hook fixation (50). Based on these clinical stud-
ies comparing the techniques, it appears that screw con-
structs are superior to wiring in pars repair techniques 
(49-52).

Figure 2. A 22-years-old Female Olympic Equestrian, Presented with Grade III Spondylolisthesis without Neurological Deficits. After a one-Level Anterior 
Lumbar Interbody Fusion with Percutaneous Posterior Fixation, Solid Fusion was Achieved 4 Months after the Operation. The Patient was Able to Success-
fully Return to Competitive Horseback Ridin



Burgmeier RJ et al.

Asian J Sports Med. 2014;5(4):e242846

4.4. Return to Play
After a pars repair, Radcliff et al. describe a rehabilita-

tion protocol beginning with core strengthening and 
non- impact activity 2 weeks postoperatively. During the 
first 3 months, all exercises are done with a neutral spine. 
At 3 months, higher impact training may start and at 
4-6 months sport specific training begins. Athletes may 
return to play when they demonstrate normal strength, 
normal range of motion and no pain with sport specific 
activity; typically occurring at 6-12 months after surgery. 
This group notes that while radiographic evidence of fu-
sion is preferred, this is the least important RTP determi-
nant (45). Other studies demonstrate a wide variability 
in the recommendations of activity given by surgeons 
after lumbar fusion, ranging from 62-66% allowing RTP 
for noncontact sports at 6 months postoperatively to 
complete delay for at least one year (53, 54). Anecdot-
ally, from our experience, there are very few restrictions 
after surgical treatment of spondylolisthesis (even with 
fusion) as long as the surgical construct spans one level 
(Figure 2). With the evidence that professional athletes 
can resume contact sports after such a procedure, play-
ers can be counseled as to the expectations after surgery. 
While the demanding nature of a twisting sport such as 
baseball is discussed when applicable, the evidence from 
our institution suggests that athletes can be encouraged 
to return to sport after an appropriate rehabilitation pro-
gram following surgery.

5. Discussion
Degenerative spine conditions are common in athletes, 

especially at higher levels of competition, and present 
unique considerations when planning conservative and 
surgical treatment. Degenerative disc disease may be 
more common in competitive athletes, likely due to the 
incessant training at a growing age. The recent evidence-
based literature regarding lumbar disc herniation in elite 
athletes suggests that it is reasonable to expect excellent 
clinical outcomes and successful return-to-sport after ei-
ther operative or non-operative treatment, regardless of 
sport played. However, those athletes who require repeti-
tive torque on their lumbar spines may have poorer long-
term outcomes if surgical treatment is required. Painful 
spondylolysis in athletes can often be successfully treat-
ed non-operatively, however, when surgery is required, 
direct pars repair provides a motion sparing alternative 
which has been shown in athletes of all levels, including 
professional contact sports, to lead to successful return 
to play.
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