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The Management of Acute Lumbar Stress Reactions
of the Pedicle and Pars in Professional Athletes

Playing Collision Sports
Alexander R. Vaccaro IV, BS, Srikanth N. Divi, MD, Christopher K. Kepler, MD, MBA,

Gregory D. Schroeder, MD, Andrew C. Hecht, MD, Andrew B. Dossett, MD,
Robert G. Watkins IV, MD, Robert G. Watkins III, MD, Shireen Mansoori, DPT,

Jerome Reid, MSc, and Alexander R. Vaccaro, MD, PhD, MBA

Abstract: Acute stress reactions in the lumbar spine most com-
monly occur in athletes at the pars interarticularis followed by
the pedicle. These reactions occur as a result of repetitive mi-
crotrauma from supraphysiological loads applied to the lumbar
spine. Characteristic motions such as trunk extension and
twisting are also thought to play a role and may be sport-specific.
Other risk factors include increased lumbar lordosis, hamstring
and thoracolumbar fascia tightness, and abdominal weakness.
On physical examination, pain is typically reproduced with
lumbar hyperextension. Currently, magnetic resonance imaging
or nuclear imaging remain the most sensitive imaging modalities
for identifying acute lesions. In the elite athlete, management of
these conditions can be challenging, particularly in those playing
collision sports such as American football, hockey, or rugby.
Nonoperative treatment is the treatment of choice with re-
habilitation programs focused on pain-free positioning and

progressive strengthening. Operative treatment is rare, but may
be warranted for patients symptomatic for > 12 months. Speci-
alized diagnosis protocols as well as treatment and return to play
guidelines from 4 physicians treating elite athletes playing colli-
sion sports are presented and reviewed.

Key Words: spondylolysis, pars fracture, pars, pediculolysis,
pedicle stress fracture, contact athlete, contact sports, collision
sports

(Clin Spine Surg 2020;00:000–000)

Back pain is extremely common in competitive athletes,
with an estimated prevalence of up to 30%.1 In pro-

fessional athletes, low back pain is one of the most common
causes of lost playing time.2 While most occurrences of
back pain in athletes are benign sprains or strains with a
self-limited time course, particularly close attention should
be paid to athletes that are involved in collision sports
where violent contact between players can occur, trans-
ferring large forces through the lumbar spine. Contact
sports are typically defined as those that require the use of
significant physical contact between athletes during play.
With increasing participation and scrutiny of youth in these
types of sports, the American Academy of Pediatrics cre-
ated further subdivisions of sports into collision, contact,
and limited-contact sports. According to their definition,
collision sports (eg, American football, rugby) involves
athletes purposely hitting or colliding with each other or
inanimate objects with significant force.3 In contact sports
(eg, basketball, soccer), athletes routinely make contact
with each other but with less force than in collision sports.
In limited-contact sports (eg, golf, tennis), contact with
other athletes or inanimate objects is infrequent. With the
use of a large amount of force combined with specific
movements in collision sports, repetitive microtrauma can
occur and lead to increased stress concentration in
susceptible regions. Specifically, in the lumbar spine, these
can manifest as acute stress reactions in the pedicle and
more commonly in the pars interarticularis.

Spondylolysis refers to a stress reaction of the pars
interarticularis in the lumbar spine and is a common cause
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of pain in the adolescent population, especially in athletes
engaged in strenuous, repetitive motions. With continued
trauma, this stress reaction can progress to a bony defect
which disrupts the posterior integrity of the neural arch
and potentially allow forward slippage of the cephalad
vertebra. Although less common than the pars, stress re-
actions may also occur in the lumbar pedicle, but require
similar treatment and management. These conditions have
been described extensively in skeletally immature patients,
however, there is a lack of literature regarding diagnostic
and treatment guidelines for adult athletes, specifically
patients involved in collision sports such as American
football, rugby, hockey, or wrestling. The purpose of this
focused review is to briefly summarize the available liter-
ature on the epidemiology, diagnosis, and management of
acute lumbar stress reactions of the pars and pedicle in
professional athletes playing collision sports, such as
American football and rugby, and to formulate recom-
mendations for care and return to play.

PATHOPHYSIOLOGY
Wiltse first theorized that spondylolysis was the re-

sult of repetitive loads to the pars interarticularis, partic-
ularly with lumbar hyperextension and trunk rotation,
resulting in a fatigue fracture rather than the result of one
acute traumatic episode.4 Because of the presence of nu-
merous ossification centers in the posterior elements, and
the fact that full maturation of the bony pars does not
occur until approximately the age of 25, this leaves this
region particularly susceptible to injury.5 Biomechanical
studies involving lumbar spine loading support this theo-
ry. Stress fractures are most commonly seen at the L5
level, likely because the greatest stresses in flexion and
extension are found to occur at the L5–S1 junction as the
mobile lumbar spine transitions to the relatively stiff sac-
rum, with particularly increased concentration of forces in
the pars region.6,7 In addition, the sagittal orientation of
the L5–S1 facet articulation may increase stresses on the
L5 lamina during lateral movements. In a cadaveric study
applying cyclical loading to the inferior articular process
in lumbar vertebrae, characteristic fractures were found in
the pars region in 74% of specimens.8 While stress re-
actions of the pedicle are less common, this same study
showed that 6.8% of specimens also showed evidence of
fatigue fractures in the pedicles, making it the next most
common site of structural failure. Existing reports in the
literature suggest that unilateral spondylolysis commonly
leads to increased stress at the contralateral pedicle,
placing it at risk for fatigue fracture.9–15 In a different
cadaveric study, increased cross-sectional area in the cor-
tical bone may be protective against the increased stress
experienced by the pars, suggesting a possible genetic
predisposition.16 Studies with radiographs analyzing
newborns and adults who had never walked have found no
cases of spondylolysis, indicating that weight-bearing is a
significant contributor in combination with a multi-
factorial etiology.17,18 Last, clinicians should be aware
that spondylolysis can exist at > 1 level at the same time

and they may not be at same stages of healing. For ex-
ample, an athlete could have an acute defect at one level
and a chronic defect at another, presenting a challenging
clinical entity.

Physical risk factors associated development of
lumbar stress reactions include increased lumbar lordosis,
iliopsoas and hamstring inflexibility, tight thoracolumbar
fascia, abdominal weakness, and thoracic kyphosis.5

Muscular tightness in adolescents undergoing rapid
growth, along with a developing and fragile lamina, may
contribute to the development of stress reactions. The
presence of these risk factors in combination with repeti-
tive sport-specific movements involving trunk extension
and rotation places athletes at higher risk. Debnath et al19

classified sports based on 4 major biomechanical move-
ments in noncontact athletes: trunk twisting, kicking,
throwing, and lifting. The authors found increased rates of
pedicle and pars stress reactions in kicking and trunk
twisting sports.

McCleary and Congeni5 described 3 types of athletes
presenting with spondylolysis: a hyperlordotic female
athlete with increase range of motion and flexibility such
as a gymnast; a muscular male athlete with decreased
flexibility and tight paraspinal musculature; and a novice
male or female athlete with poor trunk strength and flex-
ibility who is exposed to repetitive stresses. Athletes in-
volved in collision sports, such as American football and
rugby, generally fit the second type of athlete described
above and are constantly exposed to repeated strenuous
axial loading and hyperextension moments that concen-
trate increase stress to the lumbar spine. Ferguson et al20

theorized that interior linemen were particularly suscepti-
ble to lower lumbar injuries due to forceful collisions from
a 3-point stance where the lumbar spine goes from a po-
sition of flexion to hyperextension, causing significant
shearing forces at the facet joints and leading to a possible
fracture at the pars interarticularis.

EPIDEMIOLOGY
Spondylolysis has been reported to have a preva-

lence ranging from 3% to 6% in the adult population, with
increased rates among white males.21 It is thought to form
in early childhood, increase in incidence during ado-
lescence, and stabilize during adulthood with no sig-
nificant changes in rates in adults over age 20.21 In fact, in
a study of adolescent and adult athletes presenting with
back pain, Micheli and Wood22 found a significantly
higher rate of spondylolysis in adolescents than adults
(47% vs. 5%). The vast majority of these defects occur at
L5 (71%–95%), followed by the L4 level (5%–23%).23,24

Spondylolysis may occur at other levels but is generally
much less common. Initially, these defects are painless and
are unnoticed but may become painful with increased
activity.

Overall rates of spondylolysis in competitive athletes
have been reported to be ∼7%–8%, therefore these rates
are not much higher than the general population. How-
ever, in collision sports and sports involving increased
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stress and load transfer to the lumbar spine such as
gymnastics, weightlifting, wrestling, and American foot-
ball, these rates are thought to be much greater with an
estimated prevalence of up to 20%–30%.2,5,25,26 Sex ap-
pears to be a contributing factor in the incidence of
spondylolysis, with the number of males outnumbering
females from roughly 2:1–3:1.21 In an observational study
of 4790 intercollegiate athletes over a 10-year period,
Keene et al27 found that males were found to have higher
rates of acute back injuries and thoracolumbar injuries
compared with female athletes. There are relatively few
studies analyzing the incidence of spondylolysis in Amer-
ican football athletes. In the study by Keene et al,27 the
authors found significantly higher rates of overall back
injuries among football players (17%) and gymnasts (11%)
compared with other sports. Of these, 21% of back pain in
gymnasts and 3% of back pain in football players were
attributed to spondylolysis.27 In a prospective study ana-
lyzing 506 college football players at the University of
Washington, Semon and Sprengler28 found that 135
(26.6%) of players experienced back pain at some point
during their careers, but only 12 of these players were
diagnosed with spondylolysis (2.4% of all players, 20.6%
of players with imaging). There was no difference in
missed practices or games for these players compared with
players without spondylolysis. The authors concluded that
spondylolysis only minimally impacted the athlete’s ability
to play. In another prospective study involving college
football players from Indiana University, McCarroll
et al29 found that up to 15.2% of players had evidence of
pars defect on plain radiographs, with the highest pro-
portion among linemen, followed by wide receivers, and
running backs (Table 1). While interior linemen were
generally thought to be at higher risk of spondylolysis, this
study suggests that other skilled positions were also
significantly affected.20 Similar to Semon and Sprengler,
the authors found the presence of spondylolysis did not
negatively affect their careers. They suggested that other
factors such as weightlifting, or training techniques also
contribute to stress reactions in the pars, and that
particular attention should be given to proper techniques
of blocking, tackling, weight training, and overall
conditioning.29 In one of the largest prospective studies
on American football players, Iwamoto et al34 analyzed
preparticipation radiographs of 171 high school and 742
college football incoming freshmen and found 11.1% and
10.4% prevalence, respectively, of abnormal radiographs

indicative of spondylolysis. The authors noted a significantly
higher incidence of low back pain in these athletes compared
with those without a preexisting spondylolysis, but did not
stratify based on position. In contrast, Jones et al31

compared 104 college football players to 83 age-matched
controls and found no significant difference in the prevalence
of spondylolysis or back pain.

Data examining professional football players in the
National Football League (NFL) is sparse. Brophy et al32

analyzed college athletes invited to the NFL Combine,
where notable players likely to be drafted are invited to
showcase their physical skills, and found that a preexisting
diagnosis of spondylolysis significantly affected the like-
lihood of continuing to play in the NFL at the running
back position (P= 0.01). The authors also noted a trend
towards significance at the wide receiver position
(P= 0.06) with continuing to play in the NFL.32 Similarly,
Schroeder et al33 retrospectively identified 135 NFL ath-
letes with spondylolysis and with or without an associated
slip and noted an overall decrease in career longevity in
these athletes. Those with a preexisting diagnosis at the
NFL scouting combine also had a significantly lower rate
of being drafted than those without. Of note, however,
there are many cases at the NFL combine where a player
is noted to have a spondylolysis and is totally asympto-
matic. These are often incidentally discovered in players
with no history of low back pain.

Rugby is a similar collision sport where athletes
experience significant axial loading and rotational forces
in scrums and tackles that predispose athletes to lumbar
stress fractures. As such, certain professional rugby soci-
eties have imposed spine screening guidelines for young
athletes, potentially restricting the participation of players
with spinal abnormalities.35 Iwamoto et al30 reported a
prevalence of 15.6% of spondylosis in high school rugby
players, roughly equivalent to rates reported above for
American football.

Stress fractures of the pedicles are much less common
than spondylolysis and thus very few studies are present in
the literature on this topic. Several reports discuss pedicle
fractures in young athletes, ranging from ballet, baseball,
basketball, cricket, lacrosse, soccer, and volleyball
(Table 2).14,15,36–41 While broad epidemiological patterns
are difficult to describe with limited reports, some authors
have speculated pedicle stress fractures are closely related to
spondylolysis and may occur due to slight variations in
directed force through the spinal posterior elements.37

TABLE 1. Prevalence of Spondylolysis and Distribution by Position in American Football
References Prevalence Linemen Wide Receiver Running Back Linebacker Quarterback Defensive Back

Ferguson et al20 College: 6/12 (50%) 6 — — — — —
Semon and Sprengler28 College: 12/58 (20.6%)
McCarroll et al29 College: 22/145 (15.2%) 8 5 4 3 1 1
Iwamoto et al30 High school: 11.1%

College: 10.4%
Jones et al31 College: 5/104 (4.8%)
Keene et al27 College: 4/133 (3.0%)
Brophy et al32 Professional: 25/1405 (1.78%) — 14 11 — — —
Schroeder et al33 Professional: 135/2965 (4.6%)

Clin Spine Surg � Volume 00, Number 00, ’’ 2020 The Management of Acute Lumbar Stress

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved. www.clinicalspinesurgery.com | 3

Copyright r 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



In fact, in an analysis of 13 patients with unilateral
spondylolysis, Sairyo et al41 showed that 2 patients had
contralateral pedicle fractures and 4 other patients showed
evidence of stress reaction such as increased sclerosis in the
pedicles (46.2%). One baseball player developed successive
stress fractures, starting with unilateral spondylolysis then
progressing to a contralateral pedicle stress fracture and
finally contralateral spondylolysis.42 The low incidence of
these injuries make it difficult to study and develop
treatment guidelines. However, biomechanical studies
including finite element models may help clarify risk
factors for developing pedicle stress fractures. Sairyo
et al41 showed that in a finite element model, having a
unilateral spondylolysis significantly increased forces in the
contralateral pedicle and pars during lumbar motion in 6
directions (flexion, extension, lateral bending, and axial
rotation). In particular, contralateral rotation increased
stress concentration at the contralateral pedicle and pars up
to 12.6-fold.41 These findings suggest that surgeons should
be aware of contralateral changes in the pedicle and pars
when spondylolysis is diagnosed in athletes.

CLINICAL PRESENTATION
Patients with lumbar stress fractures typically present

with an insidious onset of back pain. The location of the
pain is characteristically localized to the lower back but
may radiate into the buttocks or the posterior aspect of the
thighs. Aggravating factors include continuing activities,
especially those that involve lumbar extension. Pain is
typically relieved with rest, cessation of activity, and anti-
inflammatories. The severity, extent, and duration of pain
may vary depending on several factors including the type of
sport, activity level, as well as age. Symptoms may gradu-
ally increase over a prolonged period of time ranging from
weeks to months. Patients do not typically complain of any
neurological abnormalities such as radicular pain or
weakness. Any deficits in sport-specific activities such as
running or throwing may be limitations secondary to pain.
Athletes may also report stiffness in the surrounding hip
and thigh areas and difficulties bending over.

Physical examination typically reveals no visual ab-
normality of the lumbar spine. There may be localized
tenderness to the low back and associated muscle spasm.
If significant guarding is present, a compensatory lean or
list may be seen.43 In addition, an antalgic gait may occur
if the athlete is acutely in pain. Lumbar flexion and ex-
tension is often limited due to pain. Jackson et al44 was the
first to describe the one-legged hyperextension test (Stork
test), where the patient is asked to stand on one leg and
extend their lumbar spine. Recreation of pain on the ip-
silateral side signifies the presence of spondylolysis. While
this test has historically been considered pathognomonic
of spondylolysis, no validation studies have been con-
ducted. Masci et al45 found that it was neither sensitive
nor specific for identifying patients with active spondy-
lolysis. Associated findings may include decreased lumbar
lordosis as well as hamstring tightness. A careful neuro-
logical examination often will reveal intact sensation,
motor strength, and reflexes.

RADIOLOGIC EVALUATION
Proper imaging is central to the accurate diagnosis

of stress fractures to the lumbar spine. Imaging can help
guide therapy and assess the stage of injury, allowing the
physician to determine prognosis and eventual return to
play. Diagnostic modalities include plain radiographs,
computed tomography (CT), radionuclide scintigraphy
[eg, bone scan, single-photon emission computed tomog-
raphy (SPECT), and magnetic resonance imaging (MRI).
The most common initial modality employed is plain
lumbar radiographs, including anteroposterior, lateral,
and oblique views. The use of dynamic flexion and ex-
tension views can help identify the presence of instability.
While plain radiographs have low sensitivity to for de-
tecting early stages of stress reactions, they are helpful in
ruling out other obvious bony pathology such as tumors.
Historically, the lateral oblique or “Scottie dog” view was
regarded as useful for visualizing pars defects and is able
to identify up to 96% of defects when used in combination
with other views (Fig. 1).46

TABLE 2. Reports of Pedicle Fractures or Acute Stress Reactions
in Athletes
References Sport Age/Sex Findings

Amari et al36 Ballet 14/male Bilateral pedicle fracture
at L4 confirmed by CT,
not readily evident on
x-rays

Abel37 Ballet 17/female Bilateral united pedicle
fractures at L4
confirmed by CT

Ireland and
Micheli38

Ballet 18/female Bilateral pedicle fracture
at L2 confirmed by CT,
not appreciated on
initial radiographs

Guillodo et al14 Gymnast 13/female Left L5 spondylolysis,
followed by right L5
pedicle fracture

Kessous et al39 Baseball/
football

16/male Left L5 spondylolysis,
Right L5 pedicle
sclerosis and fracture
confirmed with CT

Parvataneni et al40 Ballet 19/female Bilateral stress fracture of
pedicle at L5, confirmed
by CT

Sairyo et al41 (all
patients with
contralateral pars
defect)

Baseball 17/male Pedicle fracture

Baseball 17/male Pedicle fracture
Basketball 16/male Pedicle sclerosis
Soccer 11/male Pedicle sclerosis
Baseball 15/male Pedicle sclerosis
Volleyball 20/female Pedicle sclerosis

Weatherley et al15 Cricket 26/male Right L4 pedicle fracture,
seen as sclerosis on plain
radiographs, confirmed
with bone scan and CT.
Contralateral pars
defect noticed on bone
scan

CT indicates computed tomography.

Vaccaro IV et al Clin Spine Surg � Volume 00, Number 00, ’’ 2020

4 | www.clinicalspinesurgery.com Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.

Copyright r 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



CT is currently considered the gold standard for
identifying spondylolysis.46 It has replaced the lateral
oblique view as a more sensitive method of identifying a
pars defect.5 Because of its superior bony resolution,
multiplanar imaging capability, and utilization of thin-cut
slices, borderline cases that are not readily apparent on
plain radiographs may be readily visualized with this
modality. When viewing the pars region, a reverse gantry
angle is often used to visualize the pars defect in plane. In
addition, CTs conducted at multiple timepoints can reli-
ably detect the progression of bony healing, although this
is rarely recommended due to excessive radiation exposure
and is not typically used to determine return to play.
Figure 2 depicts axial and sagittal slices of chronic pars
defects visualized at L2 and L3 in 1 patient. The superior
resolution provided by CT make it evident that the bony
changes have been present for a prolonged period
indicating that these are chronic changes. Figure 3
shows axial CT slices of a lumbar vertebrae with
increased bony sclerosis and cortical remodeling in the
left pedicle that is typical of a stress reaction (Figs. 3A–D).

Bone scintigraphy is a separate modality that uses
radionuclear tracers to identify metabolically active bone,
thus helping to diagnose the chronicity of spondylolysis or
other reactive bone. Bone scans and SPECT have been
found to be more sensitive than plain radiographs
in detecting pars defects.47 SPECT is especially useful

for identifying evidence of stress reactions before any
radiographic changes are evident.48 In addition, the ap-
pearance and quality of tracer uptake can signal whether
the reactive lesion is active or inactive, suggesting
chronicity.49 An active bone defect is associated with
healing, whereas inactivity likely signals a healed defect or
fibrous nonunion. Overall, this modality is less specific since
it identifies any metabolically active bone, not just stress
reactions. Other causes such as tumors or infections can
show similar uptake, thus necessitating additional imaging
to increase specificity. SPECT can be combined with CT to
anatomically localize active lesions. This can be performed
using 2 separate imaging sequences for SPECT and CT,
respectively and merged afterward. Currently, there are
scanners are available that perform both imaging modal-
ities simultaneously to generate a SPECT-CT image.

MRI’s advantages include the lack of ionizing ra-
diation as well as the ability to assess other pathology,
such as compression on neural elements and discogenic
injuries. It is useful when CT scans are normal for any
bony changes. Increased edema on T2-weighted sequences
can be indicative of prelysis stress lesions, especially ones
that are amenable to bony healing.50 T1-weighted se-
quences can be used to for discontinuities in the cortex and
changes in marrow edema. In addition, signal changes can
be indicative of the chronicity of the lesion. While it has a
poor positive predictive value (14%) and only moderate
sensitivity (57%), it has a high negative predictive value
(97%).5 Compared with CT scans, it has a poorer reso-
lution in the small region of the pars interarticularis but an
adequate resolution for the pedicle region. In a prospective
study directly comparing MRI with CT and bone scin-
tigraphy among young active subjects with acute onset
low back pain, Masci and colleagues found that MRI was
equivalent to CT in identifying active spondylolysis, but
inferior compared with SPECT. This is in contrast to the
findings by Campbell et al,51 who found that MRI was
equivalent to CT and the combination of SPECT-CT.
Several variables may explain the variation in MRI use as
a diagnostic modality, including signal quality, imaging
sequences used, as well as operator error. Overall, MRI is
the imaging modality of choice as it has no radiation and
will detect lumbar disk issues as well. MRI’s sensitivity
approaches up to 90% in cases of spondylolysis or stress
responses. If the MRI is negative, no further imaging is
generally warranted.

Centers have developed their own imaging protocols
utilizing these different modalities. The protocol at
Children’s Hospital Boston utilizes plain x-ray imaging,
followed by SPECT scans in patients presenting with pain
on hyperextension.52 If SPECT scans are positive for dif-
fuse uptakes, these are graded as stress reactions, whereas
focal uptake may be representative of a fracture requiring
a CT scan. McCleary et al5 proposed plain radiographs,
followed by SPECT scan or MRIs if radiographs are
negative. Patients with positive uptake on SPECT scans
or positive findings on MRI undergo CT scans at 12 weeks
to evaluate fracture anatomy and healing, and also to
help evaluate prognosis. In a prospective study of 200

FIGURE 1. Lateral oblique view (Scottie dog) of the lumbar
spine demonstrating disruption of the pars at the L3 vertebra
as demonstrated by the white arrow.
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adolescent athletes presenting with low back pain, plain
radiographs, and MRI were used as initial imaging mo-
dalities and CT was subsequently performed if intensity
changes were observed in the pedicle on MRI.53 Overall,
97 athletes showed evidence of active spondylolysis on
MRI that were missed with plain radiographs, with CT
showing that the majority of patients were in the nonlysis
stage or very early stage of spondylolysis.53 While these
are just a few examples of imaging protocols, practices
vary widely, especially for centers caring for professional
athletes.

In addition, diagnostic injections have been de-
scribed as an additional modality of identifying active
spondylolysis as the etiology of back pain in patients with
multiple pathologies or a mixed clinical picture.54,55 Wu
et al54 described a positive response in pain reduction in 93

of 275 patients with back pain symptoms and a negative
bone scan that underwent a pars injection with a local
anesthetic. Kershen et al55 found that 92% of fluo-
roscopically guided pars injection were successful in re-
ducing back pain. However, when considering chronic
pars fractures, Wald et al56 found that CT-guided pars
injections may only implicate pars defects as the primary
pain generator in a smaller subgroup of patients.

TREATMENT
Historically, treatment protocols have varied based

on physician preferences and are tailored towards in-
dividual situations. The initial treatment is generally
conservative with the initiation of a period of rest to allow
healing of the reactive bone or fracture. Similar to

FIGURE 2. A and B, Axial slices of pars defects at L2 and L3. C and D, Depict left and right parasagittal slices on computed
tomography demonstrating pars defects at L2 and L3.
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bone stress lesions in the appendicular skeleton (eg, tibia,
femur), the time frame for healing can be several months.
Activity modification alone may be the most important
reason for improvement. Bracing has been used as an
adjunct to limit lumbar extension and theoretically reduce
stress on the pars region. However, the duration of bracing
and the weaning protocols can vary widely between
physicians. Studies suggest that compliance with the brace
may be more important than the actual type of brace used
and the brace is typically discontinued once the patient is
asymptomatic.49 Therefore bracing is typically viewed as a

supportive measure until the athlete is able to return to
sport pain-free. To date, no studies have assessed whether
bracing with the addition of a thigh extension is beneficial.
However, historically these types of braces were associated
with significant patient noncompliance. Other con-
troversial treatment modalities include the use of electrical
bone stimulation to increase rates of bone healing.

Popular treatment protocols for pars stress fractures
have involved restricting patients from the activity and the
initial use of an antilordotic Boston brace that is worn full-
time for 4–6 weeks.52,57 This period of time usually allows

FIGURE 3. A–D, Consecutive axial computed tomography slices of a patient with a stress reaction in the left pedicle as evidenced
by the increased bony sclerosis and cortical remodeling along with a unilateral right-sided spondylolysis.
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for a period of rest to allow the symptoms to subside.
During this time, the lumbar extension is avoided and the
patient may start physical therapy targeting flexion ex-
ercises and improving core strength and pelvic flexibility.
After 4–6 weeks, if pain with extension is resolved, the
athlete can return to sport-specific drills and impact con-
ditioning. The length of brace wear is controversial and
often varies depending on the treatment center. In a meta-
analysis, Overley et al58 showed that elite-level athletes
with a mean age of 18.1 years undergoing nonoperative
treatment had a return to play rate of 93% at an average of
5.9 months after starting treatment.

Conservative treatment of pedicle stress fractures
also vary but focus on rest and physical therapy for core
stabilization. In highly active athletes, some reports have
suggested restrictions from sports, full-time thor-
acolumbosacral bracing, and analgesics from 6 weeks to
3 months, followed by repeat imaging to demonstrate
evidence of healing with the formation of bony
callus.40–42,50 Sairyo et al42 demonstrated full healing and
bony union at the 4-month point in an active 17-year-old
baseball player who was allowed to return to play at that
time. At the 6-month point, the player was asymptomatic
and returned to competitive play. In another study, Sairyo
et al41 showed complete bony healing on CT at the
6-month point in a baseball player with a pedicle stress
fracture. Kessous et al39 reported a pain-free examination
and full healing of a pedicle fracture at the 4-month point
in a varsity football athlete. At 5 months, the patient re-
turned to full-contact sports including competitive football
and remained asymptomatic through long-term follow-up.
Some athletes may not heal their pedicle stress fractures

and become asymptomatic with a stable nonunion. If they
are pain-free and no instability exists, they can be cleared
to play.

Operative treatment is generally the last resort for
the management of stress fractures in the lumbar spine.
Patients who have failed nonoperative treatment for a
significant period of time (12 mo or more) and have de-
veloped a symptomatic fibrous nonunion of the pars may
be candidates. The presence of bilateral spondylolysis can
lead to instability and subsequent neurological symptoms.
Early historical treatment of a symptomatic L5 spondy-
lolysis was debridement of the fibrous nonunion in the
pars region and performing an in situ L5–S1 fusion with
autologous iliac crest bone graft.49 Today, the vast ma-
jority of surgeons will perform an instrumented fusion
with or without an interbody spacer if a fusion is selected.
Decompression by removing the L5 lamina is called a Gill
procedure and involves resection of the posterior elements
through the pars defects and a foraminal decompression.

Techniques to avoid fusion have been developed and
involve direct repair of the pars defect (Fig. 4). These include
removal of fibrous nonunion at the pars and
interfragmentary fixation with a compression screw across
the pars defect (Fig. 4A, Buck direct repair technique),
tension band wiring around the transverse process and
lamina (Fig. 4B, Scott wiring technique), pedicle screw-up
going hook fixation below the involved lamina (Fig. 4C),
and bilateral pedicle screw fixation with a rod tension band
below the affected lamina (Fig. 4D).59–62 These techniques
are all motion-sparing and rely on the fact that no significant
instability, symptomatic disk herniation, or disk
degeneration exist at the motion segment. Overley et al58

FIGURE 4. A, Buck compression screw. B, Scott wiring technique. C, Pedicle screw-infralaminar hook construct. D, Pedicle screw-
tension band system.
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showed that elite-level patients undergoing operative
treatment with variations of pars compression screws or
tension band wiring performed well and had a return to play
rate of 90.3% at an average of 6.5 months after surgery.

The fixation of pedicle fractures has been less well
described but may consist of placing a unilateral pedicle
screw in compression across the fracture site.63 This
method can avoid fusion in young athletes and may be
done in a minimally invasive fashion.

TREATMENT GUIDELINES AND RETURN TO
PLAY

A high index of suspicion is the key to the diagnosis
of stress fractures in athletes. Performing a complete history
and physical examination can be challenging when ac-
commodating for elite athletes. The physician must strive to
maintain the same comprehensive medical diagnosis and
treatment for all patients. As treatment practices vary
across the country, this section summarizes diagnostic and
rehabilitation protocols and return to play guidelines from
4 physicians that all actively treat professional NFL ath-
letes.

Los Angeles—Dr Robert Watkins III and
Dr Robert Watkins IV

In any high-level athlete with 3–6 weeks of back
pain, a bone scan with lumbar SPECT is performed. If the
SPECT scan is positive, a CT scan is done to identify the
lesion (Fig. 5). Software that merges the SPECT scan onto
the CT scan is very effective to show the patient, parents,
and other concerned parties exactly the pathology. The
SPECT-CT combination also estimates the age and
healing potential of the lesion. If the SPECT scan is
negative, an MRI is done to identify discogenic injuries.
Many patients initially have an MRI performed because it
is faster, more readily available in the community, less
costly, and without radiation exposure. An MRI is
adequate for diagnosis and treatment in many patients.
However, if a patient is not responding to treatment and/
or requires detailed diagnosis and prognosis, then a
SPECT-CT is performed.

Treatment is the same whether the fracture is in the
pars interarticularis or pedicle. The pedicle has a better
blood supply and may have a higher chance of bony
union. However, a displaced fracture in the pedicle may
cause foraminal stenosis and radiculopathy. We correct
any vitamin D deficiencies in all patients with stress
fractures. The use of Forteo is reasonable in professional
athletes. Initially, we treat with anti-inflammatories to
decrease the pain. Occasionally, we perform a pars block
and transforaminal epidural to decrease severe
symptoms.

Stopping the activity that provokes pain is essential
to recovery from stress fractures. A brace may make a
teenager more compliant with not performing athletic
activities that provoke pain. The SPECT-CT scan that
clearly illustrates the pathology can also make an athlete
more compliant with the treatment program. We do not

brace because we believe that an effective brace to prevent
stress across the lumbosacral junction requires immobili-
zation of the pelvis and hip joints which is not realistic in
modern society. We have found that treatment depends on
stopping the provocative activity and building muscle
strength to protect the injured segment.

Our back rehabilitation program (available in the
Back Doctor App, Fig. 6) establishes a pain-free neutral
spine position. The rehabilitation begins immediately
because the exercises do not stress the injured spine.
There are 7 categories of back exercises, each 1 with 5
levels of increasing difficulty and endurance. The program
trains the muscles to maintain a neutral pain-free position
while adding balance and coordination. The athlete
progresses through the levels as long as they are able to
maintain the proper neutral position without pain. On the
basis of the average level obtained, the athlete is allowed
to return to specific activities. Level 2 allows elliptical,
biking, swimming, and rotator cuff exercises. Level 3
allows running, weightlifting, throwing, hitting, shooting,
skating, rotation, and sport-specific exercises. Level 4
allows squatting, deadlifting, and practicing with the

FIGURE 5. Single-photon emission computed tomography-
computed tomography scan using software to merge both
imaging sequences and localize active lesions.
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team. Level 5 allows professional athletes to return to
sport. Return to play depends on:
(1) Achieving the proper level of the stabilization pro-

gram:
� Level 3 for recreational athletes.
� Level 4 for college athletes.
� Level 5 for professional athletes.

(2) Obtaining good aerobic conditioning.
(3) Performing the sport-specific exercises.
(4) Returning gradually to the sport (ie, minutes pro-

gression).
(5) Continuing the stabilization exercise once the athlete

returns to sport.

In our practice, surgical treatment for stress fractures
is very rare. If an athlete has failed a proper rehabilitation
program for 6–12 months, depending on the unique cir-
cumstances of the case, surgical repair is an option. We
have performed several direct pars repairs under image-
guidance with success. If a fusion is indicated for spon-
dylolisthesis, we typically perform an anterior interbody
fusion followed by posterior pedicle screw fixation.

Dallas—Dr Andrew Dossett
For an acute pars stress reaction or fracture, our

recommendations are that they rest from the activity for a
period of 3 months. They are not to take any nonsteroidal
anti-inflammatories as this has some evidence to delay
bone healing. If the stress reaction and/or fracture is at L3

or above we brace with a lumbosacral orthotic. If the
stress reaction is at L4 or L5, no bracing is necessary as the
literature suggests that a thigh cuff is necessary to properly
immobilize.

At the 6-week follow-up, if the Jackson maneuver
(Stork test) is negative and the examination has normalized,
the patient is started on a nonimpact aerobic conditioning
program as well as an isometric core stability program
specifically avoiding extension and flexion. At 3 months, if
the examination remains normal, the patient is started on a
dynamic core stability program and reintegrated into their
respective sport. We do not reimage at 3 months if the
patient is a teenager, since healing may not go on to occur
in a young patient at this timepoint. In older professional
athletes, both CT and MRI are obtained to assess healing
on CT and edema on MRI. Anecdotally, only about 50%
of stress fractures at L4 and L5 heal.

Treatment of pedicle fractures can be slightly more
difficult and healing time is likely prolonged by an additional
3 months. The same protocol mentioned above is used,
however, the time is altered with conditioning and strength-
ening started at 3 and 6 months instead of 6 and 12 weeks.

In 25 years of treating athletes with pedicle stress
fractures and pars stress fractures, no patients have re-
quired surgery for treatment, as rest and appropriate re-
habilitation seem to work. In this practice, the most
commonly encountered sport for pedicle fractures is
baseball followed by Olympic gymnasts. In the late 1990s,
the 40-man roster of the Texas Rangers was evaluated

FIGURE 6. Watkins back rehabilitation program. Shown here are categories of back exercises, each with 5 levels of progressive
difficulty and endurance.
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radiographically during 2 consecutive spring training pe-
riods. The incidence of chronic spondylolysis within this
group of athletes was just over 20%, indicating that it may
be endemic in baseball players.

New York—Dr Andrew Hecht
When a young athlete presents with low back pain,

we prefer to use MRI (after initial radiographs) as the first
choice for imaging. MRI is useful as it will detect most
acute stress responses, chronic pars defects, and lumbar
disk herniations. Sometimes a CT will miss a stress re-
sponse as bony edema is not something detectable on a CT
scan. Even though MRI will miss ∼8% of spondylolysis
cases it will also rule out other common causes of the low
back in an athlete such as disk herniation, sacral stress
fractures, and inter-spinous ligament injuries (which are
often mistaken for spondylolysis). If the MRI is negative,
a SPECT/CT scan will then be obtained. Once the diag-
nosis is made of a pars defect or pedicle fracture, our
conservative treatment protocol consists of a Boston
overlap brace for 4 weeks and with a subsequent re-
examination of the patient. This allows modification and
limitation of the athlete’s activity level and stresses, par-
ticularly for young athletes, without altering the natural
history of the healing of either a spondylolysis or pedicle
fracture.

If the athlete is still symptomatic after 4 weeks of
conservative treatment, with either complaint of pain or
pain on lumbar extension during a physical examination,
we will continue the brace for another 4 weeks. If they are
asymptomatic, we will then start a trunk isometric phys-
ical therapy program designed by Drs Watkins described
elsewhere in this article. Even if symptomatic at 8 weeks,
we will then start the physical therapy program and re-
move the brace.

If the athlete is asymptomatic after 4 weeks (the
most common scenario), the above-mentioned physical
therapy protocol is initiated. Once the athlete gets to at
least level 3 of the Watkins protocol, we will then begin
sport-specific activities with a gradual return to play be-
tween 8 and 12 weeks if asymptomatic.

At this center, we have rarely ever had to operatively
treat a stress fracture of the pars or pedicle. If the athlete
has recalcitrant symptoms from a pars defect, the surgical
technique will include direct repair with either pedicle
screw/hook construct or cortical screw construct with a
very small amount of iliac crest autograft. Most pars de-
fects are sclerotic defects and need bone grafting to heal
despite the small size. Pedicle fractures can usually be re-
paired with lag screw fixation (usually bilaterally). The
critical point is that the need to repair either of these in-
juries is exceedingly rare.

Philadelphia—Dr Alexander Vaccaro
For the diagnosis of acute stress lesions in a

symptomatic athlete, we prefer to use MRI as the ad-
vanced imaging modality due to its convenience and
availability. While CT scans are superior for the definition
of bony elements, faint fracture lines may be very difficult

to detect in early lesions. Contrarily, edema in the pedicle
present on T2-weighted sequences are highly sensitive for
acute stress reactions. Similar to the use of MRI in de-
tecting stress fractures elsewhere, changes in T2 signal
indicate the presence of bone marrow edema and suggest
increased biomechanical stresses. This allows the detection
of abnormal anatomy as well as increased metabolic ac-
tivity without the need for a SPECT-CT scan. In addition,
MRI can simultaneously identify any abnormalities to
surrounding tissues such as the nerves or disk space. Along
with a thorough examination of the athlete, this helps in
the diagnosis of acute stress reactions. These benefits are
particularly applicable to adolescent athletes, who may be
spared additional radiation with a CT and nuclear medi-
cine scan. In progressive or late lesions, however, a CT can
more clearly delineate the stage of healing and demon-
strate bony union.

Nonoperative treatment for both pars and pedicle
stress fractures often spans a treatment period of
3–4 months, including a combination of rest from the
sport causing injury, as well as rehabilitation in a pain-
free, neutral spine position. The rehabilitation and rest
duration may be extended in cases of a pedicle stress
fracture, depending on the athlete’s symptomatology and
examination findings. Initially, bracing is often used for
4–6 weeks in the adolescent athlete, and occasionally in
the adult contact athlete depending on the identified lesion
on advanced imaging studies. In the adult athlete, braces
are not particularly helpful as we have found that patients
are noncompliant and it is particularly ineffective for pars
lesions at L4 and L5 as concomitant pelvic immobilization
is also required for adequate immobility. In some adult
cases, we also recommend the use of external electric
stimulation and a bone health consult to see if medicinal
treatment (ie, Forteo), may be helpful. Forteo (teripara-
tide) is a 34-amino acid parathyroid hormone analog that
acts as an anabolic agent for increasing bone density.
Administration of this medication has been trialed in the
use of stress fractures with some beneficial response.64

However, both recommendations have not been univer-
sally accepted, as more studies are necessary to understand
their benefits.

Focused physical therapy is imperative and includes a
combination of muscle strengthening, muscle lengthening,
proprioceptive training, and optimization of joint kine-
matics. Initially, the patient is asked to follow spinal pre-
cautions, including avoidance of lumbar extension, lateral
flexion, and rotation for 8–12 weeks, as well as any activ-
ities that reproduce pain. The lumbosacral brace is removed
during therapy, and the rehabilitation program established
by Dr Watkins can begin once a patient’s severe spasm has
subsided. We couple the Watkins’ Protocol with bracing
and core truncal exercises (hollowing) using a pressure bi-
ofeedback unit to promote isolated deep multifidi and
transversus abdominus neuromuscular control. Acute re-
habilitation also includes a progression of sport-specific and
position-specific static and dynamic proprioceptive train-
ing, aquatic therapy for cardiovascular endurance, joint
mobilization, and soft tissue manipulation. Pulsed thermal

Clin Spine Surg � Volume 00, Number 00, ’’ 2020 The Management of Acute Lumbar Stress

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved. www.clinicalspinesurgery.com | 11

Copyright r 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



ultrasound may also be used along the fracture site, as some
literature supports the use of this modality to promote bone
healing.65

Spinal precautions are usually uplifted around
2–3 months, and the patient begins a sport-specific and po-
sition-specific progression at that time. First, the patient
begins a gradual running progression in the sagittal plane
only, followed by a progression of multidirectional move-
ments 2–3 weeks later, so that extension and rotation of the
lumbar spine are not initiated simultaneously. Both the
volume and intensity of training are tracked using a wearable
accelerometer and are slowly progressed to the patient’s
historic workload as long as the patient remains pain-free. If
symptoms are still present at 3 months, continued therapy
with modifications in the therapy protocol are made until
they improve. Rarely is advanced imaging obtained again
such as CT due to excessive radiation exposure. However, if
the patient is recalcitrant to conservative treatment then a
CT may be obtained to assess fracture healing status.

Operative treatment of stress fractures in this practice
is rare and heavily case-dependent. In professional athletes,
conservative management with rest and focused re-
habilitation achieves excellent results in acute stress reactions
and thus operative treatment is rarely indicated. In cases of
adolescent spondylolysis with recalcitrant symptoms, direct
repair with placement of the bone graft and motion-sparing
instrumentation may be used. Figure 7 depicts a case of
multilevel spondylolysis in an adolescent athlete that was
treated using bilateral screw-lamina hook constructs.

CONCLUSIONS
Acute lumbar stress fractures are relatively common

phenomena in highly active individuals, however, there is
limited literature suggesting treatment guidelines, espe-
cially for lumbar pedicle fractures. The literature outlined
here combined with specific treatment guidelines suggest

that patients overall do well with restriction from sports
and focused physical therapy. Surgical techniques exist for
the treatment of acute stress reaction, however, this deci-
sion must be made on a case-by-case basis.
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ProDisc-C Total Disc Replacement Versus Anterior
Cervical Discectomy and Fusion for Single-Level

Symptomatic Cervical Disc Disease
Seven-Year Follow-up of the Prospective Randomized U.S.

Food and Drug Administration Investigational Device Exemption Study
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Background: In patients with single-level cervical degenerative disc disease, total disc arthroplasty can relieve radicular
pain and preserve functional motion between two vertebrae. We compared the efficacy and safety of cervical total disc
arthroplasty with that of anterior cervical discectomy and fusion (ACDF) for the treatment of single-level cervical degen-
erative disc disease between C3-C4 and C6-C7.

Methods: Two hundred and nine patients at thirteen sites were randomly treated with either total disc arthroplasty with
ProDisc-C (n = 103) or with ACDF (n = 106). Patients were assessed preoperatively; at six weeks and three, six, twelve,
eighteen, and twenty-four months postoperatively; and then annually until seven years postoperatively. Outcome mea-
sures included the Neck Disability Index (NDI), the Short Form-36 (SF-36), postoperative neurologic parameters, sec-
ondary surgical procedures, adverse events, neck and arm pain, and satisfaction scores.

Results: At seven years, the overall follow-up rate was 92% (152 of 165). There were no significant differences in
demographic factors, follow-up rate, or patient-reported outcomes between groups. Both procedures were effective in
reducing neck and arm pain and improving andmaintaining function and health-related quality of life. Neurologic status
was improved or maintained in 88% and 89% of the patients in the ProDisc-C and ACDF groups, respectively. After
seven years of follow-up, thirty secondary surgical procedures had been performed in nineteen (18%) of 106 patients in
the ACDF group compared with seven secondary surgical procedures in seven (7%) of 103 patients in the ProDisc-C
group (p = 0.0099). There were no significant differences in the rates of any device-related adverse events between the
groups.

Conclusions: Total disc arthroplasty with ProDisc-C is a safe and effective surgical treatment of single-level symptomatic
cervical degenerative disc disease. Clinical outcomes after total disc arthroplasty with ProDisc-C were similar to those
after ACDF. Patients treated with ProDisc-C had a lower probability of subsequent surgery, suggesting that total disc
arthroplasty provides durable results and has the potential to slow the rate of adjacent-level disease.
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S
ymptomatic cervical degenerative disc disease can be a seri-
ous condition inwhich the dominant symptom is pain in the
neck, shoulders, and arms that is often associated with loss

of function and diminished quality of life. When symptoms of nerve
root compression are not relieved by nonoperative treatment,
surgical decompression is the standard treatment approach1,2.

Anterior cervical discectomy and fusion (ACDF) is a well-
established and effective treatment option in which the diseased
disc is surgically removed in its entirety, including clearing the
anterior spinal canal and nerve root foramina of compres-
sive disc material and osteophytes. The adjacent vertebrae are
fused with an interbody spacer, and metal plates are commonly
used to maintain disc height and alignment. Segment immo-
bilization after fusion is known to lead to additional adjacent-
segment biomechanical stress and degeneration, often resulting
in symptoms3-5.

Like fusion, the aim of total disc arthroplasty is to restore
segmental stability after a complete discectomy and decompres-
sion. Unlike fusion, however, the goal of total disc arthroplasty is
not only neural decompression, as is achieved with traditional
anterior surgery, but also a stable segmental reconstructionwith a
device that allows for continued motion at the operatively treated
disc level6-11. This continued motion at the operatively treated
level may have protective effects on the adjacent motion seg-
ments; therefore, revision surgery should be needed less often due
to less symptomatic degeneration at adjacent levels12,13.

We report the seven-year efficacy and safety outcomes of
the original patients enrolled in a U.S. Food and Drug Ad-
ministration (FDA) Investigational Device Exemption (IDE)
randomized controlled trial in which total disc arthroplasty
with ProDisc-C was compared with ACDF for the treatment of
single-level cervical degenerative disc disease.

Materials and Methods
Study Design

The FDA IDE multicenter randomized controlled trial for the ProDisc-C
total disc arthroplasty system (DePuy Synthes Spine, Raynham, Massa-

chusetts) began in the U.S. in August 2003. From August 2003 to October
2004, 228 patients at thirteen sites underwent 1:1 randomization to deter-
mine whether they would undergo either total disc arthroplasty with the
ProDisc-C or ACDF. This was done with a fixed block randomization se-
quence of four subjects per block generated by the contract research orga-
nization and executed at each site with use of sequenced opaque sealed
envelopes. The surgeon and surgical staff were not blinded to group as-
signment because of surgery preparation requirements. The subject remained
blinded until immediately following surgery. The last randomized patient
was treated in January 2005. Because nineteen patients withdrew before, or
declined to undergo, surgery, a total of 209 patients underwent total disc
arthroplasty (n = 103) or ACDF (n = 106).

Following FDA evaluation of the trial results, ProDisc-C received pre-
market approval in 2007. As part of an FDA-regulated post-approval surveil-
lance study, the original two-year IDE study was extended, and consenting
patients in the original study were followed at annual intervals until seven years
postoperatively. The primary inclusion criteria were cervical degenerative disc

TABLE I Patient Demographics by Treatment Arm

ACDF (N = 106) ProDisc-C (N = 103) P Value

Female (%) 54 55 0.8202

Age* (yr) 43.5 (7.15) 42.1 (8.42) 0.2274

Race (%)

Caucasian 92 85

African American 1 4

Hispanic 5 3

Asian American 0 5

Other 3 3

Body mass index* (kg/m2) 27.34 (5.54) 26.44 (5.32) 0.2315

Smoking status (%) 0.8981

Never 46 50

Former 19 18

Current 35 33

Prior surgical treatment (%)

Any 9 11 0.7646

Discectomy 3 4 0.7393

Intradiscal electrothermal anuloplasty 0 0 1.0000

Laminectomy 5 2 0.2332

Laminotomy 0 0 1.0000

Other 4 7 0.3786

*The values are given as the mean and standard deviation.
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disease causing intractable debilitating radiculopathy from one vertebral seg-
ment between C3-C4 and C6-C7, unresponsiveness to nonoperative treatment
for at least six weeks, and a Neck Disability Index (NDI) score of ‡15 (30%) of
50. Additional details of the study were described previously in reports of two-
year

14
and five-year

15
follow-up results. No changes to the FDA-approved study

design occurred in the main or post-approval studies.

Human Subjects
The initial and post-approval studies received approval from the institutional
review boards at all participating sites and are registered with ClinicalTrials.gov
(NCT00291018). Patients were evaluated preoperatively; at six weeks and three,
six, twelve, eighteen, and twenty-four months postoperatively; and then an-
nually until seven years postoperatively.

Primary outcome measures included the NDI, neurologic success,
secondary surgical procedures (removals, revisions, reoperations, or additional
fixation), and adverse events. Neurologic success was defined as maintenance or
improvement of the results of sensory, motor, and reflex evaluations. Data were
obtained during clinical evaluations by study investigators and research coor-
dinators and by patient self-assessments, including the Short Form-36 (SF-36)
Health Survey and visual analog scales (VASs) for neck and arm pain intensity
and frequency and for patient satisfaction. Radiographic data were obtained
and analyzed by radiologists at each visit.

Statistical Methods
Investigators conducted patient follow-up evaluations in person up to seven
years, collecting data with use of sponsor-designed paper case report forms
(CRFs) that had been verified by site-specific principal investigator surgeons.
Data quality was monitored by independent study monitors to ensure that the
datawere true, accurate, complete, and reliable. Additionally, the FDA performed
several independent audits of the source data at various investigative sites.

Differences between the two treatment groups in preoperative demo-
graphics and postoperative outcomes were analyzed with use of the Fisher exact
test for the categorical variables and the t test for the continuous variables. The
original IDE study had a non-inferiority statistical design using a composite
end point of overall success. The study had 80% power to demonstrate non-

inferiority under the one-sided type-1 error of 5%, a non-inferiority margin of
10%, and an expected success rate of 75% in both groups. The non-inferiority
had been confirmed at the preplanned two-year evaluation.

For the seven-year follow-up evaluation, we used a standard superiority
statistical design to evaluate differences in efficacy and safety between the two
surgical procedures. Variations in outcome scores were analyzed with use of the
two-year and seven-year time points. Differences at the two and seven-year time
points were analyzed with use of two-way repeated-measures analysis of covari-
ance (ANCOVA) with one fixed factor (GROUP—i.e., ProDisc-C and ACDF),
one repeated factor (TIME) with two levels corresponding to two follow-up times
(two and seven years), and the interaction effect between the GROUP and TIME
factors. The preoperative value (e.g., preoperative NDI) of the analyzed dependent
variable was used as a covariate. The dependent variables in the ANCOVA model
were the changes between the two and seven-year time points along with pre-
operative values, respectively. This analytical model is able to adjust to the possible
differences in the preoperative scores between the groups, which could result from
patient attrition. We calculated the adjusted means of change values, and 95%
confidence intervals (CIs) were used for the adjusted means. Differences in pro-
portions of secondary surgical procedures on the surgical index vertebral levels
were analyzed with use of the Fisher exact test. For multiple secondary surgical
procedures, each patient was counted only once. The time to the patient’s first
secondary surgery was analyzed with use of the Kaplan-Meier estimator and tested
with use of a log-rank test. Secondary surgical procedures on adjacent levels were
analyzed with use of two methods. The time to the first secondary surgery on an
adjacent level was analyzed with a Kaplan-Meier estimator, the survival estimates
and differences in survival were tested with a log-rank test, and comparison of the
rates of secondary surgical procedures on the adjacent levels between treatment
groups was performed with the Andersen-Gill model. This model is based on the
Cox proportional hazards model but can accommodate recurrent events. Inci-
dence rates for the occurrence of bone bridging and device removal were calcu-
lated as the rate per person-time of exposure.

Source of Funding
The FDA IDE study was sponsored by Synthes USA HQ, West Chester,
Pennsylvania. No author received compensation for the research for, or

TABLE II Baseline Outcomes by Treatment Arm

Score*

ACDF ProDisc-C P Value

NDI (n = 106 ACDF and 103 ProDisc-C) 52.3 (14.5) 53.9 (15.1) 0.7158

SF-36 (n = 104 ACDF and 103 ProDisc-C)

Physical functioning (PF) 36.6 (10.0) 35.8 (10.5) 0.6069

Role limitation due to physical health (RP) 29.9 (4.5) 30.2 (5.1) 0.6610

Bodily pain (BP) 30.7 (5.7) 30.3 (6.1) 0.5933

General health (GH) 49.1 (10.6) 49.4 (9.5) 0.8315

Energy/fatigue (VT) 38.7 (9.0) 38.3 (8.7) 0.7180

Social functioning (SF) 31.8 (10.5) 31.4 (9.9) 0.7756

Role limitation due to emotional problems (RE) 37 (13.9) 38.7 (13.3) 0.3665

Emotional well-being (MH) 41 (12.1) 40.8 (11.3) 0.9041

Physical component summary (PCS) 35.2 (7.2) 34.5 (7.2) 0.5295

Mental component summary (MCS) 39.9 (12.4) 40.6 (11.7) 0.6524

VAS

Neck pain (n = 104 ACDF and103 ProDisc-C) 65.7 (21.7) 73.0 (19.5) 0.0118

Arm pain (n = 104 ACDF and 103 ProDisc-C) 61 (26.2) 63.9 (28.8) 0.4443

*The values are given as the mean and standard deviation.
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preparation of, this manuscript. DePuy Synthes Spine provided full access to
trial data. All analyses for this study were designed, performed, and vali-
dated by a sponsor-independent biostatistician who was not involved in the
original IDE study.

Results
Follow-up Rates: Overall and by Study Arm

Of 209 patients enrolled, twenty-eight did not participate
in long-term follow-up, ten withdrew, and six died. Among

patients eligible for the seven-year visit, the follow-up rate
was 92% (seventy-nine of eighty-six) in the ProDisc-C group
and 92% (seventy-three of seventy-nine) in the ACDF group
(Fig. 1).

Demographics
There were no differences between the ProDisc-C and ACDF
groups with regard to any of the analyzed demographic factors
(Table I).

Clinical and Patient-Reported Outcomes
The baseline NDI was high, indicating the severity of the
symptoms of the cervical disease. The baseline VAS score for
neck pain was higher in the ProDisc-C group than in the ACDF

group (73.0 and 65.7, respectively, p = 0.0118). The two groups
did not differ at baseline with regard to any other outcome
measures (Table II).

Table III shows adjusted means and their confidence in-
tervals as well as the results of ANCOVA statistical testing for the
patient-reported outcomes. All outcomes except for the SF-36
general health domain were improved, compared with the pre-
operative status, at two years in both study arms (p < 0.05), and
those improvements were maintained at seven years (p < 0.05).
There was no significant difference between the ProDisc-C and

TABLE III Differences from Baseline in Patient-Reported Outcomes by Treatment Arm and Significance of ANCOVA Model Terms

Difference in Score Compared with Baseline*

ACDF ProDisc-C

2 Yr 7 Yr 2 Yr 7 Yr GROUP TIME
GROUP*
TIME

NDI 229.77 (234.14,225.41) 230.30 (234.95,225.66) 232.02 (236.22,227.83) 231.87 (236.34,227.40) 0.3563 0.9758 0.1451

SF-36

Physical
functioning (PF)

9.93 (7.62, 12.23) 9.89 (7.61, 12.18) 12.29 (10.10, 14.47) 10.99 (8.82, 13.16) 0.2211 0.2604 0.4139

Role limitation
due to physical
health (RP)

15.34 (12.52, 18.16) 15.24 (12.35, 18.12) 15.31 (12.64, 17.98) 16.03 (13.29, 18.77) 0.8257 0.8355 0.6803

Role limitation
due to
emotional
problems (RE)

9.80 (7.02, 12.58) 8.01 (4.94, 11.08) 10.26 (7.63, 12.89) 9.67 (6.76, 12.58) 0.5293 0.4496 0.6094

Energy/
fatigue (VT)

10.63 (7.98, 13.29) 10.21 (7.41, 13.01) 11.89 (9.37, 14.41) 12.43 (9.78, 15.09) 0.309 0.1256 0.5686

Emotional
well-being (MH)

7.34 (4.73, 9.96) 5.94 (3.03, 8.85) 7.69 (5.21, 10.17) 7.59 (4.84, 10.35) 0.5478 0.1664 0.5069

Social
functioning (SF)

15.56 (12.89, 18.24) 15.02 (12.17, 17.86) 15.49 (12.95, 18.03) 15.64 (12.94, 18.34) 0.8705 0.1246 0.7072

Bodily pain (BP) 14.28 (11.59, 16.97) 15.94 (13.13, 18.74) 17.23 (14.68, 19.78) 16.05 (13.39, 18.70) 0.3563 0.9758 0.1451

General
health (GH)

0.84 (21.29, 2.97) 0.64 (21.76, 3.05) 1.61 (20.41, 3.63) 0.21 (22.07, 2.49) 0.9043 0.0679 0.4095

Physical
component
summary (PCS)

10.91 (8.49, 13.32) 12.09 (9.70, 14.48) 13.12 (10.84, 15.41) 12.24 (9.98, 14.51) 0.4238 0.8727 0.1984

Mental
component
summary (MCS)

9.11 (6.32, 11.89) 6.93 (4.11, 9.75) 8.58 (5.94, 11.22) 8.93 (6.26, 11.60) 0.6635 0.2568 0.2004

VAS

Arm pain 240.15 (246.28,234.02) 238.83 (245.40,232.25) 240.67 (246.48,234.86) 240.72 (246.95,234.49) 0.7484 0.9437 0.7725

Neck pain 242.73 (249.16,236.30) 242.88 (249.75,236.02) 244.73 (250.83,238.64) 245.67 (252.18,239.16) 0.5344 0.9962 0.8824

*The values are given as the adjusted means with the 95% CI.

TABLE IV Neurologic Success*

2 Yr 7 Yr

ACDF (no. [%]) 81/92 (88%) 56/63 (89%)

ProDisc-C (no. (%)) 90/99 (91%) 64/73 (88%)

P value 0.3892 1.0000

*Neurologic success was defined as the maintenance or improve-
ment of the results of the sensory, motor, and reflex evaluations.

1741

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 97-A d NUMBER 21 d NOVEMBER 4, 2015
PRODISC-C VS . ANTER IOR CERV ICAL DISCECTOMY AND FUS ION

FOR SINGLE-LEVEL CERV ICAL DISC DISEASE



ACDF groups with regard to the extent of the improvement in
any outcome variable (GROUP effect: p > 0.05 for all variables).
Furthermore, there was no difference in the extent of improve-
ment in any outcome variables from two to seven years postop-
eratively (TIME effect: p > 0.05). Finally, there were no differences
in the time course changes between the groups at two and seven
years (GROUP*TIME interaction: p > 0.05) for any outcome
variable.

Satisfaction with Surgery
At two years, the mean score on the VAS for satisfaction with
the result of the surgery (with 100 mm representing highest
satisfaction) was 83.39 ± 24.84mm in the ProDisc-C group and
79.99 ± 28.04 mm in the ACDF group (p = 0.4030). At seven
years, both groups again reported a high level of satisfaction:
85.81 ± 23.97mm in the ProDisc-C group and 81.81 ± 29.48mm
in the ACDF group (p = 0.3906).

Neurologic Outcomes
Neurologic outcomes were measured among patients who had
not had secondary surgery. At seven years, the rates of neuro-
logic success (improvement or maintenance) were 88% and
89% in the ProDisc-C and ACDF groups, respectively (p =
1.000). For comparison, the rates of neurologic success at two
years were 91% in the ProDisc-C group and 88% in the ACDF
group (p = 0.3892) (Table IV).

Secondary Surgical Procedures
At seven years, thirty secondary surgical procedures had been
performed in nineteen (18%) of the 106 patients in the ACDF
group compared with seven secondary surgical procedures in
seven (7%) of the 103 patients in the ProDisc-C group (p =
0.0201). Figure 2 shows the mean cumulative function of risk
for secondary surgery, which at seven years was approximately
3.7 times higher in the ACDF group than in the ProDisc-C
group (Wald p = 0.0099).

Nineteen secondary surgical procedures in sixteen
patients (15%) in the ACDF group were performed at the
index vertebral level, whereas six secondary surgical pro-
cedures in six patients (6%) in the ProDisc-C group were
done at the index level (p = 0.0410). Of the six secondary
surgical procedures at the index level in the six patients in
the ProDisc-C group, five consisted of device removal with
conversion to fusion and one involved foraminotomy and
cervical fusion with posterior stabilization and the ProDisc-C
left in place. Of the nineteen secondary surgical proce-
dures at the index level in the sixteen patients in the ACDF
group, eight included only the index level (three supple-
mental fixation procedures, one plate removal, and four
revisions) and eleven included both the index level and
adjacent levels (nine ACDFs at adjacent levels, one posterior
fusion, and one implantation of a ProDisc-C at the adjacent
level). Figure 3 shows Kaplan-Meier survival estimates for

Fig. 1

Patient flowchart. “Withdrew” indicates that the patient signed the informed consent formbut laterwithdrew. “Missed follow-up”means thepatientwas lost

to follow-up.
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the time to a patient’s first secondary surgery at the index
level in each group. The time period before the first reop-
eration and the reoperation-free rate were greater in the
ProDisc-C group than in the ACDF group (log-rank p =
0.0221). The conditional incidence rate ratio for secondary
surgery at the index level was 3.09 (95% CI = 1.27 to 8.45,
p = 0.0112).

In the ProDisc-C group, six surgical procedures involv-
ing adjacent levels were done in six patients, compared with
twenty-two surgical procedures involving adjacent levels in
thirteen patients in the ACDF group. The log-rank test p value
for the time to first surgery at the adjacent level was 0.0837, and
the hazard ratio for secondary surgery events at the adjacent
level was 3.624 (p = 0.0103).

Radiographic Outcomes
At seven years, 11% (eight) of seventy-one patients in the
ProDisc-C group had bone bridging on radiographs with loss
of motion at the index level. The cumulative rate of bone
bridging was linear, with the rate increasing as the time period
after surgery increased. The incidence rate of bone-bridging

was 1.27 (95% CI = 0.63 to 2.63) per 100 person-years (the
ratio of the number of patients with bridging bone at seven
years times 100, divided by the number of follow-up years of all
patients in the ProDisc-C group during which bridging bone
could have occurred [632.43]).

At seven years, the mean flexion-extension range of
motion (and standard deviation) at the index level was 8.12� ±
5.91� in the ProDisc-C group compared with 0.66� ± 0.58� in
the ACDF group (p < 0.0001).

Adverse Events
Table V shows device-related adverse events reported during
the seven years. Altogether, forty-eight adverse events were
reported in thirty (28%) of the 106 patients in the ACDF group
and forty-one adverse events were reported in twenty-eight
(27%) of the 103 patients in the ProDisc-C group. The most
commonly reported adverse event was neck pain (isolated or
with pain in the shoulders and arms). There were no significant
differences between groups with regard to any category of ad-
verse event or with regard to the proportion of patients with
any adverse event at all (p = 0.8783).

Fig. 2

Mean cumulative function of risk for secondary surgical procedures.
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Medication Usage
Preoperatively, strong (Schedule-2) or weak (Schedule-3)
narcotic pain medications were being used by 46% (forty-nine)
of the 106 patients in the ACDF group and 48% (forty-nine) of
the 103 in the ProDisc-C group (p > 0.05). Muscle relaxants
were being used by 22% (twenty-three) of the 106 patients in the
ACDF group and 19% (twenty) of the 103 in the ProDisc-C
group (p > 0.05). The use of these medications decreased con-
siderably from baseline over the postoperative period in both
groups. At seven years, 12% (nine) of the seventy-six patients in
the ProDisc-C group and 14% (ten) of the seventy-one in the
ACDF group had taken strong narcotics in the week before their
follow-up visit (p > 0.05). (Information was not available for all
subjects.) Additionally, 15% (twelve) of the seventy-nine pa-
tients in the ProDisc-C group and 11% (eight) of the seventy-
three in the ACDF group had takenmuscle relaxants in the week
before their follow-up visit (p > 0.05).

Discussion

Although cervical total disc arthroplasty devices have
been available in the U.S. for several years, ACDF re-

mains the treatment of choice for cervical degenerative disc
disease16. This is due in part to surgeons’ uncertainty about
the long-term outcomes of cervical total disc arthroplasty
compared with their perception of long-term clinical suc-
cess with ACDF17.

To our knowledge, our study is the first and most com-
prehensive evaluation of the long-term efficacy and safety of
cervical total disc arthroplasty. We followed patients enrolled
in the original FDA IDE randomized controlled trial for seven
years. Our results through these seven years demonstrate that
total disc arthroplasty with ProDisc-C continues to be a safe
and effective surgical treatment for patients with single-level
cervical degenerative disc disease refractory to nonoperative
treatment. The study design (which minimized potential in-
vestigator bias), the equivalence of the baseline demographics
and clinical characteristics of the two groups (indicating ex-
cellent randomization), and the high follow-up rates in both
the ProDisc-C and the ACDF group (98% and 99% at two
years, 92% and 92% at seven years, respectively) result in
Level-I data. The high overall follow-up rate of 92% achieved
at seven years meets the criteria for a high level of evidence

Fig. 3

Kaplan-Meier device survival curve for index level reoperation-free experience.
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regarding the safety and efficacy of cervical total disc arthro-
plasty with ProDisc-C.

Efficacy outcomes were similar between the two treat-
ment groups. The amount of improvement in NDI, VAS pain,
and SF-36 Physical Component Summary (PCS) and Mental
Component Summary (MCS) scores at two14 and seven years
exceeds reported values for minimal clinical significant differ-
ences in these measures18. It is reasonable to conclude that total
disc arthroplasty with ProDisc-C and ACDF are both effective
and do not differ in terms of patient-reported outcomes of
pain, function, and health-related quality of life.

Secondary surgery is an important clinical event with
substantial clinical and financial burdens for the patient as well
as additional cost for the payor6,19. Studies have suggested that
total disc arthroplasty is more cost-effective than ACDF, pri-
marily because of the lower rate of secondary surgical proce-
dures13,20,21. We found that ProDisc-C was superior to ACDF

in terms of the rate of secondary surgical procedures involving
the surgical index level.

Protecting adjacent segments and preventing symptoms of
adjacent-segment disease are hypothesized to be the primary
advantages of total disc arthroplasty over ACDF7, but this had
not been demonstrated after one to two years of follow-up7-9,22-25.
In our study with longer follow-up, total disc arthroplasty with
ProDisc-C appeared to protect the adjacent segments. There
were significantly more surgical procedures involving adjacent
levels in the ACDF group than in the ProDisc-C group. Surgeon
bias in terms of the decision for adjacent-level fusion extension
in patients with ACDF may have played a role. The rate of total
disc arthroplasty device removal was low; only five of 103 devices
were explanted throughout the seven years.

Overall, it appears that total disc arthroplasty with
ProDisc-C has similar clinical and patient outcomes, has a higher
device survival rate, and is followed by fewer secondary surgical

TABLE V Device-Related Adverse Events by Treatment Arm During the Seven Years of Follow-up

ProDisc-C ACDF

No. of Events No. of Patients No. of Events No. Patients P Value

Any adverse event 41 28 48 30 0.8783

Adjacent-level degenerative disc disease
or degenerative joint disease changes

1 1 2 2 1.0000

Cardiovascular 1 1 0 0 0.4928

Dysphagia 0 0 2 2 0.4977

Headache 7 6 1 1 0.0627

Musculoskeletal 2 2 6 6 0.2799

Musculoskeletal: neck spasms 1 1 0 0 0.4928

Neurologic 0 0 1 1 1.0000

Numbness

Index-level related 2 2 2 2 1.0000

Non-index-level related 3 2 1 1 0.6178

Ossification 1 1 0 0 0.4928

Other 1 1 2 2 1.0000

Pain

Back and lower extremities 1 1 1 1 1.0000

Incision site 1 1 0 0 0.4928

Neck 7 5 7 7 0.7680

Neck and other 0 0 1 1 1.0000

Neck and shoulder 2 2 2 2 1.0000

Neck and upper extremities 2 2 3 3 1.0000

Neck and upper extremities with numbness 2 2 2 2 1.0000

Shoulder 2 2 2 2 1.0000

Upper extremities 0 0 2 2 0.4977

Upper extremities with numbness 1 1 0 0 0.4928

Surgery for device-related events

Index level 2 2 5 5 0.4455

Other 1 1 6 6 0.1190

Other wound issues 1 1 0 0 0.4928
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procedures than ACDF. The overall rate of adverse events was
similar between the groups.

There are limitations of our study. First, our data reflect
experience with only one cervical total disc arthroplasty device
(ProDisc-C) and thus cannot be generalized to other total disc
arthroplasty devices. Second, our data were derived from selected
patients who met specific inclusion and exclusion criteria for the
randomized controlled trial. Real-world patient populations may
differ from the patients enrolled in the randomized controlled
trial. Third, all of the ProDisc-C procedures performed in the
patients in the IDE study represented the earliest learning curve
for each investigator surgeon. Additional surgical experience as
well as the impact of a formal standardized training program after
the FDA approval may lead to improved outcomes.

In conclusion, bothACDF and cervical total disc arthroplasty
with ProDisc-C result in significant long-term improvements in
relevant symptoms and clinical, functional, and health-related
general health outcomes in patients with single-level cervical
degenerative disc disease refractory to nonoperative treatment.
At seven years postoperatively, all outcomes were similar in the
two cohorts. However, total disc arthroplasty with ProDisc-C
was associated with a lower risk of secondary surgery at both the
index and adjacent vertebral levels. n
NOTE: The authors thank Karen K. Anderson, BS, for her assistance with manuscript editing and
preparation.
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BACKGROUND: Previous studies have attempted to establish return-to-play (RTP) guide-
lines in collision sport athletes after cervical spine injury; however, recommendations have
been limited by scant high-quality evidence and basic consensus survey methodologies.
OBJECTIVE: To create relevant clinical statements regarding management in collision
sport athletes after cervical spine injury, and establish consensus RTP recommendations.
METHODS: Following the modified Delphi methodology, a 3 round survey study was
conducted with spine surgeons from the Cervical Spine Research Society and National
Football League team physicians in order to establish consensus guidelines and develop
recommendations for cervical spine injury management in collision sport athletes.
RESULTS: Our study showed strong consensus that asymptomatic athletes without
increased magnetic resonance imaging (MRI) T2-signal changes following 1-/2- level
anterior cervical discectomy and fusion (ACDF)may RTP, but not after 3-level ACDF (84.4%).
Although allowed RTP after 1-/2-level ACDF was noted in various scenarios, the decision
was contentious. No consensus RTP for collision athletes after 2-level ACDF was noted.
Strong consensus was achieved for RTP in asymptomatic athletes without increased signal
changes and spinal canal diameter >10 mm (90.5%), as well as those with resolved MRI
signal changes and diameter>13 mm (81.3%). No consensus was achieved in RTP for cases
with pseudarthrosis following ACDF. Strong consensus supported a screening MRI before
sport participation in athletes with a history of cervical spine injury (78.9%).
CONCLUSION: This study provides modified Delphi process consensus statements
regarding cervical spine injury management in collision sport athletes from leading
experts in spine surgery, sports injuries, and cervical trauma. Future research should aim
to elucidate optimal timelines for RTP, as well as focus on prevention of injuries.

KEYWORDS: Cervical spine, Trauma, Collision, Sports, Return to play, Consensus, Guidelines
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C ollision sports have an inherent risk
of injury, with estimates reporting 9%
to 15% of over 12 000 new cases

of spine injuries per year in the United
States attributable to sports.1-6 Based on recent
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estimates by the U.S. Census Bureau and
the U.S. Bureau of Labor Statistics, almost
4 million Americans play football on an average
day, and about 80% are between 15 and
24 yr old.7,8 Spine injuries associated with
football are common, with studies suggesting
between 7% and 10% of injuries in National
Football League (NFL)-level athletes involve
the head/neck/spine—not including concus-
sions.3,9-11 Moreover, estimates suggest 35%
to 49% of collision sport spine injuries affect
the cervical spine, resulting in nerve injuries
(46%), muscle injuries (22%), disc injuries (6%),
contusions (2%), and fractures (2%), among
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others; and a majority affect individuals under 30 yr
old.1,3,10,12-14 Furthermore, recent reports for NFL-level and
college-level football athletes suggest axial skeleton in-game
injury incidence rates of 3.55/1000 athlete-exposures (AEs) and
148.26/100 000 AEs, respectively.4,10
Over the years, recommendations have been published to

direct return-to-play (RTP) decisions in collision sports with
respect to a variety of injuries to the cervical spine. Given
the complexity and functional consequences of these injuries,
prospective, randomized, controlled trials are not plausible;
as a result, most available guidelines for RTP derive from
systematic reviews, expert opinion, meta-analyses, and case series
or reports.15-28 However, consensus RTP recommendations have
yet to be universally established.29 The purpose of this study
was to utilize a modified Delphi process with the Cervical Spine
Research Society (CSRS) to formulate actionable statements and
establish updated consensus RTP recommendations for providers
caring for collision athletes with cervical spine injuries.

METHODS

A modified Delphi method study was conducted using CSRS
members and NFL team physicians to build consensus on RTP recom-
mendations after cervical spine injury in collision sports athletes.30,31 A
first-round anonymous online survey composed of 14 clinical scenarios
and 38 related questions involving cervical spine injuries in football
players was developed based on literature review and expert opinion
(Supplemental Digital Content 1).1,30,31 In November 2019, the
survey was sent to all CSRS members. Results were reviewed by CSRS
members and NFL team physicians, and thirteen consensus statements
were developed.31 These statements were administered to attendees at
the CSRS annual meeting in November 2019 (second-round). Voting
abstentions were not counted for consensus tallying purposes.32,33
Results of this second survey were used to generate consensus recommen-
dations based on the following levels: simple majority (50.1%-59%, no
consensus), super majority (60%-70%, weak consensus), super majority
(71%-94%, strong consensus), and unanimous (95%-100%, strongest
consensus). To address concerns with RTP for professional athletes after
2-level anterior cervical discectomy and fusion (ACDF) based on second-
round data, a third round online anonymous survey was sent to a
focused group of NFL-affiliated spine surgeons. A Fisher exact test was
performed to compare data between professional and nonprofessional
sports affiliated physicians where appropriate, with significance estab-
lished at P <.05. This clinician survey study was exempt from Institu-
tional Review Board review.

RESULTS

Initial Cervical Trauma Survey
First round responses were received from 48 expert spine

surgeonmembers of the CSRS: 87.5%were orthopaedic surgeons
(n = 42) and 12.5% were neurosurgeons (n = 6). Table 1 shows
characteristics of the initial expert panel. For details of the results
of the initial survey, see Supplemental Digital Content 2.

TABLE 1. Expert Panel Demographics for First RoundQuestionnaire

Initial expert panel demographics (n= 48) Number of experts

Specialty
Orthopaedic spine surgery 42
Neurosurgery 6

Years in practice
<5 yr 3
5-10 yr 5
10-20 yr 19
>20 yr 21

Team physician (NCAA or NFL)
Yes 12
No 36

NCAA = National Collegiate Athletic Association; NFL = National Football League.

RTP Consensus Recommendations
Upon analysis of initial survey results, 13 clinical recommen-

dations were developed and voted upon by 95 attendees of
the 2019 CSRS Annual Meeting, with an average engagement
of 71%. Of these participants, 64/95 identified as orthopaedic
spine surgeons and 3/95 identified as “other”, with 28/95 partic-
ipants not identifying their subspecialty. Additionally, 17/95
participants identified as actively caring for professional collision
athletes, and 63/95 identified as having involvement in the care
of competitive collision athletes. From the 13 recommendations
surveyed, 8 statements achieved strong consensus, 3 achieved
weak consensus, and 2 achieved no consensus. No significant
difference in responses was noted between professional and
nonprofessional sports team-affiliated physicians.

RTP Recommendations in Collision Sport Athletes Based
on Severity of Cervical Canal Stenosis
Regarding collision athletes after an initial episode of transient

paralysis from a cervical spine injury, 90.5% (strong consensus) of
participants agreed that RTP was recommended once symptoms
have subsided, there are no T2 magnetic resonance imaging
(MRI) changes and spinal canal diameter is >10 mm; if canal
diameter is in the absolute stenosis range, RTP should be
considered on an individual basis. Additionally, for athletes in
a similar case but with initial changes on T2 sequence MRI,
almost 81.3% (strong consensus) of participants noted that RTP
was allowed once MRI changes resolved only if spinal canal
diameter is >13 mm; for those in the relative stenosis range RTP
should be approached on a case-by-case basis, and those with
absolute stenosis should not be allowed to RTP. Furthermore,
68.3% (weak consensus) of participants noted that for athletes
that have persistent MRI changes, individual evaluation for RTP
can be considered only if spinal canal diameter is >13 mm,
otherwise RTP should be contraindicated. Of note, only one
statement achieved a simple majority without consensus for a
disagreement, with 50.7% of surgeons (38.5% of those affiliated
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TABLE 2. RTP Guidelines Based on Severity of Cervical Stenosis

Statement

All
physicians

% (n)
Level of

recommendation

%Agreement of
professional sports
team-affiliated

physiciansa % (n) P valueb

RTP guidelines in collision athletes based on severity of cervical stenosis
Following an episode of transient paralysis, asymptomatic athletes
with NO T2-signal change and a spinal canal diameter >10 mm are
allowed to RTP, but those with a canal diameter <10 mm should be
taken on a case-by-case basis.

Agree:
90.5 (57)
Disagree:
9.5 (6)

Super majority,
strong consensus

85.7 (12/14)
Strong consensus

.64

Following an episode of transient paralysis, asymptomatic athletes
with RESOLVED T2-signal changes and a spinal canal diameter
>13 mm are allowed to RTP; those with a canal diameter between 10
and 13 mm should be considered on a case-by-case basis, and those
with a canal diameter <10 mm should not RTP.

Agree:
81.25 (52)
Disagree:
18.75 (12)

Super majority,
strong consensus

66.7 (10/15)
Weak consensus

.10

Following an episode of transient paralysis, for asymptomatic athletes
with CONTINUED T2-signal change and a spinal canal diameter
>13 mm RTP should be taken on a case-by-case basis, but those with a
canal diameter <13 mm should not RTP.

Agree:
68.3 (41)
Disagree:
31.7 (19)

Super majority, weak
consensus

92.3 (12/13)
Strong consensus

.15

Following an injury, for asymptomatic athletes with no history of
transient paralysis with CONTINUED T2-signal changes and a spinal
canal diameter >13 mm RTP should be taken on a case-by-case basis,
but those with canal diameters <13 mm should not RTP.

Agree:
49.3 (33)
Disagree:
50.7 (34)

Simple majority, no
consensus

38.5 (5/13)
Weak consensus
disagreement

.75

aA total of 17 physicians in the survey reported being affiliated with a professional collision/contact sports team.
bFisher exact test comparing statement agreement between physicians affiliated and not affiliated with professional sports teams.
Bold highlights the response with the highest percentage.

with a professional team) disagreeing that RTP in asymptomatic
athletes without evidence of cervical stenosis following a cervical
spine injury and no history of transient paralysis but persistent
MRI T2-signal changes should be approached on a case-by-case
basis, but if there is any evidence of cervical stenosis, RTP should
not be allowed (Table 2 ).

RTP Recommendations in Collision Sport Athletes After
Cervical Spine Trauma and/or Surgery
For asymptomatic collision athletes after a cervical spine injury,

84.4% (strong consensus) of surgeons noted that solidly fused
1-/2-level ACDF patients could RTP when there are no MRI
T2-signal changes; however, 3-level ACDF patients should not
RTP, even without increased MRI changes. Similarly, athletes
after a 1-level ACDF with continued MRI changes and a solid
fusion (81.9%, strong consensus) or with pseudarthrosis (59.5%,
simple majority without consensus) can RTP on a case-by-case
basis, whereas multi-level ACDF patients should not RTP. Inter-
estingly, 62.5% (weak consensus) of professional sports team-
affiliated responders would consider RTP on a case-by-case basis
for athletes with a 1-level ACDF and pseudarthrosis. For athletes
with cervical spine fractures, 98.6% (strong consensus) would
allow RTP as long as there is no instability or increased T2-
signal changes. Remarkably, 100% of professional team-affiliated
physicians would allow these patients to RTP. Finally, for athletes
with solid fusion after a cervical spine fracture, RTP can be

allowed if there are no MRI changes following a 1-/2-level ACDF
or 1-level posterior cervical fusion (68.6%, weak consensus).
Professional team-affiliated surgeons reached a strong consensus
(75%) on this observation. Of note, for athletes with resolved
transient paralysis and asymptomatic, 72.9% (strong consensus)
of surgeons permitted RTP after a 1-/2-level ACDF if there were
no T2-signal changes postoperatively, but case-by-case consider-
ation was recommended after a corpectomy or posterior surgery
(Table 3).

Third-round survey results for clarification of RTP in collision
athletes after 2-level ACDF showed that the decision is contro-
versial with only 50% (4/8) of responders allowing return to sport
(Table 4 ).

Additional Considerations for RTP in Collision Sport
Athletes
In terms of imaging in collision athletes after a cervical spine

injury, 78.9% (strong consensus) of participants would obtain a
screening MRI prior to participation clearance in athletes with a
prior history of cervical spine pathology—excluding stingers. This
same finding noted weak consensus among professional team-
affiliated surgeons (69.2%). Moreover, for stingers, 69.9% (weak
consensus) of surgeons would not obtain an MRI if symptoms
resolved quickly after a first event, but any subsequent event
would require MRI. Finally, RTP would be allowed by 84.5%
(strong consensus) of participants if stinger symptoms resolved
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TABLE 3. RTP Guidelines After Cervical Trauma/Surgery

Statement

All
physicians

% (n)
Level of

recommendation

%Agreement of
professional sports

team-affiliated physiciansa

% (n/responders) P valueb

RTP guidelines in collision athletes after cervical trauma and/or surgery
Asymptomatic athletes with NO T2-signal change after a solid
1-/2-level ACDF are allowed to RTP, but a 3-level ACDF should
not RTP.

Agree:
84.4 (65)
Disagree:
15.6 (12)

Super majority,
strong consensus

87.5 (14/16)
Strong consensus

.52

Asymptomatic athletes with CONTINUED T2-signal change
after a solid 2-/3-level ACDF should not RTP, but a 1-level ACDF
should be taken on a case-by-case basis.

Agree:
81.9 (59)
Disagree:
18.1 (13)

Super majority,
strong consensus

86.7 (13/15)
Strong consensus

.58

Athletes with pseudarthrosis following a 2-/3-level ACDF
should not RTP, but pseudarthrosis of a 1-level ACDF should be
taken on a case-by-case basis.

Agree:
59.5 (44)
Disagree:
40.5 (30)

Simple majority,
no consensus

62.5 (10/16)
Weak consensus

.55

Asymptomatic athletes with a solid fusion after a compression
fracture, burst fracture, or facet fracture with no instability and
no T2-signal change are allowed to RTP.

Agree:
98.6 (72)
Disagree:
1.4 (1)

Super majority,
strong consensus

100 (16/16)
Unanimous consensus

1.00

Asymptomatic athletes with a solid fusion after a cervical spine
fracture and NO T2-signal change following a 1-/2-level ACDF
or 1-level PCF are allowed to RTP.

Agree:
68.6 (48)
Disagree:
31.4 (22)

Super majority,
weak consensus

75 (12/16)
Strong consensus

.54

Following an episode of transient paralysis, asymptomatic
athletes with NO T2-signal change following a 1-/2-level ACDF
are allowed to RTP, but following a corpectomy or posterior
cervical surgery RTP should be taken on a case-by-case basis.

Agree:
72.9 (43)
Disagree:
27.1 (16)

Super majority,
strong consensus

64.3 (9/14)
Weak consensus

.51

aA total of 17 physicians in the survey reported being affiliated with a professional collision/contact sports team.
bFisher exact test comparing statement agreement between physicians affiliated and not affiliated with professional sports teams.
Bold highlights the response with the highest percentage.

within 5 min, but any episode lasting >5 min would require
further evaluation (Table 5 ).

DISCUSSION

Universally accepted RTP recommendations in collision
athletes after cervical spine injury have been difficult to develop.
As recently as 2017, Nagoshi and colleagues24 conducted a
systematic review of RTP and cervical spine injuries. The authors
noted a lack of high-level evidence throughout, with high risk of
bias across the 16 studies meeting inclusion criteria. As a result,
the report was unable to determine evidence-based RTP guide-
lines and resorted to expert opinion for controversial recom-
mendations.24 France and colleagues34 in 2016 performed a
survey of spine trauma surgeons treating cervical spine injuries
to provide RTP recommendations based on a limited consensus
expert opinion survey of spine trauma surgeons. Their study
polled 25 surgeons from the Spine Trauma Study Group using
10 clinical scenarios of athletic cervical spine injuries, asking
them to identify RTP recommendations after symptom recovery.

Although the study did find consensus RTP in high-contact sports
in the setting of cervical cord neuropraxia with full symptom
resolution and no spinal canal stenosis, variability in clinical
recommendations was observed in more complex scenarios with
persistent symptoms, spinal canal stenosis or previous history of
cervical fusion.34 Moreover, the study was limited by the small
number of experts surveyed, as well as the use of a simple survey
methodology. Due to the lack of research on the topic and
weak consensus achieved by previous studies, our team sought to
develop improved guidelines. Our current consensus study was
based on a proven process regularly used in the medical literature
for developing and measuring consensus.30

RTP Recommendations in Collision Sport Athletes Based
on Severity of Cervical Canal Stenosis
The presence of cervical spine stenosis has been a key factor

considered in RTP decisions for collision sport athletes; however,
the definition of cervical stenosis and how it relates to cervical
spine injury has been a contentious topic.25 The literature defines
absolute cervical stenosis as an average cervical spine sagittal
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TABLE 4. Third-Round 1-/2-Level ACDF Clarification Survey

Question
All physicians

% (n)
Level of

recommendation

Third-round 2-level ACDF clarification survey
Do you take care of American professional football players? Yes: 100.0 (8)

No: 0.0 (0)
N/A

Would you allow an asymptomatic player with full range of motion,
no neurologic deficits, and no T2-signal changes on MRI, with a solid
1-level ACDF to return to play American football?

Agree: 100.0 (8)
Disagree: 0.0 (0)

Unanimous, strongest
consensus

Would you allow an asymptomatic player with full range of motion,
no neurologic deficits, and no T2-signal changes on MRI, with a solid
2-level ACDF to return to play American football?

Agree: 50.0 (4)
Disagree: 50.0 (4)

No consensus

RTP = return-to-play; MRI = magnetic resonance imaging; ACDF = anterior cervical discectomy and fusion.
Bold highlights the response with the highest percentage.

TABLE 5. Additional Consideration in RTP Guidelines

Statement

All
physicians

% (n)
Level of

recommendation

%Agreement of
professional sports
team-affiliated

physiciansa % (n) P valueb

Additional considerations for RTP guidelines in collision athletes
Athletes with prior nonoperative or operative treatment for cervical
spinal pathology (with the exception of a stinger) should undergo a
screening MRI prior to playing a competitive collision/contact sports.

Agree:
78.9 (45)
Disagree:
21.1 (12)

Super majority,
strong consensus

69.2 (9/13)
Weak consensus

.45

Athletes who experience their first stinger with rapid resolution of
symptoms do not require an MRI, however an MRI should be obtained
after a second stinger.

Agree:
69.9 (41)
Disagree:
30.5 (18)

Super majority, weak
consensus

75 (9/12)
Strong consensus

.50

Athletes who are asymptomatic for <5 min following a stinger are
allowed to RTP, but for those with symptoms lasting >5 min RTP
should be taken on a case-by-case basis.

Agree:
84.5 (49)
Disagree:
15.5 (9)

Super majority,
strong consensus

92.9 (13/14)
Strong consensus

.41

aA total of 17 physicians in the survey reported being affiliated with a professional collision/contact sports team.
bFisher exact test comparing statement agreement between physicians affiliated and not affiliated with professional sports teams.
Bold highlights the response with the highest percentage.

diameter <10 mm; whereas relative stenosis is defined as a canal
diameter <13 mm.21,35-37 Torg and colleagues developed the
Torg-Pavlov ratio to evaluate the relationship between cervical
spine stenosis and cervical spine injury. The measurement is
defined as the ratio of the cervical canal diameter over the cervical
vertebral body width, with a ratio of 0.8 or less indicating the
presence of stenosis.16,21,38 In addition, the implication of T2-
signal hyperintensity changes on MRI after cervical spine injury
in athletes is an important factor to consider in RTP decisions.
T2 sequence changes generally indicate a traumatic event leading
to edema and inflammation, with persistent or chronic signal
changes linked to neurodegeneration and demyelination.39-43
Tempel and colleagues39 recently investigated these imaging

changes, concluding that if athletes are asymptomatic with
normal neurologic exams and no spine instability, RTP should not
be contraindicated. Further, they noted that clearing an athlete
for sports-related activity should not depend upon resolution
of T2 hyperintensity changes. Based on these parameters and
observations, once a collision sport athlete has experienced an
episode of cervical spine injury in the form of transient paralysis
or neuropraxia, the results of our consensus survey recommend
that asymptomatic athletes without T2-signal changes on cervical
MRI and without evidence of absolute cervical stenosis, or those
with resolved T2-signal changes and without any evidence of
cervical spine stenosis, are allowed to RTP. However, asymp-
tomatic athletes with no MRI changes and with evidence of
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absolute cervical stenosis, those with resolved MRI changes and
relative stenosis, or those with continued T2-signal changes and
without evidence of any cervical stenosis, are allowed to RTP
based on a case-by-case evaluation. Athletes with persistent T2-
sequence changes and any form of cervical stenosis, or those with
resolved MRI changes and absolute cervical stenosis, should not
RTP. These recommendations have also beenmaintained by other
recent guidelines, including Torg et al findings noting that cervical
stenosis in stable spines do not predispose athletes to catastrophic
injury and RTP should not be obstructed.16,24,34,38 Nevertheless,
clinical caution should always be exercised with close observation
and counseling.

RTP Recommendations in Collision Sport Athletes After
Cervical Spine Trauma and/or Surgery
Several previous studies reporting outcomes after cervical spine

surgery in professional athletes exist, with most suggesting a
majority of athletes will RTP within a year.20,22,44-46 However,
these studies are mostly limited to 1-level ACDFs, and data
regarding 2+ fusion levels or posterior surgery is scant. Therefore,
most clinicians note that decisions based on any guidelines
should be made cautiously.24,34,44 Nevertheless, our consensus
study determined that asymptomatic athletes without T2-signal
changes onMRI following a 1- or 2-level ACDF could be allowed
to RTP; however, corpectomy or posterior cervical surgery RTP
decisions should be made on a case-by-case basis, and 3-level
ACDF athletes should not RTP. Interestingly, when considering
only professional team-affiliated physicians, the observed overall
strong consensus for 1-/2-level ACDF vs corpectomy/posterior
surgery dropped to weak consensus (72.9% to 64.3%), reflecting
the caution to fully endorse guidelines in high-level collision
athletes without sufficient evidence available.Moreover, our panel
agreed that 1-level ACDF athletes with continued T2-signal
changes are not completely contraindicated to RTP, and that their
status be evaluated on a case-by-case basis. This was not the case
for 2 + level ACDF, where our panel agreed no RTP is indicated
when T2-signal changes persist. As previously mentioned, multi-
level fusions or surgical approaches other than ACDF tend to be
controversial, and clinical decisions for RTP should be carefully
addressed on a case-by-case basis.16,18,22
Previous reports have noted that although cervical fractures in

collision athletes are rare, the inherent danger of the involved
sports renders them difficult to consider in the setting of RTP,
and they often carry the longest recovery times.1,18,26 Like other
guidelines, our panel agreed that athletes with healed fractures
without instability or MRI changes should be allowed to RTP,
even in the setting of surgical intervention with a 1-/2-level ACDF
or 1-level PCF as long as there is solid fusion and no persistent
MRI changes.1,17,18,26,34 The literature does endorse that pain-
free range of motion, evidence of stability on dynamic imaging, a
normal neurologic exam, and healed fusions are necessary compo-
nents of the RTP decision process.1,17,18,22,26 Remarkably, there
was unanimous consensus among participating professional team-
affiliated physicians regarding RTP in athletes with a solid fusion

for cervical spine fractures and no associated dynamic instability
or persistent MRI changes.
Albeit consensus was reached regarding 1-/2-level ACDF in

various scenarios, various responders voiced concern for 2-level
ACDF cases in professional athletes. The third-round question-
naire was done in an attempt to appease these concerns utilizing
an anonymous survey of 8 surgeons with confirmed involvement
in the care of NFL athletes. The results corroborated the contro-
versial nature of RTP decisions in these instances, as no consensus
was reached regarding RTP after 2-level ACDF. Our results
showed 50% of responders would not allow RTP even in solidly
fused 2-level ACDF asymptomatic athletes with full range of
motion and no neurologic deficits or MRI T2-signal changes.
Given the risks of future injury and long-term consequences,
any RTP decisions in this particular patient population need to
be carefully considered jointly by the treating physician and the
player on a case-by-case basis.44

Additional Considerations for RTP in Collision Sport
Athletes
Previous studies have addressed the impact a past muscu-

loskeletal medical history has on the career of professional-level
football athletes.47,48 Wang and colleagues studied NFL Scouting
Combine participants, and determined that athletes with a history
of cervical spine injury have significantly shorter careers and
play in fewer games compared to controls.48 Additionally, among
NFL athletes, Schroeder et al determined that professional career
outcomes depend on the type of cervical spine pathology an
athlete may have, and concluded that each player with a history
of cervical spine disease should have individualized evaluations to
ensure productive and healthy NFL careers.47 Supporting these
observations, our panel agreed with strong consensus that athletes
with a history of cervical spine pathology warrant a screeningMRI
prior to collision sports participation. Interestingly, professional
sport affiliated participants also agreed with the statement, albeit
with weak consensus.
For milder forms of cervical spine-associated neuropraxias,

such as burners or stingers, timing of advanced imaging is
debatable. Stingers are an episodic unilateral peripheral nervous
system dysfunction, secondary to a compressive-type or traction-
type nerve root or brachial plexus traumatic event.1,25,26 Stingers
are associated with dysesthesias, including burning, stinging,
weakness and pain, andmost episodes last minutes to hours before
full symptom resolution 1,18,25,26 Almost all guidelines allow RTP
as soon as symptoms revolve, and there is a documented normal
neurologic examination with full active range of motion.1,16,18,26
Most of these guidelines endorse advanced imaging after 3
or more stinger episodes or persistent symptoms, with RTP
contraindicated until further work-up is performed to rule out
a possible primary cervical spine abnormality.1,16,18,25,26 Our
current consensus agreed with advanced imaging requirements
after a second stinger event, as long as the initial event had
rapid symptom resolution. Furthermore, the panel agreed that
symptomatic stingers for less than 5 min allow RTP for a collision

652 | VOLUME 87 | NUMBER 4 | OCTOBER 2020 www.neurosurgery-online.com

D
ow

nloaded from
 https://academ

ic.oup.com
/neurosurgery/article/87/4/647/5876000 by Bora Laskin Law

 Library user on 30 N
ovem

ber 2020



RTP CONSENSUS AFTER CERVICAL SPINE INJURY

athlete, whereas episodes lasting greater than 5 min warrant
further consideration.

Limitations
This study was not without limitations. First, dependence

on a panel of experts for clinical recommendations is subop-
timal, yet in the absence of strong literature evidence, it is
a suitable foundation for clinical practice recommendations.
Second, another limitation of this study was the low rate of
neurosurgeon participation. An attempt was made to include a
breath of subspecialty participants during the 2019 CSRS annual
meeting; however, not all participants identified their subspe-
cialty field. Third, the survey process did not allow our team to
account for all possible types of cervical spine injuries, surgeries
or related considerations in collision athletes. Finally, even though
we used a widely accepted process of consensus measurement,
our results should not be interpreted as scientific fact, as they
are only a measurement of expert opinion. This study does build
upon previous guidelines and provide greater consensus strength
given the modified Delphi process, as well as the larger number of
participants.

CONCLUSION

While cervical spine injuries are rarely experienced by
collision sport athletes, their long-term, life-altering effects
warrant adequate clinical evaluation and effective nonoperative vs
operative management. Though previous studies have provided
limited RTP guidelines, the present study utilizes a systematic
approach to establish greater consensus statement recommenda-
tions for the clinical RTP management of collision sport athletes
with cervical spine injury. The results of this study provide
clinical recommendations agreed upon by a large panel of leading
spine surgeons. Notwithstanding, RTP after 2-level ACDF in
this cohort of patients remains controversial. High-quality studies
are likely to be impractical given the nature of the injury and
situation; however, future studies are required to elucidate the
most effective, up-to-date treatment plan and optimal timing for
RTP following cervical spine injury.
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The annual incidence of spinal cord injury is approximately 
40 cases per 1 million Americans, resulting in 
approximately 12,500 new cases each year.32 After motor 

vehicle accidents (38%), falls (30%), and violence (14%), athletic 
participation accounts for 9% of these injuries. While spinal cord 
injuries resulting in death or permanent paralysis represent the 
most devastating spectrum of injury, cervical strains, burners, 
and stingers are far more common. Up to 70% of college 
football players experience burners or stingers during a 4-year 
career.3 In the first 10 years after head-first tackling was banned 
in 1976, the rate of cervical injuries decreased by 70% at the 
high school level, from 7.72 per 100,000 to 2.31 per 100,000. 
Additionally, traumatic quadriplegia decreased by approximately 
82% over the same 10-year period.5,43 Significant advancements 

in personal protective equipment for contact athletes have 
contributed to the overall reduction in injury.35,44

Standardized protocols have been, or are currently being, 
developed for return to sport after anterior cruciate ligament 
(ACL) reconstruction, concussions, and many other 
musculoskeletal injuries treated both operatively and 
conservatively. However, there is no such consensus for return 
to play after injury to the spine in athletes. The reasons for the 
lack of guidelines are multifactorial but likely due to the more 
complex anatomy and wide spectrum of injuries to the spine, as 
well as the decreased incidence of these injuries over the past 
40 years. The myriad spinal conditions, injuries, and surgical 
options highlight the need to evaluate return-to-play guidelines 
after spine injuries according to each specific injury and its 

610753 SPHXXX10.1177/1941738115610753Huang et alSports Health
research-article2015

Return-to-Play Recommendations After 
Cervical, Thoracic, and Lumbar Spine 
Injuries: A Comprehensive Review
Philip Huang, DO,*† Alireza Anissipour, DO,‡ William McGee, DO,§ and Lawrence Lemak, MD||

Context: Currently, there is a national focus on establishing and disseminating standardized guidelines for return to play 
for athletes at all levels of competition. As more data become available, protocols and guidelines are being refined and 
implemented to assist physicians, coaches, trainers, players, and parents in making decisions about return to play. To date, 
no standardized criteria for returning to play exist for injuries to the spine.

Evidence Acquisition: Electronic databases including PubMed and MEDLINE and professional orthopaedic, neurosurgical, 
and spine organizational websites were reviewed between 1980 and 2015.

Study Design: Clinical review.

Level of Evidence: Level 4.

Results: Although clinical guidelines have been published for return to play after spine injury, they are almost exclusively 
derived from expert opinion and clinical experience rather than from well-designed studies. Furthermore, recommendations 
differ and vary depending on anatomic location, type of sport, and surgery performed.

Conclusion: Despite a lack of consensus and specific recommendations, there is universal agreement that athletes should 
be pain free, completely neurologically intact, and have full strength and range of motion before returning to play after 
spinal injury.

Keywords: return to play; spine injury; sports; spine surgery

From †Midwestern University, Downers Grove, Illinois, ‡University of Washington, Seattle, Washington, §Total Sports Medicine Las Vegas, Las Vegas, Nevada, and ||Lemak 
Sports Medicine, Birmingham, Alabama 
*Address correspondence to Philip Huang, DO, Midwestern University, Downers Grove, IL 60515 (email: philhuang1@gmail.com).
The following author declared potential conflicts of interest: Lawrence Lemak, MD, is a paid consultant for Drayer Physical Therapy and is Chief Medical Officer of Major 
League Soccer (MLS).
DOI: 10.1177/1941738115610753
© 2015 The Author(s)

http://crossmark.crossref.org/dialog/?doi=10.1177%2F1941738115610753&domain=pdf&date_stamp=2015-10-14


Jan • Feb 2016Huang et al

20

respective treatment modality. The purposes of this article are to 
(1) review the available literature regarding return to play after 
spine injuries, including those treated surgically, and (2) provide 
a comprehensive review of current guidelines for return to play 
after injury to each anatomic location in the cervical, thoracic, 
and lumbar spine.

CerviCal Spine

Torg and Ramsey-Emrhein,42 Cantu et al,11 and Vaccaro et al44 
each proposed guidelines for the management of several major 
cervical spine injuries that included return-to-play 
recommendations. Torg and Ramsey-Emrhein42 divided return-to-
play criteria into 3 separate categories based on risk of serious 
injury or reinjury: (1) no contraindication with no increase in 
risk of serious injury, (2) absolute contraindication with a clear 
increased risk of serious injury, and (3) relative contraindications 
with no clear evidence of increased risk but possible recurrent 
injury or noncatastrophic injury (see Table 1 in Appendix, 
available at http://sph.sagepub.com/content/by/supplemental-
data).42 Cantu et al11 also divided return-to-play criteria based on 
contraindications very similar to Torg’s (see Table 2 in Appendix, 
available at http://sph.sagepub.com/content/by/supplemental-
data). Perhaps the most comprehensive guidelines are those 
proposed by Vaccaro et al,44 which also followed the works of 
Torg and discuss recommendations in similar terms (see Table 3 
in Appendix, available at http://sph.sagepub.com/content/by/
supplemental-data).

The 3 sets of guidelines are very similar, with some 
modifications made based on clinical experience and scientific 
data. The lack of consensus on the management of athletes after 
cervical spine injury has been highlighted.31 Published 
guidelines were used in the decision for return to play in only 1 
of 10 clinical scenarios.

Stingers and Burners

Stingers and burners are injuries to the cervical nerve roots that 
supply the upper extremities that result in transient loss in 
sensory and/or motor function that leads to stinging, burning, 
or radicular pain to the affected extremity.29 Generally, 
symptoms are temporary and last a few seconds or minutes. 
These injuries can be acute or chronic but are typically the 
result of 1 of 3 mechanisms35: (1) stretch or traction of the 
brachial plexus from bending of the neck to the opposite side, 
usually as a result of tackling or landing on the side of the 
helmet; (2) hyperextension of the cervical spine resulting in 
nerve root compression in the neural foramina; or (3) direct 
blow to the brachial plexus at its most exposed anatomic 
location, which is defined as Erb’s point. These injuries appear 
to be more consistent with the last mechanism—direct 
compression—due to the decrease in injuries in American 
football players at the United States Military Academy after using 
protective shoulder pads.29

Although the diagnosis of stingers/burners is usually evident 
from symptoms, it is important to consider more serious 

etiology as part of the differential diagnoses. These include 
fractures/dislocations of the cervical vertebrae, disk herniation, 
transient neurapraxia, and congenital abnormalities (Figure 1).5

There is some controversy regarding return to play after a 
stinger- or burner-type injury. More than 3 episodes of stingers/
burners may be a relative contraindication for return to play.11,45 
There is consensus on return to play once the patient is 
completely symptom free and has full strength and range of 
motion without evidence of other injury on plain radiographs 
or advanced imaging. Players with a third stinger in the same 
season should undergo radiographs at a minimum.27 For 
severe, persistent, or recurrent symptoms, magnetic resonance 
imaging (MRI), computed tomography (CT), and/or 
electromyography (EMG) are recommended to evaluate for 
congenital anomaly, stenosis, or further cord/nerve 
compromise.11,45

Cervical Strains and Sprains

Cervical soft tissue injuries generally include a ligamentous 
sprain or muscular strain in the supporting structures of the 
cervical spine. These players may return to competition once 
they meet the 4 general criteria already described.40

Of critical importance when evaluating the athlete with a 
suspected cervical strain is to rule out instability from complete 
ligamentous disruption. This can be particularly challenging in 
the young athlete, where ligamentous laxity is commonly seen 
as a normal variant.8,11,49 A complete and thorough physical 
examination is of critical importance. In these cases, 
radiographs should not demonstrate any subluxation of the 
cervical vertebrae; flexion/extension views should be obtained 
initially as well as 2 to 4 weeks after the injury.6,27 If instability is 
suspected based on symptoms or clinical examination, a hard 
cervical collar should be worn in the interim.11

Cervical Stenosis and  
Cervical Cord Neurapraxia

With cervical stenosis and cervical cord injury, evaluation of the 
Torg ratio and its relationship to injury of the cervical spinal 
cord has been recommended.41 The Torg ratio is the distance 
from the midpoint of the posterior aspect of the vertebral body 
to the nearest point on the corresponding spinolaminar line and 
dividing this value by the anteroposterior diameter of the 
vertebral body measured on a lateral radiograph (Figure 2).41 
The normal Torg ratio is 1.0, with any value lower than 0.8 
indicative of spinal stenosis.41 Cervical cord neurapraxia may 
also present with transient quadriplegia/quadriparesis, which 
typically includes symptoms similar to central cord syndrome.11 
These symptoms manifest as temporary bilateral burning 
paresthesias and varying degrees of weakness involving the 
arms, legs, or all 4 extremities.11,44 In a retrospective study, the 
Torg ratio was extremely sensitive: 93% for transient neurapraxia 
in football players.41 However, the Torg ratio had a very low 
positive predictive value of 0.2% for determining future injury. 
Furthermore, the ratio may not be as accurate in professional 
football players due to their larger vertebral bodies that 

http://sph.sagepub.com/content/by/supplementaldata
http://sph.sagepub.com/content/by/supplementaldata
http://sph.sagepub.com/content/by/supplemental-data
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inherently lower the ratio.23 As such, it is not useful as a 
screening examination or to determine ability to return to play 
in contact sports.41,44

Alternatively, cervical stenosis may be evidenced by the 
amount of cerebrospinal fluid surrounding the cord.11 
“Functional” spinal stenosis is defined as a cervical spine 
canal so small that it obliterates the protective cushion of the 
cerebrospinal fluid (CSF) or, in extreme cases, may deform 
the spinal cord itself.10 This should be an additional 
consideration in the evaluation of transient neurapraxia and 
return to play based on the premise that canal parameters 
measured on plain radiographs do not indicate functional 
stenosis.11 Therefore, CT myelogram or MRI are needed to 
evaluate functional stenosis, which is a contraindication for 
return to play.11

The general recommendation for players who experience an 
episode of transient neurapraxia is plain radiographs and MRI.27 
If these studies do not reveal a cord abnormality, fracture, or 
neural compression and the player meets the 4 general criteria, 
they may return to play. However, with stenosis, ligamentous 
injury, cord defects, or edema, return to play is 
contraindicated.27,40 There is some controversy regarding 
whether the above findings are absolute or relative 
contraindications.11,44 The decision to return to play should be 
determined on an individual basis considering the degree of 

stenosis, the chance of reinjury dependent on sporting activity, 
and the severity of symptoms.

Cervical Disk Herniation

The prevalence of cervical disk herniation in the asymptomatic 
population is variable but may be 25% for those younger than 
40 years and 60% for those older than 40 years.20 There is a 
greater incidence of cervical disk disease in professional football 
players.49 Asymptomatic disk herniation is not a contraindication 
to athletic participation.27,42 As long as these athletes meet the 
general criteria, there may be no need for physical activity 
limitation.8 However, symptomatic herniation is a 
contraindication for return to play.27,42

In all guidelines, symptomatic disk herniation remains an 
absolute contraindication to athletic participation.11,18,42,45 The 
concern is that the relative spinal or foraminal stenosis caused 
by an acute disk herniation places the athlete at an increased 
risk for further and potentially more severe cord or nerve root 
damage.27 Conservative management is the first-line treatment 
for acute cervical disk herniation.49 Surgery should only be 
considered in the acute phase when myelopathy or progressive 
neurological deficits are present.49 In American football players, 
excellent outcomes, higher return-to-play rates, and longer 
careers have been achieved surgically compared with 
conservative treatment.24 This study only included players with 

Figure 1. Diagnostic algorithm of cervical spine injuries. HNP, herniated nucleus pulposis. Reprinted with permission from  
Banerjee et al.5
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a single cervical-level fusion. Controversy remains about 
management and return-to-play guidelines for athletes with 
multiple fusion levels.11,44 Two-level fusions are considered a 
relative contraindication, even with a well-healed fusion in 
players who meet the general criteria.42,45

No consensus exists regarding return-to-play recommendations 
after injury to the cervical spine. An individualized approach  
to each athlete is recommended that includes careful 
consideration of the mechanism of injury, the anatomy of the 
patient, the anatomic location of the injury, plain radiographs 
and advanced imaging, and the patient’s recovery. The athlete 
should have, at a minimum, a full and pain-free range of motion 
with full strength and no neurologic findings before returning to 
play.

ThoraCiC Spine

In contrast to the cervical and lumbar spine, there are no 
published guidelines for return to play after injuries to the 
thoracic region. These injuries are much less common due to 
the biomechanics of the thoracic spine, its relative immobility 
compared with the cervical and lumbar regions, and the 
protection afforded by the rib cage.9 Spinal stenosis is less likely 
to occur in this region due to the larger ratio of spinal cord to 
spinal canal diameter.9

Compression fractures, though common in the general aging 
population, are relatively rare in young athletes. According to 
the American Association of Neurosurgeons, approximately 

750,000 vertebral compression fractures are diagnosed each 
year, mostly in postmenopausal women older than 80 years.4 
There are no such statistics for professional athletes, and only a 
few scattered case reports exist in the literature. Compression 
fractures of the eighth and ninth thoracic vertebrae in a 
professional football player have been managed conservatively 
with a thoracolumbar spinal orthosis, with athletic participation 
after 3 months and a return after 2 years to professional football 
without limitation or pain.17 A T12 compression fracture in an 
18-year-old basketball player was treated conservatively, and the 
patient returned to play after 3 months.30 Similar treatment has 
returned patients to contact sports after healed compression 
fractures in the thoracic spine if the patient meets general 
criteria.30 A similar conservative treatment approach and 
return-to-play criteria have been suggested for spinous process 
and transverse process fractures.16

Acute fractures of the spine with instability of the spinal 
column (burst or Chance fractures) are contraindications to 
athletic participation.16 After surgical stabilization, however, 
there are a few proposed return-to-play guidelines.17,30 Spinal 
fusions that bypass transition zones in the cervicothoracic or 
thoracolumbar region are an absolute contraindication to 
participation in contact sports.9 Similarly, fusions that terminate 
at these transition zones represent a contraindication for return 
to play.9 However, players may return to play if a fusion does 
not cross transitional levels and they meet general criteria.9

lumbar Spine

Two recent guidelines have been proposed for managing the 
following injuries to the lumbar spine: strain, herniated disk, 
lumbar stenosis, spondylolysis, and spondylolisthesis (see Table 
4 in Appendix, available at http://sph.sagepub.com/content/by/
supplemental-data).15,16

Lumbar Strain

Strains in the lumbar region are among the most commonly 
encountered injuries and are responsible for 70% of low back 
pain in the general population.13,15 Radiographs or advanced 
imaging are warranted in athletes with persistent pain, 
neurologic symptoms, radicular type pain, or a clinical suspicion 
for more serious etiology. Management of these injuries is 
conservative and consists of rest, ice, anti-inflammatory 
medications, and progressive return to activity as tolerated by 
the athlete.21 Pain should be used as a guide for advancing 
activity levels, and the general criteria should be met before 
returning to competition.15

Herniated Nucleus Pulposis

Lumbar disk herniation is more prevalent in elite athletes 
compared with the general population, especially in gymnasts 
and American football linemen.28,48 Plain radiographs are of 
limited value in the evaluation of disk disease, and MRI is 
considered the gold standard. However, MRI findings should 
correlate with the athlete’s symptoms and examination, as 

Figure 2. Torg ratio. “a” is the distance from the midpoint 
of the posterior aspect of the vertebral body to the nearest 
point on the corresponding spinolaminar line and “b” is 
the anteroposterior diameter of the vertebral body. Ratio is 
obtained by dividing “a” by “b.” 

http://sph.sagepub.com/content/by/supplemental-data
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herniated disks and degenerative changes are commonly seen 
in up to 35% of asymptomatic patients aged 20 to 39 years.26 
Herniation in athletes is often the result of the rigorous 
demands of weight training and performance. The body mass 
index (BMI) of some professional athletes, the repetitive and 
strenuous motions of tackling, and repeated lumbar flexion/
hyperextension are also contributing factors (eg, gymnasts, 
football linemen).48

Most athletes respond well to conservative management, 
including epidural steroid injections.16 Failed conservative 
management, cauda equina syndrome, or progressive, profound 
neurological deficit represent indications for surgical 
intervention. The SPORT (Spine Patient Outcomes Research 
Trial) studies illustrate excellent outcomes of surgical treatment 
of lumbar disk herniation in the general population47 but may 
not be applicable to the professional athlete.

The Professional Athlete Spine Initiative demonstrated a 
very high return-to-play rate (81%) after surgical treatment of 
herniated lumbar disks,25 as have other studies in 
professional athletes.48 The notable differences in these 
outcomes and return-to-play rates are dependent on the age 
of the player at the time of surgery and the type of sport.25 A 
case series of professional athletes undergoing lumbar 
discectomy found return-to-play rates stratified according to a 
time line.46 The rates of return were 50% at 3 months, 72% at 
6 months, 79% at 9 months, and 84% at 12 months; the 
overall rate of return was 89%. The mean time to return to 
play was 5.3 months.46

With conservative management, the athlete should meet 
general return-to-play criteria before resuming activity. Return to 
play after 2 to 6 months is plausible for contact sports after 
percutaneous discectomy and microdiscectomy (see Table 4 in 
Appendix) and 4 to 8 weeks for lighter activities such as golf.1

Spondylolysis

Spondylolysis has an estimated prevalence of approximately 3% 
to 6% in the general population, although this is higher in 
athletes.38 The most common locations for this injury are at L5 
in 85% to 95% of cases and L4 in 5% to 15% of cases.12,19,36 
Spondylolysis is more commonly encountered in the skeletally 
immature athlete due to the vulnerability of the immature pars 
to repeated stress.16 These patients typically respond well to 
nonoperative management, with bracing and activity 
modification when compared with their skeletally mature 
counterparts.16,39 Patients typically present with localized lumbar 
pain that is worsened with extension. There should be a high 
index of suspicion in the skeletally immature athlete with these 
symptoms. Sports with repetitive stresses to the lumbar spine 
such as gymnastics, diving, weightlifting, and wrestling 
demonstrate the highest risk.12,19,36 Initial evaluation should 
include anterior-posterior and lateral radiographs. The 
diagnostic benefit of additional oblique films is currently 
controversial.7 Single photon emission computed tomography 
(SPECT) is helpful when initial screening radiographs are 
negative.16

Initial treatment includes bracing and activity modification, 
followed by progressive physical therapy.16 Good to excellent 
results have been reported in 80% of athletes with spondylolysis 
treated conservatively.14 These athletes are allowed to return to 
play once they have met the general criteria for contact sports, 
usually a minimum of 4 to 6 weeks.16 Longer periods of rest and 
immobilization (8-12 weeks) have also been advocated.33 
Regardless, for athletes who fail conservative management, 
surgical treatment with iliac crest bone grafting and 
posterolateral fusion have been recommended.22,38

Return to play after surgical treatment of spondylolysis is 
controversial, and formal criteria are lacking. Guidelines do not 
recommend return to contact sports after fusion of 
spondylolysis.15,16 A survey of 261 Scoliosis Research Society 
(SRS) members found that 27% to 36% of surgeons allowed 
these patients to return to collision sports 1 year 
postoperatively.37 Fusion after spondylolysis is not always a 
contraindication to return to contact sports, but the time frame 
for return is variable.9

Spondylolisthesis

An isthmic spondylolisthesis is the result of bilateral pars 
fractures or defects that result in anterior slippage of the 
vertebral body.39 Radicular pain and weakness may be present 
from foraminal or central stenosis depending on the severity of 
the slip. As with spondylolysis, the majority of low-grade 
spondylolistheses are treated conservatively, though bracing is 
more controversial.15 Surgery is typically reserved for traumatic 
cases, higher grade (III-IV) slips, and failed conservative 
management.15,16,33,39

Specific return-to-play recommendations vary among spine 
surgeons34 but generally include a pain-free full range of 
motion, the absence of neurological deficit, and evidence of 
bony fusion on plain radiographs.9,15,16,33 Good outcomes have 
been reported in patients undergoing posterolateral fusion for 
spondylolysis and spondylolisthesis.28 Return to sport is feasible 
after direct pars repair, which preserves spinal motion28 in 
athletes with these conditions.13,34 Direct pars repair may be 
advantageous in the athletic population.

Lumbar Stenosis

In young athletes, lumbar stenosis usually results from structural 
deformities such as spondylolisthesis, kyphosis, scoliosis, or disc 
herniation. Pain is worse with activity and better with lumbar 
flexion. Radicular pain and decreased strength and sensation 
may also be present. Unless the athlete has cauda equina 
syndrome, profound neurological deficit, or instability, the initial 
treatment is conservative.15 Rest from activity, nonsteroidal anti-
inflammatory medications, and progressive therapy with return 
to play are included in most conservative protocols.2,15 Studies 
are not available on surgical treatment of spinal stenosis in 
athletes.28

Return-to-play guidelines for lumbar stenosis after surgical 
intervention are variable and highly dependent on the type 
of surgery performed (see Table 4 in Appendix). Athletes 
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may resume noncontact activity once they meet general 
criteria.15 As stated earlier, athletes have returned to play 
with excellent outcomes after lumbar discectomy for disc 
herniation.25,48 However, contact or collision sports are not 
advised after lumbar fusion for herniation or stenosis.28 
After laminectomy, the time frame for return to contact 
sports is usually 4 to 6 months.1,15 Persistent neurological 
deficits, spinal instability, and postfusion procedures 
prohibit participation in collision sports.2 Lumbar fusion 
alone or with interbody techniques may not be a 

contraindication to returning to contact sports after a 
complete recovery.9

ConCluSion

Currently, there are no standardized consensus guidelines for return 
to play after spine injuries. However, there is good general 
agreement on 4 fundamental criteria that must be met for a player to 
return to playing a sport; the athlete should be pain free, have full 
range of motion, full strength, and no evidence of neurologic injury.

SORT: Strength of Recommendation Taxonomy
A: consistent, good-quality patient-oriented evidence

B: inconsistent or limited-quality patient-oriented evidence
C: consensus, disease-oriented evidence, usual practice, expert opinion, or case series

Clinical Recommendation
SORT Evidence 

Rating

Return-to-play recommendations after spine injuries are widely variable, but at a minimum, general criterion should be met prior to resuming athletic participation. 
These criteria include the following: full strength, painless and full range of motion, and full strength without neurologic deficit.9,11,16 

C

Absolute contraindications to return to play for contact sports include but are not limited to: atlanto-occipital fusion, evidence of bony or ligamentous instability, 
symptomatic disc herniation, neurologic deficit, myelopathy, Arnold-Chiari malformation, and multilevel (2-3) spinal fusions.11,42,44 

C

There is a lack of consensus regarding specific return-to-play criteria after spine surgery and injury.16,28 C

Clinical Recommendations
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