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Abstract

Study Design: Meta-analysis.

Objectives: To assess return to play (RTP) rates in adolescent athletes with lumbar spondylolysis without spondylolisthesis
treated conservatively or operatively.

Methods: A review of Medline, EMBASE, and Cochrane Reviews was performed. The pooled results were performed by cal-
culating the effect size based on the logit event rate. Studies were weighted by the inverse of the variance. Confidence intervals
were reported at 95%. Heterogeneity was assessed using the Q statistic and I2 value.

Results: The initial literature search resulted in 724 articles, of which 29 were deemed relevant on abstract review. Overall, 11
studies provided data for 376 patients with a pars interarticularis defect. Return to athletic competition, based on logit event rate,
was found to be statistically favored after both nonoperative and operative treatment (92.2% vs 90.3%). There was no hetero-
geneity noted among the studies reporting nonoperative treatment (Q value of 4.99 and I2 value of 0). There was mild hetero-
geneity within the operative studies (Q value of 3.54 and I2 value of 15.18).

Conclusions: Adolescent athletes RTP 92.2% of the time with nonoperative management, compared with 90.3% when treated
operatively, though both treatment groups strongly favor RTP. As this is the first study to pool results of all relevant literature, it
provides strong evidence to guide decision making and help manage expectations in this unique patient population.
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Introduction

Management of symptomatic lumbar spondylolysis without

listhesis in adolescent athletes represents a unique challenge

for the treating physician. In the general population, the major-

ity of cases can be successfully treated with rest and conserva-

tive management. Surgical intervention is indicated only for

those few individuals who have failed a prolonged (>6 months)

trial of conservative management. A variety of surgical tech-

niques have been described, although most involve either direct

repair of the pars interarticularis with screw fixation and bone

grafting as described by Buck,1 or indirect reduction and com-

pression achieved through a tension wire construct as described

by Nicol and Scott.2

Elite-level adolescent athletes, especially those who partic-

ipate in sports requiring repetitive hyperextension maneuvers,

place significantly greater biomechanical demands on the lum-

bar spine. Furthermore, there are frequently external pressures

to ensure that such athletes return to preinjury levels of activity
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as soon as possible. Although a trial of conservative manage-

ment followed by surgical intervention for persistent pain has

been shown to be very effective for recreational-level athletes,

less is known regarding the utility of this algorithm in higher

level athletes. Recently, a number of studies have reported on

the rate of return to play (RTP) after both conservative and

surgical management of isthmic spondylolysis without listhesis

in high-level athletes. In this meta-analysis, we evaluate the

recent published literature regarding the efficacy of conserva-

tive and operative management with regard to rate of RTP.

Materials and Methods

Inclusion and Exclusion Criteria and Review Procedure

A systematic computerized literature search was performed

using PubMed, Cochrane Database of Systematic Reviews,

and EMBASE. The electronic databases were searched

from January 1990 to December 2014. Searches were per-

formed from Medical Subject Headings (MeSH) used by the

National Library of Medicine. Specifically, MeSH terms

“spondylolysis,” “athlete,” and “sport” were used. The review

procedure was conducted in accordance with PRISMA guide-

lines. A flow diagram of the systemic review is presented in

Figure 1. Inclusion criteria for the meta-analysis included the

following: age <25 years, radiologic pars defect without evi-

dence of spondylolisthesis, athletic participation, documenta-

tion of return to sport activity, method of operative or

nonoperative treatment, and a methodological quality score

greater than or equal to 10. The abstracts for each article were

reviewed by 2 independent authors to assess for inclusion in the

meta-analysis. The authors jointly reviewed the full texts of the

articles meeting the inclusion criteria for the study. A third

author was available in the event of a discrepancy between the

2 reviewers, and a consensus was reached after review. The

methodological quality of each study was appraised in accor-

dance with the Downs and Black checklist.3

Data Extraction

A database was created from the included studies with the

following categories: study ID to include author, journal, and

year of publication; reference; study type and level of evi-

dence; number of patients; sport played; patient age; length

of follow-up; operative or nonoperative definitive treatment;

operative levels; surgical indication; duration between sur-

gery to RTP; and clinical success. The primary outcome vari-

able was ability to RTP, defined as returning to sport and

logging regular season playing time in at least one game.

Success was defined by an ability to RTP, whereas failure

was defined by an inability to RTP.

Methodological Quality Assessment

Methodological quality assessment was accomplished using

the Downs and Black checklist. It is a checklist that culminates

in a total score that is directly proportional to the quality of the

study. The total cumulative score is composed of a profile that

measures quality of reporting, internal validity (bias and con-

founding), and external validity. According to Downs et al, the

performance results of the checklist showed a high internal

consistency (KR-20 ¼ 0.91), test-retest score (r ¼ .90), and

interrater reliability (r ¼ .80). The checklist consists of 27

items for which an answer “yes” correlates with a score of

“1” and an answer “no” correlates with a score of “0.” Notably,

we used a modified Black and Downs checklist in which item

27 was shifted to a binary answer system. One point was

awarded if a power or sample size calculation was present. This

method produced a maximum score of 28.

Meta-Analysis

Pooling of the results was performed by calculating the effect

size based on the logit event rate (a statistical extrapolation of

raw data proportions) using Comprehensive Meta Analysis,

version 2.2.050 (Biostat, Englewood, NJ). The studies were

weighted in the meta-analysis by the inverse of the variance,

which included both within and between study errors. The

effect size and confidence intervals (CIs) were reported using

Figure 1. PRISMA flow chart.
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a Forest plot. Confidence intervals were reported at a 95%
level. A P value of .05 was set for significance. Heterogeneity

was assessed using the Q statistic and I2, where I2 is the esti-

mate of the percentage of error due to between-study variation.

I2 values below 25% generally indicate consistent results and

homogeneous studies. A priori, a random effects model was

selected. A sensitivity analysis was performed by varying the

assumptions used in the meta-analysis, and also through single

elimination of the studies to assess for significance. A funnel

plot was assessed for determination of publication bias.

Results

Systematic Review

The initial PubMed, Cochrane Review, and EMBASE search

resulted in 724 articles. After 2-reviewer assessment of

abstracts, 29 articles were identified as requiring further manu-

script review. Eighteen articles were excluded based on inclu-

sion criteria and quality cutoff (<10), leaving a total of 11

studies included in the meta-analysis.

Seven studies reported exclusively on nonoperative treat-

ment for young athletes with symptomatic spondylolysis with-

out listhesis, while 4 studies examined similar patients treated

operatively. There were a total of 245 patients in the nonopera-

tive treatment group, with an average age of 18.1 (7-31) years,

average follow-up of 29 (3-120) months, and average RTP

timing after treatment initiation of 5.9 months. The operative

arm consisted of 74 patients with an average age of 19 (13-37)

years, average follow-up of 38.4 (12-135) months, and average

RTP time after surgery of 6.5 months. These results are sum-

marized in Table 1.

Quality Assessment of Included Studies

The quality index score of our 11 studies ranged from 11 to

18. We calculated an average score of 14 and a standard

deviation of 1.45. We defined a higher quality study as 15

to 18, a moderate quality study as 12 to 15, and a poorer

quality study as 8 to 12. The quality scores for each article

are delineated in Table 1.

Summary of Investigations

Eleven studies were reviewed for this meta-analysis, 7 that

reported outcomes after conservative management and 4 that

reported outcomes after surgical intervention. Multiple surgi-

cal techniques were described, most of which were variations

of either direct pars interarticularis screw fixation or utiliza-

tion of a tension-band wire construct. All instances of surgical

intervention were performed after a failed period of conser-

vative management.

Donaldson studied 11 elite-level hockey players with lum-

bar spondylolysis without listhesis treated conservatively with

rest a physical therapy. Of the 11 players with radiographically

confirmed spondylolysis at an average age of 16.2 years, 10

(91%) were able to return to preinjury level of play at a mean of

8 (6-12) weeks.4

Ruiz-Cotorro followed 66 elite-level tennis athletes with

spondylosis without spondylolisthesis treated conservatively

with rest followed by physical therapy. The average age of the

66 athletes was 14.8 (12-21) years. The authors reported that all

66 (100%) were able to RTP at a mean of 3.5 (0.5-5.5) months.5

Sys et al studied 28 elite-level athletes with lumbar spon-

dylosis without listhesis, the majority of whom were soccer

players. The average age of the athletes at diagnosis was

17.2 (12-27) years. After a period of rest and utilization of

the Boston Overlap Brace followed by physical therapy, 25 of

28 (89%) were able to achieve RTP at an elite level by an

average of 22 weeks.6

Jackson et al followed a group of 25 mixed athletes with

radiographically confirmed spondylolysis without listhesis, of

which 10 were lost to follow-up and not included in this meta-

analysis. Of the remaining 15 young athletes, reported to play

soccer, basketball, football, or gymnastics, 12 (80%) were

able to RTP at an average of 7.3 months after a period of rest

alone. The average age at diagnosis in this cohort was 15.5

(7-20) years.7

In the largest study of its kind, Iwamoto followed a cohort of

191 elite adolescent athletes diagnosed with spondylolysis

without spondylolisthesis. Of the 191 athletes, 87 were found

to have evidence of degenerative disc disease and were subse-

quently excluded from the study. The remaining 104 patients

had an average age of 20.7 (12-60) years. All patients were

treated with a lumbosacral orthosis and rest. Ninety-nine of

104 (95%) young athletes were able to RTP at an average of

5.4 (1-11) months. Of the 5 athletes that failed to RTP, the

following etiologies were cited: spinal surgery to relieve low

back pain, retirement from sporting activity in a 60-year-old

athlete, low sporting activity with no organized sporting event,

and, in 2 cases, severe subjective low back pain.8

Looking at outcomes after operative intervention, Nozawa

reported on 20 athletes who underwent placement of a tension

wire construct for fixation of spondylolysis without listhesis in

patients that failed prior nonoperative treatment. The average

age of the cohort at time of surgery was 23.7 (12-37) years, and

the average follow-up period was 41.5 (16-103) months. The

authors found that 18 (90%) were able to RTP and all

20 patients demonstrated radiographic union of the pars defect

at final follow-up, though 3 cases were complicated by wire

breakage with no apparent clinical consequences.9

Menga et al followed 31 patients, 25 of whom were identi-

fied as competitive athletes, who underwent direct pars screw

fixation after failed nonoperative management. The athletes,

whose average age was 16 (10-37) years, were followed for a

minimum of 2 years with a mean of 60 (24-135) months. The

authors reported that 19 of 25 (76%) achieved clinical success

and were able to RTP by an average of 6 (3-10) months. This

study yielded a rather high complication rate with 1 patient

requiring L5-S1 fusion for recurrent pain, 2 patients sustaining

screw breakage, and 1 case of infection requiring irrigation and

debridement.10
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Debnath et al reported on a cohort of 22 elite-level college

athletes with spondylolysis without listhesis utilizing 2 differ-

ent direct pars repair techniques. The mean age of the athletes

at time of surgery was 20.2 (15-34) years. Nineteen patients

underwent direct pars screw fixation and 3 were treated with

tension band wiring. They reported that 18 of 19 (95%) patients

who underwent direct screw fixation returned to play at an

average of 7 (4-10) months after surgery, while none of those

patients who underwent placement of a tension band wire con-

struct were able to RTP.11

Snyder et al followed 8 athletes with spondylolysis without

listhesis who failed conservative management and subsequently

underwent direct screw fixation supplemented with off-label

usage of rhBMP-2 as a fusion adjunct. The average age at time

of surgery was 16 (11-30) years, and average follow-up was 13.2

(12-24) months. The authors reported that all 8 (100%) were able

to RTP by 6 months and experienced no perioperative or remote

complications.12 Hardcastle followed 23 elite-level cricket ath-

letes with spondylolysis without listhesis, electing to operate on

only those who failed conservative management.13 Twelve of

the patients were able to RTP with rest and physical therapy and

one retired from sport for unrelated reasons. The remaining 10

underwent direct pars screw fixation. The average age of the

patients at time of surgery was 20.9 (15-25) years, with an aver-

age follow-up period of 17.9 (6-47) months. Of the 10 operative

cases, 9 (90%) were able to return to competitive play.13

Similarly, Ranawat et al followed a group of elite

cricket athletes with spondylolysis without listhesis, operating

on those who failed conservative management. Nine

patients who failed conservative management underwent

direct pars screw fixation. The average age of the cohort

was 20.8 (18-31) years, and patients were followed for an

average of 68 (22-120) months. All 9 surgical patients

(100%) returned to competitive play. One complication

of intraoperative drill breakage without long-term sequelae

was reported.14

Meta-analysis Results

Clinical Results. Return to athletic competition was found to be

statistically favored after nonoperative treatment or operative

treatment (92.2% vs 90.3%), with P values <.0001 and <.001,

respectively. The logit event rate of nonoperative care was

calculated to be 2.47 (CI ¼ 1.82-3.12; Figure 2). This pooled

logit event rate was found to be statistically in favor of return-

ing to sporting activity (P < .0001). There was no heterogeneity

noted among the studies reporting nonoperative treatment with

a Q value of 4.99 and I2 value of 0%. The logit event rate for

operative treatment was calculated to be 2.23 (CI ¼ 0.93-3.53;

Figure 3). This pooled logit event rate was also found to be

statistically in favor of returning to sporting activity (P < .001).

There was mild heterogeneity within the operative studies with

Q value of 3.54 and I2 value of 15.18%.

Sensitivity Analysis and Publication Bias. Single elimination of each

study did not affect the overall results of the analysis. Single

Figure 2. Forest plot of the logit event rate for return to play following nonoperative management.

Figure 3. Forest plot of the logit event rate for return to play following operative management.

194 Global Spine Journal 8(2)



removal of each study resulted in P < .05, which validates the

results of the model.

Assessment of the funnel plot demonstrated symmetry about

the mean logit event rate indicating a lack of publication bias

(Figure 4).

Discussion

Back pain due to spondylolysis without listhesis in the adoles-

cent athlete is a relatively common problem. Epidemiological

studies have demonstrated an overall incidence of 3% to 6% in

the general population, while the young athlete has been shown

to carry a much higher incidence of 15%.11,15,16 Nonsurgical

management is the mainstay of treatment for patients with a

symptomatic spondylolysis.17-23 However, in the sidelined

adolescent elite athlete, conflicting motives exists: the desire

for expeditious RTP as well as the need to heal the pain gen-

erating pars defect, which necessitates a hiatus from sporting

activity. These often conflicting goals have led to advances in

the surgical treatment of symptomatic spondylolysis in those

who fail conservative treatment in this demographic.

Young athletes may have a lower threshold to complete

lengthy periods of rest from activity, physical therapy, and core

strengthening due to their desire to RTP quickly. In order to

more expeditiously RTP at a high level of performance, the

athlete and/or parents of the athlete may urge surgeons to pur-

sue a more aggressive approach leading to an earlier abandon-

ment of nonoperative management, and perhaps even definitive

surgery. In 1970, Buck published seminal work describing intra-

laminar screw fixation and autografting of the pars defect, lead-

ing to a high rate of healing in patients who failed lengthy

conservative treatment.1 This work promoted further innovation

and the development of several variations of fixation methods

utilizing wires, hooks, and pedicle screw instrumentation.2,24,25

With any surgical intervention comes an obligatory risk for

complications, which is the salient point to consider when

interpreting this meta-analysis. Although both nonsurgical and

surgical treatments of young athletes with a symptomatic spon-

dylolysis without listhesis demonstrated high levels of RTP at

92.2% and 90.3%, respectively, surgery is not without cost. The

pooled studies of operative treatment consisted of 74 patients,

of which 15 experienced perioperative complications. These

complications are further described in Table 1. With such a

high complication rate, one must carefully consider the risk

versus benefit profile. An algorithm consisting of an exhaustive

and lengthy trial of nonoperative management prior to any

surgical consideration is prudent. However, when analyzing

results of this meta-analysis, the possibility of selection bias

in the operative arms must be considered as all patients that

received surgical intervention had failed prior nonoperative

management as part of their treatment.

The use of meta-analyses allows for the pooling of data from

multiple studies to evaluate whether there is a significant effect

and, if so, the magnitude of the effect. Furthermore, the meta-

analysis allows for assessment of the heterogeneity, or varia-

bility within the studies, which further validates the effect size.

In this study, we selected a priori a random-effects model.

Unlike a fixed-effects model, the random-effects model posits

that the true effect may vary from study to study.

In reference to the aim of this particular study, determining

RTP in young athletes with symptomatic spondylolysis without

listhesis, a meta-analysis is an ideal method of analyzing the

current literature comprehensively. With such a definitive out-

come variable as RTP, heterogeneity among the different stud-

ies used in the analysis is unlikely. This is true in our study,

which boasts a very low I2 value for operative management and

an I2 value of zero for nonoperative treatment, indicating no

heterogeneity between studies. By combining a comprehensive

Figure 4. Funnel plot depicting selection bias.
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search of the English language literature and evaluating studies

with little to no heterogeneity and a definitive outcome mea-

sure, results of this study can be utilized by surgeons counsel-

ing young athletes with a symptomatic spondylolysis. Surgeons

may use the data presented here to guide young athletes in

choosing appropriate treatment options and managing expecta-

tions with tangible values for RTP rates.

This study has several limitations, as with most meta-analyses,

primarily due to low-powered studies from which the pooled

results were extracted. We were not able to illustrate any favor-

ability between the different operative fixation methods due to

inadequate power. While gross inspection of the data seems to

trend toward higher RTP rates with Buck’s method or screw-hook

constructs, we cannot comment on this with any degree of cer-

tainty. We were also unable to isolate and compare RTP rates for

patients based on vertebral level involved and/or bilaterality, or

stage of the pars defect. Significant selection bias may also be

introduced into this study as the included studies utilized differing

surgical indications as well as inconsistencies in timing and pro-

tocol of bracing and physical therapy during conservative man-

agement. Also absent in this study is any comparison of

performance parameters pre- and posttreatment. This is attributed

to a lack of any standardized metric for which to assess perfor-

mance across a wide range of sporting events and level of com-

petition. Additionally, true performance, even among a single

sport, is difficult to define and near impossible to quantify.

Conclusion

Low back pain in the adolescent athlete is a common problem.

When the etiology is spondylolysis without listhesis, several treat-

ment options exist. Nonoperative treatment consisting of activity

restriction, rest, and physical therapy with or without adjunctive

bracing is the gold standard; however, not all pars defects heal with

this management and some patients remain symptomatic. These

patients may benefit from one of several direct pars repair tech-

niques. The results of this study suggest that both nonoperative and

operative treatments for spondylolysis results in high rates of RTP,

though it should be emphasized that all patients in all included

studies did undergo primary nonoperative treatment. Surgeons

should employ nonoperative treatment in young athletes with sur-

gical intervention reserved only for those who fail a lengthy dedi-

cated course of activity restriction and physical therapy.
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