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Abstract
Purpose To determine the accuracy and short-term efficacy of
fluoroscopy-guided steroid/anesthetic injections for symp-
tomatic pars interarticularis (pars) defects.
Materials and methods Following IRB approval, all fluoro-
scopically guided pars injections from a single institution
(6/2010 to 3/2016) were retrospectively and independently
reviewed by two MSK radiologists. The radiologists evaluat-
ed the fluoroscopic images to determine if all of the pars in-
jections associated with each procedure were intra-pars (n =
57 procedures; 106 pars injections), peri-pars (n = 3 proce-
dures; three pars injected), or a combination of intra-pars
and peri-pars (n = 6 procedures; 12 pars injected). The patients
were asked their pain score (graded on a scale of 0–10) pre-
injection, 5–10 min and 1-week post-injection. Age, gender,
and fluoroscopic times were recorded. Statistical analysis was
performed on the all intra-pars injections only.
Results Exact inter-reader agreement was present in 92 % (112/
121) of the injections, with 57 of the procedures (106 pars injec-
tions) performed on 41 patients (mean age 36; 18 M, 23 F) all
intra-pars. The mean pre-injection and 5–10 min post-injection

reduction in pain for the all intra-pars injections was −3.0 units
(95 % CI: [−3.9, −2.1] units; p < 0.001) with a mean 1-week
post-injection (n = 21 procedures; 38 pars) reduction in pain of
−0.7 units (95 % CI [−1.5, 0.0]; p = 0.06). The geometric mean
fluoroscopic time per pars injected was 42 s.
Conclusions Over 92 % of fluoroscopically guided injections
for symptomatic spondylolysis are technically successful with
minimum fluoroscopic time, resulting in statistically signifi-
cant pain reduction immediately post-injection and a trend in
pain reduction 1-week post-injection.
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Introduction

Spondylolysis, or pars interarticularis defects, are estimated to
occur in 6 % of the adult population [1, 2], with the number
possibly as high as 11.5 % due to the increased sensitivity of
CT [3]. Most pars defects occur at the caudal-most lumbar
vertebral motion segment, and they are usually bilateral.
Many believe that spondylolysis is the result of a stress frac-
ture of the pars interarticularis as pars defects may either heal
with conservative measures or progress to a non-union [4–6].
Some anatomic variants, including an insufficient interfacet
distance, have also been proposed as a factor in the develop-
ment of pars defects [7]. In addition, athletes in sports requir-
ing a significant amount of hyperflexion, extension, or high
rotational motions may be more prone to developing
spondylolysis [8–10].

Spondylolysis has been implicated as an etiology for low back
pain, with a higher incidence of spondylolysis related back pain
reported in younger patients [11, 12]. To our knowledge, no
study has evaluated the accuracy of fluoroscopy-guided pars
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injections and only a few studies have directly evaluated the
efficacy of therapeutic steroid injections for symptomatic
spondylolysis [13, 14]. Therefore, we sought to determine if
injections of painful pars defects could be accurately performed
using fluoroscopic guidance and if the injections were effective
in providing immediate and short-term pain relief.

Materials and methods

General

Institutional review board approval was obtained for the study.
All fluoroscopy-guided pars interarticularis injection proce-
dures performed on an outpatient basis between June 2010
and March 2016 at a single institution were retrospectively
reviewed. Pre-injection confirmation of a pars defect was
made by an analysis of MRI, CT, or radiographs (Fig. 1a, b).

Over 95 % of the patients were referred by the orthopedic
department (mostly from orthopedic spine specialists); neuro-
surgery and other departments accounted for the remainder.
The procedures were performed by musculoskeletal (MSK)
faculty and/or fellows in all cases.

Technique

After obtaining written informed consent, the patients were
placed prone on a fluoroscopic table with a bolster placed
underneath their lower abdomen to reduce the lumbar spine
lordosis as described by Sarazin et al. [15]. The patients were
sterilely prepped and draped, and the appropriate needle entry
site on the skin was marked using the AP image (i.e., for an L5
pars defect, the skin entry site was just below the inferior
articular process of L4). Using fluoroscopic guidance, a 22-
gauge 3.5-inch spinal needle was placed parallel to the image
intensifier and directed towards the inferior articular recess of
the facet joint at the level of the spondylolysis via a posterior
approach such that the needle and its hub were Bbulls-eyed^
on the AP view [15]. After the needle was advanced through
the superficial soft tissues, the image intensifier was turned to
the ipsilateral oblique position. The L4–L5 facet joint was
identified between the L4 inferior and L5 superior articular
processes with the pars defect visualized at the base of the
L5 superior articular process. Using both the AP and oblique
images, the needle was advanced further until it contacted
either the base of the L5 superior articular process or the pars
defect itself (Fig. 2a–c). Following needle placement, 0.5–
1.5 cc of Omnipaque-300 (Iohexol, GE Healthcare
Princeton, NJ, USA) was injected. Opacification of the pars
defect was used as the criteria for determining an intra-pars
injection; otherwise, the injection was considered to be peri-
pars in location. All patients were then injected with 0.5 ml of
0.25 % bupivacaine (bupivacaine HCL, Auro Medics Pharma
LLC Dayton, NJ, USA) and either 20 mg (0.5 ml) Depo-
Medrol (methylprednisolone acetate, Pharmacia and Upjohn
Co New York, NY, USA) or an equivalent dose of another
steroid. Patients were excluded if a different concentration of
steroid or if an anesthetic other than bupivacaine (i.e., lido-
caine) was injected into the pars defect.

Fig. 1 a, b An 18-year-old female high school softball pitcher with axial
low back pain worsened with activity. a Sagittal reformatted computed
tomography image demonstrates bilateral L5 pars defects (right-side pro-
vided with arrow). b Fluoroscopic injection of right L5 pars defect dem-
onstrates contrast within the pars defect (arrow). Note: Needle tip is
adjacent to the inferior process of L4 (dotted arrow). Fluoroscopic time,
39 s per pars

�Fig. 2 a–cA31-year-old male patient with a bilateral L5 pars defects and
low back pain. a AP fluoroscopic image with the appropriate skin needle
entry site marked (X) just below the left inferior articular process of L4. b
After the needle is placed parallel to the image intensifier and the needle
hub Bbulls-eyed^ on the skin entry site on the AP view, the image inten-
sifier is turned to the ipsilateral oblique position. The left L4–L5 facet
joint is between the L4 inferior (L4 IP) and L5 superior (L5 SP) articular
processes. The pars defect (circle) is at the level of the base of the L5
superior articular process. The needle (illustrated by an arrow) is ad-
vanced until it is inferior to the L4 inferior articular process and contacting
either the base of the L5 superior articular process or within the pars
defect itself. c Contrast is then injected and demonstrates filling of the
pars defect (arrow). Fluoroscopic time, 15 s per pars
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Image analysis

Two fellowship-trainedMSK radiologists, with 2 and 16 years
of experience in performing pars injections, independently
reviewed the fluoroscopic injection images to determine if
the injections were intra-pars or peri-pars in location. In the

event of a discrepancy in determining the location of the in-
jection, a consensus interpretation was rendered with the dis-
crepant cases reanalyzed in a blinded fashion. The consensus
interpretation was utilized for the statistical analyses. If more
than one pars defect was injected in the same procedural set-
ting, all injections needed to be within the pars defects for the
procedure to be considered intra-pars (Table 1).

Pain analysis

All patients reported their pre-injection and immediate post-
injection pain scores to a radiology nurse using an 11-point
numeric pain rating scale (NRS); 0 (no pain) to 10 (worst pain
imaginable). The patients were contacted by a radiology ad-
ministrator via telephone 1 week following the injection and
were asked to again report their level of pain using the same
0–10 pain scale.

Statistical analyses

Data summarization Categorical data were summarized as
frequencies and percentages, and continuous scaled data were
generally summarized by the mean and standard deviation of
the distribution.

Inter-reader agreement The concordance between the two
readers’ assessments of whether the interarticularis injection
needle was all intra-pars, partially in, or all peri-pars was eval-
uated by way of the kappa statistic (Table 1). An exact bino-
mial confidence interval was utilized to establish a plausible
range of values for the underlying level of concordance be-
tween the two readers’ injection classifications. Only proce-
dures where the injection(s) was all intra-pars were analyzed
further.

Post-procedure pain analysis Gaussian generalized estimat-
ing equation (GEE) regression models were utilized to estimate
the immediate and the 1-week post-injection mean changes in
the pain scores. Marginal (average) as well as covariate depen-
dent estimates of the mean changes in pain were estimated
when factors such as patient age, gender, pre-pain level, and

Table 1 Location of each pars injection, as determined by each
individual reader and on consensus. Of the total pars injected, over
92 % (112/121) were intra-pars by consensus

Total procedures (total pars injected)

All in All out One in/one out (partial)

Consensus 57 (106) 3 (3) 6 (12)

Reader #1 56 (104) 3 (3) 7 (14)

Reader # 2 55 (100) 4 (5) 7 (16)

Exact agreement: 92.4 % [95 % CI: (83.2, 97.5 %)]
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procedure personal (BAttending Physician^ involvement) were
deemed via statistical tests to be important determinates of im-
mediate and/or 1-week post-injection mean changes in pain. It
is important to note that since only seven of the 41 patients
(17 %) who underwent the pars procedure had multiple pars
procedures, and since no two procedures conducted on the
same patient occurred within 25 days of each other, the
Huber and White sandwich variance-covariance estimator
was utilized to estimate the GEE regression model variance-
covariance parameters used in hypothesis testing and confi-
dence interval construction [16, 17]. Null hypotheses related
to the immediate and 1-week changes in pain were that the
mean change in pain was equal to zero. A two-sided p < 0.05
decision rule was used as the null hypothesis rejection rule.

For the subset of 19 patients (21 procedures) who had both
immediate and 1-week pain scores available, we also tested the
null hypothesis that the immediate and 1-weekmean changes in
pain were equal. A two-sided p < 0.05 decision rule was also
used as the null hypothesis rejection rule for this test.

Statistical softwareThe statistical software package SAS ver-
sion 9.4 (SAS Institute Inc., Cary, NC, USA), was used to
conduct the aforementioned statistical analyses.

Results

General/injection

Fifty-seven procedures performed on 41 patients (18 M: 23 F;
mean age 36 ± 15 years; range, 16–65 years) were considered all
intra-pars accounting for a total of 106 pars defects injected
(Tables 2 and 3). Three procedures (three pars) performed on
three patients were considered all peri-pars and six procedures
(12 pars) performed on six patients were considered to be intra-
pars on one side and peri-pars on the other. In the intra-pars

injections, pre-injection confirmation of a pars defect was made
with MRI or CT (n = 35 patients/94 pars) or by radiographs only
(n= 6 patients/12 pars) (Figs. 1a and 3a). Steroids utilized for the
injection of the all intra-pars included either 20 mg (0.5 ml)
Depo-Medrol (methylprednisolone acetate, Pharmacia and
Upjohn Co., New York, NY, USA) (44 procedures; 88 pars),
3 mg (0.5 ml) of Celestone [betamethasone, Merck and Co.,
Whitehouse Station, NJ (eight procedures; nine pars) or 20 mg
(0.5 ml) of Kenalog [Triamcinolone Acetonide, Bristol-Myers
Squibb Co., Princeton, NJ, USA] (five procedures; nine pars).

Image analysis

The exact agreement between the two readers was 92.4 %
(95 % CI: [83.2, 97.5 %]) for all intra-pars with a kappa sta-
tistic of 0.65 (95 % CI: [0.40–0.90]) (Figs. 1b and 3b)
(Table 1). The geometric mean fluoroscopic time required to
perform an intra-pars injection was 42 s (95 % CI: [36, 49
units]; range [9, 157 s]).

Pain analysis

The pre-injection and 5–10 min post-injection 0–10 pain was
recorded in all patients. One-week post-injection pain scores
were only available following 37 % (21/57) of the injections
even though all patients were called 1-week post-injection on
at least one occasion.

Immediate change in pain

Patient age, gender, and the radiologist performing the proce-
dure were not associated with the immediate change in pain
(p= > 0.10 for all), but pre-injection pain levels were inversely
associated with the immediate post-injection change in pain
(p = 0.001) (Table 4). The mean pre-injection and 5–10 min
post-injection pain scores for the 57 all intra-pars procedures
were 6.0 and 3.0, respectively (mean Δ: −3.0 units; 95 % CI:
[−3.9, −2.1 units]; p < 0.001) (Table 5).

One-week change in pain

Patient age, gender, radiologist performing the procedure, and
the pre-injection pain level were not associated with the 1-
week change in pain (p= > 0.30 for all) (Table 4). The 1-
week post-injection mean reduction in the pain score from

Table 2 Total number of patients, procedures performed, and number
of intra-articular pars defect injections

Number of procedures per patient 1 2 4 7 Total

Number of patients 34 4 2 1 41

Number of procedures 34 8 8 7 57

Number of pars injected 64 12 16 14 106

Table 3 Number of patients with
unilateral single level, unilateral
two-level, bilateral single level,
and bilateral two-level injections

Unilateral
single level

Unilateral
two levels

Bilateral
single level

Bilateral
two levels

Total

Number of patients 10 1 28 2 41

Number of procedures 12 1 42 2 57

Number of pars injected 12 2 84 8 106
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the pre-injection pain score was −0.7 units (95 % CI [−1.5, 0.0
units]; p = 0.06) (Table 5).

Percent pain reduction

Immediately after the injection, 35 % (20/57) of the injections
resulted in 75% or greater pain reduction with 54% (31/57) of

the injections resulting in 50% or greater pain reduction. One-
week following the injection, 5 % (1/21) of the injections
resulted in 75 % or greater pain reduction with 19 % (4/21)
of the injections resulting in 50 % or greater pain reduction
(Table 6).

Discussion

The high concentration of free nerve endings within pars de-
fects in patients with symptomatic spondylolysis suggests that
the tissue within the pars defect could be a source of pain in
these patients [18]. Treatment of patients with symptomatic
pars defects often consists of nonsteroidal anti-inflammatory
medications, bracing of the lower back, and the cessation of
potentially aggravating activities. Since pars defects in the
early or progressive phase may spontaneously heal, skeletal
maturity and bone SPECT findings may occasionally alter
management [19–21].

An injection of local anesthetic into a pars defect is often
part of an algorithmic approach used to diagnose the etiology
of low back pain as well as a method to provide immediate
therapeutic pain relief to these patients [19, 20, 22].
Ultimately, failed conservative measures may warrant surgical
fixation with the goal of establishing solid osseous fusion
across the defect in order to relieve the pain [22]. A diagnostic
anesthetic injection into asymptomatic pars defect may also
help determine which patients might respond favorably to
surgical fusion [22].

Injection of the pars interarticularis defect may be per-
formed by placing the needle directly into the defect using

Fig. 3 a–bA 44-year-old female with bilateral L5 pars defects and lower
back pain. a Lateral radiograph demonstrates the bilateral L5 pars defects
(*) and grade II anterolisthesis (lines). b Fluoroscopic image demon-
strates intra-pars injection of the right L5 pars defect (arrow).
Fluoroscopic time, 53 s/pars defect

Table 4 Results of univariate analysis evaluating age, gender, person
performing the injection, and the pre-pain level with immediate and 1-
week change in pain

Immediate change
in pain

1-week change
in pain

Age 0.116 0.611

Gender 0.527 0.340

Person injecting 0.134 0.960

Pre-pain level 0.001 0.653

Table 5 Mean pre-injection, immediate, and 1-week post-injection pain
score for the all intra-pars procedures

Post-injection n Pre-pain Post-pain Change in pain
(95 % CI)

p value

Immediate
(5–10 min)

57 6.0 3.0 −3.0 (CI −3.9, −2.1) <0.001

1-week 21 6.4 5.6 −0.7 (CI −1.5, 0.0) 0.06

Table 6 Percentage pain reduction both immediately and 1-week post-
injection of the pars defect with a steroid-anesthetic combination

Percent pain reduction Immediate (n = 57) One week (n = 21)

75–100 % 20 (35 %) 1 (5 %)

50–74 % 11 (19 %) 3 (14 %)

50–100 % 31 (54 %) 4 (19 %)

1–100 % 47 (82 %) 7 (33 %)

No change 6 (11 %) 10 (48 %)

Increase 4 (7 %) 4 (19 %)
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either CTor fluoroscopic guidance. This can be accomplished
with fluoroscopy by using the technique that Sarazin et al.
described as an Bindirect^ technique to perform a facet injec-
tion (i.e., target the inferior articular recess of the L4–L5 facet
joint which is at the approximate level of the L5 pars defect)
[15]. A pars defect can also occasionally be injected
Bindirectly^ by directly injecting the facet joint above the de-
fect. This is possible because the pars interarticularis is the
only barrier between the inferior articular recess of the facet
joint above and the superior articular recess of the facet joint
below the defect, and in some but not all cases, the pars defect
may subsequently fill with contrast using this Bindirect^ tech-
nique [13, 23, 24]. Given that the technique of directly
injecting the facet joint does not result in filling of a pars defect
in all cases, we prefer the technique described by Sarazin et al.
that actually directly targets the pars defect (which is immedi-
ately deep to the location of the inferior facet joint recess) [15].
We have anecdotally found that this approach is well tolerated
by the patient, is technically straightforward, and is less time-
consuming and costly than CT guidance.

To our knowledge, the accuracy of fluoroscopically guided
injection of pars defects has not been reported. We found that
the technique described by Sarazin for Bindirectly^ injecting
facet joints is highly accurate in injecting pars defects, with
∼93 % (112/121) of the injections intra-pars in location. We
also found that intra-pars steroid-anesthetic injections can be
performed with minimal fluoroscopic time, resulting in a sta-
tistically significant reduction in pain 5–10 min post- injec-
tion; pain relief likely attributed to the anesthetic
administration.

Even though steroids are often added to the anesthetic so-
lution with the expectation for longer pain relief [25], few
studies have directly evaluated the efficacy of steroid injec-
tions in providing pain relief in patients with symptomatic
pars defects. We found that intra-pars steroid-anesthetic injec-
tions were associated with a trend in pain reduction 1 week
post-injection (p = 0.06); pain relief likely attributed to the
steroid effect. When analyzing the number of patients with
pain relief following a fluoroscopically guided pars injection
using a combination steroid/anesthetic mixture (n = 8) or an-
esthetic alone (n = 3), Maldague et al. found that 55 % (6/11)
of the patients injected had 75 % or greater pain relief [13].
This compares to 35 % (20/57) of the patients in our study
with 75 % or greater pain relief 5–10 min after the injection
with the difference between the percentage of patients with
75 % pain relief in our study and in Maldague et al. not sta-
tistically significant (p = 0.22). Wald et al. performed an audit
of symptomatic pars defects injected with a steroid/anesthetic
solution under CT guidance and reported that 43 % (18/42) of
the patients had 50 % or greater pain reduction 2 weeks post-
injection [14]. This compares to 19 % (4/21) of the patients in
our study with 50 % or greater pain reduction 1-week post-
injection with the difference between the percentage of

patients with 50 % or greater pain relief in our study and in
the study by Wald et al. not statistically significant (p = 0.06).
Unfortunately, to our knowledge, no additional studies exist to
more clearly determine the efficacy of injections for symptom-
atic pars defects.

This retrospective study is limited by the analysis of only
57 procedures in 41 patients. However, there is a paucity of
studies in the literature evaluating the effectiveness of steroid/
anesthetic injection on providing pain relief for symptomatic
pars defects, the largest evaluating 59 patients [14]. In addi-
tion, our 37 % phone call response rate 1-week post-injection
is lower than the response rate we usually experience follow-
ing other injections. We suspect this lower response rate is
partially related to the lower age group of the patients injected
for pars defects as we have anecdotally found contacting uni-
versity students post-injection especially challenging. Further
study with additional patients would be useful to better define
the 1-week post-injection trend in pain relief (p = 0.06) that we
noted in our study.

In conclusion, symptomatic pars defects can be successful-
ly injected under fluoroscopic guidance with minimal fluoro-
scopic time in over 90 % of cases by targeting the inferior
recess of the facet joint, which is at the level of the pars defect.
Statistically significant immediate post-injection pain relief
was provided by the intra-pars injections, with a trend in pain
relief present 1-week post-injection.
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