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Abstract

Background Infiltration procedures are a common treat-

ment of lumbar radiculopathy. There is a wide variety of

infiltration techniques without an established gold standard.

Therefore, we compared the effectiveness of CT-guided

transforaminal infiltrations versus anatomical landmark-

guided transforaminal infiltrations at the lower lumbar

spine in case of acute sciatica at L3–L5.

Methods A retrospective chart review was conducted of

107 outpatients treated between 2009 and 2011. All

patients were diagnosed with lumbar radiculopathic pain

secondary to disc herniation in L3–L5. A total of 52

patients received CT-guided transforaminal infiltrations; 55

patients received non-imaging-guided nerve root infiltra-

tions. The therapeutic success was evaluated regarding

number of physician contacts, duration of treatment, type

of analgesics used and loss of work days. Defined endpoint

was surgery at the lower lumbar spine.

Results In the CT group, patients needed significantly

less oral analgesics (p\ 0.001). Overall treatment duration

and physician contacts were significantly lower in the CT

group (p\ 0.001 and 0.002) either. In the CT group, pa-

tients lost significant fewer work days due to incapacity

(p\ 0.001). Surgery had to be performed in 18.2 % of the

non-imaging group patients (CT group: 1.9 %; p = 0.008).

Conclusion This study shows that CT-guided peri-

radicular infiltration in lumbosciatica caused by interver-

tebral disc herniation is significantly superior to non-

imaging, anatomical landmark-guided infiltration, regard-

ing the parameters investigated. The high number of

treatment failures in the non-imaging group underlines the

inferiority of this treatment concept.
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Abbreviations

CTG CT group

NIG Non-imaging group

SEM Standard error of the mean

Introduction

The prevalence of back pain in western populations is up to

80 %. In 2008, the direct annual healthcare costs for

therapy and treatment of patients suffering from back pain

in Germany were approximately 11.5 billion Euros, with an

upward tendency. An inestimable portion of costs are

indirect dorsopathy-caused health expenses (rehabilitation

programs, incapacity for work and early retirement). Thus,

back pain is one of the most cost intensive disease patterns

in the German healthcare system [1].

In approximately 85 % of patients reporting on back

pain, the causative pathology remains unspecific and so-

called functional. In only 15 % of the patients, a specific

morphological correlate can be found (e.g. damaged disc,
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disc herniation, spondylolisthesis, spinal stenosis, scoliosis,

tumour, and fracture) [2].

In patients with specific back pain due to discs her-

niation, infiltration therapy procedures of lumbosciatica

have been described frequently with different concepts of

application and different outcome results [3–10].

Infiltrations at the lower lumbar spine are performed

with fluoroscopic imaging [9, 10], CT guided [3] and

without imaging, anatomical landmark guided [11, 12]. But

to the best of our knowledge, a direct comparison of CT-

guided versus non-imaging-guided infiltrations at the lower

lumbar spine within a clearly restricted spectrum of indi-

cations is missing in the literature. Particularly, little at-

tention was given to clinically relevant aspects such as oral

drug reduction, return to work, the duration and number of

outpatient treatments and the prevention from surgical

procedures.

Following the lack of evidence of these important pa-

rameters, we investigated the therapeutic effect of CT-

guided periradicular transforaminal infiltration procedures

compared to non-imaging, anatomical landmark-guided

infiltration methods in case of lumbosciatica at L3–L5 with

confirmed disc herniation by CT or Magnet resonance

imaging (MRI). Our hypotheses were:

1. CT-guided infiltration reduces the use of oral anal-

gesics and leads to the usage of analgesics of a lower

potency, according to the world health organization

(WHO) pain relief ladder compared with patients

treated with non-imaging-guided infiltrations.

2. Patients who are treated with CT-guided infiltrations

are able to get back to work earlier compared with

patients treated with non-imaging-guided infiltrations.

3. CT-guided infiltrations cause a reduction in treatment

duration and the number of physician contacts com-

pared with non-imaging-guided infiltrations.

4. CT-guided infiltrations are more effective judged by

less treatment failures defined with the need to surgery

on the specific pathology.

Our null hypothesis was that CT-guided infiltration and

non-imaging-guided infiltrations show no significant dif-

ferences regarding the parameters investigated.

Materials and methods

Patients

From January 2009 until January 2011, 120 randomly

selected consecutive patients diagnosed with international

classifications of diseases (ICD) M51.1 (lumbar and other

intervertebral disc disorders with radiculopathy) and ICD

M54.1 (radiculopathy) were included from the patient files

of an outpatient medical centre specialized in interven-

tional spine therapy with a follow-up of at least 12 months

[13]. Routine clinical data were collected and analysed

retrospectively as anonymized aggregate data, thus no

consent was obtained according to the appropriate regula-

tions. All patients selected were diagnosed with lumbos-

ciatica due to intervertebral disc herniation from L3 to S1

with MRI or Computer Tomography Scan (CT), depending

on the existing type of imaging done before.

The 120 consecutive selected patients belonged to two

groups: 60 patients, who were treated with CT-guided

infiltrations (CT group, CTG) and 60 patients with non-

imaging, anatomical landmark-guided infiltrations (non-

imaging group, NIG). All patients in both groups received

a conservative treatment additionally.

Exclusion criteria were defined as: (1) age over 65 years,

(2) workless or retired, (3) worsening neurologic symptoms,

(4) immediate indications for surgery (e.g. infections and

neurological motor deficits), (5) severe deformity, (6) obe-

sity (body mass index[40) and (7) special malformations at

the spine-like transitional vertebrae due to difficult condi-

tions for non-imaging-guided infiltrations.

Age and gender of patients, body mass index (BMI),

number and length of outpatient treatment, number of CT-

guided/non-imaging-guided interventions, use of oral

analgesics according to the WHO pain relief ladder,

number of incapacity to work days and classification as

therapy failure were investigated.

Therapy failure was considered when surgical therapy of

the specific lumbosciatica was necessary.

Due to incomplete documentation, a follow-up of

\12 months or having been treated with both types of

infiltration, eight patients had to be excluded from the CT

group and five patients from non-imaging group.

Statistics

Data were assembled in Microsoft Excel [Version 2010,

Microsoft, Richmond (WA), USA]. Statistical analyses

were performed using unpaired Student’s t tests for para-

metric data (duration of treatment, number of physician

contacts, number of infiltrations, age, days of incapacity,

weight, height and BMI) and Pearson’s Chi-square tests for

non-parametric (gender, group of analgesics used, treat-

ment failure/operation procedure done and ASA Score)

data in SPSS statistics, release 21.0.0 [IBM, Armonk (NY),

USA]. An alpha of 5 % was considered significant.

Infiltration techniques

All infiltrations, CT guided as well as non-imaging guided,

were performed by a single board-certified orthopaedic
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surgeon with more than 20 years of expertise in interven-

tional spine therapy. The institution performs more than

2,000 CT-guided and more than 3,000 non-imaging-guided

infiltrations a year.

Sub sequentially in all patients, infiltrations were done

with 2.5 ml Lidocain (0.5 %) for local skin anaesthesia

and periradicular application of 1 ml bupivacaine

(0.25 %) combined with 50 mg prednisolone in solution

of 9 ml 0.9 % saline after informed consent was

obtained.

CT-guided infiltrations

In the given setting, CT-guided infiltrations are performed

in a Phillips MX 8000 IDT CT-Scanner. The patient prone,

lumbar lordosis is reduced by a pillow. Following asepsis,

the skin at the site of puncture is anaesthetized with

Lidocain (2.5 ml, 0.5 %). The topogram is used to calcu-

late the angle of needle insertion as well as the distance to

be overcome by the needle. The needle is placed in the

outer third of the nerve root canal, thus patients should

report a sensation identical with their spontaneous pain.

After aspiration, to avoid intravessel positioning and

injection of 0.5–1 ml contrast medium (Imeron), the needle

positioning is controlled again. Afterwards, 1 ml bupiva-

caine (0.25 %) combined with 50 mg prednisolone in

solution of 9 ml 0.9 % saline will be injected.

Non-imaging-guided infiltrations

Non-imaging-guided infiltrations are performed like pub-

lished by Theodoridis [14], orienting at the anatomical

landmarks of the lower lumbar spine. With the patients

prone, lumbar lordosis is reduced by a pillow. The midline,

the target level, the iliac crest and the needle entry point are

marked on the skin. Following asepsis, the skin at the site

of puncture is anaesthetized with 2.5 ml Lidocain (0.5 %).

About 8 cm paramedial of the midline, build by the pro-

cessi spinosi, the needle is inserted. The needle is advanced

in an approximately 60� angle in the vertical plane. In

dependence, which nerve root should be treated, the needle

is angulated in the caudocranial direction either. The nee-

dle is inserted till the patient is reporting a sensation

identical with their spontaneous pain. After pulling the

needle 2–3 mm back to avoid an intranerval injection, an

aspiration is performed to exclude intravessel injection.

Afterwards, 1 ml bupivacaine (0.25 %) combined with

50 mg prednisolone in solution of 9 ml 0.9 % saline will

be injected.

Following either type of injection, the needle is with-

drawn and a Band-Aid is applied. Most patients experience

a transient numbness in the corresponding dermatome

shortly after injection.

Results

The CT-guided group (CTG) consists of a total of 52 pa-

tients, and the non-imaging group (NIG) includes a total of

55 patients. Both cohorts did not vary significantly re-

garding age, gender, ASA Score and body mass index.

Table 1 summarizes basic demographics.

Infiltrations

In the NIG, patients received 4.4 infiltrations in average

(min/max: 1–15, SEM: 1.1). In the CTG, patients were

treated with 3.1 CT-guided infiltrations in average (min/

max: 1–7, SEM: 1.2). The CTG group needed significantly

less infiltrations (p = 0.009) (Table 2).

Return to work, duration of treatment and physician

contacts

Patients in the CTG were in average 7.3 days (min/max:

0–83, SEM: 2.2) and patients in the NIG in average

66.5 days (min/max: 0–417, SEM: 12.7) unable to get back

to their job due to lumbosciatica. This difference was

highly significant (p\ 0.001) (Table 2).

The mean duration of treatment was lower in the CTG

(51.5 days, min/max: 13–300, SEM: 7.1) than in the NIG

(142 days, min/max: 8–883, SEM: 23.3) (p\ 0.001). The

mean number of physician contacts in the CTG (7.2, min/

max: 2–19, SEM: 0.5) was significantly less than in the

NIG (11.8, min/max: 2–59, SEM: 1.3) (p = 0.002)

(Table 2).

Oral analgesics

Comparison of analgesic therapy reveals that patients in the

NIG were treated with analgesics from all three groups of

the WHO pain relief ladder, whereas patients in CTG were

treated only with analgesics of group one and two. In the

NIG, 31 (56.4 %) patients were treated with group one

analgesics, 18 (32.7 %) with group two analgesics and four

(7.3 %) with group three analgesics. In the CTG; however,

33 (63.5 %) patients were treated with group one anal-

gesics and four (7.7 %) with group two analgesics, while

no analgesics of group three were required. In the CTG, 15

(28.8 %) patients, and in the NIG, two (3.6 %) patients

received no further oral analgesics. Hence, the potency of

oral analgesics used in the CTG was significantly lower

(p\ 0.001) (Table 3).

Treatment failure

Rate of surgery (treatment failure) was significantly higher

(p = 0.008) in the NIG with 10 (18.2 %) versus 1 (1.9 %)
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in the CTG, resulting in the same number and rates of

therapy resistance.

Additionally, no adverse events or complications

according to the infiltrations like infections or allergic

reactions could be observed in the given follow-up time.

Discussion

Periradicular infiltration therapy in the lumbar spine is

frequently used and has proven its evidence in several

investigations. Nevertheless, its effectiveness is still con-

troversial [3–10, 12, 15].

Non-imaging-guided infiltrations are relatively inex-

pensive and easy to apply. But the procedure steering and

needle positioning must be performed according to bony

anatomical landmarks and patients response only. Any

variation or change in the soft tissue morphology due to

anatomical variation or pathology is potentially

challenging. The only proof for the correct needle place-

ment is the clinical aspect of induced radicular pain [14,

16]. CT-guided infiltration techniques are emphasized by

several groups in radicular pain due to better visualization

and direct control of needle placement and the anatomi-

cally precise drug application [6, 11, 16–18]. To our

knowledge, there is no study comparing the effectiveness

of CT-guided versus non-imaging-guided periradicular

infiltrations with steroids, regarding the parameters

investigated.

Nevertheless, the use of steroids in periradicular infil-

trations is still discussed controversial; it is probably ef-

fective because it decreases inflammation of the

periradicular space [19, 20]. Since radicular pain due to

disc herniation cannot be explained by a purely mechanical

approach, the pathophysiology of pain has a close rela-

tionship with the release of mediators from macrophages.

Inflammatory cytokines, prostaglandins, nitrous oxide,

phospholipase A2 and cyclooxygenase-2 may be involved

Table 1 Basic demographics

Patient data CT-guide Infiltrations (CTG, n = 52) Non-imaging-guided Infiltrations (NIG, n = 55) p value

Ø SD (±) Min Max SEM Ø SD (±) Min Max SEM

Age (years) 52.2 8.9 19 64 1.2 48.3 8.4 25 64 1.1 0.78

Gender (N: m/f) 29/23 (% male: 55.8) 29/26 (% male: 52.7) 0.75

Weight (kg) 77.3 14.2 48.0 110.0 2.0 77.2 14.0 45.0 110.0 1.9 0.97

Hight (cm) 167.9 9.1 150.0 192.0 1.3 167.4 8.6 149.0 187.0 1.2 0.74

BMI 27.3 4.1 19.0 36.0 0.6 27.4 4.0 20.0 40.0 0.5 0.88

ASA score (N: 1/2/3/4) 32/16/4/0 36/16/3/0 0.86

Table 2 Treatment data in both study groups

CT-guide infiltrations (CTG, n = 52) Non-imaging-guided infiltrations (NIG, n = 55) p value

Ø SD (±) Min Max SEM Ø SD (±) Min Max SEM

Duration of treatment (days) 51.5 51.5 13 300 7.1 142.0 173.1 8 883 23.3 \0.001

Physician contacts 7.2 3.7 2 19 0.5 11.8 9.8 2 59 1.3 0.002

Incapacity of work (days) 7.3 15.9 0 83 2.2 66.5 93.8 0 417 12.7 \0.001

Infiltrations 3.1 0.8 1 7 0.1 4.4 3.3 1 15 0.5 0.009

Table 3 Use of analgesics

CT-guide infiltrations [CTG (n = 52)] Non-imaging-guided infiltrations [NIG (n = 55)]

n % n %

No analgesics 15 28.8 2 3.6

WHO step 1 33 63.5 31 56.4

WHO step 2 4 7.7 18 32.7

WHO step 3 0 0.0 4 7.3

p value \0.001
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in radiculitis caused by mechanical compression [21–23].

Therefore, regarding our promising results, the use seems

still rational.

In this retrospective analysis, we were able to show that

in the NIG, 32.7 % of patients required step two analgesic

(WHO pain relief ladder) treatment and 7.3 % group three

analgesics. In the CTG, 63.5 % of patients required step

one analgesics, 7.7 % step two analgesics, while no treat-

ment with step three analgesics was necessary. Thus, it is to

be assumed that CT-guided interventional therapy results

in significantly (p\ 0.001) less analgesic treatment,

especially of WHO pain relief ladder steps two and three.

Our first hypothesis was proofed for correctness.

This is a reasonable proof for sufficient radicular pain

reduction following CT-guided periradicular infiltrations.

These results are comparable to those investigated by

Karppinen et al., Vad et al. and Lutze et al. [3, 8, 20].

Karppinen et al. [3] performed the periradicular infiltra-

tions with fluoroscopic control and comparable amounts of

methylprednisolone in a single interventional trial. He

found a superiority of steroid infiltration over saline infil-

tration only in the short follow-up (2 weeks). The need for

surgery was 21 % in the whole population and did not

differ between groups. This result is equal to our non-

imaging group. The much better therapeutic effect in the

CTG according the need for surgery might be explained

with the exact positioning of the infiltrations which might

save the therapeutic effect in the long run. Vad et al. [8]

compared the effect of transforaminal steroid injections

with fluoroscopic control compared with intramuscular

saline application. In contrast to Karppinen et al., he could

show a significantly superiority of steroid injections over

saline injections in the long term (1.4 years, p\ 0.005).

Lutze et al. could show a superiority of CT-guided infil-

trations with 80 mg triamchinolone and bupivacaine com-

pared to fluoroscopic-guided infiltrations in lumbosciatica

due to disc herniations.

Investigating the number of days affected by incapacity

to work, which considerably contributes to indirect

treatment costs, shows that the CT-guided therapy

approach resulted in significantly less days with incapa-

city to work (CTG 7.3, NIG 66.5 days; p\ 0.001).

Hence, our second hypothesis could be proofed for cor-

rectness either. The results for the CTG are comparable to

those published [3].

The third hypothesis was proved to be true either.

Analysis of duration of treatment in both patient cohorts

showed that CT-guided interventional therapy resulted in

significant shorter duration of treatment (CTG 51.5, NIG

142 days; p\ 0.001).

With respect to the number of physician contacts, the

CTG patients required significant less contacts (CTG 7.2,

NIG 11.8; p = 0.002) and number of infiltrations (CTG

3.1, NIG 4.4; p = 0.009) compared to the patients in the

NIG.

Respecting the limitations, the relatively high rate of

treatment failure (surgery) in the NIG (18.2 %) almost

indicates the inefficiency of this therapy approach com-

pared to CT-guided infiltrations (1.9 %) regarding the pa-

rameter ‘‘need for surgery’’. Concerning the relatively short

period of follow-up of 12 months, Riew et al. [24] revealed

that most patients with lumbar radicular pain who avoided

an operation for at least 1 year continued to avoid opera-

tions for a minimum of 5 years. Therefore, it is pretty

important to avoid surgery procedures in the early onset of

symptoms to avoid surgery and chronic pain symptoms in

the long run.

Besides the clinical aspects, the technical and financial

expenditure for CT-guided infiltration is considerably

higher compared to that of anatomical landmark-guided

infiltrations [19, 21–23]. Radiation exposure is also higher

with approximately 1–1.5 mSV per treated segment [11].

In the long term; however, CT-guided infiltration might

have cost cutting effects regarding the overall healthcare

expenditure due to fewer days lost to incapacity to work,

fewer treatments and physician contacts and significant

fewer operations. The potential benefit has to be weighed

against costs, radiation and technical effort. A future cost

effectiveness analysis seems rational.

The non-appearance of complications like bleeding, in-

fections, allergic reactions and dural puncture attests the

safety of both infiltration techniques investigated.

Limitations

Our study has potential shortcomings. Due to the limita-

tions of a retrospective and descriptive study, the level of

evidence remains low. It is well discussed in the literature

that rehabilitation after lumbar sciatica is a long process.

We were only able to investigate patient data of 12 months.

A future prospective controlled trial seems essential with a

longer follow-up including established pain scores since

these were unfortunately not observed routinely in the

patients investigated. Nevertheless, we could show sig-

nificant indirect pain reduction by the use of fewer oral

analgesics in the CTG. Furthermore, we were not able to

show the outcome compared to fluoroscopic-guided infil-

tration which are widely used [3, 8]. But Lutze et al. [20]

could show before, that CT-guided infiltration is superior to

fluoroscopic-guided infiltration in the long run, treating

lumbosciatica due to disc herniation. It would be interest-

ing to see if there are therapeutic differences between non-

imaging-guided infiltration and fluoroscopic-guided

infiltration.
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Conclusion

Our data indicate that CT-guided and non-imaging-guided

infiltrations are safe to be applied in a day-to-day routine.

We confirmed published results from the literature in our

unselected patient cohort. Nevertheless and respecting the

limitations, the data suggest that CT-guided periradicular

infiltration is significantly superior to non-imaging-guided

periradicular infiltrations in treatment of lumbosciatica in

case of nucleus herniation in the lower lumbar spine,

especially in saving operation procedures and reduction in

incapacity.
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