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Abstract Epidural steroid injections are an important

therapeutic modality employed by spinal surgeons in the

treatment of patients with chronic low back pain with or

without lumbar radiculopathy. The caudal epidural is a

commonly used and well-established technique; however,

little is known about the segmental level of pathology that

may be addressed by this intervention. This prospective

study of over 50 patients aimed to examine the spreading

pattern of this technique using epidurography. The effect of

variation in Trendelenburg tilt and the eradication of

lumbar lordosis on the cephalic distribution of the injectate

were investigated. 52 patients with low back pain and

radiculopathy underwent caudal epidural. All had 20 ml

volume injected, comprised of 5 ml contrast (UltravistTM

Schering) 2 ml Triamcinolone (AdcortylTM Squibb) and

13 ml local anaesthetic (1% lignocaine). Patients were

randomised to either 0� or 30� of Trendelenburg tilt, as

referenced from the lumbar spine. Patients were further

randomised to presence or absence of lumbar lordosis,

which was eradicated using a flexion device placed beneath

the prone patient. A lateral image of each sacrum was

obtained, to identify variations in sacral geometry partic-

ularly resistant to cephalic spread of injectate. The highest

segment reached on fluoroscopy was recorded post injec-

tion. Fifty-two patients with a mean age of 50 years

underwent caudal epidural. Thirty-one were in 0� head tilt,

with 21 in 30� of head tilt. In each of these groups, 50%

had their lumbar lordosis flattened prior to caudal injection.

The median segmental level reached was L3, with a range

from T9 to L5. Eradication of lumbar lordosis did not

significantly alter cephalic spread of injectate. There was a

trend for 30� tilt to extend the upper level reached by

caudal injection (p = 0.08). There were no adverse events

in this series. Caudal epidural is a reliable and relatively

safe procedure for the treatment of low back pain.

Pathology at L3/4 and L4/5 and L5/S1 can be approached

by this technique. Although in selected cases thoracic and

high lumbar levels can be reached, this is variable. If

pathology at levels above L3 needs to be addressed, we

propose a 30� head tilt may improve cephalic drug deliv-

ery. The caudal route is best reserved for pathology

below L3.
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Introduction

The caudal epidural steroid injection is well established in

the setting of chronic low back pain in the presence or

absence of lumbar radiculopathy. This is a relatively safe

procedure, particularly with the use of fluoroscopy [1]. The

ability of this technique to reach higher lumbar levels, and

under what conditions can cephalic delivery be optimised,

have not been examined extensively.

Evans, in 1930, publicised intrasacral epidural injection in

the treatment of sciatica. He demonstrated that injection of

100 ml of fluid into the epidural space at the base of the

sacrum caused diffusion of the fluid throughout the spinal

canal. He did not demonstrate a difference in the effects

obtained with local anaesthetic or saline [2]. Efforts to con-

trol the inflammatory aspect of nerve root compression led to

the use of antiflammatory agents such as corticosteroids,
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where initial studies reported a beneficial effect [3]. A sub-

sequent meta-analysis of 12 published randomised con-

trolled trials concluded that epidural steroids were effective

[4]. The beneficial effect appears to last from the short to

medium term (1 week–3 months) [5].

Caudal epidural effectiveness has been examined by

clinical response by Cyriax et al. [6] who report improved

outcome with larger volumes. Volumetric caudal injections

have been examined by epidurography by Kim et al. [7]

who found no advantage in terms of cephalic migration of

injectate, despite using incremental volumes up to 50 ml.

They suggest that improved clinical outcome may be a

result of mechanical forces generated intradurally and

epidurally by the larger volumes. They confirmed radio-

graphically that mid to lower lumbar vertebrae were

reached. However, using serial injections of 10 ml up to

50 ml, no further spread was elicited but a ‘repainting’ of

the path of previous injections was noted.

Apart from variations in caudal volumes, no work has

focused on other potential strategies to improve cephalic

drug delivery, or focused on local anatomical factors that

render certain patients resistant to injectate migration.

This study aimed to investigate if variations in head tilt

and eradication of the lumbar lordosis had a beneficial

effect on the vertebral level reached on epidurography post

caudal epidural. Variations in individual sacral geometry

were also recorded to identify any particular pattern asso-

ciated with unfavourable epidurography.

Methods

Study period

This prospective study was performed over a 6-month

period. Patients fulfilling the inclusion criteria and sparing

reasons for exclusion were enrolled into the study once

informed consent was obtained.

Inclusion criteria

Patients with low back pain with or without lumbar

radiculopathy were included in the study.

Exclusion criteria

The following findings led to exclusion from the study:

history or presence of alcohol or drug abuse, psychotic

disorders, subjects unable to understand informed consent.

Also, patients with a known allergy to contrast or other

contra-indication to administered reagents, critical skin

conditions at injection site, use of anticoagulants or pre-

vious lumbar surgery were excluded.

Caudal injections

Fifty-two patients with low back pain and radiculopathy

underwent caudal epidural. All had 20 ml volume injected,

comprised of 5 ml contrast (UltravistTM Schering) 2 ml

Triamcinolone (AdcortylTM Squibb), 13 ml local anaes-

thetic (1% lignocaine) with correct placement of needle

confirmed on fluoroscopy. Local anaesthetic was adminis-

tered to the skin and subcutaneous tissues to periosteum

prior to injection, and all injections were performed by the

senior author.

Patients were randomised to either 0� or 30� of Tren-

delenburg tilt, as referenced from the lumbar spine.

Patients were further randomised to presence or absence of

lumbar lordosis, which was eradicated using a flexion

device placed beneath the prone patient. A lateral image of

each sacrum was obtained to identify variations in sacral

geometry particularly resistant to cephalic spread of in-

jectate. The highest segment reached on fluoroscopy was

recorded post injection.

Statistical methods

Statistical analysis was performed using a Mann–Whitney

U test. p Values of less than 0.05 were considered

significant.

Results

Fifty-two patients with a mean age of 50 years underwent

caudal epidural. Thirty-one were in 0� head tilt, with 21 in

30� of head tilt. In each of these groups, 50% had their

lumbar lordosis flattened prior to caudal injection. The

median segmental level reached was L3, with a range from

T9 to L5. Eradication of lumbar lordosis did not signifi-

cantly alter cephalic spread of injectate (Fig. 1). There was
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Fig. 1 This graph illustrates the range of spreading levels reached by

the injectate
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a trend for 30� head tilt to extend the upper level reached

by caudal injection (p = 0.08). There was an insufficient

variation in sacral geometry noted in this cohort to identify

a particular pattern associated with unfavourable delivery

of caudal injectate to the lumbar spine (Fig. 2). No adverse

effects occurred in this series.

Discussion

Caudal epidural is an established technique in the setting of

radicular low back pain. However, this technique is not

without its limitations, owing to the variations in sacral

hiatus anatomy. The sacral hiatus, the site of needle

insertion is located at the base of the sacrum at the level of

the spinous process of S4. The hiatus is typically bordered

laterally by the two sacral cornua. Sekiguchi et al. [8] in

their anatomic study of the sacral hiatus found that there

was an absence of the hiatus in 4% of examined cases, an

imperforate hiatus in 3% of cases and only 42% had both

hiatus and cornu as typically described (Fig. 3).

Although the sacral epidural space is largest it also has

the greatest amount of leakage [9]. Kim et al. [7] showed

that the mid to lower lumbar region of the spine could be

consistently treated using caudal epidurals of up to 30 ml.

There was no change in the levels attained by subsequent

injections.

Epidural injections may be introduced through caudal,

interlaminar and transforaminal (lumbar) routes. The choice

of technique is based on several different factors. Primarily,

one approach is chosen over another because of the anatomic

location of the suspected pain generator. However, previous

surgery, such as spinal fusion, may block the lumbar

approaches. Another advantage of caudal injection is the

ease of performance, although larger volumes of fluid are

thought to be required. The relatively low charge for a caudal

epidural compared with that of multiple selective injections

is another important consideration. These routes of admin-

istration are often grouped together; however, these

approaches have different efficacy and safety profiles [11,

13]. It should be noted that conventional techniques do not

guarantee that injectates reach the desired target nerve nor

does the recorded spread of contrast necessarily reflect later

distribution [10]. A study to compare the impact of method of

injection on outcome revealed no difference attributable to

method of administration [11].

In this study, the effect of caudal epidural on outcome

was not examined, as previous studies have already sup-

ported their use in the setting of low back pain, predomi-

nantly secondary to disc herniation [12–14]. However, a

recent systematic review looking at caudal epidural also

suggested evidence for relief of chronic pain in discogenic

pain without disc herniation or radiculitis [15].

The focus of this study was to identify anatomical

lumbar segments reached by the caudal route in our cohort

and to identify potential strategies to improve cephalic drug

delivery. Although not a validated method, a flexion device

placed beneath the prone patient flattened the lumbar lor-

dosis, as confirmed objectively by on-table fluoroscopy

(Figs. 4, 5). This, intuitively, would be expected to

level reached with variation in lordosis
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Fig. 2 Spreading levels reached by the injectate with normal prone

position and normal lumbar lordosis (blue) and level reached with

lumbar lordosis eradicated (red). There was no statistically significant

alteration in most cranial level reached
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Fig. 3 Spreading levels reached by the injectate with variation in

head down tilt. There was no statistically significant difference in 30�
head down tilt (yellow) versus 0 degree tilt (purple)

Fig. 4 Fluroscopy image of lateral lumbar spine in a subject in

control prone position. Injectate can be seen at upper border of L3
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improve the cephalic migration of caudal injectate. How-

ever, a beneficial effect on spreading levels achieved was

not demonstrated by altering lumbar lordosis.

They was a trend for 30� tilt to extend the upper level

reached by caudal injection (p = 0.08). As this did not

reach statistical significance, we are unable to confirm that

Trendelenburg tilt improved cephalic drug delivery; how-

ever, our study may be underpowered in this regard.

Conclusion

In the literature, caudal epidural is a useful and relatively

safe procedure for the treatment of radicular low back pain

[16–19], as well as a potential treatment in the setting of

non radicular low back pain [13, 14]. Pathology at L3/4 and

L4/5 and L5/S1 can be approached by this technique.

Although in selected cases thoracic and high lumbar levels

can be reached, this is variable. If pathology at levels above

L3 needs to be addressed, we propose a 30� head tilt may

improve cephalic drug delivery. Delivery by caudal epi-

dural should be reserved to address pathology at L3 and

below. Larger prospective studies may elucidate this

further.

Conflict of interest None.

References

1. White AH (1983) Injection techniques for the diagnosis and

treatment of low back pain. Orthop Clin North Am 14:553–567

2. Evans W (1930) Intrasacral epidural injection in the treatment of

sciatica. Lancet 2:1225–1229

3. Dilke TF, Burry HC, Grahame R (1973) Extradural corticosteroid

injection in the management of lumbar nerve root compression.

BMJ 2:635–637

4. Watts RW, Silagy CA (1995) A meta-analysis of the efficacy of

epidural corticosteroids in the treatment of sciatica. Anaesth

Intensive Care 23:564–569

5. Bowman SJ, Wedderburn L, Whaley A, Grahame R, Newman S

(1993) Outcome assessment after epidural corticosteroid injection

for low back pain and sciatica. Spine 18(10):1345–1350

6. Cyriax J (1982) Epidural local anaesthesia. In: Textbook of

orthopaedic medicine, vol 1, 8th edn. Harcourt publishers, New

York, pp 310–327

7. Kim KM, Kim HS, Chow KH, Ahn WS (2001) Cephalic

spreading levels after volumetric caudal epidural injections in

chronic low back pain. J Korean Med Sci 16:193–197

8. Sekiguchi M, Yabuki S, Satoh K, Kikuchi S (2004) An anatomic

study of the sacral hiatus: a basis for successful caudal epidural

block. Clin J Pain 20(1):51–54

9. Bryce-Smith R (1954) The spread of solutions in the extradural

space. Anaesthesia 9:201–205

10. Bogduk N (1995) Spine update: epidural steroids. Spine

20:845–848

11. McGregor AH, Anjarwalla NK, Stambach T (2001) Does the

method of injection alter the outcome of epidural injections? J

Spinal Disorders 14(6):507–510

12. Breivik H, Hesla PE, Molnar I, Lind B (1976) Treatment of

chronic low back pain and sciatica. Comparison of caudal epi-

dural injections of bupivacaine and methylprednisolone with

bupivacaine followed by saline. In: Bonica JJ, Albe-Fessard D

(eds) Advances in pain research and therapy. Raven Press, New

York, pp 927–932

13. Bush K, Hillier S (1991) A controlled study of caudal epidural

injections of triamcinolone plus procaine for the management of

intractable sciatica. Spine 16:572–575

14. Sayegh FE, Kenanidis EL, Papavasiliou KA, Potoupnis ME,

Kirkos JM, Kepetanos GA (2009) Efficacy of steroid and non-

steroid caudal epidural injections for low back pain and sciatica: a

prospective, randomized, double-blind clinical trial. Spine 15

34(14):1441–1447

15. Conn A, Buenaventura RM, Datta S, Abdi S, Diwan S (2009)

Systematic review of caudal epidural injections in the manage-

ment of chronic low back pain. Pain Physician 12(1):109–135

16. Cuckler JM, Bernini PA, Wiesel SW, Booth RE, Rothman RH,

Pickens GT (1985) The use of epidural steroids in the treatment

of radicular pain. J Bone Joint Surg (Am) 67:63–66

17. Young IA, Hyman GS, Packia-Raj LN, Cole AJ (2007) The use

of lumbar epidural/transforaminal steroids for managing spinal

disease. J Am Acad Orthop Surg 15(4):228–238

18. Grundy EM, Rammurthy S, Patel KP, Mani M, Winnie AP

(1978) Extradural analgesia revisited. A statistical study. Br J

Anaesth 50:805–809

19. Carette S et al (1997) Epidural corticosteroid injections for sci-

atica due to herniated nucleus pulposus. N Engl J Med 5

336(23):1634–1640

Fig. 5 Fluroscopy image of lateral lumbar spine with injectate

reaching L3 in a subject with eradication of lumbar lordosis

Eur Spine J (2011) 20:804–807 807

123


	The flow patterns of caudal epidural in upper lumbar spinal pathology
	Abstract
	Introduction
	Methods
	Study period
	Inclusion criteria
	Exclusion criteria
	Caudal injections
	Statistical methods

	Results
	Discussion
	Conclusion
	Conflict of interest
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


