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Abstract

Introduction: Osteoradionecrosis of the mandible and temporal bones has been extensively reported
in literature, but cases of avascular necrosis of the cervical spine following radiotherapy to the larynx
appear to be extremely rare. A review of the English language literature has shown only one other case
where radiotherapy treatment of a laryngeal carcinoma has resulted in osteoradionecrosis of the
cervical spine.

Case presentation: We present the case of a 65 year old male patient who suffered from
osteoradionecrosis of the cervical spine 20 years after radiotherapy treatment for a T1aN0M0
laryngeal carcinoma resulting in quadriplegia.

Conclusions: Radiotherapy carries a long-term risk of complications, including osteoradionecrosis
which may present 20 years later with significant implications.

Introduction
Osteoradionecrosis is defined as necrosis of the bone
following irradiation [1]. It was first described by Regaud
in 1922 [2]. Historically, it was thought to have been the
consequence of radiation, trauma and infection: radiation
producing damage, ensuing trauma allowing entry of
bacteria with subsequent infection [3]. The authors present
a case of osteoradionecrosis of the cervical spine leading
to quadriplegia following radiotherapy for laryngeal
carcinoma.

Case presentation
In August 1982, a 40-year-old man presented with
hoarseness of 8 months duration. He was an ex-
smoker.

Examination with indirect laryngoscopy revealed a
polypoidal lesion on the middle third of a mobile right
vocal cord. Clinical examination revealed no lymphade-
nopathy. Biopsy confirmed the presence of a squamous
carcinoma.
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Treatment consisted of stripping of the vocal cord and a
full course of postoperative external beam radiotherapy
for 30 treatments in 43 days - right and left lateral wedged
fields totalling 6600cGy to the larynx - dose per fraction
was 220cGy. Recovery was uneventful, apart from inter-
mittent hoarseness.

At regular follow-up, there was no evidence of recurrence,
but in December 1997, 15 years later, the patient was
admitted as an emergency with sudden onset of stridor.
Laryngoscopy revealed immobile bilateral vocal cords. An
MRI scan of his neck showed marked narrowing of the
airway. An enhanced signal in C2 to C6 vertebral bodies
and a loss of height in C5 was noted and deemed
consistent with post-radiotherapy change (see Figure 1).
Due to the severity of the airway compromise, an urgent
tracheostomy was performed.

In February 1998, microlaryngoscopy and laser right
arytenoidectomywas performed to facilitate decannulation.

In May 1998, a second tracheostomy was needed for airway
difficulty, but successful decannulation was achieved. In
July 1998, the stridor recurred. The only positive finding
was fibrotic supraglottic stenosis. Several biopsies excluded
recurrence of tumour as a cause.

The patient was keen to avoid a permanent tracheostomy
as he was an enthusiastic windsurfer and wanted to
continue his hobby. In January 1999, a formal partial
vertical hemi-laryngectomy was performed. There was
evidence of long-standing post-radiotherapy fibrosis,
scarring and contraction.

During November 1999, the patient required a third
elective tracheostomy post-hemi-laryngectomy. Due to
ongoing aspiration, inability to decannulate and severe
laryngeal scarring, a total laryngectomy was performed in
February 2000. Histology showed no malignancy and
the specimen showed changes consistent with post-
radiotherapy change.

In April 2000, the patient was fittedwith a Blomsinger valve,
but the procedure was complicated by the development of
cellulitis. He was treated with antibiotics but continued to
suffer with pain, tenderness and dysphagia. A contrasted
swallow studywas reported as showing external constriction
and the patient was referred to our gastroenterology
department for flexible endoscopy and oesophageal dilata-
tion. Two weeks after the oesophageal dilatation, he
complained of persistent pain in his right shoulder and
discomfort over the lower cervical spine. An MRI scan
showed amass originating fromC4/C5which extended into
the pre-cervical space and posteriorly into the spinal canal
causing cord compression. The possibility of a metastatic
deposit in the C5 vertebral body was noted, but this did not
fit in with the clinical picture. There was no neurological
deficit at this time, and he was treated with analgesics.

He was admitted as an emergency 2 months later with
increasing pain in his neck and, in addition, pain and
paraesthesia in his right arm. A further MRI scan (see
Figure 2) revealed a reduction of the disc height at C4-5
and C5-6, a loss of height of the C5 vertebral body and
retrolisthesis of C5 on C6. Inflammatory markers were
significantly elevated. The patient was immobilized in a
Jerome Halo brace.

At surgery, there was no evidence of infection, and the
prevertebral fascia was intact. The vertebral bodies of C4
and C5 were curetted and submitted for culture and
histology. No infective organisms were found and no
evidence of metastatic tumour was seen.

Two weeks later, the patient collapsed with severe pain,
dizziness, paraesthesia in his legs and inability to walk. He

Figure 1. December 1997: MRI scan of the neck showed
marked narrowing of the airway. An enhanced signal in C2 to
C6 vertebral bodies (white arrows) and a loss of height in C5
were noted and deemed consistent with post-radiotherapy
change.
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was found to have signs of quadriplegia and a sensory
deficit below C5 distribution. He was transferred to the
neurosurgical unit where his neck was re-explored. Partial
destruction of the bodies of C4 and C5 was noted and
curettage of the vertebral bodies was performed. The
posterior longitudinal ligament was incised and an
epidural abscess was drained. No organisms were grown
from these samples and only white cells were present.
Biopsies again showed no evidence of tumour recurrence.

The patient was stabilized and transferred to a specialist
spinal unit where he received intensive rehabilitation. He
regained some power in both his upper and lower limbs,
and is able to mobilize for short distances. He remains
with an indwelling catheter, permanent tracheostome and
is mostly wheelchair bound.

Discussion
This case highlights a very serious but rare complication
of radiation therapy to the larynx. In retrospect, the
degeneration of C4/C5 vertebral bodies demonstrated on

MRI and findings at operative exploration are thought to
have been due to osteoradionecrosis of the cervical spine
vertebrae secondary to the radiotherapy 20 years earlier
and not due to metastatic disease as reported by the MRI
scan.

A literature search using the Medline (1950 to 2006) and
Embase (1975 to 2006) databases utilizing search terms
“osteoradionecrosis”, “cervical” and “avascular necrosis”,
yielded only one previous case report from North America
relating to cervical osteoradionecrosis following radio-
therapy for laryngeal cancer but involved extensive
primary surgery and occurred 10 months after completion
of radiotherapy [4].

This appears to be the first reported case where radio-
therapy to the larynx was the sole cause of osteoradione-
crosis of the cervical spine. Four other reports have been
published describing osteoradionecrosis of the cervical
spine following radiotherapy to head and neck neoplasms
[4,5,6]. None of these were from a primary laryngeal
carcinoma, although one was a patient with an unknown
primary.

Laryngeal carcinoma is frequently treated with surgery
and/or radiotherapy. By careful planning, vital structures
such as the brain, spinal cord and eyes are protected from
irradiation by manipulating the radiation field (wedges),
doses and number of exposures [7]. Despite these
precautions, there is a risk of radiation injury to soft tissue
and bone. There are a plethora of literature/papers
describing avascular necrosis to structures, such as the
mandible, the temporal bones, the hyoid and thyroid,
secondary to radiation osteoradionecrosis [8-12].

The patient presented in the case report received a total of
6600cGy of focused radiation therapy, 30 doses over
43 days for the treatment of a T1aN0M0 laryngeal car-
cinoma. Previous cases have been reported which describe
the development of cervical osteoradionecrosis some 5 to
10 years after the initial radiation treatment [4-6]. These
patients were all exposed to a cumulative dose of
approximately 6000cGy. They presented with symptoms
of neck pain and progressive quadriplegia, and these were
initially thought to be due to either a recurrence of the
treated tumour or a new primary.

Despite several hypotheses to address the pathophysiolo-
gical process behind osteoradionecrosis, the hypothesis
put forward by Marx in 1983 has been the most widely
accepted. He postulates the combination of hypoxia,
hypovascularity and hypocellularity, the ‘three H’ hypoth-
esis, to describe post-radiation injury [3]. This proposes
that the radiation-induced cellular injury and fibrosis
renders the irradiated bone unable to increase its

Figure 2. June 2000: MRI scan revealed a reduction of the
disc height at C4-5 and C5-6 (arrow heads), a loss of height of
the C5 vertebral body and retrolisthesis of C5 on C6 (arrow).
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metabolic and nutritional requirements, and thus unable
to replace the normal collagen and cellular components
lost through routine wear and tear, resulting in tissue
breakdown and necrosis. More recent papers suggest a
fibro-atrophic mechanism over this traditional theory of
vascular insufficiency [13].

Osteoradionecrosis usually presents within the first 12 to
24 months following radiation therapy, but it has been
described to present up to 20 to 30 years after the initial
radiation treatment [12]. The most common symptom of
osteoradionecrosis is pain, but it may also present with a
pathological fracture, or the formation of an abscess. Due
to similarities in clinical presentation, it is vital that the
possibility of tumour recurrence or a new primary cancer
be excluded first.

The treatment of radiation necrosis has been described
by a host of authors and includes hyperbaric oxygen,
antibiotics, or debridement [7,9,12,13]. If diagnosed early,
the condition may be treated successfully. Marx et al
claimed a success rate of 95% in treating mandibular
osteoradionecrosis [15]. However, the management of
osteoradionecrosis remains controversial, and in particu-
lar, the efficacy of hyperbaric oxygen has been questioned
[13,14].

Conclusions
This is the first report of a patient with laryngeal cancer
solely treated with radiotherapy who developed cervical
osteoradionecrosis. The onset of osteoradionecrosis can be
insidious and the location atypical. Radiotherapy carries a
long-term risk of complications, including osteoradione-
crosis which may present 20 years later with significant
implications.

Abbreviations
C2, second cervical vertebra; C5, fifth cervical vertebra;
C6, sixth cervical vertebra; cGy, centigray; MRI, magnetic
resonance imaging; T1aN0M0, clinical staging according
to International Union Against Cancer: TNMClassification
of Malignant Tumours, Sixth Edition.

Consent
Written informed consent was obtained from the patient
for publication of this case report and any accompanying
images. A copy of the written consent is available for
review by the Editor-in-Chief of this journal.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
FCVW and MS gathered background information from
case notes, radiology reports and personal communication

with the consultants involved, and carried out a review of
the literature. RT conceived the study, and participated in
its design and coordination and all of the authors helped
to draft the manuscript. All authors read and approved the
final manuscript.

Acknowledgements
The authors would like to thank the patient for permission
to publish this case report. Dr I Francis, Consultant
Radiologist, Royal Sussex County Hospital, Brighton is
thanked for his help. The authors would like to acknowl-
edge Mr. Iain Mckay-Davies for his help with the images.
No funding was received for the preparation of this case
report.

References
1. Dorland’s Illustrated Medical Dictionary. 30th edition. Philadelphia, PA:

WB Saunders Company; 2003:1336.
2. Regaud C: Sur la sensibilite du tissue osseux normal vis-à-vis

des radiation et sur le mecanisme de 1-osteoradionecrose.
Comput Rend Soc Biol 1922, 87:629.

3. Marx RE:Osteonecrosis: a new concept of its pathophysiology.
J Oral Maxillofac Surg 1983, 41:283-288.

4. Donovan DJ, Huynh TV, Purdom EB, Johnson RE, Sniezek JC:
Osteoradionecrosis of the cervical spine resulting from
radiotherapy for primary head and neck malignancies:
operative and nonoperative management. J. Neurosurg: Spine
2005, 3:159-164.

5. Mut M, Schiff D, Miller B, Shaffrey M, Larner J, Shaffrey C:
Osteoradionecrosis mimicking metastatic epidural spinal
cord compression. Neurology 2005, 64:396-397.

6. Tan Lim AA, Karakla DW, Watkins DW: Osteoradionecrosis of
the cervical vertebrae and occipital bone: a case report and
brief review of literature. Am J Otolaryngol 1999, 20:408-411.

7. Constantino PD, Friedman CD, Steinberg MJ: Irradiated bone and
its management. Otolaryngol Clin North Am 1995, 28:1028-1038.

8. Smith WK, Pfleiderer AG, Millet B: Osteoradionecrosis of the
hyoid presenting as a cause of intractable neck pain following
radiotherapy and the role of magnetic resonance image
scanning to aid diagnosis. J Laryngol Otol 2003, 117:1003-1005.

9. Ang E, Black C, Irish J, Brown DH, Gullane P, O’Sullivan B, Neligan PC:
Reconstructive options in the treatment of osteoradionecro-
sis of the craniomaxillofacial skeleton. Br J Plast Surg 2003,
56:92-99.

10. Wong JK, Wood RE, McLean M: Conservative management of
osteoradionecrosis. Oral Surg Oral Med Oral Pathol 1997, 84:16-21.

11. Morrish RB, Chan ER, Silverman S, Meyer J, Fu KK, Greenspan D:
Osteonecrosis in patients irradiated for head and neck
carcinoma. Cancer 1981, 47:1980-1983.

12. Sanger JR, Matloub HS, Yousif NJ, Larson DL: Management of
osteoradionecrosis of the mandible. Clin Plast Surg 1993,
20:517-530.

13. Teng MS, Futran ND: Osteoradionecrosis of the mandible. Curr
Opin Otolaryngol Head Neck Surg 2005, 13:217-221.

14. Bennett MH, Feldmeier J, Hampson N: Hyperbaric oxygen
therapy for late radiation tissue injury (Cochrane Review).
In The Cochrane Library. Issue 3. Oxford: Update Software; 2006.

15. Marx RE, Johnson RP, Kline SN: Prevention of osteoradionecro-
sis: a randomized prospective clinical trial of hyperbaric
oxygen versus penicillin. J Am Dent Assoc 1985, 111:49-54.

Page 4 of 4
(page number not for citation purposes)

Journal of Medical Case Reports 2009, 3:7262 http://jmedicalcasereports.com/jmedicalcasereports/article/view/7262


	Abstract
	Introduction
	Case presentation
	Discussion
	Conclusions
	Abbreviations
	Consent
	Competing interests
	Authors’ contributions
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


