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Abstract

Background: Nontraumatic atlantoaxial rotatory fixation after microtia reconstruction
surgery is a rare complication. Intraoperative cervical hyperextension and/or excessive
rotation and postoperative inflammation have been reported as causes of atlantoaxial
rotatory fixation. We herein describe cases of atlantoaxial rotatory fixation after
microtia reconstruction surgery.

Methods: This was a retrospective study of 80 patients (165 surgeries) who underwent
microtia reconstruction surgery in Dokkyo Medical University Hospital between April
2006 and December 2012. The patient- and operation-related variables were obtained
from medical charts. Neck radiographs and computed tomography scans of patients
with atlantoaxial rotatory fixation were evaluated to check for cervical spine
abnormalities.

Results: Five cases of atlantoaxial rotatory fixation after microtia reconstruction
surgery were recorded. Three of these five cases were diagnosed with Klippel-Feil
syndrome after the onset of atlantoaxial rotatory fixation. No significant difference was
found in the operative duration and other variables between patients with atlantoaxial
rotatory fixation and those without. All patients immediately underwent conservative
treatment and showed complete recovery and no recurrences.

Conclusion: Although atlantoaxial rotatory fixation is a rare complication, surgeons

should consider it in patients with neck problems following microtia reconstruction
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surgery. A patient with microtia may have unrecognized Klippel-Feil syndrome.
Patients with Klippel-Feil syndrome are more likely to develop atlantoaxial rotatory
fixation, which may have severe consequences. Thus, it is crucial to preoperatively
identify Klippel-Feil syndrome with neck radiography and to detect atlantoaxial
rotatory fixation at the earliest.

Keywords: atlantoaxial rotatory fixation, Klippel-Feil syndrome, congenital microtia,

torticollis
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Introduction

Grisel syndrome, a non-traumatic atlantoaxial rotatory fixation, is a rare condition in
children.!”® Most atlantoaxial rotatory fixations occur following an upper respiratory
tract infection or otolaryngological procedure.*

Atlantoaxial rotatory fixation after microtia reconstruction surgery is thought to occur
following prolonged and/or excessive rotation and/or hyperextension of the head
during the surgical procedure; however, the contribution of Klippel-Feil syndrome to
atlantoaxial rotatory fixation after otoplasty surgery remains unknown. Herein, we
described five patients with atlantoaxial rotatory fixation following microtia
reconstruction surgery. Three patients were postoperatively diagnosed with
Klippel-Feil syndrome, defined as a congenital cervical spine fusion. We proposed that
not only intraoperative cervical hyperextension and/or excessive rotation but also
unrecognized Klippel-Feil syndrome may cause atlantoaxial rotatory fixation after

microtia reconstruction surgery.

Materials and Methods

This study was approved by the Ethics Committee of Dokkyo Medical University
Hospital (review no. R-38-7J). All patients and their parents were provided with verbal
and written information about the study before obtaining their written consent for

participation.
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In our institution, we perform microtia reconstruction surgery in two stages. The first
stage includes otoplasty with rib cartilage, and the second stage involves ear elevation
with or without tympanoplasty.™® A retrospective chart review of data of the patients
who underwent microtia reconstruction surgery (first or second stage) between April
2006 to December 2012 was completed. Since the susceptible age of atlantoaxial
rotatory fixation is <12 years, patients aged > 12 years at the first-stage surgery were
excluded from this study. The preoperative patient demographic variables including sex,
condition of microtia, medical comorbidities, surgery-related variables of the stage of
surgery (first or second), and duration of the operation were obtained from the medical
charts.

Symptomatic microtia and other congenital anomalies (e.g., cardiac, gastrointestinal,
and urological anomalies) were considered medical comorbidities, except for accessory
ear. Neck radiographs and computed tomography scans of patients with atlantoaxial
rotatory fixation were evaluated for cervical spine abnormalities.

For all statistical analyses, SPSS software (IBM Corporation, Tokyo, Japan) was used.
Fisher’s exact test was used to assess the effect of sex, condition of microtia, medical
comorbidities, and stage of surgery on the risk of atlantoaxial rotatory fixation.
Mann-Whitney U test was used to analyze the relationship between the operative

duration and the risk of atlantoaxial rotatory fixation.
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Results

In total, 80 patients, representing 165 surgeries, were analyzed. Five patients developed
atlantoaxial rotatory fixation, indicating a 3% incidence rate. Details of five patients
with atlantoaxial rotatory fixation are summarized in Figure 1. Three of five patients
were postoperatively diagnosed with Klippel-Feil syndrome. The incidence of
Klippel-Feil syndrome among patients with microtia and patients with microtia and
medical comorbidities were 3.75% and 20%, respectively. No significant difference
was found in the following variables: sex, condition of microtia, stage of surgery, and
operative duration (Figs. 2,3,4,5). However, the presence of medical comorbidities
showed a significant correlation with atlantoaxial rotatory fixation (P=0.0432) (Figure

6).

Discussion

Non-traumatic atlantoaxial rotatory fixation, or Grisel syndrome, causes a painful
torticollis (cock robin posture) and is predominantly seen in pediatric patients.
Atlantoaxial rotatory fixation occurs after head and neck infection or following routine
otolaryngological procedures in children. Although the mechanism of atlantoaxial
rotatory fixation is unknown, anatomical features of the spine in children and
inflammation play a major role in atlantoaxial rotatory fixation. The transverse

ligament of the atlas mainly contributes to the stability of the C1-C2 joint.” The
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pharynx is anatomically adjacent to the C1-C2 joint and shares lymphatic drainage
with it. Any inflammation in the pharynx may spread to the C1-C2 joint and result in

laxity of the transverse ligament.”

Atlantoaxial rotatory fixation has been reported as a postoperative complication of
surgery for congenital ear deformities; however, the contribution of Klippel-Feil
syndrome to atlantoaxial rotatory fixation after otoplasty surgery has not been
reported.® 14

Intraoperative cervical hyperextension and/or excessive rotation and perioperative
inflammation are stated as the cause of atlantoaxial rotatory fixation after otoplasty. In
two of our five patients who did not have Klippel-Feil syndrome, the cause of
atlantoaxial rotatory fixation appeared to be the same as that suggested in previous
reports; however, in the other three who had Klippel-Feil syndrome, this syndrome
appeared to be the cause of their developing atlantoaxial rotatory fixation. Patients with
cervical spine abnormalities such as Klippel-Feil syndrome, Down syndrome, and
Marfan syndrome are at a high risk of developing atlantoaxial rotatory fixation and

suffering severe consequences.'®> None of the three patients with Klippel-Feil syndrome

were recognized preoperatively as having this syndrome.

Klippel-Feil syndrome is a congenital bone disorder characterized by the abnormal
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fusion of two or more cervical vertebrae. However, fewer than 50% of patients with
Klippel-Feil syndrome manifest all three of the classic signs: short neck, low hairline,
and limited range of motion of the neck. Klippel-Feil syndrome is estimated to occur in
1 in 42,000 births. Its common complications include skeletal abnormalities, renal and
genitourinary abnormalities (25%-35%), central nervous system abnormalities (e.g.,
deafness and psychomotor retardation) (12%20%), cardiovascular abnormalities
(3.5%-14%), and cleft lip and palate (10%).!?° Additionally, auricular deformities are
a known comorbidity, although their prevalence has not been reported.

In this study, three (3.75%) of 80 patients were found to have Klippel-Feil syndrome,
and the prevalence of Klippel-Feil syndrome in patients with microtia appeared to be
higher than that in the general population. In addition, 20% (3 of 15) of the patients
with medical comorbidities had Klippel-Feil syndrome. In some patients, microtia and
congenital cervical spine fusion may be seen as part of a group of a few syndromes,
such as Wildervanck, Duane, and Goldenhar syndromes. However, none of the three
patients met the criteria for those syndromes. The prevalence of Klippel-Feil syndrome
might be higher in patients with microtia, especially those with medical comorbidities,
than in the general population. Since patients with Klippel-Feil syndrome have high
risk of developing atlantoaxial rotatory fixation and its severe consequences, we
suggest that patients with microtia and medical comorbidities should be evaluated for

any cervical spine abnormalities with neck radiography to preoperatively recognize
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whether they have Klippel-Feil syndrome. If we were aware of the presence of this
syndrome, we could pay meticulous attention to the neck position during surgery,
which could result in the early detection of atlantoaxial rotatory fixation. Conservative
treatment (cervical collar and traction) should be started within 4 weeks of onset,
because the delay in initiating treatment might result in recurrence or surgery.'21:22 All
five patients with atlantoaxial rotatory fixation improved with conservative treatment
and have shown no recurrence to date. Currently, in our institution, we routinely take
preoperative cervical spine radiographs of patients with bilateral microtia, as well as
those with microtia and other medical comorbidities. We recommend that surgeons
take preoperative cervical spine radiographs of such patients and take utmost care of
patients’ cervical position during surgery to provide early detection and treatment for

atlantoaxial rotatory fixation.

Conclusions

We reported five cases of postoperative atlantoaxial rotatory fixation in patients with
microtia. From a retrospective review of medical charts, the prevalence of Klippel-Feil
syndrome is higher in patients with microtia, especially those with microtia and other
medical comorbidities, than in the general population. Further research is necessary to
confirm this possibility. Surgeons who perform microtia reconstructive surgery should

keep in mind the possibility of Klippel-Feil syndrome and pay attention to whether the

©



169  patients have atlantoaxial rotatory fixation; in order to avoid its severe consequences.
170

171  Acknowledgments
172 None.

173

174

175

176

177

178

179

180

181

182

183

184

(10)



185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

References

1. Grisel P. Enucleation de I’atlas et torticollis nasopharyngien. Presse Med.
1950;59:1647-1648.

2. Osiro S, Tiwari KJ, Matusz P, Gielecki J, Tubbs RS, Loukas M. Grisel’s
syndrome: a comprehensive review with focus on pathogenesis, natural history,
and current treatment options. Childs Nerv Syst. 2012;28:821-825.

3. Fielding JW, Hawkins RJ. Atlanto-axial rotatory fixation. (Fixed rotatory
subluxation of the atlanto-axial joint). J Bone Joint Surg Am. 1977;59:37-44.

4.  Deichmueller CM, Welkoborsky HJ. Grisel's syndrome—a rare complication
following “‘small” operations and infections in the ENT region. Eur Arch
Otorhinolaryngol. 2010;267:1467-1473.

5. KagaK, Asato H. Microtia and Atresia - Combined Approach by Plastic and
Otologic Surgery . Basel, S Karger AG; 2013.

6. Kurabayashi T, Asato H, Suzuki Y, Kaji N, Mitoma Y. A temporoparietal
fascia pocket method in elevation of reconstructed auricle for microtia. Plast
Reconstr Surg. 2017;139;935-945.

7. Rinaldo A, Mondin V, Suérez C, Genden EM, Ferlito A. Grisel's syndrome in

head and neck practice. Oral Oncol. 2005;41:966-970.

(11)



203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

8. Wang JC, Malic C, Reilly C, Verchere C. Microtia reconstruction and
postsurgical Grisel's syndrome: a rare cause of torticollis in a child. Plast Reconstr
Surg Glob Open. 2014;2:¢176.

9. Nakashima M, Yano H, Takahashi K, Egashira M, Hirano A. Atlanto-axial
rotatory fixation following ear surgery for microtia. Plast Reconstr Surg.
2006;117:688-691.

10. Tauchi R, Imagama S, Ito Z, et al. Atlantoaxial rotatory fixation in a child after
bilateral otoplastic surgery. Eur J Orthop Surg Traumatol. 2014;24:S289-S292.

11. Durst F, Staudenmaier R, Pilge H, et al. Grisel’s syndrome after otoplasty. HNO.
2012;60:135-140.

12. Kim SY, Choi JW, Choi BY, Koo JW. Atlantoaxial rotary subluxation after
tympanoplasty. Otol Neurotol.2011;32:1108-1110.

13. Litman RS, Perkins FM. Atlantoaxial subluxation after typanomastoidectomy
in a child with trisomy 21. Otolaryngol Head Neck Surg. 1994;110:584-586.

14. Kim B, Iwata K, Sugimoto, et al. Significance of prevention and early
treatment of a postoperative twisted neck: atlantoaxial rotatory subluxation after
head and neck surgery. J Anesth. 2010;24:598-602.

15. Karkos PD, Benton J, Leong SC, Mushi E, Sivaji N, Assimakopoulos DA.
Grisel's syndrome in otolaryngology: a systematic review. Int J Pediatr

Otorhinolaryngol. 2007;71:1823-1827.

(12)



223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

16. Yildirim N, Arslanoglu A, Mahirogullari M, Sahan M, Ozkan H. Klippel-Feil
syndrome and associated ear anomalies. A4m J Otolaryngol. 2008;29:319-325.

17. Clarke RA, Singh S, McKenzie H, Kearsley JH, Yip MY. Familial Klippel-Feil
syndrome and paracentric inversion inv(8)(q22.2q23.3). Am J Hum Genet.
1995;57:1364-1370.

18. Tracy MR, Dormans JP, Kusumi K. Klippel-Feil syndrome: clinical features
and current understanding of etiology. Clin Orthop Relat Res. 2004;424:183-190.

19. Thompson E, Haan E, Sheffield L. Autosomal dominant Klippel-Feil anomaly
with cleft palate. Clin Dysmorphol. 1998;7:11-15.

20. Mahirogullari M, Ozkan H, Yildirim N, Cilli F, Giidemez E. Klippel-Feil
syndrome and associated congenital abnormalities: evaluation of 23 cases. Acta
Orthop Traumatol Turc. 2006;40:234-239.

21. Phillips WA, Hensinger RN. The management of rotatory atlanto-axial subluxation
in children. J Bone Joint Surg Am. 1989;71:664-668.

22. Barcelos AC, Patriota GC, Netto AU. Nontraumatic atlantoaxial rotatory
subluxation: Grisel syndrome. Case report and literature review. Glob Spine J.

2014;4:179-186.

(13)



241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

Figure legends

Figure 1. Patient characteristics.

VSD, ventricular septal defect; AARF, nontraumatic atlantoaxial rotatory fixation.

Figure 2. Effect of sex on AARF.

AAREF, nontraumatic atlantoaxial rotatory fixation.

Figure 3. Effect of the condition on AARF.

AARF, nontraumatic atlantoaxial rotatory fixation.

Figure 4. Effect of the stage of surgery on AARF.

AARF, nontraumatic atlantoaxial rotatory fixation.

Figure 5. Effect of operative duration on AARF.

AARF, nontraumatic atlantoaxial rotatory fixation.

Figure 6. Effect of other medical comorbidities on AARF.

AARF, nontraumatic atlantoaxial rotatory fixation.
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