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Abstract  24 

Reherniation and reoperation rates of 4.5 to 36% are reported in canine patients 25 

treated for intervertebral disc herniation (IVDH). Decision-making for surgical 26 

reintervention can prove challenging, especially since common postoperative changes 27 

are poorly described on magnetic resonance imaging (MRI). The purpose of this 28 

single-centre, retrospective, descriptive, study was to describe the MRI characteristics 29 

of the surgical site in dogs treated for thoracolumbar IVDH and presenting for ongoing 30 

or recurrent neurological signs. Twenty-one patients were included for a total of 42 31 

MRI studies. Chondrodystrophic breeds, specifically Dachshunds, were 32 

overrepresented. Mean number of days between surgery and second MRI 33 

was 335 (range 2-1367). Metallic susceptibility artefacts were seen in 34 

7/21 cases (33%), but these were limited in extent, spanning on average 1.3 vertebral 35 

bodies. In 11 cases, spinal cord compression suspected to be clinically significant was 36 

found at the surgical site; the extradural compressive material consisted of 37 

intervertebral disc material only, or a combination of intervertebral disc material and 38 

haematoma or inflammatory changes in 10 cases, and a displaced articular process 39 

and fibrous tissue in 1 case. The latter is a newly described complication of mini-40 

hemilaminectomies. Paravertebral soft tissue changes and vertebral new bone 41 

formation varied according to the postoperative stage at which the patients were 42 

imaged. The results of this study support the use of MRI as a diagnostic modality for 43 

spinal imaging following IVDH surgery, and show that the presence of extradural disc 44 

material at a spinal surgical site is common along with various vertebral and 45 

paravertebral changes.  46 

 47 

 48 



   
 

   
 

Introduction  49 

Recurrence of neurological deficits affects an estimated 4.5-12.3%1,2 or 6.4-36%3–5 of 50 

canine patients operated for intervertebral disc herniation (IVDH), with or without 51 

concurrent disc fenestration respectively. In such patients, decision-making for surgical 52 

reintervention is made difficult by the lack of characterization of common postoperative 53 

changes on magnetic resonance imaging (MRI). The choice of imaging modality itself 54 

may be subject to query, due to concerns regarding MRI-specific artefacts following 55 

surgery.  56 

Residual spinal cord compression is commonly reported following surgery, with 57 

variable rates depending on the technique performed6–10. When neurological signs 58 

have persisted or recurred postoperatively, the most commonly identified causes 59 

include additional herniation of intervertebral disc material (IVDM) from the surgical 60 

site, incomplete removal of the herniated IVDM, and formation of haematoma, seroma 61 

or fibrous scar tissue10,11. However, deciding on surgical reintervention is complicated 62 

by the fact that the location and amount of extradural material does not always 63 

correlate with the severity of the reported neurological signs12,13, and additionally 64 

spontaneous regression of extradural IVDM has been reported in 1 dog14. Therefore, 65 

reoperation may not always be indicated in patients showing ongoing pathological 66 

changes of the spinal cord and extradural space, and decision-making would be more 67 

accurate if clinically significant or insignificant postsurgical findings were better 68 

characterized.  This however poses the challenge of performing a longer general 69 

anaesthetic and postoperative MRI study in patients that may not clinically benefit from 70 

it, and it may therefore be difficult to justify this in a clinical setting. Finally, although 71 

MRI is commonly accepted as the modality of choice for imaging the central nervous 72 

system, there is a risk of susceptibility artefacts rendering an MRI study non-diagnostic 73 



   
 

   
 

following spinal surgery due to the presence of microscopic paramagnetic particles left 74 

from drilling bone, with one study speculating this risk to be high on low-field MRI in 75 

postoperative patients15. Susceptibility artifacts in MRI studies are visualized as a focal 76 

distortion of the image in proximity to adjacent materials of different magnetic 77 

susceptibility16.  They are greatest on gradient echo sequences, and will be larger with 78 

increasing magnetic field strength16. In post-operative patients, these artifacts have 79 

been reported to be primarily caused by ferromagnetic objects, and this includes not 80 

only implants but also microscopic particles that can result from the use of a drill or 81 

rongeurs to obtain bony windows15,17–19. 82 

The objectives of this study were therefore to retrospectively search for a population 83 

of dogs having undergone surgery for thoracolumbar IVDH as well as a postoperative 84 

MRI, and (1) assess the frequency and diagnostic impact of susceptibility artefacts on 85 

postoperative MRI studies; and (2) describe the changes seen at the surgical site on 86 

MRIs performed to investigate ongoing or recurrent neurological signs.  87 

 88 

 89 

Materials and methods 90 

This was a single-centre, retrospective, descriptive study. Records of canine patients 91 

seen at the Queen’s Veterinary School Hospital (QVSH) between January 2009 and 92 

September 2020 were screened. Informed consent was obtained from all owners at 93 

time of admission, and the authors obtained ethical approval from the Cambridge 94 

University Ethics & Welfare Committee reference CR553.  95 

Criteria for case inclusion were (1) a diagnosis of thoracolumbar IVDH based on MRI 96 

findings and surgical confirmation; (2) a postoperative follow-up MRI study was 97 

performed due to clinical need (slow recovery, incomplete recovery, or relapse of 98 

Moved (insertion) [3]
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clinical signs after full recovery); and (3) all MRI studies included at least T2-weighted 105 

(T2W) and T1-weighted (T1W) sagittal and transverse sequences of the surgical site. 106 

A radiology resident (A.-L. P.) and a European College of Veterinary Diagnostic 107 

Imaging board-certified veterinary radiologist (M.-A. G.) were responsible for final 108 

decisions for case inclusion or exclusion, as well as for consensual reviewal of the 109 

images. The images were reviewed using a free open source 64-bit medical image 110 

viewer (Horos version 3.3.6, Purview, Geneva, Switzerland). At the time of image 111 

reviewal, the two assessors were blinded to patient data and previous imaging reports.  112 

Data collected from the patients’ records included breed (classified as 113 

chondrodystrophic or non-chondrodystrophic according to available lists of breeds 114 

associated with the FGF4-12 and FGF4-18 mutations20,21), age, sex, neurological 115 

signs and duration of onset at presentation and re-presentation, number of days 116 

between first MRI, second MRI, and surgery, surgical technique, degree of recovery 117 

following treatment (full recovery being absence of neurological deficits at recheck 118 

either by the referring veterinarian or by the neurology team at the QVSH, and partial 119 

recovery being persistence of neurological deficits beyond the expected time frame), 120 

treatment course following second MRI and finally patient follow-up when available.  121 

The MR images were assessed for susceptibility artefacts compatible with the 122 

presence of metallic material (referred to as susceptibility artefacts for the remainder 123 

of the study), presence and characteristics of extradural material, and changes to the 124 

vertebrae, spinal cord and paravertebral soft tissues. On the first MRI study of each 125 

patient, the degree of degeneration of the herniated IVD was classified as completely 126 

degenerate, partially degenerate or non-degenerate, based on an entirely lost, 127 

decreased or intact T2W hyperintensity of the nucleus pulposus, respectively. 128 

Susceptibility artefacts were classified as absent, moderate or marked, these last two 129 
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categories depending on whether they allowed partial or no assessment of the 131 

adjacent vertebral canal, respectively. As susceptibility artefacts hindered assessment 132 

of certain imaging criteria, this was taken into account when calculating prevalence 133 

rates of other imaging findings. The length of cord affected by the susceptibility artefact 134 

was estimated in number of vertebral bodies included in the area of signal distortion, 135 

using the T1W and T2W sagittal and transverse sequences. When present, extradural 136 

material was classified as markedly, moderately, mildly or not compressive if it was 137 

occupying over 50% of the diameter of the vertebral canal, between 50 and 25%, less 138 

than 25%, or associated with an unchanged shape of the spinal cord and intact CSF 139 

column, respectively. The bony defects were assessed subjectively as “clearly visible” 140 

or “poorly visible”, and new bone formation was classified as "absent” or “present”. 141 

Tethering of the spinal cord was defined as deviation of the spinal cord within the 142 

vertebral canal in the absence of extradural material, associated with focal loss of the 143 

extradural fat and CSF column between the spinal cord and the vertebra. The spinal 144 

cord was also assessed for the presence of focal ill-defined T2W hyperintense areas 145 

that remained T1W isointense, estimated in vertebral body length. The observed 146 

changes were then reconsidered in light of the postoperative stage of the patient: the 147 

early postoperative period encompassed all patients imaged between 0 to 14 days 148 

post-surgery (day 0 being the day of surgery), and the late postoperative period was 149 

from 14 days onwards.  150 

 151 

 152 

Results  153 

Pertinent imaging findings of sampled dogs are summarized in Table 1 and additional 154 

details are provided in annex 1. 155 
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Case demographics  158 

Over the study period, an approximate number of 660 dogs underwent thoracolumbar 159 

spine MRI and surgery. In total, 21 dogs (21/660, 3%) met the inclusion criteria of which 160 

18 (86%) belonged to chondrodystrophic breeds (11 Dachshunds and Dachshund 161 

crosses, 3 Jack Russell Terriers, 1 Basset Hound, 1 Pug, 1 Lhasa Apso and 1 French 162 

Bulldog) and 3 (14%) belonged to non-chondrodystrophic breeds (1 Springer Spaniel, 163 

1 Dalmatian and 1 Crossbreed). Patient age ranged between 3 and 11 years 4 months 164 

old (median 6 years 2 months old). There were 5 entire female, 6 neutered female, 2 165 

entire male and 8 neutered male dogs.  166 

 167 

Technical specificities of the included MRI studies  168 

In total, 42 MRI studies were available for review. All MRI studies but one were 169 

performed using a 0.27 Tesla permanent MR magnet (Esaote VetMR Grande, Genova, 170 

Italy). One postoperative MRI was performed using a 1.5 Tesla MR magnet (Phillips 171 

Achieva, Phillips Healthcare, Best, Netherlands). Besides the required T2W and T1W 172 

sagittal and transverse sequences focused on the surgical site, additional sequences 173 

were also reviewed when available including T1W dorsal, 3-dimensional hybrid 174 

contrast enhancement, and dorsal Short Tau Inversion Recovery. The sequences and 175 

settings varied between patients - this is summarised in Table 2.  176 

 177 

Initial diagnosis and clinical management  178 

Duration of neurological clinical signs prior to first presentation ranged between 24 179 

hours and over 180 days (median 6 days). The most common clinical signs included 180 

back pain, lethargy, reluctance to walk, paraparesis, paraplegia and ataxia.  181 



   
 

   
 

The affected spinal segment was the thoracolumbar junction (T10-L3) in 18 patients 182 

(18/21, 86%), and the lumbar spine (L3-L7) in 3 patients (3/21, 14%). 183 

All patients underwent spinal surgery within 24 hours of their first  MRI. In total,   14 184 

(14/21, 67%) underwent a hemilaminectomy and 7 (7/21, 33%) a mini-185 

hemilaminectomy. All surgeries were carried out by a European College of Veterinary 186 

Neurology (ECVN) resident, under the supervision of an ECVN-boarded specialist. 187 

Several residents and a total of 10 ECVN specialists were involved, in many different 188 

combinations. Although the surgical approaches were grossly standardized for both 189 

hemilaminectomies and mini-hemilaminectomies, technical specificities such as the 190 

number of muscle detachments and extent of surgical window in the bone were not 191 

available from the surgical reports. None of the surgeons involved used subcutaneous 192 

fat grafts. To create the vertebral bony window, all surgeons used a high speed drill 193 

(Hall® Surgairtome Two® and OralMaxTM Pneumatic System, ConMed, Utica, New 194 

York) and rongeurs.  195 

 196 

MRI characteristics of the IVDH at first presentation  197 

Based on MRI findings and surgical confirmation, 16 of the chondrodystrophic dogs 198 

had an extrusion and 2 a protrusion, while  of the non-chondrodystrophic dogs 2 had 199 

an extrusion, and 1 a protrusion associated with an extrusion.  Extradural haemorrhage 200 

associated with herniated IVDM was suspected in 7/21 cases (33%), all of which were 201 

surgically confirmed. The IVDH was markedly compressive in 8 cases (8/21, 38%), 202 

moderately compressive in 4 cases (4/21, 19%), and mildly compressive in 9 cases 203 

(9/21, 43%). The herniated IVD was completely degenerate in 10 patients (10/21, 204 

48%), partially degenerate in 10 patients (10/21, 48%), and nondegenerate in 1 patient 205 

(1/21, 5%).  206 



   
 

   
 

 207 

Second MRI examination 208 

The mean number of days between surgery and second MRI study was 335 (range 2-209 

1367 days). Eight patients were included in the early postoperative period (range 2-14 210 

days, mean 6 days), and 13 patients in the late postoperative period (range 52-1367 211 

days, mean 537 days). 212 

 213 

 214 

Susceptibility artefacts  215 

Susceptibility artefacts were present in 7 cases (7/21, 33%), of which 3 (3/21, 14%) 216 

were classified as moderate and 4 (4/21, 19%) as marked. The area of signal distortion 217 

spanned on average 1.33 vertebral bodies (range 0.5-2), with no difference in extent 218 

between T2W and T1W sequences. All 4 marked susceptibility artefacts were 219 

associated with mini-hemilaminectomies, and the 3 moderate ones with 220 

hemilaminectomies. These artefacts were present in 25% (2/8) and 38% (5/13) of 221 

studies performed in the early and late postoperative periods respectively, and were 222 

not present on the single high-field study.  223 

Due to interference from susceptibility artefact at the surgical site, certain patients had 224 

to be excluded of the assessed population for the following imaging criteria located at 225 

the surgical site: degree of compression of the spinal cord, length of intramedullary 226 

T2W hyperintensity, tethering of the spinal cord, bony changes, reduction in volume of 227 

the epaxial muscles, change in intensity of the ipsilateral epaxial muscles, and 228 

presence of collections of fluid in the paravertebral soft tissues. In some patients with 229 

moderate susceptibility artefact, the disruption in signal was lateralized enough to 230 

assess the adjacent vertebral canal accurately, and this was taken into account when 231 
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excluding cases for certain imaging features. Eventually, exclusions from specific 232 

imaging features applied to 1 patient from the early postoperative group (case 20) and 233 

4 patients from the late postoperative group (cases 2, 10, 11, 16). Purely imaging-234 

based results are therefore presented out of a total of 7 patients for the early 235 

postoperative group, out of 9 patients for the late postoperative group, and out of a 236 

total of 16 when both groups are combined.  237 

 238 

Clinical outcomes following initial surgery and cause of spinal compression on 2nd MRI 239 

Amongst the 8 patients of the early postoperative group, only 1 (1/8, 13%) recovered 240 

well from the surgery before relapsing (case 13), with the others showing poor post-241 

surgical improvement or even deterioration of their neurological signs. Five (5/8, 63%) 242 

of these patients had evidence of ongoing or recurrent compression of the spinal cord 243 

at the surgical site (by extradural disc material and haemorrhage, haematoma or 244 

inflammatory tissue), including case 13, with only 1 (1/8, 13%) patient having 245 

neurological signs attributed to a disc extrusion distant from the surgical site, and 1 246 

(1/8, 13%) patient showing no evidence of spinal cord compression. In 1 (1/8, 13%) 247 

patient, the MRI was inconclusive due to susceptibility artefact and no second surgery 248 

was performed, precluding an accurate diagnosis. In this patient, the surgical site was 249 

presumed to be the site of the focal myelopathy responsible for the neurological signs 250 

in the absence of other visible lesions in the remainder of the studied spinal segment. 251 

In the 5 patients with identified compressive extradural material at the surgical site, this 252 

was causing marked, moderate or mild compression of the spinal cord in 1, 3 and 1 253 

patients respectively. Four patients from this group underwent surgical revision of the 254 

surgical site and all but one showed improvement of their neurological status after the 255 

second surgery. 256 
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Of the 13 patients that belonged to the late postoperative group, 4 patients had a poorly 263 

diagnostic MRI study at the level of the surgical site due to susceptibility artefact. In 264 

this group, 10 (10/13, 77%) patients made a full recovery following surgery and 3 (3/13, 265 

23%) only made a partial recovery. These 3 patients showed mild chronic neurological 266 

deficits that eventually acutely deteriorated; 1 had no evidence of ongoing compression 267 

at the surgical site and a compressive distant IVDH, 1 had evidence of mild 268 

compression at the surgical site only, and 1 had a compressive distant IVDH with a 269 

poorly characterizable surgical site due to localized susceptibility artefact. Of the 10 270 

patients that had recovered fully from the surgery, 3 had imaging evidence that 271 

compression of the spinal cord at the surgical site was the cause of the presenting 272 

neurological signs and an additional patient had suspected spinal cord compression at 273 

the surgical site in the absence of other visible compressive lesions of this spinal 274 

segment. This last patient (case 16) underwent surgical revision of the previous mini-275 

hemilaminectomy site which resulted in removal of a displaced articular facet and 276 

fibrous material from the vertebral canal. Of the 3 patients that recovered fully from 277 

initial surgery, then represented in the late postoperative period with clinically 278 

significant  spinal cord compression at the surgical site by extradural IVDM (cases 1, 279 

6, 8), 2 had concurrent IVD fenestration at the time of initial surgery.  Finally, 6 patients 280 

were thought to have relapsed due to IVDH at a different disc space, of which 2 were 281 

free of compression at the surgical site, 2 showed evidence of extradural compression 282 

at both the surgical site and a distant disc space, and 2 had too much susceptibility 283 

artefact to characterize the surgical site fully on MRI. The degree of spinal cord 284 

compression at the surgical site was deemed to be moderate in 1 patient, and mild in 285 

5 patients. Five patients underwent spinal surgery to remove extradural material at a 286 

Moved (insertion) [2]



   
 

   
 

site distant from the previous surgical site, with only 1 patient undergoing revision of 287 

its previous surgical site (case 16). 288 

When assessing specifically the central T2W hyperintensity of the intervertebral discs 289 

that were not herniated on the first MRI study but herniated on the second study, 6 290 

were classified as completely degenerate, 2 as partially degenerate and 1 as 291 

nondegenerate on the initial MRI.  292 

 293 

Changes to the vertebrae  294 

The changes to the vertebrae could not be accurately described in the presence of 295 

adjacent susceptibility artefact, and therefore the aforementioned 5 postoperative MRI 296 

studies were excluded from the following results.  297 

Bony defects were clearly visible without evidence of new bone formation in 10 patients 298 

(10/16, 63%); this included all patients (7/7, 100%) from the early postoperative period, 299 

and 3 patients (3/9, 33%) from the late postoperative period, up to 839 days after 300 

surgery (Figure 1).  301 

Bony defects were poorly visible without clear evidence of bony hyperplasia in 3/16 302 

patients (19%), and hyperplastic vertebral new bone formation was identified in 3/16 303 

patients (19%). These 6 patients all belonged to the late postoperative group. 304 

There was evidence of displacement of a cranial articular facet of L1 following a left-305 

sided T13-L1 mini-hemilaminectomy in 2 patients imaged within a week of surgery. 306 

One of them showed a clearly visible non-compressive displaced articular facet on MRI 307 

(Figure 2), whilst the MRI study of the other patient was poorly diagnostic due to 308 

susceptibility artefact but a displaced compressive articular facet was surgically 309 

confirmed.   310 

 311 



   
 

   
 

Changes to the spinal cord  312 

On 13 of the first MRI studies (13/21, 62%), the spinal cord showed a focal area of 313 

T2W hyperintensity that remained T1W isointense, overlying the diseased IVD space. 314 

This spanned a length of less than 2 vertebral bodies in 9 cases (43%) and over 2 315 

vertebral bodies in 4 cases (19%). Of these 4 cases, 2 made a full recovery after the 316 

initial surgery, 1 remained mildly ataxic for 27 months post surgery, and one developed 317 

myelomalacia within days of surgery, highly suspected from the clinical evolution and 318 

second MRI confirmed at postmortem examination.  319 

On the second MRI studies, after exclusion of the 5 cases with susceptibility artefacts, 320 

this focal T2W hyperintense region of the spinal cord had increased in length (7/16 321 

cases, 44%), decreased in length (6/16 cases, 38%), or remained absent (3/16 cases, 322 

19%).  323 

The increase in length was superior to 2 vertebral bodies in 3 cases (all of which had 324 

ongoing or worsening neurological signs following surgery, and belonged to the early 325 

postoperative group), equivalent to 1 to 2 vertebral bodies in length in 2 cases (both of 326 

which had a slow recovery and acutely deteriorated following initial surgery, requiring 327 

repeat imaging during the early postoperative period and surgical reintervention), or 328 

inferior to 1 vertebral body in 2 cases (both  made a full recovery after the initial surgery  329 

and were imaged in the late postoperative period).  330 

Of the 9 cases in which either the spinal cord was within normal limits, or the T2W 331 

hyperintensity of the spinal cord decreased, 1 belonged to the early postoperative 332 

group and 8 to the late postoperative group. Five of these patients had a good clinical 333 

outcome, and 4 were lost to follow-up.  334 

Of the 16 follow-up MRI studies that were not affected by susceptibility artefacts, 335 

tethering of the spinal cord to the surgical site was present in 4 (4/16, 25%), all 336 



   
 

   
 

belonging to the late postoperative group. Concurrent attenuation of the CSF and fat 337 

columns ipsilateral to the tethering was visible, along with widening of the contralateral 338 

CSF column. This is illustrated in Figure 3. Two of these patients had a good 339 

neurological outcome, and 2 were lost to follow-up.  340 

 341 

Soft tissues  342 

Unilateral changes in the paravertebral soft tissues were also appreciated in the 16 343 

postoperative MRI studies that were not affected by susceptibility artefacts, both in the 344 

early (7 studies) and in the late (9 studies) postoperative groups.  345 

Common changes seen in the patients imaged within 14 days of surgery included 346 

increased volume of the epaxial muscles over the surgical site, associated with a 347 

diffuse to patchy T2W hyperintensity that remained T1W isointense (7/7 cases, 100%), 348 

focal collections of T2W markedly hyperintense, T1W mildly hyperintense to muscle 349 

material in the paravertebral soft tissues (6/7 cases, 86%), and multifocal 350 

subcutaneous small rounded signal voids (5/8 cases, 63% - the subcutaneous 351 

positioning of these signal voids allowed their visualization despite susceptibility 352 

artefacts). These changes were never seen in patients imaged later than 14 days after 353 

surgery.  354 

From 14 days onwards, 5 patients out of 9 (56%) showed a focal reduction in volume 355 

of the epaxial muscles ipsilateral to the surgery, and these muscles had a similar to 356 

increased signal intensity on both T2W and T1W sequences when compared to the 357 

preoperative studies. A tract of T2W and T1W hyperintense tissue could be identified 358 

in 2 (2/9, 22%) patients of this group along the spinous process, in the area of the 359 

surgical approach. This is also illustrated in figure 3. 360 



   
 

   
 

Finally, a common finding that could be appreciated in all 21 postoperative MRI studies 361 

despite the presence of susceptibility artefacts was the presence of thin linear 362 

T2W/T1W hypointense subcutaneous tracts in the area of the surgical approach, found 363 

in 8/8 patients in the early postoperative group (100%), and 8/13 patients in the late 364 

postoperative group (62%).  365 

  366 

 367 

Discussion  368 

This study showed that follow-up MRI of dogs treated for IVDH is a valuable tool to 369 

characterize the changes associated with the surgical site, with only few occurrences 370 

of MRI studies being rendered poorly diagnostic due to susceptibility artefacts. Several 371 

of these postoperative changes can also be related to the stage of the postoperative 372 

period, with some being more or less common depending on the time elapsed since 373 

surgery; however, as the included patients were presented due to neurological 374 

complications, it was not possible to determine whether these changes were still within 375 

normal limits for the postoperative period or related to the neurological signs. 376 

The population included in the present study showed characteristics that were similar 377 

to those from other publications on canine IVDH, with chondrodystrophic breeds and 378 

more particularly Dachshunds being overrepresented, and most patients being middle-379 

aged (median age of 6 years 2 months old)4,22–25.   380 

In 16 out of 21  patients (76%) included in this study, metallic susceptibility artefacts 381 

were either not present or did not hinder evaluation of the vertebral canal. This does 382 

not support the findings of an earlier study, that speculated that susceptibility artefacts 383 

would be common postoperatively and therefore MRI may not be an adequate imaging 384 

modality for patients that had undergone spinal surgery15. It is also interesting to note 385 
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that when present, the susceptibility artefact would affect the visualization of the 391 

adjacent vertebral canal, but this was limited in length and therefore most studies 392 

impacted by susceptibility artefacts would remain diagnostic for most of the spinal cord 393 

in the field of view. Certain setting adjustments may also be performed to reduce the 394 

impact of susceptibility artefacts on the diagnostic quality of MRI sequences, but this 395 

was beyond the scope of the present study. Finally, it was also noted that the marked 396 

susceptibility artefacts were associated with mini-hemilaminectomy procedures, 397 

whereas the moderate ones were all associated with hemilaminectomy procedures. 398 

Although the equipment used and burring intensity and process were similar for both 399 

surgical techniques, a possible reason for this might be better access and therefore 400 

more thorough intraoperative saline flushing of the surgical site in hemilaminectomies 401 

as compared to mini-hemilaminectomies. However, the number of cases is low and 402 

this may therefore not be a significant reproducible finding.  403 

Extradural IVDM at the surgical site was described in 11 patients (5 from the early 404 

postoperative group and 6 from the late postoperative group), which represents 52% 405 

of the study population. It remains unclear whether this was residual from surgery or 406 

newly herniated IVDM. The imaging evidence of persistent extradural compression of 407 

the spinal cord alongside the history of clinical deterioration or failure to improve 408 

prompted surgical reintervention in all patients which showed compression of the 409 

spinal cord at the surgical site during the early postoperative period.  410 

The clinical significance of the presence of spinal compression at the surgical site was 411 

considered in light of the presence or absence of other spinal lesions. Compression at 412 

the surgical site was suspected to be the cause of the neurological signs in 11 of the 413 

included patients, in the absence of another site of significant spinal cord compression. 414 

Following conclusions from previous studies1–3, these patients would have been 415 
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expected to present early in the postoperative period, with incomplete recovery from 420 

surgery. Conversely, these 11 patients showed variable degrees of recovery, up to full 421 

recovery as assessed by the neurology team, and a wide range of postoperative 422 

periods, up to years after the initial spinal surgery. This shows that an initial full 423 

recovery and/or a long period of time elapsed since surgery does not preclude that the 424 

disc space involved in the original surgery may be again a site of spinal cord 425 

compression. Because of the initial good recovery, the authors speculate that the 426 

compressive extradural IVDM at the surgical site result from a recurrence of disc 427 

herniation rather than material left at the previous surgery, and this happened in 2/3 428 

cases despite IVD fenestration at the time of decompressive surgery. In these 11 429 

patients, the extradural causes for spinal cord compression included ones commonly 430 

reported, such as IVDM, haemorrhage and inflammatory changes, but interestingly in 431 

one case the compression was caused by a displaced articular process. The latter was 432 

one of two cases that suffered from displacement of a cranial articular process of L1 433 

following a mini-hemilaminectomy T13-L1. Although there has been a report of spinal 434 

instability resulting from bilateral mini-hemilaminectomy and pediculectomy in a dog26, 435 

displacement of an articular process has not yet been described as a potential 436 

complication of mini-hemilaminectomies. As evidenced by the present study, this may 437 

warrant surgical reintervention if the displaced articular process extends into the 438 

vertebral canal.  439 

Nine patients showed a disc hernia distinct to the initial surgical site on their second 440 

MRI. When reviewing the central T2W hyperintensity of these intervertebral discs on 441 

the first MRI study of each patient, most (8/9, 89%) showed some degree of loss of 442 

this hyperintensity, indicating degeneration. This is consistent with the pathophysiology 443 

of IVD disease and previous publications5,25,27.   444 
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cord compression at the surgical site by extradural 448 
IVDM (cases 1, 6, 8), 2 had concurrent IVD fenestration 449 
at the time of initial surgery. 450 



   
 

   
 

Bony defects were more clearly discerned in the early postoperative period, where all 451 

patients imaged within 2 weeks of surgery showed a clearly identifiable gap in the 452 

vertebral bone corresponding to the surgical window. Marked vertebral new bone 453 

formation was found in 3 MRI studies (out of 16 diagnostic postoperative studies, 19%), 454 

all in the late postoperative period.  Interestingly, different degrees of bony defects and 455 

new bone formation could be seen in patients imaged at similar postoperative stages, 456 

showing that the amount of new bone formation did not necessarily relate to the 457 

amount of time elapsed since surgery. From a clinical point of view, the presence of a 458 

large amount of new bone formation may complicate surgical approach if surgical 459 

reintervention is required – this was not the case for the included patients.  460 

When considering the difference in length of the T2W hyperintense region of the spinal 461 

cord between first and second MRI studies, the 5 patients in which it increased in length 462 

by more than one vertebral body had a poor clinical outcome, whereas the other 7 463 

patients for which follow-up was available were associated with good outcomes. 464 

Hypotheses as to the cause of this hyperintensity include contusion, oedema, and 465 

gliosis, depending on the time frame since the insult to the spinal cord occurred – the 466 

mechanism that causes this hyperintensity to increase or decrease in length over time 467 

is however unknown.   468 

Tethering of the cord to the surgical site was found in a quarter of patients with 469 

postoperative MRIs free of susceptibility artefacts. All of these 4 patients belonged to 470 

the late postoperative group. It is unclear why some patients developed this feature 471 

compared to others, and it is also difficult to estimate the clinical impact of this as at 472 

least 2 of these patients had a good neurological outcome.  473 

Unilateral changes in the epaxial muscles were common, and their nature varied 474 

depending on the time elapsed since surgery. In all patients imaged within 2 weeks of 475 



   
 

   
 

surgery, the epaxial muscles over the surgical site were mildly swollen, with a change 476 

in signal intensity consistent with inflammation or oedema. Collections of fluid in the 477 

soft tissues adjacent to the surgical site, thought to be seroma or hemorrhagic fluid, 478 

were also common in the two weeks post surgery (86% of cases). Finally, in 5 patients, 479 

multifocal small subcutaneous signal voids were present and thought to be due to 480 

subcutaneous emphysema and/or suture material. Soft tissue changes were evaluated 481 

subjectively and there was no appreciable difference between the patients that 482 

underwent hemilaminectomy and those that underwent mini-hemilaminectomy.  483 

After the initial postoperative two weeks, just over half of patients (56%) showed a 484 

reduced volume of the operated epaxial muscles compared to the contralateral 485 

musculature, occasionally associated with an increase in signal intensity compatible 486 

with fatty infiltration. Although no muscle biopsies were performed, possible 487 

explanations for this include loss of innervation and/or loss of blood supply, causing 488 

muscular atrophy.  489 

The T2W and T1W hyperintense tract visible in 2 patients of the late postoperative 490 

group along the spinous process of the operated vertebra were hypothesized to be 491 

fatty infiltration in the area of dissection of the epaxial muscles from their bony 492 

attachments.  493 

Finally, approximately three quarters of the included population (76%) showed a linear 494 

tract in the subcutaneous fatty tissues in the area of the surgical approach, of a signal 495 

intensity suggestive of fibrosis or scar tissue.  496 

Limitations of this study include first of all its retrospective nature, which introduces 497 

variables such as non-standardized MRI sequences, and record-keeping. The authors 498 

however implemented strict inclusion criteria to mitigate this. Several different 499 

combinations of residents and specialists were involved in the surgeries, and although 500 



   
 

   
 

surgical approaches for both hemilaminectomies and mini-hemilaminectomies are 501 

standardized to some degree, certain aspects of these techniques will inherently vary 502 

with the surgeon involved. Surgical reports did not offer details such as the length of 503 

the incision, the number of muscle detachments, and the size of the bony window. All 504 

the data was also collected from a single institution, and may therefore be biased by a 505 

number of factors such as the clinicians involved, the surgical material used, and the 506 

imaging acquisition methods. Case numbers were also small, although still comparable 507 

to other studies on the subject. Because several patients were treated conservatively 508 

following their second MRI, surgical confirmation was often not available for the 509 

findings of the follow-up MRIs. All the patients included in the present study underwent 510 

a second MRI due to ongoing or relapsed neurological signs; it is therefore uncertain 511 

whether the changes described would be found in patients that recover uneventfully, 512 

and to what degree they contributed to the recurrence of neurological signs in our 513 

patients. Assessment of bony changes would also potentially have been more accurate 514 

on CT than MRI, and therefore further studies using CT to evaluate bony healing and 515 

remodeling following spinal surgery may be of interest. Finally, it is also important to 516 

consider that the low diagnostic impact of the susceptibility artefacts in this study may 517 

only be valid for low-field MRI, as it is less sensitive to local magnetic field 518 

inhomogeneities compared to high-field MRI.  519 

 520 

In conclusion, this study has shown that, contrary to what was suggested in a previous 521 

study, metallic susceptibility artefacts are uncommon in postoperative low-field MRI 522 

studies, and that the disruption caused to the diagnostic quality of the MR images is 523 

focally limited to the surgical site. MRI can therefore be considered an adequate 524 

modality for patients that require postsurgical spinal imaging, although further studies 525 



   
 

   
 

may be required to extrapolate this finding to high-field magnets. Additionally, this 526 

study has also shown that the appearance of spinal surgical sites on MRI is variable, 527 

with certain findings increasing or decreasing in prevalence according to the stage of 528 

the postoperative period. Additionally, ongoing or recurrent compression of the spinal 529 

cord at the surgical site is common, even in patients that have made a full recovery 530 

and present with a late recurrence of clinical signs.  531 

 532 

 533 
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Tables:  638 

Table 1: This table summarizes the prevalence of the main findings according to the 639 

stage of the postoperative period at which the second MRI was performed.  640 

 641 

Assessed criteria 

Early postoperative period 

(0-14 days) 

Late postoperative period 

(over 52 days) 

N° cases/Total  

N° evaluated1 
% 

N° cases/Total  N° 

evaluated1 
%  

Metallic susceptibility 

artefacts 
2/8 25% 5/13 38% 

Extradural haemorrhage 

or haematoma 
5/7 71% 0/9 0% 

Extradural herniated 

IVDM at the surgical site 
5/7 71% 6/9 67% 

Degree of 

spinal cord 

compression 

at the 

surgical site  

Marked  1/7 14% 0/9 0% 

Moderate 3/7 43% 1/9 11% 

Mild  1/7 14% 5/9 56% 

IVDH at a site distant to 

the surgical site 
2/8 25% 7/13 54% 

Bony defect visible with 

no new bone formation 
7/7 100% 3/9 33% 



   
 

   
 

Hyperplastic new bone 

formation  
0/7 0% 3/9 33% 

Tethering of the spinal 

cord to the surgical site 
0/7 0% 4/9 44% 

Increased volume and 

T2W hyperintense, T1W 

isointense epaxial 

muscles  

7/7 100% 0/9 0% 

Decreased volume of the 

epaxial muscles, normal 

or increased signal 

intensity 

0/7 0% 5/9 56% 

Collections of fluid in the 

paravertebral soft tissues  
6/7 86% 0/9 0% 

SC signal voids 5/8 63% 0/13 0% 

SC T2W/T1W 

hypointense tract  
8/8 100% 8/13 62% 

Conservative treatment 

following 2nd MRI 
3/82 38% 7/13 54% 

Surgical treatment 

following 2nd MRI 
4/82 50% 6/13 46% 

1  The total number of cases evaluated is 7 for the early postoperative groups and 9 for 642 

the late postoperative group wherever susceptibility artefacts impaired assessment of 643 

a specific imaging criterion.   644 



   
 

   
 

2 One patient from the early postoperative period group was euthanased following a 645 

diagnosis of progressive ascending myelomalacia.  646 

Abbreviations: SC, subcutaneous; IVDM, Intervertebral Disc Material; T2W, T2-647 

weighted; T1W, T1-weighted; MRI, Magnetic Resonance Imaging 648 

 649 

 650 

Table 2: This table shows the different acquisition parameters (slice thickness, slice 651 

interval, repetition time [TR], echo time [TE], inversion recovery [IR], echo train length 652 

[ETL], and number of signals averaged [NSA]) and number of studies for each MRI 653 

sequence used.  654 

 655 

Characteristics 

of the magnet 

Acquisition 

parameters 
T2 sag 

T2 

trans 

T1 

sag 

T1 

trans 

T1 

dorsal 

Dorsal 

STIR 

3D 

HYCE 

0.27 Tesla 

permanent MR 

magnet 

Slice 

thickness 

(mm) 

3-4.5  3-5  3-5  3-5  3-4  3-4.5  
0.35-

2.5  

Slice interval 

(mm) 
3.3-5  3.3-5  3-5  3-5  

3.3 -

4.5  
3.5 - 5  

0.35-

2.5  

TR 
2600-

5000 

2800 

- 

5000 

450 

-

770 

480 - 

1050 

420 - 

650 

1020-

3320 
10 

TE 80-120 
80-

120 
26 26 26 24- 30 5 

IR      85-90  



   
 

   
 

ETL 1-8 1-8 1 1 1 1-4 1 

NSA 1-2 1-2 1-3 1-3 1-2 1-2 1-2 

1.5 Tesla MR 

magnet 

Slice 

thickness 

(mm) 

3  3  3  3   4   

Slice interval 

(mm) 
3.3  3.3  3.3  3.3   4.4   

TE 2606 3650 789 589  3646  

TE 120 120 12 10  12  

IR      160  

ETL 16 15 5 3  9  

NSA 6 8 4 6  2  

Number of studies that  

included the specified 

sequence 

42 42 42  42 12 16 20 

  656 

Abbreviations: mm, millimetre; MR, Magnetic Resonance; sag, sagittal; trans, 657 

transverse; STIR, Short Tau Inversion Recovery; 3D HYCE, 3-dimensional hybrid 658 

contrast enhancement.   659 



   
 

   
 

Figure legends 660 
 661 

Figure 1: T1W transverse images of the same patient (case 8), preoperative (A) and 662 

839 days post hemilaminectomy (B). The arrows point to the normal articular 663 

processes, and the arrowhead points to the postoperative defect in the left side of the 664 

lamina and absent left articular process.   665 

Acquisition parameters: TR 650 (A) and 890 (B) ms; TE 26 (A and B) ms; slice 666 

thickness 4 (A and B) mm; slice gap 4 (A and B) mm; 0.25T MRI. 667 

 668 

Figure 2: T1W transverse images of the same patient (case 17), pre-operative (A) and 669 

post-operative (B). The arrow points to the ventrally displaced left cranial articular 670 

process following left-sided mini-hemilaminectomy. A small bony defect in the left 671 

lamina of the vertebra is visible ventral to the affected articular process (arrowhead).   672 

Acquisition parameters: TR 950 (A and B) ms; TE 26 (A and B) ms; slice thickness 4 673 

mm; slice gap 4 mm; 0.25T MRI. 674 

Figure 3: T2W transverse images of patient 18, showing deviation of the spinal cord 675 

towards the left-sided hemilaminectomy site (arrowhead), in the absence of extradural 676 

material. The contralateral hyperintense CSF column is widened, while as it is 677 

interrupted on the side of the tethering. Also note the T2W hyperintense tissue along 678 

the left side of the spinous process, and the reduction in volume of the left epaxial 679 

muscles.  680 

Acquisition parameters: TR 5000 (A and B) ms; TE 120 (A and B) ms; slice thickness 681 

3 mm; slice gap 3.5 mm; 0.25T MRI. 682 

 683 

Figure 4: T2W transverse images of patient 19 (A) and patient 16 (B), showing a 684 

moderate and marked susceptibility artefact, respectively. The susceptibility artefact is 685 
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visible in both cases as an area of distorted signal, to the left lateral aspect of the 687 

vertebral canal.  688 

Acquisition parameters: TR 6140 (A and B) ms; TE 120 (A and B) ms; slice thickness 689 

3 mm; slice gap 3.5 mm; 0.25T MRI. 690 

 691 

Figure 5: T2W mid-sagittal image of the thoracolumbar junction of patient 9. This 692 

shows an example of a non-degenerate IVD with an oval-shaped T2W hyperintense 693 

nucleus pulposus (white arrow), a partially degenerate IVD with near complete loss of 694 

the T2W hyperintensity of the nucleus pulposus (empty arrow), and a completely 695 

degenerate IVD with complete loss of the T2W hyperintensity of the nucleus pulposus 696 

(arrowhead).   697 

Acquisition parameters: TR 2600 ms; TE 120 ms; slice thickness 3 mm; slice gap 3 698 

mm; 1.5T MRI. 699 
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