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Objective: To review and summarize the recent 
literature, increase awareness and provide guidance for 
chiropractic physicians regarding the diagnosis of spinal 
gout. 
 Methods: A search of PubMed was undertaken for 
recent case reports, reviews and trials relating to spinal 
gout. 
 Results: Our analysis of 38 cases of spinal gout 
revealed that 94% of spinal gout patients presented 
with back or neck pain, 86% displayed neurological 
symptoms, 72% had a history of gout, and 80% had 
raised serum uric acid levels. Seventy-six percent of 
cases proceeded to surgery. A combination of clinical 
findings, laboratory tests and appropriate utilization of 
Dual Energy Computed Tomography (DECT) has the 
potential to improve early diagnosis. 

Diagnostic de la goutte spinale dans la pratique 
chiropratique : analyse narrative 
Objectif : Examiner et résumer la littérature récente, 
sensibiliser les médecins chiropraticiens et les guider 
dans le diagnostic de la goutte spinale. 
 Méthodes : Une recherche a été entreprise dans 
PubMed pour trouver des rapports de cas, des études et 
des essais récents concernant la goutte spinale. 
 Résultats : Notre analyse de 38 cas de goutte spinale a 
révélé que 94 % des patients souffrant de goutte spinale 
présentaient des douleurs dorsales ou cervicales, 86 % 
des symptômes neurologiques, 72 % des antécédents 
de goutte et 80 % une élévation du taux d’acide urique 
sérique. Soixante-seize pour cent des cas ont donné 
lieu à une intervention chirurgicale. La combinaison 
des résultats cliniques, des tests de laboratoire et de 
l’utilisation appropriée de la tomographie informatisée à 
double énergie (DECT) peut améliorer les chances d’un 
diagnostic précoce. 
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 Conclusion: Gout is an uncommon cause of spine 
pain; however, it must be considered in the differential 
diagnosis as outlined in this paper. Increased awareness 
of the signs of spinal gout and earlier detection and 
treatment has the potential to improve the quality of life 
of patients and reduce the need for surgery. 
 
 
 
(JCCA. 2023;67(1):50-66) 
 
K E Y  W O R D S : chiropractic, gout, spine

 Conclusion: La goutte est une cause peu fréquente 
de douleur vertébrale, mais elle doit être prise en 
compte dans le diagnostic différentiel, comme indiqué 
dans le présent document. Une meilleure connaissance 
des signes de la goutte spinale et une détection et 
un traitement plus précoces pourraient améliorer la 
qualité de vie des patients et réduire la nécessité d’une 
intervention chirurgicale. 
 
(JCCA. 2023;67(1):50-66) 
 
M O T S  C L É S  : chiropratique, goutte, colonne vertébrale

Introduction
Gout is an inflammatory arthritis caused by the depos-
ition of monosodium urate crystals (MSU) in the synovial 
fluid and other tissues. Hyperuricaemia is correlated with 
gout incidence and recurrence.1 Gout usually presents as 
monoarticular and is more likely to affect the distal joints, 
most frequently the first metatarsophalangeal joint, an-
kle, and mid-foot, however it may also affect the hands, 
wrists, elbows, knees, hips and spine. Polyarticular gout 
is typically associated with chronic gout symptoms.2

 The prevalence of gout worldwide is estimated to be 
1-4%. It is more common in men (3:1 to 10:1) and older 
age groups, and is increasing in many developed coun-
tries (New Zealand, Canada, United Kingdom, Korea).3–5 
In 2017, the greatest point prevalence estimates for gout 
were in New Zealand, Australia and the United States of 
America (US).5

 In the US, general gout prevalence is 5.2% in males 
and 2.7% in females.6 With age greater than 80 years the 
prevalence increases to 9% in men and 6% in women. 
Prevalence of hyperuricaemia remained stable in the US 
from 2007-2016. However, Chen-Xu et al.7 propose that a 
new wave of rising obesity in younger age groups may lag 
a future increase in gout prevalence. It is suspected that 
Western diets, sedentary lifestyle, an increased frequency 
of obesity and hypertension are contributing factors to 
raised uric acid levels.
 Spinal gout, once thought to be a rare condition, may 
be more common than previously appreciated. Spinal 
gout has been identified in 14 to 29% of patients with 

a confirmed diagnosis of extremity gout.8–10 Prevalence 
may be significantly underestimated as only patients with 
severe symptoms, such as neurological deficit and fever, 
or those failing to respond to other therapies are investi-
gated further.11

 Advancements in imaging technologies such as Com-
puted Tomography (CT), Magnetic Resonance Imaging 
(MRI) and Dual Energy Computed Tomography (DECT) 
have significantly improved the detection of spinal gout. 
DECT is an emerging technology designed to detect the 
presence of MSU crystalline deposits. The technology is 
well established for assisting with the diagnosis of ex-
tremity gout but is yet to be commonly utilized for de-
tecting spinal gout. Several case reports summarized in 
our paper mention DECT as an important diagnostic tool 
for confirming spinal gout.12–14

 In this paper we analyse 38 case reports of spinal gout 
from between 2017 and 2022. Consistent with previous 
reviews, a high proportion (76%) of cases of spinal gout 
proceed to surgery with diagnosis only confirmed after 
excision and lab analysis.15–17 This highlights the need 
for earlier and less invasive detection methods for spinal 
gout, with particular application in primary care settings. 
In this paper we review advances in clinical diagnosis and 
imaging and recommend tools to improve recognition and 
earlier diagnosis of spinal gout.

Methods
A search of PubMed was undertaken for case reports, sys-
tematic reviews, literature reviews, observational studies, 
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clinical trials and radiological investigations relating to 
spinal gout. Keywords searched were “gout”, “spinal”, 
“axial”, “vertebral”, “tophaceous”, “prevalence”, “im-
aging”, “case reports”, and “case review”. Reference 
lists of included and key articles were searched to iden-
tify other potentially suitable articles. Data from includ-
ed studies were extracted by one review author including 
data such as participant characteristics (age/sex, history 
of back and neck pain, neurological signs and symptoms), 
location, history of gout, imaging and treatment (Table 1). 
As this is a narrative review, no critical appraisal of the 
included articles or confirmation of data extraction was 
undertaken. Cases containing incomplete data were not 
excluded from analysis, however when specific data was 
missing (e.g. laboratory findings) the case was excluded 
from analysis for that item only. For example, Serum Uric 
acid (sUA) above 6.0 mg/dL = 28 cases. Three of our 38 
cases did not report sUA and were therefore excluded 
from our calculations resulting in the formula 28/35 (80% 
of cases)

 There have been several comprehensive spinal gout 
reviews covering case reports between 1950-2017.11,15–17 
In order to avoid case report duplication with previous re-
views we limited our search for case reports to the period 
between January 2017 and April 2022.

Results
Forty-five case reports, four systematic reviews, fourteen 
literature reviews and nine observational studies were 
identified. The systematic reviews provided case series 
analysis of 454 cases of spinal gout (including duplicat-
ed cases) between 1950 and 2017. After removing dupli-
cates, Zhang et al.16 found 287 cases of spinal gout for this 
period, however only 142 cases met criteria for further 
analysis. To avoid duplication, we excluded seven case 
reports (which appeared in previous reviews16,18), leaving 
38 cases for inclusion in our analysis. Our case study find-
ings are summarized in Table 1.
 Our case review analysis revealed that 85% of patients 
diagnosed with spinal gout were male. Ninety-four percent 

Table 1. 
Summary of findings from case studies. From the following 38 case reports, specific facts and figures emerge on the 

diagnosis and treatment of spinal gout. These statistics are taken from and grouped into pertinent and clinically related 
data on the demographics, diagnostic imaging, anatomical location, diagnosis and the ultimate impression of gout.

Authors Age/
Sex

Hx BP/NP Neuro 
S/s

Hx 
Joint 
Pain

Location Hx Gout sUA >6.0 
mg/dL

Imaging Findings Tx

Wu Z et 
al. 19

48 M 8/52 sharp 
LBP

Y Y L2-3 Epidural 
Space

10yrs Y MRI - extradural mass/
lesion to the left

Surgery

Wu Z et 
al. 19

63 M 2yrs LBP Y NR L4-5 Epidural 
Space

30yrs Y MRI and CT – nerve 
root compression, LCSS

Surgery

Sullivan et 
al.20

63 M Weeks severe 
LBP

Y Y Lx, SIJ’s Y Y DECT - diffuse MSU 
deposition Lx Spine, 
sacrum and SIJ’s

Medication

Wang et 
al. 21

48 M 1/52 severe 
LBP

N NR Lx Erector 
Spinae

N N MRI - large mass 
(intermediate 
attenuation)

Medication

Sanchez et 
al. 22

41 M 4/52 LBP Y Y L5-S1 Facet 
Joints

7yrs Y CT - erosive changes 
L5-S1 facet joint with 
hypertrophy

Medication

Park et al. 
12

49 M NR Y NR C1-2 Epidural 
Space

NR NR CT - erosive 
appearance, lytic 
bone lesions, DECT 
- extradural tophus 
(central-posterior to C1 
body)

Deceased 
(before Tx)
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Authors Age/
Sex

Hx BP/NP Neuro 
S/s

Hx 
Joint 
Pain

Location Hx Gout sUA >6.0 
mg/dL

Imaging Findings Tx

Romero  et 
al. 23

82 M Neck Pain Y Y C1-2 Vertebra, 
transverse 
ligament, 

Epidural Space

40yrs N CT - rat-tooth erosions, 
retrodental mass 
arising from transverse 
ligament of atlas - 80% 
central CSS

Medication

Si et al. 24 49 F 2yrs severe 
LBP

N NR L3 Intradural NR N MRI and CT - 
calcified mass causing 
displacement of dural 
sac and nerve roots

Surgery

Yip et al. 
25

43 M 7/52 severe 
LBP

Y Y L4-5 Epidural 
Space

20yrs Y MRI with gadolinium 
- epidural lobulated 
lesion

Surgery

Martins et 
al. 26

55 M 1/52 LBP Y Y L4-5 Epidural 
Space

8yrs N CT and MRI - calcified 
mass causing central 
and foraminal stenosis 
and compressing/ 
displacing the dural sac 

Surgery

Emsen et 
al. 27

63 F NR NR NR C3-T1 Facet 
Joints

NR NR FDG PET/CT - multiple 
osteolytic lesions C3-T1 
with joint erosions

Surgery

Ayoub et 
al. 28

27 M 4/52 LBP NR Y L5-S1 Facet 
Joint Lamina, 

Epidural Space

5yrs Y CT and MRI - 
impingement of S1 
nerve root in lateral 
recess

Medication

Wang et 
al. 13

32 M acute severe 
LBP

N Y L3-S1 Facet 
joints

Y Y MRI, DECT - focal 
erosions at right L3-4, 
L4-5 and L5-S1 facet 
joints

Medication

Wang et 
al. 13

74 M 6/52 LBP N Y L4/5 Facet 
Joints

N Y CT and MRI, DECT - 
erosion of L4-5 facet 
joint, calcified peri-
articular mass, marked 
stenosis, compression 
of the L5 descending 
nerve root,

Medication

Matos et 
al. 29

50 F Neck Pain Y N C7 Lamina 
Facet Joints

N Y MRI - spinal canal 
stenosis, CT - lytic 
lesions of C6 spinous 
and posterior elements

Surgery

Mishra et 
al. 30

33 M 9Mths BP Y N T9-11 
Intradural, 

Ligamentum 
Flavum

NR Y Thoracic plain film 
normal, MRI - 
posterolateral lesion 
at T10-11, focal 
hyperintense cord signal

Surgery

Thuraiku-
mar et al. 
31

68 M 1yr LBP Y Y L5-S1 Vertebra 
Anterior 

Longitudinal 
Ligament

Y N MRI - end-plate 
destruction of L5-S1, 
partial vertebral body 
destruction, cystic fluid 
collection, ALL spread 
and LCSS

Surgery

Kao et al. 
18

38 M 8/52 BP Y Y T11-T12 
Epidural Space

10yrs Y CT - T11-12 epidural 
mass causing CCS and 
left foraminal stenosis

Surgery
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Authors Age/
Sex

Hx BP/NP Neuro 
S/s

Hx 
Joint 
Pain

Location Hx Gout sUA >6.0 
mg/dL

Imaging Findings Tx

Chen et 
al. 32

64 M 11Mths LBP Y N L4-5 Epidural 
space

N N CT and MRI - 
consistent with a large 
disc protrusion causing 
canal stenosis and left 
lateral recess stenosis

Surgery

Salazar et 
al. 33

44 M 1yr severe 
LBP

Y Y L4-5-S1 FJ 
Epidural space 
Interspinous 

space

NR Y X-Ray- lytic 
spondylolisthesis, 
MRI - facet joint and 
interspinous space 
lesion

Surgery

Zhou et 
al. 34

50 M Neck Pain 
5yrs

Y Y C5-6 IVD 
Vertebra

20yrs Y CT and MRI - osteolytic 
destruction of vertebral 
endplates

Surgery

Akhter et 
al. 35

26 M NR Y Y T6-8 Facet 
Joints Epidural 

space

N Y MRI - epidural mass 
right posterolateral, 
severe central canal 
stenosis, lytic/erosive 
lesions facet joints

Surgery

Ma et al. 
36

45 M 2yrs LBP Y Y C4-5 and L5-
S1 Epidural 

space,  
Ligamentum 

Flavum

14yrs Y CT and MRI - herniated 
lesion with cord 
compression C4-5, L5-
S1 LDH

Surgery

Ma et al. 
36

61 M 2yrs LBP Y Y L4-5 Facet 
Joints

Y Y CT and MRI - bony 
erosion 

Surgery

Ma et al. 
36

70 F 8 yrs Neck 
Pain

Y Y C3-6 
Ligamentum 

Flavum 
Epidural space

Y Y CT and MRI - high 
density mass extending 
into spinal canal

Surgery

Ma et al. 
36

24 M 1yr LBP N Y L3-4 Facet 
Joint

Y Y CT - bony erosion, high 
density

Surgery

Ma et al. 
36

78 M N Y Y C2-5 Posterior 
Longitudinal 

Ligament

Y Y CT and MRI – bony 
erosion, high density

Medication

Wan et al. 
37

42 M 2yrs LBP Y Y L4-S1 Facet 
Joints, Lamina

4yrs N MRI - end-plate 
erosions, Hyperintense 
disc signal L4-5 & 
L5-S1

Surgery

Xie et al. 
38

73 M N Y N C5-6 
Ligamentum 

Flavum

N Y CT - spinal stenosis due 
to LF ossification - left 
side

Surgery

Liu et al. 
14

35 M LBP Y Y L2-5 Facet 
Joints Lamina 

Spinous 
Process 

Epidural space

Y Y XR - facet joint 
erosions L2-5, MRI and 
DECT - LCSS due to 
tophi

Surgery

Al-Jebaje 
et al. 39

26 M NR Y Y C3-T1 and 
T7-11 Epidural 

space

Y Y MRI - severe LCSS 
at C6-7 and right C7 
foraminal stenosis, 
multilevel degeneration, 
spinal stenosis T12-L1

Surgery
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Authors Age/
Sex

Hx BP/NP Neuro 
S/s

Hx 
Joint 
Pain

Location Hx Gout sUA >6.0 
mg/dL

Imaging Findings Tx

Gago et 
al. 40

55 M 12/52 LBP Y Y L3-5 Facet 
Joints

Y Y MRI - exophytic lesion 
extending posteriorly 
from L3-4 facet 
joint, L4-5 facet joint 
inflammation

Surgery

Ding et al. 
41

36 M 2/52 BP Y Y T9-10 
Intradural

2 yrs. Y CT - spinal stenosis due 
to occupied lesions T9 
and T10, MRI - cord 
ischemia

Surgery

Cheng et 
al. 42

23 M LBP 6yrs Y Y Thx and Lx 
Epidural space

Y Y MRI - epidural 
collection C4-T11 along 
anterior thecal sac, CT 
- bone erosions L2-3 
facet

Surgery

Borges et 
al. 43

56 M 2yrs LBP Y Y T8-9 Epidural 
space

15 yrs Y CT and MRI - space 
occupying lesion at 
T8-9 - indentation of 
dural sac, multi-level 
facet joint hypertrophy 
and erosion of articular 
surfaces

Medication

Ng et al. 
44

66 M 1/52 Neck 
Pain

Y N C4-5 Vertebra N Y XR - C5-6 end-plate 
erosions, C5 vertebral 
body destruction, CT- 
prevertebral fluid C2-5, 
MRI - C5-6 CSS and 
myelomalacia

Surgery

Ng et al. 
44

68 M 8/52 LBP Y Y L4-5 Epidural 
space 

Ligamentum 
Flavum, 

Interspinous, 
Supraspinous 

Ligament

N Y MRI - epidural soft 
tissue signals around 
bilateral L4-5 pars 
defects causing 
severe LCSS and 
bilateral foraminal 
stenosis, cauda equina 
compression

Surgery

Vergara et 
al. 45

60 F 16/52 severe 
LBP

Y NR L3-4 Epidural 
space

NR NR CT Myelogram - severe 
LCSS L3-4, moderate 
LCSS L2-3

Surgery

Legend: M=Male, F=Female, LBP= Low Back pain, BP=Back pain, Y= Yes, N= No, sUA = Serum Uric Acid, NR= Not reported, Mths= Months, 
/52 = weeks, Lx= Lumbar, Thx= Thoracic, Cx= Cervical, ALL= Anterior Longitudinal Ligament, LDH: Lumbar Disc Herniation XR= X-ray, 
CT= Computed Tomography, MRI= Magnetic Resonance Imaging, DECT= Dual Energy Computed Tomography, Yrs= Years, LCSS= Lumbar 
Central Spinal Stenosis, CSS= Cervical Spine Stenosis, Hx= History, Tx= Treatment
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presented with back or neck pain and 86% displayed radi-
ating/neurological symptoms. Back pain varied from mild 
to severe with onset months to years prior to presentation. 
Only two patients did not report a history of axial pain36,38 
(four case studies did not report this clinical data12,27,35,39). 
Neurological symptoms and signs included upper and low-
er limb radiating pain, arm or leg paresthesias/numbness/
weakness, claudication, muscle atrophy, bowel or bladder 
incontinence, clumsiness, and falls. Patients with spinal 
gout were more likely to have a history of extremity joint 
pain (84%) and peripheral gout (72%) with the feet, ankles, 
knees, wrists, and hands commonly affected. Subdermal 
gouty tophi were observed in 69% of cases.
 The lumbar spine (61%) was the most affected spin-
al region, particularly the facet joints (37%) and epidural 
space (50%). Spinal gout was reported less commonly 
in the ligamentum flavum (13% of cases30,36,38,44), verte-
brae (11% of cases23,31,34,44) and the lamina (11%14,28,29,37).
There were isolated cases involving other spinal elements 
(intervertebral disc34, spinous process46, anterior longitud-
inal ligament31, posterior longitudinal ligament36, inter-
spinous/supraspinous ligament44, transverse ligament23, 
erector spinae21). The cervical spine was involved in 29% 
of cases and the thoracic spine in 21% of cases. The most 
involved vertebral segments for each spinal region were 
L4-5 and L5-S1, T8-9 and T9-10, and C4-5 and C5-6. 
Spinal gout was also identified in the sacroiliac joints by 
a DECT scan in one of our cases.20

 Laboratory findings demonstrated serum uric acid 
(sUA) levels above 6 mg/dL in 80% of patients, raised 
C-Reactive Protein (CRP) in 48%, and raised Erythrocyte 
Sedimentation Rate (ESR) in 48% of patients. Twenty-
nine percent of patients had a sUA level over 10 mg/
dL13,29,30,33,36,39,40,42,43. Twenty percent of patients were re-
ported to have sUA levels in the normal range21,23,24,26,31,32,37. 
Three cases failed to report sUA levels12,27,45, one case re-
ported sUA as ‘normal’24, and one case reported sUA as 
‘elevated’35. In most cases X-ray, CT and MRI scans did 
not offer a definitive diagnosis. DECT scans assisted in 
the diagnosis of spinal gout in five of our cases12,13,20,46. 
Wang et al.13 identified two cases of spinal gout utiliz-
ing DECT. Comorbid conditions were present in 75% of 
spinal gout patients. Obesity, type two diabetes, renal im-
pairment, and hypertension were the most common com-
orbidities.
 Twenty-eight cases (76%) in our review proceeded to 

surgery. One case was scheduled for surgery but passed 
before surgery was performed. Of our 38 cases, only eight 
cases were suspected as having spinal gout.12,20,23,25,28,33,43,46 
The most common presumptive diagnoses (79% of cases) 
were infection21,22,31,34,37,40,42,44 (osteomyelitis, septic arth-
ritis, spondylodiscitis, epidural abscess, tuberculosis), 
tumour19,21,26,30,36,41 (meningioma) and disc herniation/de-
generative stenosis18,19,32,36,38,39,45. Laminectomy/decom-
pression was the most common surgical procedure. The 
majority of patients treated by surgery experienced an 
improvement in their symptoms. Seven of our nine cases 
treated conservatively with anti-inflammatories and uric 
acid lowering medication also experienced symptomatic 
improvement.20–23,36,43 There were two cases treated with 
medication which did not report the outcome.13,28 Our an-
alysis is summarized in Table 2 below.

Criteria for the clinical diagnosis of gout
Recognizing the importance for earlier detection of gout 
in primary practice, Janssens et al.47 developed diagnostic 
criteria emphasizing the clinical features of gout in pref-
erence to diagnosis by joint aspiration. Various clinical 
features were studied and given a point rating according 
to their association with gout. In combination they found 
that male sex, involvement of the first metatarsophalan-
geal joint, and elevated serum uric acid (> 5.88 mg/DL, 
0.35 mmol per L) were highly correlated with a diagnosis 
of gout. Low scores, <4.0 points were found to have 97% 
sensitivity for excluding gout whilst high scores, >8.0 
points were found to have 80% sensitivity for diagnosing 
gout (confirmed by joint aspiration).47 Kienhorst et al.48 
validated Janssens et al.’s diagnostic rule (Table 3). Joint 
aspiration and crystal analysis remains the gold standard 
for gout diagnosis, however the challenges posed by joint 
aspiration, particularly in the case of spinal gout, limits 
the viability of this diagnostic tool.
 The American College of Rheumatology and the Euro-
pean League against Rheumatism (ACR/EULAR) include 
joint aspiration and crystal analysis in their diagnostic cri-
teria49, however as per Janssens et al., clinical features are 
also strongly represented. Importantly, a negative joint 
aspiration does not necessarily exclude a diagnosis of 
gout if other clinical features score highly.49 In contrast to 
the Janssens et al. criteria, the ACR/EULAR criteria only 
apply if there is a history of at least one episode of ‘swell-
ing, pain or tenderness of a peripheral joint or bursa.’
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Table 2. 
Summary of case report analysis
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Imaging of spinal gout
Imaging modalities utilized for detecting spinal gout have 
been well researched. Patients presenting to primary prac-
tice for management of neck/arm pain or back/leg pain 
may typically undergo further assessment with x-ray, CT 
scan, MRI or DECT. Bony erosions and spinal tophi are 
well demonstrated by CT and MRI, however both tech-
nologies often lack the ability to differentiate spinal gout 
from other space occupying lesions such as abscess, tu-
mour and disc extrusion.50

 Based upon the imaging findings presented in Table 
1, we provide the following summary of the radiological 
features suggestive of spinal gout, as observed using each 
of the most common imaging modalities:

X-ray
   Signs may have a similar appearance and be dif-

ficult to distinguish from osteoarthritis (OA) and 

age related changes – subchondral bone cysts, facet 
joint erosions with sclerotic borders, odontoid pro-
cess erosion, soft tissue oedema.11

Computed tomography (CT scan)
   Bone or facet joint erosions with well-defined scler-

otic margins.11,15 Bone resorption occurs under the 
articular surface and may be accompanied by high-
density tophi around the joint.50

   Facet or intervertebral bone neoformation, or 
juxta-articular or intra-articular masses that have in-
creased density compared to surrounding muscle.15

   Tophi appear as a high-density mass and need to 
be distinguished from other space occupying le-
sions.15,50

  Note: Patients presenting with an acute first episode of 
extremity gout are less likely to have evidence of joint 
erosions on imaging.51

Table 3. 
Diagnostic rule for gout diagnosis in clinical practice

Patient With Monoarthritis
Clinical variables
Male Sex:    2 points
Previous attack of patient reported arthritis attack    2 points
Onset within 1 day:    0.5 point
Joint redness    1 point
Involvement of the first MTP joint:    2.5 points
Hypertension or >1 cardiovascular diseases*    1.5 points
Serum uric acid > 5.88 mg/dL (0.35 mmol per L)    3.5 points
Total score: (maximum: 13 points)
Interpretation:
   >8 Points Gout in 87%
   >4 and <8 Points Uncertain diagnosis, Perform joint fluid analysis
   <4 Points Non-gout in 95% cases, consider non-gout diagnosis – 

CPPD, septic arthritis, reactive arthritis, rheumatoid arthritis, 
osteoarthritis, or psoriatic arthritis

*—Cardiovascular diseases include angina pectoris, myocardial infarction, heart failure, stroke, transient ischemic attack, and 
peripheral vascular disease.
CPPD: calcium pyrophosphate dihydrate deposition disease

Reprinted with permission: Kienhorst et al. The validation of a diagnostic rule for gout without joint fluid analysis: a 
prospective study. Rheumatology. 2015;54(4):609-614.
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Magnetic resonance imaging (MRI) 
Tophi appearance
   T1 – hypointense to isointense signal, homogenous 

mass.
   T2 – hypointense to hyperintense signal, homogen-

ous mass (tophi). Peripheral heterogenous contrast 
enhancement patterns.11,15,52

Disc space appearance:
   T1 hypointense signal. T2 – variable hypointense to 

isointense signal, contrast enhancement of the disc 
which can mimic discitis, degenerative changes or 
CPPD.11,15,52

Vertebra:
   Normal bone marrow signal of adjacent vertebrae.11

Dual energy computed tomography (DECT):
DECT scanning has been utilized for more than a decade 
for detecting and monitoring monosodium urate (MSU) 
deposits in gout patients. It has been found to have high 
sensitivity and specificity53–55. Dalbeth et al.56 observed 
MSU deposits in 24% of individuals with asymptomatic 
hyperuricaemia, 79% with early gout (<3 years) and 84% 
with late gout. MSU deposits occurred in joints and ten-
dons and were of a larger volume in the symptomatic pa-
tients.
 False negatives on DECT scans are more commonly 
observed during a first flare of gout (< 6 weeks) or when 
MSU deposits are smaller in volume, such as those found 
in the facet joints. DECT is being utilized increasingly for 
detecting spinal gout, however there is ongoing research 
regarding the optimization of parameters/thresholds to 
minimize false positives and negatives.51 Artefacts mim-
icking MSU deposits can be caused by beam hardening 
and image noise (patient movement). Beam hardening 
may occur due to the presence of metal implants, metal 
rings/piercings or dense cortical bone. Post-processing 
software may produce artefacts.55 Toprover et al.57 also 
propose that aged costochondral cartilage, which contains 
low concentration calcium deposits, may be mistaken for 
MSU deposits (due to having similar DECT attenuation 
properties).
 Whilst further research is needed regarding the utility 
of DECT for diagnosing spinal gout, when combined with 
clinical findings, lab results and other imaging (CT and 

MRI)52, DECT may prove to be a useful tool for improv-
ing diagnostic certainty in primary care settings. Figure 1 
through 6 feature CT, MRI and DECT scans demonstrat-
ing spinal gout.

A proposed diagnostic algorithm for spinal gout in 
chiropractic practice
As far as the authors are aware, with reference to primary 
care settings, a clinical criterion specific to spinal gout 
diagnosis is yet to be developed. We reference current gout 
classification criteria guidelines47,49 and combine them 
with clinical and diagnostic data derived from this, and 
previous spinal gout reviews,11,15,16 to develop a diagnostic 
algorithm for spinal gout (Figure 7). We recommend this 
algorithm be utilized as an adjunct to standard diagnos-
tic procedures used by chiropractic physicians rather than 

Figure 1. 
Spinal gout imaging: x-ray, CT, MRI and histology 
of a 64-year-old male with an 11-month history of 

lower back pain and worsening left sided sciatica/leg 
weakness. (A) Lateral x-ray & (B)A-P x-ray show mild 
degenerative changes. (C) Axial CT shows left sided 

lateral recess stenosis at L4/5. (D) Sagittal MRI and (E) 
Axial MRI showing L4/5 disc herniation and left lateral 
recess narrowing. (F) Pathology examination revealing 
abundant MSU crystals surrounded by a foreign body-

type giant cell reaction.

Reprinted with permission (CC-BY): Chen et al. Percuta-
neous transforaminal endoscopic decompression for the 
treatment of intraspinal tophaceous gout: a case report. 
Medicine. 2020;99(21)32
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Figure 2. 
Spinal gout imaging: CT, MRI, DECT of a 32-year-old 
man with fever, acute severe lower back pain, history of 
left knee pain and gout.(a) A 32-yo man with probable 
gouty tophi affecting both hands (red arrows), (b) Axial 
MRI of his Lumbar spine (T2) reported as showing an 
abscess surrounding the right L4/5 facet joint (red arrow). 
(c) Axial CT of lumbar spine showing erosions (white 
arrow); and (d) corresponding DECT image (Siemens 
Somatom ForceTM) showing MSU crystal deposition 
(green).

Reprinted with permission (CC-BY): Wang et al. The util-
ity of dual energy computed tomography in the manage-
ment of axial gout: case reports and literature review. BMC 
Rheumatol. 2020;4: 22.13

Figure 3. 
Spinal gout imaging: CT, MRI and DECT of a 74-year-
old male, six-week history of lower back pain and 
longstanding bilateral knee pain.
(a) Axial CT showing right L4/5 facet joint erosion (white 
arrow) with calcified peri-articular mass encroaching on 
the lumbar canal (dashed white arrow) (b) Corresponding 
DECT image (Siemens Somatom ForceTM) showing MSU 
crystal deposition (green). (c) Sagittal T2-fat suppressed 
MRI image of the lumbar spine showing the soft tissue 
mass seen in (a) and (b) causing marked lumbar canal 
stenosis, and (d) corresponding DECT image showing 
attenuation consistent with MSU crystal deposition.
Reprinted with permission (CC-BY): Wang et al. The util-
ity of dual energy computed tomography in the manage-
ment of axial gout: case reports and literature review. BMC 
Rheumatol. 2020;4:22.13
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Figure 4. 
Spinal gout imaging: DECT of a 67-year-old male patient presented with an exacerbation of acute-on-chronic lower back pain.

Spinal urate deposits Lumbar spine DECT (A) Sagittal view (B) Coronary view (C) 3D rendered images showing urate deposits in 
facet joints (green).

Reprinted with permission (CC-BY): Ahmad et al. Urate crystals; beyond joints. Front Med. 2021;8:649505.58

Figure 5. 
Spinal gout imaging: MRI, CT and DECT of a 54-year-old with chronic lower back pain and a five-year history of gout. Presented to emergency 

with severe lower back pain and right buttock pain.

Lumbar spine MRI and CT in axial gout. (A) Increased signal intensity on T2 weighted imaging of L4-5 and L5-S1. Intervertebral disc and erosive 
changes on the posterior cortices and endplates of L4-L5-S1 vertebra. (B) Enhancement of epidural space on T1WI. (C) Erosive changes in L4-5 

and L5-S1 endplates on conventional CT. (D) MSU deposits (green) in the erosive foci of endplate on DECT.
Reprinted with permission (CC BY): Jin et al. The frequency of axial deposition in Korean patients with gout at a tertiary spine center8
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a replacement. When navigating the algorithm, the term 
‘usual spine care’ indicates the usual process of diagnosis 
and management performed by chiropractors, including 
identifying other potential red flags.

Discussion
Spinal gout may present in an acute, subacute or a chronic 
stage of disease.15 Spine related symptoms have been re-
ported as the ‘first manifestation of gout’ in up to 25% of 
cases.11 In a review of 131 cases of spinal gout, Toprover 
et al.15 reported that patients usually described pain in the 
general area of urate crystal deposition, although this was 
not consistent.
 To the best of our knowledge, the current paper is 
the first to provide analysis of spinal gout case reports 
published since 2017. We found 94% of patients in our 
review presented with spinal pain, and 86% displayed 
neurological symptoms and/or signs. This is consistent 
with a review by Hasegawa et al.11 in which spinal pain 
was present in 93% of cases and neurological signs in 
77.9% of cases. However, in a large cases series involving 
142 cases of spinal gout, Zhang et al.16 found 79.6% of 
patients presented with pain and 45.8% with neurological 
symptoms.
 Consistent with previous reviews we found the lumbar 
spine to be the most common region reported for urate 
crystal deposition (61%). The thoracic spine (21%) and 
cervical spine (29%) were also frequently affected, noting 
several of our cases reported simultaneous gout in more 
than one spinal region.27,36,39,42

 MSU deposits and tophi were found most frequently to 
involve the facet joints (14 cases) and epidural space (19 
cases). Although occurring less frequently, MSU deposits 
were also reported in the sacroiliac joints, vertebrae, 

lamina, intervertebral discs, spinous processes, spinal 
ligaments (ligamentum flavum, anterior and posterior 
longitudinal ligaments, interspinous ligament, transverse 
ligament, and supraspinous ligaments) and soft tissues 
(erector spinae). Toprover et al.’s analysis of 131 spinal 
gout cases found 18 of 131 cases (14%) reported gout in 
the sacroiliac joint.15 One case in our series reported gout 
in the sacroiliac joint.20

 In twenty-five of our cases (68%) urate crystal depos-
ition was confirmed by surgical excision and lab analysis. 
In one case, a chalky white material resembling gouty to-
phi was observed during surgical excision, however con-
firmation by histological analysis was not reported.
 MSU deposition in the facet joints (and other spinal 
structures) may be more frequent than currently appre-
ciated. Jin et al.8 reviewed the spinal CT imaging of 95 
patients diagnosed with gout finding 15.8% of patients 
demonstrated CT evidence of spinal gout. Yang et al.50 
reviewed the spinal CT scans of 17 patients with a diag-
nosis of spinal gout finding 84% of patients had evidence 
of facet joint bone resorption and erosion (41% involving 
multiple facet joints) and all patients demonstrating high 
density spinal tophi. Tophi were observed anterior and/
or posterior to the facet joints, with several cases show-
ing intrusion into the epidural space. Sullivan et al.20,57 
compared the spinal DECT scans of 50 gout patients with 
non-gout controls finding 20 to 40% of gout patients had 
MSU-coded lumbosacral lesions.
 In our case series, most patients presenting with spin-
al pain and/or neurological symptoms were confirmed as 
having spinal gout following surgery. Prior to surgery, the 
most common presumptive diagnosis was infection or 
malignancy/tumour. Seven cases were suspected of hav-
ing disc herniation and/or degenerative spinal stenosis. 

Figure 6. 
Spinal gout: tophus removal. Intraoperative 
photograph taken by the surgical microscope showed 
a well-marked chalky white tophus lesion (arrow).

Reprinted with permission (CC BY-NC 4.0): Elgafy et 
al. Spinal gout: a review with case illustration. World J 
Orthop. 2016;7(11): 766-775.
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Figure 7. 
Spinal gout: proposed diagnostic / treatment algorithm
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Chen et al.32 presented a case of a 64-year-old man with 
an 11 month history of lower back pain and worsening 
left sciatica. CT and MRI findings were consistent with 
a large L4/5 disc herniation causing neurological com-
promise, uric acid levels were normal, and there was no 
history of gout recalled. However, during surgery, gouty 
tophus was identified surrounding the disc extrusion (Fig-
ure 1). Consistent with previous literature reviews16,17,59, 
our review found a continuing pattern of late diagnosis 
and surgical treatment of spinal gout. Seventy-six percent 
of the cases reviewed proceeded to surgery.
 It has been proposed that spinal gout may develop 
asymptomatically, or with only mild symptoms, months 
or years prior to diagnosis.60 We combined Zhang et al.’s 
review of 142 cases of spinal gout (1950-2017) with our 
review of 38 cases to calculate the percentage of patients 
presenting without a history of gouty arthropathy (a total 
of 34 cases were excluded due to incomplete data). We 
found 26% of the cases did not record a history of gout, 
although we note that by excluding some cases our fig-
ure may have overestimated this finding. Other literature 
reviews have reported similar percentages of patients 
presenting without a history of gout episodes (16.8-
24.6%).11,15

 Nine of our cases were managed conservatively with 
anti-inflammatories and uric acid lowering medications. 
Symptom duration in this small group was generally short: 
five patients presented within one to six weeks after the 
onset of symptoms. Three cases did not define symptom 
duration and one case described intermittent symptoms 
over a 2-year period. Larger prospective studies are re-
quired regarding early presentation and patient outcomes.

Limitations and future studies
A proportion of the spinal gout case reports we reviewed 
contained incomplete data, therefore our calculations and 
consequent conclusions may be inaccurate, however, as 
detailed in this paper, our findings are consistent with 
similar spinal gout reviews. As this is a narrative review 
no confirmation of data extraction or critical appraisal of 
the included articles was undertaken.
 Historically, a majority of case reports involving spinal 
gout have described patients in an advanced state of the 
disease. Most often patients presented to medical facili-
ties for evaluation before proceeding to surgery. Patients 
falling into this demographic may be less likely to have 
primary contact with a chiropractic physician. The clin-

ical presentation of spinal gout in the chiropractor’s of-
fice may therefore differ substantially from the patients 
included in this paper. Further research is required to im-
prove our clinical understanding of spinal gout in primary 
care settings.
 Secondly, the frequency of spinal gout locating to the 
facet joints (and other spinal tissues) may be under-esti-
mated in our study. MSU deposits in the facet joints are 
difficult to verify without joint aspiration or DECT scan-
ning. In addition, whilst MSU deposits may be present, 
they may be too small in volume to be detected (especially 
earlier in the disease). As most of the cases we reviewed 
did not utilize DECT or facet joint aspiration, a greater 
prevalence of facet joint involvement cannot be excluded.

Conclusion
Spinal gout, once considered a rare manifestation of per-
ipheral gout, is being reported with increasing frequency 
and may be a more common source of spine related pain 
than previously appreciated. Chiropractic physicians are 
primary care providers for spine complaint patients and 
as such are responsible for the diagnosis and appropriate 
care of the patient. Chiropractors have an important role 
in the early detection of spinal gout potentially influencing 
the course of conservative management and reducing the 
burden of surgery to health care systems. Patients meeting 
clinical criteria may be referred for further screening and 
medical co-management.

References
1.  Shiozawa A, Szabo SM, Bolzani A, Cheung A, Choi HK. 

Serum uric acid and the risk of incident and recurrent gout: 
a systematic review. J Rheumatol. 2017;44(3): 388-396. 
doi:10.3899/jrheum.160452

2.  Vs S. Systemic inflammatory polyarticular gout syndrome 
- description of a previously neglected entity. JSM 
Arthritis. 2017: 6.

3.  Singh JA, Gaffo A. Gout epidemiology and comorbidities. 
Semin Arthritis Rheum. 2020;50(3, Supplement): S11-S16. 
doi:10.1016/j.semarthrit.2020.04.008

4.  Kuo CF, Grainge MJ, Zhang W, Doherty M. Global 
epidemiology of gout: prevalence, incidence and risk 
factors. Nat Rev Rheumatol. 2015;11(11): 649-662. 
doi:10.1038/nrrheum.2015.91

5.  Safiri S, Kolahi AA, Cross M, et al. Prevalence, incidence, 
and years lived with disability due to gout and its 
attributable risk factors for 195 countries and territories 
1990–2017: a systematic analysis of the global burden 
of disease study 2017. Arthritis Rheumatol. 2020;72(11): 
1916-1927. doi:10.1002/art.41404



J Can Chiropr Assoc 2023; 67(1) 65

CI McConville, JM Cox

6.  Chen-Xu M, Yokose C, Rai SK, Pillinger MH, Choi HK. 
Contemporary prevalence of gout and hyperuricemia 
in the United States and decadal trends: the national 
health and nutrition examination survey, 2007-2016. 
Arthritis Rheumatol Hoboken NJ. 2019;71(6): 991-999. 
doi:10.1002/art.40807

7.  Prevalence of gout and hyperuricemia in the US general 
population: the national health and nutrition examination 
survey 2007–2008. doi:10.1002/art.30520

8.  Jin HJ, Son ES, Kim DH. The frequency of axial 
deposition in Korean patients with gout at a tertiary 
spine center. Front Med. 2020;7: 339. doi:10.3389/
fmed.2020.00339

9.  Konatalapalli RM, Lumezanu E, Jelinek JS, Murphey MD, 
Wang H, Weinstein A. Correlates of axial gout: a cross-
sectional study. J Rheumatol. 2012;39(7): 1445-1449. 
doi:10.3899/jrheum.111517

10.  de Mello FM, Helito PVP, Bordalo-Rodrigues M, Fuller 
R, Halpern ASR. Axial gout is frequently associated with 
the presence of current tophi, although not with spinal 
symptoms. Spine. 2014;39(25): E1531. doi:10.1097/
BRS.0000000000000633

11.  Hasegawa EM, de Mello FM, Goldenstein-Schainberg 
C, Fuller R. Gout in the spine. Rev Bras Reumatol. 
2013;53(3): 296-302.

12.  Park EH, Yoo WH, Choi Y. Tophaceous gout: an unusual 
cause of cervical cord compression. Rheumatol Oxf Engl. 
2021;61(1): 467. doi:10.1093/rheumatology/keab301

13.  Wang JX, Ng B, Bak H, Spencer D, Manolios N, Wong 
PKK. The utility of dual energy computed tomography in 
the management of axial gout: case reports and literature 
review. BMC Rheumatol. 2020;4: 22. doi:10.1186/s41927-
020-00119-6

14.  Liu Y, Li X, Jiao G, Zhou P, Li Z. Multilevel lumbar 
stenosis caused by large tophi involving both spinal canal 
and posterior spinal elements: a rare case report and 
literature review. J Med Cases. 2019;10(11): 333-337. 
doi:10.14740/jmc3392

15.  Toprover M, Krasnokutsky S, Pillinger MH. Gout in the 
spine: imaging, diagnosis, and outcomes. Curr Rheumatol 
Rep. 2015;17(12): 70. doi:10.1007/s11926-015-0547-7

16.  Zhang T, Yang F, Li J, Pan Z. Gout of the axial joint-a 
patient level systemic review. Semin Arthritis Rheum. 
2019;48(4): 649-657. doi:10.1016/j.semarthrit.2018.04.006

17.  Elgafy H, Liu X, Herron J. Spinal gout: a review with 
case illustration. World J Orthop. 2016;7(11): 766-775. 
doi:10.5312/wjo.v7.i11.766

18.  Kao Y, Wang Z, Leng J, et al. Thoracic gout tophus 
with abdominal wall protrusion: a case report. 
Medicine. 2020;99(10): e19348. doi:10.1097/
MD.0000000000019348

19.  Wu Z, Liu C, Dai K, Zheng C. Intraspinal extradural 
gout tophus in the lumbar vertebral canal: case 
reports. Medicine 2022;101(1): e28418. doi:10.1097/
MD.0000000000028418

20.  Sullivan JI, Pillinger MH, Toprover M. Spinal urate 
deposition in a patient with gout and nonspecific low 
back pain: response to initiation of gout therapy. J 
Clin Rheumatol Pract Rep Rheum Musculoskelet 
Dis. 2021;27(8S): S815-S816. doi:10.1097/
RHU.0000000000001444

21.  Wang G, Zhuo N, Tian F, Wen Z, Li J. Spinal gout with 
erector spinae muscle entrapment. Rheumatol Oxf Engl. 
2021: keab549. doi:10.1093/rheumatology/keab549

22.  Cordova Sanchez A, Bisen M, Khokhar F, May A, Ben 
Gabr J. Diagnosing spinal gout: a rare case of back pain 
and fever. Case Rep Rheumatol. 2021;2021: e7976420. 
doi:10.1155/2021/7976420

23.  Romero AB, Johnson EP, Kirkpatrick JS. Tophaceous gout 
of the atlantoaxial joint: a case report. J Med Case Reports. 
2021;15(1): 74. doi:10.1186/s13256-020-02638-9

24.  Si M, Cong M, Wang D, Ma H. Teaching neuroimages: 
intraspinal gouty tophus. Neurology. 2021;96(1): 
e159-e160. doi:10.1212/WNL.0000000000010761

25.  Yip CM, Lee HP. Spinal gouty tophus presenting as an 
epidural mass lesion - a case report. Int J Surg Case Rep. 
2021;84:106063. doi:10.1016/j.ijscr.2021.106063

26.  Martins D, Tonon CR, Pacca RL, et al. Gout storm. Am J 
Case Rep. 2021;22: e932683-1-e932683-5. doi:10.12659/
AJCR.932683

27.  Emsen B, Fitoussi A, Chalaye J, Adam C, Itti E. FDG 
PET/CT of cervical gout with spinal cord compression. 
Clin Nucl Med. 2020;45(1): e29-e31. doi:10.1097/
RLU.0000000000002772

28.  Ayoub S, Rajamohan AG, Acharya J, Gross J, Patel V. 
Chronic tophaceous gout causing lumbar spinal stenosis. 
Radiol Case Rep. 2021;16(2): 237-240. doi:10.1016/j.
radcr.2020.11.017

29.  Matos TD, Teixeira K de O, Fleury RBC, Costa HRT, 
Pádua JDB, Defino HLA. Cervical myelopathy secondary 
to gout: Case Report. Rev Bras Ortop. 2020;55(6): 796-
799. doi:10.1055/s-0040-1708514

30.  Mishra R, Panigrahi VP, Adsul N, et al. Tophaceous gout 
in thoracic spine mimicking meningioma: a case report 
and literature review. Surg Neurol Int. 2020;11: 364. 
doi:10.25259/SNI_515_2020

31.  Thuraikumar K, Wan K, Ong K, Lim S. Vertebrae 
destruction with cauda equina syndrome secondary to 
spinal gouty arthritis: a case report. Malays Orthop J. 
2020;14(2): 141-144. doi:10.5704/MOJ.2007.024

32.  Chen X, Xu G, Hu Q, et al. Percutaneous transforaminal 
endoscopic decompression for the treatment of intraspinal 
tophaceous gout: a case report. Medicine. 2020;99(21): 
e20125. doi:10.1097/MD.0000000000020125

33.  Duarte-Salazar C, Marín-Arriaga N, Ventura-Ríos 
L, Alpízar-Aguirre A, Pichardo-Bahena R, Arellano 
Hernández A. Tophaceous gout in the lumbar spine 
causing radiculopathy. Reumatol Clin. 2020;16(5 Pt 2): 
410-412. doi:10.1016/j.reuma.2018.08.005

34.  Zhou S, Xiao Y, Liu X, Zhong Y, Yang H. Gout involved 



66 J Can Chiropr Assoc 2023; 67(1)

Spinal gout diagnosis in chiropractic practice: narrative review

the cervical disc and adjacent vertebral endplates 
misdiagnosed infectious spondylodiscitis on imaging: case 
report and literature review. BMC Musculoskelet Disord. 
2019;20(1): 425. doi:10.1186/s12891-019-2813-8

35.  Akhter AS, Mohyeldin A, Grossbach AJ. Acute 
presentation of spinal gouty arthritis: a case report and 
review of literature. Surg Neurol Int. 2019;10: 232. 
doi:10.25259/SNI_528_2019

36.  Ma S, Zhao J, Jiang R, An Q, Gu R. Diagnostic 
challenges of spinal gout. Medicine. 2019;98(16): e15265. 
doi:10.1097/MD.0000000000015265

37.  Wan SA, Teh CL, Jobli AT, Cheong YK, Chin WV, Tan 
BB. A rare cause of back pain and radiculopathy - spinal 
tophi: a case report. J Med Case Reports. 2019;13(1): 8. 
doi:10.1186/s13256-018-1940-4

38.  Xie L, Zhang X, Xi Z, Li J. Percutaneous endoscopic 
treatment for cervical ligamentum flavum gouty tophus: a 
case report. Medicine. 2019;98(20): e15665. doi:10.1097/
MD.0000000000015665

39.  Al-Jebaje Z, Elibol JM, Peters J, Alameri A. Spinal 
tophaceous gout presenting in a young adult without 
pain. BMJ Case Rep. 2018;2018: bcr-2018-224406. 
doi:10.1136/bcr-2018-224406

40.  Gago R, Vilá S, Vélez-Rivera J, Vilá LM. Severe systemic 
inflammatory response syndrome immediately after spinal 
surgery in a patient with axial gout. BMJ Case Rep. 
2018;2018: bcr-2017-222474. doi:10.1136/bcr-2017-
222474

41.  Ding Y, Wang W, Jiang W, Zhang L, Wang T, Li 
Z. Tophaceous gout causing thoracic spinal cord 
compression: case report and review of the literature. 
Neurochirurgie. 2018;64(3): 171-176. doi:10.1016/j.
neuchi.2017.11.002

42.  Cheng CW, Nguyen QT, Zhou H. Tophaceous gout of 
the cervical and thoracic spine with concomitant epidural 
infection. AME Case Rep. 2018;2: 35. doi:10.21037/
acr.2018.07.01

43.  Borges J, Miguel C, Fernandes S, Leitão R, Faustino A. 
Radiculopathy in a patient with chronic tophaceus gout: 
vertebral imaging. Acta Reumatol Port. 2017;42(3): 269-
270.

44.  Ng W, Sin CH, Wong CH, Chiu WF, Chung OM. 
Unusual presentation of spinal gout: 2 cases report and 
literature review. J Orthop Case Rep. 2017;7(6): 50-54. 
doi:10.13107/jocr.2250-0685.946

45.  Vergara P, O’Donovan DG. Minimally invasive excision 
of lumbar tophaceous gout: case report. Int J Spine Surg. 
2017;11(5): 37. doi:10.14444/4037

46.  Liu Y, Li X, Jiao G, Zhou P, Li Z. Multilevel lumbar 
stenosis caused by large tophi involving both spinal canal 
and posterior spinal elements: a rare case report and 
literature review. J Med Cases. 2019;10(11): 333-337. 
doi:10.14740/jmc3392

47.  Janssens HJEM, Fransen J, van de Lisdonk EH, van Riel 
PLCM, van Weel C, Janssen M. A diagnostic rule for acute 

gouty arthritis in primary care without joint fluid analysis. 
Arch Intern Med. 2010;170(13): 1120-1126. doi:10.1001/
archinternmed.2010.196

48.  Kienhorst LBE, Janssens HJEM, Fransen J, Janssen 
M. The validation of a diagnostic rule for gout without 
joint fluid analysis: a prospective study. Rheumatology. 
2015;54(4): 609-614. doi:10.1093/rheumatology/keu378

49.  Neogi T, Jansen TLTA, Dalbeth N, et al. 2015 
Gout classification criteria: an American college of 
rheumatology/European league against rheumatism 
collaborative initiative. Ann Rheum Dis. 2015;74(10): 
1789-1798. doi:10.1136/annrheumdis-2015-208237

50.  Yang Y, Guo Y, Yu S, Zou B. CT image findings of spinal 
gout. Spinal Cord. Published online February 17, 2022: 
1-4. doi:10.1038/s41393-022-00773-2

51.  McQueen FM, Doyle A, Dalbeth N. Imaging in gout - 
what can we learn from MRI, CT, DECT and US? Arthritis 
Res Ther. 2011;13(6): 246. doi:10.1186/ar3489

52.  Mogensen MA, DeConde RP, Sarikaya B. Spinal gout: 
imaging and clinical features. PM R. 2021;13(11): 1304-
1306. doi:10.1002/pmrj.12699

53.  Yu Z, Mao T, Xu Y, et al. Diagnostic accuracy of dual-
energy CT in gout: a systematic review and meta-analysis. 
Skeletal Radiol. 2018;47(12): 1587-1593. doi:10.1007/
s00256-018-2948-y

54.  Choi HK, Burns LC, Shojania K, et al. Dual energy 
CT in gout: a prospective validation study. Ann 
Rheum Dis. 2012;71(9): 1466-1471. doi:10.1136/
annrheumdis-2011-200976

55.  Chou H, Chin TY, Peh WCG. Dual-energy CT in gout – a 
review of current concepts and applications. J Med Radiat 
Sci. 2017;64(1): 41-51. doi:10.1002/jmrs.223

56.  Dalbeth N, House ME, Aati O, et al. Urate crystal 
deposition in asymptomatic hyperuricaemia and 
symptomatic gout: a dual energy CT study. Ann 
Rheum Dis. 2015;74(5): 908-911. doi:10.1136/
annrheumdis-2014-206397

57.  Toprover M, Mechlin M, Fields T, Oh C, Becce F, Pillinger 
MH. Monosodium urate deposition in the lumbosacral 
spine of patients with gout compared with non-gout 
controls: a dual-energy CT study. Semin Arthritis Rheum. 
2022;56: 152064. doi:10.1016/j.semarthrit.2022.152064

58.  Ahmad MI, Masood S, Furlanetto DM, Nicolaou S. Urate 
crystals; beyond joints. Front Med. 2021;8: 649505. 
doi:10.3389/fmed.2021.649505

59.  Volkov A, Rhoiney DL, Claybrooks R. Tophaceous gout of 
the lumbar spine: case report and review of the literature. 
Turk Neurosurg. 2015;25(6): 954-958. doi:10.5137/1019-
5149.JTN.11612-14.1

60.  Toprover M, Mechlin M, Slobodnick A, et al. Pos0134 
Increased prevalence of lumbar spine monosodium urate 
deposition among gout patients on dual-energy CT. Ann 
Rheum Dis. 2021;80(Suppl 1): 278-279. doi:10.1136/
annrheumdis-2021-eular.2733




