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Abstract

Introduction Magnetic resonance images (MRI) fluid

sign and intravertebral vacuum phenomenon of the plain

radiograph are considered as the characteristic radiological

findings for vertebral osteonecrosis after spinal fractures.

We aim to study the association between the radiological

and histopathologic findings of vertebral osteonecrosis

through the use of an open retrieval of specimens.

Materials and methods Twenty consecutive patients

(54–84 years, mean 73 years) of unstable vertebral com-

pression fractures treated with anterior corpectomy and

fusion were included. All the images and pathologies were

correlated, especially the histopathologic changes to the

fluid sign and vacuum phenomenon.

Results MRI fluid signs and the histopathologic findings

of vertebral osteonecrosis were significantly correlated and

both were noted in the first 5 months after injury. The

power of the fluid sign in diagnosing vertebral osteone-

crosis was better than that of the intravertebral vacuum

phenomenon (diagnostic odds ratio 65 vs. 2, sensitivity 86

vs. 50 %, specificity 100 vs. 67 %).

Conclusion MRI fluid sign is more predictable to diag-

nose vertebral osteonecrosis in operative case, especially

within the initial 5 months after injury.

Keywords Vertebral fracture � Fluid sign �
Intravertebral vacuum phenomenon � Histopathology �
Vertebral osteonecrosis

Introduction

Osteoporosis is a major public health concern worldwide and

a major cause of spinal fracture in the elderly. The prevalence

of vertebral fractures has been reported to range between 15

and 35 % among postmenopausal Caucasian and Asian

women [1–3]. Most patients with such injuries might sustain a

low-energy injury due to poor bone quality. The majority of

these fractures heals uneventfully with conservative treatment

with a mild backache as a residual. However, some of these

patients continue to experience pain or neurological deficits:

some of them may have developed delayed posttraumatic

osteonecrosis [4–6]. The understanding of the natural history

of vertebral fracture remains challenging because the healing

potential is influenced by a variety of biochemical, biome-

chanical, cellular, and pathological mechanisms [7].

In the middle of the last century, many thought that the

eponymous designation of ‘‘Kummell’s disease’’ referred

to post-traumatic vertebral fractures which were initially
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asymptomatic, but then progressed [8, 9]. More recently,

Kummell’s disease has been felt to represent the vertebral

body collapse after a minor trauma seemingly because of

osteonecrosis (ON) [4, 6]. This definition most likely arises

from the work of Schmorl and Junghanns on the basis of

histopathologic analysis at autopsy of patients with post-

traumatic vertebral collapse, suggested that Kummell’s

disease is caused by ischemia [10].

However, the diagnostic criteria for establishing

Kummell’s disease (or posttraumatic vertebral ON) are still

unclear and a subject of debate. With the advent of

radiograph technology, the researches of modern imaging

have offered a great contribution to the clinical diagnosis,

decision of treatment and prognosis of spinal disorders

[11–13]. In the literatures, posttraumatic vertebral ON was

diagnosed based on the radiological findings of a fluid sign

or intravertebral vacuum phenomenon [14–17]. Neverthe-

less, the correlation between the radiological and histo-

pathologic findings has seldom been reported, especially by

means of an open retrieval of specimens.

The purpose of this study was to investigate the rela-

tionship among the radiological findings, fluid signs and

vacuum phenomena, and the histopathology and specimens

retrieved from operation on fractures of vertebral bodies.

Materials and methods

We performed a retrospective review of patients of unstable

vertebral compression fractures treated with anterior corpec-

tomy and fusion at our institution between November 2004

and March 2008. Twenty consecutive patients, 17 women and

3 men, with a mean age of 73 years (range 54–84 years), were

included in this study (Table 1). All patients had sustained

low-energy injuries, including injury following a slip, stand-

ing, and bending. They all had an unhealed vertebral com-

pression fracture with collapse, failed conservative treatment,

and a compromised spinal canal. Eight patients were suffered

with a neurological deficit. On the American Spinal Injury

Association (ASIA) impairment scale, five patients were

classified as ‘‘D’’, two patients were ‘‘C’’ and one was ‘‘B’’.

Most patients had comorbidities of aging such as cardiovas-

cular diseases, degenerative joint disorders, etc. Those with

malignancy, metabolic disease, inflammatory disease, chronic

steroid administration, previous spinal surgery, radiation

therapy, alcoholism or infection were excluded from the study.

Radiological evaluation

All patients underwent imaging with magnetic resonance

images (MRI) and plain radiographs preoperatively,

including conventional anteroposterior, lateral, lateral flex-

ion, and extension stress radiography (cross-table lateral

supine stress radiograph to increase the discovery of intra-

vertebral vacuum phenomenon [18]) preoperatively. The

MRI protocol included sagittal and axial T1-weighted fast

spin-echo images, axial T2-weighted fast spin-echo images,

and sagittal short inversion time inversion-recovery (STIR)

images with 4-mm section thickness. The vertebral com-

pression fractures might contain an accumulation of intra-

vertebral fluid described as a well-circumscribed area of low

signal intensity on T1-weighted MRI and high signal inten-

sity on T2-weighted images (isointense to cerebrospinal

fluid), which belongs to the fluid sign [14, 16]. The vacuum

phenomenon is a collection of gas which creates a linear or

semi-lunar radiolucent shadow on the radiograph [15, 17].

Two experienced orthopaedic surgeons evaluated the images

in a blinded fashion with respect to the histology results

independently. A senior musculoskeletal radiologist had

been consulted if disagreements existed regarding the image

findings. All disagreements were resolved by consensus.

Surgical procedure

All patients underwent open anterior spinal surgery with

anterior corpectomy to decompress the retropulsed bone

fragments to relieve the pressure on the spinal cord or dural

sac. Then, we performed vertebral body replacement with an

expandable cage or strut bone graft, and fixed with rod and

pedicle screw instrumentation [19]. During the operation, the

specimens from corpectomy, containing the area of interest

which was determined by both the preoperative images and

intraoperative findings, were prepared with a bone chisel. We

retrieved the specimens whose location, usually a cavity with

or without fluid, is correlated with the radiological lesion to

study the histopathologic changes. For all cases, the technique

of taking specimens was standard [20].

Histology

The suspicious specimens retrieved from corpectomy were

used for the histopathologic study in all 20 patients. All

surgical samples were immediately fixed in 4–6 % buffered

formaldehyde and gently decalcified in 0.1 M EDTA. The

paraffin-embedded specimens were cut 3 lm in slices and

mounted on glass slides for hematoxylin and eosin staining.

A histomorphological analysis was performed using light

microscope allowing the evaluation of bone necrosis and

regeneration. Two senior pathologists reviewed the histol-

ogies with no knowledge of the image findings indepen-

dently. All disagreements were resolved by consensus.

Statistical analysis

The level of fracture sites, duration of symptoms, MRI

findings, plain X-ray findings, and histopathological
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characteristics were recorded by cases for further studies

(Table 1). Back pain intensity was recorded using the visual

analog scale (VAS) score (10-point scale). All the images

and pathologies were correlated, especially the histopatho-

logic changes to the fluid sign and vacuum phenomenon.

Sensitivity, specificity, positive and negative predictive

values, positive and negative likelihood ratios, and diag-

nostic odds ratio with 95 % confidence intervals were cal-

culated by the statistic software Meta-DiSc (developed by

Ramón y Cajal Hospital, Madrid, Spain) [21].

Results

The mean interval from injury to image and operation was

6.5 months (range 1–22 months). The levels of fractures in

these 20 patients were located from T8 to L3. Most of the

fractures (18/20) led to more than 50 % anterior vertebral

body height loss. The average local kyphotic angle was

17.2� ± 10.9� (8.5�–42.3�). The average VAS score for

back pain was 8.3 ± 1.5 (range 6–10). In analyzing the

MRI findings, the fluid sign could be recognized in 12

patients (Fig. 1). Intravertebral vacuums were identified in

the preoperative plain radiograph in 9 patients (Fig. 2).

Four patients did not have the fluid sign neither the intra-

vertebral vacuums, while all of four images were obtained

more than 12 months after injury.

Specimens of the vertebral bodies were retrieved from

all 20 patients. The histological analysis revealed that 14

patients had dispersed small necrotic bone fragments, with

empty lacuna within the trabecular network, surrounded

with a fibrous stroma that was consistent with the phe-

nomenon of ON. Normal bone marrow with hematopoietic

cells and fat cells was replaced by reactive fibrosis (Fig. 3).

Among the 14 patients, 86 % (12/14) had fluid signs

identified in the MRI and 50 % (7/14) had intravertebral

vacuums in the plain x-ray. For the six cases without the

findings of ON, no fluid sign but two intravertebral vacu-

ums were noted. Regarding the date of ON onset, all

specimens retrieved within the initial 5 months after frac-

ture had ON. In all cases in which pathologies were

obtained more than 5 months after fracture there was no

ON. Interestingly, all MRI fluid signs were also identified

in the first 5 months after injury.

If viewing from the MR findings, all of the 12 patients

with a fluid sign in the MRI had vertebral ON. The sensi-

tivity and specificity of the fluid sign in diagnosing ON were

86 and 100 %; the positive and negative predictive values

were 100 and 75 %, and the positive and negative likeli-

hood ratios were 11.7 and 0.18. The diagnostic odds ratio

was 65 and the diagnostic accuracy was 90 % (Table 2).

If viewing from the X-ray findings, the sensitivity and

specificity of the vacuum phenomenon in diagnosing ON

were 50 and 67 %; the positive and negative predictive

Table 1 Patient information, radiographic and histopathologic findings

No. Age Sex Level of fracture Intervala (month) Fluid sign Vacuum phenomenon Osteonecrosis Regeneration

1 76 F L2 1 Y N ? ?

2 85 F T12 1 Y N ? ?

3 72 M T8 1 Y N ? ?

4 76 F L1 2 Y Y ? -

5 70 F L1 2 Y Y ? ?

6 69 M T12 3 N Y ? ?

7 79 F T12 3 Y N ? ?

8 54 M L1 3 Y N ? -

9 70 F T12 3 Y Y ? ?

10 79 F T12 4 Y Y ? ?

11 82 F L1 4 Y N ? ?

12 78 F L1 4 Y N ? ?

13 72 F T12 5 Y Y ? ?

14 72 F L1 5 N Y ? ?

15 83 F T12 6 N Y - ?

16 61 F T12 10 N Y - ?

17 84 F L3 12 N N - ?

18 72 F L2 18 N N - ?

19 72 F T12 20 N N - -

20 68 F L1 22 N N - -

a From injury to image and operation
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values were 78 and 36 %, and the positive and negative

likelihood ratios were 1.5 and 0.75. The diagnostic odds

ratio was two and the diagnostic accuracy was 55 %. The

diagnosing power of the fluid sign in MRI was better than

the intravertebral vacuum phenomenon in plain radiogra-

phy in all parameters (Table 2).

Fig. 1 The fluid sign. A well-circumscribed area of low signal intensity on sagittal T1-weighted MRI (a, black arrow) and high signal intensity

on sagittal T2-weighted images (b, white arrow)

Fig. 2 The vacuum phenomenon. A linear radiolucent shadow was identified on the radiograph (arrow)

Fig. 3 Histological sections of block specimens retrieved from operation (hematoxylin and eosin, 910 (a) and 940 (b). a Small necrotic bone

fragments (asterisk) surrounded by fibrous stroma (double asterisk). b Necrotic bony trabecula with empty lacuna (arrow)
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Bone regeneration, including mesenchymal cell prolif-

eration, neovascularization, dead bone resorption by

osteoclasts, or new woven bone formation by osteoblasts,

could be identified in 16 patients between 1 and 18 months

after initial trauma (Fig. 4). The findings of bone regen-

eration were found to have occurred in 86 % (12/14) of ON

cases. Patients with a fluid sign seemed to be more prone to

having bone regeneration (10/12) than those without a fluid

sign (6/8). Patients with an intravertebral vacuum phe-

nomenon also seemed to have a greater chance of having

bone regeneration (8/9) than those without such a phe-

nomenon (8/11). However, neither association reached

statistical significance.

Discussion

In summary, the present study suggested that the MRI fluid

sign is powerful in correlating with the histopathologic

signs of vertebral ON, as defined by the presence of dis-

persed small necrotic bone fragments surrounded with

fibrous stroma. The diagnostic odds ratio was up to 65. The

sensitivity and specificity were 86 and 100 %, respectively.

The diagnosis of vertebral ON carries historical baggage

with regard to conceptualization of the image, pathology,

the prognosis, and treatment implications. Recollapse of

the treated vertebrae and PMMA cement dislodgment

after percutaneous vertebroplasty were reported as early

complications with the predisposing factor of pre-operative

ON [22–24]. Thus, it is important to obtain the diagnosis of

vertebral ON prior to making a decision on treatment, since

it should be taken into consideration. Currently, vertebral

ON remains a radiographic diagnosis, but most studies

correlated the histopathology and image finding from per-

cutaneous needle biopsy [4, 25, 26]. To the best of our

knowledge, only Baur et al. [27] reported the histological

comparison of fluid sign in four osteoporotic and one

metastatic fracture by open retrieval of specimen from

surgery. In the present study, we took the specimen during

operation which was obtained from the intravertebral

cavity and its neighboring tissue. It will be more reliable

for analysis and evidence.

The Kummell’s disease represents posttraumatic avas-

cular necrosis of the vertebral body that is thought to be the

consequence of vascular insult at the anterior segment of

the vertebral body. The possible pathogenesis is disruption

of the blood supply related to fracture and inadequate

revascularization of bone marrow [4, 28]. Besides,

increased marrow pressure caused by intramedullary

hemorrhage leads to increased adipocyte size with a pro-

portionate decrease in intraosseous blood flow, also pre-

disposing patients to ischemic necrosis of the vertebral

body [29]. Additional risk factors for Kummell’s disease

include age-related osteoporosis and steroid usage [6]. The

histologic hallmarks include the presence of marrow fat

necrosis and empty osteocyte lacunae. The reparative

Table 2 Comparison of images in the diagnosis of osteonecrosis after vertebral fracture

Sensitivity Specificity PPV NPV LR? LR- DOR

Image % (95% CI) % (95% CI) % (95% CI) % (95% CI) (95 % CI) (95 % CI) (95 % CI)

Fluid sign 86 (57–98) 100 (54–100) 100 (70–100) 75 (36–96) 11.7 (0.8–170.3) 0.18 (0.06–0.57) 65 (2.7–1564)

Vacuum phenomenon 50 (23–77) 67 (22–96) 78 (40–96) 36 (12–68) 1.5 (0.43–5.22) 0.75 (0.34–1.62) 2 (0.3–14.7)

PPV positive predictive values, NPV negative predictive values, LR? positive likelihood ratio, LR- negative likelihood ratio, DOR diagnostic

odds ratio, CI confidence interval

Fig. 4 Histological sections of block specimens retrieved from

operation (hematoxylin and eosin, 910 (a) and 940 (b). a Regener-

ative area with granulation tissue (double asterisk) and new bone

formation (asterisk). b Osteoblast rimming the new bone (black

arrow) and neovasculization in the granulation tissue (white arrow)
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process usually begins thereafter, replacing necrotic bone

marrow with scar-like fibrous tissue [30]. Our study also

found that vertebral ON could be recognized only in the

initial 5 months while regeneration continued until

18 months after osteoporotic fracture.

Controversies exist regarding the pathomechanism of

the fluid sign and intravertebral vacuum cleft in the oste-

oporotic spinal fracture. Some authors have proposed that

osteoporotic fracture leads to interruption of the blood

supply to the vertebral body and fluid accumulation in the

ON space [14, 27]. If nonunion occurred and resulted in

excessive motion, the central portion of the callus might

undergo cystic degeneration. A synovial-lined membrane

secreting synovial fluid might later envelope this degen-

eration cavity [30]. Regarding the intravertebral vacuum

phenomenon, some authors think it is the result of vertebral

ON [15, 16, 31], whereas some believe that it signifies

nonunion and pseudoarthrosis [32, 33]. Lafforgue et al.

[34] argued that the intravertebral vacuum phenomenon

could simply be a result of the migration of an intradiscal

gaseous collection through a fractured endplate of an

osteoporotic collapse. However, the causes of both the fluid

sign and intravertebral vacuum phenomenon are still

uncertain and need further investigation.

The early stages of vertebral ON are thought to be char-

acterized by fluid and inflammatory exudate components

[35]. In the latter stages, air might accumulate in the void

formed by the sclerotic bone. In a retrospective MRI study,

Yu et al. [25] reported a sequential change from intraverte-

bral fluid to gas in some of their patients who had a follow-up

MRI. Our results revealed that the MRI fluid sign was

identified from 1 to 5 months, while intravertebral vacuum

phenomenon was noted from 2 to 10 months after fracture of

the vertebrae. The equating of the fluid sign to vertebral ON

might be explained by the early avascular and inflammatory

stage. Further studies are required to clarify the sequential

pathological changes after vertebral osteoporotic fracture.

The exact date of ON onset is usually unknown, though

it should be considered as when patients are exposed to the

risk factors, such as trauma or glucocorticoid use. Pro-

spective MRI studies of patients with femoral neck frac-

tures showed evidence of femoral head avascular necrosis

in some cases after operation, all of which were diagnosed

1–6 months after the fracture [35, 36]. Kawasaki et al. [36]

suggested that the interval providing the greatest sensitiv-

ity, specificity, and accuracy of the diagnosis of ON of the

femoral head by MRI was 6 months after surgery. With

good correlation in MRI fluid signs and the histopathologic

findings of vertebral osteonecrosis, our series had similar

findings, in that all vertebral ON occurred and all MRI fluid

signs were identified in the initial 5 months after fracture.

While regeneration occurred in most (80 %) cases, we

found that patients with a fluid sign or intravertebral vacuum

phenomenon were both prone to bone regeneration, such as

dead bone resorption, new bone formation, and primary

mesenchymal cell proliferation after vertebral osteoporotic

fracture. In spite of the regeneration process, these patients

were still liable to have unstable collapsed vertebra, canal

compromise, neurologic deficits, and clinical symptoms; so

ultimately, they underwent anterior corpectomy, anterior

spinal fusion, and instrumentation in this series. There were

four patients (20 %) without histological characteristics of

regeneration. The reason remains unclear but might be

attributed to bias in retrospective analysis.

There are limitations of this study including limited case

number and lack of longitudinal data. However, we can still

have a more clear profile of the correlation between the

images and histopathologies with time sequence through this

study, although future researches are required to clarify the

detailed sequential pathological changes. Besides, all the

samples were vertebral fractures with surgical indications.

These fractures tended to be more unstable, and possibly

non-united with a greater degree of fracture severity. Thus,

the results are obtained from selected cases and might not be

applicable to all fractures of the vertebrae. Another limita-

tion is the retrospective design of our study. A prospective

study is still needed to further clarify the correlation between

the radiological and histological findings of vertebral ON.

Conclusion

In conclusion, there was significant correlation of the his-

topathologic signs of ON and MRI fluid sign in our study

population of 20 operative cases. MRI fluid sign seemed to

be reliable for predicting ON in vertebral fracture caused

by minor trauma (sensitivity 86 %, specificity 100 %,

diagnostic odds ratio 65). Therefore, patients, who sus-

tained vertebral fractures caused by low-energy trauma and

presented with surgical indications and MRI fluid signs,

should be highly suspected to have vertebral ON, espe-

cially within the initial 5 months after injury.

Conflict of interest None.
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