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ACKGROUND CONTEXT: Vertebral fragility fractures (VFFs), mostly due to osteoporosis,

are very common and are associated with significant morbidity and mortality. There is a lack of

consensus on the appropriate management of patients with or suspected of having a VFF.

PURPOSE: This work aimed at developing a comprehensive clinical care pathway (CCP) for VFF.

STUDY DESIGN/SETTING: The RAND/UCLA Appropriateness Method was used to develop

patient-specific recommendations for the various components of the CCP. The study included two

individual rating rounds and two plenary discussion sessions.
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METHODS: A multispecialty expert panel (orthopedic and neurosurgeons, interventional [neuro]

radiologists and pain specialists) assessed the importance of 20 signs and symptoms for the suspi-

cion of VFF, the relevance of 5 diagnostic procedures, the appropriateness of vertebral augmenta-

tion versus nonsurgical management for 576 clinical scenarios, and the adequacy of 6 aspects of

follow-up care.

RESULTS: The panel identified 10 signs and symptoms believed to be relatively specific for VFF.

In patients suspected of VFF, advanced imaging was considered highly desirable, with MRI being

the preferred diagnostic modality. Vertebral augmentation was considered appropriate in patients

with positive findings on advanced imaging and in whom symptoms had worsened and in patients

with 2 to 4 unfavorable conditions (eg, progression of height loss and severe impact on function-

ing), dependent on their relative weight. Time since fracture was considered less relevant for treat-

ment choice. Follow-up should include evaluation of bone mineral density and treatment of

osteoporosis.

CONCLUSIONS: Using the RAND/UCLA Appropriateness Method, a multispecialty expert

panel established a comprehensive CCP for the management of VFF. The CCP may be helpful to

support decision-making in daily clinical practice and to improve quality of care. © 2018 The

Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)
Keywords: B
alloon kyphoplasy; Clinical care pathway; Osteoporosis; RAND/UCLA Appropriateness Method; Vertebral

augmentation; Vertebral compression fracture; Vertebroplasty.
Introduction

Vertebral fragility fractures (VFFs), mostly due to osteo-

porosis, are exceedingly common, affecting more than

700,000 people in the United States annually [1,2]. Cost of

medical care for VFFs in 2015 was estimated at $1.2 billion

[2]. Although a substantial proportion of VFFs may initially

be not painful, both symptomatic and asymptomatic frac-

tures can have serious complications that result from

impaired mobility [3]. These include pneumonia, loss of

bone, muscle and body mass, incidental falls, deep venous

thrombosis, and depression and social isolation [4�6].

These morbidities may have a strong negative impact on

the patient’s quality of life and may even contribute to a

reduced life expectancy [7,8].

Treatment options for symptomatic VFF include nonsur-

gical management (NSM; bed rest, analgesics, bracing) and

vertebral augmentation (VA) using minimally invasive pro-

cedures such as vertebroplasty and balloon kyphoplasty.

Several studies have shown that these procedures often pro-

vide greater pain relief and have fewer subsequent fractures

in comparison to NSM [9,10]. Analyses of insurance claims

data revealed lower mortality and morbidity rates for

patients who underwent VA versus those who received

NSM [11,12].

Part of the contribution to the morbidity and mortality

seen in patients with VFFs likely relates to under-recogni-

tion of the diagnosis. A substantial part (34%�52%) of

incidental radiographic vertebral fractures is not reported

[13,14], and only a small proportion of incidental fractures

(15%�23%) is clinically diagnosed [15,16]. In addition,

recognition of a vertebral fracture in symptomatic patients

is often difficult because the presentation may be similar to

that of nonspecific low back pain [17].
In addition to under-recognition, there may also be sig-

nificant undertreatment of patients with VFF. Four of five

patients who have sustained a fragility fracture are not

treated for the underlying osteoporosis that predisposed the

patient to the fracture, and the treatment rates have been

getting lower over the last two decades [18,19]. A similar

phenomenon is seen for the rates of VA in patients with

VFF, declining 32% in the fee-for-service Medicare popu-

lation between 2004 and 2014 [8, 20]. A portion of the

decreased VA treatment rates has been attributed to the

publication of two studies on vertebroplasty versus sham

treatment in 2009 [21, 22]. Although these articles were

equivocal and found no advantage to either treatment, and

despite two additional sham trials showing statistically sig-

nificant advantage to vertebroplasty [23, 24], the negative

impressions appear to have caused a downward trend in

operative treatment of patients with VFF [8]. In the same

period, an increase of the mortality risk in patients with

VFF was seen [8].

The current debate on the appropriate management of

VFF is also reflected in divergent recommendations of clin-

ical guidelines. A recent systematic review (SR) of evi-

dence-based guidelines for the management of VFF

showed considerable inconsistencies [25]. These concerned

not only recommendations on the interventional treatment

of VFF but also on the diagnostic evaluation and prevention

of future fractures [25].

To provide guidance to practicing physicians, this study

aimed at developing a clinical care pathway (CCP) for the

management of VFF, including the detection, diagnostic eval-

uation, treatment choice, and follow-up after treatment. Simi-

lar to a European study that focused on treatment choice in

patients with VFF [26], the RAND/UCLA Appropriateness

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Method (RUAM) [27] was used. This method is particularly

helpful if evidence from clinical studies is insufficient or

insufficiently detailed to apply “to the wide range of patients

seen in everyday clinical practice” [28].

Material and methods

Study design

The RUAM [27] was used to develop patient-specific

recommendations on the various components of the CCP.

This method has extensively been applied to determine the

appropriateness of medical and surgical procedures in vari-

ous fields of medicine [28]. It provides a highly structured

approach to produce patient-specific recommendations,

by combining best available scientific evidence with the

collective judgment of a panel of experts. Several studies

support the reliability, internally consistency, and clinically

validity of the RUAM-based recommendations [29].

Literature study

A literature study was conducted to support shaping the

study design, and to ensure that panelists had access to the

same body of evidence while doing the appropriateness rat-

ings.

Panel process

Candidates for a 12-member expert panel from key dis-

ciplines most commonly involved in treating VFFs were

nominated by the Steering Committee. The members were

selected on the basis of their scientific and clinical expertise

in diagnosing and treating patients with VFF and repre-

sented the fields of neurosurgery, interventional (neuro)

radiology, pain medicine, and orthopedic surgery. The

panel first met in Chicago in June of 2017 to discuss the

design and starting points of the study.

The CCP was developed for patients presenting to an

Emergency Department or outpatient clinic (any specialty)

with moderate to severe back pain (VAS � 5) as the pri-

mary or secondary complaint. Those patients with back

pain following a high-velocity trauma, those with a sus-

pected malignant (nonfragility) compression fracture, and

children (<18 years of age) were excluded.

Criteria defined for the CCP concerned the following:

1. Key signs and symptoms for the suspicion of VFF;

2. Diagnostic evaluation of patients suspected of VFF;

3. Appropriateness criteria for VA versus NSM;

4. Contraindications for VA; and

5. Follow-up after treatment of VFF.

Criteria 1, 2, 4, and 5 were addressed by each panel

member via an online survey.

Appropriateness criteria for VA versus NSM were stud-

ied using the classical RUAM approach. Based on seven

clinical variables identified as relevant to treatment choice,
a set of 416 clinical scenarios was developed. Using an

online rating program, panelists were asked to individually

assess the appropriateness of VA versus NSM for all sce-

narios on a 9-point scale (reference values: 1=NSM is

appropriate; 9=VA is appropriate; 5=equivocal or uncer-

tain). The program was accompanied by an extensive litera-

ture overview to ensure that panelists had access to the

same body of evidence to complete the ratings. To avoid

interpretation bias, results were presented as a literature

overview rather than as a review. The final document

included the results of 83 studies (SRs, RCTs, and observa-

tional studies including at least 200 patients).

Results of the survey and appropriateness ratings were

discussed during the second panel meeting (Washington,

DC) in September of 2017, at which time a draft structure

for the CCP was presented. Based upon the panel discus-

sion, a number of adaptations and refinements of the survey

topics and appropriateness ratings were made, and the pan-

elists were asked to individually reassess and rerate all

topics and scenarios. The final survey included 20 key signs

and symptoms, each of which was evaluated for its relative

contribution to the suspicion of VFF. It also contained 25

statements regarding diagnostic evaluation, contraindica-

tions, and follow-up.

The final appropriateness ratings included 576 clinical

scenarios that were permutations of the following variables:

1. Duration of pain: <1; 1�3; 3�6; >6 weeks.

2. Advanced imaging findings (MRI, CT, or nuclear bone scan): Nega-

tive; Positive (=concordant with or supportive of acuity of fracture).

3. Degree of vertebral height reduction: Mild (<25%); Moderate

(25%�40%); Severe (>40%).

4. Kyphotic deformity: No; Yes.

5. Progression of vertebral height loss (increased height reduction on

radiologic images at follow-up): No; Yes.

6. Evolution of symptoms: Has improved since onset (but VAS still �5);
Stable on medication (but VAS still �5); Has worsened despite opti-

mal medication.

7. Impact of VFF on daily functioning: Moderate (cf. Roland Morris

Disability Questionnaire 12�17); Severe (cf. Roland Morris Disabil-

ity Questionnaire>17).

Appropriateness calculations and statistical analysis

Frequency tables and cross-tabulations were used to

describe and analyze the various parts of the survey. A

threshold of 75% agreement among panelists was used to

define consensus on statements. Appropriateness of diag-

nostic procedures and treatment (VA vs. NSM) was calcu-

lated on the basis of median panel score and extent of

agreement between the panelists [28]. An indication was

said to be “appropriate” if the median score was between 7

and 9, and “inappropriate” if the median score was between

1 and 3, in both situations without disagreement between

panelists (�4/12 scores in each of sections 1�3 and 7�9)

[28]. All other outcomes were deemed “uncertain.” We

used logistic regression to identify the patterns behind the



Table 1

Specificity of signs and symptoms for the suspicion of VFF

Agreement*

Number %

History of present illness

Severe limitation in mobility/ADL due to

pain

12 100

Pain diminishes or is resolved with rest 11 92

Recent history of minimal/low-velocity

trauma

10 83

Pain is activity- or movement related 10 83

Acute and recent onset of pain 8 67

Inability to lie flat due to pain 5 42

When the pain occurs it is unbearable

without narcotics

4 33

Pain has increased/worsened since onset 0 0

Past medical history including relative risk factors

Osteoporosis or osteopenia 12 100

Previous VFF 11 92

Chronic use of corticosteroids 9 75

Age>60 years 2 17

Female 2 17

Low BMI 0 0

Physical examination

Tenderness to palpation/percussion over

posterior spinous process(es)

11 92

Pain exacerbates by change of position

with reluctance to move

11 92

Midline back pain 10 83

Thoracic hyperkyphosis 3 23

Loss of standing height 1 8

Protuberant abdomen 0 0

ADL, activities of daily living; VFF, vertebral fragility fractures;

BMI, body mass index.

* Number/percentage of panel members considering an item to be

amongst the five most specific symptoms (history of present illness) or

amongst the three most specific risk factors/signs (past medical history

and physical examination). Bold figures indicate items that reached the

level of 75% agreement.

Table 2

Panelists’ agreement with statements on the diagnostic evaluation of patients susp

Statement

All patients suspected of VFF (based on key signs/symptoms, medical history, a

undergo conventional radiography

If conventional radiography is used in patients suspected of VFF, standing AP an

recommended

In patients with moderate symptoms (VAS 5�6) and a low probability of VFF (b

and physical examination), a conservative treatment regimen without further i

strategy

In patients with severe symptoms (VAS �7) and a low probability of VFF (based

physical examination), advanced imaging (MRI, CT, bone scan) is indicated

All patients with an intermediate to high probability of VFF (based on key signs

examination), with or without supportive evidence from conventional radiogra

(MRI, CT, and bone scan).

For patients with an intermediate to high probability of VFF (based on key signs

examination), with or without supportive evidence from conventional radiogra

technique

If MRI is unavailable or if the patient has a contraindication for MRI, CT scan, a

If a treatment decision on VA needs to be taken, advanced imaging has to be rep

30 days ago

VFF, vertebral fragility fractures; AP, anterior-posterior; VAS, visual analogue

vertebral augmentation.
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ratings and to determine their internal consistency. All sta-

tistical analyses were performed using the IBM SPSS Sta-

tistics 25 software package (SPSS, Inc., Chicago, IL, USA).
Results

Key signs and symptoms of VFF

Ten of the twenty items assessed in the second round

were considered by the panel to be most specific for VFF

(Table 1), and the following categories were established to

express the probability of a VFF: low (�3 signs/symptoms),

intermediate (4�6 signs/symptoms), and high (�7 signs/

symptoms).
Diagnostic evaluation

In the first round, the panel weighted the appropriateness

of all advanced imaging modalities for patients suspected

of having VFF on the basis of symptoms, medical history,

and physical examination. The median panel score (Mdn)

was highest for MR imaging (Mdn: 9.0) and similar for CT

scan and nuclear bone scan (Mdn: 7.5). The panel outcome

for conventional radiography was uncertain, both for supine

(Mdn: 4.5) and standing (Mdn: 6.0) radiographs.

Additional assessments in the second round confirmed the

insufficiency of conventional radiography (Table 2). If per-

formed, standing anterior-posterior (AP) and lateral radio-

graphs are preferred, but it was acknowledged that many

patients with VFF are unable to stand. Advanced imaging in

patients with moderate symptoms and a low probability of

VFF was considered unnecessary, but all patients with severe

symptoms and/or intermediate to high probability of VFF

should undergo advanced imaging, with MRI being most

appropriate (Table 2). For patients on whom MRI cannot be
ected of VFF

(Strongly) Agree %

nd physical examination) should firstly 17

d lateral radiographs are highly 75

ased on key signs/symptoms, medical history,

maging is usually the most appropriate

92

on key signs/symptoms, medical history, and 92

/symptoms, medical history, and physical

phy, should be referred for advanced imaging

100

/symptoms, medical history, and physical

phy, MRI is the preferred advanced imaging

100

nd nuclear bone scan are the best alternatives 100

eated if the previous one was done more than 67

scale; MRI, magnetic resonance imaging; CT, computed tomography; VA,



Table 3

Appropriateness of treatment by clinical variables*

Variable Categories NSM=Appropriate Equivocal or uncertain VA=Appropriate

% % %

Duration of pain <1 week 24 40 36

1�3 weeks 15 38 47

3�6 weeks 9 40 51

>6 weeks 19 32 49

Advanced image findings Negative 33 55 12

Positive 0 21 80

Impact of VFF on daily functioning Moderate 21 41 38

Severe 12 34 54

Degree of height reduction Mild (<25%) 20 42 39

Moderate (25%�40%) 17 35 48

Severe (>40%) 13 37 51

Kyphoptic deformity No 18 38 43

Yes 15 37 48

Progression of height loss No 28 37 35

Yes 5 38 57

Evolution of symptoms Has improved 32 43 25

Stable 14 41 45

Has worsened 3 29 68

NSM, nonsurgical management; VA, vertebral augmentation; VFF, vertebral fragility fractures.

* Percentage of clinical scenarios. Row totals are 100%, but may slightly deviate due to round-offs.
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performed because of contraindications or unavailability,

nuclear bone scan and computed tomography (CT) were con-

sidered good alternatives. Opinions on the need of repeating

advanced imaging were divergent, but the panel generally

agreed that this is not necessary if symptoms and physical

exam findings correlate with the latest available images.
Appropriateness criteria for VA versus NSM

After the second rating round, VA and NSM were con-

sidered appropriate for 46% and 16% of the 576 clinical
Table 4

Determinants of the appropriateness of VA*

Variable Value

Duration of pain <1 weeky

1�3 weeks

3�6 weeks

>6 weeks

Advanced imaging findings Negativey

Positive

Impact of VFF on daily functioning Moderatey

Severe

Degree of height reduction Mild (<25%)y

Moderate (25%�40%)

Severe (>40%)

Kyphoptic deformity Noy

Yes

Progression of height loss Noy

Yes

Evolution of symptoms Has improvedy

Stable

Has worsened

Constant value

VA, vertebral augmentation; VFF, vertebral fragility fractures; NSM, nonsurg

* Outcomes of logistic regression analysis for the panel outcome that VA=ap
y Reference category.
scenarios, respectively. In 38% of scenarios, the outcome

was uncertain. Differences of opinion between specialists,

though statistically significant, were modest: the mean

median score was 5.8 for surgeons, 6.4 for radiologists, and

5.1 for pain specialists (p<.001). An overview of appropri-

ateness outcomes by clinical variables is given in Table 3.

The most pronounced differences were seen for

advanced imaging findings (strongly in favor of VA if posi-

tive) and evolution of symptoms (VA more appropriate if

symptoms had worsened). Outcomes in relation to duration

of pain were rather similar for the categories of one week
b SE p value

<.001

3.2 0.8

4.2 0.8

3.8 0.8

<.001

16.0 2.1

<.001

4.5 0.7

<.001

2.6 0.6

3.6 0.7

<.01

1.4 0.5

<.001

5.9 0.9

<.001

6.0 1.0

14.1 2.0

�26.8 3.5

ical management.

propriate (vs. NSM=appropriate+equivocal/uncertain).



Advanced Imaging: 
Nega�ve

Symptoms:
Stable/improved

Advanced Imaging: 
Nega�ve

Symptoms: 
Worsening

Advanced Imaging: 
Posi�ve

Symptoms: 
Stable/improved

Advanced Imaging: 
Posi�ve

Symptoms:
Worsening

NSM 

Equivocal Equivocal

VA

Equivocal

VA VA

0-2

≥ 3

≥ 3

0-2 0-1

≥ 2

Number of (addi�onal) unfavorable factors 
dependent on their rela�ve weight*

*Unfavorable factors:
• Progression of height loss
• Severe impact on func�oning
• > 25% Height reduc�on
• Kypho�c deformity

Fig. 1. Global pattern of the panel recommendations on the appropriateness of treatment for VFF. NSM, nonsusigical management; VA, vertebral

augmentation.

Table 5

Panel recommendations on absolute and relative contraindications for VA. Full agreement after the second round

Condition Panel recommendation

Active infection at surgical site Absolute contraindication for current VA.

Untreated blood-borne infection Absolute contraindication. Preoperative antibiotic (parenteral) therapy is required. Once cultures are neg-

ative, following an appropriate period of antibiotic therapy, one can proceed with caution.

Osteomyelitis Usually a strong contraindication for VA. In rare situations, VA may be considered; for example, if the

patient is not stable for an open procedure and the infection is chronic and due to a less virulent organism.

The infection may then be controlled locally with antibiotic-loaded cement and long-term antibiotic

suppression.

Pregnancy Although VA is usually contraindicated in pregnant patients, there may be exceptional situations in

which benefits could prevail over risks. Radiation exposure to the fetus should be minimized.

Allergy to fill material Relative contraindication, depending on the severity of the allergy. If prior reactions were not associated

with severe anaphylaxis, the allergy can be pretreated with steroids, Acetaminophen and Diphenhydra-

mine. Alternatively, another fill material can be chosen.

Coagulopathy Relative contraindication. Try to normalize/correct clotting function if possible (INR<1.7). The risk of

bleeding should be balanced against the complications from bed rest. Caution in patients with thrombo-

cytopenia (platelets less than 30,000/ml).

Spinal instability Relative contraindication, depending on the degree of instability and level of fracture. If needed, plan an

additional intervention to address instability, possibly but not necessarily in the same session.

Myelopathy from the fracture Relative contraindication. Decompression and stabilization is the preferred option, but VA may be con-

sidered if the patient is unable to undergo surgery. Coordination with spine surgeon and neurologist is

mandatory.

Neurologic deficit Relative contraindication. Additional decompression with or without stabilization may be required.

Patients should be informed about the risk of cement in the spinal canal. Coordination with spine surgeon

and neurologist is mandatory.

Neural impingement Relative contraindication, depending on the degree. Take extra care to avoid delivery of cement into

canal or neural foramen. May need an additional open procedure.

Fracture repulsion/canal compromise Generally not a contraindication. Avoid hyperextension or aggravating stenosis. A CT scan may be used

to determine integrity of posterior wall.

VA, vertebral augmentation; INR, international normalized ratio; CT, computed tomography.

J.A. Hirsch et al. / The Spine Journal 18 (2018) 2152�2161 2157
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and higher. For scenarios with symptom duration less than

one week, the percentage of appropriateness for VA was

lower, but still substantial. Other variables showed higher

figures of appropriateness for VA for (more) unfavorable

conditions. Differences were smallest for kyphotic defor-

mity. The appropriateness figures for NSM mirror those of

VA, although most differences were less pronounced.

Logistic regression analysis (Table 4) showed a con-

sisted pattern of factors determining the appropriateness of

VA (predictive value 95% at a cut-off value of 0.5). No

meaningful interaction effects were seen, implying that the

impact of the various conditions on appropriateness is

merely cumulative. The appropriateness of VA increases

with the number and relative weight of unfavorable condi-

tions. A global summary of the panel recommendations on

treatment choice is shown in Fig. 1. “Look-up” tables to

see the appropriateness of treatment for specific scenarios

are provided in Supplementary Appendix 1.

Contraindications for VA

The panel considered 11 conditions, three of which were

deemed absolute or very strong indications for VA. For rel-

ative contraindications, the panel specified the conditions

or precautions to be taken. Table 5 provides an overview of

the recommendations that were formulated.
Follow-up after treatment for VFF

After the second round, the panel agreed on the follow-

ing statements related to the follow-up of patients treated

for VFF:

1. After either VA or conservative treatment, a follow-up visit should be

planned at 2 to 4 weeks.

2. In patients with a satisfactory result of VA at first follow-up (2�4

weeks after the procedure), there is generally no need for further post-

operative monitoring. Follow-up for management of the underlying

pathology does not need to be managed by the proceduralist.

3. All patients presenting with VFF should be referred for evaluation of

bone mineral density and osteoporosis education for subsequent treat-

ment as indicated.

4. All patients with VFF should be instructed to take part in an osteopo-

rosis prevention/treatment program.

5. If symptoms are not resolved at follow-up, repeat imaging (preferably

MRI) is mandatory.

6. If the pain is not resolved after VA, repeat augmentation (at the same

level) may be considered, but does require a careful diagnostic evalua-

tion to identify any other sources of pain (additional fractures, facet

arthropathy, etc.).

Clinical care pathway

Fig. 2 depicts the CCP that connects the aforementioned

elements. Starting with a patient presenting with back pain

to an emergency department or outpatient clinic, the CCP

first shows the key signs and symptoms to be considered. In

the case of at least an (estimated) intermediate probability

of VFF, the patient should be referred for advanced
imaging, with MRI being the strongest preferred initial

option. In patients with documented VFF, an assessment of

the appropriateness of VA can be based on the flowchart in

Fig. 1 and/or the look-up tables in Supplementary Appendix

1. Together with the information on absolute or relative

contraindications, the physician may decide for VA or con-

servative (nonsurgical) treatment. After VA all patients

should have a follow-up visit at 2 to 4 weeks, and all should

also be referred to an osteoporosis education and manage-

ment program.
Discussion

This work aimed at establishing patient-specific recom-

mendations on the management of VFF in daily clinical

practice. Using the RUAM [27,28], a multispecialty panel

reached considerable agreement on various aspects related

to the detection, diagnostic evaluation, treatment choice,

and patient follow-up.

During the second round, 10 of 20 items reviewed were

selected to be the most specific for patients presenting with

a VFF (Table 1). It is remarkable that seven of these items

were not mentioned in two SRs as red flags to screen for

VFF in patients with low back pain [17,30]. For the remain-

ing three items, the outcomes of our study were partly dif-

ferent from the SRs. Recent trauma was identified as a red

flag in both SRs but only if it concerned a significant or

major trauma. In our study, only patients with minimal or

low-velocity trauma were considered. This condition was

refuted as a red flag in one SR [17] but not mentioned in the

other one [30]. The same is true for tenderness on palpation.

The two SRs showed opposite results on the meaning of

corticosteroid use as a red flag. As both studies concluded

that the evidence on red flags is poor, the set of signs and

symptoms suggested in this panel study may be a starting

point for further prospective studies.

The diagnostic evaluation of patients with back pain and

a suspected VFF is important, and the panel agreed strongly

that patients with an intermediate to high probability of a

VFF should undergo advanced imaging including MRI or

CT and nuclear bone scan and that MRI is the preferred

modality, to be used whenever clinically possible. Most

currently available guidelines are not very explicit in their

recommendations on the diagnostic evaluation of patients

with or suspected of having VFF [25]. The American Col-

lege of Radiology recommends MRI and CT on patients for

whom VA is considered [31].

Regarding treatment choice (VA vs. NSM), the clinical

variables that were considered produced significant differ-

ences in the recommended treatment. Of those, imaging

findings and progression of symptoms were the most influ-

ential (Table 4). Contrary to some recommendations to treat

patients only after six weeks of NSM [32], the panel’s treat-

ment recommendations did not vary substantially with

time, and even within the first week of symptoms, scenarios

that justify VA are common. These results are very similar



Fig. 2. Clinical care pathway for the management of VFF. VAS, visual analogue scale; VFF, vertebral fragility fracture; MRI, magnetic resonance imaging;

NBS, nuclear bone scan; CT, computed tomography; VA, vertebral augmentation.
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to the previous European panel study that supported early

treatment of VFF in appropriately selected patients [26]

and are also in line with the findings of the VAPOUR trial

[23]. Nearly all variables showed high statistical signifi-

cance and their impact on the appropriateness of VA was

cumulative: the higher the number of unfavorable factors,

the greater the weight of the decision to perform VA rather

than NSM.

The appropriateness outcomes allowed a simple two-

step algorithm as a first step when considering patients

for either NSM or VA (Fig. 1). The look-up tables

(Supplementary Appendix 1) may be used for a more

tailored approach.
Increasing clinical experience with a certain procedure

will allow clinicians to refine their indications and contrain-

dications and this has been no exception with VA. The panel

unanimously agreed on only two absolute contraindications

to VA: infection at the surgical site such as discitis/osteomy-

elitis or an untreated blood-borne infection. Other conditions

were considered to be a relative contraindication for VA,

necessitating specific precautions (Table 5). In general, the

contraindications appear to have become less emphasized

over the past two decades. This likely relates to a number of

factors including relative safety, provider comfort, sophisti-

cation of the instrumentation, and the increased awareness of

morbidity and mortality in conservatively treated patients.
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The expert panel agreed that patients should return for a

follow-up evaluation 2 to 4 weeks after treatment with

either VA or NSM and that after a satisfactory result no fur-

ther follow-up is needed. Additional imaging and clinical

assessment was recommended by the panel for patients

who had recurrence or persistence of their symptoms in

order to determine the source of their discomfort. The panel

also strongly recommended continued evaluation and treat-

ment for the underlying disorder of osteoporosis with the

goal of preventing future fragility fractures. With regard to

follow-up, most currently available guidelines restrict to

recommendations on pharmacologic treatment for osteopo-

rosis [25].

The consensus panel process produced a clinical path-

way that may be used in many health-care settings. In addi-

tion, it created a set of appropriateness criteria for VA

based on the underlying clinical patterns. These criteria are

in agreement with most other guidelines [25] but are more

specific and may therefore better meet the heterogeneity of

patients in daily clinical practice.

The principal limitations of this study are related to the

selection of panel members and subjectivity of recommen-

dations. Although experts from various specialties were

involved, all panel members were proceduralists (ie, per-

form VA in their practice). This approach was chosen

because practical experience was considered important to

assess the appropriateness of VA versus NSM for a variety

of patient scenarios. For a broader perspective on the diag-

nosis and follow-up, inclusion of other referring disciplines

would have been very useful, but this could not be realized

in this phase. For validation of the CCP in clinical practice,

the involvement of referring physicians is a prerequisite. In

the absence of direct evidence to apply to the detailed clini-

cal scenarios that were assessed, subjectivity of the panel

recommendations is inevitable. Bearing in mind that there

is no single best way to collect data that has a positive effect

on health-care decisions [33], expert interpretation of the

data and findings is important to direct action. Several

RUAM studies have shown a good predictive value of panel

recommendations for patient outcomes [29,34�37].

Another limitation stems from the potential bias due to

financial support of this study by a single manufacturer of

VA devices. To limit potential bias as much as possible, the

sponsor was neither involved in the design and conduct of

this study nor in the preparation and review of this manu-

script. Names of panel members were not disclosed to the

sponsor and panel members were not informed about the

identity of the sponsor before submission of the manu-

script.

In conclusion, using the RUAM a multispecialty expert

panel established a CCP that may guide clinicians to make

informed and reasoned decisions on the detection, diagnos-

tic evaluation, treatment choice, and follow-up of patients

with or suspected of having a VFF. The pathway may be

helpful to reduce undesirable practice variations and

improve quality of care. However, validity of the
recommendations and usefulness in daily practice needs

further research.
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