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	Bottom Line 

·  No single physical examination finding or combination of findings is sufficient to rule in osteoporosis or spinal fracture without further testing.

· The risk factor prediction rules for osteoporosis have more informative negative likelihood ratios than any of the physical findings and may reduce the need for testing in low risk women. 

· Several convenient examination manuevers including low body weight, wall-occiput distance, low tooth count, self-reported humped back, and rib-pelvis distance can significantly increase the likelihood of osteoporosis or spinal fracture and identify additional women who would benefit from earlier screening.

SORT Grade of Recommendation: A (systematic review of high quality studies, 11 out of the 14 studies were Level 1)

Updated Search Findings: 

Since August 2004, two studies on clinical prediction rules have been published. The first study        validated three clinical prediction rules described in the original review. In the second study, a new composite index , the Osteoporosis Risk Assessment by Composite Linear Estimate (ORACLE), which includes historical variables and ultrasonometric bone profile, was developed and validated. Clinical prediction rules tend to be useful for ruling out osteoporosis. 




Comments/Hints/Suggestions:

The physical exam manuevers included in this review are all feasible to perform in the clinical setting. The US Preventive Services Task Force (USPSTF) recommends that women 65 years of age or older be screened routinely for osteoporosis and that women younger than 65 years be screened if they have risk factors. For patients who do not meet current BMD screening recommendations, these physical exam manuevers can identify the subset of patients who will benefit from earlier screening. As a clinician, you can choose a clinical prediction rule that you can use in your clinic and use it to determine which patients in the low risk group do not need testing.

Prevalence: 

The prevalence of bone mass density (BMD)-defined osteoporosis at the spine, wrist, or hip in white women in the USA is as follows: 

                            Age (years)                                    Prevalence (%)

50-59 14.8

60-69                                     21.6

70-79                                     38.5

                              = or > 80                                            70.0

In non- white women older than 50 years old, the prevalence of BMD-defined osteoporosis is as follows:   Non- hispanic black females - 12%, Mexican Americans - 18.6%, Other ethnic groups - 28.3%

Grade 2 vertebral deformities have a 25%-39% vertebral body height loss. The prevalence of Grade 2 vertebral deformities is as follows:

                              Age (in years)                               Prevalence

55-59 6.6

80-84                                                49.2

Accuracy of Exam

A. Clinical Signs and Symptoms in the Diagnosis of Osteoporosis

	Symptoms and Source
	Cutoff values
	Positive LR 

(95%CI)
	Negative LR

(95%CI)
	Sensitivity
	Specificity

	Height loss
	   
	
	
	
	

	   a. Dargent-  Molina et al,2000
	      > 3 cm
	     1.1
	       0.6
	      92
	     13

	    b. Sanila, et al, 1994
	       > 3 cm
	    3.2
	  0.4
	   68
	   72

	Weight
	
	
	
	
	

	    a. Dargent-Molina et al,2000
	       < 60 kg
	     1.9
	    0.3
	    82
	    56



	    b. Bedogni et al,1999
	        < 51 kg
	      7.3
	     0.8
	     22
	     97

	    c. Michaelsson et al,1996
	         < 60 kg

           60-70 kg

          >70 kg


	      3.6

       0.3

       0.2
	
	
	

	Kyphosis

 Ettinger etal,1994
	
	     3.1
	     0.8
	     25
	     92

	Self-reported humped back

   Kantor etal,2004
	   
	     3.0
	     0.85
	     20.6
	     97

	Grip strength


	
	
	
	
	

	   a. Foley, et al, 1999
	        < 40 lbs

        <60 lbs
	      2.6
	      0.8
	      31
	      88

	   b. Dargent-Molina etal,2000
	        <59 kPa

        <44 kPa
	      1.2
	      0.6
	      84
	      27

	   c. Di. Monaco,etal,2000
	        <20 kg
	     1.5
	      0.3
	      88
	      41

	Hand skinfold
	
	
	
	
	

	   Orme and Belchetz,1994
	         <2.1 mm
	     1.2
	      0.4
	      93
	      20

	Tooth count
	
	
	
	
	

	   a. Earnshaw etal,1998
	          <22 teeth
	     1.0
	      1.0
	     30
	      70

	   b.. Inagaki etal,2001
	         <20 teeth
	     3.4
	       0.8
	      27
	      92


B. Clinical Signs and Symptoms in the Diagnosis of Spinal Fractures

	SOURCE
	CUTOFF VALUES
	SENSI

TIVITY
	SPECI

FICITY
	POSITIVE LIKELIHOOD RATIO( 95% CI)
	NEGATIVE LIKELIHOOD RATIO (95% CI)

	Armspan height difference

a. Versluis etal,1999


	>5 cm
	      39
	    76
	1.6 (1.1-2.5)
	0.8 (0.6-1.0)

	b. Wang etal,2004
	>6.6 cm for men

>2.5 cm for women
	        62

        48
	       37

       48
	1.0 (0.7-1.4)

0.9 (0.7-1.2)
	1.0 (0.6-1.7)

1.1 (0.8-1.4)

	Wall occiput distance
	 >0 cm
	        60
	       87
	4.6 (2.9-7.3)
	0.5 (0.3-0.6)

	Rib-pelvis distance
	< or = 2 finger

breadths
	        88
	        46
	3.8 (2.9-5.1)
	0.6 (0.5-0.7)


Description of how exams were done and defined: 

1. Height loss - self report of height at 25 years old or records (drivers' license), present height measured using stadiometer

2. Weight - current body weight 

3. Kyphosis -  Using a flexicurve, the curvature of the back between C7 spinous process and S2 spinous process level is measured. The outline is traced on paper and the maximal angle measures with calipers or a ruler. The kyphosis index is the ratio of the thoracic curvature to the length of the upper back and is calculated as 100 times the maximum horizontal distance divided by the vertical length of the upper back curve.

4. Hand Grip strength -  measured using a small hydraulic hand grip or isometric dynamometer and is defined as the maximal force recorded while the patient squeezes the device with arms straight to the side.

5. Hand skinfold -  measurement of the skinfold thickness at the back of the hand with calipers

6. Armspan-height differential - determined by subtracting a patient's height in centimeters from the armspan in centimeters measured with arms at a 90 angle from the trunk. The armspan is the distance between the tips of the middle fingers while the patient faces forward with the arms fully extended and palms facing forward.

7. Wall-occiput distance - The patient stands straight with her back against the wall and heels touching the wall. While the head faces forward so that an imaginary line connecting the lateral corner of the eye to the superior junction of the auricle of the ear is parallel to the floor, the distance between the occipital prominence and the wall is quantified using a tape measure. The inability to touch the wall with the back of the head is a positive finding.

8. Rib-pelvis distance - The patient stands erect with arms outstretched at 90 degrees. The examiner stands behind the patient and inserts his or her fingers into the space between the inferior margin of the ribs and the superior surface of the pelvis in the mid-axillary line. The rib-pelvis distance is the closest whole number of fingerbreadths between these structures.

	PREDICTION RULE
	SELECTION CUT POINT
	    SCORING SYSTEM

	1. Simple Calculated Osteoporosis Risk Estimation
	Score > or = 6

LR + 1.2

LR - 0.02
	Not black = 5 pts

Rheumatoid Arthritis = 4 pts

History of minimal trauma fracture after age 45 years = 4 pts for each fracture of the wrist, hip or rib (maximum of 12 pts)

Never used estrogen therapy =  1 pt

3 x ist digit of age in yrs =  ____ pts

-1 x weight in lbs divided by 10 = ____ pts

	2. Osteoporosis Risk Assessment Instrument
	Score > or = 9

LR+ 1.4

LR- 0.1
	Age:    > or = 75 yrs. = 15 pts

              65 - 74 yrs.  = 9 pts

              55 - 64 yrs.   = 5 pts

Weight:   < 60 kg        = 9 pts

60-69.9 = 3 pts

No current estrogen use = 2 pts

 

	3. National Osteoporosis Foundation
	Score > or = 1

LR + 1.2

LR - 0.2
	Age > or = 65 yrs = 1 pt

Weight <57.6 kg   = 1 pt

History of minimal trauma fracture after age 40 yr   = 1 pt

Family history of fracture = 1 pt

Current cigarette smoking = 1 pt

	4. Age

    Body size

    No estrogen
	Score > or = 2

LR + 1.6

LR - 0.3
	Age > 65 yr = 1 pt

Weight < 63. 5 kg = 1pt

Never used oral contraceptives or estrogen therapy for > or = 6 mon  = 1 pt

	5. Dubbo Osteoporosis Epidemiology Study
	Score >10

LR + 1.7

LR - 0.3
	Age    <70     = 1 pts

70-79  = 2 pts

80-84 = 3 pts

           > 85    = 4 pts

           > 90    = 16 pts

Weight  <55 kg = 1 pt

55-64 = 2 pts

65-69 = 3 pts

70-74 = 4 pts

75-79 = 6 pts

Prior fracture? If yes = 2 pts; If no = 1 pt


Clinical Prediction Rules

Precision

	   SOURCE
	 PRECISION ESTIMATE USED
	PRECISION ESTIMATE (95% CI)

	1. Height loss
	Coefficient of repeatability
	2.3 cm for height , with range of 0.4 mm to 0.5 cm for tape measure positions

	2. Armspan-height difference
	Intraobserver mean differences, interobserver mean differences
	1 mm (-2.3 to 2.5 mm) height; 0.9 mm (-2.5 to 4.3 mm) armspan, -1.6 mm (-3.2 to 0.1 mm) height; -4.6 mm(-7.7 to -1.5 mm) armspan

	3. Kyphosis
	Coefficient of variation
	12.6 % for kyphosis index

	4. Wall-occiput distance
	Not reported
	Single examiner measured 3 times

	5. Rib-pelvis distance
	Interobserver kappa
	K + 0.87 for cutoff of 2 fingerbreadths or less

	6. Grip strength 
	Coefficient of variation
	3%

	7. Hand skinfold
	Mean of 3 measurements
	Reproducible to within 0.2 mm


Studies description

Inclusion criteria: Studies included original data on the accuracy and precision of the history and physical exam in diagnosing osteoporosis, osteopenia or spinal fracture.

Search : 1966 - August 2004 

Number Found and Reviewed:  325 studies found, 14 met inclusion criteria

Quality: Ten (11) studies were Level 1 quality while three (3) studies were Level 3 quality. The three large studies were Level 1 quality. A Level 1 quality study is described as an independent study or studied consecutive patients representative of a population where the test is likely to be used, were blinded, measured the gold standard (BMD measurement or documented fracture) in all patients and included at least 100 study participants. A level 3 study used a population that was non-representative.

Limitations: Studies limited to women and did not include men.

Gold Standard: Bone densitometry at any site or documented vertebral fracture using either a semiquantitative technique or vertebral morphometry. When bone mass density values were reported directly, corresponding T score were obtained using sex-appropriate tables provided by manufacturers of densitometer used in the study.

Updated Search 
Date: August 2004- June 2005

Article:  Use of clinical Prediction rules in detecting osteoporosis in a population-based sample of post menopausal women.Arch Intern Med. 2005:165:530-536

Description: This validation study assessed and compared the diagnostic properties of the following osteoporosis clinical prediction rules: the Simple Calculated Osteoporosis Risk Estimation, Osteoporosis Risk Assessment Instrument and the National Osteoporosis Foundation practice guidelines using secondary data analaysis of an existing population-based sample of postmenopausal women 45 years and older. Operating characteristics including sensitivity, specificity, PPV, NPV and (LR+) and (LR-) were calculated for each clinical prediction rule. Receiver operating characteristics (ROC) curves were constructed for each clinical prediction rule and the areas under the curve (AUC) were statistically compared.

Findings :

	Prediction rules
	Sensitiviy
	Specificity
	PPV
	NPV
	LR+
	LR-

	1. Simple Calculated Osteoporosis Risk Estimatiomn
	100%
	29%
	27%
	100%
	1.4
	0

	2. Osteoporosis Risk Assessment Instrument
	98%
	40%
	29%
	77%
	 1.4
	0.4

	3.National Osteoporosis 

Foundation
	100%
	10%
	27%
	100%
	1.1
	0


Critique: Small sample size (N-202). Generalizability of prediction rules limited.

Level of Evidence: Level 2

Fit: This study showed that the Simple Calculated Osteoporosis Risk Estimation and the Osteoporosis Risk Assessment Instrument were much more specific in postmenopausal women younger than 65 years old compared with those 65 years or older. This was the same finding in the original study.

Article:  Development and Validation of the ORACLE score to Predict Risk of Osteoporosis. Mayo Clin Proc. 2004; 79 (11): 1402-1408

Description: This study aimed to develop and validate a composite index, the Osteoporosis Risk Assessment by Composite Linear Estimate(ORACLE) that included risk factors and ultrasonometric outcomes to screen for osteoporosis. Gold standard was DEXA  performed in the region of the femoral neck.

Findings: The ROC areas under the curve for ORACLE were 84% for the prediction of osteoporosis and 78% for low bone mass or osteopenia. A sensitivity of 90% corresponded to a specificity of 50% for identification of women  at risk of developing osteoporosis. PPV was 86% while NPV was 54% in the development cohort. In the validation chort, the AUCs for identification of osteoporosis and low bone mass were 81% and 76% for ORACLE, 69% and 

64% for QUS T score, 71% and 68% for QUS ultrasonometric bone profile index, and 76% and 75% for Osteoporosis Self- Assessment Tool. ORACLE had the best discriminatory performance in identifying osteoporosis compared with other approaches (P<0.5).

Critique:  Limitations: The 2 distinct cohorts used for the development and the validation of ORACLE had similar characteristics. The subjects in each cohort were from the same setting. Further validation in different populations is required to evaluate the benefits of this composite index. The ORACLE score was based onIGEA DBM Sonic 1200 technology. The lack of cross-calibration between the different ultrasonographic devices will limit the comparison of the extrapolated results obtained at the phalanx and the ultrasonographic values obtained at other skeletal locations. The clinical consequences of osteoporosis ie, fractures, are not predicted by the ORACLE score. 

Level of Evidence Level 1 ( validated clinical decision rule)

Fit: The ORACLE Score which included risk variables ( age, BMI, HRT and fracture) and ultrasonometric bone profile exhibited the highest discriminatory properties compared with other previously validated risk indices and ultrasonography alone. 
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