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Abstract

Background Evaluation of the diagnostic performance

characteristics of radiographic tests for diagnosing a true

fracture among suspected scaphoid fractures is hindered by

the lack of a consensus reference standard. Latent class

analysis is a statistical method that takes advantage of

unobserved, or latent, classes in the data that can be used to

determine diagnostic performance characteristics when

there is no consensus reference (gold) standard.

Purposes We therefore compared the diagnostic perfor-

mance characteristics of MRI, CT, bone scintigraphy, and

physical examination to identify true fractures among

suspected scaphoid fractures.

Patients and Methods We used data from two studies,

one that prospectively studied 34 patients who had MRI

and CT of the wrist, and a second that studied 78 patients

who had MRI, bone scintigraphy, and structured physical

examination. We compared the diagnostic performance

characteristics calculated by latent class analysis with those

calculated using formulas based on a reference standard.

Results In the first cohort, the calculated sensitivity and

specificity with latent class analysis were different than

those with traditional reference standard-based calculations

for the CT in the scaphoid planes (sensitivity, 0.78 versus

0.67; specificity, 1.0 versus 0.96) and the MRI (sensitivity,

0.80 versus 0.67; specificity, 0.93 versus 0.89). In the

second cohort, the greatest differences were in the sensi-

tivity of MRI (0.84 versus 0.75) and the sensitivities of

physical examination maneuvers (range, 0.63–0.73 versus

1.0).

Conclusions The diagnostic performance characteristics

calculated using latent class analysis may differ from those

calculated according to formulas based on a reference

standard. We believe latent class analysis merits further

study as an option for assessing diagnostic performance
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characteristics for orthopaedic conditions when there is no

consensus reference standard.

Level of Evidence Level II, prognostic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Investigations to evaluate the diagnostic performance

characteristics of tests used to diagnose true fractures

among suspected scaphoid fractures are hindered by the

lack of a consensus reference standard. Reference standards

for a true fracture in various studies have included followup

radiography and/or clinical signs between 10 days and

12 months after injury [2, 33], followup MRI [17], and

standards based on a combination of test results [5]. A

recent systematic review of diagnostic tests for suspected

scaphoid fractures documents substantial variation in

diagnostic performance characteristics, ie, sensitivity (Se)

and specificity (Sp) for MRI (Se, 0.80–1.0; Sp, 0.95–1.0),

CT (Se, 0.73–1.0; Sp, 1.0), bone scintigraphy (Se, 0.78–1.0;

Sp, 0.52–1.0), and ultrasound (Se, 0.78–1.0; Sp, 0.89–0.98)

[38]. Inconsistency in imaging protocols and reference

standards might account for much of this variation.

Latent class analysis is a statistical method that identi-

fies unobserved or latent classes (factors associating with

one another) in data. Latent class analysis has proved

helpful for the evaluation of diagnostic tests when no ref-

erence standard is available [18]. An example of a disease

for which there is no accepted reference (gold) standard for

diagnosis is compartment syndrome. Latent class analysis

takes advantages of known but unobserved groupings of

patients based on disease status. Although there can be

more than two groups, only two are considered here,

namely ‘diseased’ or ‘not diseased’. A statistical analysis

of these two groups leads to calculations of estimated

probabilities of disease, without knowing which patients

have the disease and which do not.

Latent class analysis relies on the results of multiple

data points or test results in a population of patients. The

estimation of test accuracies and prevalence are performed

using either maximum likelihood (ML) (which is a stan-

dard method of statistical inference [9, 14] that obtains

parameter estimates that maximize the probability of

observing the actual data), or the Bayesian method [4, 10]

(which incorporates scientific knowledge into the data

analysis that is independent of the currently sampled data,

and which does so by simply obeying known probability

laws), or both. The quality of inferences based on ML

estimation depend on having a reasonable model for the

data, on having large sample sizes, and on not having

estimates that are too close to one or zero (for example,

they will not work well if one of the tests is nearly perfect).

Bayesian methods also rely on having a reasonable model

for the data, but they do not rely on having large sample

sizes or on having estimates that are not near zero or one.

The downside of Bayesian methods is that they rely on

expert estimations of the actual situation, which if accurate

will improve inferences, but if not will hinder them unless

sample sizes are reasonably large (in which case these

estimations play a lesser role in the final inference).

Other diseases lacking a consensus reference standard

have been studied using latent class analysis, such as

peripheral joint psoriatic arthritis [32], carpal tunnel syn-

drome [22], and various infectious diseases [3, 8, 11, 34].

Its use in some of these studies confirm that the diagnostic

performance values of various tests are similar to those

found with traditional analysis based on a reference stan-

dard, which supports the accuracy of the reference

standard.

In a previous publication we explored the application of

latent class analysis in orthopaedic diagnostic studies and

provided a brief description of the current study and its

conclusions [7]. This publication is intended to provide a

complete description of that study to assess the diagnostic

performance characteristics of true fractures among sus-

pected scaphoid fractures using latent class analysis and

using standard formulas based on a reference standard.

Patients and Methods

We applied latent class analysis to data from two pro-

spective cohort studies: in one we compared MRI with CT,

and in the other we compared MRI with bone scintigraphy

and clinical tests. Both trials were approved by a Medical

Ethical Committee and all patients gave written informed

consent for participation.

The first cohort (MRI versus CT) included 34 patients

diagnosed with a suspected scaphoid fracture in the

Emergency Department between April and October 2008

[25]. We included adult patients presenting within 24 hours

of injury and having tenderness of the scaphoid in the

anatomic snuffbox and normal scaphoid-specific radio-

graphs with a minimum of three views. We excluded

patients with any concurrent distal ulna, radius, or carpal

fracture, previous scaphoid fracture, rheumatoid arthritis,

and cognitive dysfunction limiting clinical evaluation. At

the time of treatment all radiographs were independently

evaluated by the treating radiologist and the treating trauma

surgeon. All patients underwent MRI and CT. We per-

formed both examinations on the same day, at an average

of 3.6 days (range, 0–10 days) after initial trauma. All MRI

studies were performed with an open 1.0 Tesla MR scanner

(Panorama 1.0 T, Philips Medical Systems, Eindhoven,
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The Netherlands). The standard scaphoid protocol (Sense

wrist coil), with a slice thickness of 3 mm and 0.6-mm gap,

included the following series: localizer, Cor STIR, and Cor

SE T1. The patient was positioned supine with the forearm

and wrist alongside the body. The open MR scanner

allowed for central placement of the hand relative to the

magnetic field, resulting in improved image quality when

compared with off-centered scanning in a conventional

tube. Multidetector, high-resolution CT was performed in

all patients using a 64-slice CT-scan (Brilliance, Philips

Medical Systems, Eindhoven, The Netherlands) in the

following sequence: high-resolution 0.5-mm slices section

thickness. The scan covered the wrist from the distal

radioulnar joint to the carpometacarpal joints. Patients

were positioned in the ‘‘superman’’ position, prone with the

affected arm above the body and the palm facing down. We

made reconstructions in planes, defined by the long axis of

the scaphoid [30]. Sagittal plane images of the scaphoid

were defined as reconstructions that provided a lateral view

of the scaphoid bone, as defined by the central longitudinal

axis of the scaphoid. Coronal plane images were those that

provided a posteroanterior view of the scaphoid in the

anatomic plane and in line with the axis of the scaphoid [1,

24]. Criteria for a scaphoid fracture on CT images were the

presence of a sharp lucent line within the trabecular bone

pattern, break in the continuity of the cortex, sharp step in

the cortex, or dislocation of bone fragments. Criteria for a

fracture on MRI included the presence of a cortical fracture

line, trabecular fracture line, or combination of both. In

addition to these criteria, any extensive focal zone of

edema without a clear cortical fracture line, comparable

with that seen with a stress fracture, was discussed to

decide if the findings represented a fracture. Three of us

(JCG, MM, and CNvD) formed the panel that evaluated

MR images, CT images, and all radiographs at the nominal

6-week followup (average, 48 days; range, 35–74 days

postinjury) until a consensus opinion was reached. Inter-

observer reliability, measured with the multirater kappa

measure described by Siegel and Castellan [31], was j =

0.62, which reflects overall substantial agreement. The

reference standard for a true scaphoid fracture was an

abnormal lucent line in the scaphoid [26].

The second cohort (MRI versus bone scintigraphy and

clinical tests) included 78 patients who visited one emer-

gency department for a suspected scaphoid fracture

between April 2004 and January 2007 [28]. We included

adult patients with a suspected scaphoid fracture (tender

anatomic snuffbox and pain in the snuffbox when applying

axial pressure on the first or second digit), recent trauma

(within 48 hours), and no evidence of a fracture on

scaphoid-specific radiographs. We excluded patients with

polytraumatic injuries and patients with bilateral suspected

scaphoid fractures. Clinical tests were performed at initial

presentation, MRI within 24 hours, and bone scintigraphy

between 3 and 5 days after trauma. Experienced physicians

performed all clinical tests, according to a predefined and

standardized method on the suspected and contralateral

sides, consisting of (1) inspection of the anatomic snuffbox

for the presence of a hematoma and/or swelling in com-

parison to the contralateral side, (2) measurements of range

of wrist flexion and extension, (3) measurements of supi-

nation and pronation strength using a custom-made

hydraulic dynamometer (LUMC, Leiden, Netherlands),

and (4) measurements of grip strength using a hydraulic

hand dynamometer (Saehan Corporation, Masan, Korea).

All measurements were expressed as a percentage of the

uninjured side. Motion and strength tests were considered

positive if there was a loss of 25% or greater compared

with the uninjured side. MRI studies were performed with a

1.5 Tesla MR scanner (Siemens Medical Solutions,

Erlangen, Germany). The patient lay prone on the scanner

couch with the hand suspected of a scaphoid fracture

extended forward, palm down, over his or her head. The

flexible surface coil then was wrapped around the wrist.

The MRI protocol included coronal T1-weighted turbo

spin-echo images with a TR of 450 ms, TE of 13 ms, field

view of 180 mm, base resolution of 512, two averages,

slice thickness of 3 mm with a distance factor of 10%, and

scan time of 2.17 minutes. The parameters for the coronal

fat-suppressed T2-weighted fast spin-echo images were

5220/73 ms (TR/TE), field of view of 220 mm, base

resolution of 448, three averages, slice thickness of

3 mm with a distance factor of 10%, and scan time of

4.33 minutes. All MRI scans were independently rated by

two radiologists (EGC and LMK). Bone scintigraphy was

performed using a standard protocol of images of the early

static phase, on a SKYlight gamma camera (Philips Med-

ical Systems, Eindhoven, The Netherlands). Palmar and

dorsal images of both wrists were obtained between 2.5 and

4 hours after injection of 500 MBq of technetium-99 m

diphosphonate (Tc-99 m-HDP) to observe the osteoblast

activity. Observations were performed by an experienced

clinical nuclear physician (JWA). The reference standard

for a true scaphoid fracture was a combination of MRI,

bone scintigraphy, and clinical examination results. Where

there was a discrepancy between MRI and bone scintig-

raphy (ie, only one tested positive), a true fracture was

defined as an abnormal lucent line in the scaphoid observed

on radiographs at the 6-week followup or as scaphoid

tenderness more than 2 weeks after injury.

Latent class analysis looks for groups of test results (or

latent classes) that represent levels of disease probability.

The latent classes cannot be observed directly (eg, a frac-

ture), but the resultant (eg, a sharp lucent line in the

trabecular bone pattern on CT) from which these latent

characteristics are inferred can be observed. Depending on
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whether the results of the tests are related, two methods can

be used. These methods have been described previously in

more detail with examples [7].

The ML-based method, developed by Hui and Walter

[18], assumes conditional independence of the tests,

meaning that presence or absence of one symptom, sign, or

test result is unrelated to the presence or absence of all

others, conditional on true disease status. Walter designed

the program LATENT1 (Latent1 Software, Version 3,

McMaster University, Hamilton, Ontario, Canada), which

calculates the ML estimates and gives confidence intervals

for test accuracies and prevalence. In addition to the basic

parameters, LATENT1 provides positive predictive values

for each pattern of test results or latent class. Because we

assumed that the four diagnostic tests of the first cohort

(MRI, CT in the planes of the scaphoid or wrist, and

6-week radiography) met the conditional independence

criteria, we used LATENT1 software for analysis. This

assumption was based on the fact that the interpretation of

each these tests was blinded to the result of the other tests.

In the second cohort (MRI versus bone scan), we did not

expect the seven clinical test results to be unrelated to the

others because the examiner knew the result of each test.

Therefore, the data violate the conditional independence

assumption of standard latent class analysis, and require the

use of a recently developed latent class analysis model

based on Bayesian methods that allow for conditional

dependence among multiple test results by relying on

surgeon estimation of plausible dependencies between test

results [21]. Johnson et al. [20] provided Bayesian methods

for the Hui-Walter model and Dendukuri and Joseph [12]

extended the model to incorporate two additional depen-

dence parameters (one for each latent class), in the case of

two diagnostic tests. We considered all clinical tests to be

conditionally dependent, and we considered MRI to be

independent of all tests other than the reference standard

and bone scintigraphy.

We based our surgeon estimates on the lowest thresh-

olds of each parameter’s range that was reported in a

review of the literature [38]. Specifically we selected the

following values: 0.78 [6] for sensitivity and 0.52 [27] for

specificity of bone scintigraphy; 0.8 [5] for sensitivity and

0.95 [19] for specificity of MRI; and 0.05 for prevalence of

true fractures among suspected scaphoid fractures [37]

(Appendix 1).

Results

The diagnostic performance characteristics calculated

using latent class analysis differed from those calculated

using the traditional methods based on a reference standard

in both cohorts. In the first cohort, both methods showed

CT in the scaphoid planes had the highest diagnostic per-

formance values, and CT in the axial and sagittal planes

had the lowest (Table 1). For the latter, the diagnostic

performance values were similar in both methods (Se, 0.16

versus 0.17; Sp, 0.89 versus 0.89). However, the sensitivity

and specificity of CT in the scaphoid planes (Se, 0.78

versus 0.67; Sp, 1.0 versus 0.96) and MRI (Se, 0.80 versus

0.67; Sp, 0.93 versus 0.89) were slightly higher in the latent

class analysis than the reference standard calculations and

the prevalence was slightly greater (18.9% versus 17.6%).

The positive predictive value in latent class analysis for a

true scaphoid fracture in case of positive CT and MRI was

1.0, regardless of a negative 6-week radiography result;

and in case of negative CT and MRI studies and positive

6-week radiography, the positive predictive value was 0.21

(Table 2).

When compared with the calculations based on a ref-

erence standard in the second cohort, the latent class

analysis sensitivity was slightly lower for bone scintigra-

phy (Se, 0.94 versus 1.0) and the specificity was equal,

whereas for the MRI, the sensitivity was substantially

higher and the specificity was slightly lower (Se, 0.75

versus 0.84; Sp, 1.0 versus 0.99) (Table 3). Motion and

strength test sensitivities of five tests ranged between 0.63

and 0.73 in the latent class analysis versus a sensitivity of

1.0 with the reference standard. With the exception of the

test for loss greater than 25% of wrist flexion, the speci-

ficities of the other four tests on motion and strength were

slightly higher in the latent class analysis (range, 0.14–0.27

Table 1. Latent class analysis versus reference standard calculations for Cohort 1 (MRI versus CT)

Diagnostic test Latent class analysis Calculations using reference standard

Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)

CT (scaphoid plane) 0.78 (0.36–1.0) 1.0 (0.96–1.0) 0.67 (0.36–0.80) 0.96 (0.90–0.99)

CT (wrist) 0.16 (0–0.45) 0.89 (0.77–1.0) 0.17 (0.03–0.44) 0.89 (0.86–0.95)

MRI 0.80 (0.41–1.0) 0.93 (0.83–1.0) 0.67 (0.34–0.89) 0.89 (0.82–0.94)

Radiographs (6 weeks) 0.80 (0.40–1.0) 0.97 (0.89–1.0)

Prevalence (%) 18.9 17.6

CI = confidence interval.
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versus range, 0.6–0.23). The latent class analysis estimates

of the presence of snuffbox swelling showed a higher

sensitivity (0.63 versus 0.42) and a lower specificity (0.41

versus 0.76), whereas for the presence of a hematoma, the

estimates showed a lower sensitivity (0.36 versus 0.92) and

a higher specificity (0.71 versus 0.32).

Discussion

There is no consensus reference standard for a true

scaphoid fracture. All previous studies have calculated

diagnostic performance characteristics based on debatable

reference standards such as radiographs of the scaphoid

obtained 2 or 6 weeks after fracture. Our analysis shows

that diagnostic performance characteristics calculated with

latent class analysis are notably different from those cal-

culated using traditional methods based on a reference

standard. It is not possible to state which numbers are more

accurate, but the differences in the numbers emphasize that

we are dealing with probabilities rather than certainties of

fracture and that our choice of the reference standard can

affect those probabilities. It is possible that latent class

analysis will provide more accurate and meaningful prob-

abilities, but this would need to be tested prospectively,

using meaningful outcomes such as union, disability, time

away from work and sport, and costs.

Our study had some limitations. First, our analysis is

based on data made available to us and is subject to all its

weaknesses enumerated in the previous publications, but

primarily relate to small sample size for our purposes.

Although the first cohort had a small sample size, the ML

was applicable as all diagnostic tests met the conditional

independence criteria and not only sample size but the ratio

of the number of tests to sample size is important for

reliability of the method. The ratio in Cohort 1 was deemed

large enough for this method to be reliable, and addition-

ally we presented the estimated 95% bootstrap confidence

intervals, which are more appropriate than ML-based

intervals when sample sizes are small to moderate, as is the

Table 2. Positive predictive values for fracture given a particular

pattern of test outcomes using data from Cohort 1

CT scaphoid

plane

CT wrist MRI Radiographs

(6 weeks)

Probability of

scaphoid fracture

� � � � 0.0021

+ � � � 0.9986

� + � � 0.0032

+ + � � 0.9991

� � + � 0.1055

+ � + � 1

� + + � 0.1535

+ + + � 1

� � � + 0.2105

+ � � + 1

� + � + 0.2906

+ + � + 1

� � + + 0.9377

+ � + + 1

� + + + 0.9586

+ + + + 1

+ = postive test result; � = negative test result.

Table 3. Latent class analysis versus reference standard calculations using data from Cohort 2 (MRI versus bone scintigraphy versus clinical

tests)

Diagnostic test Latent class analysis Calculations using reference standard

Sensitivity (95% PI) Specificity (95% PI) Sensitivity (95% CI) Specificity (95% CI)

Snuffbox swelling 0.63 (0.45–0.80) 0.41 (0.31–0.54) 0.42 (0.20–0.66) 0.76 (0.72–0.80)

Hematoma 0.36 (0.18–0.54) 0.71 (0.61–0.80) 0.92 (0.68–0.99) 0.32 (0.27–0.33)

Flexion loss less than 25% 0.63 (0.46–0.82) 0.33 (0.22–0.43) 1.00 (0.78–1.0) 0.29 (0.25–0.29)

Extension loss less than 25% 0.72 (0.56–0.87) 0.27 (0.20–0.38) 1.00 (0.79–1.0) 0.23 (0.19–0.23)

Grip strength loss less than 25% 0.73 (0.52–0.89) 0.14 (0.07–0.22) 1.00 (0.83–1.0) 0.08 (0.05–0.08)

Pronation strength loss less than 25% 0.70 (0.53–0.87) 0.15 (0.10–0.25) 1.00 (0.82–1.0) 0.09 (0.06–0.09)

Supination strength loss less than 25% 0.65 (0.38–0.81) 0.15 (0.09–0.23) 1.00 (0.85–1.0) 0.06 (0.03–0.06)

MRI 0.84 (0.65–0.96) 0.99 (0.96–1.0) 0.75 (0.57–0.75) 1.00 (0.97–1.0)

Bone scan 0.94 (0.80–0.99) 0.89 (0.79–0.95) 1.00 (0.80–1.0) 0.89 (0.86–0.89)

Reference standard 0.86 (0.56–0.97) 0.97 (0.91–0.99)

Prevalence (%) 15.8 15.4

PI = probability interval; CI = confidence interval.
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case here. Second, there is the possibility that the estima-

tions used in the Bayesian analysis of the second cohort are

inaccurate. Third, the assumption of conditional indepen-

dence of some of the tests could be incorrect in the first

cohort (which introduces large biases if there is more than

slight dependence [16], which we think is unlikely).

Fourth, the model could not be validated as cross validation

has not been used in latent class analyses and bootstrap is

used to cope with small sample ML problems, among

others.

Latent class analysis is increasingly used to study

diagnostic tests for diseases lacking a consensus reference

standard [3, 8, 11, 22, 32, 34], particularly in the field of

psychiatry [13]. In a study similar to ours, Faraone and

Tsuang [13] analyzed prior data for the diagnosis of major

depressive disorder [29] with traditional reference stan-

dard-based calculations and latent class analysis and found

consistency between the statistical methods, suggesting

that psychiatric diagnoses may be highly accurate.

Meta-analyses of diagnostic tests also can account for

the lack of a reference standard by calculating adjusted

summary receiver operating characteristic (SROC) curves

using pooled diagnostic performance characteristics,

allowing for the possibility of errors in the reference

standard, through use of a latent class model [36]. The

model presumes the true disease status of each subject is

unknown, or latent, and uses parameter estimates to cal-

culate a set of fitted frequencies for the numbers of true

(but unobserved) cases and noncases, adjusted for the

misclassification in the reference standard.

Given the imperfect reference standards for diagnosis of

a true fracture among suspected scaphoid fractures, it is

not surprising that there were notable differences in the

diagnostic performance characteristics calculated using

traditional and latent class analyses in our two cohorts. In

the first cohort, it is notable that the sensitivity and speci-

ficity of CT and MRI calculated by latent class analysis

were in the range of those in a previous study [38], whereas

those calculated using traditional analysis were not. The

sensitivity and specificity of MRI calculated using analysis

based on a reference standard were lower than the lowest

previously reported [5, 19]. All diagnostic performance

parameters calculated by latent class analysis were closer

to the average diagnostic parameters based on pooled data

in a meta-analysis [38].

In the second cohort, the sensitivity of MRI calculated

by latent class analysis also was closer to the average

sensitivity based on pooled data in a meta-analysis [38].

Physical tests of strength and motion were 100% sensitive

according to calculations using a reference standard and

only 63% to 73% sensitive when using latent class analysis,

indicating their utility for triage of suspected scaphoid

fractures is questionable. These results were comparable to

those of Unay et al. [35], who evaluated the diagnostic

performance characteristics of 10 physical examination

maneuvers for the triage of suspected scaphoid fractures

using MRI as the reference standard. In their study, sen-

sitivities ranged between 67% and 79% and the

specificities ranged between 20% and 75%. The reason that

the traditional analysis overestimates the sensitivity of

physical examination maneuvers in the second cohort is

probably because physical examination was part of the

reference standard for defining a true fracture. Latent class

analysis can help determine shortcomings of reference

standards.

According to latent class analysis, the reference standard

used in the first cohort (radiographs taken 6 weeks after

injury) is only 80% sensitive and 97% specific for a true

fracture, and the reference standard used in the second

cohort (a combination of radiographic and physical

examination test results) from MRI and bone scintigraphy

is only 86% sensitive and 97% specific. The most com-

monly used reference standard in the evaluation of

diagnostic tests for triage of suspected scaphoid fractures is

the absence of radiographic evidence of a scaphoid fracture

on scaphoid-specific radiographs obtained a minimum of

6 weeks after injury [38]. This reference standard is con-

troversial [15, 23]. Low and Raby [23] reported poor

accuracy and reliability for followup radiography as a

diagnostic test for scaphoid fractures with normal initial

radiographs. Nondisplaced scaphoid fractures can be sub-

tle, such that we cannot agree on a reliable reference

standard. Furthermore, some nondisplaced fractures are not

visible at the bone or articular surface because the cartilage

is not disrupted, making even arthroscopy imperfect as a

reference standard. It is conceivable that there will never be

a consensus reference standard for the diagnosis of true

fractures among suspected scaphoid fractures.

Given that the diagnostic performance characteristics of

tests used for the diagnosis of true fractures among sus-

pected scaphoid fractures are notably different depending

on whether traditional or latent class analysis is used,

additional research is needed to determine which method

leads to better patient care. An imperfect or debated ref-

erence standard is commonplace in orthopaedic surgery

and latent class analysis might merit wider utilization if it

provides more accurate information that leads to better

patient care. Given the inherent uncertainty in many

diagnostic methods it might be appropriate, for many if not

most illnesses, that patients and doctors base decisions on

probabilities of disease rather than the traditional dichot-

omous, all or none, concept of disease.
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Appendix 1. Model Parameterization

The following information was incorporated into the

model. This required that each parameter would be

assumed to be larger than each of the ‘lowest threshold’

values with high certainty. Specifically, the prior proba-

bility of each parameter being larger than the lowest

threshold was set to 95%. The beta (a,b) distribution

describes a figure starting at 0 and ending at 1 that is

entirely above the horizontal axis and which has a total

area of 1, as areas underneath it correspond to modeled

probabilities. The curves we used have 95% of the area

above the lower threshold value and simply increase from

that point on, indicating a lack of specific knowledge about

particular values above them. Values of a and b were

selected to have these characteristics. The beta (12.06, 1)

(lower threshold is 0.78) and beta (4.58, 1) (lower threshold

is 0.51) distributions were selected for the sensitivity and

specificity of bone scintigraphy; and beta (13.43, 1) (lower

threshold is 0.8) and beta (50.40, 1) (lower threshold is

0.94) for the sensitivity and specificity of MRI. For prev-

alence we selected beta (2.73, 9.0) which has a lower

threshold of 0.07 and a most likely value of 0.18.
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