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What Is a Clinical Prediction Rule?

A clinical prediction rule (CPR) combines signs and symp-
toms, patient demographics, and other predictive factors to
estimate disease probability, treatment prognosis, or risk of
complications.1 CPRs are valuable in themedicalfield because
they may inform policy changes, influence clinical practice,

and guide the design of future research studies. In terms of
public policy, prediction models can help develop preventive
strategies and outline protocols for the management of high-
risk asymptomatic patients. In a clinical setting, CPRs are
useful because they can (1) inform patients of their risk of
disease development; (2) provide an evidence-based tool to
help clinicians make decisions about screening, diagnostic
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Abstract Study Design Commentary.
Objective This commentary aims to discuss the practical applications of a clinical
prediction rule (CPR) developed to predict functional status in patients undergoing
surgery for the treatment of degenerative cervical myelopathy.
Methods Clinical cases from the AOSpine CSM-North America study were used to
illustrate the application of a prediction rule in a surgical setting and to highlight how
this CPR can be used to ultimately enhance patient care.
Results A CPR combines signs and symptoms, patient characteristics, and other
predictive factors to estimate disease probability, treatment prognosis, or risk of
complications. These tools can influence allocation of health care resources, inform
clinical decision making, and guide the design of future research studies. In a surgical
setting, CPRs can be used to (1) manage patients’ expectations of outcome and, in turn,
improve overall satisfaction; (2) facilitate shared decision making between patient and
physician; (3) identify strategies to optimize surgical results; and (4) reduce heteroge-
neity of care and align surgeons’ perceptions of outcome with objective evidence.
Conclusions Valid and clinically-relevant CPRs have tremendous value in a surgical
setting.
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testing, and therapeutic interventions (i.e., timing, type, and
intensity); (3) facilitate shared decision making between
patients and physicians; (4) help manage patients’ expect-
ations; (5) evaluate the cost-effectiveness of treatment by
providing information on prognosis; and (6) reduce hetero-
geneity of practice across centers. From a research perspec-
tive, knowledge of important predictors can help design
appropriate inclusion and stratification criteria for future
studies and can identify relevant confounders to optimize
robust statistical analyses.

The Acute Physiology and Chronic Health Evaluation II
(APACHE II) and the model for end-stage liver disease are two
examples of common CPRs used in a clinical setting.2,3 The
APACHE II is an intensive care unit scoring system that
incorporates 12 physiologic measurements, age, and medical
history to assess disease severity and risk of mortality.2 This
score is used to identify life-threatening physiologic prob-
lems and to guide the development of suitable treatment
strategies. Furthermore, this knowledge can inform con-
cerned family members about the risk of subsequent hospital
death. On the hand, the model for end-stage liver disease
score uses a patient’s bilirubin and creatinine levels and the
international normalized ratio from prothrombin time to
evaluate disease severity, estimate the chance of survival,
and prioritize recipients of liver transplants.3 These two
examples demonstrate that CPRs can be used to identify
high-risk patients, assess severity of disease, and provide
prognostic information to patients and their families.

A Clinical Prediction Rule in a Surgical
Setting

There is an increasing need for clinicians to accurately and
objectively quantify a patient’s likely surgical outcome. A CPR
was recently developed to predict functional status in pa-
tients undergoing surgery for the treatment of degenerative
cervical myelopathy (DCM).4 The primary objective of this
commentary is to describe the clinical application of this CPR
and, through the use of examples, explain how it can ulti-
mately improve patient care.

DCM is a progressive, degenerative spine disease and the
most common cause of spinal cord dysfunction in adults
worldwide.5,6 The term degenerative cervical myelopathy
was originally described by Nouri et al to encompass a wide
range of pathologies, including cervical spondylotic mye-
lopathy and ossification of the posterior longitudinal liga-
ment.7 Current reports on the natural history have
suggested that 20 to 62% of patients with symptomatic
DCM will deteriorate over time if they are not treated
surgically.8 Surgery is primarily recommended to halt
disease progression and prevent the exacerbation of neu-
rologic signs and symptoms. Furthermore, patients under-
going surgical decompression exhibit significant
improvements in neurologic outcomes, functional status,
and health-related quality of life.9,10 Although the majority
of patients do improve postoperatively, some achieve bet-
ter outcomes than others. Given these varying prognoses, it
is critical to accurately predict how well each patient will

fare after surgery and who is likely to benefit the most from
intervention.

This CPR was developed to discriminate between patients
with mild myelopathy at 1 year following surgery (modified
Japanese Orthopaedic Association [mJOA] �16) and those
with substantial residual neurologic impairment (mJOA
< 16).4 A score of 16 on the mJOA translates to greater social
independence, minimal neurologic signs and symptoms, and
an ability to perform activities of daily living. The original CPR
included six statistically significant clinical variables and one
clinically relevant imaging parameter. Based on the model,
patients weremore likely to achieve a score of�16 if they had
milder disease preoperatively, had a shorter duration of
symptoms, did not smoke, were younger, did not have
psychiatric disorders or impaired gait, and had a larger
transverse area. Results from a recent systematic review,
however, revealed that transverse area is not predictive of
outcome; this imaging parameter was consequently removed
from the model to increase its relevance in a clinical set-
ting.11,12 The following equation (Eq. 1) summarizes this CPR:

P¼e1.59þ(�0.81)Psþ(0.19)mJOA0þ(�0.036)Aþ(0.91)IGþ(�0.69)Sþ(0.27)DS/
1þe1.59þ(�0.81)Psþ(0.19)mJOA0þ(�0.036)Aþ(0.91)IGþ(�0.69)Sþ(0.27)DS

where P is the probability of achieving an mJOA score �16, Ps
is depression or bipolar disorder (1: absent, 2: present),
mJOA0 is the preoperative myelopathy severity as evaluated
by the mJOA (0 to 18), A is age in years, IG is impaired gait (1:
present: 2: absent), S is smoking status (1: nonsmoker, 2:
smoker), and DS is duration of symptoms (1: �3 months; 2:
>3 but �6 months; 3: >6 but �12 months; 4: >12 but �24
months; 5: >24 months).

Validation of This Clinical Prediction Rule

The original CPR was developed using data on patients
enrolled at spine care centers in Canada and the United
States. As a result, this model truly reflects the patient
demographics, disease causation, management strategies,
and health care systems of North America. Unfortunately,
several differences may exist across countries, cities, and
centers that could decrease the generalizability of our model
and render it invalid at sites outside of North America. Some
of these include differences in (1) disease definitions and
clinical presentation, (2) average demographics, (3) interpre-
tation of predictors or assessment of outcome, (4) access to
care, and (5) management strategies.

To assess external validity, we evaluated the discrimina-
tion and calibration of our CPR on a data set of surgical
patients enrolled at centers across the world. Based on our
results, themodel displayedgoodpredictive performance and
adequate calibration in the international data set.12

Using Eq. 1 to Predict Outcome

The patient, a 57-year-old nonsmoking woman, presented with
severe myelopathy (mJOA ¼ 11) secondary to spondylosis, disk
herniation, and hypertrophy of the ligamentum flavum. This
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patient complained of gait impairment, clumsy hands, and
weakness and upon clinical examination displayed evidence of
lower limb spasticity, hyperreflexia, broad-based unstable gait,
and atrophied intrinsic handmuscles. Her preoperative duration
of symptoms was 14 months. The patient also had a heart
arrhythmia and moderate hypertension.

The variables relevant to the prediction equation are
baselinemJOA, duration of symptoms, impaired gait, smoking
status, psychiatric health, and age. ►Table 1 displays the
numbers that must be entered into Eq. 1 to compute the
probability of achieving a score �16. This probability was
calculated as 48.95%.

P¼e1.59þ(�0.81)(1)þ(0.19)(1)þ(�0.036)(57)þ(0.91)(1)þ(�0.69)(1)þ(0.27)

(4)/1þe1.59þ(�0.81)(1)þ(0.19)(1)þ(�0.036)(57)þ(0.91)(1)þ(�0.69)(1)þ
(0.27)(4)¼49.0%

Clinical Application of This Clinical Prediction
Rule

In a surgical population, a CPR can be used to manage
patients’ expectations, facilitate shared decision making,
identify ways to optimize results, and standardize practice
across centers. The following explanations and case examples
highlight how this CPR can be used in these four ways to
improve patient care.

Manage Patients’ Expectations and Improve Overall
Satisfaction
In the United States, recent legislative developments require
clinicians to report patient satisfaction in their assessment of
overall treatment outcomes.13 The Centers for Medicare and
Medicaid Services (CMS), hospitals, and insurance providers
have identified patient satisfaction as amajor component and
predictor of overall quality of care.13 As part of a CMS hospital
inpatient value-based purchasing program, Medicare reim-
bursements are increasingly linked to patient satisfaction.

Furthermore, as of 2013, CMS has provided “value-based”
incentive payments to acute care hospitals in part based on
results from patient satisfaction surveys.14

Patient satisfaction is not exclusively based on clinical out-
comes and can be strongly influenced by several extraneous
factors, including the politeness of the staff, cleanliness of the
facilities, surgical wait times, and physician’s communication
skills. Furthermore, according to a study by Hamilton et al, the
extent to which a patient’s preoperative expectations are met is
also a significant predictor of overall satisfaction of surgery.15

Expectations are “the yardstick by which our patients
measure the course of recovery, occurrence of complications
and the outcome.”16

Patients’ expectations, however, are often influenced by
anecdotal evidence provided by friends and family, informa-
tion obtained from the Internet, and various news sources
and past surgical experiences. The attending surgeon must
use the consent discussion as an opportunity to outline risks
and benefits of the procedure, provide accurate outcome
information, and correctly manage patients’ expectations.
However, these expectations are also affected by how the
patient understands the information provided by the surgeon
and how he or she translates it into “actionable beliefs,”16

which further depends on several factors such as mental
state, attitude, and individual or cultural values. As a result,
patients may form different expectations than those the
surgeon is attempting to communicate.

A quantitative tool used to predict surgical outcome can
help a surgeon more effectively convey prognostic informa-
tion and give the patient a better understanding of how he or
she should expect to fare following intervention. Patients’
expectations will therefore be more appropriately managed
and, accordingly, overall satisfaction will likely improve.

Facilitate Shared Decision Making and Counsel
Concerned Patients as to Potential Treatment Options
Predicting surgical outcome can also facilitate shared decision
making between the patient and physician. An estimate of the
risks and benefits must be presented to the patient in order for
him or her to make informed decisions about the various
treatment options. During the consent process, the discussion
between thepatient andphysician should includeapredictionof
surgical outcome, the consequences of not undergoing surgery,
and the probability of achieving social independence. This CPR
canprovide this information to both the surgeon and the patient
and enable shared decision making.

Identify Strategies to Optimize Results
A CPR can also help clinicians identify strategies to optimize
surgical results. We must first distinguish between the pre-
dictors that clinicians have control over from those that
cannot be changed.

• Age: A patient’s age is unchangeable.

The other five factors are modifiable:

• Duration of symptoms: A longer duration of symptoms is
associated with a worst postoperative outcome. To

Table 1 An example of how to use a clinical prediction equation
to evaluate outcome

Predictor Patient
information

Entered into Eq. 1

Baseline mJOA 11 mJOA0 ¼ 11

Duration of
symptoms (mo)

14 DS ¼ 4

Impaired gait Present IG ¼ 1

Smoking status Nonsmoker S ¼ 1

Psychiatric
comorbidities

No depression
or bipolar

Ps ¼ 1

Age (y) 57 A ¼ 57

Abbreviations: A, age in years; DS, duration of symptoms (1:�3 months;
2: >3, �6 months; 3: >6, �12 months; 4: >12, �24 months; 5: >24
months); IG, impaired gait (1: present, 2: absent); mJOA0, baseline
modified Japanese Orthopaedic Association score (0–18); Ps, depression
or bipolar disorder (1: absent, 2: present); S, smoking status (1:
nonsmoker, 2: smoker).

Global Spine Journal Vol. 5 No. 6/2015

The Practical Application of Clinical Prediction Rules Tetreault et al. 459

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



improve the prognosis, clinicians can choose to operate
earlier on patients with DCM rather than waiting for the
disease to progress. This option, however, requires that
primary care physicians accurately detect DCM at early
disease stages, differentiate between it and mimicking
diagnoses, and refer patients immediately for surgical
consultation.17

• Baseline severity score: Severer preoperative myelopathy
is also predictive of a worse outcome. This point can be
changed by earlier detection of DCM and by prioritizing
consultation and surgery for these patients.

• Smoking status: It is unclear why smokers have a worse
postoperative outcome than nonsmokers. Previous studies
have suggested that smokers have higher rates of non-
fusion and wound infections than nonsmokers.18 We,
however, speculated that smoking is a surrogate for lower
socioeconomic status, poorer dietary choices, the presence
of comorbidities, and less access to postsurgical care.
Further research is required to confirm these hypotheses;
however, until this research is done, surgeons should
promote smoking cessation prior to surgery to optimize
outcomes.

• Psychiatric disorders: Patients with depression or bipolar
disorder do not perform as well following surgery. Some
surgeons will preselect their patients according to their
mental state andwill not operate on thosewith psychiatric
comorbidities. It is recommended that these patients seek
counseling prior to intervention to improve outcomes,
recovery, and satisfaction.

• Impaired gait: Patients with gait dysfunction typically
have more severe spinal cord dysfunction and score lower
on a preoperative mJOA assessment. The presence of
impaired gait is also predictive of a worse outcome. This
factor is related to a patient’s duration of symptoms and
the baseline severity score: if a patient is operated on
earlier and at a milder disease stage, he or she may not
have progressed to displaying evidence of gait
impairment.

It is important to note that this model is not intended to
evaluate surgical candidacy or identify patientswho aremore
likely to benefit from surgical intervention than conservative
management. Furthermore, there are only a few situations
where our CPR would recommend against surgery: (1) the
patient is very old and frail; (2) the patient is at high risk of
experiencing a major complication; or (3) the patient has
several comorbidities and poor general health status.

Reduce Heterogeneity of Care and Align Surgeons’
Perceptions of Outcome with Objective Evidence
According to a study by Davidson et al, there is substantial
variability between clinicians in terms of the information
they convey to their patients with spinal cord injuries.19 In
this study, a questionnaire was distributed to spine sur-
geons across North America who specialized in the man-
agement of traumatic spinal cord injury. This survey was
designed to evaluate the type of prognostic information
surgeons provide to their injured patients and to assess the

variability of responses across practices. The questionnaire
presented various case vignettes and asked questions such
as, “How long will it take this patient to return to work?”;
“What are the chances this patient will be free of back pain
and stiffness 1 year after surgery?”; and “What do you tell
your patient concerning the chances for functional recov-
ery in his or her lower extremities?” Ideally, all surgeons
would be well informed of the existing prognostic litera-
ture and provide similar responses to these questions. This
ideal, however, was not the case; the results indicated
substantial variability in the information surgeons provide
to their patients about how they are expected to fare
following intervention.

Similarly, in DCM, surgeons often have different percep-
tions of surgical prognosis, which is likely due to the contro-
versy in the literature surrounding the most important
clinical and imaging predictors of surgical outcome. Our
CPR can be used across centers to objectively quantify a
patient’s likely outcome, align surgeons’ perceptions with
more objective evidence, and ensure that consistent and
accurate information is being conveyed to patients.

Example Cases

In this section, we present example cases to illustrate how
this CPR can be used to manage patients’ expectations,
counsel concerned patients as to the potential treatment
options, and align surgeons’ perceptions with objective
evidence. ►Table 2 summarizes how the probability of
achieving a score of mJOA �16 was calculated.

Manage Patients’ Expectations and Improve Overall
Satisfaction
The following two cases demonstrate how predicting out-
come before surgery can aid in managing expectations.

• Case 1: A 49-year-old nonsmoking man presented with
moderate myelopathy (mJOA ¼ 14) secondary to spondy-
losis, disk herniation, and congenital stenosis. This patient
had numb and clumsy hands, muscular weakness, cortico-
spinal motor deficits, hyperreflexia, and upgoing plantar
responses. The duration of symptoms was 2 months. The
patient also had coexisting moderate hypertension, mild
respiratory disease, and mild diabetes.

• Case 2: A 69-year-old nonsmoking man presented with
moderate myelopathy (mJOA ¼ 13) secondary to spondy-
losis, disk herniation, and hypertrophied ligamentum
flavum. This patient had numb and clumsy hands, an
impaired gait, muscular weakness, corticospinal distribu-
tion motor deficits, hyperreflexia, a positive Hoffman sign,
upgoing plantar responses, and a broad-based unstable
gait. The duration of symptoms was 120 months. The
patient had a mild stroke (►Fig. 1).

Based on estimates computed by Eq. 1, case 1 has a 92.7%
chance of improving to an mJOA score �16 whereas case 2
only has a 41.0% chance of achieving this outcome. These
patients should be managed differently during the surgical
consent process. The attending surgeon should inform both
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patients that they are likely to improve following surgery but
should notify case 2 that he will still have substantial residual
neurologic deficit and may require assistance with activities
of daily living. This information will help manage case 2’s
expectations of outcome and, in turn, help to improve his
overall satisfaction.With respect to observed outcome, case 1
was neurologically normal postoperatively (mJOA ¼ 18),
whereas case 2 improved from 13 to 15 but did not reach a
score �16.

Facilitate Shared Decision Making and Counsel
Concerned Patients as to Potential Treatment Options
Case 3 provides an examplehowaCPR can be used to facilitate
shared decision making and to counsel concerned patients as
to potential options.

• Case 3: A 53-year-old nonsmoking man presented with
mild myelopathy (mJOA ¼ 17) secondary to spondylosis

and disk herniation. This patient had numb and clumsy
hands, bilateral arm paresthesia, muscular weakness, and
atrophy of intrinsic hand muscles. The duration of symp-
tomswas 4months. The patient had unspecified endocrine
comorbidities (►Fig. 2).

This case is an example of a patient with mild myelopathy
and a short preoperative duration of symptoms. This patient
has an excellent surgical prognosis; however, he may be
reluctant to consent to neurosurgery for such mild upper
limb symptoms. This CPR can help surgeons counsel this
patient and inform him that if he is operated on early and
at his current disease state, he will achieve a better outcome
than if he were to wait. An example is provided in ►Table 2.
We assumed that if the patient waits 1 year before surgery, he
will exhibit a 2-point decline on his preoperative mJOA score,
will be 1 year older, and will have a significantly longer
duration of symptoms. As a result, his probability of achieving

Table 2 Case examples and clinical applications of the clinical prediction rule

Case no. Patient information to be entered into Eq. 1 Probability of achieving an mJOA score �16 (%)

1 mJOA0 ¼ 14, DS ¼ 1, S ¼ 1, Ps ¼ 1, IG ¼ 2, A ¼ 49 92.7

2 mJOA0 ¼ 13, DS ¼ 5, S ¼ 1, Ps ¼ 1, IG ¼ 1, A ¼ 69 41.0

3 mJOA0 ¼ 17, DS ¼ 2, S ¼ 1, Ps ¼ 1, IG ¼ 2, A ¼ 53
versus
mJOA0 ¼ 15, DS ¼ 4, S ¼ 1, Ps ¼ 1, IG ¼ 2, A ¼ 54
versus
mJOA0 ¼ 15, DS ¼ 4, S ¼ 1, Ps ¼ 1, IG ¼ 1, A ¼ 54

93.6

85.0

69.6

4 mJOA0 ¼ 15, DS ¼ 5, S ¼ 1, Ps ¼ 1, IG ¼ 2, A ¼ 62 76.4

Abbreviations: A, age in years;DS, duration of symptoms (1:�3months; 2:>3,�6months; 3:>6,�12months; 4:>12,�24months; 5:>24months);
IG, impaired gait (1: present, 2: absent); mJOA0, baseline modified Japanese Orthopaedic Association score (0–18); Ps, depression or bipolar disorder
(1: absent, 2: present); S, smoking status (1: nonsmoker, 2: smoker).
Note: Bolded values indicate a change from the patient’s original information.

Fig. 1 Case 2. Fig. 2 Case 3.
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a score �16 on the mJOA decreases from 93.6 to 85.0%.
Furthermore, if he starts to exhibit signs and symptoms of
gait dysfunction, this estimate further decreases to 69.6%.
These figures would be valuable to help clinicians counsel
their patients and to enable shared decision making.

Reduce Heterogeneity of Care and Align Surgeons’
Perceptions of Outcome with Objective Evidence

• Case 4: A 62-year-old nonsmoking man presented with
mild myelopathy (mJOA ¼ 15) secondary to spondylosis,
disk herniation, and congenital stenosis. This patient had
numb hands, Lhermitte phenomena, weakness, atrophy of
intrinsic hand muscles, and a positive Hoffmann sign. The
duration of symptoms was 36 months. The patient had
coexisting mild gastrointestinal (stomach/intestine) dis-
orders (►Fig. 3).

For each participant of the study, the surgeonwas asked to
predict how the subject would fare following surgical inter-
vention: improve from baseline status, remain the same, or
worsen. For case 4, the surgeon believed the subject would be
the same as baseline. However, the CPR predicted a 76.4%
chance the patient would achieve a score �16 and therefore
improve by at least 1 point on the mJOA. The patient did
indeed improve following surgery and was neurologically
normal at 1-year follow-up (mJOA ¼ 18). This example dem-
onstrates how a CPR can help align surgeons’ perceptions
with more objective evidence.

Limitations and Future Directions

This model was developed to predict functional status in
patients undergoing surgery for the treatment of DCM.
Unfortunately, the mJOA/JOA scales are not highly correlated
with patient-reported outcomes that assess overall quality of
life. This conclusion was determined by several studies: (1)
Kato et al reported moderate correlation between the JOA/

mJOA and the Short-Form (SF)-12 Physical Component Score
and Neck Disability Index and low correlation with the SF-12
Mental Component Score20; (2) Kopjar et al also demonstrat-
ed poor correlation with the Neck Disability Index (r ¼
� 0.343), SF-36 Physical Component Score (r ¼ 0.300), and
Mental Component Score (r ¼ 0.245)21; and (3) King et al
showed no association between the JOA and patient reports of
outcome.22 Due to this moderate to poor correlation, this
model cannot be used to predict quality-of-life outcomes in
these patients, which is a limitation of the model, especially
because health-related quality-of-life measures have become
increasingly important.

A randomized controlled trial is required to assess the health
care utility and the true application of this CPR in a surgical spine
setting. In this trial,wepropose that 50%of the patientswill have
their outcome objectively predicted by our CPR, whereas the
other 50% will have a regular consent conversation with their
attending surgeon. Patient satisfaction and other health-utility
measures will be evaluated and compared between the two
groups to ascertain the real value of this CPR.

Conclusions

By using actual cases examples in a DCM population, this
commentary highlights the clinical applications of CPRs and
their value in a surgical setting. CPRs can be used to predict
disease development, define the treatment prognosis, and
estimate the risk of complications in various patient popula-
tions. In a surgical setting, these tools can facilitate shared
decision making between patients and physicians, manage
expectations, and help standardize care across centers. Fur-
thermore, a CPR can help identifyways to optimize the results
and assist in the evaluation of cost-effectiveness.
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Editorial Perspective
Evidence-Based Spine-Care Journal (EBSJ) thanks Fehlings and
the coauthors for this Invited Commentary article, which
explores a potential predictive analytical tool for assessment
and management of cervical spondylotic (a.k.a. “compres-
sive”) myelopathy (CSM). In the future a tool like this “clinical
prediction rule” (CPR) could impact clinical practice to a
significant degree. Potential applications include the domains
of “shared decision making” in formulating treatment plans,
risk stratification for the analysis of patient safety and out-
comes results and even affect reimbursement. This type of
algorithm seeks to fit validated variables into a single formula
and derive from it probability coefficients for the likelihood of
predetermined clinical improvements or adverse occur-
rences. As with any formula this concept is dependent
upon the quality of the input data and—of course—is not
able to pick upvariables that are not part of the formula. There
are also substantial differences in the type of data used. For
instance, in the cases of the referenced end-stage liver disease
formula the MELD score uses 3 commonly used laboratory
measures to determine a binaryoutcome—survival. The Acute

Physiology and Chronic Health Evaluation II (APACHE II) uses
12 variables to calculate patient morbidity and mortality. All
of these variables except for the Glasgow Coma Scale (used in
APACHE II) are laboratory data or measured physiologic
parameters, such as heart and respiratory rates, arterial blood
pressure, and body temperature. The numbers used for these
CPRs are continuous variables, suitable for statistical deter-
mination of averages, means, etc. All of these values are also
independently verifiable. The only variable open for some
subjective interpretation in any of these scores is the Glasgow
Coma scale, which offers a reasonably precise guide for
ratings.

For the myelopathy scoring, the formula presented by Feh-
lings et al, however, entirely relies on discrete variables consist-
ing of themodified Japanese Association score (mJOA), presence
or absence of mental health disorders (specifically depression,
bipolar disorder), and presence or absence of impaired gait,
smoking, and duration of symptoms (split up into 5 discrete
variables from1 to 5). Statistical calculations that relyon discrete
values with their categorical increments are very different from
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calculations that draw upon continuous variables in several
ways. For instance, simple calculations of averages and means
without representation of distribution have to be interpreted
with caution. When discrete variables are used, such as in the
ASIA grading system, fractional improvements do not necessar-
ily represent a clinically meaningful change.

An advantage of using discrete variables lies in the option
to express distributions in a tabular format, something that
one cannot do with continuous variables. Such an arrange-
ment may be seen as a significant advancement for some. For
others it may introduce the threat of reducing complex
human creatures into a formula with a possibility of en-
croaching on access to health care.

In this context it is worthwhile to briefly explore the
possibility of variabilities or manipulation inherent to a
formula-driven medicine. When scoring systems are used
for an outcomes or probability formula, who is the best
person to perform a rating? A treating physician, an “inde-
pendent” coder, or the affected patient? In each of the four
domains of the mJOA (motor function upper extremities,
motor function lower extremities, sensory function, bowel/
bladder control) there are subjective ratings involved with
some room for interpretation. For those not inherently
familiar with the mJOA, EBSJ/GSJ provides this score as
reference in ►Table 1. For instance, a “slight difficulty” and
a “marked difficulty” in buttoning a shirt is a difference of a
score of 3 or 4 within the upper extremity domain. It stands
to reason that for a violinist even a minor difficulty in hand
use is a big deal while the same probably does not apply for
an elderly long-time sufferer from advanced rheumatoid
arthrosis deformans of the hands. For lower extremity
functional assessments, how many physicians actually
directly observe our affected patients while they climb
stairs? It’s a safe bet that most clinicians use some form
of extrapolation to answer the lower extremity functional
question: What are we to do with patients who have a non-
neurologic form of gait impairment, such as joint contrac-
tures? Someone will need to abstract what the patient
could do without a musculoskeletal comorbidity to meet
the score. The differences of mild and severe loss of sensa-
tion and/or presence of pain are another example of a
relatively subjective scoring, as is the determination of

“mild or moderate micturition problems” (2 points) versus
“marked problems with micturition” (1 point). It is not far-
fetched to imagine a swing of 4 points or even more in the
interpretation of patient symptoms if interested parties are
invited to use the mJOA as a clinical determination tool.
EBSJ/GSJ “up-” and “down-coding” have become a reality in
health care in areas of reimbursement and risk profiling.
Certainly the mJOA could be prone for variances in inter-
pretation, once it is turned from the valued and time
honored research tool that it hitherto has been into a key
determinant of a health care formula. The other variables
used in this formula are also subject to debate. Smoking is
addressed as a dichotomous option, yet there are many
subplots to this simple seeming category, such as time
elapsed from smoking cessation—when does a smoker
convert to a nonsmoker? For gait impairment, are ortho-
paedic lower extremity problems not associated with my-
elopathy reasons to be rated as “positive” in this category?
As to duration of symptoms, this is a notoriously hard
question, especially in areas which do not have the benefit
of an elaborate primary care network, such as available in
Canada. Patients frequently have a hard time providing an
accurate personal health history narrative. This leads to the
question: what other health dimensions might be missing
in this CPR formula that are relevant for CSM patients?Why
is there no role for a general health status coefficient or base
line activity level? What about the patient reported per-
spective—shouldn’t a CPR that relies on a provider derived
scoring include a patient perspective, such as an EQ-5D?

With these questions, EBSJ/GSJ does not wish to criticize
the authors for their contribution. The article raises impor-
tant issues as health care is increasingly immersed into the
data gathering and analytic capabilities of the information
technology era. Without doubt, algorithm-based medicine is
becoming an increasing reality for many. The presented
Invited Commentary provides a thought provoking outlook
on the potential use for algorithms in spine surgery and
challenges us to find ways to become more consistent in
our disease interpretation, decisionmaking, and treatment of
important and frequently overlooked disorders such as com-
pressivemyelopathy. EBSJ/GSJ looks forward to the comments
of its readership on this topic.

Table 1 Modified Japanese Orthopaedic Association (mJOA) score

I. Motor dysfunction score of the upper extremities

Inability to move hands 0

Inability to eat with a spoon but able to move hands 1

Inability to button shirt but able to eat with a spoon 2

Able to button shirt with great difficulty 3

Able to button shirt with slight difficulty 4

No dysfunction 5
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Table 1 (Continued)

I. Motor dysfunction score of the upper extremities

II. Motor dysfunction score of the lower extremities

Complete loss of motor and sensory function 0

Sensory preservation without ability to move legs 1

Able to move legs but unable to walk 2

Able to walk on flat floor with a walking aid (i.e., cane or crutch) 3

Able to walk up and/or down stairs with hand rail 4

Moderate to significant lack of stability but able to walk up and/or down stairs without hand rail 5

Mild lack of stability but walk unaided with smooth reciprocation 6

No dysfunction 7

III. Sensation

Complete loss of hand sensation 0

Severe sensory loss or pain 1

Mild sensory loss 2

No sensory loss 3

IV. Sphincter dysfunction

Inability to urinate voluntarily 0

Marked difficulty with micturition 1

Mild to moderate difficulty with micturition 2

Normal micturition 3
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