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Abstract
Background: Evaluating spasticity can be challenging, and the condition can pose significant problems
when undiagnosed. In this study, a bedside tool for the diagnosis of spasticity was developed, and its

inter-rater reliability was tested in a long-term care facility.

Objective: To test the inter-rater reliability of a novel flowchart-style algorithm designed to standardize the

diagnosis of spasticity.

Design: Prospective study

Setting: A long-term care facility for veterans and their spouses.

Participants: 43 adult residents of a long-term care facility

Methods: Two movement disorders neurologists independently performed a neurological examination of

each subject using the bedside diagnostic algorithm, which examined ten joints bilaterally for spastic

postures and pathological indicators to determine the presence or absence of spasticity.

Main Outcome Measurements: The primary outcome measure was the extent of rater-agreement

evaluated using Cohen’s kappa and interpreted according to the Koch-Landis scale for agreeability.

Results: Using the algorithm, the neurologists reached agreement in 88% of the 43 subjects evaluated
(spasticity present = 7; spasticity absent = 31). Substantial inter-rater reliability was calculated (Cohen’s

kappa = 0.662, 95% CI = 0.37-0.92, kappa max 0.80).

Conclusions: Spasticity is an under-diagnosed condition, and this novel bedside algorithm resulted in
substantial inter-rater agreement on spasticity diagnosis. While more research is needed to improve and

validate this instrument, use of this or a similar tool by primary care providers may lead to faster and more



accurate identification of patients who would benefit from referral for evaluation and treatment of

spasticity.

Level of Evidence: VI
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Introduction

Spasticity is defined as a velocity-dependent increase in the stretch reflex with muscle over-activity and
presents secondary to an injury to the spinal cord or central nervous system?. The disorder is associated
with involuntary limb postures or spasms that can be painful and interfere with activities of daily living.
Additionally, passive function is often affected, thereby impeding activities of daily living such as proper
wheelchair positioning, undergarment change, and hygiene?. When left untreated, spasticity often results
in severe negative physical consequences including limb contracture, pressure ulcers, skin breakdown,
and urinary tract infections23. The prevalence of spasticity in different care settings is not well described;
however, recent studies suggest spasticity may affect 21-35% of residents living in long-term care

facilities*5:.

There are several efficacious treatments for spasticity, which are routinely recommended by neurologists
and other spasticity-trained practitioners and supported by all public and most commercial insurance
plans3. However, under-diagnosis is a common obstacle to accessing treatment for many patients; a study
assessing the prevalence of spasticity in a long-term care facility identified that just 13% of those with
spasticity had a diagnosis for spasticity or a related condition in their medical record*. In addition to the
avoidable physical consequences, untreated spasticity results in increased care burden for professional
and unpaid caregivers and reduced patient quality of life®78 Given the social and economic impacts of
untreated spasticity, as well as the availability of effective management schemes, it is imperative that the

issue of under-diagnosis be addressed.



There is no definitive method or independent biomarker to objectively diagnose spasticity. Currently, the
diagnosis is a clinical conclusion informed by the patient’s medical history and findings from a physical and
neurological examination. Tools such as the Modified Ashworth or Tardieu scales can be used by
physicians to subjectively quantify the degree of tone and resistance, offering a measure of severity, but
these scales are not diagnostic instruments®1°, Since a conclusive and objective diagnostic method does
not exist, a team of neurologists and clinical investigators worked to develop a reliable and easy-to-use
method for determining the presence of spasticity®1°. This algorithm (Figure 1) represents an abbreviated
neurologic exam designed to be used alone by a neurologist or spasticity-trained practitioner to make the
diagnosis of spasticity (i.e., without a medical history, physical exam, and complete neurologic exam). This
is a first attempt at selecting key elements of the neurologic exam and sequencing them to allow for a
limited exam that follows from first attempting to visualize typical postures associated with spasticity. Here,

we report the inter-rater reliability of this novel bedside diagnostic algorithm.

Methods

This was a single-center, IRB-approved prospective study (IRB#090361, ClinicalTrials.gov Identifier:
NCT01644123). All subjects were recruited from a long-term care facility for veterans and their spouses.
Residents who were at least 18 years old were invited to participate, and informed consent was obtained
before any study procedures. For residents without decision-making capacity, a copy of the informed
consent was mailed to their legal decision-maker. Initially, 129 residents were approached for participation
in the study. Of the 72 residents deemed capable of providing consent, 64 elected to participate in the
study. For the 57 residents incapable of providing consent, mailed consent was provided by eight decision
makers for a total of 72 enrolled subjects®. Twenty-nine subjects were excluded for various reasons: 17
were no longer residents of the home at the time of the evaluations, eight were non-compliant with one or
both spasticity evaluations preventing raters from forming a clinical impression, three withdrew consent
during the study, and one was withdrawn at the request of a relative. A total of 43 subjects completed the

study.



Two movement disorders neurologists with expertise in the diagnosis and treatment of spasticity were
instructed to evaluate each subject by following a flow-chart style algorithm (Figure 1). This tool guides a
limited, structured examination to reach a final determination on the presence or absence of spasticity.
Both neurologists independently examined the subject on the same day but at different times and were
blinded to each other's findings. All subjects were seated during the examination unless the individual was
bedbound. Ten joints (hand, wrist, elbow, shoulder, hip flexors, hip adductors, knee flexors, knee
extensors, ankle inverters, ankle flexors) were examined bilaterally for the presence of any spastic
postures and the following pathological indicators associated with spasticity: increased tone, increased
velocity-dependent tone, hyperactive deep tendon reflexes, clonus, and reflex spread. Exam findings were
input into the algorithm to reach a conclusion that spasticity was either present, absent, or not testable (for
instance, if a limb had been amputated). Regions that were deemed untestable were excluded from the
analysis (i.e., neither agreement nor disagreement). Active diagnoses were collected from each subjects’

Minimum Data Set 3.0 at the time of the study visits.

Data were analyzed using IBM SPSS Statistics, Version 23.0. The inter-rater reliability was determined
using Cohen’s kappa and interpreted with the Koch-Landis scale for agreeability!>12. The calculation of
Cohen’s kappa was bootstrapped using the Mersenne Twister with “11235” as the seed value to determine
the 95% confidence interval. Finally, because of established shortcomings of Cohen’s kappa (i.e., the
“kappa paradoxes”), kappa max was also calculated to contextualize the observed kappa given the

marginal distributions of agreement and disagreement?2,

Results

The study population was predominantly male (67%, 29/43) and Caucasian (93%, 40/43), with a mean age
of 80.1 + 9.2 years at enrollment (Table 1). Active diagnoses in the study population according to the
Minimum Data Set 3.0 at the time of the visit included dementia other than Alzheimer’s disease (47%,
20/43), cerebrovascular accident/transient ischemic attack (i.e., stroke; 26%, 11/43), diabetes (26%,

11/43), and Alzheimer’s disease (19%, 8/43).



Using the algorithm, the neurologists reached agreement for 88% of the subjects (38/43; Table 1), with
agreement for the presence of spasticity in 16% (7/43) and absence of spasticity in 72% (31/43) of
participants. Substantial agreement in spasticity diagnosis was observed between the two raters (kappa =
0.66, 95% CI = 0.37-0.92)11. 12, Kappa max was calculated to be 0.80 based on the Prevalence and Bias
Indices of 0.56 and 0.07, respectively!3, and 83% of the maximum possible kappa value was achieved

(0.66/0.80 — kappa/kappa max).

Disagreement between the raters’ global impression of whether a participant had symptoms of spasticity
was identified for 12% of participants (5/43) (Table 1; Figure 2). In each of these cases, the discordance
between the two ratings was attributed to an exam finding of increased velocity-dependent tone by one
rater which was not reported by the other (data not shown). Analysis of rater disagreement across all
participants determined that observations of increased tone or increased velocity-dependent tone account

for 81% of overall rating disparities (Figure 2).

Discussion

This study demonstrates that a novel flowchart algorithm may be beneficial and clinically relevant for the
diagnosis of spasticity. Agreement of the presence of global (i.e., across upper and lower limbs) spasticity
between two neurologists with specialized movement disorders training was high (88%), with substantial
inter-rater reliability (k = 0.66). However, study limitations such as small sample size and use of a single-
center population may have impacted this calculation. Additionally, the calculated kappa confidence
interval was wide and included values in the “fair” agreement range (95% CI1=0.37-0.92). Future
investigations should also include a comparison of the sensitivity of this tool to that of other diagnostic
methods that are already in use. Nevertheless, the results of this study demonstrate how a limited,

structured algorithm can be a reliable diagnostic aid for the recognition of spasticity.

While the algorithm was successful for the global diagnosis of spasticity, disagreement between raters was

common when examining for focal indicators, particularly when evaluating tone or velocity-dependent tone.



The discord in findings related to velocity-dependent tone is possibly due to examinations being performed
at different times. Additionally, different examination techniques between the neurologists may also
contribute to this disagreement. While rates of agreement in these areas were lower than those observed
at the global level, this finding was not unexpected. Spasticity is a challenging condition to evaluate
reliably, and fluctuation of symptom presentation and severity is common?? 15, Compounding the difficulty
of diagnosis, spasticity often responds positively to passive stretching and exercise; therefore, repeat
examinations in close proximity may yield different observations?8. Finally, the subjectivity of existing
diagnostic methods often contributes to the under-diagnosis of spasticity and may have been a factor in

this study 310, Likewise, these factors may also have impacted the inter-rater reliability of the algorithm.

A diagnostic tool of this type would have immediate applicability to clinical research since the appropriate
identification of spasticity is paramount in trials evaluating therapeutic interventions. At the same time, the
issue of rater disagreement suggests that further study and refinement are needed to maximize patient
benefit. The current shortfall of neurologists and spasticity-trained practitioners available to treat existing
patients and the increasing demand expected to occur as the population ages may result in limited patient
access to physicians who are qualified to make a clinical diagnosis of the disorder!”. One way to address
this obstacle might be to adapt this tool for use at the bedside by a primary care physician or nurse who
participates in the patient's regular care, to make a reliable referral to a neurologist for a detailed spasticity
consultation. Completing a structured evaluation as part of routine care will increase the probability of
identifying characteristic symptoms of spasticity in undiagnosed patients, facilitating faster access to

beneficial treatment and specialist care.

Conclusion

Improving care for patients with spasticity requires enhancing recognition of this under-diagnosed, but
treatable, disorder. The novel diagnostic algorithm presented in this study is a reliable tool to improve
recognition of spasticity in a clinical setting. Still, further testing and development will be required to maximize

accuracy and patient benefit. In addition to this diagnostic algorithm, future investigations could include



modifications to aid primary care providers or nurses in attempting to identify patients who should be referred

to a neurologist, physiatrist, or other spasticity-trained practitioner for a detailed spasticity consultation.
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Figure Legends

Figure 1. Spasticity Diagnostic Algorithm. Participants were examined for spastic postures in 10 selected
joints of the upper and lower limbs by two movement disorders neurologists. A diagnostic flowchart was

followed until the neurologist identified the presence or absence of spasticity.

Figure 2. Rater Disagreement of Spastic Indicators. A stacked graph depicting the disagreement between
two raters at the level of focal characteristic spastic indicators. A total of 116 focal ratings were discordant
between the two raters. The spastic pathology of tone was disagreed upon in 44% of discordant ratings (n
= 51), velocity dependent tone in 37% (n = 43), deep tendon reflexes in 10% (n = 12), reflex spread in 7%
(n=8), and Clonus in 2% (n = 2). These data indicate that determination of tone and velocity dependent

tone are the major contributors to disagreement in spasticity diagnosis.
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