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Abstract Degenerative cervical myelopathy (DCM)
is a leading cause of age-related non-traumatic spinal
cord disorders resulting from chronic degeneration of
the cervical spine. While traditional clinical assess-
ments rely on patient-reported measures, this study
used the NIH Toolbox Motor Battery (NIHTBm)
as an objective, quantitative measure to determine
DCM severity. The objective is to define NIHTBm
cutoff values that can accurately classify the severity
of DCM neuromotor dysfunction. A case-controlled
pilot study of patients with DCM and age-matched
controls. The focus was an in-depth quantitative
motor assessment using the NIHTBm to understand
the severity of neuromotor deficits due to degenera-
tive spine disease. Motor assessments, dexterity, grip
strength, balance, and gait speed were measured in
45 DCM patients and 37 age-matched healthy sub-
jects (HC). Receiver operating curve (ROC) analy-
sis determined cutoff values for mild and moder-
ate-to-severe myelopathy which were validated by
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comparing motor assessment scores with disability
scores. The ROC curves identified thresholds for
mild dexterity impairment (7-score range 38.4 —33.5,
AUC 0.77), moderate-to-severe dexterity impair-
ment (<33.5, AUC 0.70), mild grip strength impair-
ment (47.4-32.0, AUC 0.80), moderate-to-severe
grip strength impairment (<32.0, AUC 0.75), mild
balance impairment (36.4—33.0, AUC 0.61), and
moderate-to-severe balance impairment (<33.0,
AUC 0.78). Mild gait speed impairment was defined
as 0.78-0.6 m/sec (AUC 0.65), while moderate-to-
severe gait speed impairment was <0.6 m/sec (AUC
0.65). The NIHTB motor score cutoff points corre-
lated negatively with the DCM neck disability index
(NDI) and showed balance and dexterity measures
as independent indicators of DCM dysfunction. The
use of NIHTB allows for precise delineation of DCM
severity by establishing cutoff values corresponding
to mild and moderate-to-severe myelopathy. The use
of NIHTB in DCM allows enhanced clinical preci-
sion, enabling clinicians to better pinpoint specific
motor deficits in DCM and other neurological disor-
ders with motor deficits, including stroke and trau-
matic brain injury (TBI). Furthermore, the utility of
objective assessment, NIHTB, allows us to gain a
better understanding of the heterogeneity of DCM,
which will enhance treatment strategies. This study
serves as a foundation for future research to facilitate
the discovery of innovative treatment strategies for
DCM and other neurological conditions.
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Introduction

Degenerative cervical myelopathy (DCM) is the lead-
ing cause of chronic progressive spinal cord impair-
ment, predominantly affecting individuals aged 55
or older [1, 2]. This age-related condition results in
significant motor dysfunction, such as progressive
weakness in the upper and lower extremities, loss of
dexterity, poor balance, impaired gait, and bladder
dysfunction [2]. The primary treatment for DCM is
surgical decompression of the spinal cord [3-5]. Clin-
ical assessment of DCM, including the Nurick grade
and modified Japanese Association (mJOA) score,
augments treatment decisions and understanding of
treatment efficacy [6-8]. However, both Nurick and
mJOA scales are subjective, restricted, and have low
interrater reliability [9—11]. This highlights the need
for a more objective, repeatable, and reliable measure
of DCM dysfunctions.

The NIH Toolbox Motor Assessment (NIHTBm)
is a possible tool for evaluating the severity of DCM
[12]. This broad scale has been applied in the motor
assessment of traumatic brain injury, stroke, spinal
cord injury (SCI), and DCM [12-16]. The NIHTBm
battery measures hand coordination, upper and lower
extremity strength, balance, and gait quality, with
quantitative scores corrected for age, gender, handed-
ness, BMI, and ethnicity, among other demographic
parameters [17]. According to the Neuroscience
Blueprint for Research, the mean T scores for dex-
terity, grip strength, and balance are set at 50, with
a standard deviation (SD) of 10 [17-19]. However,
these values do not directly translate to determining
disease severity [12].

Despite its objective design and proven reliability
in neurological diseases, the NIHTBm lacks agreed-
upon cutoff values for defining the severity of neuro-
logical deficits and guiding treatment decisions [16].
This paper aims to determine the NIHTBm cutoff
points for classifying DCM severity, facilitating a bet-
ter understanding of DCM’s functional heterogeneity
and informing appropriate treatment choices. Estab-
lishing these objective criteria is crucial for clinical
management and research.
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By utilizing the diverse motor assessment scales
provided by NIHTBm [12, 19], we can elucidate the
granularity of DCM symptoms, in contrast to the
mJOA scale’s coarse classification into three sever-
ity groups [6]. This study seeks to establish clear
thresholds for separating mild DCM cases, which can
be managed conservatively, from moderate-to-severe
cases that typically require surgical intervention [20,
21]. This approach will enable a more nuanced under-
standing of DCM’s heterogeneity based on the pres-
ence, absence, and degree of specific motor deficits,
beyond the limitations of the mean T scores speci-
fied on the NIHTB by the Neuroscience Blueprint for
Research.

Methods

Participants: standard protocol approvals,
registrations, and patient consents

This study received institutional approval from
BLINDED institutional review board (IRB). This
study presents a secondary analysis of previously col-
lected data from patients with degenerative cervical
myelopathy (DCM) that were included in the research
conducted by Muhammad et al. [12] The prospec-
tive data collection took place between March 2021
and April 2023. The inclusion criteria for the patients
were a confirmed diagnosis by at least one attend-
ing neurosurgeon and an age range of 20-80 years.
Table 1 provides demographic information for
healthy control (HC) and DCM patients. Informed
consent was obtained from all participants. Clinical
assessment measures included the Neck Disability
Index (NDI), modified Japanese Orthopaedic Associ-
ation (mJOA) scale, and NIH Toolbox motor assess-
ment tests. These tests encompassed the Nine Hole
Peg Test (9HPT), handgrip strength measured with
the hand-held dynamometer, standing balance test,
and walking gait test, as previously described in the
study by Muhammad et al [12].

Statistical analysis

All statistical analyses conducted for this study were
performed in GraphPad Prism version 9.5, Boston
MA [22]. The Shapiro—Wilk test was used to deter-
mine the normality of the demographic and clinical
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Table 1 Demographic and Characteristics DCM patients (n=45) HC (n=37) p-value
clinical characteristics of
participants Age (years) 56.53 (9.5) 53.41 (6.9) 0.1
Sex: female 55.60% 81.08%
mJOA 13.0 (3.30) 18.0 (0.00) <0.0001
Mild (mJOA 15-17) 38%
Moderate (mJOA 14-12) 33.33%
Severe (mJOA <12) 28.89%
NDI 22.00 (11.00) 0.00 (0.00) <0.0001
Dexterity (T-score) 32.33 (12.88) 50.54 (9.83) <0.0001
Grip strength (7-score) 32.82 (17.58) 55.00 (9.56) <0.0001
Balance (T-score) 28.42 (15.59) 41.89 (6.61) 0.0027
Gait speed (m/sec) 0.69 (0.29) 1.02 (0.22) <0.0001

assessment data. A two-sample #-test was used to
compare the NDI measures between DCM categories.
Pearson’s analysis was used to examine the correla-
tion between the NIH toolbox measures. Statistical
significance was set at a p-value < 0.05.

Establishing cut-off values for mild and
moderate-to-severe DCM

Receiver operating curve (ROC) analysis was per-
formed to visualize and determine the cut-off values
of the NIHTBm measures at which the highest sen-
sitivity and specificity are reached [23]. The mJOA
scoring system was used as the anchor to determine
cutoff points between healthy controls (HC) and mild
myelopathy and between mild and moderate-to-severe
myelopathy. The mJOA scale classifies the severity
of DCM, with scores of 15-17 indicating mild mye-
lopathy, 14-12 representing moderate myelopathy,
and <11 signifying severe myelopathy. In this study,
we grouped DCM patients based on treatment recom-
mendations into mild (conservative or surgical treat-
ment) and moderate-to-severe myelopathy (surgical
spinal cord decompression) categories. To find the
optimal thresholds where the sensitivity and speci-
ficity of the measures are balanced, we employed
Youden’s index, defined as J=sensitivity + specific-
ity—1[24, 25].

Internal validation of the severity criteria
The validity of the NIHTBm cut-off values were

tested by comparing them with the disability index
scores (NDI). We hypothesize that patients in

moderate-to-severe would have a higher disability
index exhibiting functional disability more elevated
than the DCM patients in the mild group do.

Sample size determination

A power analysis was performed with G¥Power soft-
ware for minimum sample size determination [26].
Based on the effect sizes obtained from data from
Muhammad et al. 2023 which compared NIHTB
measures between HC and patients with DCM, we
determine the minimum sample size required to
achieve 80% power at a significance criterion of
a=0.05, was 8 in each group for dexterity measure, 6
in each group for grip strength test, 17 in each group
for balance test, and 7 in each group for gait speed
test. Therefore, sample sizes of 45 and 37 for DCM
and HC, respectively, are adequate to test this study
hypothesis.

Results

Participant characteristics—distribution of symptoms
based on mJOA and NIHTB

Our sample consisted of 45 DCM (25 females; 20
males) patients and 37 (30 females;7 males) age-
matched healthy controls (HC). The mean+SD age
of the DCM 57+9.5 years (range 34-81) was not
significantly different from the mean +SD age of the
HCs at 53+6.9 years (range 39-66); p=0.10. The
mean+SD mJOA score of DCM patients was was
13+3.3 compared to HC mean+SD mJOA score of
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18 +0.0 Thirty-eight percent (38%) of the DCM group
had mild myelopathy (with mJOA score of 15-17),
and 62% had moderate-to-severe myelopathy (with
mJOA score of<14). In addition, the mean+SD
NDI of DCM patients was 22+ 11. The mean+SD
dexterity 7-score of DCM patients was 32.33 +12.88
compared to 50.54+9.83 for HCs, p<0.0001. The
mean + SD grip strength 7-score of DCM patients was
32.82+17.58 vs. 55.00+9.56 for HCs, p<0.0001.
The mean+SD standing balance T-score of DCM
patients was 28.42+15.59 vs. 41.89+6.61 for HCs,
p<0.0001. Lastly, the mean +SD gait speed of DCM
patients was 0.69+0.29 m/sec vs. 1.02+0.22 m/sec
for HCs, p <0.0001 Table 1.

Figure 1A displays the ROC curves for determin-
ing the optimal cut-off values for dexterity measures
in the NIHTB. The comparison between healthy and

mild dexterity categories yielded an AUC of 0.77.
The ideal balance between sensitivity and specific-
ity for mild dexterity impairment was found with a
T-score range of 38.4 to 33.5. In Fig. 1B, the ROC
curve compares the mild and moderate-to-severe dex-
terity categories, with an AUC of 0.70. The optimal
cut-off value for moderate-to-severe myelopathy was
determined to be a T-score below 33.5. Figure 2 dem-
onstrates an ROC curve with an AUC of 0.80, indicat-
ing that the threshold 7T-score for mild grip strength
impairment ranges from 47.4 to 32.0. In contrast, the
moderate-to-severe grip strength impairment thresh-
old was identified as a 7-score below 32.0, with an
AUC of 0.75. Figure 3 presents the ROC curves for
standing balance cut-off values. An AUC of 0.61 was
found, with the optimal cut-off value for mild balance
impairment being a T-score between 36.4 and 33.0. A
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Fig. 3 The ROC curve A
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T-score below 33.0 was determined for moderate-to-
severe balance impairment, accompanied by an AUC
of 0.78. The AUC for mild gait speed impairment
was 0.65, with a threshold range of 0.78 to 0.6 m/sec.
Similarly, an AUC of 0.65 was observed for moder-
ate-to-severe gait speed impairment, with a threshold
below 0.6 m/sec Fig. 4.

Validation of severity criteria

Based on the threshold criteria for mild and moderate-
to-severe dysfunction, across all the NIHTBm meas-
ures, patients with moderate-to-severe myelopathy
displayed significantly higher disability index (NDI);
p<0.05 compared to patients with mild myelopathy
Fig. 5. We evaluated the correlation between each
of the NIHTBm measures with the disability index
(NDI) and we show that NDI showed a significant
negative correlation with dexterity scores (r=0.46,

|
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p=0.0016), grip strength (r=0.53, p=0.0002), bal-
ance (r=0.46, p=0.002), and gait speed (r=0.35,
p=0.03) Fig. 6.

Heterogeneity of DCM with NIHTBm measures

Based on the NIHTBm cutoff values, we observed
that among DCM patients classified according to
their mJOA scores, 26.7% (n=12) of DCM patients
had normal dexterity, 13.3% (n=6) DCM patients
had normal grip strength scores, 28.9% (n=13) had
normal standing balance scores, and 31.1% (n=14)
displayed normal gait speed scores. We utilized a
correlation matrix to examine the relationships
between the NIHTBm measures in DCM patients.
We observed that dexterity scores were signifi-
cantly correlated with both grip strength (p =0.40;
p=0.007) and gait speed (p =0.40; p=0.007), but
weak correlation with balance scores (p=0.14;
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Fig. 5 Bar graphs showing patients with DCM with moderate-
to-severe myelopathy have significantly higher myelopathy
disability scores compared to DCM with mild myelopathy

Fig. 6 Distribution of
NIHTBm scores showing
linear correlation with NDI
scores: dexterity (A), grip
strength (B), balance (C),
and (D) gait speed. p <0.05
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p=0.372). Grip strength was significantly corre-
lated with balance (p=0.35; p=0.017) but not gait
speed (p=0.26; p=0.061). In addition, a signifi-
cant correlation was observed between balance and
gait speed (p=0.36, p=0.014; Fig. 7).
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Discussion

There are several gaps in the understanding of DCM
severity and heterogeneity within the literature, pri-
marily due to the lack of objective measures for
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neurological deficits. Current assessment tools, such
as the mJOA, Nurick, and myelopathy index, are sub-
jective and narrow in scope, limiting our comprehen-
sion of DCM [27]. Although the mJOA is a widely
accepted measure for DCM, recent studies have sug-
gested that it does not correlate well with DCM dis-
ability measures [28, 29]. Implementing an objective
measure, like the NIHTBm, for evaluating the sever-
ity of DCM could lead to more accurate treatment
stratification for patients, ultimately improving treat-
ment outcomes and enhancing our understanding of
the disease [12].

The NIHTBm assessment scale objectively evalu-
ates motor dysfunction in both upper and lower
extremities for neurological disorders such as stroke,
TBI, DCM, and SCI [12, 16]. It offers quantitative
measures of motor dysfunction in DCM and was
developed by the NIH Blueprint for Neuroscience
Research [17, 30], demonstrating proven internal con-
sistency and good sensitivity in assessing motor, sen-
sory, and cognitive dysfunction [17].

This study is the first to propose categorizing
and defining cutoff values for motor dysfunction of
myelopathy based on preferred treatment groups,
distinguishing between mild and moderate-to-severe
myelopathy. While the NIHTB platform establishes
a mean score threshold for healthy individuals with a
T-score of 50 and an SD of 10, it does not provide
specific cut points to indicate the severity of motor
dysfunction [31, 32]. This study assessed the validity
of patient classification based on the degree of motor

Grip Strength

Balance

Gait Speed

impairment with the NIHTBm. The main findings in
this study suggest that the NIHTBm can effectively
classify patients based on the degree of motor impair-
ment and distinguish between mild and moderate-to-
severe myelopathy. Further, this study demonstrated
that patients with moderate-to-severe myelopathy
exhibited worse disability scores. Ultimately enhanc-
ing our understanding of DCM could improve treat-
ment outcomes.

The NIHTB was originally designed to evaluate
and set a standardized motor assessment that is cor-
rected for age, gender, BMI, ethnicity, etc. [17, 32]
It is use as a reliable and repeatable measure with
standardized value to assess neurological dysfunction
[12, 14, 16]. NIHTB measures have been established
and widely applied in the assessment of neurologi-
cal disease including stroke and traumatic brain [16].
However, the established cutoffs for severity of motor
deficits have not been established. We included these
measures in DCM and elaborated that it is a reliable
method of understanding DCM motor deficits [12]. In
our earlier evaluations in DCM, including compari-
son with the mJOA, Nurick, and NDI, we observed
that NIHTBm is a sensitive test that identifies mye-
lopathy [12].

According to the findings in this study, DCM
patients exhibit moderate-to-severe dexterity impair-
ment when they present with hand dexterity scores
of less than 33.5. Similarly, the moderate-to-severe
imbalance is indicated by a standing balance score
below 33.0, moderate-to-severe gait problems by a
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gait speed score below 0.6 m/sec, and moderate-to-
severe grip strength impairment by a grip strength
score less than 32.0. Establishing and understanding
the extent of the cut-off points for motor dysfunc-
tions in DCM highlights that not all DCM patients
present with the same degree of motor dysfunction.
It also demonstrates that DCM patients may manifest
problems with dexterity independently of balance
problems.

Our findings in this study significantly extend and
refine the understanding of DCM severity by classify-
ing motor measures obtained from the NIHTB. This
classification can assist clinicians in more objectively
categorizing DCM patients based on their motor dys-
function [12, 33, 34]. This categorization provides
an objective, quantitative method that could help
surgeons identify surgical candidates or design reha-
bilitative treatment strategies based on the specific
dysfunction DCM patients present with. Using the
quantitative measure, clinicians and patients are more
likely to comprehend a quantitative description of
their disease severity than relying solely on the mJOA
classification [34].

Currently, mJOA is the accepted and preferred
assessment measure for dexterity severity; however,
it is subjective, provides a narrow band of score cat-
egories, and lacks the granularity to evaluate specific
dysfunction [9, 27]. It is also prone to differences in
surgeons’ administration bias, leading to outcomes
variations depending on who administers the survey.
The mJOA scale validates the importance of using
the NIHTB [12].

Limitations of this study

It is important to acknowledge the limitations of
this study. The small sample size impacts the gen-
eralizability of the findings. DCM patients catego-
rize into mild and moderate-to-severe given that
most severe DCM patients have an urgent need for
surgery. Large multisite studies with all spectra of
DCM severity could enhance the interpretation of
these defined cut-off values and their impact on
treatment outcomes. The subjective scale mJOA
was used as the anchor to define mild and moderate-
to-severe myelopathy. It is challenging to determine
how the predominant dysfunction might impact
treatment outcomes, given that only baseline meas-
ures are presented in this pilot study. Future studies
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will include post-surgical evaluation and disability
measures. The NIHTBm demonstrates that DCM
patients could present differently without global
dysfunction; however, this study is limited to motor
dysfunction [12]. The inclusion of sensory dysfunc-
tion could complicate the understanding of hetero-
geneity with multiple subtypes of DCM.

Despite the limitations outlined above, this study
serves as a starting point that could inform future
analyses. In contrast to other studies of objective
measures of dysfunction and subjective DCM assess-
ments, our recent findings on the NIHTB highlight its
potential to provide a more comprehensive and objec-
tive evaluation of DCM severity. This has broader
application to other neurological disorders charac-
terized by motor deficits. The standardized nature of
NIHTB can facilitate and improve clinical assessment
and allow for comparison of motor deficits across dis-
eases. Furthermore, it can enhance our understanding
of shared and distinct motor impairments in aging
population that may manifest with multitude of neu-
rological conditions.

In conclusion, this pilot study establishes a classi-
fication system to define DCM into treatment groups
as mild or moderate-to-severe myelopathy based on
motor assessments with the NIHTBm. These cut-off
points and classifications are validated with the func-
tional disability index, demonstrating effective dif-
ferences in motor dysfunction severity in DCM. Our
findings contribute to a growing body of evidence
supporting the use of NIHTB as a more comprehen-
sive and objective measure for DCM assessment and
treatment planning.
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