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Abstract

Objective—To quantitatively define levels of upper extremity movement impairment using 

cluster analysis of Fugl-Meyer upper extremity (FM-UE) with and without reflex items.

Design—Secondary analysis of FM-UE individual item scores compiled from baseline testing of 

5 studies with consistent testing procedures.

Setting—University and VA research centers. Participants: Individuals (N=−247) with chronic 

stroke (>6 months post-stroke).

Interventions—Not applicable.

Main Outcome Measures—Cut-off scores defined by total FM-UE scores of clusters identified 

by two hierarchical cluster analyses run on full sample of FM-UE individual item scores (with/

without reflexes). Patterns of motor function defined by aggregate item scores of clusters.

Results—FM-UE scores ranged from 2–63 (mean=26.9±15.7) with reflex items and 0–57 

(mean=22.1 ±15.3) without reflex items. Three clusters were identified. The distributions of the 

FM-UE scores revealed considerable overlap between the clusters, therefore four distinct stroke 

impairment levels were also derived.

Conclusions—For chronic stroke, the cluster analyses of the upper extremity FM support either 

a three or a four impairment level classification scheme.
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Individuals with chronic stroke comprise a heterogeneous population with a wide range of 

upper extremity (UE) motor impairments. To facilitate planning treatment and evaluation of 

progress in a clinical, research, or community setting, stroke survivors require thorough 

assessment. While both research and clinical guidelines lack consensus of a primary 

outcome measure,2 the Fugl-Meyer Upper Extremity (FM-UE) Scale of Motor Impairment3 

is the most commonly used assessment for measuring post-stroke impairment within the 

research context.4,5 The FM-UE score has been used as an inclusion criterion,6 as the basis 

for stratifying study subjects based on motor deficit severity,7 and as an outcome measure 

for clinical trials.8 To determine the optimal method to evaluate post-stroke impairment, 

recent studies have compared assessment tools, including the use of the FM-UE.9–11

The FM-UE has four subsections: (1) shoulder-arm, (2) wrist, (3) hand, and (4) coordination 

and speed designed to measure impairment from proximal to distal and synergistic to 

isolated voluntary movement.3,12,13 The four subsections are administered in ascending 

numerical order, an order which is believed to follow the sequence of recovery post stroke. 

The 33 items that constitute the FM-UE are scored on an ordinal scale of 0 (absent), 1 

(partial impairment), and 2 (no impairment), resulting in a range of possible scores from 

zero to 66. Although the FM-UE is commonly used to measure recovery, the conceptual 

framework of recovery used to construct the FM-UE has been challenged.14 Additionally, 

the inclusion of the bicep, triceps and wrist reflex items in the score has been questioned.15

Comparisons of the FM-UE to other common UE clinical assessments such as the Wolf 

Motor Function Test and the Motor Assessment Scale have included discussions of the FM-

UE’s utility for the assessment and stratification of UE impairments.10,11,16 For example, to 

avoid ceiling effects common to the FM-UE, it has been suggested that the test should be 

used for measuring baseline and changes in impairment only among patients with lower 

motor function.10,11,17 Furthermore, the utility of the FM-UE used alone to assess function 

has been questioned. Thompson-Butel and colleagues hold that a single instrument is not 

able to distinguish levels of post stroke impairment.10 A limitation of the analysis of 

Thompson-Butel et al. is that they used the FM-UE total score and did not perform an 

analysis of the 33-individual items that constitute the FM-UE.

We believe the ratings of the individual FM-UE elements convey information that is lost 

when one only considers the FM-UE total score. We are aware of only one study, conducted 

by Woodbury and colleagues, that defines cut-off scores using quantitative analysis of 

individual items of the FM-UE.16 In addition, prior to defining cut-off scores to define 

impairments levels, Woodbury and colleagues applied Principal Components Analysis to 

data obtained from a subacute stroke population with primarily mild-moderate 

impairments.15 They observed that all the items loaded highly on the first principal 

component except the three reflex items. Based on this solution they recommended that 

three reflex-items be excluded from future assessments. We expand on the studies of 

Woodbury et al15,16 by using a cluster analysis of the individual elements of the FM-UE to 
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identify groups of subjects with chronic stroke who share a common level of deficit severity 

and a common residual motor pattern. Further, we derive the cut-off scores that identify 

distinct residual impairment levels and test to see if including the reflex scores adds to the 

discrimination between levels. The primary aims of our study were to use FM-UE individual 

items scores to (1) derive data-driven cut-off scores defining distinct levels of upper 

extremity movement impairment, (2) determine the commonalities and differences of 

residual motor patterns within and between the severity levels, and (3) determine if including 

vs. excluding reflexes in the FM score affects how these severity levels are characterized 

numerically and qualitatively.

Methods

The data used in this report come from the baseline evaluation obtained during the course of 

five funded intervention studies for chronic stroke (see related papers18–22) conducted 

between 2000 and 2012 at University of Maryland School of Medicine and the Baltimore 

Veterans Affairs Medicine Center. All five studies used identical methodology for the 

collection of FM-UE data. A single physical therapist trained all four staff in the 

administration of the FM-UE. To insure inter-tester reliability each tester then scored two 

videotaped FM-UE assessments of individuals with stroke and achieved 100% agreement 

with the original test score prior to testing study participants. If a subject participated in 

more than one study, the data recorded from the earliest study were included in these 

analyses. University of Maryland Institutional Review Board approved all research 

procedures.

Statistical Methods

We performed two hierarchical cluster analyses (IBM SPSS Statistics Version 20). The first 

analysis included all 33 FM-UE items; the second analysis excluded the three reflex items. 

In the analyses, the 33 or 30 FM-UE items were the independent (predictor) variables. The 

squared Euclidian distance was used as the distance metric and an average groups-linkage 

method was employed.24 The optimal number of clusters was determined by selecting the 

largest, most discrete change in squared Euclidian distance between the adjacent number of 

clusters (e.g. change in distance between 4 as compared to 3 clusters). A one-way ANOVA, 

with post-hoc comparisons conducted using Tukey’s HSD, was used to determine if clusters 

had significantly different mean FM-UE total scores.

FM-UE cut-off scores defining the optimal clusters were identified as follows. The subjects 

were ranked based on their total score and cluster membership was sequentially examined. 

Starting with the highest score, the FM-UE score (high-score) of the subject with the first 

instance of a change in cluster membership was identified (e.g. all previous subjects 

belonged to cluster 1 and then the score of the first subject in cluster 2 was observed). From 

this subject forward, we identified the FM-UE score (low-score) of the subject at which 

there was no longer any mixing between the previous and current cluster assignment (e.g. 

proceeding down the list all subjects were in cluster 2, none were in cluster 1). The cut-off 

score was defined as the mean of the high-score and low-score. This process was repeated to 
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determine the cut-point between each adjacent cluster, thereby defining groups of subjects 

with similar severity of motor deficit.

The motor impairment characteristics within each group were defined by the pattern of the 

aggregate scores of the 33 (or 30 items) FM-UE items for the subjects included in the group. 

Within each group, the percentage of 0, 1, or 2 scores of each FM-UE item was calculated 

based on the frequency of scores for the item attained by the subjects assigned to the group. 

Patterns of motor impairment were characterized based on the aggregate score distribution 

of each individual item within a given impairment level. The aggregate scores produced by 

each analysis including and excluding the three reflex items were compared.

Results

Participants

We studied 247 individuals with chronic (>6 months post-stroke) upper extremity 

hemiparesis (113 women, 134 men; 134 left, 113 right hemiparesis). The subject’s mean age 

was 58.6±11.8 yrs., range 32–89. The subject’s mean FM-UE score computed using 33-

items (including reflexes) was 26.9±15.7 and 22.1±15.3 with 30 items (without reflex).

Cluster Analysis and Range of FM-UE scores within each cluster

Both the analysis with, and the analysis without reflexes, identified three clusters (Table 1; 

Fig. 1). After selecting cut-off values using the method of mean overlap score described 

above, the range of scores for the 3 clusters obtained using the three reflex items were 0–28, 

29–42, and 43–66. For the analysis without reflexes the range of scores were similar 0–27, 

28–41, and 42–60. The FM-UE scores within the three clusters correspond to severe, 
moderate, and mild impairment levels.

Although analyses with and without reflexes resulted in clusters whose mean FM-UE total 

scores were significantly different one from the other (p<0.001), there was overlap in the 

FM-UE total scores between the clusters (Figure 1). There were 56 subjects, or 28 % (51 

without reflexes 25%) whose FM-UE scores were shared between clusters one and two 

(severe and moderate) and 26 or 27% (30 without reflexes 30%) sharing scores between 

clusters two and three (moderate and mild). Because of the large degree of overlap (33% of 

all participants), we undertook an additional exercise to identify non-overlapping total FM 

cut-off scores that might be more clinically relevant. This was accomplished by dividing the 

three defined groups based on the original cluster analysis into four groups with cut-offs 

identified using the mean and ±3 standard deviations of the moderate cluster’s FM scores 

(see Figure 1). This method was chosen to identify four clusters based on the rationale that 

a) all overlap occurred at either end of the moderate cluster; b) three standard deviations 

from the mean of the moderate cluster included 99.5% of the distribution; c) cases observed 

outside more than three standard deviations are most likely to be outliers; and d) this method 

resulted in no overlap of the total scores between the four sets of individuals. For the 

analysis with reflexes, groups were: 0–15, 16–34, 35–53, and 54–66 FM score ranges. For 

the analysis without reflexes, groups were: 0–12, 13–30, 31–47, and 48–60. These groups 

can be described respectively as Severe, Severe-Moderate, Moderate-Mild and Mild.
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Motor patterns

We present a description of the motor patterns for the four-group analysis since (unlike the 

three group) this provides distinct patterns of residual function reached in the chronic stage. 

In Figure 2 each group is displayed using a series of histograms, which illustrated the pattern 

of response across each of the items. Of note, the bicep and elbow reflex items were not 

different between impairment levels (i.e. a score of 2 was observed for all levels), which 

indicated the majority of individuals in all impairment levels had intact reflexes. Regardless 

of whether reflexes were, or were not, included in the analysis, the motor patterns 

characterizing the four levels of impairment were as follows:

Severe—Individuals characterized as severe had profound impairment with no hand, wrist, 

or multi-joint movements and had limited to no movement from single joint extensor and 

flexor muscle synergies.

Severe-Moderate—Individuals characterized as severe-moderate had marked impairment 

with no movement out of synergy and limited movement from single joint extensor and 

flexor synergies, hand, wrist, or multi-joint movements.

Moderate-Mild—Individuals characterized as moderate-mild had moderate impairment 

with limited movements out of synergy and partial impairment of single joint extensor and 

flexor synergies, hand, wrist, and multi-joint movements.

Mild—Individuals characterized as mild had minimal impairment and were able to perform 

movements out of synergy with full movement of the arm.

Principal Component Analysis

Although not our primary analysis, we performed a principal component analysis modeled 

after Woodbury & colleagues15 and observed highly comparable results. That is, all the 

items loaded highly on the first principal component with the exception of the three reflex 

items.

Discussion

In a large sample of long-term stroke survivors, we used a hierarchical cluster analysis of 

individual FM-UE scores and derived first a three-group classification of total FM score cut-

off points with large overlap and subsequently, a four-group classification system with no 

overlap of individuals. The significant overlap of the three-group total FM-UE scores is 

likely a result of the heterogeneity in which stroke patients present. Common, residual motor 

patterns were observed within the four-group system, that were more diffuse when using the 

three-group analysis. The analyses with and without reflexes revealed comparable motor 

impairment presentation for the majority of the FM-UE items and reflex item scores were 

not different between impairment levels.
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Division of impairment levels using cut-points

The benefit of using a cluster analysis to define impairment levels of the FM-UE assessment 

is that the cut-points are derived from an objective quantitative method. While a few studies 

have tried to define distinct FM-UE groups, the cut-off scores separating groups have been 

determined using subjective methods resulting in inconsistencies in classification that may 

not reflect functionally discrete groups. We, for example, previously19 subjectively 

categorized patients as severely impaired with a FM-UE total score less than 25, and 

moderate impairment between 26–50. Boissy and colleagues7 similarly subjectively divided 

stroke survivors into two FM-UE groups, with severe deficit defined by <44 and moderate-

normal defined by scores > 44. Unfortunately, it is not plausible to compare our cut-points 

with Woodbury and colleagues16 because they used a different method of classification (item 

response theory (IRT)25) on a different population (sub-acute biased to moderate or mild 

impairments). However, it is interesting to note that their cut-point, based on their analysis 

without reflexes, separating mild from moderate (47±2) is more similar to our cut-point (47–

48) separating mild from moderate-mild based on our four group analysis than it is from our 

own three group analysis (41–42). Conversely, their cut-point for separating moderate from 

severe (19±2) is not near the cut-point for either our four-group system (12–13) or our three-

group system (27–28).

The fact that our population was biased to moderate to severely impaired individuals may 

have contributed to the differences with Woodbury16 as well as the stroke chronicity and 

methods employed. Deriving these cut-points at the chronic stage is an advantage in that it 

controls for the possibility that spontaneous recovery, observed during the first 6 months 

following stroke,26 would confound the identification of impairment levels. In addition, 

although commonly utilized,25 the IRT method employed by Woodbury and colleagues, was 

developed to assess the validity of test items in healthy populations and there are many 

remaining challenges for applying IRT methods to test clinical assessments.27 IRT may be 

constrained in its ability to determine cut points in a heterogeneous population such as 

individuals with stroke, due to the fact that the order of item difficulty is fixed across all 

individuals.27 Whereas, hierarchal cluster analysis may be a more appropriate quantitative 

method for deriving cut-points as it does not have this constraint.25 Instead, the identified 

impairment-level groups exhibit their own unique pattern of item difficulty.

Residual motor patterns reveal common but not unique characteristics

Review of the individual item scores revealed common motor patterns within each severity 

level for our 4- and 3-group analyses (Figure 2; appendix). As expected there was an 

increase in individual item scores moving from the severe to the mild motor impairment 

group, indicating a progression from less to more residual motor function. Treatment options 

for these four groups would also follow a progression. In the severe group with little to no 

movement, treatment focus would be on general activation of the proximal muscles possibly 

leading to some stabilizing tasks of the paretic arm during bilateral tasks. In the severe-

moderate group with limited movement but not out of synergy, treatment focus would be on 

encouraging unilateral gross motor function of the paretic arm and stabilizing tasks of the 

paretic arm during bilateral tasks. In the moderate-mild group with more movement but only 

a few out of synergy, treatment would include a wider range of tasks including anti-gravity 
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unilateral and bilateral tasks and possibly consideration of the pre-morbid function of the 

paretic arm. The mild group could focus on recovery of manipulatory skills with the affected 

arm and work towards full range of motion in each plane.

However, while it is possible to describe general common characteristics of each group (see 

results), close inspection of the diagrams reveals several items that have a mixture of 

individuals with present, partial and absent scores in each of the impairment levels (as well 

as across the impairment levels). This kind of variability as well as the existence of the large 

overlap of group participants when we use the three-group classification, illustrates the 

complexity of classifying levels of stroke function/recovery. It suggests that there is not a 

linear progression of recovery as originally conceived in the construction of the Fugl-Meyer. 

The FM-UE measures motor recovery in terms of impairments but this does not accurately 

describe a patient’s actual ability to accomplish a task.28 Indeed, studies of stroke recovery 

have demonstrated multiple patterns of motor recovery that need not follow a fixed proximal 

to distal progression.29,30 Compensatory movements involving abnormal synergies can 

provide an alternative, functional, form of recovery.28 Thus it is not surprising that the total 

FM-UE score does not always predict functional recovery.

Exclusion of reflex items is warranted

It has been suggested that the reflex components of the FM-UE score measure a different 

level of behavior than the voluntary movement items, and can be unreliable (i.e. not 

repeatable),31 confounding the interpretation of impairment.14,15 A comparison of our 

analyses with and without the reflex items suggests that the reflexes make, at most, almost 

no contribution to the division of subjects into either three or four levels of residual motor 

function. The item scores for biceps and triceps did not differ between severity groups. 

Normal reflex activity only distinguished two groups, severe and moderate vs. mild. Perhaps 

more importantly, the FM-UE total scores defining our three or four groups differed very 

little in the analyses that include vs. exclude the three reflex items. Taken together, our 

findings lend support to Woodbury’s suggestion that these FM-UE items can be excluded 

from the FM-UE evaluation.

Future Directions

Due to the heterogeneous characteristics of the stroke population, motor impairment as 

defined by the FM-UE does not appear to account for all of the variability between patients. 

The present study was limited to the analysis of the upper extremity section and largely, but 

not exclusively, patients with a total FM-UE below which about 75% of our patients reside. 

Further analyses including a greater proportion of higher extremity FM scores may depict a 

more accurate description of severity levels. Also, while studies have used the FM to better 

describe patient populations, by itself this measure of motor impairment does not describe 

function. A potentially fruitful future direction would be to include data from variables 

representative of motor function such as from the Wolf Motor Function Test,17 in a more 

comprehensive cluster analysis. By including additional variables to account for this high 

variability it may be possible to better define groups of stroke patients based on common 

patterns found within the resulting clusters.
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Study Limitations

The main limitations of our study are that the population is biased towards the moderate to 

severe end of the FM-UE scores and also the fact that it only includes participants with 

chronic stroke. However, the FM-UE scores of the patient cohort included in our analysis 

did range from 2–60. Further, it is possible that a sub-acute population, even using the same 

quantitative approach as here, would result in different classification cut-points, as all 

individuals may not yet express the residual motor patterns.

Conclusions

In conclusion, this analysis of the FM-UE assessment tool revealed two sets of classification 

schemes (severe, moderate and mild; and severe, severe-moderate, moderate–mild, and 

mild). While the three-group version was based on the original cluster analysis, the four-

group version is the one we believe is more accurate for classification-purposes based on the 

reduction of overlap and the more distinctive motor patterns. However, either version could 

be used and, to our knowledge, these are the first quantitatively derived classification cut-

points for the chronic population. We also found that reflex items make no difference to the 

overall scores of the test, supporting previous recommendations for the exclusion of these 

items.
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Appendix

Figure 3. Individual Item Scores of 3-Group Impairment Levels
Percentage of FM-UE scores of all individuals in each impairment level are displayed for 

each item as black, grey, and white for scores of 0, 1, and 2, respectively. Numbers 1–33 

along the horizontal axis of each histogram correspond to each individual item of the 

assessment detailed in the item key at the bottom of the figure. Although the cluster analysis 

did not include the reflex items, the reflex item scores were included in the figure to describe 

the patients included in these groups based on all of their individual item scores
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Figure 1. Cluster FM-UE Distributions
Cluster 1, 2, and 3 are indicated from dark to light respectively. Red lines correspond to the 

normal distribution of each cluster. Vertical blue lines represent the FM-UE cut scores of the 

subsequently identified 3-group (A) and 4-group (B) division of impairment levels. As the 

characteristics of the distributions of the 3 clusters were used to determine the new cut points 

displayed in Figure 1.B, the original distributions of the 3 clusters were retained in Figure 

1.B. in order to graphically depict this relationship between the clusters and new cut points.
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Figure 2. Individual Item Scores of 4-Group Impairment Levels
Percentage of FM-UE scores of all individuals in each impairment level are displayed for 

each item as black, grey, and white for scores of 0, 1, and 2, respectively. Numbers 1–33 

along the horizontal axis of each histogram correspond to each individual item of the 

assessment detailed in the item key at the bottom of the figure. Although the cluster analysis 

did not include the reflex items, the reflex item scores were included in the figure to describe 

the patients included in these groups based on all of their individual item scores
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