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using cluster analysis involving parameter analysis
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Abstract

Background
Although drug therapy in rheumatoid arthritis has recently improved, treating established rheumatoid
hand consisting of three major deformities—thumb deformity, �nger deformities, and ulnar drift—remains
a challenge. Underlying complex pathophysiology makes it di�cult to comprehensively understand these
deformities, and comprehensive assessment methods require accumulated skill and long learning curves.
We aimed to establish an easier composite method of understanding the pathophysiology using data
from our cohort and cluster analysis.

Methods
We established a rheumatoid hand cohort in 2004, and clinically evaluated 134 hands (67 patients). We
repeated the evaluations in 2009 and 2015, which provided data for 297 hands and 43 hands for cross-
sectional and longitudinal analyses, respectively. Thumb deformities, �nger deformities (swan-neck and
boutonnière deformity), and ulnar drift were semi-quanti�ed and entered as parameters into a two-step
cluster (cross-sectional) analysis. Parameter distributions were considered to clarify each cluster’s
characteristics. Next, hands with cluster change over the study period were reviewed to clarify deformity
progression (longitudinal analysis). We also performed a strati�ed analysis between the clusters and the
affected period to clarify whether long affected period plays an important role in deformity progression.

Results
We identi�ed seven clusters: cluster 1: mild �nger deformities; cluster 2: type 1 thumb deformity; cluster 3:
type 2 thumb deformity and severe ulnar drift; cluster 4: type 3 or 4 thumb deformity and low or moderate
swan-neck deformity; cluster 5: various thumb deformities and severe boutonnière deformity; cluster 6:
type 1 thumb deformity and severe swan-neck deformity; and cluster 7: type 6 thumb deformity. The ulnar
drift parameters were equally distributed among the clusters except for cluster 3. Larger cluster numbers
generally indicated lower function. At the study endpoint, cluster 1 had changed mainly to cluster 2 or 4,
cluster 2 changed to cluster 3, and cluster 7 was considered the �nal morphology with the lowest hand
function. Patients affected for > 30 years had increased risk of rapid disability progression.

Conclusions
Our comprehensive assessment indicated seven deformity patterns and a progressive course in
rheumatoid hand. Using patterns may provide rheumatologists with easier information for practical
interventions and to determine functional prognosis.
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Background
Rheumatoid hand, which describes the characteristic deformities in rheumatoid arthritis, is typically
composed of thumb deformity, �nger deformities, and ulnar drift, of varying degrees. Several studies have
attempted to quantify hand function using hand space and force–time curves to evaluate hand deformity
[1, 2]. Swan-neck deformity, either alone or combined with other deformities, has been reported to affect
hand function more. However, it is still di�cult to understand patients’ overall pathophysiological
conditions such as the presence or absence, and location and severity, of deformity, to determine the
most relevant treatment.

A study of early rheumatoid arthritis patients over a 10-year period reported that approximately 50% of
hands exhibited combined deformity[3]; however, the authors did not describe the severity of deformity.
Another study described severity of deformity from a 5-year observation of established rheumatoid
arthritis patients and found that overall deformities worsened with time[4]. The authors evaluated thumb
deformity using the Nalebuff classi�cation system (type 1–6)[5], �nger swan-neck deformity using the
Nalebuff classi�cation (type 1–4)[6], �nger boutonnière deformity using the Nalebuff classi�cation
(stage 1–3), and ulnar drift by the authors’ new method[7], which quanti�ed ulnar drift by evaluating joint
parameters in an extended cohort [8].

Based on these �ndings, we hypothesized that a semi-quantitative approach using the type/stage and the
new method would provide a comprehensive understanding of the rheumatoid hand. The aim of this
study was to perform a comprehensive assessment and clarify the progressive patterns of hand function
and deformity in patients with rheumatoid arthritis.

Methods

Patients
The data collection began in 2004 for patients with rheumatoid arthritis with any hand deformity. The
study began in 2004 because biological agents were �rst approved in our country in 2003. We collected
repeat data again in 2009 and 2015. At each evaluation, we evaluated patients’ hand deformity and
functional assessments. A total of 297 hands were available for the cross-sectional analysis, and data
for 43 hands were used for the longitudinal analysis, according to the cross-sectional analysis results
(Fig. 1).

Deformity evaluation
Thumb deformity, all four digits’ swan-neck deformity or boutonnière deformity, and ulnar drift were
assessed according to the Nalebuff classi�cation of thumb deformity (type 1–6)[5]; the Nalebuff
classi�cation of swan-neck deformity (Type 1–4) and boutonnière deformity (stage 1–3) for the �ngers[6,
7]; and ulnar drift (total score 0–8). The ulnar drift total score was calculated by adding scores for the
four parameters for the metacarpophalangeal joints (deviation, subluxation, reduction, and bone
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destruction) and was scored from 0 to 2 for each parameter. The severity of ulnar drift was evaluated
according to the sum of each parameter’s score, and scores increased with worsening of the ulnar drift[8].

Functional evaluation
Patient-rated subjective indicators that evaluate unilateral hand function are better for polyarticular
diseases such as rheumatoid arthritis. Therefore, evaluation methods such as the Michigan Hand
Outcomes Questionnaire are currently considered the best tools [9]; however, this questionnaire was not
used in our cohort, and the Kapandji index was used instead[10]. The Kapandji index evaluates �nger
extension (20 points), �nger �exion (20 points), and thumb opposition (10 points), with a maximum of 50
points. The Kapandji index evaluates unilateral hand function within minutes independent of impact from
the elbow and shoulder joint. As in a previous study, we chose this functional evaluation method [11].

Cross-sectional analysis
A comprehensive understanding of the rheumatoid hand regarding the characteristic deformities was
derived from the cluster analysis according to the described clinical parameters. The numerical values for
thumb deformity (0–6) were entered as nominal variables because, to our knowledge, no studies have
compared function between each deformity type. Finger deformities exist independently from the index to
little �nger with varying severity, and the presence of swan-neck deformity or boutonnière deformity also
varies; therefore, several parameters should be considered and entered into the analysis (which �nger,
type of deformity, and severity). Because the thumb has the most important functional role in both
rheumatoid hands and normal hands[12, 13], we considered that the evaluated parameters should be
minimized to weight the impact from thumb deformity in the cluster analysis. Therefore, the score for
�nger deformity according to the Nalebuff classi�cation (swan-neck deformity: 0–4, boutonnière
deformity: 0–3) were totalled separately from the swan-neck deformity score and the boutonnière
deformity score from the index to the little �nger. We entered the values for only these two scores as
ordinal variables.

Ulnar drift score was an ordinal variable and was entered directly into the analysis[8].

We performed two-step cluster analysis because one of the parameters was a nominal variable. The �nal
number of clusters was seven after weighting the importance of thumb deformity, and the characteristics
of each cluster were determined according to the distributions of the entered parameters. We used
Student’s t-test for two-group comparisons for continuous variables and analysis of variance and the
post-hoc Tukey’s test for multiple comparisons.

Longitudinal analysis
We used data for hands that had changed to a different cluster category at each evaluation point, in the
longitudinal analysis. Using changes in hand characteristics over time, we determined the patterns of
deformity progression over time.

Relationship between affected period and cluster
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To determine the in�uence of the affected duration on hand deformities, we calculated the proportions of
each cluster by affected period category (almost every 5 years).

Results
Patients’ demographics

Patients’ demographics at each endpoint are shown in Table 1. Drug therapy was performed in
accordance with the treatment guidelines/recommendations of the European League Against
Rheumatism and the American College of Rheumatology, which changed several times during the follow-
up period. Therefore, disease activity generally improved over time, despite the fact that patients aged.

Demographics of each cluster

The demographics of each cluster regarding patients’ background characteristics are shown in Table 2.
We found almost no difference in age when comparing the clusters. In contrast, the affected period
lengthened as the cluster number increased. The Kapandji index in clusters 1, 2, and 4 was > 30 points,
but in cluster 3, the index was similar to that in cluster 5 and 6. Cluster 7 had the lowest Kapandji index
score.

The distributions of patients in each cluster for each parameter are also shown in Table 3. Because
clustering aimed to emphasize differences regarding thumb deformity, patients with each type of thumb
deformity were clearly clustered except for cluster 5, as follows: cluster 1: no thumb deformity, low or
moderate swan-neck deformity and boutonnière deformity, variable ulnar drift; cluster 2: type 1 thumb
deformity, low or moderate swan-neck deformity and boutonnière deformity, variable ulnar drift; cluster 3:
type 2 thumb deformity, low swan-neck deformity and boutonnière deformity, severe ulnar drift; cluster 4:
type 3 or 4 thumb deformity, low or moderate swan-neck deformity, almost no boutonnière deformity,
variable ulnar drift; cluster 5: various types of thumb deformity, almost no swan-neck deformity, severe
boutonnière deformity, variable ulnar drift; cluster 6: type 1 thumb deformity, severe swan-neck deformity,
almost no boutonnière deformity, variable ulnar drift; and cluster 7: type 6 thumb deformity. Interestingly,
the distributions were scattered regarding the ulnar drift scores in every cluster except cluster 3.

Cluster changes over time
Cluster changes in the longitudinal study are shown in Fig. 2. Because cluster 1 had no thumb deformity,
its transitions were mainly to cluster 2 or 4, which have thumb deformity and low-grade �nger deformity.
Cluster 2 changed to cluster 3, 5, and 6, meaning that type 1 thumb deformity worsened to type 2 thumb
deformity and was associated with variable degrees of �nger deformity. No hands changed to cluster 7
during the study.

Strati�ed analysis by affected period
The proportions of each cluster by the affected period are shown in Fig. 3. Although hands in cluster 3 or
higher constituted less than approximately 10% of the hands if the affected period was shorter than 10
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years, the proportion of these patients rapidly increased to approximately 30% of all hands, if the affected
period was longer than 10 years. Moreover, if the affected period was longer than 35 years, the proportion
of hands in cluster 3 or higher and the proportion of severely deformed hands increased to > 70% of all
hands.

Discussion
Our �ndings suggest that rheumatoid hand phenotypes and disease progression represent several
speci�c patterns (Fig. 4). In the early phase, hands with type 1 thumb deformity were the most common
phenotype, and patients had minimal disability, implying that type 1 thumb deformity is the mildest and
�rst hand deformity we encounter clinically. Other hands developed type 3 or 4 thumb deformity �rst. In
the middle phase, several progression paths appeared. Some hands with type 1 thumb deformity
progressed to type 2, some hands developed severe boutonnière deformity, and other hands developed
severe swan-neck deformity. In the terminal phase, despite the fact that no hands progressed to cluster 7
from other clusters, in this study, if disease activity remains high, any thumb deformity would progress to
type 6.

Originally, the Nalebuff classi�cation for thumb deformity divided thumbs into six types by the initially
affected joint and its appearance[14, 15], and type change over time was not considered. Additionally, to
our knowledge, no studies have compared hand function by type and none have quanti�ed the impact of
deformity type on hand function. Our results showed that type 1, 3, and 4 are the primary phenotypes of
the thumb deformity, and type 2 is a secondary lesion of type 1. In type 2, the carpometacarpal joint was
initially involved, and �exion contracture of the metacarpophalangeal joint was secondary; however, type
3 also initially involves the carpometacarpal joint. The underlying mechanisms in�uencing this
phenotype difference are unknown. Some hands with type 1 thumb deformity progressed to type 2 in this
study, suggesting that type 2 involves the metacarpophalangeal joint, �rst, followed by the
carpometacarpal joint.

Quantifying �nger deformities, speci�cally swan-neck deformity and boutonnière deformity, was
challenging in this study. Anatomically, the index to little �ngers have different roles. The index and
middle �ngers are mainly used in extension for reach behaviours, in contrast with the ring and little
�ngers, which work in �exion while grasping. Therefore, the affected �nger should be considered when
interpreting our results. A previous study evaluated each affected �nger separately[16], but the authors
did not evaluate the proximal interphalangeal joint and did not describe the �nger deformity phenotypes.
Another study reported the results of a strati�ed analysis by �nger among patients who underwent
surgery with silicone arthroplasty. The authors reported that the ring and little �nger had larger extension
lags[17], but the authors did not describe hand function. A study evaluating �nger deformity separately
showed an almost even distribution for the characteristic �nger deformities from the index to little
�ngers[4]. However, to our knowledge, no patient-rated subjective indicator evaluating hand function
assesses �ngers separately; therefore, the absence of weighting impact on function difference by each
�nger would have minimal impact on the results.
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In this study, the swan-neck deformity scores and boutonnière deformity scores were treated equally and
entered into the cluster analysis. Several studies have shown that swan-neck deformity indicates more
severe disability than boutonnière deformity[1, 2, 18]. This suggests that scores from swan-neck
deformity should be weighted; however, our previous study showed that both deformities contribute
equally to hand function. Therefore, we used the same quanti�cation method, in this study.

The ulnar drift scores were equally dispersed across the clusters except for cluster 3, indicating that ulnar
drift may occur independently from other deformities. Ulnar drift arises mainly from
metacarpophalangeal joint involvement, but clinically, many other causes dictate its course[19]. As a
result, ulnar drift should be managed separately from other deformities when rheumatologists consider
referring a patient for surgery. Silicone arthroplasty for ulnar drift can provide excellent relief from the
cosmetic effects and poor hand function related to rheumatoid arthritis[17, 20].

Our strati�ed analysis showed that hands affected for ≤ 10 years constituted only approximately 10% of
clusters 3 or higher (middle or terminal phase). In contrast, hands affected for more than 10 years
constituted 30% of clusters 3 and higher, suggesting that a 10-year affected period could be a meaningful
threshold indicating increasing risk of rapid disability progression.

This study includes several limitations. First, our cluster analysis prioritized the impact of thumb
deformity to determine the seven clusters. Therefore, the characteristics of all clusters were in�uenced by
thumb deformity. Given that thumb deformity provides the main impact on disability, our cluster
classi�cation could be very useful in determining daily medication therapy, but it remains unclear which
deformities and what degree of severity in�uence disability. Second, the cluster analysis assigned hands
to each cluster group retrospectively. Therefore, our clusters are explanatory research and cannot
necessarily be applied to new single hands; additional studies are needed. Third, we used the Kapandji
index as a functional evaluation, and our results should be veri�ed using patient-reported outcome
measures.

Conclusions
Our clustering of rheumatoid hand characteristics could be a useful tool, even for rheumatologists
unfamiliar with patients with impaired activities of daily living.
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Tables
Due to technical limitations, Tables 1-3 are provided in the Supplementary Files section.

Figures
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Figure 1

Patient registration in our hand cohort and the framework for the cross-sectional/longitudinal analyses in
this study. The hands contralateral to the surgery side and patients were included in the cohort.
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Figure 2

C1–7 in the circle indicate the cluster numbers, and the other numbers indicate patients with changed
cluster numbers.
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Figure 3

The proportions of each cluster are shown in each column. Hands in cluster 3 or higher constituted more
than approximately 30% of the hands if the affected period was longer than 10 years.

Figure 4
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Cluster 2 was the most common phenotype and was considered an early phase. Hands in the terminal
phase constitute a challenging patient population regarding providing effective treatment; therefore, we
recommend considering hand surgery in the middle phase.
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