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Background: A wide range of outcome assessment systems have been used to describe the results and evaluate
residual impairment after surgery for radial polydactyly. We conducted a study to determine which of these assessment
systems should be considered superior for the most common types of radial polydactyly (types II and IV).

Methods: Ten outcome assessment systems were selected. Three examiners independently evaluated thirty-seven
patients, aged four to twenty-two years, with radial polydactyly. Patients completed two manual activity questionnaires.
Interobserver reliability was determined with use of an intraclass correlation coefficient (ICC). Validity was assessed by
correlating the results derived with the outcome assessment systems with functional visual analog scale (VAS), aesthetic
VAS, and manual activity questionnaire scores.

Results: Thirty-seven patients (forty-one hands with radial polydactyly) were evaluated. All patients were assessed by at
least two examiners. Reliability was highest for the Japanese Society for Surgery of the Hand (JSSH), Cheng et al., and
Tada et al. assessment systems (overall ICCs ‡ 0.70). The JSSH system had the highest overall correlations (rs ranging
from 0.48 to 0.80 and 0.45 to 0.63) with functional and aesthetic VAS scores. No significant correlations were found
between the outcome scores and the results of the manual activity questionnaires after an average follow-up time of
112 months.

Conclusions: Interobserver reliability was highest for the JSSH classification, which also showed superior correlations
with both examiner-rated and patient-rated VAS scores for functional and aesthetic outcome compared with the other nine
assessment systems. The finding of a poor correlation between the outcome scores and the results of manual activity
questionnaires is in agreement with findings in published literature. We recommend the JSSH assessment method for the
scientific evaluation of the outcomes, in terms of body structure and function, of the treatment of radial polydactyly.

Level of Evidence: Therapeutic Level IV. See Instructions for Authors for a complete description of levels of evidence.

R
adial polydactyly is a relatively common and diverse con-
genital hand difference1. Many reports have described
the results and complications of the complex surgical

treatment of radial polydactyly. The postoperative evaluation
methods applied in these studies have ranged from mainly de-
scriptive systems2 to strict scoring forms3.
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Early outcome studies of radial polydactyly often provided
case-specific results of surgery4. In later years, postoperative
assessment was structured on the basis of certain evaluation
criteria5,6. A comprehensive scoring system was first introduced
by Tada et al. in 19837. This commonly used8-12 and frequently
modified13-16 system consists of scores for range of motion, joint
instability, and malalignment parameters. Consequently, the
definition of outcome is based solely on functional parameters
in the Tada scoring system. Other assessment systems include
aesthetic and subjective factors as important features of post-
operative evaluation17-19.

Despite the large number of assessment systems and their
frequent use, there is no evidence that these systems are reliable
and valid indicators of overall outcome or residual impairment
after surgical treatment of radial polydactyly or that they can be
applied regardless of observer experience. In addition, patient
and caregiver satisfaction and manual activity have become in-
creasingly important determinants of outcome in contempo-
rary research, but the relationship between patient satisfaction
and manual activity and functional and aesthetic outcome after
the treatment of radial polydactyly has not been well described.

The purpose of this study was to determine which out-
come assessment system is most suitable for evaluation after the
surgical treatment of most common types of radial polydactyly.
We evaluated the interobserver reliability of ten outcome as-
sessment systems that assess body structure and function. To
assess the validity of these ten outcome assessment systems, we
correlated the outcome scores with visual analog scale (VAS) scores
for functional and aesthetic results assigned by three examiners
and by the patients (or parents). Furthermore, we measured
manual activity using questionnaires and correlated their re-
sults with those derived with the outcome assessment systems.
Although this report contains data describing overall outcome,
our methodology was not designed to describe our long-term
results of treatment.

Materials and Methods
Patients and Examiners

We examined the patient registry for patients with radial polydactyly treated
at our hospital from 1993 to 2011. Patients operated on for Flatt

20
(Wassel

4
)

type-II or IV radial polydactyly who were four years of age or older at the time of
the follow-up and who had been followed for a minimum of one year post-
operatively were eligible for inclusion. Patients with severe psychomotor im-
pairment due to multiple congenital anomalies or perinatal asphyxia were excluded
from the study.

Two surgeons experienced in the treatment of congenital hand differ-
ences (C.A.v.N. and S.E.R.H.) and one well-trained medical intern (R.R.D.)

separately evaluated the patients during their visit to the outpatient clinic. The
intern was prepared for this project during several international clerkships with
renowned surgeons who treated congenital hand differences and was trained in
the performance of measurements for children by a pediatric hand therapist.
He was not involved in the surgical treatment of the patients and was consid-
ered an independent examiner. This study was done with the approval of an
accredited Medical Research Ethics Committee (MEC-2010-295) and in ac-
cordance with the Declaration of Helsinki.

Outcome Assessment Systems
Ten clinical assessment systems were selected on the basis of the available
literature

5-7,13-15,17-19,21
. In this cross-sectional study, the three examiners were

completely blinded with regard to each other’s evaluations. Every examiner
performed all standardized measurements necessary to calculate the overall
score of all outcome assessment systems for all patients, with the exception of
the strength measurements, which were conducted only once. If required by the
specific assessment system, measurements of the affected hand were compared
with those of the unaffected, contralateral hand. With bilateral involvement,
normative values were used for comparison.

The content validity of each outcome assessment system was evaluated
by consensus. All examiners were separately asked to indicate the seven items
essential to assess outcome in patients with radial polydactyly. After the first
round, the authors agreed on six and disagreed on two items. In the second
round, after they had read each other’s comments, the following items were
considered, by consensus, to be determinants of content validity of an outcome
assessment system for radial polydactyly: thumb alignment, interphalangeal
and metacarpophalangeal joint stability, combined interphalangeal and meta-
carpophalangeal range of motion, appearance of the nail and nail folds, prom-
inence or residual deformity of the pulp, and patient satisfaction (Fig. 1).

Clinical Patient Evaluation
Interphalangeal and metacarpophalangeal joint motions, joint stability, and
joint alignment were all measured with use of a handheld goniometer.
The Pollexograph

22
and the Kapandji score

23
were used to measure palmar ab-

duction and opposition. Tip, tripod, and key pinch strength were measured with
use of a pinch strength dynamometer (Baseline; FEI [Fabrication Enterprises
Inc.], White Plains, New York). Thumb length was measured from the palpable
base of the proximal phalanx to the tip of the thumb. Girth of the thumb was
measured at the interphalangeal joint with the joint in neutral position. Pulp
circumference was defined as the circumference at the level of the lunula. The
width of the nail was measured at the lateral edges of the nail, where the lateral
nail folds meet the hyponychium.

Examiners were asked to estimate whether the first web space and the
thumb size were sufficient to allow acceptable function. In addition, examiners
and patients (or their caregivers) were asked to assess functional and aesthetic
outcome on a VAS

2,8,24,25
. The functional VAS ranged from ‘‘no functional

thumb at all’’ to ‘‘a perfectly functioning thumb.’’ The aesthetic VAS ranged
from ‘‘so disfigured that the patient would prefer not to have a thumb at all’’ to
‘‘a perfectly normal looking thumb.’’

The caregiver VAS score was used only if the child appeared to be too
young to understand the question. Most children could independently rate
their thumb by the age of eight years. For simplicity, we will refer to these results

TABLE I Intraclass Correlation Coefficients (ICCs) for the Various Outcome Assessment Systems, for Different Combinations of
Examiners (p < 0.05)

Examiners Tada Ogino Larsen Horii ALURRA Cheng JSSH Wood Dobyns Tuch

R.R.D., C.A.v.N., & S.E.R.H. 0.68 0.59 0.66 0.67 0.68 0.70 0.71 0.60 0.56 0.54

R.R.D. & C.A.v.N. 0.62 0.57 0.71 0.64 0.65 0.70 0.77 0.34 0.56 0.45

R.R.D. & S.E.R.H. 0.76 0.47 0.69 0.67 0.58 0.64 0.73 0.57 0.58 0.49

C.A.v.N. & S.E.R.H. 0.82 0.89 0.73 0.76 0.82 0.85 0.75 0.91 0.75 0.70
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as ‘‘patient-rated’’ throughout the manuscript. Patients were asked to assess pain
on a numeric rating scale with 0 representing no pain at all and 10 representing
the worst pain imaginable

26
.

Questionnaires
Prior to their visit to the clinic, all patients were asked to fill out the ABILHAND-
Kids questionnaire

27
. Additionally, a modified Prosthetic Upper Extremity Func-

tional Index (PUFI) questionnaire
28

was completed by patients with a unilateral
congenital hand difference. Both questionnaires quantify the child’s manual
ability by assessing ease of performance of everyday tasks.

Parents or caregivers of younger patients were asked to verbally or man-
ually assist their child in completing the questionnaires when needed. No hard
cutoff age was used to determine the need for parent or caregiver assistance,
although most children could independently fill out the questionnaires by the
age of ten years.

Source of Funding
This project was funded by a research grant from the NutsOhra foundation.
The authors declare an absence of financial conflicts of interest.

Statistical Methods
All outcome scores were calculated after clinical evaluation of the patient.
Interobserver reliability of the outcome assessment systems was calculated with

an intraclass correlation coefficient (ICC 2, 1) with use of a two-way random
single measure agreement model

29
. A Spearman correlation coefficient (rs) was

used to assess the relationship between the scores on the outcome assessment
systems and the functional and aesthetic VAS scores. Additionally, a Spearman
correlation coefficient was used to analyze correlation between the outcome
assessment system scores and the results of the manual activity questionnaires.

Results

We identified 211 patients with radial polydactyly from the
patient registry; fifty-eight (27%) of them met the in-

clusion criteria. Thirty-seven (64% response rate) with a total
of forty-one cases of radial polydactyly were seen and examined
in the outpatient clinic. Examiner R.R.D. assessed all forty-one
cases. C.A.v.N. and S.E.R.H. assessed forty (98%) and twenty
(49%) cases, respectively. The average age at the time of follow-
up was ten years (range, four to twenty-two years); the average
age at the first surgical procedure was 1.9 years (range, less than
one to seven years) (see Appendix).

Figure 1 shows the items evaluated in each outcome as-
sessment system. Seven systems (Tada et al.7, Ogino et al.13, Larsen
and Nicolai15, Horii et al.14, ALURRA [alignment, ulnar and radial
stability, range of motion and aesthetical aspects]18, Cheng et al.17,

Fig. 1

Summary of the reviewed outcome assessment systems. 1 = purely functional outcome scores; 2 = outcome scores evaluating function, aesthetics, and

subjective aspects; 3 = structured outcome criteria systems; * = essential item based on consensus; y = content validity based on consensus and the

number of essential items given; and n.a. = not available.
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and JSSH [Japanese Society for Surgery of the Hand])19 were
designed to calculate an outcome score. The three remaining
systems (Wood21, Dobyns et al.5, and Tuch et al.6) use combined
evaluation criteria that define overall outcome. Each system
contains three to twelve items. Three systems (Tada, Ogino, and
Larsen) do not evaluate aesthetic aspects of outcome. Patient
satisfaction is integrated as a determinant of outcome in the

JSSH and Tuch systems. Regarding content validity, the JSSH,
Cheng, and Tuch assessment systems encompassed the most
items defined as essential by the examiners (Fig. 1).

The results of the assessments of all patients are shown
for each assessment system in Figure 2. While median outcome
scores were fair to good, Figure 2 clearly illustrates that the
conclusion regarding overall outcome heavily depends on the

Fig. 2

Distribution of outcomes per system.

Fig. 3

Correlations (rs) between each examiner’s VAS scores rating functional and aesthetic outcome and the scores derived with each assessment system. The

larger markings represent significant correlations (p £ 0.05), and the smaller markings represent nonsignificant correlations (p > 0.05).
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assessment system applied. For example, while approximately
75% of all outcomes were in the ‘‘good’’ to ‘‘excellent’’ range when
evaluated with the Cheng and Wood systems, <25% were con-
sidered ‘‘acceptable’’ according to the Dobyns system. Figure 2
also presents information on the discriminative properties of
the outcome assessment systems, as some systems classify the
majority of patients in only one or two categories. Although not
shown in Figure 2, a number of the assessment systems were
not sensitive enough to enable one or more of the examiners to
detect a difference between ‘‘poor’’ and ‘‘fair’’ outcomes. This was
the case for the Larsen (examiner C.A.v.N.), ALURRA (examiner
S.E.R.H.), Cheng (examiners R.R.D. and C.A.v.N.), and Wood
(examiners C.A.v.N. and S.E.R.H.) systems. The Tuch system
lacks a ‘‘fair’’ outcome category.

The interobserver reliability of each outcome assessment
system is shown in Table I. The overall agreement between the
examiners was highest for the JSSH assessment system, followed
by the Cheng and Tada systems (overall ICCs ‡ 0.70). The Cheng
and Tada systems had, respectively, one and two ICCs of <0.70.
Agreement between the hand surgeons was generally higher
than that between either of them and the independent examiner.

Patients scored a median of 41 (interquartile range [IQR],
37.5 to 42.0) of 42 points on the ABILHAND-Kids question-
naire, which assesses manual activity. They also indicated a score
of 100% (IQR, 95.6% to 100%)—indicating that they were able
to complete all tasks—on the modified PUFI questionnaire. We
found a weak correlation between age at the time of follow-up
and ABILHAND-Kids score (rs = 0.36, p < 0.05), but no significant
correlation between age and PUFI score (rs = 0.32, p > 0.05). No
significant correlations were found between the scores on the
various outcome assessment systems and the results on the manual
activity questionnaires (rs ranging from 20.33 to 0.43, p > 0.1).

Significant correlation coefficients were found between the
examiner-rated VAS scores for function and aesthetics (Fig. 3)
and the scores according to the Horii, Cheng, JSSH, Wood, and
Dobyns outcome assessment systems. The strongest correlations
were between the VAS scores for functional outcome assigned
by S.E.R.H. and the scores that S.E.R.H. assigned using the Dobyns
and Wood outcome assessment systems (rs = 0.93 and rs = 0.86,
respectively). However, the variability among the correlations was
considerable for these systems (rs ranging from 0.33 to 0.93 and
0.34 to 0.86, respectively). Consequently, overall correlations were
better for the Horii and JSSH systems (rs ranging from 0.47 to
0.75 and 0.48 to 0.80, respectively, indicating only moderately
strong linear relationships).

Correlation coefficients between the patient-rated VAS scores
for function and aesthetics and the outcomes according to the
different assessment systems (Fig. 4) were absent to moderate.
Overall, however, the strongest significant correlations were for
the Horii and JSSH systems (rs ranging from 0.44 to 0.58 and 0.45
to 0.63, respectively). The average significant correlations between
patient-rated VAS scores and the scores according to the outcome
assessment systems were rs = 0.43 for function and rs = 0.31 for
aesthetics.

Discussion

The aim of this study was to determine which of the available
assessment systems is best suited for evaluation of outcome

after operative treatment of radial polydactyly. We found that con-
clusions about overall outcome can vary substantially for a single
patient depending on the assessment system used. For example,
the results of surgery shown in Figure 5 would be ‘‘excellent’’ if one
applies the Wood system criteria, ‘‘fair’’ with use of the JSSH as-
sessment system, and ‘‘poor’’ according to the Tuch system criteria.

Fig. 4

Correlations (rs) between patient-rated VAS scores of functional and aesthetic outcome and the scores derived with each assessment system by the

different examiners. The larger markings represent significant correlations (p £ 0.05), and the smaller markings represent nonsignificant correlations

(p > 0.05). PP = patient/parent.
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Our results show that the JSSH assessment system has the
most optimal properties. It had the highest overall interobserver
reliability compared with the other nine assessment systems re-
viewed. Furthermore, it has relatively high correlations with VAS
scores for function and aesthetics. Additionally, observers using
the system can differentiate among at least three outcome cate-
gories. Finally, it encompasses all important postoperative evalu-
ation parameters. Since we found no correlations between any of
the assessment systems and manual activity questionnaires, those
results did not contribute to selection of the most optimal system.

Although the Cheng, Tada, and JSSH assessment systems
were the three most reliable methods for evaluating outcomes
(Table I), the JSSH system has a number of additional assets.
First, in contrast to the Cheng and Tada systems, the JSSH sys-
tem had an ICC that was consistently higher than 0.70. Second,
the JSSH assessment system had higher overall correlations
with the functional and aesthetic VAS scores. Third, using the
Cheng system, two examiners (R.R.D. and C.A.v.N.) could not
discriminate between the ‘‘poor’’ and ‘‘fair’’ outcomes, making the
system less suitable for detecting improvement after revision
surgery. Last, since preoperative patient characteristics influ-
ence postoperative residual impairment, use of a solely func-
tional system that emphasizes joint mobility, such as the Tada
score, means that a patient with poor preoperative joint motion
will never achieve a good outcome according to the system. More-
over, the Cheng and Tada systems do not incorporate residual
pain and patient satisfaction as determinants of outcome. We
believe that patient satisfaction is an especially important feature.

While the two more subjective systems (Dobyns and Wood)
had the highest correlations with the examiner-rated VAS scores,
the difference in the correlations for the various examiners using
these systems was large. For example, the correlation between
the VAS function score and Dobyns system score was 0.93 for
one hand surgeon and 0.35 for the other, suggesting that these
systems are less reliable.

The absence of significant correlations between any of the
systems and the manual activity questionnaires can be explained

by the fact that a majority of patients scored ‘‘excellent’’ on these
questionnaires (a ceiling effect). From our data, it cannot be
determined whether this resulted from radial polydactyly being
a relatively mild functional impairment regardless of the success
of the surgery or it was due to these questionnaires not being
sensitive enough to discriminate between good and poor re-
sults of the treatment of thumb-related problems.

The main limitations of this study are the relatively small
sample size and the fact that all three examiners did not evaluate
every patient. On the basis of the originally described frequency4
of Flatt type-II and IV radial polydactyly and the total number
of our patients (211), one would expect approximately 122 pa-
tients to have type II or IV. The main criteria limiting inclusion
to fifty-eight patients were an age of four years or older, a min-
imum of one year of postoperative follow-up, and the relatively
high occurrence of radial polydactyly with triphalangeal com-
ponents in our population30. Nevertheless, we were able to show
considerable differences in reliability, discriminative properties,
and correlation consistency among the different systems. This
was the aim of the study, and we are confident that our sample
size was adequate for that purpose. Increasing sample size might
influence correlations with questionnaires that failed to reach
the significance level of p < 0.05 in the current setting. However,
comparable studies have also shown poor correlations between
outcomes involving body structures and function and the scores
on questionnaires on manual activity or impairment24,25.

Another limitation is the validity of the ABILHAND-Kids
and PUFI questionnaires as measures of manual ability, as
these questionnaires were validated only for use for children
with cerebral palsy27 and populations with transverse upper-
limb deficiencies31. Although there are alternative measures of
manual activity, such as the Assisting Hand Assessment (AHA)32,
most of them are very time-consuming and require specific
expertise of hand therapists. In contrast, filling out a question-
naire and completing the JSSH assessment system form takes, in
total, about fifteen minutes, which is more feasible in a busy
outpatient clinic.

Fig. 5

Postoperative hand function and appearance after treatment of a Flatt type-IV radial polydactyly on the right hand. Slight stability and mobility issues

substantially influence the assessment of the overall outcome. A single examiner rated the result for this hand as excellent with the Wood system; good with

the Cheng and Dobyns systems; fair with the Tada, Ogino, Larsen, Horii, ALURRA, and JSSH systems; and poor with the Tuch system.
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A possible third limitation of our study is the restriction
of our study population to the most prevalent types of radial
polydactyly—types II and IV. Although this might impair the
generalizability of the results, Flatt types II and IV affect inter-
phalangeal and metacarpophalangeal joints, making evaluation
of alignment, stability, mobility, and strength more relevant. These
items are incorporated in most outcome assessment systems.

One of the strengths of this study was the combined as-
sessment of patients by two surgeons highly experienced with
treating congenital hand differences and an independent exam-
iner in the analysis of interobserver reliability. The independent
examiner was qualified to conduct patient evaluation but lacked
the surgical experience of the two frequently collaborating hand
surgeons. This is a realistic research setting because clinical re-
search is often conducted either by observers who are in some
stage of medical training or by physician assistants, due to the
busy schedules of experienced consultants. Indeed, we did find
considerable differences in interobserver reliability between the
two hand surgeons and the independent examiner for the majority
of the assessment systems. Although the surgical inexperience
of the independent examiner may have lowered the overall agree-
ment, we believe that the validity and generalizability of an assess-
ment system is increased when it can be reliably applied irrespective
of surgical experience in the field of congenital hand differences.
Another strength of the study was that we related the patients’
satisfaction with the function and aesthetic results to the out-
come assessments by the three examiners. Our findings suggest
poor-to-moderate correlations between physician-rated and
patient-rated outcome, which is well known2,6,8,24,33. Moreover,
patient satisfaction is an important reason for seeking medical
attention, a determining factor for performing revision surgery,
and a substantial confounder in outcome evaluation after revision
surgery. We therefore believe that patient satisfaction should be an
integral part of outcome assessment, as it is in the JSSH system.

A third strength of the study was the systematic evaluation
of the validity of the outcome assessment systems. Validity evalu-
ation usually includes assessment of content validity (i.e., whether
the system measures all facets of the construct that it is supposed to
measure, which, in the present study, was the overall outcome of
the treatment of the radial polydactyly), construct validity (i.e.,
whether the system measures or correlates with the construct that
it claims to measure), and criterion validity (i.e., the extent to which
results obtained with the system relate to concrete criteria in the
‘‘real world’’). In the absence of a gold standard to describe hand
function as an outcome of the treatment of radial polydactyly, we
assessed content validity on the basis of consensus, construct validity
on the basis of correlations with VAS scores, and criterion validity on
the basis of correlation with manual activity questionnaires.

A general limitation of the assessment systems is their item
weighting. For example, the JSSH system assigns the same number

of points to metacarpophalangeal joint stability as it does to in-
terphalangeal joint flexion. Currently, these item weights are not
based on the items’ effect on overall hand function. Possibly,
the JSSH system could benefit from a redistribution of points
over the various items, based on their impact on overall hand
function.

In this study, we compared the reliability and validity of
ten assessment systems designed to evaluate outcome and
residual impairment in patients with radial polydactyly. The
Tada score (or modified versions of this assessment system)
has been applied most frequently to describe outcomes of
treatment of radial polydactyly7-16. However, the results of our
study indicate that the JSSH system is better suited for this
purpose. In addition to better reliability and overall correla-
tions, the JSSH encompasses more items that we think are
relevant to describe overall outcome. We therefore recom-
mend the JSSH assessment system for future scientific evalua-
tion of outcome and residual impairment after surgery for radial
polydactyly.

Appendix
A table comparing the characteristics of the study pop-
ulation with those of the eligible patients who did not par-

ticipate in the study is available with the online version of this
article as a data supplement at jbjs.org. n
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