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Scoring in forefoot surgery 
A statistical evaluation of single variables and rating systems 

Wolfgang Schneider and Karl Knahr 

We assessed 13 scores for forefoot surgery and their 
single parameters in 200 cases of hallux surgery. Out- 
come expressed in descriptive terms from excellent 
to poor, as well as calculated as a numerical value dif- 
fered to a great extent. The rank correlation between 
different scores showed poor conformity, in some 
combinations even slight negative correlations. The 
rank correlation between single parameters and the 

overall outcome gave good values for some variables 
included in most scores, e.g., walking distance, gen- 
eral activity, problems on uneven surfaces, shoe wear, 
cosmetics and pain. Little, if any, correlation was 
found for joint instability, range of motion of the MTP- 
and IP-joints, the use of walking aids and medication. 
We find a need for a generally accepted score, with 
parameters of high clinical relevance. 
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Bonney and Macnab (1952) were the first to use a 
simple numerical system for separate anatomical and 
functional grading, to describe the outcome of hallux 
surgery. In the following decades, this system was 
used as a basis for the development of further rating 
systems. Vallier et al. (1991) upgraded the Bonney/ 
Macnab classification to a numerical overall score by 
dividing the sum of the three partial outcomes into ex- 
cellent, good, fair or poor. Gainor et al. (1988) calcu- 
lated a numerical overall outcome, with subsequent 
rating into poor to excellent. 

In the following years, rating systems gained more 
interest, leading to a variety of scores. There are two 
basic concepts: numerical scores expressing an over- 
all outcome as a total of single variables (Sherman et 
al. 1984, Gainor et al. 1988, Geissele and Stanton 
1990, Kitaoka and Holiday 1991, Kitaoka et al. 1991, 
Shankar et al. 1991, Vallier et al. 1991, Moeckel et al. 
1992, Sammarco et al. 1993, Kitaoka et al. 1994) and 
descriptive scores, directly describing the outcome as 
excellent, good, fair or poor (Steinbock and Leder 
1988,Anderl et al. 1991, Coughlin 1991). Most of the 
numerical scores (Gainor et al. 1988, Geissele and 
Stanton 1990, Kitaoka and Holiday 1991, Kitaoka et 
al. 1991, Shankar et al. 1991, Vallier et al. 1991, Mo- 
eckel et al. 1992, Sammarco et al. 1993) include a 
subsequent descriptive rating (Table 1). 

We applied 13 different outcome scores simulta- 
neously to a series of 200 hallux operations to assess 
the suitability of each score for clinical use. 

Material and methods 

The pre- and postoperative data about 200 operations 
(resection arthroplasties (Keller-Brandes). distal 
metatarsal osteotomies (chevron), distal soft tissue 
procedures, cheilectomies, arthrodeses, proximal 
metatarsal osteotomies) for hallux deformities, with a 
minimum follow-up period of 5 years were used to 
calculate all 13 scores in this study. The data were col- 
lected using a questionnaire, which was in plain col- 
loquial language. To keep the influence of the observ- 
er as low as possible, the patient was requested to an- 
swer all questions alone and the completed question- 
naire was discussed once again with the examiner. 
Missing answers were completed and ambiguous an- 
swers were adjusted, when necessary. 30 clinical and 
radiographic variables used in the 13 rating systems 
(Table 1) were included and pre- and postoperative 
results were calculated for each patient and score. 

10 of 13 scoring systems (Bonney and Macnab 
1952, Sherman et al. 1984, Steinbock and Leder 
1988, Geissele and Stanton 1990, Anderl et al. 1991, 
Coughlin 1991, Kitaoka and Holiday 1991, Kitaoka et 
al. 1991, Moeckel et al. 1992, Sammarco et al. 1993) 
contain at least one variable, consisting of several 
sub-variables (for example, the parameter “function” 
consisting of the assessment of “shoe wear” + “walk- 
ing ability”). The value of a compound variable like 
this was calculated according to the worst subvari- 
able, as recommended by Steinbock and Leder 
(1988). The remaining 3 scores (Gainor et al. 1988, 
Shankar et al. 1991, Kitaoka et al. 1994) allowed cor- 
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Table 1. Variables collected to calculate scores and their distribution in 13 rating systems 

Bon She Gai Ste Gei And Cou KHo K91 Sha Moe Sam K94 

Descriptive - - -  + -  + + - - - - - -  
Numericalanddecriptive + + + - + - -  + + + + - -  
Numerical + + - - - - - - - - -  + +  

Pain 
Alignment (cosmesis) 
Dorsiflexion MTP . 
Plantarflexion MTP 
Footwear 
Overall activity limitations 
Walking distance 
MTP-angle 
Support, walking aid 
Tender callus 
Medication 
Overall satisfation 
Bunion 
Bursitis 
Limp 
Plantarflexion IP 
IM-angle 
Terrain problems 
Stairs 
Stability, giving way 
Midfoot and rearioot ROM 
Metatarsalgia 
Revision surgery 
IP-joint degeneration 
MTP-IP stability 

Bon 
She 
Gai 
Ste 
Gei 
And 
cou 
KHo 
K91 
Sha 
Moe 
Sam 
K94 

Bonney and Macnab 1952 
Sherman et al. 1984 
Gainor et al. 1988 
Steinbock and Leder 1988 
Geissele and Stanton 1990 
Anderl et al. 1991 
Coughlin 1991 
Kitaoka and Holiday 1991 
Kitaoka et al. 1991 
Shankar et al. 1991 
Moeckel et al. 1992 
Sammarco et al. 1993 
Kitaoka et al. 1994 

rect calculation of all parameters. 
In cases where solitary parameters were impossible 

to obtain for preoperative scoring (like “satisfaction 
with the results of surgery”), the calculation was per- 
formed with omission of this parameter. Only 
Shankar ’s score proved to be completely unsuitable 
for preoperative use, because the single parameters 
were oriented strictly for postoperative evaluation. 

For comparison of numerical scores, the result was 
standardized as a percentage of their maximum value. 
Each single numerical result was also calculated in 
terms of excellent to poor, where intended by the au- 
thor. For comparison of descriptive scores, a grading 
from excellent to poor was used, according to the 
specification of the author. 

To assess the agreement between the numerical re- 
sults of different scores, the limit of agreement was 

calculated according to Bland and Altman (1986). We 
used Spearman’s rank correlation index to calculate 
the correlation between single parameters and an 
overall result and between the results of different 
scores. 

Results 
There were enormous differences in use of descrip- 
tive terms (“excellent, good, fair, poor”) (Figure 1). 
The preoperative scores ranged from only 7% poor 
with Gainor’s score to 100% poor, according to the 
score of Steinbock. For the postoperative assessment, 
Gainor’s score showed a high rate of 83% excellent 
outcome, whereas Steinbock’s score resulted in only 
17% excellent outcome. 
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Figure 1. Descriptive ratings. Score abbreviations, see Table 1. 

Figure 2. Box and Whisker diagram showing 50% percentile, 25% and 75% percentiles (tapering), 10% and 90% percentiles (box) 
and 5% and 95% percentiles (whiskers). Score abbreviations, see Table 1. 

The score of the American Orthopaedic Foot and 
Ankle Society (Kitaoka et al. 1994) and the Maryland 
Footscoring Profile (Sammarco et al. 1993) had to be 
omitted from this evaluation, because the authors in- 
tentionally did not assign numerical values to descrip- 
tive terms. Shankar’s score was calculated only for 
postoperative parameters, because it is unsuitable for 
preoperative use. 

Analyzing the results as a percentage of the maxi- 
mum numerical value (Figure 2 shows the data ex- 
pressed as percentiles), a better agreement among the 
various scores was found. The preoperative mean val- 
ues differed from 60% of the possible maximum of 
Geissele and Stanton’s score and 46% according to 
Sherman et al. (1984). Postoperatively, the best mean 
result was found for Gainor’s score with 91%, con- 

trasting with the 72% according to Sherman et al. 
(1984). Calculating the postoperative improvement, 
the best increase was reported for Kitaoka et al. 
(1991) with 41%, contrasting with an improvement of 
only 24% calculating the data according to Geissele 
and Stanton. Using the Bland and Altman technique 
to assess the agreement between two methods (Table 
2) ,  the best values for the limits of agreement were 
found comparing the postoperative outcomes accord- 
ing to Kitaoka and Holiday (1991) and Kitaoka et al. 
(1991) with -11% and 8%. The worst measuring 
agreement was calculated by comparing the preopera- 
tive results of Sherman et al. (1984) and Kitaoka et al. 
(1991) with -53% and 48%. 

For each single parameter, a correlation to a pre- 
and postoperative overall outcome was calculated. To 



Acta Orthop Scand 1998; 69 (5): 496-504 50 1 

Table 2. Numerical rating-limits of agreement according to  
Bland and Altman in percentages 

Table 3. Cornlation between parameters and overall result 
-preoperative 

Preoperative 
Post- 
op. Eon She Gai Gei KHo K91 Sha Moe Sam K94 

Eon 

She 

Gai 

Gei 

KHo 

K91 

Sha 

Moe 

Sam 

K94 

-7 -39 -30 -35 -43 ... -33 -31 -30 
19 28 15 41 49 39 27 37 

26 12 40 48 30 26 35 

29 34 38 31 25 31 

-49 -39 -46 -53 ... -44 -42 -40 

-33 -17 -21 ... -14 -19 -13 -31 -47 
21 11 

-19 -35 -16 -32 -38 ... -29 -28 -25 
23 12 29 \ 52 60 50 38 47 

-19 ... -18 -25 -17 
18 15 18 

25 20 19 
... -25 -30 -19 

-25 -44 -17 -31 
18 11 20 21 

16 8 16 18 
-26 -44 -16 -32 -11 

. . . . . . . . . \ -21 -35 -17 -24 -23 -19 
18 6 24 17 26 25 

-29 -48 -16 -33 -13 -13 -27 -24 -20 
23 15 20 24 14 17 25 \ 14 21 
-23 -41 -13 -27 -12 -10 -21 -11 
23 15 24 24 19 20 25 18\ -;: 

-16 -34 -11 -23 -9 -6 -16 -11 -14 
20 11 24 22 18 18 23 20 16\  

Score abbreviations, see Table 1. 

obtain this overall result, all single parameters were 
added, with equal emphasis on each parameter. Tables 
3 and 4 shows the single parameters, ranked accord- 
ing their correlation to the overall result. 

The correlation between scores using Spearman’s 
rank correlation coefficients was calculated separate- 
ly for descriptive and numerical results. A higher cor- 
relation was found mostly with the results expressed 
numerically, especially when calculated for the post- 
operative situation. For single combinations, even 
slightly negative correlations were found (Tables 5 
and 6). 

Discussion 

Although not every problem can be described using a 
single score, it has proved to be a good basis for dis- 
cussion. A score simplifies the interpretation of data 
and facilitates comparisons between methods and 
centers. When results are reported, a certain quantifi- 
cation has to be made, and the more complex the data 
become, the more important it is to use a score to 
summarize the outcome. 

While several attempts have been made to quantify 
the outcome of forefoot surgery, the application of 
these rating systems remained restricted mostly to the 
original author. Most of these scores contain parame- 
ters according to a special interest of the author or a 

Par a m e t e r Correlation 

Walking distance 
Overall activity limitations 
Tender callus 
Terrain problems 
Alignment (cosmesis) 
Stairs 
Footwear 
Limp 
Bursitits 
Pain 
Other deformities 
IM angle 
MTP angle 
Orthotics 
Bunion 
Stability, giving way 
Medication 
IP plantarflexion 
Support, walking aid 
MTP plantar ftexion 
MTP arthrosis 
MTP dorsiflexion 
MTP-IP stability 

61 
56 
54 
54 
43 
43 
43 
41 
40 
38 
36 
31 
29 
28 
27 
25 
22 
11 
11 
8 
6 
1 
0 

Table 4. Correlation between parameters and overall result 
-postoperative 

Parameter Correlation 

Footwear 
Other deformities 
Terrain problems 
Pain 
Alignment (cosmesis) 
Walking distance 
Overall activity limitations 
MTP angle 
Orthotics 
MTP arthrosis 
Stairs 
Support, walking aid 
Stability, giving way 
Tender callus 
Limp 
Bursitits 
IM angle 
Bunion 

50 
48 
46 
45 
43 
43 
42 
36 
33 .. 
31 
30 
27 
27 
25 
25 
25 
24 
21 

MTP dorsiflexion 20 
IP plantarflexion 19 
MTP plantar flexion 17 
Medication 14 
MTP-IP stability 6 

Parameters only available postoperatively 
Overall satisfaction 43 
Midfoot adduction 34 
Midfoot abduction 33 
Subtalar inversion 26 
Subtalar eversion 24 
Tibiotalar plantarflexion 22 
Tibiotalar dorsiflexion 22 

certain operating technique. Therefore, it is difficult 
to select the variables representative of an overall 
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Table 5. Spearman’s rank correlation coefficient (xl00)-preoperative results. 
Respective higher values are printed bold 

Descriptive results 
Numerical 
results Eon She Gai Ste Gei And Cou KHo K91 Sha Moe Sam K94 

Bon 
She 
Gai 
Ste 
Gei 
And 
cou 
KHo 
K9i  
Sha 
Moe 
Sam 
K94 

- - - - -  
- - - - -  

41 21 80 - 30 
40 19 82 - 29 - - - - -  
34 14 83 - 24 
45 26 78 - 34 
43 26 82 - 37 

32 
52 
-9 
0 < 

42 
3 

57 
0 

17 < 

52 
23 
48 
0 

27 
11 

93 

92 
90 
92 

- 

50 - 42 - - 
13 - 10 - - 
62 - 53 - - 
0 - 0 - -  

29 - 21 - - 
0 - - 2  - - 

76 - 71 - - 

Score abbreviations, see Table 1. 

Table 6. Spearman’s rank correlation coefficient (xl00)-postoperative results. 
Respective higher values are printed bold 

Numerical 
results 

Bon 
She 
Gai 
Ste 
Gei 
And 
cou 
KHo 
K91 
Sha 
Moe 
Sam 
K94 

Descriotive results 

Eon She Gai Ste Gei And Cou KHo K91 Sha Moe Sam K94 

- - - _ _ _  
70 45 77 - 53 - - 74 42 95 - - 

47 66 - - 

Score abbreviations, see Table 1. 

result and applicable as a basis for scientific com- 
parison. 

For foot surgery, a commonly accepted score or a 
comparison of existing scores is not available. Bon- 
ney and Macnab (1952) introduced a rating system 
for hallux surgery, consisting of three categories of 
assessment, without intending to calculate an overall 
outcome (this was done by Vallier in 199 1 who used 
this score and simply added the numerical partial re- 
sults assigning these overall values to poor to excel- 
lent). Gainor et al. (1988) were the first to use a 
straightforward numerical score consisting of subjec- 
tive parameters. In the following years, many scoring 
systems were published with increasing detail, culmi- 
nating in Shankar’s score (1991) consisting of 13 
variables, including radiographic parameters and 

even pedobarographic assessment. Recently the 
scores have been simplified again, with deliberate 
omission of sophisticated equipment and even radio- 
graphic data (Kitaoka et al. 1994). 

Analyzing our comparison, the following points 
have to be discussed: 

1)  The score must be suitable forpre- andpostoper- 
ative assessment. With 2 scoring systems it was im- 
possible to obtain reasonable preoperative values. 
The parameters of Shankar’s numerical score were 
selected only for postoperative evaluation. Stein- 
bock’s descriptive score for all 200 preoperative cases 
resulted in “poor”, due to an extremely rigorous as- 
sessment of single variables. 

However, it is of importance to present meaningful 
preoperative data, since it is the improvement of the 
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preoperative score which can be used to compare 
methods and centers. 

2) Collection of data should not require sophisti- 
cated equipment. If special equipment (for example 
pedobarography in Shankar’s score) should be used 
for quantification, these data should be described and 
analyzed apart from an overall score. As a conse- 
quence, the American Orthopaedic Foot and Ankle 
Society (Kitaoka et al. 1994) does not recommend the 
inclusion of even simple measurements on plain dor- 
soplantar radiographs. This may be controversial, 
since it should be possible to obtain standardized 
plain radiographs. 

3) The score must not be complicated by using 
muny parameters. It is impossible to create a system 
that fits requirements concerning all imaginable med- 
ical problems. Special circumstances will always 
need additional descriptive data or measurements. 

A score does not automatically become more con- 
clusive with an increasing number of variables: 
Shankar’s or Sammarco’s scores showed no advan- 
tage, compared to other scores consisting of fewer pa- 
rameters. Time-consuming data collection reduces 
the general acceptance of a score. The scoring system 
has to minimize the number of parameters and in- 
clude only variables with high clinical relevance. 

4 )  The score should not include compoundparame- 
ters. 10 of the 13 analyzed scores use compound pa- 
rameters consisting of subvariables. Only Steinbock 
and Leder (1988) give instructions how to handle a 
situation where the answers to subvariables are diver- 
gent and the examiner has to decide, whether to take 
the best of all possibilities, the worst or a mean value. 
For correct comparison, the rating of a compound pa- 
rameter was deduced from the worst subvariable, as 
recommended by Peters et al. (1997) in his compari- 
son of knee instability scores. 
5) Parameters should be representative of the over- 

all outcome. Many scores include parameters with a 
low correlation to the overall outcome, both pre- and 
postoperatively. Only parameters with a high correla- 
tion to the overall aspects of hallux surgery should be 
used. Parameters essential for the description of a spe- 
cific problem, but with low correlation to the overall 
outcome, have to be classified and mentioned sepa- 
rately but not within a score. The best correlation was 
found for walking distance, general activity, problems 
on uneven surfaces, shoe wear, cosmetics and pain. 
The worst correlation resulted for instability of the IP- 
or MTP-joint, surprisingly for range of motion of the 
MTP-joint, use of walking aids and range of motion 
of the IP-joint. The parameters with the best correla- 
tion to the overall outcome are, indeed, part of most 
scoring systems. 
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6 )  Results should he expressed as u numerical val- 
ue. A numerical value gives a much more differentiat- 
ed result compared to a descriptive score. When our 
results were calculated as a descriptive rating, the cor- 
relation between different scores tended to be lower, 
especially for postoperative assessment. This indi- 
cates that descriptive ratings are too blunt and ratings 
like “poor” or “excellent” should be derived from a 
numerical score and mentioned separately. 

7) Comparing results requires the use of identical 
scores. To compare one’s own results with previous 
publications or to list results reviewing the literature 
is common in scientific papers. These comparisons 
will not be relevant, if different scores have been 
used. 

In our analysis, the best correlation of 96% was 
found for the postoperative evaluation according to 
Kitaoka and Holiday (1991) and Kitaoka et al. (1991). 
Comparing these two scores and calculating their lim- 
its of agreement, as introduced by Bland and AIt- 
mann, the result of Kitaoka and Holiday (1991) may 
be 11 points below or 8 points above Kitaoka et al. 
(1 991). This satisfactory measuring agreement indi- 
cates that these two methods may be used inter- 
changeably in clinical interpretation. On the other 
hand, the wide range of correlations extended up to a 
slight negative(!) correlation of -9% when comparing 
Gainor’s and Anderl’s score. Using Bland and Alt- 
man’s method, the worst measuring agreement 
showed that Sherman may be 53 points below or 48 
points above Kitaoka (1991), which is unacceptable 
for the comparison of clinical data. This lack of agree- 
ment is by no means obvious in Figure 2 that shows 
exactly the same 50th percentile for these methods. 
This extremely poor correlation between methods de- 
signed to measure similar clinical outcome is unex- 
pected, as comparisons of scores for knee ligament 
instability (Peters et al. 1997) showed much better re- 
sults with the least correlation of 61%. A comparison 
of hip scores (Bryant et al. 1993) in the worst case 
showed a correlation between two scores of as much 
as 44%. 

Based on our analysis, the suitability of each score 
to the requirements mentioned above is listed in Table 
7. Corresponding to these findings, the scoring sys- 
tems of Gainor et al. (1988), Kitaoka and Holiday 
(1991),Kitaokaet al. (1991)andKitaokaetal. (1994) 
appear to be applicable in most clinical settings. 
Among these four scores, the rating system published 
on behalf of the American Orthopaedic Foot and An- 
kle Society (Kitaoka et al. 1994) seems to be gaining 
acceptance as a “consensus score”. Nevertheless, the 
limited clinical relevance of some parameters is a 
shortcoming that needs to be corrected. 
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Table 7. Suitability of scores to requirements for a rating system 

Requirements Bon She Gai Ste Gei And Cou KHo K91 Sha Moe Sam K94 
~ 

Pre- and postop. suitability + + + + + + - + + +  - + +  + +  -- 0 + +  + +  
Simplicity of parameters + +  + +  + +  + +  + + +  + +  + +  + +  -- + +  + +  + +  
Number of parameters + +  + +  + +  + +  + +  + +  + +  + +  + +  - + +  -- + +  
Use of compound parameters - - + +  -- + + + +  -- 0 + +  
Relevance of parameters 0 -  + + 0 o + + +  + 0 + - 0 
Numerical results - -  

+ -- -- 

+ +  + f  + +  + +  + +  + +  + +  -- -- + +  -- 

Score abbreviations, see Table 1. 
++ excellent, + good, o fair, - poor, - - very poor 
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