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A b s t r a c t: The aim of this study is to make a correlation of the clinical and 
radiographic results after performing two different surgical procedures for correction of 
hallux valgus deformity. 

Material and methods: The study included 70 patients having hallux valgus 
deformity of the foot, and they were divided into two groups. The first group (Group 1) 
was composed of 35 patients who were treated by osteotomy of the I-st metatarsal bone 
according to Mitchell, while the second group (Group 2) was also composed of 35 pati-
ents who were treated by resectional arthroplasty according to Keller. Clinical (pain and 
metatarsalgia, as well as most dominant symptoms) and radiographic examinations (I 
metatarsophalangeal angle and I intermetatarsal angle) were analysed comparatively du-
ring the evaluation. The analysis of the clinical and radiographic results was performed 
pre-operatively and post-operatively for the two groups. 

Results: According to their sex, the patients were 5 men and 65 women. Using 
the method of Mitchell, pain as a clinical symptom post-operatively was found in only 3 
patients out of the 35 with operated feet, while in the other group of patients treated by 
the method of Keller, there was no presence of pain in any of the patients. Compara-
tively, this does not present a statistically significant difference (p > 0.05). Nor do, the 
differences in the distribution of metatrsalgia incidence show a statistical significance 
between the two groups (p > 0.05). There is no significant difference (p > 0.05) in the 
patients of the two groups concerning the pre-operative mean dimension values of the I 
metatarsophalangeal angle and I intermetatarsal angle. However, the radiographic ana-
lysis of the same angles in both groups, one year post-operatively, showed a high sta-
tistically significant difference (p < 0.001). 
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Summary: Mitchell’s operative technique could be recommended as an effect-
tive procedure for the correction of hallux valgus and metatarsus primus varus in young 
and middle-aged patients, while the resection arthroplasty according to the method of 
Keller is recommended for older patients with arthrotic changes. 
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Introduction 
 

Hallux valgus is the most frequent and important deformity of the foot, 
and it is characterized by a valgus position of the big toe, enlarged I intermeta-
tarsal angle, the appearance of pseudoegsostosis or bursitis in the area of the 
medial side of the head of the I metatarsal bone, and by an inside rotation of the 
big toe in more severe cases [4, 13]. This deformity is met in all nations and 
races, but somewhat more often in the advanced nations. Most often it can be 
found in the urban population, in the fourth decade of their lives, and more 
often in women than men. The ratio is 3 : 1. [2, 14, 18] 

The first thorough description of hallux valgus deformity was published 
in 1871 by Carl Hueter. Since then the importance of the surgical correction of 
this deformity has been recognized. Although more than a century has passed, 
this deformity continues to be a difficult therapeutic problem and day by day 
challenge for the surgeon who treats it [4, 13, 15]. More than 100 surgical pro-
cedures have been described for the correction of this deformity. The numerous 
operative procedures and modifications point to the fact that no one of them can 
make a correction on every hallux valgus deformity [3, 7, 11]. 

This study deals with the patients having hallux valgus deformity, using 
the clinical and radiographic analyses pre- and post-operatively, according to 
surgical treatment by the methods of Mitchell and Keller. The essence of these 
surgical procedures is to correct the deformity, to make an effort to eliminate 
the anatomic potential for the origination of the deformity, and to create a 
normal position, direction and physiologically antagonistic function of the 
muscles which are not balanced [8, 10, 18]. 
 
 

Aim 
 

The aim of this study is to make a pre- and post-operative analysis of 
the treated cases by using two different surgical procedures for the correction of 
hallux valgus deformity, and the clinical and radiographic results. 



 Clinical and radiographic analysis of the operative… 201 

Prilozi, Odd. biol. med. nauki, XXXII/1 (2011), 199–209 

Material and Methods 
 

The study was worked out at the University Orthopaedic Surgery Cli-
nic, Faculty of Medicine in Skopje. The material for the investigation comprised 
70 patients having hallux valgus deformity. The patients were divided into two 
groups of 35 patients each. They were treated by operative procedures accor-
ding to the methods of Mitchell and of Keller. The operative procedures in both 
groups were performed under regional spinal anesthesia. 

The operative technique according to Mitchell is performed by incision 
of the skin in a form of an arch, 5 to 6 cm dorsomedially, in the area of the first 
metatarsophalangeal joint, after which the medial aspect of the joint is shown. 
An incision of the capsule in the form of the letter Y is made, where the stem is 
directed proximally, and the two arms are directed distally to the metatarsopha-
langeal joint. It is deperiostated in the area of the neck of the Ist metatarsal 
bone. Then an ablation of the exostosis is done. Two osteotomies are performed 
one centimertr proximally from the joint surface of the first metatarsal bone by 
electric saw. The proximal osteotomy is complete; it is transversal on the longi-
tudinal axis of the metatarsal bone. Distal osteotomy for moderate deformities is 
done to 1/6 of the lateral surface of the metatarsal bone, while for severe defor-
mities it is done to 1/3 of the lateral surface of the metatarsal bone. In this way 
it can be determined how much the head should be displaced laterally in order 
to correct the varus deformity of the metatarsal bone. Then the bone between 
the two osteotomies is resected, leaving a spike laterally. The resection is not 
greater than 2–4 millimetres in order to avoid the shortening of the metatarsal 
bone. Having done the osteotomies, the bearing surface of the metatarsal head is 
rotated slightly plantarward and is fixed. All prominences are extracted from the 
medial projection of the bone and restitution of the soft structures is done me-
dially. The big toe is placed in a varus position with a flexion of 5 degrees. A 
thin dressing is put on and then a plaster immobilization. On the fourteenth day 
post-operatively a re-dressingof the foot is done, the stitches are taken out, and a 
plaster immobilization is put on again. This immobilization lasts for 6 weeks, or 
until the place where the osteotomy has been carried out is healed. 

The operative treatment according to Keller is performed by incision of 
the skin in the form of an arch, dorsomedially in the area of the first metatarso-
phalangeal joint. Then, an incision of the capsule is made, and the capsule and 
the periost of the proximal phalange base is retracted in order to see its articular 
surface. The proximal phalange is dislocated from the metatarsal head. By an 
electric saw, a resection of the proximal half of the phalange (when the deformity is 
more severe it is necessary to resect the proximal two thirds of the phalange) is 
done in order to be able to put the rest of the part to in a varus position, without an 
impingement to the metatarsal head. Then an ablation of the exostosis and removal 
of the osteofites from the head of the I metatarsal bone are done in order to protect 
the bearing surface. A Kirschner’s needle is applied longitudinally through the big 
toe and I metatarsal bone. Traction on the big toe and suture on the rest of the 
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periosteum, the capsule, and the rest of the soft tissue structures is done. A dressing 
is placed and also a plaster immobilization (low plaster boot). The Kirschner needle 
is removed after 2 weeks, and greater loading is allowed, or more exactly walking 
with specially-made orthopaedic shoes. 

Concerning the clinical methods, pain as the most dominant symptom 
was evaluated, as well as the metatarsalgia, which most often appears in this 
deformity. It was proved by the accordion test, which is positive if during side 
pressure in the area of the metatarsal heads there is painful sensitivity because 
of the presence of an inter-digital neuron [3, 13]. 

Radiographic examination was done by the method of Hardy and Clap-
ham. The dimension of the I metatarsophalangeal angle was determined by this 
angle (it is constructed by cutting the long bones of the first phalange and the 
first metatarsal bone). The dimension of the I intermetatarsal angle is also deter-
mined by this method (the angle is constructed by cutting the long bones of the I 
and II metatarsal bones). The clinical and radiographic examinations were done 
pre-operatively and post-operatively [2, 19]. 
 
 

Results 
 

According to sex, the first group consisted of 3 (8.57%) male patients 
and 32 (91.43%) female patients, while the second group consisted of 2 (5.71%) 
males and 33 (94.29%) female patients. 

The average age of the patients in group 1 was 41.94 ± 16.5 years, 
while for group 2 it was 56.29 ± 12.5 years. The difference in the mean age bet-
ween the two groups is statistically highly significant (figure 1; p < 0.001). 

         

 
Figure 1 – Age of the patients 
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The majority of the patients from both groups complained of pain in the 
area of medial eminence, namely there was pain in 33 (94.3%) patients operated 
by the method of Mitchell, and in 34 (97.1%) patients operated by the method 
of Keller. A statistically significant difference was not registered (p > 0.05). 
Having done the operative intervention by the method of Mitchell, pain in the 
area of the front foot was felt by 3 (8.8%) patients, while the patients operated 
by the method of Keller did not suffer any pain after the operation. This dif-
ference in the patient distribution concerning those with and without pain after 
the correction of the foot deformity, and depending on the applied surgical 
technique, is certainly insufficient to be proved statistically, either (p > 0.05). 

Metatarsalgia was registered in 25 (71.4%) patients operated by the 
method of Mitchell, and in 27 (77.1%) patients operated by Keller’s technique. 
The tested difference for the presence and absence of metatarsalgia in the 
patients treated by the two different operative techniques was verified by the χ2 
test as statistically not significant (p > 0.05). Post-operatively, metatarsalgia was 
registered in 11 (32.3%) patients from the first group and 4 (11.8%) patients 
from the second group. In both groups, the majority of the patients did not have 
this symptom after the operative intervention, namely 23 (67.6%) patients trea-
ted by Mitchell’s technique and 30 (88.2%) patients treated by Keller’s tech-
nique. The differences concerning the presence and absence of metatarsalgia 
showed to be statistically not significant (p > 0.05) in both groups of patients. 

An average dimension of the I metatarsophalangeal angle of 40.31 ± 7.6 
degrees was measured in the group of patients treated by the method of 
Mitchell, before the operation, and it is not significantly greater (p > 0.05) than 
the average dimension of the same angle in the group of patients treated by the 
method of Keller, where its value is 37.49 ± 9.7 degrees (Table 1). The dimen-
sion of the I metatarsophalangeal angle in all patients was measured post-opera-
tively during the follow-uo examinations, namely 3 months and 1 year after the 
intervention. The average dimension of the I metatarsophalangeal angle in the 
patients operated by the method of Mitchell after 3 months was 16.97 ± 3.8 degrees, 
while in the patients operated by the method of Keller this average dimension was 
smaller and was 15.0 ± 1.7 degrees. This difference tested by the t test for inde-
pendent samples was statistically highly significant, or important (p < 0.01). During 
the second follow-up examination, 1 year post-operatively, the average dimension 
of the I metatarsophalangeal angle in the patients in the first group was 18.66 ± 4.0, 
and 15.83 ± 1.9 degrees in the patients in the second group. This difference was 
statistically highly significant, or important (p < 0.001; Table 2). 

There is a non-significant difference in the pre-operative average values 
in the dimensions of the I intermetatarsal angle in the patients in both groups. Its 
value was 15.26 ± 3.9 degrees in the patients treated by the method of Mitchell 
and 14.97 ± 4.0 degrees in the patients treated by the method of Keller (Table 1). 
The average dimension of the I intermetatarsal angle, 3 months after the opera-



204 Georgieva D, et al. 

Contributions, Sec. Biol. Med. Sci., XXXII/1 (2011), 199–209 

tion, was 10.83 ± 2.4 degrees (Mitchell), and it is significantly less (p < 0.001) 
than the average dimension of this angle treated by the method of Keller, which 
was 14.97 ± 4.0 degrees. This statistically significant difference (p < 0.001) in 
the average dimension of the I intermetatarsal angle between the two groups 
was confirmed 1 year after the operation, too (Table 3). 
 
Table 1 

 
I metatarsophalangeal / intermetatarsal angle – pre-operatively 

Before operation Mean M SD M Mean K SD K t-value p 
I metatarsophalangeal 
angle 

40.31 7.6 37.49 9.7 1.36 0.18 

I intermetatarsal angle 15.26 3.9 14.97 4.0 0.3 0.76 
 
Table 2  

 
I metatarsophalangeal angle – 3 months / 1 year post-operatively 

After operation Mean M SD M Mean K SD K t-value p 
I metatarsophalangeal 
angle – 3 months 

16.97 3.78 15.0 1.66 2.82 0.006 

I intermetatarsal angle  
– 1 year 

18.66 3.99 15.83 1.93 3.77 0.00034 

 
Table 3 
 

I intermetatarsal angle – 3 months / 1 year post-operatively 

After operation Mean M SD M Mean K SD K t-value p 
I metatarsophalangeal angle 
– 3 months 

10.83 2.36 14.97 4.0 -5.27 0.000001 

I intermetatarsal angle  
– 1 year 

11.26 2.58 14.97 4.0 -4.61 0.000018 

 
 

Discussion 
 

An important place is given to this deformity in the world literature as a 
complex orthopaedic problem. It has been a subject of numerous clinical studies 
during the past decades. This study resulted from the fact that this deformity is 
insufficiently elaborated in our environment, and it will contribute either in 
orthopaedic theory or orthopaedic practice. 
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Hallux valgus is the most frequent deformity of the foot. It presents a 
complex and progressive deformity which affects the front part of the foot, 
where the most emphatic change is the lateral deviation of the big toe. Concer-
ning the type of deformity, the static one was the most prevalent in our study, 
but it is also represented in all scientific studies for this deformity [1, 12, 17]. 

The world literature data showa more frequent incidence of this defor-
mity in women compared to men, which is the case in our study, too [4, 14, 19]. 
The mean age of the patients is 41 and 56 years of age, according to Mitchell 
and Keller respectively. 

The diagnosis of hallux valgus deformity is based on the personal sym-
ptoms of the patient, at the clinical examination, and on the radiographic ana-
lysis. In the symptomatology, according to the available literature, the most fre-
quent symptom is pain, while the other symptoms are found in a lesser or grea-
ter percentage [4, 13, 14]. In this study, too, pain is the dominant symptom, but 
although the pain lessens drastically after the operation in both groups, it does 
not represent a statistically significant difference (p > 0.05). The presence of 
metatarsalgia was highly prevalent in both groups of patients pre-operatively, 
but post-operatively it was less prevalent, especially in group 2, which can be 
explained by the change in the anatomic structures of the front foot. Statistic 
analysis of metatarsalgia between the groups did not show a significant differ-
rence (p > 0.05). 

Based on the clinical parameters and radiographic variables, we can 
make a correct evaluation of the type and degree of the deformity. The angles 
and distances are manifested variables for studying the degree of the deformity. 
Radiographic findings should always be in correlation to clinical findings. 
Based on the clinical-radiographic analysis of the foot with hallux valgus, syste-
matic following and adequate treatment of this deformity is possible [2, 3, 4, 
19]. Our study, too, showed the usefulness of the classification according to 
Hardy and Clapham (1952) for the determination of the hallux valgus deformity 
degree in respect to the dimension of I metatarsophalangeal angle and I inter-
metatarsal angle pre- and post-operatively. The mean dimension of I metatar-
sophalangeal angle and I intermetatarsal angle post-operatively, in both groups, 
showed as significantly highly important (p < 0.001). 

The changed ratios of the foot can be determined by the help of radio-
graphy, and in the later stages secondary arthrotic and reactive changes can also 
be determined [1, 2, 19]. The secondary arthrotic and reactive changes (subchon-
dral sclerosis, degenerative cysts) in the area of I metatarso-phalangeal joint 
were not a frequent occurrence in the patients treated by the method of Mitchell, 
neither pre-operatively nor post-operatively. They were registered in 6 patients 
pre-operatively and in 7 patients after the intervention. Secondary arthrotic and 
reactive changes in the area of I metatarso-phalangeal joint were diagnosed pre-
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operatively in 30 patients in the group surgically treated by the method of 
Keller, and that was the case with 31 patients post-operatively. In our study, as 
well as in world literature, the operative method of Keller showed as the 
“golden standard” for patients with arthrotic changes. 

The treatment of hallux valgus is surgical. Numerous surgical procedu-
res for the correction of this deformity have been described. They can be simple 
ablations with capsulographies up to complex operations such as arthrodesis, 
transfer of tendons, resection arthroplasty and different osteotomies of the I 
metatarsal bone. The operative procedure must protect the integrity of the ana-
tomical structure of the joint [5, 6, 8, 17]. Another important deciding factor is 
the presence or absence of arthrosis in the joint. Especially important for indi-
cation a surgical procedure is always to bear in mind what the patient’s expe-
ctations are from the operation [9, 16, 20]. 
 
 

Conclusion 
 

Clinical and radiographic analyses are of special importance in order to 
make a final decision for the type of operative treatment. In this study, the 
operative technique according to Mitchell showed to be an effective procedure 
for hallux valgus and metatarsus primus varus in young and middle-aged 
patients, while the resectional arthroplasty according to Keller’s method is a 
good procedure for correction of hallux valgus deformity in older patients 
having arthrotic changes. 
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Voved: Celta na studijata e da se napravi korelacija na klini~kite 
i radiografskite rezultati po primenata na dve razli~ni hirur{ki pro-
ceduri za korekcija na hallux valgus deformitetot. 

Materijal i metodi: Vo ovaa studija bea vklu~eni 70 ispitanici 
so hallux valgus deformitet na stapaloto podeleni na dve grupi. Prvata gru-
pa od 35 ispitanici bea tretirani so osteotomija na I metatarzalna koska 
spored Mitchell, dodeka drugata grupa od 35 ispitanici bea tretirani so 
resekciona artroplastika spored Keller. Vo evaluacijata na ispitanicite 
komparativno bea analizirani spored klini~kite (bolka i metatarzalgija, 
kako najdominantni simptomi) i radiografskite isleduvawa (I метатарзофа-
лангеален агол i I intermetatarzalen agol). Analizata na klini~kite i ra-
diografskite rezultati se izvr{i predoperativno, kako i postoperativno 
me|u dvete grupi.  

Rezultati: Spored polot ispitanicite bea zastapeni so 5 мажи и 
65 `eni, so prose~na vozrast 41,94 ± 16,5 godini. Kaj metodot spored Mitchell 
od operiranite 35 stapala postoperativno bolkata kako klini~ki simptom 
be{e zastapena kaj 3 ispitanici, dodeka vo drugata grupa kaj ispitanicite 
operirani spored Keller bolkata ne bila prisutna kaj nitu eden pacient, 
{to komparativno ne dava statisti~ki signifikantna razlika (p > 0,05). 
Isto taka i razlikite vo distribucijata na zastapenosta na metatarzalgi-
jata ne poka`a statisti~ka zna~itelnost me|u grupite (p > 0,05). Ispitani-
cite od dvete grupi nesignifikantno (p > 0,05) se razlikuvaat vo predope-
rativnite prose~ni vrednosti na goleminata na I метатарзофалангеален агол 
i I intermetatarzalen agol. Dodeka, radiografskata analiza na istite agli 
kaj dvete grupi edna godina postoperativno poka`a visoko statisti~ki 
signifikantna razlika, odnosno zna~itelna (p < 0,001). 

Zaklu~ok: Mitchell operativnata tehnika mo`e da se prepora~a kako 
efektivna procedura za korekcija na hallux valgus i metatarsus primus varus kaj 
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mladi i sredove~ni pacienti, dodeka resekcionata artroplastika spored 
Keller se prepora~uva kaj povozrasni pacienti so artrozni promeni. 
 
Klu~ni zborovi: hallux valgus deformitet, Keller, Mitchell, stapalo. 
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