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Abstract: 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.

Key words: hallux valgus deformity, Keller, Mitchell, foot.

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.
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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).
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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 y2
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-
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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 MeanM SDM | MeanK | SDK | t-value P
I metatarsophalangeal | 40.31 7.6 37.49 9.7 1.36 0.18
angle
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 MeanM SDM MeanK  SDK | t-value p
I metatarsophalangeal 16.97 | 3.78 15.0 1.66 2.82 0.006
|langle — 3 months
I intermetatarsal angle 18.66 3.99 15.83 193 3.77 0.00034
— 1 year
Table 3

| intermetatarsal angle — 3 months / 1 year post-operatively

After operation MeanM | SDM MeanK | SDK | t-value p

I metatarsophalangeal angle = 10.83 2.36 14.97 4.0 -5.27 | 0.000001
— 3 months

I intermetatarsal angle 11.26 = 2.58 14.97 4.0 -4.61 | 0.000018
— 1 year

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 | 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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Peszume

KINHNYKA 1 PATIUOTPA®CKA AHA/IN3A HA PE3YJITATUTE
O OITIEPATUBHUTE NNPOUEQYPU CHIOPEN METOIUTE
HA MITCHELL M KELLER 3A KOPEKITMJA
HA HALLUX VALGUS JE®@OPMUTET

T'eopruesa J1., ITonocka A.!, 3aupopa-Upanoscka B.°

YJ3Y Ynusepsuitieiticka kaunuka 3a opiioiieduja, Meduyuncku gaxyaitiei,
Yuueepsuitieit ,,Ce. Kupuna u Mewmoouj**, Ckoiije, P. Maxedonuja
2 Uncitiuitiy @ 3a efiudemiionozuja u Guociiaitiuciiiuka
co meduyurcka ungopmaiiuxa, Meouyuncku axyaiiieit,
Yrueepsuiteit ,,Ce. Kupua u Meitioouj*, Ckoiije, P. Maxeoonuja

Boseo: lenrta Ha cTyaujaTa € fja ce HampaBy KOpeJaluja Ha KIHHUIKUTE
1 paguorpadcKuTe pe3ysTaTH IO NpUMeHaTa Ha IBE pa3iWyHHU XUPYPIIKH Ipo-
Hemypu 3a Kopeknmja Ha hallux valgus necpopmMuTeTOT.

Maiuepujan u meitioou: Bo oBaa crynuja 6ea BkiydeHu 70 uCIATAHUIU
co hallux valgus fecopMHTET Ha cTanaloTO MOfieJIeHN Ha JiBe rpynu. [IpBaTa rpy-
na off 35 ucnutaHuIy 6ea TPETUPAHU CO OCTeOTOMUja Ha I MeTaTap3aiaHa KocKa
cnopep; Mitchell, fogeka apyrata rpyma of 35 ucnuTaHuIU Oea TPeTHpPaHH CO
peceknmona aprporuiactuka crnopeq Keller. Bo eBanyanujata Ha MCOUTaHUIATE
KOMIapaTUBHO Oea aHAIM3UPaHH CIOpes KIMHYKUTe (60JIKa 1 MeTaTap3alruja,
KaKO HajJOMUHAHTHU CUMITOMH) U paguorpadckure ucienybama (I merarapsoda-
JaHrearneH aron W | HHTepMeTaTap3aieH aroi). AHajau3aTa Ha KIMHUYKUTE U pa-
nuorpadCcKuTe pe3yiITaTH ce U3BPILU MPefoNepaTUBHO, KaKO U MOCTONEPATHBHO
Merfy IBETE TpyIu.

Pe3zyaitainu: Crnopey OJIOT UCIATAHUIIUTE Oea 3acTameHu CO 5 Maxu U
65 xeHu, co mpoceuna Bo3pact 41,94 + 16,5 ropuau. Kaj meTogoT ciopen Mitchell
of] omnepupaHuTe 35 cTamana IMOCTONEepaTHBHO OONIKaTa KaKO KIMHUYKH CHMIITOM
Oerie 3acraneHa Kaj 3 UCIIUTaHUIM, OfeKa BO Jipyrara rpyna Kaj HCIUTAHUIATE
onepupann crnopen Keller 6onkaTa He Onia MpHUCYTHA Kaj HATY €eH IaleHT,
IITO KOMIIAPAaTHBHO HE [laBa CTATUCTHYKM CUTHU(HUKaHTHa pasiuka (p > 0,05).
Hcro Taka m pa3nmkruTe BO AMCTpHOyIHMjaTa HA 3aCTAalleHOCTa HA MeTaTap3ajri-
jaTa He MOKaXka CTATUCTHYKA 3HAYUTETHOCT Mefy rpymute (p > 0,05). Ucnuranu-
UTe Off iBeTe rpynu HecurnudukantHo (p > 0,05) ce pa3nukyBaar Bo mpefore-
paTHBHHUTE IPOCEUHU BPEJHOCTU Ha rojeMuHaTta Ha | merarap3odananreaneH aron
u | uaTepMeTaTapsanen aroin. Jopeka, paguorpagckaTa aHainu3a Ha UCTUTE ariu
Kaj BeTe TPymW eflHa TOAMHA IOCTONEPATHBHO IMOKa’ka BUCOKO CTAaTHCTHYKHI
cUTrHU(pUKaHTHA pa3iuKa, OHOCHO 3HauuTeHa (p < 0,001).

3axayqok: Mitchell onepaTuBHaTa TEXHUKA MOXE Jia ce Mpenopaya Kako
edeKTHBHA IpoIefypa 3a Kopeknuja Ha hallux valgus 1 metatarsus primus varus Kaj
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MJIaf¥ ¥ CPENOBEYHH IMANMCHTH, AOieKa PECcEeKINOHATa apTPOIUIACTHKA CIHOpEN
Keller ce mpenopauyBa Kaj MOBO3pacHU NAIMEHTH CO aPTPO3HH IPOMEHH.

Kayunn 360posn: hallux valgus gepopmurer, Keller, Mitchell, cramano.
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