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ABSTRACT

The nature of symptoms and signs of hallux valgus was studied retrospectively 6 years after the
operation in 76 consecutive patients operated on by chevron osteotomy. Foot pain and disability,
footwear problems and radiography of the feet were evaluated. The results were variable and called
for a prospective randomized trial to assess the effectiveness of operative treatment. 209 consecu-
tive patients with mild to moderate hallux valgus (hallux valgus angle under 35 degrees) were ran-
domized after informed consent into three groups: surgery, orthosis or control group. Foot pain
(100-mm VAS), footwear problems, cosmetic disturbance and overall satisfaction for care were
recorded by a questionnaire. All feet were radiographed. Follow-up assessments were made at 6
months and 1 year after randomization. Economic analysis was based on data gathered from the
patients and medical records.

Surgery produced a significant treatment effect compared to the orthosis and control groups regard-
ing foot pain, footwear problems, cosmetic disturbance and overall satisfaction. At 6 months, pain
intensity decreased most in the surgery group: the adjusted mean difference in comparison with the
control group was -21 (95 % confidence interval -13 to -30). At 1-year follow-up the difference
remained at -20 (95 % confidence interval -11 to -29). Orthosis offered slight pain relief compared
to control group at 6 month follow-up, after which the effect faded.

The results indicate that surgery is effective treatment when the operation is performed soon after
the need for surgery has been established. Waiting list analysis revealed that this is often not the case
in public health care. To examine if 1 year of waiting has any harmful effect on the outcome after
surgery, the follow up of the randomized controlled trial was continued to 2 years. At the 1-year
follow-up, surgery was offered for orthosis and control group patients. 66 % of orthosis and control
group patients were operated on. Based on the intention-to-treat analysis principle, at 2-year fol-
low-up there were no differences between the three groups in terms of foot pain and footwear
problems. Despite the fact that the same clinical result was achieved with fewer operations, foot care
costs were not reduced.

Surgery by chevron osteotomy is an effective treatment for mild to moderate hallux valgus. The
effectiveness is clear if surgery is performed immediately. Waiting for the operation for one year
does not jeopardize the results, but most patients have considerable pain while waiting for surgery,
and this can only be resolved with surgery.

Keywords: hallux valgus, chevron osteotomy, surgery, conservative treatment, randomized con-
trolled trials
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1. INTRODUCTION

Hallux valgus (HV) occurs when there is lateral deviation of the great toe and medial deviation of
the first metatarsal (Coughlin 1996). Typically, the great toe also rotates slightly around its longitu-
dinal axis. By definition, the former deviation of the great toe means abduction (deviation in the
horizontal plane) and the latter valgus (deviation in the frontal plane). A correct word for the defor-
mity would be hallux abductovalgus, but in orthopedic literature the term hallux valgus is generally
used.

A hallux valgus angle (HVA) is the angle between the longitudinal axes of the first metatarsal bone
and the proximal phalanx of the great toe. A first-second intermetatarsal angle (IMA) is the angle
between the longitudinal axes of the first and the second intermetatarsal bones. Although no abso-
lute values can be established that would define unequivocally the boundary between normal and
abnormal, a HVA of greater than 15 degrees and an IMA greater than 9 degrees are considered
abnormal (Piggott 1960, Phillips 1994). However, there are individuals who have a larger HVA than
this but have no signs or symptoms of HV (Barnicot and Hardy 1955). The joint may not become
symptomatic until wider angles develop or when the formation of a bunion begins, i.e., when the
metatarsal head becomes very prominent and there is swelling medially over the joint.

Because there is no definitive border between what is a normal and an abnormal HV angle, the
prevalence of HV cannot be established. Still, it appears to vary in different populations (Gottschalk
et al. 1984). HV is considered to be more common in later life and in females; in these populations
it has been quoted as occurring in up to one third (Wilson 1988).

The cause of HV is unknown, but there is a plenitude of theories. Ill-fitting footwear is considered to
be one of the major causes, which is in keeping with the high prevalence of HV in women (Gibson
and Piggott 1962, Gilmore and Bush 1957, Hardy and Clapham 1951) and a low prevalence in
people not wearing shoes (Coughlin and Thompson 1995, Sim-Fook and Hodgson 1958). Poor
function of the joints of the foot has also been considered to be a contributing underlying cause of
the deformity (Phillips 1994).

Conservative treatments are usually attempted when the condition is first diagnosed. Surgical proce-
dures are carried out when the deformity makes fitting footwear a problem, when foot function is
affected or when there is pain around the first metatarsophalangeal (MTP) joint.

HV is a very common cause for orthopedic surgery. It has been estimated that more than 200,000
HV patients undergo surgery in USA every year (Coughlin and Thompson 1995). In Finland, sur-
gery to correct HV is the fifth commonest orthopedic operation (78 operations annually per 100,000
persons in the general population) exceeded only by knee arthroscopy (472), hip arthroplasty (88),
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extirpation of lumbar disc herniation (81) and knee arthroplasty (79) (Finnish Hospital Discharge
Register 1998).

Evidence on the effectiveness of the treatments to cure HV is very limited. Only a small proportion
of the available treatments have been evaluated in randomized trials. According to a systematic
review by Ferrari et al. (2000), there is no evidence that conservative treatments, including splinting
or orthoses, prevent the progression of the HV deformity. Nor is there evidence that any single type
of surgical procedure is superior to another across a range of outcomes. There are no published
studies comparing surgical correction of HV with any conservative method (Ferrari et al. 2000).
Also, the natural clinical course of HV is unknown.

Randomized controlled trials (RCTs) are substantiated to evaluate effectiveness of HV surgery. The
purpose of the present series of studies was to evaluate the effectiveness of HV surgery by an RCT.
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2. REVIEW OF THE LITERATURE

2.1. Foot function and normal mechanics

The foot performs two important functions during walking: it is initially a mobile adapter of the heel
strike and then it converts into a rigid lever to propel the walker to the next step (Valmassy 1996).
The walking cycle is divided into two phases: the contact phase and the swing phase (Figure 1).
During the contact phase the floor contact requires the foot to aid in shock absorption and adapt to
the surface terrain. At heel strike, the subtalar joint is slightly supinated and the leg rotates internally.
The ground reaction force causes pronation of the subtalar joint and this absorbs some of the shock
energy directly. The posterior tibial muscle contracts at heel strike; its function is to decelerate the
pronation of the subtalar joint. Secondarily, flexion of the knee at heel strike absorbs more shock
energy.

Figure 1. Gait cycle.  The stance phase of gait is divided into three periods. The contact period starts with
the heel strike (H.S.) and terminates with forefoot loading (F.F.L.). At the end of the contact period, all
metatarsals are bearing weight. During the midstance period  the entire foot is making ground contact and is
bearing the full weight of the body. The midstance period starts with forefoot loading and terminates with the
heel lift (H.L.). The propulsive period is initiated with the heel lift and terminates with toe off (T.O.) (Root et
al. 1977).
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The midtarsal joint consists of two separate anatomical articulations: the talonavicular and the cal-
caneocuboid joints. They function as a single unit. The range of motion (ROM) of the midtarsal joint
is controlled by the position of the subtalar joint. Subtalar joint pronation increases the ROM. Dur-
ing the contact phase the pronation of the subtalar joint makes the rearfoot and the midfoot unstable
and available for adaptation to the terrain (Root et al. 1977).

The midstance phase (Figure 1) begins with opposite-side toe-off and full forefoot loading and
terminates with heel lift. This phase occurs when the body weight is supported by one limb only.
Stability of the limb and trunk is required as the swing leg passes from a posterior position to an
anterior position relative to the single support limb. The foot is now required to become more stable
in anticipation of heel lift and increased ground reaction force. During this phase, the leg rotates
externally (Valmassy 1996). The talus abducts in the ankle mortise and this results in supination of
the subtalar joint. With subtalar supination, the ROM of midtarsal joint decreases and the stability of
the midtarsal joint increases (Root et al. 1977).

At the point when active propulsion occurs (at the end of the stance phase), maximum stability of the
forefoot is required (Figure 1). As the heel lifts from the walking surface, the body weight shifts
forward on the support limb and the center of gravity falls. As the body weight drops over the
forefoot rocker, there is a downward acceleration which results in the highest vertical force received
by the body. The body weight is now advancing over the metatarsal heads. The stability of the foot
is based on a locking mechanism of the midtarsal joint. This is accomplished by several means.

The windlass effect is incorporated as the heel lifts and the plantar fascia winds itself around the
drum of the metatarsal heads. The plantar fascia acts like a bowstring to maintain the arch of the
foot. When the toes are flexed upward this fascia band stretches. Since the diameter of the first
metatarsal head is larger than those of the lesser metatarsals, the medial band of the fascia demon-
strates a greater effect in pulling the calcaneus toward the forefoot (Valmassy 1996). This results in
a higher arch along with supination of subtalar joint. Body weight holds the metatarsal heads firmly
against the ground and this with subtalar joint supination results in pronation of the longitudinal axis
of the midtarsal joint. The entire vertical load shifts to the midfoot and to the medial side of the
forefoot. The first MTP joint is now dorsiflexed and the flexor hallucis longus is contracted causing
a strong plantarflexion force on the hallux, which assists in resisting ground reaction force.

2.1.1.The first metatarsophalangeal joint

The first MTP joint consists of articular surfaces of the first metatarsal head and the base of the
proximal phalanx of the hallux. The two sesamoid bones and the two sesamoid grooves on the first
metatarsal head are also an integral part of the first MTP joint.
The first MTP joint has two distinct axes of motion: a transverse axis and a vertical axis. The
transverse axis provides the plantarflexion-dorsiflexion of the hallux, and the vertical axis provides
the adduction-abduction.
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Figure 2. Tendons of the great toe.  Above, toes; below, transverse section through the distal first
metatarsal. The sesamoids (Ses.) and intrinsic muscles stabilize the plantar aspect of the first metatarsal
head. The hood ligaments make up much of the dorsal aspect of the capsule. EHL = extensor hallucis longus,
EHB = extensor hallucis brevis, ADH = adductor hallucis, FHL = flexor hallucis longus, and ABH =
abductor hallucis (Coughlin 1996).

Plantarflexion-dorsiflexion of the first MTP is very important for normal locomotion. Throughout
the entire plantarflexion motion and through the first 20 to 30 degrees of dorsiflexion the hallux can
rotate on the first metatarsal head without movement of the first metatarsal. When, however, dorsi-
flexion of the hallux exceeds 20 to 30 degrees an arthrodial-type of joint motion is needed, together
with plantarflexion of the first metatarsal (Root et al. 1977).

The minimum range of dorsiflexion of the first MTP joint necessary for normal locomotion is ap-
proximately 65 - 75 degrees. In the final stage of propulsion, the tibia is tilted approximately 45
degrees forward from the vertical plane and the foot is plantarflexed at the ankle about 20 degrees.
A combination of heel lift, subtalar joint supination, normal sesamoid function and a second metatar-
sal which is longer than the first is necessary before the first ray can plantarflex while the forefoot is
bearing weight (Root et al. 1977).

The propulsive function of the hallux requires stability of the first ray, normal sesamoid function, and
normal function of muscles. The muscles and tendons that control the great toe are divided into four
groups that encircle the first MTP joint (Figure 2). On the dorsal aspect of the great toe, the extensor
hallucis longus and brevis pass centrally and insert into the distal and proximal phalanges, respec-
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tively. The extensor hallucis longus is anchored by the hood ligaments (Haines and McDougall
1954), a fibrous band that interdigitates medially and laterally with the collateral and sesamoid
ligaments, forming the capsule of the MTP joint. The short and long flexor tendons pass on the
plantar surface, with the tendons of the medial and lateral heads of the flexor hallucis brevis inserting
into the medial and lateral sesamoids (Figure 3). Distally, the sesamoids are attached to the base of
the proximal phalanx by the plantar plate (Figure 3). The flexor hallucis longus tendon is located
plantar to the sesamoid complex, passing within a tendon sheath to insert into the base of the distal
phalanx. The flexor and extensor tendons pass through the vertical axis of the first MTP joint (Root
et al. 1977). The muscles cause plantarflexion or dorsiflexion of the joint, but they do not cause
abduction torque on the proximal phalanx. The adductor muscle with its oblique and transverse
muscle spindles is counteracted by the abductor hallucis. Additional functional stability of the fore-
foot is provided by the plantar aponeurosis (windlass mechanism).

Figure 3. Plantar aspect of the first metatarsophalangeal joint. The sesamoid complex has been reflected
distally to expose the plantar plate. The plantar plate connects the sesamoids and the flexor hallucis brevis to
the base of the proximal phalanx plantarly (Coughlin 1996).

Adductor
hallucis

Abductor
hallucis

Flexor
hallucis
brevis

Plantar
plate

Metatarsal
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2.2. Etiology of hallux valgus

2.2.1. Biomechanics

According to the classical theory of Root, the causative factor for all HV deformity is mechanical
malfunction at the first MTP joint (Root et al. 1977). Abnormal subtalar joint pronation of the foot
is the primary cause of most of the HV deformity (Jordan and Brodsky 1951, Root et al. 1977). The
subluxation and full development of HV deformity are caused by instability at the first MTP joint,
while the walker is attempting to stabilise the hallux during propulsion (Root et al. 1977). Root
states that hypermobility of the first ray during propulsion is the primary cause of the HV deformity.
The amount of hypermobility influences the rate of development of the HV deformity and the extent
of the final deformity. Hypermobility of the first ray is the direct result of either a pronated position
or of pronation motion at the subtalar joint during propulsion. A necessary requirement for HV
following hypermobility of the first ray to produce HV deformity is forefoot adductus (Root et al.
1977).

The relationship between pronation of the rearfoot and development of HV has been discussed.
Abnormal subtalar joint pronation causes eversion of the first ray and the great toe (Valmassy 1996).
When a foot is radiographed in a pronated position, the sesamoids move laterally from being cen-
tered under the first metatarsal (Inman 1974). If the great toe is even slightly everted, this would
shift the sesamoids laterally. This, in turn, would not allow the vertical axis around which transverse
plane motion occurs to pass directly between the sesamoids, yielding a transverse plane torque as
their corresponding muscles would contract with equal force. Finally, the hallux would move to the
lateral side of the first metatarsal (McBride 1928). The sesamoids are displaced laterally and the
medial sesamoid impinges upon the intersesamoidal ridge on the plantar aspect of the first metatar-
sal head (Alvarez et al. 1984).

In the pronated foot the calcaneus is everted and the peroneus longus muscle is in a shortened
position (Hetherington et al. 1993). The force with which the peroneus longus can contract in this
shortened position, as well as the velocity of contraction, are decreased and make it a much poorer
plantar-flexor of the first metatarsal. Loss of plantarflexion reduces the ROM of the first MTP joint
and causes an abnormal compression between the proximal phalanx and the metatarsal. Damage to
the articular surfaces ensues (Hetherington et al. 1993).

HV is rare in pes cavus (Inman 1974). Inman (1974) supported but never substantiated the view that
HV is always combined with pes planus and that pes planus is a predisposing factor in HV. Using
foot prints to estimate arch height, Kilmartin and Wallace (1992) reviewed 64 children, half with and
half without HV, and found that there was no association between the hallux deformity and arch
height. These and subsequent studies have not documented any association between HV and pes
planus (Coughlin and Thompson 1995, Saragas and Becker 1995).



REVIEW OF THE LITERATURE

17

Pronation causes rotation of the first ray, forcing the hallux MTP joint to lie more obliquely in
relation to the floor. As a result of this malalignment, the physiologic arc of movement of the hallux
changes and cannot withstand plantar pressure as well as before. In the presence of forefoot prona-
tion the normal forces of ambulation stretch the medial collateral ligament and capsular structures
and push the hallux into a valgus position (Alvarez et al. 1984). Eustace et al. (1994) developed a
radiologic measure of first metatarsal pronation and attempted to quantify the height of the arch by
measuring the inclination of the first metatarsal; they found significant metatarsal pronation in 84 %
of 50 patients with HV.

2.2.2. Shoes

Improper footgear is commonly cited as a factor contributing to the development of HV, but this has
not been substantiated by proper studies (Hetherington et al. 1993). Although proving a causal
relationship between high-fashion footwear and foot problems has been difficult, epidemiological
studies on HV do support the view that the shoes are a contributing factor for the deformity (Coughlin
and Thompson 1995).

In studies involving barefoot natives in the Belgian Congo (Engle and Morton 1931), in West Africa
(Barnicot and Hardy 1955) and in New Guinea (McLennan 1966), there was no tendency toward
the formation of the HV deformity neither in men nor in women. Bunions did not occur as the
individuals aged.

In a study from China 118 subjects who wore shoes were compared with 107 who did not. Among
the subjects who wore shoes, the prevalence of the HV was 33 %, but only 2 % among those who
had never worn shoes (Sim-Fook and Hodgson 1958).

Before 1972 very few operations for HV had been performed in Japan, but after that year there was
an increase of the sales of western shoes and the incidence of HV operations began to grow (Kato
and Watanabe 1981).

The entire population of St. Helena (3515 people) was examined in a study to measure the feet of all
inhabitants in one society. 88 % of the population was actually measured and the HVA was visually
estimated with the help of footprints. The angle was then related to gender, age and the length of
time wearing shoes. It was found that the length of time shoes were worn correlated with the HV
angle (Shine 1965).

2.2.3. Heredity

Studies on the heredity of HV indicate that some foot types are indeed susceptible to HV. Back in
1923 Sandelin noted that a hereditary influence was manifested in 54 % of patients with HV (Sandelin
1923), and Johnston (1956), in examining one family tree, concluded that HV was inherited as an
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autosomal dominant trait with incomplete penetrance. Jordan and Brodsky (1951) proposed that the
role of footwear was only secondary, serving to aggravate an already existing mild foot deformity.
Wallace and Kilmartin (1990) reported in an examination of 224 nine-year-olds that all subjects with
evidence of HV had either a positive family history or had a mobile first metatarsal that was plantar-
flexed below the level of the other metatarsals.

2.2.4. Gender

A much higher proportion  -  85 to 90 %  -  of the subjects with HV are females than males and this
has been reported in many studies (Table 1).

2.3. Diagnosis of hallux valgus

2.3.1. Physical signs and symptoms, examination

The primary symptom of HV is pain over the medial eminence of the distal first metatarsal. Pressure
from inappropriate footwear is the most frequent cause of this discomfort. Bursal inflammation,
irritation of the skin, and even skin trauma may be noted.

A HV deformity must be examined with the patient sitting and standing. The deformity is often
accentuated when the patient stands up, i.e., when the foot becomes weight-bearing. The foot is
examined for pes planus and for contracture of the Achilles tendon, both of which may affect the
selection of and the type of operation and its success. The magnitude of the HV deformity is re-
corded, as is any pronation of the great toe. The passive and active ROM of the MTP joint are
measured (Smith et al. 1984). Pain or crepitation, or both, together with limited motion of the MTP
joint are often indicative of degenerative osteoarthrosis and this may often alter the choice of the
operative procedure.

To check the first metatarsocuneiform joint for hypermobility, the examiner grasps the first metatar-
sal with his thumb and index finger and pushes it in a plantar-lateral to dorso-medial direction (Klaue
et al. 1994). Mobility of more than nine millimeters indicates hypermobility (Klaue et al. 1994),
which is present in less than 5 % of surgically treated patients (Mann and Coughlin 1993). If the joint
is hypermobile, arthrodesis should be considered (Mann and Coughlin 1993).

The neurovascular status of the foot must also be assessed. Doppler studies may be performed if
there is doubt regarding the adequacy of blood circulation. The foot is inspected for deformities of
the lesser toes which may cause discomfort as well. Other frequent symptoms are hammer-toe de-
formities of the second toe or metatarsalgia of the lesser MTP joints. The plantar surface of the foot
should be inspected for plantar keratoses or callosities.
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An attempt should be made to reduce the first MTP joint by passive correction of the HV deformity.
This may be difficult if there is a soft-tissue contracture. This maneuver helps the examiner to assess
the congruency of the MTP joint. Passive attempts to alter the alignment of a congruous MTP joint
frequently limit its passive ROM.

Communicating with the patient is important not only to evaluate the major symptoms associated
with the HV deformity but also to educate the patient with regard to the problem, the alternatives for
treatment, and the risks and complications of an operation, if indicated. A patient’s preoperative
expectations play a major role in his or her postoperative satisfaction. Relief of pain is frequently the
major objective, but an improved appearance of the foot and the ability to wear smaller or narrower
shoes are frequent (and often unstated) goals as well. Mann et al. (1992) reported in a study of 75
patients that 59 % of the patients were able to wear their choice of shoes after repair of a HV
deformity, while 41 % could not.

2.3.2. Radiographic examination

Proper radiographic evaluation of the HV deformity requires standard preoperative weight-bearing
views to be taken in the angle and base of gait (Perlman et al. 1996). Anteroposterior (AP-) and
lateral radiographs should be made with the patient bearing weight (Coughlin 1996). Evaluation of
the radiographs includes measurement of the HVA and the first-second IMA. The first MTP joint is
evaluated for osteoarthrosis and congruity, and the distal metatarsal articular angle and the proximal
phalangeal articular angle are measured. The size of the medial eminence and the magnitude of

Table 1. Gender and hallux valgus.

Reference Number of HV patients % female

Bonney & Macnab 1952 281 90

Carr & Boyd 1968 51 90

Fitzgerald 1969 100 85

Gibson & Piggott 1962 80 98

Gilmore & Bush 1957 42 90

Hardy & Clapham 1951 250 88

Hawkins et al. 1945 50 90
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sesamoid subluxation are assessed. The alignment of the forefoot is evaluated for metatarsus adductus,
and the hindfoot is inspected for pes planus or pes cavus.

The HVA is formed by the intersection of a line drawn through the long axis of the first metatarsal
and the long axis of the proximal phalanx (Figure 4). In health, the HVA is 15 degrees or less as
defined in the textbook of Mann and Coughlin (1993). The first-second IMA is formed by the inter-
section of the longitudinal bisection of the shafts of the first and second metatarsal (Figure 4). The
first-second IMA should be 9 degrees or less (Mann and Coughlin 1993).

The congruency of the first MTP joint is determined by lines drawn at the base of the proximal
phalanx and along the articular surface of the first metatarsal (Mann and Donatto 1997). A congru-
ous joint has no angulation within the joint and the lines representing the effective articular cartilagi-
nous surfaces of the base of the proximal phalanx and the head of the first metatarsal are parallel
(Figure 5). In a deviated joint, the lines representing the effective articular cartilage of the joint
intersect outside the joint, while in a subluxed joint these lines intersect within the joint (Figure 5)
(Piggott 1960).

The tibial sesamoid position describes the relationship of the tibial sesamoid to the bisection of the
first metatarsal shaft (Figure 6). A numerical sequency of one to seven describes increasing defor-
mity (LaPorta et al. 1974).

Figure 4. The hallux valgus angle (HVA) and the intermetatarsal angle (IMA). The HVA is formed by the
intersection of the longitudinal axes of the first metatarsal and the proximal phalanx. The first-second IMA
is formed by the intersection of the longitudinal axes of the first and second metatarsals.

Hallux valgus
angle

1-2 Intermetatarsal
angle
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Figure 5. Congruency of the first MTP joint. (A) Congruous; (B) deviated; (C) subluxed (Piggott 1960).

Figure 6. The tibial sesamoid position. The tibial sesamoid position describes the relationship of the tibial
sesamoid to the bisection of the first metatarsal shaft on a weight-bearing dorsiplantar view. A numerical
sequence of one to seven describes increasing deformity (LaPorta et al. 1974).
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2.4. Treatment of hallux valgus

Although there is a huge amount of publications on HV, there is insufficient evidence based on RCTs
to determine which methods (conservative, operative or post-operative) are the most appropriate.
In a systematic review there were only 12 randomized trials concerning the treatment of adult HV
(Ferrari et al. 2000). Two trials were on conservative treatment, eight on operative treatment and
two on post-operative treatment.

2.4.1. Conservative treatment

Non-operative therapy is always the first option for a patient who has a HV deformity (Coughlin
1996). Generally, conservative treatments aim to reduce the HV angle by either stretching con-
tracted soft tissue around the joints with the use of night splints, improving muscle strength with the
use of foot exercises, or resolving abnormal function of the foot with the use of insoles (orthoses)
(Ferrari et al. 2000).

Pain, blistering, and bursal inflammation can be relieved by elimination of friction over the medial
eminence. Evaluation of the patient’s footwear may prove helpful for making recommendations for
modifications or a change in the size or style of the shoes. A wider toe box may reduce symptoms
substantially (Coughlin and Thompson 1995). Stretching of areas of the shoe that cause increased
pressure can result in complete relief of the symptoms overlying a painful bunion (Coughlin 1996).

Night splints versus no treatment was compared in a randomized study which involved 28 patients
aged from 10 to 77 years (Juriansz 1996). There was no difference regarding the HVA between
groups. The first-second IMA was not reported. There was no significant difference between the
number of patients with pain after night splints compared with no treatment.

Two randomized trials involving 95 patients have evaluated some methods of postoperative reha-
bilitation. Continuous passive mobilization appeared to give an improved ROM and earlier recovery
following surgery compared to no rehabilitation (Connor et al. 1995); early weightbearing after
arthrodesis of the first MTP was not found detrimental with respect to the final outcome (Lampe et
al. 1991).

HV is often associated with a “hyperpronating foot”. Pronation of the foot is normal and necessary
during the contact period of gait for the foot to be a mobile adapter at the heel strike; pronation
allows the foot to adapt quickly to changes in the underlying terrain (Root et al. 1977). Pronation of
the foot is, however, never normal at heel lift or during propulsion, when the foot should become a
rigid lever. In the abnormally functioning foot, abnormal forces affect the ability of the toes to bear
a normal amount of weight during propulsion since these forces keep the foot in a pronated position
into and through the propulsive period of gait. The first metatarsal is hypermobile and its ability to
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bear weight is seriously reduced (Root et al. 1977). Foot orthoses are used to control abnormal
mechanical loading which causes stretching of soft tissues on the metatarsal heads.

Functional orthoses were used in a randomized study which involved 122 children aged 9 to 10
years (Kilmartin et al. 1994). The children were randomly assigned to no treatment or to the use of
foot orthosis. 93 subjects attended follow-up of 3 years. The study showed evidence of a significant
difference in HV angle, in favor of the control group. The HVA in both the treatment and control
groups increased; this adverse development was more marked in the group treated with orthoses.
No clinical outcome measures were done. Several non-randomized studies have suggested that foot
orthoses restrict pronation of the hindfoot during walking or running (Bates et al. 1979, Smith et al.
1986), which has been considered predisposing to HV (Rogers and Joplin 1947, Root et al. 1977,
Greenberg 1979, Holstein 1980, Kalen and Brecher 1988). The effect of orthoses on the progression
of the HVA is not shown.

2.4.2. Operative treatment

From ancient times, the bursal cyst associated with HV has been a target for treatment. Theodorice
taught in 1267 that “it should be excavated all around and then extirpated down to its
roots… afterwards the spot cauterized”. Boyer recommended in 1826 “ablation of the cyst”. In
1837, Fricke operated on two cases of “exostosis of the ball of the foot… excision of the bones
which form the metatarsodigital joint of the great toe was performed with great success”. Also other
reports on resection of the joint were published by Pancoast 1844 and by Hilton 1853. Rose re-
moved in 1874 the sesamoids in addition to resecting the joint. Reverdin popularized in 1881 re-
moval of the exostosis alone. He was not satisfied with the result and performed thus also an os-
teotomy through the distal part of the first metatarsal. In 1904, Keller put into practice resection of
the proximal part of the proximal phalanx of hallux. (Referred by Dagnall 1994).

A number of operations to treat HV have been developed in the 20th century. Metcalf (in 1912)
summarized 15 different operations, Timmer (in 1930) mentioned 25, Verbrugge (in 1933) outlined
51 and Perrot (in 1946) counted 68 (Dagnall 1994). By 1990, “around 150” different operations had
been published (Luthje 1990).

The vast number of operative techniques that have been described indicates that no one procedure is
universally applicable for all deformities and that many procedures have serious shortcomings. If
correction is to be successful, the choice of the operative technique must depend on the anatomical
and pathological abnormalities that are present. Options include:
1. MTP soft-tissue reconstruction
2. osteotomy (of the proximal phalanx of the great toe, of the first metatarsal bone or of the

cuneiform)
3. arthrodesis (of the first MTP joint or of the metatarsocuneiform joint)
4. excisional arthroplasty.
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The indications for a particular procedure may be better pinpointed if angular measurements are
made. The selected operative technique should correct all elements of the problem: prominence of
the medial eminence, increased valgus angulation of the proximal phalanx, increased first-second
IMA, congruency of the MTP joint, subluxation of the sesamoids, and pronation of the hallux
(Coughlin 1996). When the surgeon selects what he considers to be the best procedure for an indi-
vidual patient he must keep in mind the main symptom and its association with the physical findings
as well as all radiographic information.

A mild HV deformity (HVA less than 25 degrees), with or without a congruous MTP joint, can be
satisfactorily corrected with a Mitchell osteotomy (Coughlin 1996) or a distal chevron osteotomy
(Austin and Leventen 1981). A distal soft-tissue reconstruction may be considered, in addition to
these procedures, if there is a mild HV deformity with subluxation of the MTP joint. However, a
distal soft-tissue reconstruction cannot be used to correct a HV deformity with a congruous MTP
joint, as an intra-articular realignment may create a non-congruous joint which creates a risk of
recurrence or of the development of degenerative osteoarthrosis (Coughlin 1996, Coughlin and
Mann 1987).

If the HV deformity is moderate (HVA from 25 to 35 degrees) and there is subluxation of the MTP
joint, a Mitchell osteotomy (Coughlin 1996) or a distal chevron osteotomy (Austin and Leventen
1981) may be considered. If the first-second IMA is wide, a distal soft-tissue reconstruction com-
bined with an osteotomy of the proximal end or along the diaphysis of the first metatarsal is a more
common procedure. If there are also significant degenerative changes of the MTP joint, an excisional
arthroplasty or arthrodesis should be done (Coughlin 1996). A moderate HV deformity with a con-
gruous MTP joint is not common; however, when one is present, satisfactory correction may neces-
sitate a Mitchell osteotomy or a double or triple osteotomy (an Akin osteotomy of the proximal
phalanx combined with an osteotomy of the metatarsal and, on occasion, an additional osteotomy of
the cuneiform) (Coughlin and Thompson 1995).

If the HV deformity is severe (HVA more than 35 degrees) there is often subluxation of the MTP
joint. Correction requires a distal soft-tissue reconstruction with an osteotomy of the proximal end
of the metatarsal. A distal soft-tissue reconstruction should be combined with corrective arthrodesis
of the metatarsocuneiform joint if there is hypermobility of the metatarsocuneiform joint, which
typically is associated with subluxation of the first MTP joint. An arthrodesis is indicated if there is
osteoarthrosis of the first MTP joint (Coughlin 1996). If the MTP joint is painful and osteoarthritic
(dorsiflexion less than 30 degrees), a resection arthroplasty modo Keller may be considered (Keller
1912). A severe HV deformity with a congruous first MTP joint is uncommon; however, when one
is present, a double or triple osteotomy is the procedure of choice (Coughlin 1996).
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The guidelines for selection of operation type are mainly based on biomechanical theories and clini-
cal experience, not on RCTs.

2.4.2.1. Results of surgery: randomized studies

Two randomized studies involving 133 patients compared Keller’s arthroplasty with other surgical
techniques. In a comparison between distal osteotomy and Keller’s arthroplasty, the osteotomy
improved the IMA and preserved the ROM of the joint better than arthroplasty (Turnbull and Grange
1986). Keller’s arthroplasty and arthrodesis of the first MTP joint gave a similar degree of patient
satisfaction and symptom relief in elderly patients (O’Doherty et al. 1990).

Three trials involving 205 patients compared chevron (and chevron-type) osteotomy with other
techniques. In a comparison between proximal chevron osteotomy and proximal crescentic osteotomy,
there were no statistically significant differences with respect to correction of the IMA or to func-
tional outcome (Easley et al. 1996). Comparison between distal chevron and distal oblique os-
teotomy showed that the patients in the chevron group returned to work earlier, but those in the
oblique group had better functional results and were more satisfied with the appearance of the foot
(Klosok et al. 1993). Proximal osteotomy improved IMA and HVA more than distal chevron os-
teotomy, but there was no evidence that pain, patient satisfaction or footwear problems were differ-
ent between the two groups (Resch et al. 1993).

Three trials involving 157 patients compared the outcomes of HV patients who had had an original
operation with the outcomes after operations that had been modified by the surgeon. Keller’s arthro-
plasty was modified by detatching the extensor hallucis brevis tendon from the proximal phalanx and
reattaching it to the medial sesamoid: there was no evidence of a difference in HVA, pain or foot-
wear problems between the original and the modified operation group (Capasso et al. 1994). The
outcome after distal chevron osteotomy was not improved by additional adductor tenotomy (Resch
et al. 1994). Nor was there any advantage when Keller’s arthroplasty was modified by temporary
Kirschner-wire distraction (Sherman et al. 1984).
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2.4.2.2. Results of surgery (chevron-osteotomy): non-randomized studies

In retrospective series and in unrandomized prospective studies, “excellent” results of the chevron
procedure have been reported (Johnson et al. 1991, Hattrup and Johnson 1985, Hirvensalo et al.
1991, Leventen 1990, Pochatko et al. 1994). After a chevron osteotomy, the average correction of
the HVA has been reported to be 12 to 13 degrees and the average correction of the first-second
IMA has been 4 to 5 degrees (Hattrup and Johnson 1985, Hetherington et al. 1993, Hirvensalo et al.
1991, Johnson et al. 1991, Leventen 1990, Lewis and Feffer 1981, Pochatko et al. 1994).

The most frequent complications associated with this procedure are recurrence or undercorrection
of the deformity (4 / 29 feet, 14 % (Lewis and Feffer 1981); 8 / 78 feet, 10 % (Hirvensalo et al.
1991); and 30 / 300 feet, 10 % (Austin and Leventen 1981)). HV may recur when the indications for
the chevron procedure are expanded to include more severe deformities. Loss of correction (over-
correction or undercorrection) can be caused by slippage at the site of the osteotomy (Hirvensalo et
al. 1991, Meier and Kenzora 1985). While internal fixation was not originally advocated by Austin
and Leventen (1981) or by others (Leventen 1990, Williams et al. 1989), its use decreases the
possibility of postoperative displacement of the capital fragment (Hirvensalo et al. 1991, Johnson et
al. 1991, Pochatko et al. 1994). Shortening may occur as a result of excessive bone loss (Austin and
Leventen 1981, Hirvensalo et al. 1991, Mann 1982, Meier and Kenzora 1985). Klosok et al. (1993)
reported a postoperative transfer lesion in five (12 %) of 43 feet and postoperative metatarsalgia in
ten (43 %) of 23 patients.

The most serious complication following this procedure is avascular necrosis of the first metatarsal
head. Avascular necrosis developed in 20 % (twelve) of 60 feet after a chevron osteotomy, and this
rate increased when the osteotomy had been combined with an adductor tenotomy (Meier and
Kenzora 1985). In other reports the incidence of avascular necrosis has been 12 % (Horne et al.
1984) or “several cases” (Mann 1982, Jahss 1981, Wilkinson et al. 1992). There are also reports of
no evidence of avascular necrosis after osteotomy (Austin and Leventen 1981, Johnson et al. 1991,
Klosok et al. 1993, Pochatko et al. 1994). Wide lateral release may jeopardize the blood circulation
of the distal fragment and increase the risk of avascular necrosis (Hattrup and Johnson 1985).
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2.5. Access to surgery – waiting lists

In such a common disorder as HV access to surgery is often hindered in publicly funded health care
systems because of long waiting lists. Waiting lists have long been a contentious issue in western
countries (Moran and Horton 2000, McDonald et al. 1998, Bosch 2000, Sheldon 1997, Mariotti et
al. 1999). Chronic problems of long hospital waiting times typically form in systems where the
customer does not pay full price for the service (McDonald et al. 1998), or where need and supply
are unbalanced. The longer patients wait for appointments the more inaccurate a waiting list be-
comes (McGlade et al. 1988), since long waiting times result in non-attendance and other inefficien-
cies. When 116 patients who were waiting for an outpatient orthopedic appointment were reviewed,
32 patients (28 %) were removed from the waiting list because of inaccuracies (Elwyn et al. 1996).
From the patient’s viewpoint, an operation several years in the future is an ill-defined solution to her
or his problem and patients often consider this as a threat to good quality health care. A short waiting
list may, on the other hand, function as an efficient and equitable non-price rationing mechanism
(Edwards 1999).

Waiting lists are assumed to reflect the need for orthopedic surgery (Wilcock 1979). Another as-
sumption concerns a dose-response relation: the longer the wait the greater the need (Hemingway
and Jacobson 1995). These views have been criticized. Even if patients on waiting lists have had
their needs assessed by individual clinicians, the appropriateness of some procedures may be ques-
tioned (Coulter et al. 1993). Nordberg et al. (1994) found that HV waiting lists were longest in the
hospitals with highest rate of HV operations, indicating that insufficient resources are not the only
reason for long waiting lists. Both long waiting lists and a high rate of surgical procedures can result
from a high demand for surgery, influenced by physicians’ decisions. If the waiting list is long be-
cause surgical treatment is preferred, the answer to resolving the long waiting times may not neces-
sarily to be increase resources, but rather to examine critically the indications for surgery.

Health authorities are expected to fund procedures in relation to their effectiveness in conditions for
which there are clear clinical guidelines (NHS Management Executive 1993). Yet most health au-
thorities - and to an even greater extent, general practice fundholders - do not consider that the
needs of people on waiting lists require further assessment. They are happy to accept the waiting list
as reflecting an aggregate of unquestioned clinical decisions, which may be influenced by factors
such as the visibility of waiting lists and the perverse incentives built into the NHS market rather than
by evidence of effectiveness (Hemingway and Jacobson 1995).

Gauging the size of a waiting list is a complex task. Audits of waiting lists in various medical and
surgical specialties consistently find a significant number of patients for whom the service is no
longer required through death, deterioration of in health status, movement to another community,
receipt of the service elsewhere, resolution of symptoms, or inappropriate initial placement on the
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list (Tomlinson and Cullen 1992, Don et al. 1987, Hochuli 1988, Parmar 1993). Therefore, a simple
figure of the number of patients on the list is not a true indicator of real need.

The number of patients is also meaningless if it is not related to the resources servicing the list
(McDonald et al. 1998). The implications of the list can be clarified by creating a ratio between the
number of patients on a list and the number of procedures done in a specified time period (Hanning
1996).

It is also a complex task to measure waiting times. Attempts to express waiting times as an average
of all patient experience at a particular point of time are often uninformative (McDonald et al. 1998).
Some patients – for various reasons – will wait for exceptionally long times while most patients are
likely to wait for variable albeit shorter lengths of time. In this case, the data produces a positively
skewed frequency curve demonstrating the characteristics of an F-distribution rather than the bell
shaped normal distribution curve (McDonald et al. 1998). In this setting mean values do not coin-
cide with median values and mean average waiting times are a poor marker of the access to surgery.

The common queue types include FIFO (first in, first out), LIFO (last in, first out), a prioritized
queue and a random queue (Kleinrock 1976). In the FIFO queue the patients who have been waiting
for the longest time take priority over others in the queue. In other words the patients do not change
places during the waiting period and the queue discipline is good. In surgery, a HV or a varicose vein
queue are examples of a FIFO queue. Here the seriousness of the illness has only little effect on
hastening the operation.

A prioritized queue is often a conglomerate of several parallel FIFO queues. For example, a surgical
waiting list based on urgency classification is a typical prioritized queue.

The patients to be operated on in a random queue are chosen randomly from the queue. Patients are
placed in the queue in the order they arrive, but there is a total lack of queue discipline.

HV waiting lists consist typically of a considerable number of patients with a similar urgency to get
care. The waiting lists in this thesis are used as a model to monitor the way waiting lists are managed,
i.e., if the queues are proceeding in an orderly fashion.
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3. AIMS OF THE STUDY

The aims of the present study were:

1. To describe retrospectively the long-term outcomes of patients who have undergone
HV surgery (I).

2. To assess the cost-effectiveness of surgery for mild to moderate HV compared to functional
foot orthosis or watchful waiting in a randomized controlled trial (II).

3. To analyze the effect of the waiting time on the outcomes of HV surgery (III).

4. To evaluate whether HV waiting lists are proceeding in an orderly fashion in some publicly
funded Finnish hospitals (IV).
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4. PATIENTS AND METHODS

4.1. Patients (I – IV)

The present study comprises two different clinical series, one of which is retrospective (I) and the
other prospective (II and III). In addition, the numeric data of 1774 waiting list patients was used for
waiting time analyses (IV).

The retrospective study (I) consisted of 76 consecutive patients who had undergone a chevron
procedure in the Jorvi hospital 1989 – 1990 in Espoo, Finland. The procedure was bilateral for 30
patients, and thus the total number of operated feet was 106. The patients were examined clinically
six years after the operation and the operated feet were radiographed. A questionnaire concerning
foot pain and disability and footwear problems was filled.

An RCT (II and III) compared operative and conservative treatment of 209 patients with HV. The
patients had painful HV but no limitation of the first MTP joint, their HVA was less than 35 degrees
and their first-second IMA less than 15 degrees. Patients with rheumatoid diseases were excluded.
The patients were recruited from four hospitals (Jorvi, Peijas, Kiljava and Lohja) from January, 1997
through May, 1998. They had been referred by general practitioners. All eligible patients were exam-
ined by the author and if chevron osteotomy was indicated, the trial option was offered. The study
protocol was approved by the ethics committees of the four hospitals involved.

4.2. Diagnostic evaluation (II - III)

All patients were asked to fill in a questionnaire. The items included foot pain intensity on a 100-mm
VAS scale, pain duration, physical activity, estimation of physical workload, duration of foot pain,
work-incapacity (number of days of sick-leave) because of foot problems, cosmetic disturbance,
footwear problems, subjective assessment of ability to work and health related quality of life index
(15-D, Sintonen and Pekurinen 1992). The AOFAS hallux-metatarsophalangeal scoring system
(Kitaoka et al. 1994) was used. The patients were examined clinically by the author. A thorough
biomechanical assessment of the feet was performed. The arterial pulses of the foot were palpated.
Both feet of the eligible patients were radiographed in the AP- and lateral projections with full
weightbearing. If the patient had a bilateral deformity, the outcome characteristics denoting the foot
problem were recorded separately for both feet. In these cases, the foot with the worse symptoms
(scores lower on the AOFAS scale) was selected for the data analysis.
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4.3. Patient information and randomization (II - III)

Patients meeting the criteria for inclusion were informed about the study and were requested to read
the preliminary information about the trial. Patients were informed of the trial both orally and by a
written description of the content and purpose of the trial. For clinical purposes the patients under-
went clinical and radiographical investigations and completed the questionnaires. If the inclusion
criteria were fulfilled, the patiens were fully informed about the trial after which they were given the
option to provide written informed consent to be included in the trial. Before randomization, the
patients were given further oral and written information about the study.

The randomization process was based on random numbers, one such number being put in each of a
series of numbered sealed envelopes. The block size for randomization (not previously known for
the investigators) was 15. A person uninvolved in the study placed the assignments in sealed enve-
lopes with running numbers. The envelopes were used in the order provided. After the patients who
met the inclusion criteria had given informed consent, the independent observer opened an envelope
and gave the protocol instructions to each patient. In the surgery group, the time for the operation
was agreed on immediately. In the other two groups, the patients were informed that if they still had
foot pain after one year, they would be operated on. The control group patients were asked to avoid
surgery and foot orthotic therapy during the 1-year follow-up period. The orthosis group patients
were asked to avoid surgery during the 1-year follow-up period.

Foot pain, foot disability, footwear problems and cosmetic disturbance were recorded on a ques-
tionnaire. In the surgery group, the patients were operated on under spinal anaesthesia by the chev-
ron procedure and a tourniquet was used. After the operation, the patients used a hallux splint for six
weeks and full plantigrade weightbearing was allowed two weeks after the operation.
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4.4. Interventions (I – III)

4.4.1. Surgery (I – III)

The surgical procedure was distal chevron osteotomy (Figure 7). In study II, most operations were
performed by three experienced orthopedic surgeons.

In studies II and III the procedure was done as follows. A slightly curved longitudinal incision was
made at the dorso-medial aspect of the first MTP joint. After the medial capsulotomy the medial
exostosis was removed. The adductor tendon was released intra-articularly by sharp dissection (studies
II and III). As in the original method (Austin and Leventen 1981), the osteotomy was not fixed
routinely (only one patient needed fixation with a K-wire for six weeks). After the operation the
patients used an abduction splint (Toe Hold) for six weeks. Weightbearing was allowed on the heel
and on the lateral aspect of the foot immediately after the operation. After two weeks plantigrade
walking was allowed and the patient began active exercising of the great toe. A sick leave of six
weeks was prescribed if the patient was employed.

In the retrospective study (study I) all patients underwent a chevron osteotomy according to patient
registers, but the details of the operations concerning adductor tenotomy, fixation of the osteotomy
and postoperative dressing or mobilization were not uniform in the patient records.

Figure 7. Austin (chevron osteotomy). The V osteotomy is horizontally directed. The angle between the
arms is 60 degrees. After the osteotomy, the distal fragment is displaced laterally from one-fourth to one-half
the width of the metatarsal (Austin and Leventen 1981).
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4.4.2. Functional foot orthosis (II - III)

Functional foot orthoses were made by the negative cast technique (Valmassy 1996) for the patients
in the orthosis group (studies II and III). The casts were taken by an orthopedic surgeon who had
clinical experience for five years with functional foot orthoses therapy. The negative casts were sent
to Pro lab (San Francisco, CA, USA) together with individual prescriptions regarding the specific
foot deformity. Pro lab then produced the polypropylene orthoses for both feet, and the orthoses
were sent to the patients with instructions for use. The time from casting to orthosis delivery was
approximately 8 weeks.

4.5. Follow-up, assessment of results and records (I – IV)

4.5.1. Follow-up and assessment of results (I – III)

In study I the clinical result was assessed retrospectively 6 (range, 5.5 – 6.5) years after the chevron
osteotomy. The hallux-metatarsophalangeal scoring system of the American Orthopaedic Foot and
Ankle Society (AOFAS, Kitaoka et al. 1994) was used. This clinical rating system combines objec-
tive and subjective data as follows: pain maximally 40 points; function 45 points; and alignment 15
points. A total of 100 points indicates best functional ability. The result was rated excellent if the
patient rated between 100 and 93 points, good between 92 and 83 points, fair between 82 and 66
points, and poor 65 points or less (Trnka et al. 1997). Weightbearing radiographs (AP-projections)
of the operated feet were taken. The patients were asked to take any preoperative radiographs along
with them for clinical examination.

In studies II and III a questionnaire was sent to the patients 3 and 6 months after randomization. The
patients were invited for a follow-up examination after 12 months. A weightbearing radiograph was
taken and the patients were asked to fill a questionnaire. At 2-year follow-up a questionnaire was
sent to all patients (study III). In the questionnaires the intensity of the foot pain was recorded on a
visual-analogue scale (0 - 100, 100 points indicating unbearable pain). The duration of foot pain was
measured by asking the number of painful days during follow-up. Any footwear problems, use of
orthotic devices, cosmetic disturbance and overall satisfaction were recorded. The AOFAS hallux-
metatarsophalangeal scoring system (Kitaoka et al. 1994) was used at the 12-month follow-up (study
II). The quality of life was measured by the 15-D method in studies II and III (Sintonen and Pekurinen
1992).

At the 12-month follow-up visit (study II), weightbearing radiographs of the foot (AP- and lateral
projections) were taken in the surgery group.

HVA and first-second IMA were measured by the center-of-head method (Mann and Donatto 1997).
The congruency of the first MTP joint was recorded by drawing lines at the base of the proximal
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phalanx and along the articular surface of the first metatarsal (Mann and Donatto 1997). If the lines
were parallel, the joint was graded as congruent, otherwise as incongruent.

In studies I, II and III, all patients were examined and radiographs were reviewed by the author.

4.5.2. Records (II - IV)

Four years after the beginning of study II / III, the registers of the participating hospitals were
examined to assess if the subjects had undergone surgery. The patients whose data was not available
were contacted by phone and they were asked if the foot involved in the study had been operated on
during the 2-year follow-up.

The waiting list data (IV) was collected on October 28, 1997 (census data) and from May 1 through
October 27, 1997 (event data). The patient information databases of three hospitals (total catchment
area about 700 000) in the Uusimaa province health district were the primary source for the research
data. The queue types of interest for this study consisted of waiting lists with the lowest urgency and
the largest volume.

The waiting times were assessed using a specific method for displaying waiting list statistics. This
approach challenges the usual ‘snapshot’ presentations (mean values, median values or other types
of estimators based on a sample of observations) of waiting time distributions. The idea is to condi-
tion the sample on the basis of whether the patient has already been operated or not, and to display
the corresponding frequencies on a (waiting) time-scale.

The method uses two databases: 1) census data covering the patients waiting for an operative treat-
ment and 2) event data covering the real waiting times of the patients who ultimately had the opera-
tion (Don et al. 1987). The waiting time of each patient is measured as the time between the data
collection date and the date when a patient was placed on a waiting list (census data) or as the time
between the date of admission to hospital and the date when a patient was placed on a waiting list
(event data). In each database, the individual waiting times are grouped in three-month periods. The
grouped waiting times are represented in a column chart, each column representing a three-month
period. White columns represent the waiting times of the patients waiting for the operation, black
columns represent the realised waiting times of the operated patients. The graphs are compared to
two model graphs, one of which represents a FIFO-queue and another a random queue.
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4.6. Statistical methods (I – III)

In the retrospective study (study I) HVA and IMA were analyzed pre- and postoperatively with the
pairwise t-test.

The analyses in studies II and IIII were analyzed by intention-to-treat. According to power calcula-
tions, 68 subjects per treatment group were needed for the study to achieve a statistical power of
0.90 with an alpha of 0.05 (two-tailed). The calculations were made for foot pain on the visual
analogue scale from 0 to 100 mm, where 15 mm was considered as a clinically significant difference
between the groups and a standard deviation of 15 % was assumed.

Efficacy variables were analyzed by analysis of variance for repeated measures, for which the model
included group and time effects and their interaction. Since post hoc testing showed no clear choice
of an appropriate error term when testing involved between group by within-subject interactions,
the post hoc testing between the groups is based on 95 % confidence intervals (CIs) constructed for
change over time. Cross-tabulations were analyzed using the   2-test. The changes of the radiologi-
cal variables in the surgical group before and after surgery were analyzed with the pairwise t-test.
Computation was carried out using NCSS 2000 (Kaysville, Utah) and Statistica/Win (Version ‘98;
StatSoft; Tulsa, Okla) software programs.

4.7. Economic analysis (II - III)

The Nord-DRG (Nordic Diagnosis Related Group) price was used for calculating the cost of the
chevron procedure. The price includes the hospital costs of the surgery and the immediate postsur-
gical care. Otherwise the economic analysis was based on the responses to the 6-month, 1-year and
2-year follow-up questionnaires where questions about the use of health care services related to HV
were asked. This included visits to a physician and to a physical or foot therapist. The cost to the
patient of the use of foot splints, braces, or orthoses was also recorded as reported by the patients.
Because of the controversy between human capital and friction cost analysis, the monetary value of
the sick leaves was not estimated (Hutubessy et al. 1999).
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5. RESULTS

5.1. Retrospective study (I)

The study population consisted of 76 consecutive patients who had been operated on according to
the chevron operation in the Jorvi Hospital in 1989 – 90. 30 patients had had a bilateral procedure,
and the total number of operated feet was thus 106. The mean age of the patients at time of opera-
tion was 46 years (SD 11). 96 % of patients were female. The follow-up period was 6 years. The
mean HVA of the operated feet (n=106) was 18 (SD 8.5) degrees and the first-second IMA was 11
(SD 3.1) degrees. In 21 feet (20 %) HVA was still more than 25 degrees after the operation. In 81
operated feet (76 %) the first MTP joint was congruent. Preoperative radiographs were available of
42 feet (40 %). The reduction in the HVA compared to baseline was 6.4 degrees (p = 0.001, 95 % CI
4.0 - 8.7 degrees). The difference between the pre- and postoperative values of the IMA was not
statistically significant. The AOFAS score was 81 (SD 15) points (Table 2).

Complications and reoperations are presented in table 3. The results are presented in table 4.

Table 2. AOFAS-rating 6 years after the chevron operation.

AOFAS-score n %

Excellent (93 – 100) 29 27

Good (83 – 92) 31 29

Fair (66 – 82) 29 27

Poor ( < 65) 17 16
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Table 3. Reoperations and complications at 6 year follow-up.

n

Reoperations performed 8

Reoperation decided 5

Rupture of flexor hallucis tendon 2

Prolonged wound infection 1

Dorsiflexed hallux 1

Deep venous thrombosis 1

Table 4. Results of chevron procedure at 6 year follow-up a.

Hallux valgus angle (degrees(SD)) 18 (8.5)

Intermetatarsal angle (degrees(SD)) 11 (3.1)

Congruent MTP I –joint (%) 76

AOFAS score b 81 (15)

a The figures refer to the situation after operation to correct HV.
b Total score ranges from 0 to 100, with higher score indicating better functional ability.
  Mean value (SD).
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5.2. Randomized controlled trial (II – III)

5.2.1. Study population

Altogether 211 participants fulfilling the eligibility criteria were randomly assigned to the 3 treat-
ment groups (Figure 8). Two were withdrawn: one for loss of the baseline questionnaire and one
because rheumatoid arthritis was diagnosed three months after recruitment. The withdrawal deci-
sion was made without knowing to what treatment group the patient had been assigned. Of these
withdrawals the former would have been in the orthosis group and the latter in the control group.
The final study population consisted of 209 patients. 71 patients were randomized to the surgical
group, 69 to the orthosis group and 69 to the control group. The follow-up information was ob-
tained six months later for 206 subjects (99 %); one subject was lost from each group. After one
year, information was obtained for 205 subjects (98 %); at this stage three subjects were lost from
the control group, and one from the orthosis group. At the 2-year follow-up, 197 patients (94 %)
attended. Three subjects were lost from the surgical group, three from the orthosis group and six
from the control group. The drop-outs did not differ markedly from the remaining subjects as a
whole, or between the three intervention groups.

Baseline data are presented in table 5.

5.2.2. Adherence and co-interventions

During the 12-month follow-up period, 66 patients in the surgical group (out of 71; 93 %) had
undergone surgery. 65 patients underwent the chevron procedure. One patient was operated on by
the Keller’s arthroplasty, because there were osteoarthritic changes in the first MTP joint. Of the five
patients who were not operated on, two had cancelled the operation due to a work conflict, one
became pregnant, one had severe depression and one refused because of personal reasons. None of
the patients in the surgical group used functional foot orthoses during the follow-up.

In the orthosis group, 65 patients (out of 68; 95 %) reported at the 6-month follow-up that they had
used the orthoses. They had used the orthoses, on average, 6 days a week and 5.8 hours per day. At
the 12-month follow-up 67 patients (out of 69; 97 %) reported having used the orthoses, on aver-
age, 6 days a week and 5.5 hours per day. No patients in the orthoses group were operated on during
the 12-month follow-up. 43 patients (out of 69; 62 %) were operated on during the second follow-
up year. At the 2-year follow-up 54 patients (out of 66; 82 %) reported having used the orthoses, on
average, 5 days a week and 5 hours per day.

In the control group, four patients were operated on during the 12-month follow-up. All these
operations were performed because of severe foot pain. 44 patients were operated on during the
second follow-up year (total number in 2-year follow-up 48 out of 69; 70 %). None of the patients
in the control group used foot orthoses during the study.
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Figure 8. Patient flow chart (II – III).

Study III Study II

209 randomized

71 assigned to receive 69 assigned to receive 69 assigned to control
    surgery foot orthosis

66 received surgery as  0  received surgery 4 received surgery
assigned 66 received orthosis by  0 used orthoses
0 used orthoses 6 mo

67 received orthosis by
12 mo

Follow-up Follow-up Follow-up
70 at 6 mo 68 at 6 mo 68 at 6 mo
71 at 12 mo 68 at 12 mo 67 at 12 mo

68 received surgery 43 received surgery 48 received surgery
by 2 years by 2 years by 2 years

Follow-up Follow-up Follow-up
68 at 2 years 66 at 2 years 63 at 2 years

71 included 69 included 69 included
  in analysis in analysis in analysis

            211 patients recruited

2 withdrawn
      1 had rheumatoid arthritis
      1 lost baseline questionnaire
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Table 5. Demographic and clinical characteristics of the study subjects at baseline a.

Surgery Orthosis Control
Characteristics (n =71) (n =69) (n =69)

Age, mean (SD), years 48 (10) 49 (10) 47 (9)
Women 93 89 96
> College education 11 11 10
Body Mass Index , mean (SD), kg/m2 24.0 (14.0) 23.9 (13.0) 24.2 (15.0)
Height, mean (SD), cm 166 (6) 166 (8) 165 (5)
Physical exercise > 3/wk 51 46 57
Employment characteristics

Employed 82 76 83
Heavy physical work (self-report) 13 13 16

Pain and disability
Bilateral deformity 38 39 47
> 6 mo of foot pain 86 87 83
Foot pain intensity, mean (SD) b 47 (25) 50 (24) 45 (24)

Sick leave for foot problems
during previous 12 mo c 5.6 2.9 5.7
Cosmetic disturbance, mean (SD) d 3.4 (2.3) 2.7 (2.1) 3.1 (2.3)
Footwear problems

None 8.4 4.4 4.2
  Moderate 80.2 86.8 87.1

Severe 11.3 8.8 8.6
Ability to work, mean (SD) e 85 (16) 83 (17) 83 (20)
Functional status, mean (SD), AOFAS score f 60 (14) 59 (11) 62 (11)
Radiograph, mean (SD), degree
   Hallux valgus angle 23 (4.5)      24 (6.0) 24 (5.6)
   Intermetatarsal angle 11 (2.0) 11(2.4) 11 (2.3)
   Congruent MTP I -joint (%) 59 44            48
Health related quality of life index (15-D) g           90.7 (6.9) 91.1 (6.9) 90.0 (6.8)

a Data are presented as percentages unless otherwise stated.
b On examination day, recorded on a 10-cm VAS-scale from 0 (no pain at all) to 100 (unbearable pain).
c Sick leave had been less than 30 days in all cases
d Recorded on a 7-point scale from 0 (no cosmetic disturbance at all) to 6 (maximal cosmetic disturbance).
e  Recorded on a 10-cm VAS-scale from 0 (total inability to work) to 100 (maximal working ability).
f  Total score ranges from 0 to 100, with higher score indicating better functional ability.
g Scores of 15-D range from 0 to 100, with higher scores indicating better function in the most essential
dimensions of general health. The number of respondents is 139 because the 15-D scale was not given
to the first 70 patients.
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Table 6. Outcomes at the 6-month follow-up a.

Surgery Orthosis Control     
Characteristics (n =71) (n =69) (n =69)

Pain and disability
Foot pain intensity b 26 (23) 36 (24) 45 (23)
Ability to work c 85 (24) 84 (25) 80 (28)
Cosmetic disturbance d 2.5 (2.4) 2.6 (2.1) 3.1 (2.3)
Pain in last 6 months, days 67 (51) 66 (59) 73 (65)

Footwear problems, %
None 25.0 3.0 5.8
Moderate 69.1 83.6 86.8
Severe 5.9 13.4 7.4

Satisfaction with treatment e 74 (32) 66 (26) 41 (36)
Health related quality of life index (15-D) f 92.0 (7.3) 92.0 (6.5) 90.5 (8.2)
           

Differences in adjusted group means (95% CI) g

Surgery minus Orthosis minus Surgery minus
control control orthosis

Pain and disability
Foot pain intensity b -20 (-28 to -12) -14 (-22 to -6) -6 (-14 to 2)
Ability to work c 3 (-5 to 10) 4 (-4 to 11) -1 (-9 to 7)
Cosmetic disturbance d -1.0 (-1.6 to -0.4) -0.2 (-0.8 to 0.4) -0.8 (-1.4 to -0.3)
Pain in last 6 months, days -6 (-25 to 14) -7 (-26 to 13) 1 (-19 to 20)

Satisfaction with treatment e 32 (22 to 43) 24 (13 to 34) 9 (-2 to 19)
Health related quality of life
index (15-D) f 0.8 (-1.4 to 2.9) 0.3 (-2.0 to 2.5) 0.5 (-1.7 to 2.7)

P value

Footwear problems, % < 0.01 = 0.41 < 0.01

a Mean values (SD) shown unless otherwise stated.
b On examination day, recorded on a 10-cm VAS-scale from 0 (no pain at all) to 100 (unbearable pain).
c Recorded on a 10-cm VAS-scale from 0 (total inability to work) to 100 (maximal working ability).
d Recorded on a 7-point scale from 0 (no cosmetic disturbance at all) to 6 (maximal cosmetic disturbance).
e Recorded on a 10-cm VAS-scale from 0 (totally unsatisfied) to 100 (totally satisfied).
f Scores of 15-D range from 0 to 100, with higher scores indicating better function in the most essential
dimensions of general health. The number of respondents is 139 because the 15-D scale was not given
to the first 70 patients.
g Adjusted for each baseline characteristic.



RESULTS

42

Table 7. Outcomes at the 1-year follow-up a.

Surgery Orthosis Control     
Characteristics (n =71) (n =69) (n =69)

Pain and disability
Foot pain intensity b 23 (23) 40 (23) 40 (26)
Ability to work c 89 (19) 81 (26) 83 (25)
Cosmetic disturbance d 1.9 (2.2) 2.6 (2.0) 2.8 (2.3)
Pain in last 6 months, days 45 (54) 79 (65) 66 (67)

Footwear problems, %
None 35.4 4.5 7.5
Moderate 61.5 86.4 86.4
Severe 3.1 9.1 6.1

Satisfaction with treatment e 80 (28) 70 (26) 61 (37)
Health related quality of life index (15-D) f 93.2 (6.2) 92.6 (6.1) 92.6 (6.6)
Functional status

AOFAS-score g 75 (13) 64 (10) 66 (10)
Global foot assessment, self-report, %

Better than 1 year ago 83 46 24
As good as 1 year ago 11 43 42
Worse than 1 year ago 6 11 34

Differences in adjusted group means (95% CI) h

Surgery minus Orthosis minus Surgery minus
control control orthosis

Pain and disability
Foot pain intensity b -19 (-28 to -10) -6 (-15 to 3) -14 (-22 to -5)
Ability to work c 4 (-3 to 11) -2 (-9 to 5) 6 (0 to 13)
Cosmetic disturbance d -1.2 (-1.8 to -0.6) 0.2 (-0.4 to 0.8) -1.4 (-2.1 to -0.8)
Pain in last 6 months, days -22 (-42 to -1) 13 (-8 to 33) -34 (-55 to -14)

Satisfaction with treatment e 20 (10 to 30) 9 (-1 to 20) 11 (1 to 21)
Health related quality of life
index (15-D) f 0 (-2.5 to 2.3) -0.7 (-3.1 to 1.9) 0.6 (-1.9 to 3.0)
Functional status

AOFAS-score g 11 (7 to 16) 0 (-4 to 5) 11 (7 to 15)

P value

Footwear problems, % 0.01 0.50 0.001
Global assessment by patient, % 0.001 0.01 < 0.001

a Mean values (SD) shown unless otherwise stated.
b On examination day, recorded on a 10-cm VAS-scale from 0 (no pain at all) to 100 (unbearable pain).
c Recorded on a 10-cm VAS-scale from 0 (total inability to work) to 100 (maximal working ability).
d Recorded on a 7-point scale from 0 (no cosmetic disturbance at all) to 6 (maximal cosmetic disturbance).
e Recorded on a 10-cm VAS-scale from 0 (totally unsatisfied) to 100 (totally satisfied).
f Scores of 15-D range from 0 to 100, with higher scores indicating better function in the most essential
dimensions of general health. The number of respondents is 139 because the 15-D scale was not given to
the first 70 patients.
g Total score ranges from 0 to 100, with higher score indicating better functional ability.
h Adjusted for each baseline characteristic.
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5.2.3. Patients’ and physician’s expectations

The patients and an independent observer (the author) were asked immediately after the randomiza-
tion, if they expected that the foot involved would be better or not after the follow-up of one year.
The independent observer expected that the foot would be better in 100 %, 89 % and 11 % in the
surgical, orthosis and control groups, respectively. The patients’ expectations in the three groups
were 100 %, 83 % and 18 %, respectively.

5.2.4. Outcomes

At the 6-month follow-up, the intensity of foot pain (Figure 9) was the least in the surgical group
(Table 6). The surgical group had the least cosmetic disturbance compared to the other two groups.
Also, the proportion of the patients with no footwear problems was the least in the surgical group.
The overall satisfaction with the care was poorest in the control group (Table 6).

At the12-month follow-up, the surgical group fared better than the orthosis and the control groups
regarding the intensity of pain (Figure 9), number of painful days, cosmetic disturbance and foot-
wear problems (Table 7). The AOFAS score was the best in the surgical group.The overall satisfac-
tion with care was the greatest in the surgical group; between the control and orthosis group there
was no statistically significant difference.

Figure 9. Foot pain intensity.  Mean intensity of foot pain assessed on a visual analog scale scoring from 0
to 100, where 100 stands for most pain. Data at baseline, 6 months, 12 months and 2 years in the surgery,
orthosis, and control groups.
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At the 2-year follow-up (table 8), there were no differences in foot pain intensity or footwear prob-
lems between the groups (by intention-to-treat analysis). The cosmetic disturbance was worse in the
orthosis than in the surgical group. Satisfaction with the treatment was better in the surgical and
orthosis groups than in the control group.

5.2.5. Radiological findings

At the 12-month follow-up the average HVA in the surgical group was 13 (SD 5.4) degrees. First-
second IMA was 6.7 (SD 2.5) degrees. The change from baseline was 10 (p<0.001) and 3.8 (p<0.001)
degrees, respectively. 59 % of the feet in the surgical group had congruent first MTP joint in the
beginning of the study; at the 12-month follow-up the percentage was 88 % (p<0.001).

5.2.6. Complications and recurrences

During the 12-month follow-up, 70 patients underwent surgery (66 in the surgical and 4 in the
control group). 27 of the operated patients had a bilateral procedure, and thus the total number of
operated feet was 97. There was one superficial wound infection during the 12-month follow-up.
One patient had a stress fracture of the second metatarsal bone seven months after the operation.
One patient had a transient postoperative peroneal nerve paralysis. One patient had recurrence of
the HV at the 12-month follow-up.
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Table 8. Outcomes at the 2-year follow-up a.

Surgery Orthosis Control     
Characteristics (n =71) (n =69) (n =69)

Pain and disability
Foot pain intensity b 15 (21) 16 (17) 19 (22)
Ability to work c 92 (15) 84 (26) 88 (22)
Cosmetic disturbance d 1.7 (2.1) 1.8 (2.0) 1.9 (2.1)

Footwear problems, %
None 45 33 29

       Moderate 51 64 68
Severe  4 3 3

Satisfaction with treatment e 84 (25) 82 (22) 71 (33)
Health related quality of life index (15-D) f 93 (6.6) 93 (6.3) 91 (13)

Differences in adjusted group means (95% CI) g

Surgery minus Orthosis minus Surgery minus
control control orthosis

Pain and disability
Foot pain intensity b -6 (-15 to 4) -9 (-18 to 1) 3 (-7 to 12)
Ability to work c 2 (-4 to 9) -4 (-11 to 3) 6 (-0.6 to 13)
Cosmetic disturbance d -0.5 (-1.2 to 0.2) 0.3 (-0.4 to 1.0) -0.8 (-1.5 to -0.1)

Satisfaction with treatment e 13 (3.7 to 21) 11 (1.6 to 19) 2 (-6.9 to 11)
Health related quality of life
 index (15-D) f 1.1 (-1.3 to 3.5) 1.1 (-1.4 to 3.7) 0.0 (-2.5 to 2.4)

P value

Footwear problems, % 0.10 0.90 0.30

a Mean values (SD) shown unless otherwise stated.
b On examination day, recorded on a 10-cm VAS-scale from 0 (no pain at all) to 100 (unbearable pain).
c Recorded on a 10-cm VAS-scale from 0 (total inability to work) to 100 (maximal working ability).
d Recorded on a 7-point scale from 0 (no cosmetic disturbance at all) to 6 (maximal cosmetic disturbance).
e Recorded on a 10-cm VAS-scale from 0 (totally unsatisfied) to 100 (totally satisfied).
f Scores of 15-D range from 0 to 100, with higher scores indicating better function in the most essential
dimensions of general health.
g Adjusted for each baseline characteristic.
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5.2.7. Costs and use of services

The total costs of foot care during the 12-month follow-up were 986, 234 and 133 euros in the
surgical, orthosis and control groups, respectively. Health care costs were the least in the orthosis
group when the cost of intervention was excluded. The need for visits to a physician was higher in
the surgical and the control group than in the orthosis group (table 9). The mean duration of sick
leave during the 12-month follow-up was 53, 0 and 12 days in the surgical, orthosis and control
groups, respectively.

Total costs during the 2-year follow-up were 1111, 971 and 1126 euros in the surgical, orthosis and
control groups, respectively. The need for visits to a physician was significantly higher in the control
group than in the other two groups.
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Table 9. Mean costs of foot care over a 12-month and a 2-year period a.

Mean costs of  foot care over a 12-month  period

Surgery Orthosis Control
Type of cost (n= 70) (n= 67) (n = 66)

Study treatments 896 b 208 0
Health services for foot care

Visits to a physician c 70 19 32
Visits to physiotherapeutists

 or foot therapeutists d 31 7 42
Operative treatment e 0 0 58

Total costs (0 – 12 months) 986 234 133
                                                                                                                                                                                           

Mean costs of  foot care over a 2-year  period

Surgery Orthosis Control
Type of cost (n= 70) (n= 64) (n = 61)

Study treatments 923 208 0
Health services for foot care

Visits to a physician c 86 91 169
Visits to physiotherapeutists
or foot therapeutists d 102 52 231
Operative treatment e 0 620 726

Total costs (0 – 2 years) 1111 971 1126

a Costs are in euros (€). The groups were smaller than in the outcome analyses because patients with
missing data were excluded.
b The price of the chevron osteotomy (including postoperative care of one day) is 965 € according to
Nord-DRG price list of Jorvi hospital. Because the procedure was performed on 65 (out of 70)
patients in the surgery group, the price of the intervention per patient was calculated as follows:
965 € x 65 / 70 = 896 €.
c These costs include visits to doctors during the follow-up period. The sums are expressed as mean
price per patient.
d These costs include visits to physiotherapeutists or foot therapeutists because of foot problems
during the follow-up period. The sums are expressed as mean price per patient.
e 4 patients (of 66) in the control group were operated on during the 1-year follow-up.
The cost of this co-intervention was calculated as follows: 965 € x 4  / 66  = 58 €. 43 patients (of 64)
in the orthosis group and 48 (of 61) in the control group were operated on during the 2-year
follow-up. The costs of these co-interventions were calculated as follows: 923 € x 43 / 64 = 620 €;
923 € x 48 / 61 = 726 €, respectively.
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5.3. How to report on and monitor the performance of waiting list management (IV)

The waiting lists studied are presented in table 10.

Of the three HV waiting lists, one (hospital C) was significantly shorter than the other two. The HV
waiting lists were poorly managed in hospitals with long waiting lists. The graphs for HV operations
in hospital A (figure 10) and B (Figure 11) resemble the model graph for a random queue (Figure 12)
rather than the model graph for a FIFO queue (Figure 13). There was better queue discipline in
hospital C (Figure 14) and a considerably smaller number of patients on the waiting list.

Figure 14.Hallux valgus queue (hospital C).
White columns are waiting times of the patients on
the waiting list, black columns the waiting times of
operated patients. The waiting times for hallux
valgus operation are much shorter than in hospitals
A and B (fig. 11 and 12). The queue discipline is
better. Only three patients have waited for longer
than one year.

Figure 11. Hallux valgus queue (hospital B).
White columns are waiting times of the patients
on waiting list, black columns the waiting times
of operated patients. The queue resembles the
random queue (fig. 12). The queue discipline is
poor. The high white column at 9 mo is ”an
artefact”: the admissions were artificially high
because the queues for outpatient consultations
had become too long and more outpatient visits
were made. This is why more admissions from the
waiting list were made during that period.
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Figure 10. Hallux valgus queue (hospital A). White
columns are waiting times of the patients in waiting
list, black columns the waiting times of operated
patients. The queue resembles the random queue (fig.
12). The queue discipline is poor. Many patients have
been operated on after a short waiting time period
(high black columns on the left, 3 and 6 mo), but there
are as many as 124 patients who have waited for more
than 21 months (white columns 21 – 57 mo).
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Figure 12. Model chart 2 (Random-
queue). White columns are waiting times of
the patients on waiting list, black columns
the waiting times of operated patients. There
are 210 patients in the list. 30 patients have
been put in queue in each three month
period (white columns). The variation in the
individual waiting times is wide within
operated patients (black columns).

Figure 13.  Model chart 1 (FIFO-queue).
White columns are waiting times of the
patients on the waiting list, black columns the
waiting times of operated patients. There are
210 patients on the list. 30 patients have been
put in the queue in each three month period
(white columns). During the last six months
60 patients have been operated on (black
column). All patients operated on have waited
for the same time: 21 months. Note that the
only difference between the queues in figures
12 and 13 is the queue discipline. The
departure and arrival processes are similar.
Also the averaged waiting time is the same: 21
months.

Table 10.  Waiting list data and parameters.

Waiting list n t departure arrival
process process

Sterilisation (female) 167 5 50 41

Hallux valgus (hospital A) 309 17 21 16

Varicose veins 1031 24 25 43

Hallux valgus (hospital B) 238 5 11                18

Hallux valgus (hospital C) 29 2 3 6

Model queue 1 (FIFO) 210 21 10 10

Model queue 2 (random) 210 21 10 10

n = number of patients on waiting list
t  = average waiting time (operated patients) in months
departure process = number of patients operated in one month
arrival process = number of patients set in the queue in one month
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6. DISCUSSION

6.1. Retrospective study (I)

In study I, validated questionnaires (VAS, AOFAS-score), clinical examination and radiographs
were used to characterize the patients and their condition. All clinical examinations were performed
by the one and the same physician (the author), who also measured the parameters in all radio-
graphs.

The change in HVA was 6.4 degrees compared to 12 degrees in the prospective work of Hirvensalo
et al. (1991) who had a 12-month follow-up. In the present study, only 56 % of the feet were rated
excellent or good after 6 years of follow-up.

The study population consisted of unselected consecutive patients. Although chevron osteotomy is
recommended for mild to moderate HV, some patients in study I had had severe HV preoperatively.
Also, the IMA had in some cases been more than 15 degrees, which may be too much for distal
osteotomy as a corrective procedure. This may be one explanation for the rather low percentage of
good results at follow-up. Especially if the patient has metatarsus primus varus, more proximal
procedures, like proximal osteotomy or the Lapidus procedure would be more appropriate in an
attempt to achieve a better functional result in the long run.

The AOFAS scale was found a simple method to assess the results of bunion surgery. The scale
enables better comparability between different studies. However, more scientific data is needed to
ensure the validity and reliability of the scoring system. In this study a questionnaire translated from
English into Finnish was used. The validity of the Finnish version was not formally assessed and
cannot thus be guaranteed.

Non-experimental approaches lead very often to false positive conclusions about efficacy (Sackett
et al. 1997). Study I has some insurmountable limitations for methodological reasons, because the
preoperative data was incomplete and there was not a control group. The long term results cannot
thus be generalized. Study I did, however, indicate that there is an obvious need for randomized
controlled trial to investigate the effectiveness of HV surgery.
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6.2. Randomized controlled trial (II – III)

Evidence based medicine remains a hot topic for clinicians, public health practitioners, financial
stakeholders, planners, and the public (Sackett et al. 1997). Evidence based medicine is the consci-
entious, explicit, and judicious use of current best evidence in making decisions about the care of
individual patients. The practice of evidence based medicine means integrating individual clinical
expertise with the best available external clinical evidence from systematic research. External clini-
cal evidence can inform, but can never replace, individual clinical expertise, and it is this expertise
that decides whether the external evidence applies to the individual patient at all and, if so, how it
should be integrated into a clinical decision. Similarly, any external guideline must be integrated with
individual clinical expertise in deciding whether and how it matches the individual patient’s clinical
state and preferences, and thus whether it should be applied. The randomized trial, and especially the
systematic review of several randomized trials, has become the “gold standard” for judging whether
a treatment does more good than harm (Clarck et al. 2003).

In surgery, the number of RCTs is generally low. In the whole realm of the elective orthopedic
surgery, only eight RCTs comparing operative and conservative treatment have been published.
Extirpation of lumbar (Weber 1983) and cervical (Persson et al. 1997) disc prolapse, acromioplasty
(Brox et al. 1993), spondylodesis in adult isthmic spondylolisthesis (Moller and Hedlund 2000) and
in low back pain (Fritzell et al. 2001) and surgery for the carpal tunnel syndrome (Gerritsen et al.
2002) have been proved to be effective treatments by RCTs. Arthroscopic lavation or debridement
of an osteoarthritic knee joint was not effective compared to sham operation (Moseley et al. 2002).
More randomized studies have been published comparing two or more different procedures. How-
ever, a study protocol without a control group treated nonsurgically has profound limitations if one
is to prove effectiveness of the procedure under investigation.

There have been no previous RCTs comparing the effectiveness of surgical treatment with an option
of watchful waiting for painful HV. To assess the effectiveness of HV surgery in an RCT (II), the
most common procedure – chevron osteotomy – was chosen under investigation in order to obtain
a homogenous study population. The inclusion criteria included mild to moderate HV (HVA under
35 degrees) without metatarsus primus varus (first-second IMA under 15 degrees) and without
arthrosis of the first MTP joint. Patients with inflammatory joint diseases were excluded, because it
was anticipated that their treatment responses would be confounded. All patients who were re-
cruited into the study had foot pain located at the first MTP joint region, because surgery is not
considered for patients with painless HV. The patients were referred directly from primary care,
which means that the findings of these studies can be generalized to HV patients with foot pain as
there cardinal symptom. Significant selection bias did not occur, because most consecutive eligible
patients were enrolled. The recruitment of 210 patients was based on power calculations with an
assumption of 15 % clinical effect and 10 % drop-out rate. Only four patients were lost during the 1-
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year follow-up period, which means that the treatment effects could be calculated reliably. Also, the
drop-out rate of only 3 % in study III is clearly acceptable.

All clinical examinations were performed by one and the same physician (the author), who also
measured parameters in all radiographs. This procedure could not be blinded, because operated feet
are easily identified both clinically and in the postoperative radiographs. This was noted beforehand
and it was decided that the same physician performs the randomization for feasibility reasons.

Randomization (studies II and III) was done with random number tables, and resulted in high com-
parability of the three groups which were unbiased throughout the study period. The outcomes were
adjusted for each characteristic at baseline, and no other adjustments were made. One important
component of validity in experimental studies is adherence to study protocol (i.e., compliance).
Poor adherence is a major source of bias in RCTs (Malmivaara 1997). In this RCT (II), compliance
was excellent. Only 5 patients in the surgery group were not operated on and in the other two groups
only 4 patients were treated operatively during the 1 year follow-up. Also, most orthosis group
patients used their orthosis as planned.

Because double blinding was not feasible, the expectations for recovery were assessed after ran-
domization, as well as the satisfaction for the treatment. The patients’ and physician’s expectations
at baseline for the interventions were most favorable in the surgical group. Patients’ expectations
could somewhat influence the subjective assessments of outcome. However, because the follow-up
assessments on several outcome parameters were made after 1 and 2 years, it is probable that the
subjective disabilities represent the true condition of the patient at the time of assessment. The
satisfaction with treatment at the 6-month follow-up visit was in accordance with decreased foot
pain intensity in the surgical and orthosis groups. At the 12-month follow-up visit, several outcome
characteristics favored the surgical treatment, but in the orthosis group, only the global assessment
of improvement was superior to that in the control group.

Surgical treatment was very effective regarding the primary outcome, i.e., pain on walking and also
regarding several other clinically relevant outcomes. In addition, surgery resulted in a rather good
cosmetic outcome. Although unable to correct the deformity orthotic treatment showed effective-
ness at the 6-month follow-up visit and can be considered as an option when the waiting time for
surgery is extended. One reason for the poor result of orthotic therapy may be that the orthoses can
only compensate the foot deformity that causes malfunction of the foot. The orthoses do not correct
the valgus deformity of the great toe. All the patients included in the study had their foot problems
concentrated on the bunion itself and did not have a widespread foot pain. In fact, widespread foot
pain may be considered as a contraindication for a distal chevron osteotomy.

If HV surgery, because of limited operative capacity cannot be performed immediately, postponing
surgery for one year does not jeopardize the results (study III). During this time the patient may use
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orthoses but this does not affect the symptom. The same pain relief was achieved in the orthosis
and the control groups with considerably fewer operations (62% and 70 % in the orthosis and
control groups, respectively).

The main outcome – pain intensity – diminished most effectively during the first year of the follow-
up in the surgery group, where 93 % of the operations were made immediately after randomiza-
tion. In the other two groups effective pain relief was not gained until the osteotomy was made,
i.e., during the latter follow-up period (study III). The cosmetic disturbance was smaller in the
surgical group than in the orthosis group. The highest percentage of patients had undergone sur-
gery in the surgical group (96 %) and the lowest percentage in the orthosis group (62 %). Obvi-
ously the best cosmetic result can be achieved only with surgical correction of the foot, and the
same pertains to footwear problem. Similarly, significant differences in several other outcomes
between the groups were recorded at 12-month follow-up with a substantial contrast in amount of
surgical interventions.

The economic assessment showed that the cost of surgery exceeded that of orthotic treatment and
resulted in indirect costs due to postoperative sick leave. Health care practices differ between
countries, which makes international comparisons of costs complicated. For example, the average
hospital stay for a HV operation was longer in Finland than in the United States at the time of this
trial. Currently, about 90 % of HV operations are performed as day-care surgery also in Finland.
The economical results cannot be generalized to other countries unless the similarities and con-
trasts in health care practices are carefully examined.

When access to surgery is hindered, some operations may be cancelled because symptoms de-
crease over time. Based on the results of study III, this does not, however, reduce costs. It has been
recommended that health-related quality-of-life (HRQOL) measures should be included in eco-
nomic assessment studies (Deyo et al. 1998). A cost-effectiveness analysis (CEA) is a ratio where
changes in health due to an intervention are captured in the denominator and changes in resource
use, valued in monetary terms, in the numerator, both being compared with a specific alternative
(Conrad and Deyo 1994, Russell et al. 1996, Karppinen 2001). In studies II and III HRQOL was
measured on the 15-D scale, and there were no differences between the three groups despite clear
differences in clinical outcomes. HV symptoms have no effect on most dimensions of the 15-D
scale, and therefore it is more relevant to use clinically significant outcomes, e.g., foot pain and
footwear problems, to assess cost-effectiveness.
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6.3. How to report on and monitor the performance of waiting list management (IV)

In this thesis, access for surgery was assessed by exploring waiting times in three different hospitals.
Previous reports have pointed out that the distributions of waiting times are often skewed (Davis
and Johnson 1999, Lewis et al. 2000) resembling an F-distribution. The graph presentation used in
this study indicated that the F-distribution is a typical finding in queues with poor management. A
skewed waiting time distribution may also be present in prioritized queues if patients with different
priorities are aggregated in one sample. Another possible cause for skewed waiting time distribu-
tions is large (stochastic) variation in the arrival process. If the volume of operations cannot be
adjusted according to the variation in the arrival process, skewed distributions may be result. The
quality of queue management seemed to be associated with the duration of the waiting time for the
patients on the waiting list.

The waiting list reporting method used in this thesis may be useful for clinical management, hospital
administration or even at the national level of waiting list reporting. It is easy to develop the ideas
presented here by adjusting the time scales, reporting cycles etc. to make the reporting template
better suited for more specific purposes. However, the key message is that even routine reporting
should bring out the dynamic aspects of waiting lists. It is important to monitor not only the number
of patients in the waiting list or average waiting times but also the queue discipline and the balance
between arrivals and departures. Still, there are some limitations to this type of reporting. It is
appropriate for elective waiting lists but not for emergency patient management or other types of
services, where there is considerable uncertainty on the demand. Moreover, sometimes it may be
necessary to explore ex-post the operation dates directly in the primary databases to gain explicit
evidence if there is concern regarding equality.
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6.4. General discussion

6.4.1. Clinical implications

Evidence from randomized studies on the effectiveness of treatments for HV is very limited. A
systematic review (Ferrari et al. 2000) provided no evidence that conservative treatments, involving
splinting or orthoses, prevent the progression of the HV deformity. There was no evidence that any
one type of surgical procedure is superior to another across a range of outcomes. There have been
no long-term studies comparing surgical correction of HV with any conservative method (Ferrari et
al. 2000).

The results of the studies compiled into this thesis indicate that main symptoms of HV patients  -
foot pain, footwear discomfort and cosmetic disturbance  -  can be resolved with surgery. The pain
relief is clear during the first postoperative year compared to conservative treatment. The results can
be generalized to patients who have mild to moderate HV and foot pain as their main symptom.
Based on the results of the RCT (II/III) early mobilization (full weightbearing in 2 weeks postopera-
tively) and no fixation of osteotomy are appropriate measures in connection with chevron osteotomy.

6.4.2. Implications for research

The number and quality of randomized trials comparing the effectiveness of the many different types
of surgical intervention for HV were disappointing (Ferrari et al. 2000). In this thesis, distal chevron
osteotomy as surgical intervention was compared with conservative treatment: surgery was found
to be effective. Future research should focus on the effectiveness of other commonly used proce-
dures compared to distal chevron osteotomy. RCTs should also be conducted for severe HV in
which proximal osteotomy or the Lapidus procedure is indicated. The design and conduct of such
trials must be of good quality. Validated patient-derived outcome measurements need to be in-
cluded.
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7. CONCLUSIONS

Recalling the aims of the study, the main results and conclusions can be summarized thus:

1. Based on the retrospective 6 year follow-up study, the long-term results of chevron osteotomy
are variable. HVA was reduced by 6 degrees by surgery and 57 % of the operated feet were
rated as excellent or good.

2. In the randomized controlled trial, surgery was a clearly effective treatment for HV patients
with mild to moderate HV. Functional foot orthosis therapy had only a slight effect on foot
pain. The cost of foot surgery was higher compared to orthosis treatment.

3. Delaying HV surgery does not jeopardize the outcome of HV surgery, but it is not
advantageous for patients. Although some operations are cancelled due to waiting, foot care
costs are not reduced.

4. The equality of HV patients to get the operation after a certain waiting time is not guaranteed
in the current public health service. There is wide variation in waiting times not only between
different hospitals but also between patients waiting on the same list. Queue discipline is
poor and the operation queue progresses almost at random, if the waiting list is long.
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