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Abstract
Introduction Lindgren–Turan osteotomy used in hallux
valgus deformity is a subcapital, transverse displacement
osteotomy of the Wrst metatarsal without any additional
capsular repair. The aims of this study are to describe a
transosseous capsuloplasty technique in this procedure and
evaluate whether capsuloplasty would improve the clinical
and radiological outcomes in patients with moderate to
severe hallux valgus deformity.
Methods Twenty-three feet operated by Lindgren–Turan
osteotomy (Group B) and 25 feet operated by the same
osteotomy combined with transosseous capsuloplasty
(Group A) were evaluated retrospectively for the correction
of the hallux valgus, intermetatarsal and distal metatarsal
articular angles, sesamoid reduction, American Orthopae-

dic Foot and Ankle Society (AOFAS) Clinical Rating Scale
as well as patient satisfaction. The mean postoperative fol-
low-up was 14 (range 12–28) months.
Results All radiological parameters improved consider-
ably as a result of both groups. However, postoperative
improvements in intermetatarsal and distal metatarsal artic-
ular angles were greater in Group A. Complete reduction of
medial sesamoid was achieved in 52% of patients in Group
A, whereas 17.4% of patients in Group B had complete
reduction. AOFAS scores and number of patients with
complete satisfaction in Group A were signiWcantly greater
than that in Group B.
Conclusion Better clinical and radiological outcomes can
be achieved in patients with moderate to severe hallux val-
gus deformity operated by Lindgren–Turan distal metatar-
sal osteotomy, when it combines with transosseous
capsuloplasty.
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Introduction

Hallux valgus is the most common deformity of the Wrst
metatarsal in adults [14]. A lot of surgical techniques
including distal soft tissue procedures, distal or proximal
metatarsal osteotomies, arthroplasties and combination pro-
cedures have been described for the correction of this
deformity [2, 3]. Although the choice of appropriate surgi-
cal procedure still remains controversial, there is a general
agreement that mild hallux valgus deformities can be suc-
cessfully corrected by distal osteotomies, while preferred
treatment option for moderate and severe deformities is a
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distal soft tissue reconstruction combined with an osteot-
omy of the proximal end of the Wrst metatarsal [2, 3, 15].

Distal metatarsal osteotomies may result in recurrent
deformity, when they are used for the treatment of moder-
ate and severe hallux valgus deformities [2, 3, 14, 17].
There are many publications [1, 3, 9, 13, 16, 17] in the liter-
ature describing the distal procedures; however, there is lit-
tle documentation concerning the capsuloplasty and its
importance in obtaining and maintaining the surgical
correction.

Lindgren–Turan osteotomy is a subcapital, transverse
displacement osteotomy of the distal part of the Wrst meta-
tarsal without any additional capsular repair procedure [13].
It was stated that this osteotomy should be preferred for the
surgical treatment of patients with mild to moderate hallux
valgus deformities due to the rate of undercorrection up to
30% [4, 17]. The aims of the presented study were to
describe a transosseous capsuloplasty technique in Lind-
gren–Turan osteotomy and evaluate whether capsuloplasty
would improve the clinical and radiological outcomes in
patients with moderate to severe hallux valgus deformity.

Materials and methods

Patient population

The patient database was search for the time period Sep-
tember 2006 to May 2008 for patients who had undergone
Lindgren–Turan osteotomy for hallux valgus deformity.
The inclusion criteria for patients were an age of 17 years
or older, pain unresponsive to shoewear modiWcation and
no radiographic evidence of degenerative arthritis of the
Wrst metatarsophalangeal joint. The exclusion criteria were
a history of diabetes mellitus, previous operation of the
aVected foot, peripheral vascular disease, peripheral neu-
ropathy, rheumatoid arthritis or other inXammatory dis-
eases and inadequate documentation. According to these
criteria, 42 patients (55 feet) were reviewed. Five patients
(7 feet) could not be located. Thus, the study group con-
sisted of 48 (11 bilateral) feet of 37 (36 females, 1 male)
patients. The average age of the patients at the time of sur-
gery was 47 years (range 24–69). The patients were divided
in two groups taking into account whether the osteotomy
combined with transosseous capsuloplasty (Group A) or
not (Group B). All patients signed an informed consent
form that had been approved by the institution’s human
subjects review board.

Clinical assessment

The American Orthopaedic Foot and Ankle Society
(AOFAS) hallux-metatarsophalangeal-interphalangeal

scale score [10] was used for the clinical preoperative
and Wnal follow-up evaluation. All patients were exam-
ined preoperatively by the Wrst two authors who per-
formed all operations. Follow-up evaluation was done
by the third and fourth authors who did not involve in
the primary treatment. In addition, patients also were
questioned about the rate of their feet for overall satis-
faction and cosmesis. For both outcome measures,
patients stated they were “satisWed”, “satisWed with res-
ervation” or “not satisWed”.

Radiological evaluation

Weightbearing anteroposterior and lateral radiographs of
the entire foot preoperatively, immediate postoperatively
and at the latest follow-up were used for the radiographical
examination. The third author, who did not perform sur-
gery, measured the angles. The hallux valgus angle (HVA),
intermetatarsal angle (IMA) and distal metatarsal articular
angle (DMAA) were measured according to the recommen-
dations of AOFAS [18]. The position of the medial sesa-
moid relative to the midline axis of the Wrst metatarsal was
evaluated for sesamoid luxation (Grade 0: no displacement
of sesamoid relative to the midline axis of the Wrst metatar-
sal; Grade 1: overlap of <50% of sesamoid to the midline;
Grade 2: overlap of greater than 50% of sesamoid to the
midline; Grade 3: complete displacement of sesamoid)
[18].

The deformity was classiWed as mild, moderate and
severe depending on the degrees of HVA and IMA [2]. A
hallux valgus deformity was characterized by less than 20°
and IMA of less than 11°. A moderate deformity was char-
acterized by HVA of 20° to 40° and IMA of <16°. A severe
deformity was deWned as HVA of more than 40° with IMA
of more than 16°. According to these criteria, 42 (87.5%)
feet had moderate deformity, whereas the remaining 6
(12.5%) feet had severe deformity. The undercorrection of
the deformity was deWned as a Wnal HVA of more than 16°
[7, 17].

Operative technique

All surgical procedures were done using regional anesthe-
sia. A pneuomathic tourniquet was applied above the ankle
joint. A straight longitudinal skin incision was done medial
to the extensor hallucis longus tendon. The joint capsule of
the Wrst metatarsophalangeal joint was incised longitudinal
from the base of the proximal phalanx to the neck of the
Wrst metatarsal and dissected from the metatarsal bunion.
Care was taken not to dissect the skin from the capsule. No
release of the transverse metatarsal ligament, adductor hal-
lucis tendon and lateral joint capsule was done. The meta-
tarsal osteotomy was similar to the procedure of Lindgren
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and Turan [13]. In addition, excision of medial bunion was
done in the current study for all feet. After bunionectomy, a
distal transverse metatarsal osteotomy was made at an
approximately 30° angle from the longitudinal axis of the
Wrst metatarsal. The distal fragment was displaced laterally.
The tip of the proximal fragment was resected when needed
and the distal fragment was Wxed with a 2.7-mm lag screw
to the metatarsal shaft.

The capsuloplasty procedure was then performed for
patients in Group A. Two holes were drilled into the
proximal fragment in its metaphyseal region through
one cortex in a dorsoplantar and mediolateral directions
with the help of a drill guide (Fig. 1a, b). The Wrst suture
(2-0 Vicryl) was passed from the proximal aspect of the
capsule to the plane between the capsule and the skin
and then back approximately 10-mm distally. The suture
was reinserted about 5–10-mm proximally and back
again. The plicated medial capsule was then sutured
through the drill holes to the bone and tied while hallux
was held in fully corrected position (Fig. 2a–c). After-
wards, the Wrst metatarsophalangeal joint was dorsi and
plantar Xexed to verify that the capsule has not been
tightened too much to cause limitation of motion or
overcorrecting into varus position. The subcutaneous
tissue and skin were closed in standard fashion.

Postoperative treatment

The postoperative treatment was identical in both the
groups. All patients were received a forefoot bandage that
was applied between the Wrst and second toes (Fig. 3a).
Patients were examined at weekly intervals for dressing
changes. A custom-made plaster walking boot (Fig. 3b)
was applied on the Wfth postoperative day and patients
were allowed full weightbearing as tolerated. At the sixth
week postoperatively, patients allowed to wear daily
shoes.

Statistical analyses

The statistical analyses were performed using the NCSS
2007 program (NCSS Statistical Software, Kaysville, UT,
USA). Descriptive statistics (mean and standard deviation)
were computed. Unpaired t test and repeated one-way anal-
ysis of variance were used to compare the preoperative and
postoperative data’s within the groups. Unpaired t test also
was used to compare the study data’s between the groups.
Categorical variables were compared with the �2 test. Mac
Nemar’s test was used to compare the reported measure-
ments of qualitative data. The level of signiWcance in the
presented study was set at P · 0.05.

Fig. 1 a After distal metatarsal osteotomy and Wxation with a lag
screw, two holes (black arrows) are drilled into the proximal fragment
for transosseous capsuloplasty. b The drill holes (white arrows) are
seen on the anteroposterior radiograph

Fig. 2 The transosseous capsuloplasty technique (a). The plicated me-
dial capsule is sutured through the drill holes to the bone (b, c). The su-
ture is tied while the proximal phalanx is held in corrected position
123
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Results

According to the baseline characteristics of the analyzed
patients (Table 1), the diVerence between the two groups
was not signiWcant with regards to the age (P = 0.344)
and gender (P = 0.350) of the patients, duration of the
follow-up (P = 0.120) and severity of the deformity
(P = 0.566).

Clinical results

At the Wnal follow-up, both the groups improved signiW-
cantly (P = 0.0001) in AOFAS scores. However, AOFAS
scores in Group A were signiWcantly greater than that in
Group B (P = 0.001). Patients in Group A reported com-
plete satisfaction in 22 (88%) feet and satisfaction with
minor reservations in 3 (12%) feet. Patients with complete
satisfaction or satisfaction with minor reservation in Group
B were signiWcantly lower than that in Group A. All three
patients with severe hallux valgus deformity in Group B
were dissatisWed regarding overall satisfaction and appear-
ance of the foot (Table 2).

Radiological results

According to the preoperative, immediate postoperative
and Wnal follow-up values of the radiographic measure-
ments (Table 3), the HVA, IMA and DMAA were signiW-
cantly reduced (P = 0.0001) in both the groups. However,
the decrease in IMA (P = 0.041) and DMAA (P = 0.014)
was more apparent in Group A. Position of the medial sesa-
moid was signiWcantly improved (P = 0.0001) in both
groups with greater extent in Group A (P = 0.023). Only
two (8%) feet in Group A had an HVA of 16°, whereas Wve
(21.7%) feet in Group B had an HVA greater than 16° at
the Wnal follow-up.

Complications

In Group A, superWcial wound infections occured in two
(8%) feet that were successfully treated with oral antibiotics.
One (4%) patient had an asymptomatic delayed union in this
group at 6 months follow-up. It healed spontaneously before
the Wnal follow-up examination. The recurrence of the hallux
valgus deformity occured in three (13%) feet in Group B. All

Fig. 3 a Forefoot bandage. 
b Custom-made plaster walking 
boot

Table 1 Baseline characteris-
tics of patients included in this 
study

Group A Group B P value

Number of patient 20 17 0.344

Number of feet 25 23

Age at surgery (years)a 47.25 § 12.63 (24–69) 51.12 § 11.27 (26–68)

Gender

Male 1 (5%) 0 (0%) 0.350

Female 19 (95%) 17 (100%)

Follow-up (months)a 12.96 § 1.71 (12–22) 14.82 § 5.15 (12–28) 0.120

Severity of the deformityb

Mild – – 0.566

Moderate 22 (88%) 20 (87%)

Severe 3 (12%) 3 (13%)

a The values are given as the 
mean and standard deviation 
with the range in parenthesis
b The values are given as the 
number of the feet
123



Arch Orthop Trauma Surg (2010) 130:1201–1207 1205
of them had severe hallux valgus deformity with the Wnal
HVA more than 16°. There was no evidence of hallux varus,
nonunion or osteonecrosis in either of the groups.

Discussion

Capsuloplasty through the plication of the medial capsule is
a part of the operation in many [5, 6, 11, 15, 17], although

not all, published procedures in hallux valgus deformity. In
the original description of Lindgren–Turan procedure [13],
a medial capsulotomy was not performed. To the best of
our knowledge, this is the Wrst study to compare the results
of Lindgren–Turan osteotomy and the same procedure
combined with transosseous capsuloplasty in patients with
moderate to severe hallux valgus deformity.

There are several limitations to this study. The Wrst limi-
tation is the relatively less number of patients. However, the

Table 2 Clinical outcomes 
of patients

Group A Group B P value

AOFAS scorea

Preoperative 61.48 § 9.37 (38–70) 61.74 § 12.14 (31–78) 0.934

At the Wnal follow-up 93.28 § 3.67 (84–98) 84.35 § 10.36 (61–97) 0.001

Overall satisfactionb

SatisWed 22 (88%) 13 (57%) 0.021

SatisWed with reservation 3 (12%) 8 (34.4%)

DissatisWed – 2 (8.6%)

Cosmesisb

SatisWed 19 (76%) 10 (43.5%) 0.036

SatisWed with reservation 6 (24%) 10 (43.5%)

DissatisWed – 3 (13%)

The italic values show the level 
of signiWcance for P values 
(P < 0.005)
a The values are given as the 
mean and standard deviation 
with the range in parenthesis
b The values are given as the 
number of the feet

Table 3 Radiological outcomes 
of patients

Group A Group B P value

Hallux valgus angle (°)a

Preoperative 31.88 § 6.21(20–40) 30.52 § 5.77 (20–40) 0.438

Immediate postoperative 4.12 § 3.83 (2–12) 4.57 § 3.38 (0–10) 0.673

At the Wnal follow-up 11.16 § 2.75 (6–16) 12.61 § 3.27 (8–20) 0.103

Intermetatarsal angle (°)a

Preoperative 13.32 § 3.21 (11–22) 14.65 § 4.32 (12–25) 0.229

Immediate postoperative 8.08 § 2.33 (2–12) 8.74 § 2.77 (4–14) 0.375

At the Wnal follow-up 8.4 § 2.43 (4–13) 10.04 § 2.98 (5–15) 0.041

Distal metatarsal articular angle (°)a

Preoperative 15.72 § 6.93 (9–20) 15.17 § 3.97 (9–20) 0.742

Immediate postoperative 5.48 § 3.62 (0–14) 5.91 § 3.37 (0–12) 0.671

At the Wnal follow-up 4.68 § 2.53 (0–9) 7 § 3.68 (0–12) 0.014

Sesamoid positionb

Preoperative

Grade 0 – – 0.396

Grade 1 10 (40%) 13 (56.5%)

Grade 2 12 (48%) 8 (34.8%)

Grade 3 3 (12%) 2 (8.7%)

Sesamoid positionb

At the Wnal follow-up

Grade 0 13 (52%) 4 (17.4%) 0.023

Grade 1 5 (20%) 12 (52.2%)

Grade 2 7 (28%) 7 (30.4%)

Grade 3 – –

The italic values show the level 
of signiWcance for P values 
(P < 0.005)
a The values are given as the 
mean and standard deviation 
with the range in parenthesis
b The values are given as the 
number of the feet
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current study had good comparability in the baseline charac-
teristics between the groups. The number of patients with
severe deformity is also less. Both groups include three
severe hallux feet. Therefore, we could not compare the
results of severe deformities between the groups statisti-
cally. However, no recurrences of the deformity have occu-
red in Group A, while three (13%) feet in Group B with
severe hallux valgus deformity had a Wnal HVA greater than
16°. The second limitation is the relative short duration of
follow-up. Therefore, we conclude that both procedures
used in the current study produce good short-term radio-
graphic and clinical results in patients with moderate hallux
valgus deformities. In addition, better clinical and radio-
graphical measures were achieved with transosseous capsu-
loplasty in moderate and severe hallux valgus deformities.

Although some authors [1, 9, 16] reported good results
in patients with higher HVAs and IMAs after treatment
with distal procedures, there is a general agreement in the
literature that the distal metatarsal osteotomy can be used
for cases with an HVA up to 30° and IMA up to 15°, and no
remarkable arthrosis in the Wrst metatarsophalangeal joint
for adequate correction of the deformity [2, 17]. In the orig-
inal study [13], seven (16.6%) of 42 patients operated by
Lindgren–Turan procedure had persisting HVA of greater
than 15°. In another study [17] which compared the results
of two diVerent distal procedures, no signiWcant diVerences
in clinical improvement were seen between the Lindgren–
Turan and the distal Chevron procedures, although a better
radiographic correction was obtained with the Lindgren–
Turan method. However 30% of 50 feet operated by Lind-
gren–Turan osteotomy showed undercorrection in this
study. It was stated that the loss of correction was caused
by extending the indications to more severe deformities.
Thus, authors recommended combining the osteotomies in
such patients with soft tissue surgery including plication of
medial capsule to the soft tissue on the shaft of the metatar-
sal when the HVA was greater than 30°.

In the present study, 13 (52%) feet in Group A and 9
(39%) feet in Group B had an HVA greater than 30° and an
IMA greater than 15° preoperatively. The undercorrection
of the deformity is deWned as a Wnal HVA of more than 16°
in the literature [7, 17]. According to this criteria, only two
(8%) feet in Group A had an HVA of 16°, whereas Wve
(21.7%) feet in Group B had an HVA greater than 16° at
the Wnal follow-up.

The importance of the medial capsule in hallux valgus
deformity was evaluated in a cadaver study [12]. It was
concluded that the medial capsule was an important ele-
ment in stabilizing the Wrst metatarsophalangeal joint and
suggested that operative correction should include medial
capsular repair. Medial capsular repair can be done by pli-
cation of medial capsule to the bone which can be termed as
transosseous capsuloplasty. This technique similar to that

used in the present study was reported in many previous
studies and successful results were achieved in Mitchell
osteotomy [8], proximal metatarsal osteotomy combined
with distal soft tissue procedure [15] and scarf osteotomy
[11]. In another study [6], it was reported that the anchor-
enhanced capsulorrhaphy plays a signiWcant role in main-
taining the surgical correction in both the distal and proxi-
mal osteotomies.

The chosen operative technique must correct all ele-
ments of the hallux valgus deformity including prominence
of the medial eminence, increased HVA and IMA, congru-
ency of the metatarsophalangeal joint, pronation of the
great toe and subluxation of the sesamoids [2]. The reduc-
tion of the sesamoids is an important issue in the treatment
of hallux valgus deformity [2, 4]. An operation that does
not reduce this subluxation by relocation of the Wrst meta-
tarsal head to a normal articulation with both the medial
and the lateral sesamoid creates a risk for recurrent defor-
mity [2]. Position of the medial sesamoid was signiWcantly
improved (P = 0.0001) in both the groups with greater
extent in Group A (P = 0.023) in the present study. How-
ever, complete reduction of medial sesamoid was achieved
in 52% of patients in Group A, whereas 17.4% of patients
in Group B had complete reduction. This might be attribut-
able to the possibility that transosseous capsuloplasty
allowed to protect greater correction of the deformity with
the advantage of holding the proximal phalanx in correct
alignment and repositioning of the sesamoids.

Lindgren–Turan osteotomy combined with transosseous
capsuloplasty yielded acceptable radiological and clinical
outcomes. We conclude that this procedure is a preferable
method in the surgical treatment of patients with moderate
and severe hallux valgus deformities.
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