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Intramedullary locking mini-plate screw
system in Lindgren osteotomy: a more
effective fixation technique in mild and
moderate hallux valgus cases
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Abstract. — OBJECTIVE: In the treatment
of mild and moderate hallux valgus (HV) cas-
es, the Lindgren distal osteotomy (LDO) tech-
nique has been one of the most frequently pre-
ferred methods, and screw fixation has been
the most preferred material for surgery. How-
ever, considering the implant removal opera-
tions due to the reaction to the material, the
risk of unsteadiness, retarded union, and mal-
union has limited the amount of safe applica-
tion of lateralization of the distal fragment in
distal osteotomy surgery and has yielded the
researchers for a better alternative. This study
compared the results of the LDO cases using
headless cannulated screws and intramedul-
lary plate fixation materials.

PATIENTS AND METHODS: The retrospec-
tive study included 31 files of patients oper-
ated for HV between January 1, 2018, and De-
cember 31, 2022, in Adana City Training and Re-
search Hospital Orthopedics Clinic, Adana, Tur-
key. In the radiological evaluation, the hallux val-
gus angle (HVA), the intermetatarsal angle (IMA),
the length of the first metatarsal (ML), and the
distal metatarsal articular angle (DMAA) record-
ed preoperatively and postoperatively were an-
alyzed. The functional results of the operations
were evaluated by using the Visual Analog Scale
(VAS), American Orthopedic Foot and Ankle So-
ciety (AOFAS), and EuroQol (EQ-5D) scores.

RESULTS: Postop HVA, IMA, MU, and DMMA
values were significantly higher in patients in
Group 1 than in patients in Group 2 (p<0.001;
p=0.004; p=0.004; p=0.049; p<0.001, respec-
tively). The change in Delta (A) HVA and EQ-
5D values was significantly higher in patients
in Group 2 compared to patients in Group 1
(p=0.020; p=0.016, respectively).

CONCLUSIONS: The easily available and
low-cost locking plates produced for mini-frac-
tures may safely be used in distal osteoto-
my surgery of mild and moderate HV suc-
cessfully combined with screws if intramed-
ullary-placed, allowing accurate lateralization
and improving overall outcome.
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Introduction

Hallux valgus (HV) is a progressive foot de-
formity that occurs by the lateral deviation of
the big toe and the medial deviation of the first
metatarsal, causing the subluxation of the first
metatarsophalangeal joint'. Epidemiological stu-
dies show that the disorder is mainly linked to he-
reditary factors, ligament laxity, non-conforming
footwear, and other abnormalities, including pes
planus, pronation of the hindfoot, and metatarsus
primus varus. The deformity was classified into
three groups - mild, moderate, and severe - by
measuring the hallux valgus angle (HVA) and in-
termetatarsal angle (IMA) using weight-bearing
radiographs®>. Numerous treatment alternatives
have been described for HV, including soft tissue
procedures, arthrodesis, and osteotomies. The
majority of the osteotomy techniques, although
including minor differences in the implementa-
tion and various materials, aim to bring the HVA
and IMA to normal limits by laterally displacing
the fragment distal to the first metatarsal. In the
treatment of mild and moderate cases, distal
osteotomies, most commonly the Chevron and
the Lindgren distal osteotomy (LDO) techniques,
were the most frequently preferred methods, and
screw fixation has been the most preferred mate-
rial for surgery®*. The LDO has been a relatively
simpler transverse osteotomy of the first metatar-
sal by the lateral displacement of the distal frag-
ment, often using a single oblique screw”.

Nevertheless, considering the implant removal
operations due to the reaction to the material, the
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risk of unsteadiness, retarded union, and ma-
lunion have limited the amount of safe appli-
cation of lateralization of the distal fragment
in distal osteotomy surgery and have yielded
the researchers for a better alternative®. Re-
cently, studies comparing the results of diffe-
rent materials used in distal osteotomies ha-
ve emerged, indicating favorable outcomes’®.
This study compared the results of the LDO
cases using headless cannulated screws and
intramedullary plate fixation materials.

Patients and Methods

The retrospective study included 31 files of pa-
tients who had been operated for HV between Ja-
nuary 1, 2018, and December 31, 2022, in Adana
City Training and Research Hospital Orthopedics
Clinic, Adana, Turkey. The data of the HV files
of patients who underwent distal osteotomy as
the primary intervention were investigated. The
analyzed files included cases over the age of 18,
mild and moderate HV, available weight-bearing
radiographs pre-operatively, having been operated
using the LDO technique, using headless cannu-
lated screws or intramedullary plating, available
weight-bearing radiographs and also at the sixth
month post-operatively, and follow-up details for a
minimum of twelve months following the surgery
(Figure 1). The files of patients having a history
of foot or ankle surgery, rheumatoid arthritis, de-
generative osteoarthritis of the first metatarsopha-
langeal joint, chronic neurological or vascular
diseases, diabetes mellitus, or having Body Mass
Index (BMI) >30 kg/m? and incomplete data were
not included in the analysis.

The patients were dichotomized into two
groups based on the material used in the surgery.
Group 1 included cases with headless cannulated
screws and group 2 intramedullary plating.

Surgical Technique

Files of all cases included the same techni-
que, beginning with a dorsomedial dermal in-
cision of 4 cm on the first metatarsophalangeal
joint. Following the dissection, the capsule was
released and longitudinally incised. The me-
tatarsal head and the bunion were uncovered.
The part of the bunion involving the joint was
removed. The LDO was performed as defi-
ned by Lindgren and Turan’. Osteotomy was
performed diagonally at 30 degrees from the
metatarsal long axis. The distal fragment was
moved to the lateral and barely inferior. The
distance of the displacement of the fragment
piece was proportional to the required treat-
ment. The fragments of group 1 were fixated
by using titanium headless cannulated screws
of 3 mm, and a titanium mini locking plate and
screw system of 2 mm size were used in group
2 (Figure 2). The cortical screw fixated on the
proximal fragment was tightened until the de-
sired lateralization was achieved.

Following the fixation, in both groups, the
sharp edging developed on the proximal portion
due to the lateralization of the distal fragment
was corrected by using microcutters, and capsular
plication was then performed at the end (Figure 3).

Group 1 patients were operated on by the same
surgeon, who had more than 15 years of experien-
ce in distal osteotomy. The operations in group
2 were performed by a different surgeon with a
very similar level of experience.

Figure 1. Intramedullary locking mini-
plate screw system, preoperative (A),
and one year postoperative (B), Headless
cannulated screw, preoperative (C), and one
year postoperative (D) IMA measurement.
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Figure 2. Fixation materials (A) titanium mini locking
plate and screw system of 2 mm size, (B) titanium headless
cannulated screw of 3 mm.

Postoperative Care

None of the cases received splint fixation postope-
ratively. All cases were discharged the following day
with HV shoes recommended for use for 45 days.

Radiological and Clinical Evaluation

The radiological measurements were con-
ducted by a third surgeon other than the ones
who had performed the operations. The radio-
logical evaluation analyzed the HVA, the IMA,
the first metatarsal length (ML), and the distal
metatarsal articular angle (DMAA) were recor-
ded preoperatively and postoperatively.

The functional results of the operations we-
re evaluated by using the Visual Analog Scale
(VAS), American Orthopaedic Foot and Ankle
Society (AOFAS), and EuroQol (EQ-5D) scores.

The VAS scores were obtained from a ho-
rizontal 100-mm long scale, anchored by “no
pain” (0) and “worst pain imaginable” (100).
The averages of the total pain scores at rest and
walking barefoot were noted’.

The AOFAS, a modification of a forefoot score
published previously for hallux valgus surgery
and resection arthroplasty surgery, is a well-reco-
gnized clinical rating scale'® for HV. A total score
of 100 points is distributed by 40 points to pain,
45 to function, and 15 to alignment.

The EQ-5D is a usually widely used tool to
assess mobility, self-care, usual activities, pain
or discomfort, and anxiety or depression states.
Each item is divided into three levels, resulting
in a total between 5 and 15".

Statistical Analysis

SPSS (Statistical Package for the Social Scien-
ces, IBM Corp., Armonk, NY, USA) 23.0 for

Figure 3. Intraoperative fluoroscopy image, removal of the
stepping in the bone using a microcutter after placement of
mini plate screw system.

Windows software was used for the statistical
analysis of the data. Categorical measurements
were summarized as numbers and percentages,
and continuous measurements were summari-
zed as mean and standard deviation (median
and minimum-maximum where necessary).
The asymmetrical distribution of the variable
was analyzed using the Shapiro-Wilk test. The
Chi-square test was used for comparisons of
categorical expressions. Mann-Whitney U test
was used for parameters that did not show nor-
mal distribution. The statistical significance
level was set as 0.05 in all tests.

Results

Patients in Group 1 had higher preop HVA,
IMA, and DMMA values (p=0.029; p<0.001;
p<0.001, respectively) and lower VAS and AO-
FAS values than patients in Group 2 (p=0.040;
p=0.045, respectively).

Postop HVA, IMA, ML, and DMMA values
were significantly higher in patients in Group 1
than in patients in Group 2 (p<0.001; p=0.004;
p=0.004; p=0.049; p<0.001, respectively).

The change in Delta (A) HVA and EQ-5D
values was significantly higher in patients in
Group 2 compared to patients in Group 1
(p=0.020; p=0.016, respectively).

No significant difference was found between
the other parameters (p>0.05, Table I).
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Table I. The overall analysis results of the groups.

Group 1 (n=17) Group 2 (n=14) Total (n=31) pt

n (%) n (%) n (%)
Gender
Male 159 2 (14.3) 3097 0.431
Female 16 (94.1) 12 (85.7) 28 (90.3)
Side
Right 5(294) 6 (42.9) 11 (35.5) 0.436
Left 12 (70.6) 8(57.1) 20 (64.5)

Mean+Std Mean£Std Mean+Std pt
Age (year) 35.94+13.57 38.86+8.30 37.26+11.41 0
Preoperative
HVA 31.045.6 26.8+4.6 29.1+£5.5 0.029*
IMA 12.74£2.5 9.34+1.7 11.2+2.7 <0.001**
ML 57.1+3.1 54.9+4.2 56.2+3.7 0.121
DMMA 28.2+6.0 20.3+3.9 24.6+6.5 <0.001%*
VAS 8.53+1.1 9.36+0.9 8.90+£1.1 0.040*
AOFAS 37.7+11.9 46.9£15.4 41.8+14.1 0.045*
EQ-5D 11.1£.1 11.6+1.1 11.3+1.1 0.069
Postoperative
HVA 15.36+6.6 5.83+£5.4 11.05+7.7 <0.001%**
IMA 5.71£2.0 3.35¢2.9 4.65+2.7 0.004**
ML 55.5943.3 53.10+4.5 54.46+4.0 0.049*
DMMA 14.06+6.1 3.94+3.3 9.49+7.1 <0.001**
VAS 1.35+1.1 1.07+£0.9 1.23£1.1 0.590
AOFAS 90.3£5.5 91.7+5.7 90.9£5.5 0.413
EQ-5D 5.47+0.9 5.29+0.7 5.39+0.8 0.385
Delta (A)
HVA -15.7+6.5 -20.9£6.6 -18.0+6.9 0.020*
IMA -6.94+2.6 -5.98+3.1 -6.51+2.8 0.634
ML -1.51+0.9 -1.89+0.9 -1.68+0.9 0.257
DMMA -14.1£7.2 -16.3+4.5 -15.1+6.1 0.165
VAS -7.17+1.7 -8.28+1.7 -7.67+1.8 0.057
AOFAS 52.6+12.5 44.9+15.0 49.1+14.0 0.070
EQ-5D -5.64+£1.2 -6.28+.8 -5.9341.5 0.016*
Follow-up (month) 18.47+2.5 18.71£3.5 18.58+2.9 0.888

p-value was calculated using the Chi-square test, and *p-value value was obtained using the Whitney U test. Significant at
*p<0.05, and **p<0.01 level. Delta (A): Difference between postoperative — preoperative (change); HVA: Hallux valgus angle;
IMA: Intermetatarsal angle; ML: First metatarsal length; DMMA: Distal metatarsal articular angle; VAS: Visual Analog Scale;
AOFAS: American Orthopaedic Foot and Ankle Society; EQ-5D: EuroQol.

Discussion

The results of the demographics showed that
there was no statistical significance between the
groups in terms of age and gender. The female
dominance observed in both groups was similar
to the previous reports'?.

Other reports in literature show that Chevron
and Lindgren’s techniques are the most com-
monly preferred methods of distal osteotomy.
Yet, the literature is abundant with conflicting
reports, some indicating that neither was superior
to the other and others reporting the advantages
of one over the other for both techniques.

In this study, the significant difference in
post-operative HVA in both groups should be

highlighted. Studies have shown that better la-
teralization of the distal fragment results in more
successful sesamoid reduction and improved suc-
cess. Esemenli et al'* have reported that if the late-
ralization of the distal fragment may be performed
by 7.2 mm, the sesamoid bone reduction might be
achieved by 95% and suggested that in that case,
the lateral sesamoid release would not be required.

The osteotomy methods using screws, as in
group 1 patients, require the removal of the screw
when adequate lateralization is not achieved.
Redrilling the distal fragment may increase the
risk of instability; thus, the surgeon distrusts the
work. On the other hand, the locking plate and
screw system, which was used in the patients in
group 2, provides a dynamic and precise fixation
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and avoids a potential screw removal procedure.
The leveled accuracy of the procedure might
explain the lower postoperative values in group 2.

The first metatarsophalangeal joint is a crucial
factor in joint compatibility, and in cases with
high DMAA, joint incompatibility may arise
following the correction of IMA'>'°. In addition
to the lack of an apparent focus on the DMAA
in the distal osteotomy techniques that use exclu-
sively screws, particularly in patients in whom
the majority of the distal fragment is lateralized,
due to the screw fixation of the lateral fragment,
DMAA might increase instead of a correction.
However, as performed in group 2 patients, the
plate is placed medially, and as the cortical screw
pulls, the vector X force reduces the DMAA, and
the vector Y force increases the lateralization of
the distal fragment (Figure 4). In cases with nor-
mal DMAA values, the cortical screw angle to
the cortex can be increased to reduce the vector
X force. We think that the statistically significant
lower DMAA values in group 2 are the results of
the aforementioned feature of our technique.

In rare LDO cases, screw-related complica-
tions may occur, screws breaching the joint due
to positioning the screw directing to the joint or
a screw head too close to the dermis becoming

Figure 4. Intra-operative fluoroscopy image of the
lateralization by tightening the cortical screw (demonstrating
the vectorial forces).

palpable and generating discomfort (Figure 5).
In the locking plate and screw system, the intra-
medullary placed plate is free from such poten-
tial discomforting problems.

Furthermore, in LDO, following lateralization
of the distal fragment, the excision of the remai-
ning medial stepping of the proximal fragment is
limited in order to maintain a proper screwing site.
In the latter method used in group 2, the implant
is placed intramedullary; thus, the remaining step-
ped bone part may be removed totally (Figure 6).

Although there are reports'? presenting the
use of plates in LDO and highlighting the impro-
ved rehabilitation rates, the plates were static.
They were placed dorsally under the extensor
tendon, creating a risk of irritation.

Recently, intramedullary plates that enable
locking at the proximal and distal ends have
emerged for percutaneous osteotomy in HV ca-
ses'™. The plates require special sets and lack
an additional move to increase the lateralization
following the screw fixation if the degree of the la-
teralization is not met. Percutaneous use may have
advantages; nevertheless, Kauffman et al*® have
demonstrated no statistically significant differen-
ce between the open and closed distal osteotomies
in a five-year follow-up period. On the other hand,

Figure 5. Radiographic examinations of headless screw
fixation-related complications in group 1 (A) screw head
palpable under the skin, (B) the screw penetrating the first
metatarsophalangeal joint.
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two other studies®® shared promising outcome
results using plates specifically designed for distal
osteotomies. Still, in addition to the limited easy
availability and the high cost, the immovable
form of the locks placed at the distal fragment of
the plates did not permit any correction maneu-
vers of the distal fragment after the fixation®!s.,
The statistically significant postoperative im-
provement of EQ-5D scores of group 2 was con-
cordant with previous studies'®, suggesting that the
correction of the HVA was proportionate to the
overall improvement in patients. Moreover, the lack

Figure 6. The placement of the
cortical screw in the mini plate
screw system (left foot) allows
total removal of the stepping.

of a significant difference in the AOFAS and VAS
scores supports the fact that the features of the sur-
gery were very similar in both groups. Therefore,
the postoperative scores did not differ statistically.

In our study, patients in group 2 underwent
distal osteotomy using a locking plate and
screw system, with plates manufactured for
use in mini-fracture fixation and widely avai-
lable, placed intra-medullary, which avoided
the risk of irritation, allowed additional late-
ralization maneuvers after fixation (Figure 7),
and was relatively inexpensive.

Figure 7. Intraoperative fluoroscopy images after the screw fixation of the distal fragment (A) length
measurement before placement of the cortical screw, (B) Insertion of the cortical screw, (C), Increasing
lateralization by tightening the cortical screw.
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The literature search for a similar use of mi-
ni-plates placed intramedullary in distal osteotomy
surgery for HV did not yield any results, which gi-
ves the idea that our study was the first to describe
an intramedullary placed locking plate and screw
combination may be used in distal osteotomy
surgery of moderate HV successfully and reliably.

Limitations

The study’s major limitations were the low num-
ber of cases, the short follow-up period, and the lack
of comparison of the mini-plate with plates speci-
fically designed for HV distal osteotomies. Never-
theless, we think that the value of the postoperative
image data collected in the sixth month and an
average follow-up duration of 18 months may be
considered now acceptable. In the future, longer
and more detailed follow-up studies are needed.

Conclusions

The easily available and low-cost locking pla-
tes produced for mini-fractures may safely be
used in distal osteotomy surgery of mild and
moderate HV successfully combined with screws
if intramedullary-placed, allowing accurate late-
ralization and improving overall outcome.
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