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The Ludloff Metatarsal Osteotomy: Guidelines for Optimal Correction Based
on a Geometric Analysis Conducted on a Sawbone Model
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ABSTRACT

Ideally, osteotomy for hallux valgus deformities corrects
varus angle and pronation, while minimizing elevation,
depression, and shortening. We used a serial linkage
tracking device to evaluate five variations of the Ludloff
osteotomy, a stable proximal metatarsal osteotomy that
incorporates an oblique dorsal to plantar cut and a later-
al swing or pivoting correction of the dorsal fragment. A
neutral osteotomy (perpendicular to the sagittal plane)
yielded the greatest correction (14°) but with shortening
(average, 2.85 mm), elevation (average, 1.36 mm), and
additional pronation (average, 1.88°). The same osteoto-
my angled 10° plantarly with 8° of correction produced
an average of 1.57° of supination, 1.22 mm of depression
and, 0.54 mm of shortening. Additional plantar inclina-
tion (20°) and angular correction (16°) yielded increased
depression, supination, and shortening. The current
findings provide guidelines to achieve the desired cor-
rection and rotation and suggest that optimal results can
be obtained by performing this osteotomy angled 10°
plantarly with a correction of 8° to 16°.
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INTRODUCTION

Hallux valgus deformity is the varus angulation of the
first metatarsal with lateral displacement of the .
sesamoids and the extensor tendons leading to lateral
rotation of the metatarsal head and pronation of the hal-
lux. More than 130 surgical procedures have been
described to treat this deformity, particularly soft-tissue |
release and bony correction of the deformity using prox-
imal or distal osteotomies." The ideal osteotomy would -
accomplish both objectives of correcting the varus
angle and correcting the pronation without causing any -
elevation, depression, or shortening of the first
metatarsal.

Although metatarsal shaft osteotomies such as the
Scarf, Mau, and Ludioff procedures'2*# have received
little attention in the literature, they are relatively simple -
to perform and yield good results. In the Ludloff osteoto-
my, an oblique cut is made beginning dorsally distai to
the cuneiform-metatarsal joint and proceeding distally -
and plantarly, ending proximal to the sesamoid complex.
At two-thirds completion of the cut, a cannulated screw -
is inserted dorsal to plantar perpendicular to the
osteotomy without completing the osteotomy. The
osteotomy is then completed distally, the distal fragment -
is rotated laterally to achieve correction, and a second
cortical screw is placed distally across the osteotomy
from plantar to dorsal. The proximal and distal screws -
are then tightened. The Ludloff osteotomy provides the -
necessary correction, is mechanically stable,” and is
technically less demanding than other commonly used
osteotomies such as the proximal chevron or crescentic. |

The degree of correction achieved in patients under-
going first metatarsal osteotomies can be determined
clinically, subjectively or objectively, using radiograph-
ic parameters or plantar foot pressure systems,®'152'#
However, radiographic evaluations are subject to
inherent large deviations and are therefore inaccurate,
and foot pressure systems cannot provide information
regarding positional changes such as elevation or
shortening. Mathematical models provide an accurate
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Fig. 1: Diagram showing direction of cuis in Ludloff osteotomy.

indication of the amount of correction achieved by dif-
ferent osteotomies,**'®# but these studies do not con-
sider important factors that play a role when the
osteotomy is performed. Several factors involved in
shortening (the width of the saw blade, displacement
during the fixation method, or amount of rotation) can
all have an effect on the final positioning of the
osteotomy but are not included in a mathematical
model. Biomechanical studies on different
osteotomies usually were designed to evaluate the
strength of the construct that holds the osteotomy in
place and do not provide data regarding geometric
changes after the osteotomy.*""%#* By comparison, a
serial linkage digitizer can analyze geometric changes
to an accuracy of 0.1 mm without the drawbacks of the
other measurement methods.

We hypothesized that optimal geometric positioning
of the osteotomy angle and the correction angle of the
Ludloff osteotomy could be identified that would maxi-
mize correction while maintaining metatarsal length and
avoiding excessive elevation. We used a serial linkage
tracking device in sawbone models to compare the geo-
metric changes in the metatarsal with the ostectomy
angled 10° and 20° from neutral in the sagittal plane
and with 8° or 16° of swing or rotation angle.
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MATERIALS AND METHODS

We used sawbone models of the first metatarsal
(Pacific Research Laboratories, Vashon, WA) whose
dimensions were similar to the average adult bone in
length (60 mm) and width (15 mm at the base and the
flare of the neck).*'® Sawbones are synthetic anatomical
specimens, consistent in size, material, and configura-
tion. A rigid test frame provided a precise method of
aiming and performing the planned osteotomy cuts. The
test frame was a vertical milling machine that provided
X, ¥, and z motion of the table on which the sawbone
model was mounted. Each model had a cubical block
on the proximal aspect, allowing it to be secured in a
vise. The vise was mounted on a linear slide secured to
the table of the test frame. Above the table, a sagittal
saw was rigidly mounted to the upper arm of the milling
machine, allowing it to move up and down in the z direc-
tion. The head of the milling machine could also be tilt-
ed to achieve the desired neutral, dorsally directed, and
plantarly directed cuts. The sawbone models could then
be positioned under the saw blade and moved in a
straight line to produce accurate, reproducible cuts in
any required plane. We measured the geometric
changes that occurred after correcting hallux valgus
deformities using different modes of the Ludloff osteoto-
my on the sawbone models.

A Microscribe 3D serial-linkage digitizer (Immersion
Corp., San Jose, CA ) was used to obtain the x, y, and
z coordinates of selected points on the model. The dig-
itizer had an accuracy of 0.1 mm. Three points on the
proximal end of each sample provided a global refer-
ence frame. Three additional points over the center of
the metatarsal head were used to calculate relative
position changes before and after the osteotomies were
performed. After securing the model in the vise, the dig-
itizer was used to establish the global reference frame
at the proximal end and obtain preoperative data. The
osteotomy was then performed using a regular saw
blade (Hall 5023-138 blade, 10.0 mm width, 0.4 mm
thickness; Zimmer, Warsaw, IN) mounted on a regular
mini Hall sagittal saw. The osteotomy started at the
metatarsocuneiform line dorsally and finished 3 mm
proximal to the sesamoids plantarly at a 30° angle.®
Just before the osteotomy was completed, a proximal
3-mm cannulated screw (AO Synthes; Paoli, PA) was
inserted from the dorsal cortex at 90° to the osteotomy
plane and 5 mm distally from the starting point of the
osteotorny. It is standard practice to place the screw
before completing the rest of the osteotomy because no
notable shortening results and it is critical to maintain
the position of the segments during the completion of
the cut. Upon completion of the osteotomy, a second
screw was placed with a corrected position of 8° or 16°
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to simulate correction for a moderate or a severe defor-
mity, respectively, using a template to verify the correct
angle. After the osteotomy was secured, a second set of
data points was obtained. Data points for the reference
frame were taken before and after the osteotomies in
case the base moved during the procedure.

The osteotomy was performed at five different angles
relative to the sagittal plane and measured in two cor-
rected positions: at neutral (perpendicular to the sagittal
plane) with 8° and 16° of correction, at 10° dorsally
directed from neutral with 8° and 16° of correction, at 20°
dorsally directed from neutral with 8° and 16° of correc-
tion, at 10° plantarly directed from neutral with 8° and
16° of correction, and at 20° plantarly directed from neu-
tral with 8° and 16° of correction (Fig. 1). Five bones
were used for each of the five different sagittal plane
cuts (25 models total). For each sample we calculated
change in elevation/depression of the metatarsal head,
medial/lateral shift of the distal vs. the proximal segment,
angular change in the transverse plane (medial/lateral),
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rotation of the metatarsal head in the coronal plane, and
shortening/elongation of the metatarsal bone. Results
were compared using a one-way analysis of vartiance
(ANOVA) and a Student-Newman-Keuls post-hoc analy-
sis if any observed differences were significant (p<0.05).

RESULTS

The mean values were calculated for the different
parameters measured (Table 1), and the differences were
analyzed for statistical significance (p<0.05) (Table 2).

Elevation

As expected, increasing the angle of correction along
the dorsally directed plane of osteotomy caused higher
elevation. Maximal elevation of 4.5 mm was found in the
group with a 20° dorsally directed osteotomy and 16° of
correction. This group was statistically different from all
the rest of the groups. Again as expected, plantarly
directed planes of osteotomy increased the angle of
correction and led to more

Table 1: Geometric analysis of the different osteotomy planes in the Ludloff depression, which was
procedure quantified. The 3.5 mm
depression in the group
Cut/correction  Elevation Shortening  Shift Rotation Angle with & 20° plantarly direct-
) (mm) (mm) (mm)  (degrees) (degrees) | ed osteotomy and 16° of
Neutral 8 0.30 -1.41 4.57 1.18 6.3 correction was statistically
Neutral 16 1.36 -2.85 9.54 1.88 14.7 different from all the rest of
10° dorsal 8 0.89 -0.92 4.01 1.64 1.1 the groups.
10° dorsal 16 2.31 -1.72 7.24 2.69 5.9
20° dorsal 8 2.25 -1.31 3.39 4.49 0.9 Lateral Shift
20° dorsal 16 4.49 -2.35 6.63 6.57 6.1 The highest lateral shifts
10° plantar 8 -1.22 -0.54 3.84 -1.57 4.0 of 46 mm and 9.5 mm
10° plantar 16 -1.79 -1.21 7.07 -3.78 6.9 were obtained for the neu-
20° plantar 8 -1.99 -0.64 4.34 -2.86 0.8 tral 8° correction and neu-
20° plantar 16 -3.50 -1.39 8.56 -6.08 6.7 tral 16° correction groups,
respectively. All of the 8°

Table 2: Significant differences in angle (A), elevation (E), lateral shift (L}, rotation (R), and shortening (S)
between the different osteotomy planes in the Ludloff procedure*

20P16 20P8 10P16 10P8 08 10D8 016 20D8 10D16  20D16
20P16
20P8 ERL
10P16 E.R AL
10P8 ERL RL
08 ERL ER ER,L ER
10D8 ERL ER EARL ER
016 E,ARS EARLS EARS EARLS AlS AlS
20D8 ERL E,R EARL ER ER ER AR,LS
10D16 ER ERLES ER ERLS EL EL AS RL
20D16 ER,S ER,S ER,S ERLS ER,S ERLS EARL ERLSER

P<0.05.

*D, dorsal cut; P, plantar cut, 0, neutral cut (perpendicular to sagittal plane). Angle of cut precedes direction, and degrees of correction follaw.
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correction groups yielded approximately a 4 mm lateral
shift. Although there was a trend for decreased lateral
shift as the dorsal cut angle was increased, there were no
statistically significant differences between the 8° correc-
tion groups. All 16° correction groups except the group
with a 20° dorsal cut resulted in significantly greater lat-
eral shift than in the 8° correction groups. The lateral shift
in the group with a 20° dorsal cut with 16° of correction
was significantly greater than in the groups with a 20°
dorsal cut with 8° correction, a 10° plantar cut with 8° cor-
rection, and a 10° dorsal cut with 8° correction only.

Angle

Average correction values of 5° and 8° were obtained
for the 8° and 16° correction groups, respectively. The
neutral 16° correction group yielded a significantly high-
er angle of 14.7° compared with all the other groups.
The 20° plantar cut 16° correction group had signifi-
cantly higher correction (8.9°) than the rest of the 8°
groups except for the 10° plantar 8° correction group.
There was no statistical difference between the various
8° correction groups.

Rotation

As the angle of correction increased and the plane of
the osteotomy was directed more dorsally, there was
higher positive rotation (pronation), including in the neu-
tral osteotomies. As the angle of the osteotomy was
directed plantarly and the angle of correction was high-
er, the rotation of the head of the metatarsal was more
negative (supination).

The neutral osteotomies and all dorsally directed
osteotomies yielded significantly more pronation than
the plantarly directed osteotomies, with the more dorsal
angles resulting in greater pronation. The plantarly
directed osteotomy groups all resulted in significantly
more supination when compared with both the dorsally
directed and the perpendicular osteotomy groups.

Shortening

There was a trend of less shortening in the plantarly
directed osteotomies and more shortening in the dor-
sally directed osteotomies. The neutral 16° correction
group and the the 20° dorsal cut 16° correction group
both produced significantly more shortening than all
other groups. The 10° dorsal cut 16° group yielded sig-
nificantly more shortening than the 20° and 10° plantar
cut 8° correction groups. No other differences between
the groups were statistically significant.

DISCUSSION

Selection of the operative technique for correction of
the bony deformities in hallux valgus patients is mainly
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based on the first to second intermetatarsal angle.
Mild deformities from 12° to 15° can be corrected
using distal osteotomies, moderate deformities of 16°
to 20° can be corrected using proximal base
osteotomies (proximal chevron, crescentic, and clos-
ing wedge osteotomy) and soft tissue procedures, and
arthrodesis procedures have been advocated for
severe deformities.! Studies have shown, however,
that the base osteotomies may lead to substantial
complications, including first metatarsal elevation,
shortening, and altered forefoot loading that leads to
transfer metatarsalgia.®® Shortening of the metatarsal
bone after the closing wedge base osteotomy has
been evaluated in a sawbone model.? Although mid-
shaft osteotomies such as the Scarf, Mau, and Ludloff
procedures'7®# have received little attention in the
literature, they can be used to correct moderate defor-
mities. The midshaft osteotomies may minimize the
elevation and shortening found in metatarsal base
osteotomies.

The most important parameter in the correction of
hallux valgus deformities is reduction of the inter-
metatarsal angle by lateral shift of the first metatarsal.
In our model, the greatest angular correction and the
greatest lateral shift were obtained with the neutral
osteotomy at 16° of correction. Dorsally and plantarly
directed osteotomies both had significantly less angu-
lar correction than the neutral 16° correction group.
The corrected angle of the neutral 16° correction
group was also significantly greater than that of the
neutral 8° correction group. With 8° of correction and
neutral cut, there was a reduction in lateral shift, and
the angular correction was smaller than that of all
other groups, although the difference was significant
only as compared with the neutral 16° group.
Therefore, when using this osteotomy, the greatest
angular correction is achieved in the neutral cut (per-
pendicular to the sagittal plane) with either 8° or 16° of
correction, and a mild plantar cut of 10° is preferable
to a dorsally directed osteotomy in terms of shorten-
ing. The higher the correction angle, the more short-
ening of the metatarsal occurs. Directing the plane of
the osteotomy plantarly led to less shortening, where-
as directing it dorsally led to more shortening. The
combined results of shortening of all the plantarly-
directed osteotomies were significantly (p=0.003)
lower (0.94 mm) than the combined results of the
dorsally directed osteotomies (1.54 mm).

Shuberth et al.? demonstrated an elevation of 6.67°
of the metatarsal in a closing wedge osteotomy. Nyska
et al.”® noted central forefoot loading after a basilar
osteotomy. Another study demonstrated a basilar cres-
centic osteotomy with a depression of 1.7° of the
metatarsal to avoid transfer metatarsalgia, a common
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complication of this ostectomy.™® In a biomechanical
model, Lippert and McDermott® suggested rotating the
saw laterally in a crescentic osteotomy to cause a slight
declination of the toe. Although they showed that plan-
tarly directed ostectomies caused a depression of the
metatarsal head and that the dorsally directed osteoto-
my caused an elevation, they did not establish the exact
relationship between those two parameters.

In the current study, we demonstrated that the 20°
plantarly directed osteotomy with 8° of correction resuit-
ed in a 2 mm depression and that with 16° of correction,
this osteotomy resulted in 3.5 mm of depression.
Dreeban et al. showed that changes in depression of
less than 4.5 mm were not likely to produce a transfer
lesion,® but there are no data in the literature establish-
ing the amount of depression of the metatarsal head
needed to avoid central forefoot loading. However, our
results for the 8° and 16° of correction may be used as
predictors for postoperative depression of the
metatarsal head.

One type of deformity in patients with hallux valgus is
pronation of the hallux. It is secondary to lateral dis-
placement of the sesamoids and the extensor ten-
dons." Supination of the head of the metatarsal during
the osteotomy may realign the sesamoid. Although
measuring the reduction of the sesamoid after hallux
valgus surgery is a major radiologic parameter for suc-
cess, there are no data determining how and to what
extent to rotate the head of the metatarsal during fixa-
tion of an osteotomy.'® Eustace et al.” described a
method of detecting first metatarsal pronation based on
the position of the inferior tuberosity of its base and
showed a statistically significant relationship between
first metatarsal pronation and the intermetatarsal
angle. In that study, 9% of the patients with an inter-
metatarsal angle of less than 9° had pronation greater
than 10°, and 84% of the patients with an inter-
metatarsal angle greater than 9° had pronation greater
than 10°, In another study using a roentgen stereopho-
togrammetry technique, rotational correction after a
basilar osteotomy could not be demonstrated.?

In the current study, we established a linear relation-
ship between the direction of the osteotomy and the
amount of rotation of the metatarsal head. For the 16°
correction, the degrees of rotation = 0.32 x the degrees
of the plantar/dorsal cut; and for the 8° correction, the
degrees of rotation = 0.14 x the degrees of plantar/dor-
sal cut. For example, for a 20° plantarly angled cut with
a 16° correction, the amount of rotation would be 6.4
degrees in supination. The plantarly directed osteoto-
my rotated the head into supination, leading to correc-
tion of the pronated toe. The magnitude of correction of
the pronation is related to the extent of the angle to be
corrected and the extent to which the osteotomy is
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plantarly directed. The calculated formula based on our
data may predict the exact rotation of the head of the
metatarsal to be expected. Kay et al.® demonstrated
similar results in a mathematical model based on three-
dimensional computerized tomographic images of a
normal foot in a crescentic osteotomy. At a 15° correc-
tive angle and at a 20° proximal-to-distal direction of
the saw, the metatarsal head will supinate by 5.27°.
Aiming the saw distal to proximal will pronate the head
by 5.27°.

Although the Ludloff osteotomy was first described in
1918," clinical experience with this osteotomy is limited.
Ludloff originally used no fixation, leading to unpre-
dictable results. Cisar et al.’ revised 72 patients under-
going the Ludloff procedure and reported good results;
those authors used screw fixation, but no radiologic data
were presented in their study. Blatter and Magerl® noted
a long healing time for this osteotomy. In a prospective
series of 12 patients, Saxena and McCammon® demon-
strated a reduction in the intermetatarsal angle of 6.5°
and in the hallux valgus angle of 16.7°. They also noted
a shortening of the metatarsal of 1.4 mm. Although they
suggested plantarflexing the osteotomy and elongating it
to avoid transfer lesions, no data regarding the amount
of elevation were available in their study. Those authors
also measured the tibial sesamoid position and found it
to be reduced from 5.6 to 2.9 mm, but no further discus-
sion concerning position was available.

CONCLUSIONS

The Ludloff procedure allows three-dimensional
repositioning of the hallux. Based on our data, a dor-
sally directed osteotomy should not be used because it
elevates the head of the metatarsal, rotates it into
pronation, and produces shortening. A neutral (perpen-
dicular to the sagittal plane) 30° proximal-dorsal to dis-
tal-plantar cut provides the maximum varus correction,
but this cut also produces the greatest amount of short-
ening and results in additional head rotation (to prona-
tion) and elevation. Greater plantar inclination and a
higher correction of the angle leads to additional
depression and supination of the head but may
increase shortening.

These results provide guidelines for choosing the
angle at which the Ludloff osteotomy is performed to
meet specific needs of the patient, including the
amount of elevation, the degree of rotation, the
amount of shortening, and the restored hallux angle
needed to correct the deformity. The current findings
indicate that directing the osteotomy 10° plantarly with
8° of correction rotates the head of the metatarsal to
supination, depresses it, and minimizes the amount of
shortening.
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