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Does gait influence biomechanics in a distal ==

femoral osteotomy? An early post operative
fracture after DFO above a Tomofix® plate

in a multiple sclerosis and low-density bone
affected patient: choose a longer plate—a case
report

Antongiulio Favero!’, Domenico Alesi'?, Vito Gaetano Rinaldi'?, Tosca Cerasoli', Stefano Zaffagnini' and
Giulio Maria Marcheggiani Muccioli'?

Abstract

Background Distal femur osteotomies are a well known and valuable treatment option to manage valgus malalign-
ment with unicompartmental arthritis. Early postoperative complications are well known, and risk factors, such as pul-
monary diseases, smoke, high dependent functional status, and body mass index, have been studied, but no study

is available about osteotomies when gait is abnormal because of neurodegenerative conditions or when mineral
density is below the normal rate.

Case presentation \We report the case of a 44 year-old female Mediterranean patient who underwent a biplanar dis-
tal femur opening wedge osteotomy surgery following a lateral meniscus total removal, which led to the subsequent
development of lateral compartment osteoarthritis and pain, despite general comorbidities, such as multiple sclerosis.
Additionally, 2 months later a supracondylar femur fracture above the previously applied Tomofix® plate was reported.
Fracture was treated by applying a LCP condylar 16 hole (336 mm) plate, a structural fibular graft, and strut fibular
graft on the opposite side.

Conclusion The overall aim of this case report is to provide a lesson to surgeons who want to perform a realign-
ment surgery of the lower limb in patients with abnormal gait. Not only mechanical axes are to be considered,

but also bone density, patient’s gait, and load force distribution along the bone stock. Emerging literature on three-
dimensional cutting guides fails to account for these factors, thus promoting a standardized approach to surgery
across all patients. The present case highlights a patient with low bone density and abnormal force distribution result-
ing from a pathologic neurodegenerative gait. In such cases, treatment decisions must carefully consider the biome-
chanical vulnerabilities of the native bone and the distribution of vector forces. These conditions must lead the choice
toward a longer plate if an osteotomy is indicated, because surgery is more likely to fail.
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Introduction

Varus and valgus malalighment with isolated medial
or lateral wear of knee compartments can be treated in
young and active patients by performing a high tibial
osteotomy (HTO) or a distal femoral osteotomy (DFO),
shifting the mechanical axis of the lower limb, and thus
distributing load equally on knee compartments.

Early postoperative complications include recurrence
of deformity, infection, joint contracture, hemartrosis,
loss of posterior slope, compartment syndrome, neuro-
vascular injury, hardware failure, delayed union, non-
union, and fractures [4]. The latter ones are among the
rarest complications, and usually occur after falls [2].

Preoperative planning of osteotomies should include
anterior—posterior weight bearing X-rays of the lower
limbs and lateral projections of the knee [1, 2, 4, 6,
7], but no study is available regarding the correlation
between gait, distribution of forces, and mechanical
axis surgical adjustments.

ORTOSTASK

SUPINO

-

Case presentation

A 44 year-old Mediterranean woman (weight of 81 kg,
height of 178 cm, body mass index of 25,6 kg/m?) affected
by a relapsing remitting form of multiple sclerosis in an
initial phase, first presented to our outpatient clinic com-
plaining of lateral left knee pain. Nothing relevant was
found in the family history. In 2021, the patient under-
went an arthroscopic subtotal lateral meniscectomy of
the knee owing to a nonspecified lateral meniscal tear; in
2022 she then underwent an arthroscopic meniscal regu-
larization because of residual pain. Physical examination
revealed lateral pain during walking and lateral compart-
ment tenderness at palpation and in response to valgus
stress; ligaments were stable at stress maneuvers; range of
movement (ROM) reported was 0—-110°, limited by pain.
Radiographs (Fig. 1, left) revealed lateral compartment
knee osteoarthritis and valgus femoral deformity. There-
fore, an opening wedge DFO with an allograft wedge was
scheduled. Initial planning showed lateral distal femoral
angle (mLDFA) of 86,71° and medial proximal tibial angle

&

Fig. 1 Xrays showing preoperative imaging, postoperative imaging, and post fracture imaging
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(MPTA) of 87,01° we therefore estimated a 5 mm medial
opening cut to restore a neutral axis (Fig. 2).

Surgery was performed without any intraoperative
complications. The patient developed postoperative
anemia requiring a transfusion. No other complications
were reported. The patient was discharged after 4 days.
The rehabilitation program consisted in a knee brace
blocked in extension for 30 days, which was removable to
perform mobilization exercises; isometry exercises were
allowed after 10 days, along with passive leg mobilization
with kinetec device (starting with 0-35°). Flexion over 90°
was not permitted in the first month. Finally, no weight
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bearing walking was allowed on the operated limb, and
the blocked brace had to always remain on.

The patient came to visit as scheduled 30 days later in
our outpatient clinic: knee ROM was 0-90°, X-rays were
taken (Fig. 1 center), and she was prescribed progres-
sive weight bearing for 30 days, physiotherapy (muscular
reinforcement) two times a week, and maximum permit-
ted-kinetec-assisted passive flexion for 45 days.

Then, 20 days later the patient presented to our emer-
gency room (ER) referring a sudden failure of the knee
while walking, followed by pain, swelling, and functional
impotence. X-rays (Fig. 1, right) revealed a displaced

Fig. 2 From left to right: preoperative standing X-ray imaging, post distal femoral osteotomy standing X-ray imaging, and posttraumatic fracture

fixation non-weight bearing panoramic X ray of the lower limb
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distal femur fracture. The patient was therefore hospital-
ized, and surgery was scheduled. The patient also brought
to our attention a recent preoperative dual-energy X-ray
absorptiometry (DEXA) scan showing a —2,5 T score,
which was not considered before, because of her young
age.

At 6 days after admission, surgery was performed. By
laterally accessing the femur, after retracting fascia lata,
muscular fascia, and lateral vastus, a multifragmentary
displaced fracture, proximal to the previously applied
plate was reported. By protecting the previous osteotomy
site with k-wires, we removed the plate and its screws. A
structural fibular graft was then placed inside the femoral
canal. A LCP condylar 16 hole (336 mm) plate was placed
after anatomical reduction of the stumps. We placed both
locking and nonlocking screws, using a second contralat-
eral fibular graft. Surgery was performed without any
complications.

During hospitalization venous bleeding led to multi-
ple transfusions. No other complications were reported.
Physiotherapy started 3 days later: no weight bearing on
the affected limb and knee brace blocked in extension.

The patient was dismissed 5 days after surgery.

The patient came to visit in our outpatient clinic after
21 days. Stitches were removed and the surgical wound
had healed properly. She was given indication to start
rehabilitation: progressive weight bearing with crutches.
Postoperative X-rays at 1 month showed good progres-
sion in bone healing and good positioning of the plate

Fig. 3 X-ray imaging showing plate fixation at 1 month follow up
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(Fig. 3). The patient was very satisfied with the result.
After 6 months from the first surgery, the patient would
like to correct the other limb alignment too.

Discussion and conclusion

No superiority between opening and closing wedge
DFO has been found in literature; however, Rosso et al.
[7] reported higher intraoperative precision regarding
correction and less postoperative plate intolerance with
open wedge techniques. Literature reports high vari-
ability in complications after opening wedge DFO pro-
cedures, ranging from 0% to 30%, the main consisting of
hardware related issues [2]. This one is included among
early postoperative complications and can compromise
surgery, because, as Chahla et al. [2] reported in his sys-
tematic review, bone healing time can range from 3 to
6 months. Berk et al. (2023) reported higher rates of early
complications in DFO when compared with HTO (11.6%
versus 21.5%), suggesting that this procedure may need a
strict follow up, especially in the first months. This may
be because DFO are performed closer to diaphyseal bone
when compared with HTO, and growth potential differs
between these areas [6]. We presented the case of a dis-
tal femoral fracture after an opening wedge DFO, which
occurred only 2 months after the procedure. Despite
that, alignment, and healing of the bone in the site of
osteotomy were not compromised; still, this complication
must be defined as early and hardware related, because
the length of the plate caused anomalous distribution
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of force vectors along the bone stock, defining a locus
minoris resistantiae just above the plate itself. Accord-
ing to a 2013 systematic review of Vena et al. analyzing
complications after osteotomies, fractures usually hap-
pen around the site of wedge opening or just below, with
the fracture line directed toward the articular portion
and are seen intraoperatively or as late complications.
To our knowledge, there are no other cases describing an
early fracture above the opening wedge in a low-density
bone patient. No studies considered the link between
osteoporosis and osteotomies owing to the relatively
young age of patients undergoing this procedure (better
outcomes in patients < 60 years) [9]. This study could sug-
gest that bone density should be considered in patients
who are at risk of osteoporosis. Our case lacked the rec-
ognition of preoperative preexisting osteoporosis, which
is well known to be linked to multiple sclerosis, such as
some fracture patterns, as Yazdan Panah et al. [11] high-
lighted. Moreover, we must consider that the population
is growing progressively older in first world countries
and patients might refuse a knee replacement asking for
an axis correction (as in osteotomies) if their functional
requests are high.

Well known associated risk factors are age>45 years,
diabetes mellitus, chronic obstructive pulmonary dis-
ease, and smoking [4] and are related to failure of the
procedure, mainly influencing soft tissue healing but
also favoring infection. Moreover, high body mass index,
hypertension, and dependent functional status were
found to be risk factors [3]. Our patient did not present
any of these risk factors, apart from dependent func-
tional status. This evidence could suggest that we should
improve our knowledge in this field to avoid complica-
tions such as in this case.

According to Berk et al. The most common complica-
tions after DFO are anemia requiring transfusion (14%)
and readmission (4%). Our patient developed both.

Existing literature already evaluated outcomes of DFO
in patients affected by monocompartimental osteoarthri-
tis. Gait analysis is a valuable tool in this field. Regard-
ing valgus correction, it is known that it can cause an
increase in the abduction moment and a lateral shift in
the dynamic knee joint loading. Varus osteotomies have
less literature regarding these aspects, but recent stud-
ies seem to suggest that knee adduction moment can
increase similarly. It is also well known that the peak
knee flexion moment is strongly related to walking speed
[10]. No literature exists regarding abnormal distribu-
tion of forces on the bone stock after surgeries in patients
affected by neurodegenerative diseases. More specifi-
cally, no studies evaluated the link between abnormal
gait and complications after DFO. Current literature
suggests that coronal forces could prevail on other plane
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vectors during normal gait, above all when a slow gait or
an intra-external rotated lower limb axis is considered. In
our case, we had both a slow and wide gait, which could
have led coronal forces to strongly overcome bone elas-
tic module. Moreover, out patient’s bone was osteoporo-
tic. We chose a Tomofix® plate, because, as Rosso et al.
[7] reported that, despite no clinical superiority being
found, biomechanically it has greater axial and torsional
stability. Positioning a too short plate, such as Tomofix®
ones commonly used for osteotomies, on an osteoporo-
tic bone, can elicit peri-implant fractures. Abnormal gait,
including poor coordination and balance issues, eventual
spasticity, and widening of the docking station typical of
neurodegenerative condition affected patients, may add a
further risk factor. In these cases, we suggest applying a
longer plate and eventually, if other risk factors are high-
lighted, a contralateral fibular strut on the other side pri-
marily favoring bone regrowth.

Custom guides for osteotomies are becoming more
and more popular among orthopedic surgeons, focus-
ing above all on axis realignment, leaving aside how force
vectors will distribute after our cuts. New vectors could
destabilize previous bone deficiencies leading to surgical
failures.

Increasing literature is emerging about distal femur
fractures treated with fibular grafts and plating, showing
promising results. Wen Chin Su [8] and Ibrahim [5] show
that this application may have lower bone healing time
and postoperative nonunion or femur collapse in varus
rates, particularly when patients are older than 50 years,
with a lower bone density (not necessarily pathological).
Our patient resembled these risk factors; therefore, we
applied the same type of cautions.

The overall aim of this case report is to provide a les-
son to surgeons who want to perform a realignment sur-
gery of the lower limb in patients with abnormal gait. Not
only mechanical axes are to be considered, but also bone
density, patient’s gait and load force distribution along
the bone stock. Emerging literature on three-dimensional
cutting guides fail to account for these factors, thus pro-
moting a standardized approach to surgery across all
patients. The present case highlights a patient with low
bone density and abnormal force distribution resulting
from a pathologic neurodegenerative gait. In such cases,
treatment decisions must carefully consider the biome-
chanical vulnerabilities of the native bone and the distri-
bution of vector forces. These conditions must guide the
choice toward a longer plate if an osteotomy is indicated,
because surgery is more likely to fail.

This case report has some limitations. First, follow up
time is limited: a long-term follow could provide better
clinical and radiographical data. Moreover, we expect
this patient to experience a progressive neurological
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decay, which will affect our outcome in a nonpredict-
able and measurable way. We also did not report clinical
scores prior to surgery.
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