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INTRODUCTION
The current standard of care for amputation surgery in
the foot generally involves cutting bone with the use of an
oscillating or sagittal saw for procedures such as isolated
ray resections or transmetatarsal amputations. Heterotopic
ossification (HO), excess bone formation at the amputation
stump, is very common following these amputation
procedures and has been reported to be as high as 75% (1).
When a patient develops HO following amputation surgery,
there is a 25% chance of developing recurrent ulceration
(1). With advances in technology, surgeons now have access
to ultrasonic saw equipment. While this technology is at the
moment more commonly used by neurosurgeons it is also
available to foot and ankle surgeons and may have benefit
for reducing the postoperative incidence of HO. Below we
present 2 cases, both of which had an initial transmetatarsal
amputation performed with a standard saw and both went
on to develop HO. Further we discuss how these 2 patients
were managed differently following their revision surgery
and how this relates to limiting the reoccurrence of HO.

CASE 1
A 59-year-old male, type 2 diabetic presented for consultation
several years after transmetatarsal amputation performed
by another surgeon. Initially, amputation was performed
secondary to a gunshot wound. Subsequently, the patient

Figure 1. Heterotopic ossification after the initial transmetatarsal
amputation with a standard bone saw.

developed open ulceration to the plantar amputation stump
area that had become chronic. The patient had been treated
with conservative care for several years through various
wound clinics and by several physicians without success.
His diabetes was well controlled without medication and
managed through diet. He had adequate blood flow to the
lower extremity. Clinical examination showed ankle equinus
and the radiographs showed HO (Figure 1).
After additional attempts at conservative treatment
under our care the patient again failed to improve and
exhibited continued plantar ulceration. The surgical
approach initially consisted of an Achilles tendon
lengthening, and surgical resection of the HO was not
performed. This was unsuccessful as the patient continued
to have chronic ulceration at the plantar amputation
stump area. Additional surgery was then performed with
revision of the transmetatarsal amputation by cutting back
each metatarsal more proximally to remove the area of
prominent HO. This was done with the use of standard saw
instrumentation. This attempt was also unsuccessful as there
was reoccurrence of the plantar ulceration. Figures 2 and
3 are radiographs demonstrating the reoccurrence of HO
at each metatarsal amputation stump, and the HO is now
worse than it was prior to the revision surgery. Unfortunately
for the patient his plantar ulcer persisted secondary to our
inability to control formation of HO.

Figure 2. Recurrent heterotopic ossification after revision of the
transmetatarsal amputation with a standard bone saw.
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A 37-year-old male, type 1 diabetic was initially seen though
inpatient consultation with sub first metatarsal ulceration
and osteomyelitis at the first metatarsophalangeal joint. The
patient had a previous history of diabetic foot ulcerations to
the lesser metatarsal area and was managed by another surgeon
with partial third and fourth metatarsal head resections in
addition to total right fifth ray amputation. Figure 4 shows
the initial radiograph with significant osteomyelitis at the
first ray and significant overall distortion to the structure of

the right forefoot secondary to multiple previous surgical
interventions. In addition to consultation with infectious
disease and intravenous antibiotic management, we made
the decision to proceed with transmetatarsal amputation.
Amputation was performed with a standard bone saw.
Over the next year, the patient continued to have
issues through developing pressure ulceration to the
transmetatarsal amputation stump. At this point it seemed
that this recurrent ulceration was secondary to the varus
attitude of the forefoot because the patient had previous
total fifth ray resection, which likely disrupted insertion of
the peroneus brevis tendon. Additionally, the patient had
ankle equinus. These issues were then addressed surgically
with a tibialis anterior tendon transfer and gastrocnemius
tendon recession. Unfortunately, the foot ulcer still persisted
at 7 months postoperative and eventually the diagnosis of
HO was made. Figure 5 is a radiograph demonstrating
significant HO at the amputation stump. Further surgery
was then performed with revision of the transmetatarsal
amputation stump by cutting each metatarsal bone back
further, although an ultrasonic saw was used. Figure 6 is a
radiograph at 6 months postoperative where only minimal
HO formation seen. The patient has since remained
ambulatory with no open wounds. This case demonstrates
successful management of HO with use of ultrasonic bone
saw as compared to unsuccessful management with standard
bone saw described in Case 1.

Figure 4. Preoperative radiograph before
transmetatarsal amputation with significant
osteomyelitis.

Figure 5. Significant heterotopic ossification after
initial transmetatarsal amputation with standard bone
saw.

Figure 3. Recurrent heterotopic ossification after revision of transmetatarsal
amputation with standard bone saw.
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Table 1. Surgical techniques that decrease the
chance of developing heterotopic ossification
•	Make the bone cut with an ultrasonic saw on the high
power setting with low irrigation.
•	Use local anesthetic with epinephrine to cause
vasoconstriction of surrounding blood vessels.
•	Irrigate with cold saline to induce vasoconstriction of the
surrounding blood vessels using pulse lavage.
•	Use a pneumatic ankle tourniquet in cases where
peripheral vascular disease is not of concern.
•	Leave the surgical site open for 2-3 days and then return
to the operating room for final wound closure.

Figure 6. Only minimal heterotopic ossification
after revision of transmetatarsal amputation
with ultrasonic bone saw.

DISCUSSION
HO is not a commonly discussed pathology. Foot and ankle
literature is relatively limited on this topic other than the
articles discussed here. Additionally, HO is rarely, if ever
discussed at foot and ankle conferences. This is somewhat
surprising to the author considering how common HO is
and how negatively it affects the surgical outcome of foot
amputation surgery.
HO likely results secondary to bleeding through
medullary bone after the amputation saw cut is made,
followed by further differentiation of the cells resulting
in bone formation. This would mimic the same process
we would see with callus formation after a metatarsal
shaft fracture. Utilization of an ultrasonic bone saw gives
surgeons the ability to increase the power setting, which
allows for excess heat production during the cut. This
causes a cautery effect on the amputation stump and limits
the amount of blood that oozes from the bone and should
decrease the chance of developing HO. Additionally, the
ultrasonic bone saw can be used in reconstruction surgery
when making osteotomies. Through use of the irrigation
system that the ultrasonic saw supplies and a lower power
setting, the surgeon can limit the amount of heat generated
from the saw and have the inverse effect of that which we
just described above. This approach would in theory limit
the amount of cell death from the bone cut.

Table 1 presents a list of surgical techniques the author
commonly uses to help prevent HO. All are focused on
preventing bleeding from the amputation stump. These
techniques may not be necessary when the patient has
peripheral vascular disease. Research has shown that HO is
much less prevalent in patients with PVD (1). Although the
above techniques may be very useful in revision cases where
a patient has already developed HO from a previous surgery.
Perioperative radiation therapy is another option to
consider for prevention of HO. Success with this technique
in other locations in the body has been documented (2,3).
Boffeli has also published success when using radiation
therapy during foot surgery with partial metatarsal
amputations (4). The author has no experience with this
technique, although this topic of discussion was not
complete without its mention.
HO is a common complication almost never discussed.
Surgeons need to be more aware of this pathology and the
complexities of managing it. Modifying surgical technique
can help impact more successful outcomes during limb
salvage surgery. New technology such as the ultrasonic saw
should be considered and simple surgical techniques to limit
bone bleeding can be utilized.
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