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INDICATIONS/CONTRAINDICATIONS

Indications for the surgical reconstruction of “Charcot” arthropathy of the ankle and
hindfoot are the result of failure of conservative treatment to properly address the follow-
ing: chronic recurrent ulcerations, bony deformities, unstable joints, a nonbraceable and
unshoeable ankle and foot, acute displaced fractures, and malalignment (1) (Figs. 34-1 and
34-2). Inadequate stabilization of the existing disease process may result in further break-
down and continued progression of the deformity. Often times with multiple joint involve-
ment such as the ankle, subtalar joint, and midfoot it is a good idea to initiate surgical sta-
bilization and realignment as early as possible in an attempt to avoid the often inevitable
severe deformity and skin breakdown (2). The surgical goal is to restore stability and align-
ment so that shoe gear and bracing are possible and achieve a plantar grade weightbearing
surface free of ulceration.

A recent study by Simon et al. (2) compared the average cost of operative intervention
for destructive “Charcot” arthropathy with that of below the knee amputations during the
same period. He found that the average cost for operative intervention was between $9527
and $16,417.00 and the cost for below-the-knee amputations between $17,261 and
$39,045. Historically, surgical intervention for severe “Charcot” arthropathy has resulted
in less than favorable results, with less than 50% of patients maintaining a weightbearing
functional extremity. However, in recent years improved hardware design and strength and
improvements in osseous healing capabilities, such as bone stimulators and platelet rich ad-
ditives, surgical outcomes for the severe destruction of “Charcot™ arthropathy has resulted
in a greater number of successful outcomes.
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Figure 34-1. Clinical photograph: anterior
view of the lower extremity showing the
angulation and malalignment associated
with severe Charcot disease.

Contraindications to the use of intramedullary nailing for stabilization and realignment
of severe hindfoot and ankle deformities are active infection and a dysvascular limb. Rela-
tive contraindicationa are acute phase Charcot disease. poor glycemic control and nutri-
tional status, peripheral vascular disease. severe comorbidities such as cardiac and renal
disease. ulceration, osteomyelitis, and osteoporosis (3).

PREOPERATIVE CONSIDERATIONS

Proper identification of the specific disease processes that have resulted in Charcot
arthropathy is important in postoperative management. For instance. the union rate of a di-

Figure 34-2. Clinical photograph: lateral view of the lower extremity showing the angulation
and malalignment associated with severe Charcot disease. Note the open pressure ulcer
from weightbearing on the distal tip of the fibula. It is important to clear up any signs of soft
tissue/bone infection prior to surgical reconstruction.



34 INTRAMEDULLARY NAILING FOR “CHARCOT” ARTHROPATHY 429

Figure 34-3. Radiographic image: anterior view of the lower ~ Figure 34-4. Radiographic image: lateral view of the lower extrem-
extremity showing the severe destruction associated with this ity showing the severe destruction associated with severe Charcot
Charcot ankle. disease.

abetic patient will be approximately 163% longer and the healing time for displaced frac-
tures requiring open reduction and internal fixation is increased by about 187%, resulting
in prolonged immobilization (4).

It is imperative that adequate identification of all joints involved in the deformity be
made. Based on the Brodsky classification, the ankle joint is involved 10% of the time, the
hindfoot 20%. the calcaneus 5%. and the midfoot is 60% in Charcot arthropathy (5). Ade-
quate identification of all affected joints is needed prior to realignment planning. Plain film
radiographs are adequate for the identification of joint involvement and degree of destruc-
tion (Figs. 34-3 and 34-4). Areas of skin breakdown should be evaluated for infection.
tracking, and underlying bony involvement. Occasionally. with open ulcerations and
underlying bony involvement the need for aggressive bony debridement. intravenous an-
tibiotics, antibiotic beads, or split thickness skin grafting may be required prior to recon-
struction. With traditional operative techniques for Charcot arthropathy the surgeon waited
until the disease process had “calmed down.” or reached a late stage 11 or stage 11, based
on the modified Eichenholtz classification (Table 34-1), before surgery was performed
(6,7). Although controversial. it has been suggested that early intervention in the acute
phase, stage 1, may reverse the Charcot process and enable satisfactory healing without
complications (2). We feel that the earlier surgical intervention occurs the better the out-
come and the less difficult the reconstruction.

Clinical examination should consist of an evaluation of both entire lower extremities. A
thorough lower extremity biomechanical and musculoskeletal exam should also be per-
formed. Proper identification of specific joint involvement and the extent of destruction
may be accomplished with the use of plain film radiographs. CT, or MRI. If vascular sta-
s is in question lower extremity vascular studies should be evaluated prior to surgical in-
tervention.

Table 34-1. Modified Eichenholtz classification for Charcot arthropathy

Stage Phase Description
0 Acute Sudden onset of rubor, calor, and tumor. dolor
may be present
I Development Capsular distention, bony fragmentation
1l Coalescence Absorption of small fragments, fusion of joints,
subchondral sclerosis
I Remodeling Decreased sclerosis and revascularization, new

bone formation
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Along with the routine laboratory work-up, evaluation of digital pressures, TepOs. serum
albumin, hemoglobin Alc, and a total lymphocyte count will help to optimize the postop-
erative course. The patient must understand the severe nature of the disease process and
have a thorough understanding of the demands that surgical reconstruction will require.
The patient should understand that extreme compliance, avoidance of smoking, and a well
balanced diet will offer the best chance for optimal results. The patient should also be in-
formed of all risks of the procedure, including the loss of limb or life. The reconstructive
procedure is considered a limb salvage procedure and often times the only alternative is leg
amputation.

When severe disease is present with associated soft tissue infection, a staged surgical
reconstruction should be performed. The application of external fixation for temporary
management of bone and soft tissue infections should be utilized until infection has been
resolved. It is extremely important that the ankle and hindfoot are infection free prior to the
insertion of the intramedullary nail system.

SURGICAL TECHNIQUE

The patient is given prophylactic antibiotics as well as a low molecular weight heparin
for postoperative DVT prophylaxis one hour prior to surgery. The patient is placed on the
operating room table in the supine position with a hip roll placed under the involved ex-
tremity. This positioning will offer the greatest access to the lateral and anterior ankle re-
gions. At this time a pneumatic lower leg boot is applied to the opposite extremity witha
compressive support hose. This will help decrease the chance of DVT formation during the
surgery. Next a well-padded thigh tourniquet is applied and set for 200 mm/Hg above the
patient’s preoperative systolic blood pressure. The lower extremity is then prepped just
above the knee and draped in the usual sterile manner.

The lateral approach is preferred and begins with a longitudinal incision made over the
posterior lateral aspect of the distal one third of the fibula, then curves to extend to the
level of the cuboid (Fig. 34-5). Occasionally a posterior approach is required in patients
who have previously experienced soft tissue compromise. The preferred lateral incision
is deepened to full thickness to the level of bone. At this level care should be taken to
avoid sural nerve compromise. If identified, the sural nerve is gently retracted to the clos-
est skin edge. All soft tissue from the distal one third of the fibula is retracted to allow
for complete visualization of the bone (Fig. 34-6). This is best performed with use of a

Figure 34-5. Incision placement at the posterior border of Figure 34-6. The fibula is exposed after retraction of the
the fibula extending distally towards the cuboid. Care is taken sural nerve. The peroneals are retracted within the posterior
to avoid injury to the sural nerve in this area. full-thickness soft tissue envelope. Maintain full-thickness tis-

sue flaps both anterior and posterior.
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Figure 34-7. Intraoperative lateral view showing oblique os- Figure 34-8. The fibula is now dissected and flapped dis-
teotomy to the distal fibula. The orientation is proximal lateral tally. The calcaneal fibular ligament can be left intact if at-
to distal medial. tachment of the fibula is to be maintained during the case.

Usually it is removed and stored on the back table for later

use as an on-lay graft.

periosteal elevator and/or a No. 15 blade. At this time a sagittal bone saw is utilized to
perform an oblique osteotomy in the fibula in a proximal lateral to distal medial orienta-
tion, approximately 8.0-10.0 ¢m proximal from the distal tip (Fig. 34-7). Depending on
the degree of destruction to the ankle and subtalar joint, an attempt is made to free all
soft tissue attachments to the fibula with the exception of the calcaneal fibular ligament.
This will allow the fibula to be reflected distally and provides excellent visualization of
the ankle and subtalar joint (Fig. 34-8). However, in cases of severe destruction complete
resection of the distal one third of the fibula may be necessary. If complete resection of
a healthy fibula is required, it should be placed on the back table in normal saline for later
use as an on-lay graft.

Now that direct visualization of the ankle and subtalar joints can be made, aggressive re-
section of all diseased bone should be performed (Fig. 34-9). Next, an Achilles tendon

Figure 34-9. Exposure to the lateral ankle showing the ankle and subtalar joint with the
fibula removed. Hypertrophic and reactive bone tissue is removed at this time.
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lengthening is performed for those patients with an equinus component. This will allow for
easier resection of joint spaces and proper alignment (8). Depending on the degree of de-
formity and the amount of hypertrophic bone present, a rongeur, vsteotome, or sagittal saw
may be needed for adequate resection. The diseased bone, depending on the stage of activ-
ity, may appear porous and somewhat gray in color compared with normal healthy bone
(Fig. 34-10). Rotation of the image counterclockwise 90 degrees was performed for
anatomic alignment. It is often difficult to identify joint locations as the diseased bone has
“washed” over identifiable joint locations. A Sayer elevator or small osteotome is used to
probe through the diseased bone and assist with identification of joint locations and bony
anatomy (Fig. 34-11). After all joints are located and resection of all diseased bone has been
performed. resection of any articular cartilage remaining from the proposed arthrodesis
sites is performed (Fig. 34-12). In our experience the pituitary rongeur is an invaluable in-
strument for resection of cartilage deep within the medial aspect of the ankle and subtalar
Joints (Fig. 34-13). Based on the degree of destruction and viability of the talus, a partial or
complete talectomy may be required. It has been our experience that a partial talectomy al-
lows for a better, more stable foot to leg construct. At this time, alignment and temporary
stabilization of the ankle, hindfoot. and midtarsal joints relative to the leg are performed.
After adequate joint preparation and temporary stabilization have been performed, the
first step in intramedullary nailing is placement of a large guide wire through the plantar
heel, approximately 3.0 cm distal to the plantar fascial insertion, in direct alignment with
the medullary canal of the tibia. It is critical that the guide wire be placed into the central
medial aspect of the calcaneus and centered in the medullary canal of the tibia. Note that
the body of the calcaneus is lateral relative to the alignment of the tibia in a normal
anatomic structure (Fig. 34-14). It is usually necessary to medialize the calcaneus after de-
bridement is performed to get the calcancus under the central portion of the tibia. Guide
wire placement is evaluated using intraoperative fluoroscopy. It is very important at this
time to evaluate the entire lower extremity for foot placement at 90 degrees to the lower

Figure 34-10. Intraoperative view showing gray, porous ap- Figure 34-11. The use of a small osteotome to help identify
pearance of bone seen in active Charcot disease. All dis- joint spaces and facilitate removal of cartilage tissue.

eased, nonviable tissue needs to be removed from the surgi-
cal field in preparation for the arthrodesis.
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Figure 34-12. Intraoperative view showing removal of remaining articular cartilage prior to
arthrodesis and final joint preparation.

leg, maintaining the heel in a neutral position with 10-15 degrees of external rotation. It is
also imperative to avoid excessive transverse plane rotation. It is critical that at this point—
prior to the application of the intramedullary nail—the most optimal alignment is obtained.

There are many types of intramedullary nail systems with either static or dynamic types
of compression, each offering a host of pitfalls and advantages. Attention is directed at the
large central guide wire in the plantar heel. which is utilized as a guide for intramedullary

Figure 34-13. Example of the pituitary rongeur. This type of instrument has ~ Figure 34-14. The ideal alignment of the tibia

the ability to assist with removal of articular cartilage from the “hard-to-reach”  and the hindfoot bones. Note the calcaneus nor-

areas, such as the medial subtalar joint. mally positioned lateral to the longitudinal axis of
the tibia.
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Lateral Plantar
Artery and Nerve

Plantar Incision 3 Vi

‘ Figure 34-15. Plantar view of the calcaneus
showing optimal incision placement for avoid-
ance of vital structures and proper alignment
with respect to the medullary canal of the tibia.

nail placement. A No. 10 blade is used to make a small transverse incision parallel to the
relaxed skin tension lines into the plantar hindfoot (Fig. 34-15). Blunt dissection is carried
down to the bone and care is taken to avoid any neurovascular structures, especially the lat-
eral plantar vessels in this area. Next a large drill is used to drill through the calcaneus and
into the distal one third of the tibial canal (Fig. 34-16). It is important to continuously
recheck alignment in all planes with fluoroscopy throughout the procedure in order to de-
tect any shifting or malalignments that may occur. The reamer is utilized to help determine
the optimal length and diameter of nail to be used (Figs. 34-17 and 34-18). If large angular
corrections are required, large autogenous corticocancellous bone wedges are incorporated
for adjustment in length and for realignment. During the reaming process the surgeon will
experience what is referred to as “chatter.” This occurs when maximal diameter has been
obtained. It is important to be aware that “fatty” emboli may develop during the reaming
process. It is desirable to obtain the largest diameter nail that will fit within the medullary

Figure 34-16. Intraoperative image showing drilling of the Figure 34-17. Intramedullary reaming of the distal tibia is
plantar calcaneus into the medullary canal of the tibia. Accu- now performed over the central guide wire.

rate placement of the drill should be confirmed with intraop-

erative fluoroscopy before moving further.



34 INTRAMEDULLARY NAILING FOR “CHARCOT"” ARTHROPATHY 435

Figure 34-18. Drawing showing placement of the
intramedullary reamer.

canal for optimal results. Once the nail size has been determined. it is attached to the align-
ment jig and placed into the canal (Fig. 34-19). The nail is then carefully driven into the
tibia until it is slightly recessed into the plantar calcaneus (Figs. 34-20 and 34-21). If a dy-
namic-type nail system is utilized. the proximal screws are inserted first through the guide
assembly and then into the tibia (Fig. 34-22). At this time compression is applied by tight-

Figure 34-19. Photograph showing nail placement with the Figure 34-20. Intraoperative radiograph showing orientation
assistance of the alignment jig prior to insertion. The jig will of the intramedullary nail with respect to the plantar calca-
greatly facilitate alignment and placement of all the bone neus. Note the distal tip of the nail is just within the cortical

SCrews. surface of the bone.
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Figure 34-21. Drawing show-
ing orientation of the distal nail
E with the calcaneus.

ening the compression nut until the desired compression is achieved. When the desired
amount of compression has been achieved. the distal screws are inserted in the calcaneus
to maintain compression and position (Fig. 34-23). If a static type nail system is employed,
an attempt to align the distal most nail with the plantar calcaneus is made and the distal-
most transfixation screw is placed first. At this time manual compression is applied from

Figure 34-22. Intraoperative image showing proximal screw Figure 34-23. Intraoperative image showing distal posterior
insertion into the medial tibia. This is placed after compres- screw insertion.
sion is applied within a dynamic nail system.
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distal to proximal and the proximal tibia transfixation screws are inserted. With select nail
systems a posterior to anterior screw placement is offered. This is more desirable than the
lateral to medial placement due to the increased amount of bone purchase. If a posterior to
anterior screw is not offered, the desired distal calcaneal transfixation screw is optimally
placed in a lateral to medial direction, offering the least risk to vital structures. When in-
serting the proximal screws, the jig is partially loosened; the notch at the nail jig interface
is carefully distracted only enough to allow for 180-degree rotation. This will offer proxi-
mal transfixation screw placement from a medial to lateral orientation, again avoiding vi-
tal structures (Fig. 34-24). After removal of the guide assembly an optional end cap can be
inserted to prevent any fibrous ingrowth (Fig. 34-25). It will offer an advantage only if re-
moval of the nail is required.

Now that the ankle and hindfoot are stabilized any osseous voids should be packed with
some form of bone graft, preferably mixed with 10 mL of the patients own blood to create
a“slurry.” or autogenous bone graft factor can be used (Figs. 34-26 and 34-27). This slurry
isthen crushed up with rongeurs into a fine mixture and placed into all voids. If desired, the
incorporation of internal bone stimulation can be inserted at this time along the arthrodesis
site to help stimulate osseous union and shorten recovery time (Fig. 34-28). Care must be

taken to avoid any contact with internal fixation as this may decrease the effectiveness of

imternal stimulation. The distal fibula is decorticated medially and the ankle joint complex
laterally to allow the fibula to be reinserted as an on-lay graft for added stability (Figs. 34-
29 and 34-30). The incision is then flushed with irrigation solution. Care is taken not to
wash away any bone graft. The tourniquet is deflated and visual inspection of the incision
for any large bleeders is performed. Any bleeders found should be cauterized or ligated as
necessary. A closed suction drain is inserted through the plantar midfoot and placed along
the incision site to reduce hematoma formation. Closure of the incision is performed in lay-
ers and the incisions are covered with a compressive, dry. sterile dressing (Fig. 34-31). The
lower extremity is then placed into a modified Jones compressive cast.

Figure 34-24. lllustration showing the medial to lateral orientation of the proximal transfix-
ation screw. This is nicely facilitated by reorientation of the jig from lateral to medial.
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Figure 34-25. Drawing showing the incorporation of the dis- Figure 34-26. Preparation of the bone graft for the proce-

tal end cap. dure. In this case, the graft is made from allogenic cancellous
bone chips. This can be mixed with the patient’'s own blood to
create a “slurry” of osteoinductive bone tissue for packing all
open areas.

Figure 34-27. Platelet rich autogenous mixture can also be Figure 34-28. Intraoperative image showing internal bone
prepared in the operating room to facilitate bone healing. The stimulator incorporation into the fibular on-lay graft. This stim-
blood is centrifuged to separate the growth factors from re- ulator has two leads for placement and the second lead will
maining serum. be woven within the arthrodesis site. Care is taken to avoid

contact of the stimulator leads with internal/external fixation.
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Figure 34-29. Decortication of the fibula with a sagittal saw Figure 34-30. Intraoperative image showing incorporation of
in preparation for the on-lay graft. The medial cortex is re- fibular on-lay graft, bone stimulator, and allograft bone-chip
moved and this is applied to the decorticated lateral tibial-ta- “slurry.”

lar-calcaneal construct.

POSTOPERATIVE MANAGEMENT

The patient is generally kept as an inpatient for 2 or 3 days, remaining nonweightbear-
ing in the hospital to ensure adequate control of any bleeding and pain management. The
drain is pulled on postoperative day 2. unless significant drainage continues. at which time
an additional day before the drain is removed is recommended. The patient is kept non-
weightbearing until radiographic osseous union occurs, generally 8 weeks. The original
cast is removed after the second week and incision site inspection is performed. A new be-
low-the-knee cast is applied and the patient followed up accordingly. At this time the pa-
tient is seen every 4 weeks and radiographic evaluation performed. Once radiographic and
clinical union has occurred the patient is placed in a removable walking cast for an addi-

Figure 34-31. Postoperative plantar view
showing residual compression ring im-
pression and site of hardware placement.
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Figure 34-32. Immediate postoperative clinical view of the Figure 34-33. Postoperative follow-up weightbearing view of
patient in Figure 34-1 showing correction and alignment the same patient showing correction maintained at 8 weeks
obtained. with minimal edema present.

Figure 34-34. Postoperative lateral view radiograph show- Figure 34-35. Lateral radiograph showing radiographic
ing proper placement of hardware. The cortical screws are union at the arthrodesis site with excellent position of the foot
holding the on-lay graft in place along the lateral ankle. and leg.
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tional 4-6 weeks. After complete union has occurred the patient is allowed full weight-
bearing and instructed to wear compressive stocking to help reduce edema (Figs. 34-32
through 34-35). The patient will most likely require some form of custom molded shoe gear
or inserts to help eliminate breakdown of any high pressure areas.

COMPLICATIONS

General complications include nonunion, delayed union, and malunion and may result
from an inadequate amount of resection of diseased bone and possible hardware failure. If
anonunion occurs with no gross evidence of hardware failure, the result may be unevent-
ful as long as clinical stability and alignment is maintained. Nonunions generally are not
painful in this population due to the degree of neuropathy present. Malunion, on the other
hand, can be very difficult to manage and may require additional surgery for correction.
Other complications include wound dehiscence, infection, proximal tibia fracture, stress
fracture while inserting the nail. and fracture of the calcaneus (Figs. 34-36 through 34-38).
Atthe first sign of wound dehiscence or infection aggressive treatment is instituted with the
appropriate wound care management and antibiosis. It is important to address any compli-
cation, whether it is soft tissue breakdown or hardware failure, with extreme urgency as
these failures often result in below-the-knee amputation.

CLINICAL TIPS AND PEARLS

I. We have found adequate patient preparation, including a thorough discussion of sur-
geon/patient goals and expectations, to be an invaluable key to perioperative compli-

ance.
2. Always ensure that tissue handling is delicate and respectful. This will minimize the risk
of postoperative wound dehiscence.

Figure 34-36. Lateral view radiograph showing nonunion of Figure 34-37. Anterior view radiograph showing nonunion of
the ankle joint resulting from calcaneal fracture and hardware the ankle joint with malalignment resulting from calcaneal
failure fracture and hardware failure.
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Figure 34-38. Radiographic image show-
ing a patient who experienced a proximal
tibial stress fracture. The proximal screws
were removed and the patient was immobi-
lized.

3. Intraoperative, aggressive, diseased bone resection is imperative to successful align-
ment and reconstruction of the lower extremity to foot complex.

4. Adequate resection of all cartilage will help ensure a timely union. Utilization of the pi-
tuitary rongeurs will help with the “hard to reach™ areas.

5. Always ensure that proper oot to leg positioning is obtained prior to insertion of the in-
tramedullary nail system.
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